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1 Introduction

This document is intended to serve as a referenice go those who wish to program a PowerDNA
system. PowerDNA is the umbrella name that dessrébesal-time distributed 1/0 system with
exceptional flexibility and performance. It consisf PowerDNA Cubes and RACKs (also known as
I/O Modules, or IOMs) that are distributed througha process or large piece of equipment, and a
dedicated Ethernet interface card plugged intosh tmmputer. A host system can communicate with
IOMs over conventional Ethernet, using copper loeffioptic cables. If hard real-time response is
required, the host computer should have a real-@8eunning. To achieve hard real-time
performance on commercial Ethernet cabling, a @eftontroller comes with firmware that
implements UEI's patent-pending DagBIOS protocol.

Each PowerDNA chassis provides several slots getl that hold a variety of analog and digital 1/O
function modules. For full details on PowerDAQ haade, including PowerDNA chassis and the
various 1/O Layers you can select, please gowav.PowerDNA.com

This document gives further details about the festand functionality of various system components.
It also provides an overview of all API functiotmat a designer employs to create a user application

In broad terms, a user application uses functidis ram the PowerDAQ API shared library. These
functions in turn use DagBIOS commands that rurCtagBIOS Engine, the firmware that allow the
host or Central Controller to communicate with BeverDNA cubes and racks, sending operating
commands and retrieving data.

Although it is not always stated, all layers hameogtion level. The option level appears as a dash
a number after the model number. For instance AH213 is an Al-217 layer with option level 803. If
the option level is not shown then one may asstnaieall option levels are being referenced. The
option level for a base model layer is always -1.

2 Five ways to communicate with IOM

The PowerDNA API provides five ways of communicgtimith PowerDNA cubes and racks:

1. DagBIOS Command API — so-called low-level commafpaént-by-point synchronous)

2. Buffered I/O in continuous (asynchronous) — see Eigfunctions

3. Mapped I/O (synchronous) — see DgRtDmap (fixed dete) and DgRtVmap (variable data
size) functions

4. Messaging I/O (asynchronous) — see DgMsg functions

5. Async Event / Mapped I/O (asynchronous) — see DgR1A& (event notification, asynchronous
aDmap/aVmap) functions

All five APIs can be used to communicate with gggnOM, but not at the same time. Once your
system is switched into one of asynchronous matissiecommended that you not issue synchronous

-1-
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commands so as to avoid interfering with the Pow&kZube or rack configuration and timing set up
for asynchronous mode.
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DagBIOS Command API

The DagBIOS Command API is a direct copy of DagB@&mands to the IOM. Every DagBIOS
command has its equivalent in the PowerDNA (PDNAliirary.

Any code using the PowerDNA Library must include ftie, PDNA.h, which itself includes all
necessary additional header files.

2.1 Pre-defined Types and Error Codes

2.1.1 Pre-defined Types

These types are defined for use within the library.

DAQLIB is omitted from this document for the sake of edality. Under Microsoft Windows, it is used
for functions that are exported from the DAQLIb fdit the user.

#define DAQLIB __declspec(dllexport) __stdcall

The following types keep the API call format simiécross wide range of operating systems.

typedef unsigned long u32;
typedef unsigned short ul6;
typedef unsigned char  u8;

typedef unsigned long uint32;
typedef unsigned short uint16;
typedef unsigned char uint8;

typedef long int32;
typedef short int16;
typedef char ints;

typedef unsigned long DWORD_PTR;
typedef LPTSTR char*,

2.1.2 Devices and subsystems

DagBIOS defines a maximum of 16 layers (devicesidiman IOM and eight subsystems per layer.

#define DQ_MAXDEVN 16 // sixteen layers on the bus maximum

#define DQ_MAXSS 8 // maximum number of sub systems (four input and four output)
#define DQ_SSOIN 0 // Subsystem 0 input (ma in and often only device SS)
#define DQ_SSOOUT 1 // Subsystem 0 output (m ain and often only device SS)

#define DQ_SS1IN 2 [/ Subsystem 1 input
#define DQ_SS10UT 3 // Subsystem 1 output
#define DQ_SS2IN 4 /] Subsystem 2 input
#define DQ_SS20UT 5 // Subsystem 2 output
#define DQ_SS3IN 6 // Subsystem 3 input
#define DQ_SS30UT 7 // Subsystem 3 output
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The layer number igint8 . Only the four lower bits are used to signify thger number. The upper
four bits have a special purpose. One of theme® @ _LASTDEY0x80) flag, which is used to mark
the last command entry in a DagBIOS packet. ThegPONA library handles use @Q_LASTDEY

so that a user never has to deal with it.

2.1.3 DagBIOS Packet Structures

DagBIOS protocol runs on top of UDP protocol. Da@Blpacket has the following structure:

typedef struct {
uint32 dgProlog;  /* const 0OXBABAFACA */
uintl6 dqTStamp;  /* 16-bit timestamp */
uintl6 dqCounter; /* Retry counter + bitfie
uint32 dgqCommand; /* DaqBIOS command */
uint32 rqld; /* Request ID - sent from
uint8 dqgData[]; /* Data */

} DQPKT, * pDQPKT;

Ids */

host, mirrored */

The maximum size of a DagBIOS packet (including théader) is limited to 1472 bytes.

2.1.4 Error Codes

The following error codes are generated in firmwamnd can be returned from the IOM in the

dgCommandfield of a DaqBIOS packet:

/* Masks to extract DQERR_... from command code */
#define DQERR_MASK  OxFFFF0000
#define DOQNOERR_MASK 0x0000FFFF

/* The first nybble indicates how the next three ny

#define DQERR_NYBMASK 0xF0000000 /* general error
#define DQERR_MULTFAIL 0x80000000 /* high bit - mu
#define DQERR_SINGFAIL 0x90000000 /* low bit in fi

#define DQERR_BITS  O0xOFFF0000 /* error/status

/* multiple errors - inclusive or-ed with dgCommand

#define DQERR_GENFAIL 0xF0000000 /* general error
#define DQERR_OVRFLW 0x80010000 /* Data extracti
#define DQERR_STARTED 0x80020000 /* Start trigger
#define DQERR_STOPPED 0x80040000 /* Stop trigger

/* single errors/status - not inclusive or-ed bit 0

#define DQERR_EXEC  0x90010000 /* exception on
#define DQERR_NOMORE 0x90020000 /* no more data
#define DQERR_MOREDATA 0x90030000 /* more data is
#define DQERR_TOOOLD  0x90040000 /* request is to
#define DQERR_INVREQ 0x90050000 /* Invalid reque
#define DQERR_NIMP  0x90060000 /* DQ not implem
#define DQERR_ACCESS 0x90070000 /* password is n
#define DQERR_LOCKED 0x90080000 /* cube is locke
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** The following is reuse of the previous code
** in the different direction: host->IOM

** |t means that there was no reply to one
** of the previous packets of the same type
** Made especially for RDALL, WRRD and RDFIFO
** commands.

*

#define DQERR_OPS
#define DQERR_PARAM

parameters */

/* network errors */

#define DQERR_RCV
#define DQERR_SND

0x90070000 /* IOM is in ope ration state */
0x90080000 /* Device cannot

complete request with specified

0x90090000 /* packet receiv e error */
0x900A0000 /* packet send e rror */

These codes are or-ed with command reply valg€¢mmand | DQREPLY).

Another set of error codes can be generated ohasieside:

#define
#define
#define
#define
#define
#define
#define

#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define

#define

#define

DQ_NOERROR 0
DQ_SUCCESS 1
DQ_WAIT_ENDED 2
DQ_DATA_NOTREADY 3
DQ_DATA _NOTEXIT 4
DQ_DEV_STARTED 5
DQ_DEV_STOPPED 6
DQ_ILLEGAL_ENTRY  (-1)
DQ_ILLEGAL_HANDLE  (-2)
DQ_SOCK_LIB_ERROR  (-3)
DQ_TIMEOUT ERROR  (-4)
DQ_SEND_ERROR (-5)
DQ_RECV_ERROR (-6)
DQ_IOM_ERROR 7
DQ_PKT_TOOLONG  (-8)
DQ_ILLEGAL_PKTSIZE (-9)

DQ_INIT_ERROR (-10)

DQ_BAD_PARAMETER  (-11)
DQ_BAD_DEVN (-12)
DQ_NOT_IMPLEMENTED = (-13)
DQ_NO_MEMORY (-14)
DQ_NOT_ENOUGH_ROOM ~ (-15)
DQ_DEVICE_BUSY  (-16)
DQ_EVENT ERROR  (-17)
DQ_BAD_CONFIG (-18)
DQ_DATA_ERROR (-19)

DQ_DEVICE_NOTREADY (
DQ_CALIBRATION_ERROR (-21)
(-22)
DQ_DATA_NOT_AVAILABLE (-23)
(-24)
(-25)
DQ_DIO_LINE_NOT_EXIST (-26)

DQ_WRONG_DMAP

DQ_FIFO_OVERFLOW
DQ_ILLEGAL_INDEX

DQ_WRONG_PKT_COUNTER (-27)
DQ_ASYNC_OUT_REREQST (-28)
DQ_PROTOCOL_MISMATCH (-29)

DQ_CMD_NOTALLOWED

/I isin

-20)

(-30)

DQ_CMD_ACCESSDENIED (-31)
/I hardwa

DQ_DEVLOCKED

(-32)

/I no error encountered

/I success

/I asynchronous event or VMap/DMap timed out

/I success,new data has not yet settled on the IOM
I success but new data does not exist

/I start trigger is received

/I stop trigger is received

/l'lllegal entry in parameters

/l'lllegal IOM handle (index)

/I socket error

/I command returns upon timeout

/I packet sending error

/I packet receiving error

/I IOM reports an unrecoverable error

/I too much data to fit a packet

/I packet size too small or too large

/I |IOM initialization error

/I Invalid parameter passed

/l'incorrect DEVN

/I bad luck - not implemented yet

/I not enough memory

/I not enough room in the packet/structure

/I somebody else uses this device

/I event handling error

/I bad configuration reported by DQCMD_RDSTS

I layer returned invalid data

/I device is not ready

[l error while performing calibration

Il requested and received dmapid's do not match

/I requested data is not available

/I device FIFO overflowed

/I lllegal index supplied

/I the specified dio line doesn't exist

/l'incorrect packet counter was received

/I last asynchronous output packet is re-requested

/I protocol version mismatch (DAQLib / IOM CPU)

/I command is not allowed either because the device
op or shutdown mode

/I access denied due to invalid authentication or
re prevention mechanism

/I access denied due to IOM locked to another host

-5-
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#define DQ_BAD_PARAMETER_O (-200) /I first parameter on command line was invalid
#define DQ_BAD_PARAMETER_1 (-201) /I second parameter on command line was invalid
#define DQ_BAD_PARAMETER_2 (-202) /I third parameter on command line was invalid
Et cetera...

#define DQ_ERR_NEGATIVE_RETURN 0x80000000 //inve rt return code

As a general rule, you should check the return dame function calls for a negative number, which
indicates that an error has occurred.

2.2 Auxiliary Functions

2.2.1 DgTranslateError

Syntax:
char *DqTranslateError(int error)

Input:
int error Error code (negative) returned by previous
DagBIOS API call

Output:

None
Return:

Pointer to ASCIIZ string describing this errao(st char )
Description:

Converts error code into string
Note:

Windows implementation returh$TSTRtype

2.2.2 DqgInitDAQLIb

Syntax:
int DgInitDAQLib(void)

Input:
None
Output:
None
Return:
DQ_SOCK_LIB_ERROR WindowsWSAStartup() error
DQ_INIT_ERROR Error allocating memory
DQ_SUCCESS Command processed successfully
Description:

Loads the socket libraries and initializes tabftacttires
Note: This function should be called at the beginningair program to allow the library to allocate
required resources and data structures aftetdaged. This function should not be called under
Windows, because Windows will automatically caliviien loading the DLL.
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2.2.3 DgCleanUpDAQLIib

Syntax:
void DgCleanUpDAQLib(void)
Input:
None
Output:
None
Return:
None
Description:
Closes socket libraries and deallocates tabletsties:
Note:
This function should be called at the end of yauargram, to allow the library to release
resources and clean up its allocated structuresdéfis unloaded. This function should not bdezhl
under Windows, because Windows will automaticadlyf it when unloading the DLL.

2.2.4 DgGetLibVersion
Syntax:
uint32 DgGetLibVersion(void)
Input:
None
Output:
None
Return:
Version of PDNA Library
Description:
Library version returns @MMNNSSwhereMis major versionN is minor version an® is
release subversion.
Note:
Versions with the same minors and different suliees have compatible APIs

2.2.5 DgOpenlOM

Syntax:
int DgOpenlOM(char *IP, uintl6 UDP_Port, uint32 mT imeOut, int
*handle, pPDQRDCFG *pDqCfg);
Input:
char *IP IP Address in Decimal dot Notation
uintl6 UDP_Port UDP port for use by the IOM
uint32 mTimeOut Timeout Duration in milliseconds
int *handle pointer to store descriptor of the IOM being opened

pPDQRDCFG *pDqCfg  pointer to store pointer ©QCMD_ECH®sults, or NULL if
not required
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PowerDNA API| Reference Manual, Release 4.10

int *handle descriptor of the IOM being opened
pDQRDCFG *pDqCfg  pointer to store®QRDCFGtructure resulting from
DQCMD_ECH&@mmand or NULL upon error

DQ_SOCK_LIB_ERROR error opening socket or connecting to server
DQ_NO_MEMORY memory allocation error or exceeded maximum talzle s
DQ_IOM_ERROR IOM reports command execution error
DQ_SEND_ERROR unable to send a packet to the IOM
DQ_TIMEOUT_ERROR IOM reply wasn't received within timeout period
DQ_SUCCESS if the IOM was successfully opened

Description:

This function opens communications with the IOMthié IOM is successfully opened, it allows
function calls from this process. Normally, thisiftion opens the descriptor of the network intexfac
and sends thBQCMD_ECH&@mmand to the specified IP address to retriegd@M serial number,
layer types, model, calibration dates, etc. Updneal of theDQRDCF@formation, it stores it in the

IOM table. If theDQCMD_ECH@mMmand fails, the function returns a NULLpDBqCfg . If the
DQRDCF@formation is not desired, pass NULL gBqCfg .

The returning packet payload has the followingcttrce:

/* device configuration data */

typedef struct {
uint32 model; /* 10M model */
uint32 ipaddr; /* ip address */
uint32 sernum; [* serial number */
uint32 caldate; [* calibration date *
uint32 mfgdate; /* manufacturing dat e*
uintl16 devmod[DQ_MAXDEVN]; /* up to 16 installe d layers */
uint16 option[DQ_MAXDEVN]; /* and their option parameters */

} DQRDCFG, *pDQRDCFG;

Calibration and manufacturing dates are represeag@dMMDDYYY¥ uint32 , whereMMs
month,DDis day of the month andYYYis year.
Note:
 If the configuration from the IOM wasn'’t requestadif the function returned a
configuration retrieval error, DQE will attemptretrieve IOM configuration when
Dg...InitOps() s called.
» To access the same IOM from multiple threads, pleasDgAddIOMPorty().

2.2.6 DgCloselOM
Syntax:
void DgCloselOM(int lom)
Input:
int lom Handle to the IOM returned HyqOpenIOM()
Output:
None
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Return:
DQ_ILLEGAL_HANDLE invalid IOM Descriptor
DQ_SUCCESS successful completion
Description:
The function closes communication with the IOM ailedallocates all resources involved.
Note:
None

2.2.7 DgAddIOMPort

Syntax:
int DAQLIB DgAddIOMPort( int handle, int * new_handle, uintl6 UDP_Port, uint32
mTimeOut)

Input:
int handle Handle to the IOM (should be alreadgrgp
int* new_handle Pointer to store descriptor of b
uintl6é UDP_Port UDP port used for DqOpenlOM call (ieQ_UDP_DAQ_PORT
uint32 mTimeOut milliseconds to wait for the neplacket

Output:
int* new_handle descriptor of the additional IOMhk&e

Return:
DQ_SOCK_LIB_ERROR error opening socket or connecting to server
DQ_NO_MEMORY memory allocation error or exceeded maximum talzle s
DQ_IOM_ERROR IOM reports command execution error
DQ_SEND_ERROR unable to send a packet to the IOM
DQ_TIMEOUT_ERROR IOM reply wasn't received within timeout period
DQ_SUCCESS if the IOM was successfully opened

Description:

TheDgAddIOMPort()  function is used if the user needs to accessaime $OM from multiple

threads when using the following data acquisitiades: Point by Point, Realtime VMap ( RTVmap ),
Realtime DMap ( RTDMap ), asynchronous VMap/DMagd asynchronous events modes.
DgAddIOMPort creates a separate handle that is required feparate command-reply stream.

NOTE: ACB and legacy DMAP data acquisition modes aheiantly thread safe and do not need to
useDgAddIOMPort  because they use UEI's DQEngine, a programming@mvient that takes care
of handling streams of data and performing erreoremion.

DAQLIib on host PC (OS) creates a new local UDP pod network buffer. A command packet is sent
to the IOM onUDP_Port to pair the local UDP port with a new handle, neéd asew_handle .

Note that theDP_Port is the same as f@qOpenlOM()/ DgRtAsyncOpenlOM()

DQ_UDP_DAQ_PORT ASYNCor 6334/6344 by default, listed as “udp” for tlegial debug console’s
“show” command.
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When thenew_handle is used in any Dq... function, the packet is serth&UDP port specified by

theUDP_Port parameter, and replies are received on the neal WP port, which is different than

the local port and network buffer allocatediyOpenIOM() . Thus it becomes safe to call functions
from multiple threads without waiting for the 10Mdk to reply or a risk of receiving an unexpected
reply.

Additional ports are closed automatically whagCloselOM() is called. Note that
DgAddIiOMPort()  should not be used with the th&IPAC.

Notes:
* DgAddIOMPort() is very useful when multiple asynchronous VMaps/[pklare used or
application is written to wait for different everitsthe different threads.
» Up to 63 additional ports can be opened per IOMiemmequests return a DQ_NO_MEMORY
error.
» DgAddIOMPort() is not necessary when using multiple processesmhitiiple processes, you
must callDgOpenlOM() in each process.

2.2.8 DgGetDevnBySlot

Syntax:
int DgGetDevnBySlot(int lom, uint32 Slot, uint32* d evn, uint32*
serial, uint32* address, uint16* model)
Input:
int lom Handle to the IOM returned WygqOpenlOM()
uint32 Slot The DNR chassis slot to query
Output:
uint32* devn Device number of the device sitting in the spedifiéot
uint32* serial Serial number of the device sitting in the spedifiéot
uint32* address Address of the device sitting in the specified slot
uint16* model Model number of the device sitting in the specifbot
Return:

DQ_ILLEGAL_HANDLE invalid IOM Descriptor
DQ_BAD_PARAMETER The specified slot is empty or invalid

DQ_SUCCESS successful completion
Description:
The function returns the ID number as well as offaameters for the device inserted in a
given slot.

Note:
This function is only useful with PowerDNR chas&is PowerDNA 1/0 modules the device
number is always the position of the device indtaek.
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2.2.9 DgGetDevnBySerial

Syntax:
int DgGetDevnBySerial(int lom, uint32 Serial, uint3 2* devn,
uint32* slot, uint32* address, uint16* model)
Input:
int lom Handle to the IOM returned HyqOpenIOM()
uint32 Serial The serial number of the device to query
Output:
uint32* devn Device number of the device matching the seriallmem
uint32* slot Slot of the device matching the serial number
uint32* address Address of the device matching the serial number
uint16* model Model number of the device matching the serial neimb
Return:

DQ_ILLEGAL_HANDLE invalid IOM Descriptor
DQ_BAD_PARAMETER The specified serial number was not found
DQ_SUCCESS successful completion
Description:
The function returns the ID number as well as offagameters for the device with a given
serial number.
Note:
None

2.2.10 DgSetPacketSize

Syntax:
int DgSetPacketSize(int lom, uint32 MinPktSize, uin t32
MaxPktSize)
Input:
int lom Handle to the IOM returned HyqOpenIOM()
uint32 MinPktSize minimum size of UDP packet to sénd
uint32 MaxPktSize maximum size of UDP packet to sénd
Output:
None
Return:

DQ_ILLEGAL_HANDLE invalid Descriptor
DQ_ILLEGAL_PKTSIZE invalid value forMinPktSize  or MaxPktSize

DQ_NO_MEMORY error allocating buffer
DQ_SUCCESS successful completion
Description:

The function sets up the minimum and maximum altbwiges of UDP DagBIOS packets.

! Setting minimum size is possibly not useful.
2 Limit maximum size for faster response.
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Note:

For non-fragmented DagBIOS packets, the maximunopdysize (including the DQPKT
header) is limited to 1472 bytes.

For legacy systems using the ColdFire processenréximum size of a DagBIOS packet
(including the DQPKT header) is limited to 530 sste

2.2.11 DgSetTimeout

Syntax:
int DgSetTimeout(int lom, pDQE pDge, int Timeoutms)
Input:
int lom Handle to the IOM
pDQE pDge DQ Engine pointer, or NULL if not using DQE
int Timeoutms timeout value in milliseconds
Output:
None
Return:

DQ_ILLEGAL_HANDLE invalid Descriptor
DQ_BAD_PARAMETER Timeoutms is negative
DQ_SUCCESS command processed successfully
Description:
Changes the maximum allowed wait time for a re@lgket (IOM must be open).
Note:
If (pDge !'= NULL), the function sets the total timeout ®very DQ command handled by
DQE. To calculate reply timeout, the total timewudivided by number of retries allowed pbge is
not specified, the function sets the timeout tipgdias only to the specified IOM.

2.2.12 DgReadSrec

Syntax:
int DgReadSrec(char *filename, int relative, uint32 size, char
*puffer, uint32 *bytes)
Command:
DAQLIib
Input:
char *filename file name of .S19 S-Record file
int relative TRUE to honor addresses read from the file, FAL&Eead
data sequentially and ignore addresses
uint32 size size of user buffer
char *buffer pointer to user buffer
uint32 *bytes pointer to receive number of bytes writterbtdfer
Output:
char *buffer raw data from .S19 S-Record file
uint32 *bytes number of bytes written touffer
Returns:
DQ_BAD_PARAMETER if any parameter is NULL
DQ_SUCCESS successful completion
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Description:
Reads S-Record (.S19) file and converts it to idata.

If relative is TRUE This function considers the first address it emters as the beginning
of the buffer, and all other addresses relativiaéobeginning of the buffer. Any addresses outtide
range the buffer can hold will be silently dropped.

If relative is FALSE This function will read all data sequentiallydrthe buffer, despite
the addresses indicated in the S-Records.
Note:

None

2.2.13 DgGetLastStatus

Syntax:
int DgGetLastStatus(int iom, uint32 *data, uint32 * size)
Input:
int iom Handle to the IOM
uint32 *data buffer to copy status data into
uint32 *size size of buffer (number of 32-bit values)
Output:
uint32 *size returns amount of data copied imtata parameter, in 32-bit
chunks
Return:

DQ_ILLEGAL_HANDLE illegal IOM Descriptor
DQ_BAD_PARAMETER data orsize parameter was NULL
DQ_NOT_ENOUGH_ROOBIze passed in is too small to hold the data

DQ_RECV_ERROR no status data has been received yet
DQ_SUCCESS successful completion
Description:
Gets the last status data retrieved via the hesrtbe
Note:
None.

2.2.14 DgReadAlChannel

Syntax:
int DgReadAlChannel(int hd, int devn, int samplesz, uint32
CLSize, uint32 *cl, uint8 *data)
Input:
int hd Handle to the IOM
int devn device number
int samplesz size of one sample, in bytes
uint32 CLSize channel list size
uint32 *cl channel list
uint8 *data array to store data (should beGif size times sample size)
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Output:
uint8 *data received data

Return:
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't dgiahed
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccemoh
DQ_SUCCESS if the Command is processed successfully
Other negative values low level IOM error

Description:

This function reads data from an analog input devic
Note:

IncludeDQ_INSTMODE_NTO#4g insamplesz parameter to automatically convert data
from network byte order to host byte order.

2.2.15 DgWriteAOChannel

Syntax:
int DgWriteAOChannel(int hd, int devn, int samplesz , uint32
CLSize, uint32* cl, uint8* data)
Input:
int hd Handle to the IOM
int devn device number
int samplesz size of one sample, in bytes
uint32 CLSize channel list size
uint32 *cl channel list
uint8 *data array of data (should be @fL size times sample size)
Output:
uint8 *data received data
Return:
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't ddtahed
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccemoh
DQ_SUCCESS if the Command is processed successfully
Other negative values low level IOM error
Description:
This function writes data to an analog output devic
Note:

IncludeDQ_INSTMODE_NTO#4g insamplesz parameter to automatically convert data
from host byte order to network byte order.
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2.2.16 DgCmdEcho
Syntax:
int DgCmdEcho(int lom, pDQRDCFG pDQRdACfg)
Command:
DQCMD_ECHOx104), Echo
Input:
int lom Handle to the IOM returned ByqOpenlOM()
pDQRDCFG pDQRACfg pointer toDQRDCFGtructure allocated by calling process
Output:
pDQRDCFG pDQRACfg pointer to populate®QRDCFGtructure allocated by calling
process
Return:
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't dgtahed
DQ_IOM_ERROR IOM reports command execution error
DQ_SEND_ERROR cannot send packet
DQ_TIMEOUT_ERROR |OM reply wasn'’t received within timeout period

DQ_SUCCESS if the Command is processed successfully
Other negative values low level IOM error
Description:

Specified IOM replies back to the host with confegion data.

The returning packet payload has the followingctree:

/* device configuration data */

typedef struct {
uint32 model; /* 10M model */
uint32 ipaddr; /*ip address */
uint32 sernum; [* serial number */
uint32 caldate; [* calibration date *
uint32 mfgdate; /* manufacturing dat e*
uintl16 devmod[DQ_MAXDEVN]; /* up to 16 installe d layers */
uint16 option[DQ_MAXDEVN]; /* and their option parameters */

} DQRDCFG, *pDQRDCFG;

Calibration and manufacturing dates are represeag@dMMDDY Y'Y uint32, wheréviMs
month,DDis day of the month andYYYis year.
Note:

This is a safe command in any mode.
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2.2.17 DgCmdCheckAlive

Syntax:
int DgCmdCheckAlive(int lom, uint32* response)
Command:
DQCMD_HRTBEADx101), Heartbeat
Input:
int lom Handle to the IOM returned WygqOpenIOM()
uint32* response Pointer to content of scratchpad O register
Output:
uint32* response Content of scratchpad register: 0 on first AP| eétéer bootup;
subsequent calls return the CPU timestamp
Return:
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't dgtahed
DQ_IOM_ERROR IOM reports command execution error

DQ_SEND_ERROR cannot send packet
DQ_TIMEOUT_ERROR IOM reply wasn't received within timeout period

DQ_SUCCESS if the command is processed successfully
Other negative values low level IOM error
Description:

This is a lowest-CPU-load command possible for theat service to verify that the chassis is
alive. The API performs the following functions:

1. Reads current timestamp from CPU board

2. Retrieves contents from scratchpad register O (wisiénitialized as 0 upon reboot), and

returns value retrieved assponse

3. Stores timestamp read in step 1 into scratchpagilter
Note:

TheDgCmdWriteval()  API can also be used to write the scratchpad Gteg{OXAO00E0010
in PPC): do not useqCmdCheckAlive () in conjunction with directly writing scratchpad 6ing the
DgCmdWriteVal()  APL.

2.2.18 DqgCheckForCriticalError

Syntax:
int DgCheckForCiriticalError(int lom, int error, uin t32 flags, uint32*
criticality)
Command:
DQCMD_HRTBEADx101), Heartbeat
Input:
int lom Handle to the IOM returned HyqOpenIOM()
int error Error flag received from Dq..() call
uint32 flags DQ_CHECK_ALIVE to ping the cube on error, 0 - simpl
check
Output:
uint32* how critical the error is (or NULL to ignore)
criticality

-16 -



PowerDNA API| Reference Manual, Release 4.10

Return:
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't dgdtahed
DQ_IOM_ERROR IOM reports command execution error
DQ_SEND_ERROR cannot send packet
DQ_TIMEOUT_ERROR |OM reply wasn'’t received within timeout period

DQ_SUCCESS if the Command is processed successfully
Other negative values low level IOM error
Description:

When timeout occurs it is not a critical error (metk may lose a packet now and then). Two
timeouts in a row signal about more severe error.

DQ_TIMEOUT_ERROR could happen in three cases:

1. Normal behavior of the network - a request spomse packet is lost due to the transmission
error (since Ethernet protocol does not have acledye feature built into it the transmitter doesn't
know that the packet was lost unless there is allapon the line). This is rare and not criticaios

2. Misconfigured switch. For example, packet stpnotection on some Cisco switches is set to
remove similar packets to the same port if theyeamess than predefined milliseconds apart. im th
case | normally log into the switch and disableadlvanced traffic monitoring features. This is not
critical error

3. Network is losing packets in droves or dead configured or cube firmware became
irresponsive. This is critical error and softwaeeds to know about it immediately

In cases (1) and (2) network loses a single packgtinfrequently. In (3) requests are not
replied in blocks (in worst case - until cube isa®.

If the flag DQ_CHECK_ALIVE is sebqCheckForCriticalError() pings IOM with
DgCmdCheckAlive() to see whether IOM is responding to the requests.

The function returns actual <error> for any crilityalevel above DQ_CHK_ERROR_IGNORE.

Criticality levels are:

DQ_CHK_ERROR_NONE == 0 no error

DQ_CHK_ERROR_IGNORE == 1 upon a single timeoutcfion returns non-negative number
DQ_CHK_ERROR_NONCRITICAL == 2 error in function tplarameters (and an actual error code)
DQ_CHK_ERROR_CRITICAL == 3 execution cannot conér@nd an actual error code)

The following error codes are deemed non-critical €xecution can continue, but parameters needs t
be adjusted):

DQ_ILLEGAL_ENTRY: /l illegal entry in parameters
DQ_BAD_DEVN: /I incorrect DEVN

DQ_PKT_TOOLONG: /l too much data to fit a packet
DQ_INIT_ERROR: /I 1OM initialization error
DQ_BAD_PARAMETER: /I Invalid parameter passed
DQ_NO_MEMORY: /I not enough memory
DQ_NOT_ENOUGH_ROOM: /I not enough room in the packet/structure
DQ_DEVICE_BUSY: /I somebody else uses this device
DQ_ILLEGAL_PKTSIZE: /I packet size too small or too large
DQ_NOT_IMPLEMENTED: /I bad luck - not implemented yet
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DQ_DEVICE_NOTREADY: /I device is not ready
DQ_CALIBRATION_ERROR: /I error while performing calibration
DQ_WRONG_DMAP: /I requested and received dmapid's do not match
DQ_DATA_NOT_AVAILABLE: /I requested data is not available
DQ_FIFO_OVERFLOW: /I device FIFO overflowed

DQ_ILLEGAL_INDEX: /I illegal index supplied
DQ_DIO_LINE_NOT_EXIST: /I the specified dio line doesn't exist
DQ_WRONG_PKT_COUNTER: //incorrect packet counter was received
DQ_EVENT_ERROR: /I event handling error

DQ_BAD_CONFIG: /I bad configuration reported by DQCMD_RDSTS
DQ_DATA_ERROR: /' layer returned invalid data

Critical errors are:

DQ_ILLEGAL_HANDLE: /I illegal IOM handle (index)
DQ_SOCK_LIB_ERROR: /I socket error

DQ_SEND_ERROR: /I packet sending error
DQ_RECV_ERROR: /I packet receiving error
DQ_IOM_ERROR: /I |OM reports an unrecoverable error

2.2.19 DgCmdReset

Syntax:
int DgCmdReset(int lom)
Command:
DQCMD_RS{0x110), Reset Device
Input:
int lom Handle to the IOM returned HyqOpenIOM()
Output:
None
Return:
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't ddtahed
DQ_SEND_ERROR cannot send packet
DQ_SUCCESS if the Command is processed successfully
Other negative values low level IOM error
Description:

Resets the device specified. After this commardgvace considers itself "initialized" and
switches to Init mode.
Note:

This command cannot be called in Operation modéevice does not return from reset
immediately. Device becomes unavailable for netwapkrations until reboot (approximately 5-10
seconds.)
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2.2.20 DgCmdHwReset

Syntax:
int DgCmdHwReset(int lom)
Command:
DQCMD_RS{0x110), Reset Device
Input:
int lom Handle to the IOM returned WygOpenIOM()
Output:
None
Return:
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't dstahed
DQ_SEND_ERROR cannot send packet

DQ_SUCCESS if the Command is processed successfully
Other negative values low level IOM error
Description:

Performs full hardware reset on the IOM specifigftier this command, the IOM considers
itself "initialized" and switches to Init mode.

Note:

This command cannot be called in Operation modéevice does not return from reset
immediately. A device becomes unavailable for neftvaperation until reboot occurs (approximately
5-10 seconds.)

2.2.21 DgCmdWriteVal

Syntax:
int DgCmdWriteVal(int lom, uint32 Address, uint32 * Value)
Command:
DQCMD_WRVAL (0x114), Write Value to the Device
Input:
int lom Handle to the IOM returned ByqOpenlOM()
uint32 Address IOM memory map address to write to
uint32 *Value pointer to 32-bit value to write t@ddress
Output:
None
Return:

DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't ddtahed
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration

DQ_IOM_ERROR error occurred at the IOM when performing this cosmch
DQ_SUCCESS if the Command is processed successfully
Other negative values low level IOM error
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Description:
This function writes/alue to a physicaAddress on IOM.
Note:
» This low-level function can be dangerous becaus®©& address space, including layer
registers, is accessible.
» This function is password-protected with user |gassword.
» If usingDgCmdWriteVal() to write the scratchpad O register (OXAOOEOO10RCE, do not
useDgCmdCheckAlive (), which also accesses scratchpad register 0.

2.2.22 DgCmdReadVal

Syntax:
int DgCmdReadVal(int lom, uint32 Address, uint32 *V alue)
Command:
DQCMD_RDVAL (0x118), Read Value from the Device
Input:
int lom Handle to the IOM returned WygOpenlOM()
uint32 Address IOM memory map address to read from
uint32 *Value pointer to buffer to store the value received fritva device
Output:
uint32 *Value value received from the device
Return:

DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't dstahed
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration

DQ_IOM_ERROR error occurred at the IOM when performing this cogmnich
DQ_SUCCESS if the Command is processed successfully
Other negative values low level IOM error
Description:
Function read¥alue from a physicaAddress on IOM.

Note:

This low-level function can be dangerous becalld®® address space is accessible.
Therefore, I/O layer triggers may be initiated wiventain memory is read.

This function is password-protected with user Ipassword
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2.2.23 DgCmdWriteRead32

Syntax:
int DgCmdWriteRead32(int lom, pDQWRRD32 wrrdcmd, ui nt32*
data_wr, uint32* data_rd)
Command:
DQCMD_WRRD32(0x115), Write and read values to the layer
Input:
int lom Handle to the IOM returned HyqOpenIOM()
pDQWRRD32 wrrdcmd device and address/size information to write/reatd d
uint32* data_wr data to be written if wrrdemd->size_w > 0
uint32* data_rd data read from the device if wrrdemd->size_r >0
Output:
pDQWRRD32 + value received from the device
uint32* data_rd
Return:

DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't dgtahed
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration

DQ_IOM_ERROR error occurred at the IOM when performing this cogmnich
DQ_SUCCESS if the Command is processed successfully
Other negative values low level IOM error

Description:

Performs a write followed by a read (or read fokalby a write) into the 32-bit address space
of the selected layer. This function is safer te thmn DgCmdReadVal, DgqCmdReadMultipleValues,
DgCmdWriteVal, or DgCmdWriteMultipleValues becausdirectly addresses the layer and reduces
the ability to accidentally read or write into @él system areas of the IOM.

This structure is used to read and write multigldrasses from and to IOM memory:
I* DQCMD_WRRD32 */

#define DQWRRD32_DONOT_INC (1L<<1) // do notincre ment address, useful to read FIFOs
#define DQWRRD32_READ_1ST (1L<<0) // first read t hen write, default is the opposite
typedef struct {

uintl16 dev; /I device DEVN to access

uintl6 read_1st; // read before write if TRU E

uintl6 addr_w; // address to write

uintl6 size_w;  // size to write (in uint32 s). Must be lower than 368.

uintl6 addr_r;  // address to read

uintl6 size_r;  // size to read (in uint32s ). Must be lower than 368.

uint32 data[];  // data
} DQWRRD32, *pDQWRRD32;

Note:

<read_1st> field can contain two behavior modificat

#define DQWRRD32_DONOT_INC (1L<<1)

#define DQWRRD32_READ_1ST (1L<<0)

If read or write is not required in this functioallcsimply pass zero as <size_rd> or <size_wr>.
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2.2.24 DgCmdWriteMultipleValues

Syntax:
g int DgCmdWriteMultipleValues(int lom, pDQWRVALM DQW rMultVal)
Command:
DQCMD_WRVALM(0x11C), Write Multiple Values to the Device
Input:
int lom Handle to the IOM returned WygOpenlOM()
pDQWRVALM pointer to the structure that defines what and w/hemrite
DQWrMultVal
Output:
None
Return:

DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't dgtahed
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration

DQ_IOM_ERROR error occurred at the IOM when performing this cogmnich
DQ_SUCCESS if the Command is processed successfully
Other negative values low level IOM error

Description:

This function writes defined values to defined asddes ilDQWrMultval .
You have to fill all fields of this structure to e correct operation.
This structure is used to read and write multiglérasses from and to IOM memory:

/* DQCMD_WRVALM structure */

typedef struct {
uint32 addr;  // address to write value
intl6 increment; // address increment/decreme nt after each write
uint8 size; /I size of operand and four lower bits of increment
uint8 count; // number of values to write
uint8 datall;

} DQWRVALM, *pDQWRVALM;

Note:

The maximum count is limited by the packet siZgisTow-level function can be dangerous to
use because all IOM address space is accesslyiér triggers may be initiated when certain
memory is written.

This function is password-protected with user Igassword.
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2.2.25 DgCmdReadMultipleValues

Syntax:
g int DgCmdReadMultipleValues(int lom, pwDQRDVALM pDQ RdMultVal,
uint8 *Data)
Command:
DQCMD_RDVALMO0x120), Read Multiple Values from the Device
Input:
int lom Handle to the IOM returned HyqOpenIOM()
pwDQRDVALM pointer to the structure defining what and whereet
pDQRdMultVal
uint8 *Data pointer to store data received from the PowerDNBecu
Output:
uint8 *Data data received from the PowerDNA cube
Return:

DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't dgtahed
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration

DQ_IOM_ERROR error occurred at the IOM when performing this ccgmnich
DQ_SUCCESS if the Command is processed successfully
Other negative values low level IOM error

Description:

This function reads multiple values from a physmddiress on IOM. You have to initialize
pwDQRDVALIgtructure before calling it.

/* DQCMD_RDVALM structure */
typedef struct {

uint32 addr;

intl6 increment;

uint8 size;

uint8 count;
} wDQRDVALM, *pwDQRDVALM,;

Note:

The maximum count is limited by the packet sizgisTow-level function can be dangerous to
use because all IOM address space is accesslayiér triggers may be initiated when certain
memory is read.

This function is password-protected with user Igassword

2.2.26 DgCmdSetCfg

Syntax:
int DgCmdSetCfg(int lom, DQSETCFG pDQSetCfg([], uint 32 *Status,
uint32 *entries)

Command:
DQCMD_SETCFG (0x124), Set Configuration for the Device.
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Input:
int lom Handle to the IOM returned iygOpenlOM()
DQSETCFG Array of configuration structures
pDQSetCfg(]
uint32 *Status
uint32 *entries

Output:
uint32 *Status
uint32 *entries

Array to store status information from all configdrdevices
Number of configuration structures passe@QSetCfg .

Array of status values for the devices
Returns number of entries actually processed

Return:
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't dgtahed
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this cogmnich
DQ_SUCCESS if the Command is processed successfully
Other negative values low level IOM error

Description:

This function sets up configuration of the PowerDbUbe. You must supply an array of
DQSETCFGtructures.

The following structure is used MQCMD_SETCRmmand to set up configuration of the
layer. Multiple structures in the packet are alldw&he last device number must be or-ed with
LASTDEV(0x80).

/* DQCMD_SETCFG */
typedef struct {
uint8 dev; // device
uint8 ss; // subsystems
uint32 cfg;
} DQSETCFG, *pDQSETCFG;

Configuration flags are divided into a standard fesmmon for all layer types) and a layer-
specific part. Common flags are:

/I Standard part (lower 16 bits) of layer configura tion word
n

#define DQ_LN_RAW32  (1L<<18) // copy timestam

#define DQ_LN_MAPPED  (1L<<15) // For WRRD (DQD

#define DQ_LN_STREAMING (1L<<14) // For RDFIFO de
/I For WRFIFO -

#define DQ_LN_RECYCLE (1L<<13) //if there isn

#define DQ_LN_GETRAW  (1L<<12) // force layer t o return raw unconverted data

#define DQ_LN_TMREN  (1L<<11) // enable layer periodic timer

#define DQ_LN_IRQEN  (1L<<10) // enable layer irgs

p along with the data

MAP) devices

vices - stream the FIFO data automatically

do NOT send reply to WRFIFO unless needed
o data taken/available overwrite/reuse data

ce 0-SW, 01 - internal, 10 - external

#define DQ_LN_PTRIGEDGEL1 (1L<<9) // stop trigger edge MSB

#define DQ_LN_PTRIGEDGEO (1L<<8) // stop trigger edge: 00 - software, 10 - external
#define DQ_LN_STRIGEDGEL1 (1L<<7) // start trigger edge MSB

#define DQ_LN_STRIGEDGEO (1L<<6) // start trigger edge: 00 - software, 10 - external
#define DQ_LN_CVCKSRC1 (1L<<5) // CV clock sour ce MSB

#define DQ_LN_CVCKSRCO (1L<<4) // CV clock sour ce 0-SW, 01 - internal, 10 - exterrnal
#define DQ_LN_CLCKSRC1 (1L<<3) // CL clock sour ce MSB

#define DQ_LN_CLCKSRCO (1L<<2) // CL clock sour
#define DQ_LN_ACTIVE  (1L<<1) //"ACT"LED sta
#define DQ_LN_ENABLED (1L<<0) // enable operat

tus
ions

=24 -



PowerDNA API| Reference Manual, Release 4.10

Please refer to the layer-specific section in ther utnanual for layer-specific configuration
flags.
Note:

None

2.2.27 DgCmdReadStatus

Syntax:
int DgCmdReadStatus(int lom, uint8 *DeviceNum, uint 32 *Entries,
uint32 *Status, uint32 *StatusSize)
Command:
DQCMD_RDSTS (0x118), Read Device Status
Input:
int lom Handle to the IOM returned EyqOpenIOM()
uint8 *DeviceNum Array of layer numbers to retrieve status from
uint32 *Entries Number of entries ilDeviceNum array
uint32 *Status Pointer to buffer to store values received fromdaeice
uint32 *StatusSize Size of buffer, in 32-bit chunks.
Output:
uint32 *Entries Actual number of entries requested
uint32 *Status Array of device status requested
uint32 *StatusSize Number of 32-bit values copied in8iatus
Return:
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn'’t dstahed
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccemih
DQ_NOT_ENOUGH_ROOB}atusSize is too small to hold the data
DQ_SUCCESS if the Command is processed successfully
Other negative values low level IOM error
Description:

This function returns 128 bits of statos subsystem for each device specified. The following
constants are defined for analyzing the returnatist ( refer to powerdna.h for greater detail )

The 4th uint32 (STS_LOGIC) contains the layer'sdagatus (not implemented for logic below
version 10.00):

#define STS_LOGIC_DC_OOR (1UL<<0) //IDC /DC out of range (IOM also)
#define STS_LOGIC_DC_FAILED (1UL<<1) //DC /DC failed (IOM also)

#define STS_LOGIC_TRIG_START  (1UL<<2) /[ Tr igger event started (IOM also)
#define STS_LOGIC_TRIG_STOP (1UL<<3) /I Tr igger event stopped (IOM also)
#define STS_LOGIC_CLO_NOT_RUNNING (1UL<<4) //Ou tput channel list not running
#define STS_LOGIC_CLI_NOT_RUNNING (1UL<<5) //In put channel list not running
#define STS_LOGIC_CVCLK_CLO_ERR (1UL<<6) //CV clock error for CLO

#define STS_LOGIC_CVCLK_CLI_ERR (1UL<<7) /ICV clock error for CLI

#define STS_LOGIC_CLCLK_CLO_ERR (1UL<<8) //CL clock error for CLO

#define STS_LOGIC_CLCLK_CLI_ERR (1UL<<9) //CL clock error for CLI

The first four error flagdpC_OORDC_FAILED, TRIG_START, andTRIG_STOR, are used
in the IOM status as well.
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The 3rd uint32 (STS_FW)contains the firmware status

#define STS_FW_CLK_OOR (1UL<<0) // Clo ck out of range (IOM also)

#define STS_FW_SYNC_ERR (1UL<<1) // Syn chronization interface error (IOM also)
#define STS_FW_CHNL_ERR (1UL<<2) /I Cha nnel list is incorrect

#define STS_FW_BUF_SCANS_PER_INT (1UL<<3) // Buf setting error: scans/interrupt
#define STS_FW_BUF_SAMPS_PER_PKT (1UL<<4) // Buf setting error: samples/packet
#define STS_FW_BUF_RING_SZ (1UL<<5) /I Buf setting error: FW buffer ring size
#define STS_FW_BUF_PREFUF_SZ  (1UL<<6) // Buf setting error: Pre-buffering size
#define STS_FW_BAD_CONFIG (AUL<<7) [/l Lay er cannot operate in current config
#define STS_FW_BUF_OVER (1UL<<8) /I Fir mware buffer overrun

#define STS_FW_BUF_UNDER (AUL<<9) /I Fir mware buffer underrun

#define STS_FW_LYR_FIFO_OVER  (1UL<<10) // Lay er FIFO overrun

#define STS_FW_LYR_FIFO_UNDER (1UL<<11) // Lay er FIFO underrun

#define STS_FW_EEPROM_FAIL (1UL<<12) /I Lay er EEPROM failed

#define STS_FW_GENERAL_FAIL  (1UL<<13) // Lay er general failure

#define STS_FW_OPER_MODE (lUL<<14) // Lay er s in operation mode

#define STS_FW_FIR_GAIN_ERR  (1UL<<15) // Sum of fir coeffs is not correct

#define STS_FW_OUT_FAIL (1UL<<16) // Out put CB tripped or over-current
#define STS_FW_IO_FAIL (1UL<<17) /I Mes saging /O failed (5xx layers)
#define STS_FW_NO_MEMORY (1UL<<18) /I Err or with memory allocation

#define STS_FW_BAD_OPER (1UL<<19) // Ope ration wasn't performed properly
#define STS_FW_LAYER_ERR (1UL<<20) /I Lay er returned unexpected value
#;defir)e STS_FW_OVERLOAD (1UL<<21) // CPU or Ethernet is starved out of time or told to free
the wire

Clock out of rangesfs_rw_ctk_oormeans that the call to the DqCmdSetClock() fuorcti
specified a clock rate that is not possible to eahiwith that layer, taking channel/gain list into
consideration. For example, an Al-207 layer hautiptexed front-end with a maximum aggregate
sampling rate of 16kS/s using the gain of 1. Tifususer specifies a sampling rate 2kS/s for 16
channels, this bit is going to be set (also, DgDmi&Pps() or else DgAcbInitOps() will return an
error).

A synchronization interface errasté_rw_sync_errjndicates that the Sync interface was not
configured in a fashion that can provide propecklsignals.

A channel list incorrect errogis_rFw_cHni_erRiS set when one or more entries in the channel
list array supplied to the layer is incorrect foat particular layer.

The flagssTs_Fw_BUF_SCANS_PER_INT, STS_FW_BUF_SAMPS_PER_PKITS_FW_BUF_RING_SZ,
sTs_Fw_BUF_PRerUF_sget in ACB or Burst mode signify that the requediaffer settings cannot be
accepted in the current configuration. The reasay be an incorrect parameter for that particular
layer or an inability to allocate a proper bufferfunction compatible with other layers in the &tac

The flagsts_rFw_sap_conrids set when a layer configuration is impropertfas layer or a
combination of layers.

The flagssts_rFw_sur_ovemndsts_rw_sur_unpeare set for input and output subsystems in
situations in which an internal buffer becomes &t there is no room to store more data (and bne o
more samples are lost) or when an output buffeofpes empty (output stopped). These flags make
sense in ACB mode only.

The flagssts_Fw_LYR_FIFO_ovERANASTS_Fw_LYR_FIFO_UNDERIre similar to previous flags, but report
underrun/overrun status of FIFO circuitry locatedeach layer.

The flagsts_Fw_eeprom_raiis set when the layePEROM 32-bit cyclic redundancy code
(CRC32) calculated during the initialization stafyees not match the CRC32 stored in the last four
bytes of the 2048-byte’PROM chip.

The flagsts_rw_GeNERAL_FaiLreports a general layer failure of unknown souteected by the
firmware.

The flagsts_Fw_orer_monis set when a layer is in operating mode. The layéers operating
mode for DMap, ACB, Msg, M3, and Burst operations.
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The first two error flagsCLK_OORandSYNC_ERRare used in the IOM status as well.

The 2nd uint32 of theOM status (STS_POSTpnly contains flags that indicate errors
discovered during POST (not implemented for firmsveavisions 3.4 and below):

#define STS_POST_MEMERR (1L<<0) // Memory test failed
#define STS_POST_EEPROM_CHK (1L<<l) //E ’PROM read failed
#define STS_POST_LAYER_FAILED (1L<<2) // Layer failure

#define STS_POST_FLASH_FAILED (1L<<3) //Flash checksum error
#define STS_POST_SDCARD_FAILED (1L<<4) // SD Car d is not present
#define STS_POST_DC24 (1L<<5) /I DC->24 layer failed
#define STS_POST_DCCORE (1L<<6) //Corev oltages problem

Note that when either tHeEEPROM_CH#&r LAYER_FAILEDflag is set, the
STS_FW_EEPROM_FAIbr STS_FW_GENERAL_FAIlflag, respectively, will also be set in the
appropriate layer’s status.

The 1st uint32 of thEOM status (STS_STATE) contains the operating mode of therlayel
the 8 least significant bits of the timestamp ceunfThe operating mode is encoded into bits 3r0 p
the following defines:

#define DQ_IOMODE_INIT (aL) // dee is being initialized

#define DQ_IOMODE_CFG (L) /I ésis in configuration mode, pt. by pt.
#define DQ_IOMODE_OPS (4L) /I devis in operation mode, ACB, DMAP, etc
#define DQ_IOMODE_SD (8L) /Mitee is in shutdown mode

Bits 15..8 of STS_STATE reflect the value of tmeestamp counter when tiBmCmdReadStatus
command was performed. This is used to verify thatimestamp system is ‘alive’, as we expect the
value to be constantly changing.

Note:
1. Use device |= 0x80 to indicate that this islés¢ device in the list
2. IOM reads the status registers of the specd@mdces only
3. The DgVT packet can contain more entries, beiniiimber of devices per IOM is limited to

4. Use DeviceNum entry of Ox7F to get the statuhieflOM itself

5. Use DeviceNum entry of Ox7E to get the statu©d followed sequentially by all devices
present; this must be the only value used, andethdt is always 128 bits per device, regardless of
subsystem count. Each error bit for a device sepres the aggregate for all subsystems of thategvi
in other words, an error bit will be set if at leage subsystem has that error bit set. You camc¢hi
DgCmdReadStatus with the specific device number to find out whaihbsystem had the error.

2.2.28 DgCmdWriteChannel

Syntax:
int DgCmdWriteChannel(int lom, pPDQWRCHNL DQChannelD ata, uint32
DataBufLen)

Command:
DQCMD_WRCHNL(0x12C), Write Channel

Input:
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int lom Handle to the IOM returned HyqOpenIOM()
pDQWRCHNL Array of structures that define device, subsystgmnnel, and
DQChannelData data
uint32 DataBufLen Combined size in bytes of all structures contained
DQChannelData

Output:

None.
Return:

DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't dgtahed
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
Other values low level IOM status
Description:
This function writes channels specifieddQWRCHNitructures.

The IOM firmware scans incoming data and passesystém and channel information to the
appropriate device driver.

Thedata field should be typecast to a data size apprapt@the device. For example, for
an AO-302, thelata field should be typecast tontl6é . See user manual for a complete list.

DQCMD_WRCHNMansfers data in the following format:

/* DQCMD_WRCHNL */
typedef struct {
uint8 dev;
uint8 ss;
uint8 chnl;
uint32 data;
} DQWRCHNL, *pDQWRCHNL;
Note:
Usedev |= DQ_LASTDEV to indicate the last device in the list.
A channel may be a relative position in the progreed channel list but not an actual channel
number, depending on the hardware.

Since DMap mode is provided, there is only margisa for this function,.
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2.2.29 DgCmdReadChannel

Syntax:
int DgCmdReadChannel(int lom, pDQRDCHNL pDQChannelD ata, void
*Data, uint32 *DataBufLen)
Command:
DQCMD_RDCHNL (0x130), Set Channel List
Input:
int lom Handle to the IOM returned HyqOpenIOM()
pDQRDCHNL Array of structures that defines device and channel
DQChannelData
void *Data pointer to buffer to store received data
uint32 size of the data buffer, bytes
*DataBufLen
Output:
void *Data received data
uint32 returned size of the data in buffer, bytes
*DataBufLen
Return:

DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't dgtahed
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Timeout duration

DQ_IOM_ERROR error occurred at the IOM when performing this cogmnich
DQ_SUCCESS if the Command is processed successfully
Other negative values low level IOM error

Description:

This function reads channels specifiedQRDCHN&tructures.

The IOM firmware scans incoming data and passesystém and channel information to the
appropriate device driver. Firmware relies on tseset upDQ_LASTDEVor the last device structure
in the packet and proper size of data (accorditmlye layer type). For example, an Al-201 returns
uintlé for every channel requested, and an Al-205 andll&é2®5 returnuint32 . See user manual
for a complete list.

Neither firmware nor the library performs netwodkhost data conversion. The user is
responsible for converting data according to tlyerdaypes involved.

DQCMD_RDCHNiransfers data in the following format:

/* DQCMD_RDCHNL */
typedef struct {

uint8 dev;

uint8 ss;

uint8 chnl;
} DQRDCHNL, *pDQRDCHNL;

Note:

Use device |= 0x80 to indicate that this is thedavice in the list.

Since DMap mode is provided, there is only mairgis& for this function. This function
interface is prone to user errors.
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2.2.30 DgCmdSetClock

Syntax:
int DgCmdSetClock(int lom, pDQSETCLK pDQSetCIk, flo at
*CloseFreq, uint32 *entries)
Command:
DQCMD_SETCL{x134), Set Clock Rate
Input:
int lom Handle to the IOM returned HyqOpenIOM()
pDQSETCLK clock settings (pointer to an array of structures)
pDQSetClk
float *CloseFreq pointer to uninitialized variable (user allocatesfér)
uint32 *entries number of entries ipDQSetCIlk array
Output:
float *CloseFreq array of actual frequencies, Hz
uint32 *entries pointer to actual number of entries set
Return:

DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't dgtahed
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration

DQ_IOM_ERROR error occurred at the IOM when performing this cogmnich
DQ_SUCCESS if the Command is processed successfully
Other negative values low level IOM error

Description:

This function programs layer clocks, using B@SETCLkstructure.

The firmware selects the closest possible speeglt@a division remainder of base frequency
divided by requested rate). The function returesattual rate iCloseFreq array.

DQCMD_SETCL#ses the following structure. Multiple entries atlewed.

/* DQCMD_SETCLK */

typedef struct {
uint8 dev;  // device number
uint8 ss; /I channel/subsystem/CVCL
uint8 clocksel; // select clock/trigger settings
float frq;

} DQSETCLK, *pDQSETCLK;

clocksel  must contain one of the following values:

/I Clock identifiers

#define DQ_LN_CLKID_DUTY1 (1L<<7) /ID uty cycle of TMR1 (0 is a single pulse)
#define DQ_LN_CLKID_DUTYO (1L<<6) /I D uty cycle of TMRO (O is a single pulse)
#define DQ_LN_CLKID_TMR1 (1L<<5) /T MR1 (burst clock)

#define DQ_LN_CLKID_TMRO (AL<<4) IIT MRO (conversion base clock)

#define DQ_LN_CLKID_CVIN (1L<<3) /I C V Input SS clock

#define DQ_LN_CLKID_CVOUT (1L<<2) /IC V Output SS clock

#define DQ_LN_CLKID_CLIN (1L<<1) /IC V Input SS clock

#define DQ_LN_CLKID_CLOUT (1L<<0) //C V Output SS clock
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Note: when the following clocksel parameters are us
These defines allow the user to use an alternate cl
The frq parameter becomes a divider value for the T
or greater.

#define DQ_LN_CLKID_SRC_TMRO_66M (0x50) // 6
#define DQ_LN_CLKID_SRC_TMRO_TMR1 (0x53) // T
#define DQ_LN_CLKID_SRC_TMRO_IEXTO (0x54) //i
#define DQ_LN_CLKID_SRC_TMRO_IEXTL (0x55) /i
#define DQ_LN_CLKID_SRC_TMRO_IINTO (0x58) //*
#define DQ_LN_CLKID_SRC_TMRO_IINT1 (0x59) /"
#define DQ_LN_CLKID_SRC_TMRO_SYNCO (0x5C) /I E
#define DQ_LN_CLKID_SRC_TMRO_SYNC1 (0x5D) // E
#define DQ_LN_CLKID_SRC_TMRO_SYNC2 (Ox5E) //E
#define DQ_LN_CLKID_SRC_TMRO_SYNC3 (0x5F) //E
#define DQ_LN_CLKID_SRC_TMR1_66M (0x60) // 6
#define DQ_LN_CLKID_SRC_TMR1_TMRO (0x61) /T
#define DQ_LN_CLKID_SRC_TMR1_IEXTO (0x64) //i
#define DQ_LN_CLKID_SRC_TMR1_IEXTL (0x65) /i
#define DQ_LN_CLKID_SRC_TMRZ_IINTO (0x68) /"
#define DQ_LN_CLKID_SRC_TMRZ_IINT1 (0x69) /"
#define DQ_LN_CLKID_SRC_TMR1_SYNCO (0x6C) /I E
#define DQ_LN_CLKID_SRC_TMR1_SYNC1 (0x6D) /I E
#define DQ_LN_CLKID_SRC_TMR1_SYNC2 (Ox6E) //E
#define DQ_LN_CLKID_SRC_TMR1_SYNC3 (0x6F) //E

Note:

ed, *CloseFreq will return 0.0 .
ock source for the TMRO and TMR1 timers
MR involved. Requires logic rev 02.11.1a

6MHz (default)
MR1 (pulse)
so_ext0

so_extl

Internal” source O
Internal” source 1
xternal SYNC line 0
xternal SYNC line 1
xternal SYNC line 2
xternal SYNC line 3
6MHz (default)
MRO (pulse)
so_ext0

so_extl

Internal” source O
Internal” source 1
xternal SYNC line 0
xternal SYNC line 1
xternal SYNC line 2
xternal SYNC line 3

None
2.2.31 DgCmdSwTrigger
Syntax:
int DgCmdSwTrigger(int lom, uint32 Mask)
Command:
DQCMD_STAR([Dx138), Start/Stop Devices by Mask
Input:
int lom Handle to the IOM returned WygOpenlOM()
uint32 Mask layer mask
Output:
None
Return:
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't dgtahed
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this cogmnich
DQ_SUCCESS if the Command is processed successfully
Other negative values low level IOM error
Description:

The function issues a software start trigger pufghe configuration defines a software trigger,
the layer will be programmed, but idle, from themamt of switching into operation state to the
moment of receiving a software trigger command (@i# not produce any data). The software trigger
command causes the logic to issue a start trigglseio start data conversion. Every biMask
represents a layer in the device stack, where tiitr@sponds with device 0, etc. For example,dods

a software start trigger for layer 1, Mask = (1L ¥k
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Note:
None

2.2.32 DgCmdSetChannelList

Syntax:
int DgCmdSetChannelList(int lom, pDQSETCL pDQSetCl, uint32
*entries)
Command:
DQCMD_SETCL (0x13C)
Input:
int lom Handle to the IOM returned HyqOpenIOM()
pDQSETCL pDQSetCl array of channel list entries
uint32 *entries number of entries
Output:
uint32 *entries number of entries actually processed
Return:
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't dgtahed
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Timeout duration
DQ_SUCCESS if the Command is processed successfully
Other negative values low level IOM error
Description:

Sets up the device channel list. This function gmthe presented channel list and fills the input
and output channel lists.

Channel list entries are stored in @SETClstructures:

typedef struct {
uint8 dev; // device number
uint8 ss; /I subsystem
uint32 entry; // channel list entry
} DQSETCL, *pDQSETCL;

The channel list usually has following format:
31-15 15-8 7-0
<flags> <mode,gain> <ch number>
If any particular device has a channel list that is different from this format, there
will be device specific macros and defines listed i n the powerdna.h file.

Flags are defined as follows:

#define DQ_LNCL_NEXT (1UL<<31) //channel list has next entry
#define DQ_LNCL_INOUT (1UL<<30) // (reserv ed for future use)
#define DQ_LNCL_SS1  (1UL<<29) /I (reserv ed for future use)
#define DQ_LNCL_SS0  (1UL<<28) /I (reserv ed for future use)
#define DQ_LNCL_IRQ  (1UL<<27) // (reserv ed for future use)
#define DQ_LNCL_NOWAIT (1UL<<26) // (reserv ed for future use)
#define DQ_LNCL_SKIP (1UL<<25) // (reserv ed for future use)
#define DQ_LNCL_CLK  (1UL<<24) // (reserv ed for future use)
#define DQ_LNCL_CTR  (1UL<<23) // (reserv ed for future use)
#define DQ_LNCL_WRITE (1UL<<22) //writet o the channel but not update
#define DQ_LNCL_UPDALL (1UL<<21) // update all written channels
#define DQ_LNCL_TSRQ (1UL<<20) /I (reserv ed for future use)
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#define DQ_LNCL_SLOW (1UL<<19) //slow do wn operation
#define DQ_LNCL_DIO  (1UL<<18) /I write/r ead DIO

#define DQ_LNCL_RSVD1 (1UL<<17) [/ (reserv ed for future use)
#define DQ_LNCL_RSVDO (1UL<<16) // (reserv ed for future use)
#define DQ_LNCL_DIFF (1UL<<15) // differe ntial mode

Note:
DQCMD_SETCis an additive function. Each time you write itadds a channel to the existing
channel list. Please reset the device to cleachhanel list.

Only a few flags are supported by current set yérs: Al-201/2056Q_LNCL_SLOW,
DQ_LNCL_NEXT, DQ_LNCL_DIFF) or AO-302 0Q_LNCL_WRITE, DQ_LNCL_UPDAL).

2.2.33 DgCmdSetTransferList

Syntax:
int DgCmdSetTransferList(int lom, pDQSETTRL pDQSetT rl)
Command:
DQCMD_SETTR(0x140), Set Transfer List
Input:
int lom Handle to the IOM returned iygOpenIOM()
pDQSETTRL pDQSetTrl transfer list descriptor
Output:
None.
Return:

DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't dgtahed
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration

DQ_IOM_ERROR error occurred at the IOM when performing this cosmih
DQ_SUCCESS if the Command is processed successfully
Other negative values low level IOM error

Description:

This function sets up a transfer list for DMap @tiens given bypQSETTRLstructure.

DgCmdSetTransferList() has additive behavior. The firmware accumulatasdtier lists
with the sam@&mapid in the memory. Every time the firmware finds a rdawapid, it allocates
memory to store a transfer list.

To set up a transfer list for a device, useDIESETTRLstructure.

/* DQCMD_SETTRL */

typedef struct {
uintl6 dmapid;  // DMAP id
uint8 dev; /I device
uint8 ss; /I subsystem
uint32 ch; /I channel (channel list en try)
uint32 flags; /I control flags, including channel information
uintl6 samples; // number of samples from t his channel
} DQSETTRL, *pDQSETTRL;
Note:

This function is called automatically BgDmapInitOps().
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2.2.34 DgCmdWriteAll
Syntax:
int DQCmdWriteAll(int lom, pDQWRRD pDQWTr)
Command:
DQCMD_WRROXx14C), Write All Data and Read Data Back
Input:
int lom Handle to the IOM returned WygqOpenlOM()
pDQWRRD pDQWr data for output DMap
Return:
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't dstahed
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Timeout duration

DQ_IOM_ERROR error occurred at the IOM when performing this cogmnich
DQ_SUCCESS if the Command is processed successfully
Other negative values low level IOM error

Description:

This function initiates exchange of data as desdiby a transfer list. Caller must fill the
pDgWr structure with proper DMap Ids and specify siz¢hef output data. Setting an input or output
DMap ID to zero disables transferring of data iat tthirection.

This function doesn’t wait for the IOM to reply Withe input data. Call DgCmdReadAll() to
retrieve the input data.

This function is useful in a real-time environmeritere the real-time task can't afford to wait
for the IOM's response. DgCmdWriteAll() should tedled at the end of the real-time cycle and
DgCmdReadAll() should be called at the beginnin¢hefnext cycle.

The following structure is used to exchange datenduDMap operations:

/* DQCMD_WRRD */

typedef struct {
uint32 dmapid;  // DMap ID
uint32 size; /I size of data
uint8 data[]; // data

} DQWRRD, *pDQWRRD;

Note:
None

2.2.35 DgCmdReadAll
Syntax:
int DgCmdReadAll(int lom, pDQWRRD pDQRd)
Command:
DQCMD_WRROXx14C), Write All Data and Read Data Back
Input:
int lom Handle to the IOM returned WygOpenlOM()
pDQWRRD pDQRd pointer to store input DMap data
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Output:
pDQWRRD pDQRd pointer to received input data

Return:
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't ddtahed
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration

DQ_IOM_ERROR error occurred at the IOM when performing this cosmih
DQ_SUCCESS if the Command is processed successfully
Other negative values low level IOM error

Description:

This function reads the response from an IOM tecaiest to exchange data initiated by a call
to DgCmdWriteAll().

This function is useful in a real-time environmeritere the real-time task can't afford to wait
for the IOM’s response. DgCmdWriteAll() should tmled at the end of the real-time cycle and
DgCmdReadAll() should be called at the beginnin¢hefnext cycle.

The following structure is used to exchange datenglDMap operations:

/* DQCMD_WRRD */

typedef struct {
uint32 dmapid;  // DMap ID
uint32 size; /I size of data
uint8 data[]; // data

} DQWRRD, *pDQWRRD;

Note:

None

2.2.36 DgCmdWriteReadAll

Syntax:
int DgCmdWriteReadAll(int lom, pPDQWRRD pDQWr, pDQWR RD pDQRd)
Command:
DQCMD_WRROXx14C), Write All Data and Read Data Back
Input:
int lom Handle to the IOM returned ByqOpenlOM()
pDQWRRD pDQWr data for output DMap
pDQWRRD pDQRd pointer to store input DMap data
Output:
pDQWRRD pDQRd pointer to received input data
Return:
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't dstahed
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration

DQ_IOM_ERROR error occurred at the IOM when performing this cosmih
DQ_SUCCESS if the Command is processed successfully
Other negative values low level IOM error
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Description:

This function initiates exchange of data describwedransfer list. Caller must figDgqWr
structure with proper DMap Ids and specify sizénpfut and output data. Setting input or output DMap
ID to zero disables transferring of data in thaeclion.

The following structure is used to exchange datenduDMap operations:

/* DQCMD_WRRD */

typedef struct {
uint32 dmapid;  // DMap ID
uint32 size; /I size of data

uint8 data[]; // data
} DQWRRD, *pDQWRRD;

Note:
None

2.2.37 DgCmdWriteFIFO

Syntax:
int DgCmdWriteFIFO(int lom, pDQFIFO pDQFifo)
Command:
DQCMD_WRFIF@®x150), Writes Data to Device FIFO
Input:
int lom Handle to the IOM returned HByqOpenlOM()
pDQFIFO pDQFifo output data
Output:
pDQFifo->size number of bytes actually transferred
Return:

DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't dgtahed
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Timeout duration

DQ_IOM_ERROR error occurred at the IOM when performing this cogmnich
DQ_SUCCESS if the Command is processed successfully
Other negative values low level IOM error

Description:

This function writes data to the FIFO on the layldre subsystempDQFifo->ss  field
represents a physical subsystem (SSOIN, for exagmip@ FIFO_SET_DATA0x10) defines a
channel to write data to the layer.

The following structure is used in the processxahanging data stream between host and
IOM:

/* DQCMD_WRFIFO and DQCMD_RDFIFO */
typedef struct {

uint8 dev;

uint8 ss;

uint16 size;

uint8 datall;
} DQFIFO, *pDQFIFO;
Note:

Maximum data size is 514 bytes.
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ACB operations performed by DQE are based on exgihg DQCMD_WRFIF@ackets. Please
see User Manual for internal working of DQE.

2.2.38 DgCmdReadFIFO

Syntax:
int DgCmdReadFIFO(int lom, pDQFIFO pDQFifo)
Command:
DQCMD_RDFIF@x154), Read Device Data from the FIFO
Input:
int lom Handle to the IOM returned ByqOpenlOM()
pDQFIFO pDQFifo pointer to store input data
pDQFifo->size number of bytes requested
Output:
pDQFifo->size number of bytes actually transferred
pDQFifo->data data received
Return:

DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't dgtahed
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration

DQ_IOM_ERROR error occurred at the IOM when performing this cogmnich
DQ_SUCCESS if the Command is processed successfully
Other negative values low level IOM error

Description:

This function requests data from the FIFO on #@yet. The subsystepDQFifo->ss field
represents a physical subsyst&@( SSOIN, for example)DQ_FIFO_GET_DATAO0x10) defines a
channel for reading data from the laye@Q_ FIFO_GET_CAL(0x20) defines a channel for retrieving
calibration data.

The following structure is used in the processetfieving a data stream from the IOM:

/* DQCMD_WRFIFO and DQCMD_RDFIFO */
typedef struct {

uint8 dev;

uint8 ss;

uintl6 size; // bytes

uint8 datal];
} DQFIFO, *pDQFIFO;

Note:
The maximum data size is 1432 byteBQFifo->data must be at leagtDQFifo->size
bytes in size.

If the returned data are not entirely composed-bit 8ata then the appropriate network byte order
corrections must be performed by the user by apgltfie ntohl() and ntohs() functions.

ACB operations performed by DQE are based on exghg DQCMD_RDFIF@ackets. Please
see User Manual for internal workings of DQE.
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2.2.39 DgCmdReadFIFO32

Syntax:
int DgCmdReadFIFO32(int lom, pDQFIFO pDQFifo)
Command:
DQCMD_RDFIF@x154), Read Device Data from the FIFO
Input:
int lom Handle to the IOM returned WygOpenIOM()
pDQFIFO pDQFifo struct pointer to store input data
pDQFifo->ss Channel number or one of the following defines:
DQ_FIFO_GET_DATA
DQ_FIFO_GET_CAL
DQ_FIFO_GET_CUSTOM
pDQFifo->size number of 32-bit words requested
Output:
pDQFifo->size number of 32-bit words actually transferred
pDQFifo->data data received
Return:

DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't dgdtahed
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration

DQ_IOM_ERROR error occurred at the IOM when performing this cosmh
DQ_SUCCESS if the Command is processed successfully
Other negative values low level IOM error

Description:

This function requests data from the FIFO on #yel. The subsystepDQFifo->ss field
represents a physical subsystéd@( SSOIN, for example)DQ_FIFO_GET_DATAOx10) defines a
channel for reading data from the layeQ FIFO_GET_CAL(0x20) defines a channel for retrieving
calibration data.

The following structure is used in the processetrfieving a data stream from the IOM:

/* DQCMD_WRFIFO and DQCMD_RDFIFO */
typedef struct {
uint8 dev;
uint8 ss;
uintl6 size; // number of 32-bit words
uint32 datal[];
} DQFIFO32, *pDQFIFO32;

This function is used to access 32-bit data onlhe function internally performs correction for
network byte order. If the fifo read data for thesticular layer is not entirely composed of 32dzta
then the DgCmdReadFIFO() function must be use@ausaind the appropriate network byte order
corrections must be performed by the user by apgltfie ntohl() and ntohs() functions.
Note:

The maximum data size is 358 wor@sDQFifo->data  must be at leagiDQFifo->size
32-bit words in size.
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2.2.40 DgCmdWriteReadFIFO
Syntax:

int DgCmdWriteReadFIFO(int lom, pPDQWRRDFIFO pDQWrRd Fifo)
Command:

DQCMD_WRRDFIROx158), Write Data to the Device FIFO and redubitk
Input:

int lom Handle to the IOM returned ByqOpenlOM()
pDQWRRDFIFO pointer to input/output data
pDQWrRdFifo

Output:
pPDQWrRdFifo->sizew number of bytes actually written
pDQWrRdFifo->sizer number of bytes actually read
pDQWrRdFifo->data data from the device

Return:

DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't dstahed
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration

DQ_IOM_ERROR error occurred at the IOM when performing this ccemich
DQ_SUCCESS if the Command is processed successfully
Other negative values low level IOM error

Description:

This function writes data to the FIFO and retriegtata back (from the same device/subsystem). This
function combines the functionality 8fqCmdRdFifo() andDgCmdWrFifo() in one call. It
produces one request and receives one reply packet.

The following structure is used in the processx@hanging a data stream between host and
IOM:

/* DQCMD_WRRDFIFO */

typedef struct {
uint8 dev; /l device
uint8 ssw; /I subsystem to write
uint8 ssr; I/ subsystem to read
uintl6 sizew; // amount of data to write
uintl6 sizer; // amount of data to read
uint8 data[];

} DQWRRDFIFO, *pDQWRRDFIFO;

Note:

DQE doesn’t use this call. You can use this funrcto retrieve information from device with
an input and output subsystem. If you sel2® SSOIN as a subsystem to write, the function uses
DQ_SS00U®s a subsystem to read. In other words, this fiomagnores the direction bit in
subsystem definition.

2.2.41 DgCmdWriteToFlashBuffer

Syntax:
int DQCmdWriteToFlashBuffer(int lom, uint32 Size, u int8 *Data,
uint32 *CRC)

Command:
DQCMD_WRFLASH (0x15C), Write Data to the Flash @pel Buffer
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Input:
int lom Handle to the IOM returned HyqOpenIOM()
uint32 Size amount of data to write, byte@ to reset
uint8 *Data data to write
uint32 *CRC pointer to uninitialized CRC
Output:
uint32 *CRC Standard IEEE 802.3 CRC-32 value of data from user
Return:
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't dgtahed
DQ_SEND_ERROR unable to send the Command to IOM, or packet gotipted
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this cosmih
DQ_SUCCESS if the Command is processed successfully
Other negative values low level IOM error
Description:

This function transfers large amount of data iI@M memory. This data can be stored into one
of the IOM flash memory locations upogCmdUpdateFlashBuffer() call. Every time a user
calls this function, it transfers data and allosaehunk of memory to store this data. See to0 to
reset memory.

Note:

Do not call in operating mode.

Use the firmware update utility supplied for safelate.

This function is password-protected with superUlseel password

2.2.42 DgCmdUpdateFlashBuffer
Syntax:
int DgCmdUpdateFlashBuffer(int lom, uint16 Sector, uint32
Address, uint32 Size, uint32 *CRC)
Command:
DQCMD_UPDFLASBx160), Update Flash Data from the Flash UpdatiéeB
Input:

int lom Handle to the IOM returned ByqOpenlOM()

ul6 sector Flash sector to start from

u32 address Flash chip address

u32 size amount of data to write

uint32 *CRC pointer to uninitialized CRC
Output:

uint32 *CRC Standard IEEE 802.3 CRC-32 value of data in flasmory
Return:

DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't dgtahed
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this cogmnich
DQ_SUCCESS if the Command is processed successfully

Other negative values low level IOM error
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Description:
This function initiates a write operation intoiarfware sector. The current CM-1 layer has two
flash chips that are located at different addresHes system flash is located at
DQ_FLASH_ADDRES#&hd has a size &fQ_FLASH_SIZE. The firmware starts at sector
DQ_UPUSER_SECThese are the only allowable parameters foinvgrisystem flash. Auxiliary flash
is located aDQ_FLASHAUX_ADDRES8d has a size @iQ_FLASHAUX_SIZE All of auxiliary
flash is available to the user.

Note:

2.2.43

This is a pending command. Use a large timeout@call in operating mode. This operation
takes tens of seconds to complete. At the timdadtFupdate, the device will be unreachable via
DaqgBIOS.
Use the firmware update utility supplied for sapelate.

This function is password-protected with superlseel password

Syntax:

int DgCmdSetCommParameters(int lom, pDQSETCOMM pDQS

uint32 *CRC)

Command:
DQCMD_SETCONM164), Set Communication Parameters

Input:

int lom
pDQSETCOMM
pDQSetComm
uint32 *CRC

Output:

pDQSETCOMM
pDQSetComm
uint32 *CRC

Return:

DQ_ILLEGAL_HANDLE
DQ_SEND_ERROR
DQ_TIMEOUT_ERROR
DQ_IOM_ERROR
DQ_SUCCESS

Other negative values

Description:
This function sets device communication parametétisernet, serial, UDP, and startup.

DQCMD_SETCOMBes the following structure to set or retrieveapwnication parameters of
a PowerDNA cube:

/* DQCMD_SETCOMM */
typedef struct {

DgCmdSetCommParameters

etComm,

Handle to the IOM returned ByqOpenIOM()
communication parameters

pointer to uninitialized CRC (unused, pasidLL)

current parameter values, if value of passed in
pDQSetComm->todo field wasDQ_READCOMM

CRC of data actually written (unused, always reg@rif not
NULL)

illegal IOM Descriptor or communication wasn't dgdiahed
unable to send the Command to IOM
nothing is heard from the IOM for Time out duration
error occurred at the IOM when performing this ccgmih
if the Command is processed successfully

low level IOM error

uint8 todo; 1 function to perform
uint8 MACI6]; 1 MAC address
uint32 netip; II'|P address
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uint32 gateway; /I gateway

uint32 netmask; /I network mask

uint32 startup; I/ startup state

uint32 baudrate; /I baud rate for serial interface

uintl6 udpport; /I default UDP port

uint8 signature[28]; // logger license cod e, first char NULL if unused

} DQSETCOMM, *pDQSETCOMM;
todo can be one of the following:

* DQ_READCOM}L): read parameters. This function returns patarseead from the parameter
memory

* DQ_WRITECOM(R): write parameters. This function writes spiedifparameters into parameter
memory.

* DQ_READCOMM3B): read ip2 parameters. This function returi®spprameters read from the
parameter memory

* DQ_WRITECOMMZ): write ip2 parameters. This function writegsified ip2 parameters into
parameter memory. The startup, baudrate, udppdrsigmature members of the struct will be
ignored

* DQ_WRITECOMMSKS): same asQ_WRITECOMEXCept that the netip address is also writteiéo t
srv address

* DQ_WRITECOMM2SK®B): same asQ_WRITECOMmM2Xcept that the netip2 address is also written to
the srv2 address

startup  consists of four bytes:

e uintBautorun 0 — wait for user input from terminal,— load and execute firmware
e uinBruntype : 0 — wait in configuration modd, — switch to operating mode upon

initialization
e uint8 portnum : unused, set t®
*  uint8 protocol : unused, set t0

Byte order is big-endian:

[‘autorun rlintype porfnum protogol |

Note:

This is a pending command. Use a large timeout@aall in operating mode.

Parameters will not affect execution right away.rif@ke parameters go into effect, the user has
to reset the PowerDNA cube — either physicallyyissuing eDQCMD_RSgommand.

This function is password-protected with user |gassword

2.2.44 DgCmdSetName

Syntax:

int DgCmdSetName(int lom, char *Name, int32 *CRC)
Command:

DQCMD_SETNAM&x168), Set Device Name
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Input:
int lom Handle to the IOM returned lyqOpenIOM()
char *Name ASCIIZ name of the IOMPQ_DEVNAME_SIZBytes max)
int32 *CRC pointer to store CRC
Output:
uint32 *CRC Standard IEEE 802.3 CRC-32 value of the written @am
Return:
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn’t
established
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this cosmh
DQ_SUCCESS if the Command is processed successfully
Other negative values low level IOM error
Description:

This function stores the IOM name in the IOM RAWker has to store the PowerDNA cube
name in Flash memory for the change to become pema
Note:

This function is password-protected with user Ipassword.

2.2.45 DgCmdGetName

Syntax:
int DgQCmdGetName(int lom, uint32 BufLen, char *Buff er)
Command:
DQCMD_SETNAMEx168), Read Device Name
Input:
int lom Handle to the IOM returned ByqOpenIOM()
uint32 BufLen size ofBuffer in bytes
char *Buffer buffer to store ASCIIZ name of the IOM
(DQ_DEVNAME_SIZIbytes max)
Output:
Char *Buffer retrieved IOM name ASCIIZ string
Return:
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn'’t
established
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this coemih
DQ_SUCCESS if the Command is processed successfully
Other negative values low level IOM error
Description:
This function retrieves IOM name in the IOM RAM.
Note:
None
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2.2.46 DgCmdSetWatchDog

Syntax:
int DgCmdSetWatchDog(int lom, uint32 Mask, uint32 T ime, uint32*
T2reset, uint32* Status)
Command:
DQCMD_WDSHEDx172), Set/Reset watchdog
Input:
int lom Handle to the IOM returned ByqOpenIOM()
uint32 Mask Watchdog mask
uint32 Time Watchdog expiration time in milliseconds
Output:
uint32* T2reset Time in milliseconds left before reset since lat ¢
uint32* Status Current mode of operation
Return:
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn’t
established
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this cogmnich
DQ_SUCCESS if the Command is processed successfully
Other negative values low level IOM error
Description:

The function selects watchdog mode and time.ritatao return the time left before reset and

the IOM operation mode

Note:

Mask can take one of the following values on alsions including UEIPAC:

DQ_WD_CLEAR_DISABLED Disable watchdog
DQ_WD_CLEAR_RESET Reset the countdown counter
DQ_WD_CLEAR_STATUS Return the status, do nottregatchdog

Mask can be ORed with any of the following valuesnon-UEIPAC devices:
DQ_WD_CLEAR_ON_CONSOLE Clear watchdog when a ottaras typed at the
serial console

DQ_WD_CLEAR_ON_RECEIVE Clear watchdog when a DAQB request is
received

DQ_WD_CLEAR_ON_TRANSMIT Clear watchdog when a DAIQES response is
transmitted

DQ_WD_CLEAR_ON_OSTASK Clear watchdog periodicafiythe main firmware
task

Status contains one of the following values:

DQ_IOMODE_INIT IO module is being initialized
DQ_IOMODE_CFG IO module in configuration mode
DQ_IOMODE_OPS 10 module in operation mode
DQ_IOMODE_SD IO module in shutdown mode
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2.2.47 DgCmdSetParameters
Syntax:

int DgCmdSetParameters(int lom, pDQSETPRM pDQSetPaint32 *CRC)
Command:

DQCMD_SETPRWIx170), Set Power-up Values

Input:
int lom Handle to the IOM returned iygOpenlOM()
pDQSETPRM pointer to parameter specification
pDQSetParm
uint32 *CRC pointer to uninitialized CRC (unused, pasidLL)
Output:
uint32 *CRC CRC of data actually written (unused, always reg@rif not
NULL
Return:
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn'’t
established
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this cogmnich
DQ_SUCCESS if the Command is processed successfully
Other negative values low level IOM error
Description:

This function sets up named and modal layer patenheThese parameters reside in a device
object and can be partially stored in layer EEPR@Me has to know the EEPROM structure of the
layer being accessed to set parameters correctly.

DQCMD_SETPRBIused to set and retrieve layer parameters:

/* DQCMD_SETPRM */

typedef struct {
uint8 dev; /I device
uint8 ss; /I subsystem
uint8 mode; /I parameter mode

uint8 value[]; // array of values
} DQSETPRM, *pDQSETPRM;

The following values fomode are available:

/I Returned structu res (xxx —layer model)
#define DQ_IOM_ACCESS_INIT /I INITPRM_XXX_
#define DQ_IOM_ACCESS_CALIBR /I CALSET_xxx_
#define DQ_IOM_ACCESS_OPERS /Il OPMODEPRM_xxx
#define DQ_IOM_ACCESS_SHUTDOWN  // SDOWNPRM_XXX_

#define DQ_IOM_ACCESS_NAMEDPRM  // named paramet ers in <value> are expected
#define DQ_IOM_ACCESS_NAMES /I CNAMES_xx_
#define DQ_IOM_ACCESS_EECMNDEVS // EECMNDEVS

The first four modes are used to store (copy to arghiDQOPMODEPRM (pQ_IOMODE_OBS,
DQINITPRM ... (0Q_iomoDE_INIT), DQSDOWNPRNbQ_IomopE_sp DQCALSET...
(p@_lomoDE_cFg If one needs to store or retrieve names of chan(melsiomobe_NAmgshould be
used. Appropriate data should be storedalue array for set operation. The function performs a

- 45 -



PowerDNA API| Reference Manual, Release 4.10

direct copy of the contents of the buffer into |@evice object memory. Thus, one should check
firmware and library versions prior to calling tHiisiction — to avoid incompatibility in structures
defined in library and firmware.

A special mode is used to store or retrieve nanagdrpeters. Named parameters cannot be stored in
EEPROM, but instead can be used to affect opesatbthe PowerDNA cube. To set up or retrieve
named parameters, passiobe_NAMEDPRAsMode and one of the following named parameters as
uint32 field in thevalue buffer:

#define DQ_IOPRM_NBUFS  0x100  // number of buffers for streaming

#define DQ_IOPRM_CLPERINT 0x200  // number of channel lists per interrupt
#define DQ_IOPRM_ADDLDELAY 0x400  // additional delay control

#define DQ_IOPRM_RQID  0x1000 // Request id - for streaming RDFIFO
#define DQ_IOPRM_MIDPOS0 0x1100 // watermark control for midposion interrupt
Note:

Named parameters are layer-dependent. Not dilewfitare implemented.

2.2.48 DgCmdGetParameters

Syntax:
int DgCmdGetParameters(int lom, pPDQGETPRM pDQGetPar m, uint8
*data)
Command:
DQCMD_GETPRDBK171), Get Power-up Values
Input:
int lom Handle to the IOM returned iygqOpenlOM()
pDQGETPRM specified parameters
pDQGetParm
uint8 *data pointer to uninitialized data
Output:
uint8 *data retrieved data
Return:
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn’t
established
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this cogmnich
DQ_SUCCESS if the Command is processed successfully
Other negative values low level IOM error
Description:

This function requests named and modal layer petens) from IOM. These parameters reside
in the device object and can be partially storeldyer EEPROM.

Before calling this function, caller should fill bine DQGETPRIstructure.
/* DQCMD_GETPRM */

typedef struct {
uint8 dev; // device
uint8 ss; /I subsystem

uint8 mode; // parameter mode
uint8 value[]; // array of values
} DQGETPRM, *pDQGETPRM;
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Following values fomode are available:

/I Returned stru ctures (xxx —layer model)
#define DQ_IOM_ACCESS_INIT /I INITPRM_XXX_
#define DQ_IOM_ACCESS_CALIBR /I CALSET_xxx_
#define DQ_IOM_ACCESS_OPERS /Il OPMODEPRM_xxx
#define DQ_IOM_ACCESS_SHUTDOWN  // SDOWNPRM_XXX_

#define DQ_IOM_ACCEss:NAMEDPRM /l named paramet ers in <value> are expected
#define DQ_IOM_ACCESS_NAMES /I CNAMES_xx_

#define DQ_IOM_ACCESS_EECMNDEVS // EECMNDEVS

The first four modes are used to store (copy to arghiDQOPMODEPRM (pQ_IOMODE_OBS,

DQINITPRM ... (bQ_lomopE_INIT), DQSDOWNPRNbDQ_1omoDE_sh DQCALSET...

(pQ_lomoDE_cF If one needs to store or retrieve names of chan(elsiomobe_namgshould be

used. Appropriate data should be stored invdiee array for set operation. The function performs a
direct copy of the contents of the buffer into |@evice object memory. Thus, one should check
firmware and library versions prior to calling tHiisiction — to avoid incompatibility in structures
defined in library and firmware.

A special mode is used to store or retrieve nanaedrpeters. Named parameters cannot be stored in
EEPROM, but instead can be used to affect opeatibthe PowerDNA cube. To set up or retrieve
named parameters, passiobe_NAMEDPRAsMode and one of the following named parameters as a
uint32 field in thevalue buffer:

#define DQ_IOPRM_NBUFS  0x100  // number of buffers for streaming
#define DQ_IOPRM_CLPERINT 0x200  // number of channel lists per interrupt
#define DQ_IOPRM_ADDLDELAY 0x400  // additional delay control

#define DQ_IOPRM_RQID  0x1000 // Requestid - for streaming RDFIFO
Note:

Named parameters are layer-dependent. Not dilenfi tare implemented.

2.2.49 DgCmdSaveParameters

Syntax:
g int DgqCmdSaveParameters(int lom, uint32 devn, uint3 2 *HashCode)
Command:
DQCMD_SAVEPRDK178), Save Parameters

Input:

int lom Handle to the IOM returned ByqOpenIOM()

uint32 devn layer ID to store data into EEPROM

uint32 *HashCode pointer to receive hash code of saved parameters
Output:

uint32 *HashCode hash code of saved parameters
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Return:

DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn'’t
established

DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this cosmh
DQ_SUCCESS if the Command is processed successfully
Other negative values low level IOM error

Description:

This function writes parameters stored in devigieat into layer EEPROM or system Flash
(parameter area). User has to specify one of theesagevn :

Actual layer id (0x0 — Oxf) write layer EEPROM
DQ_LNPRM_DEVIOM(OxFE) write parameter sector of the Flash
DQ_LNPRM_DEVALL (0OxFF) save both

Note:
This command can take several seconds to com{pleteling command execution). Please
reset the PowerDNA cube for parameters to go ifieze

2.2.50 DgCmdSetCalibration

Syntax:
int DgCmdSetCalibration(int lom, pDQSETCAL pDQSetC al, int
*entries)
Command:
DQCMD_SETCAW0x174), Set up Calibration Values
Input:
int lom Handle to the IOM returned HyqOpenIOM()
pPDQSETCAL Array of DQSETCAIstructures containing calibration
pDQSetCal values
int *entries Number of calibration entries gDQSetCall
Output:
int *entries Number of calibration entries actually processed
Return:
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't
established
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_SUCCESS if the Command is processed successfully
Other negative values low level IOM error
Description:

This function sets up values of calibration DATke main purpose of it is to calibrate
hardware. Not every piece of hardware can be eaédr some layers (like the Al-225) do not have
calibration circuitry or do not require calibrati¢dlO-403) . See the User Manual for layer-specific
details.

-48 -



PowerDNA API| Reference Manual, Release 4.10

Every calibration entry is represented by E@SETCAlstructure.

/* DQCMD_SETCAL */
typedef struct {
uint8 dev;  // device
uint8 ss; /I subsystem
uint8 channel; // channel
uint8 dac; /I parameter mode
uint32 value;  // DAC value to write
} DQSETCAL, *pDQSETCAL;

Note:
User has to specifyDqSetCal->dev , pDgSetCal->ss , pDgSetCal->dac  and
pDgSetCal->value . pDgSetCal->channel field is reserved for future use.

2.2.51 DgCmdSetMode

Syntax:
int DgCmdSetMode(int lom, uint32 Mode, uint32 Mask)
Command:
DQCMD_SETMDx17C). Set Mode of Operation
Input:
int lom Handle to the IOM returned HyqOpenIOM()
uint32 Mode mode to switch IOM layers into
uint32 Mask what layers to switch (mask) (bits O through11)
Output:
None
Return:
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't
established
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_SUCCESS if the Command is processed successfully
Other negative values low level IOM error
Description:

The function switches IOM layers between operateamfiguration, shutdown, and init modes.
The validMode settings are:

#define DQ_IOMODE_INIT 1L // device is being initialized
#define DQ_IOMODE_CFG 2L /I device in config uration mode
#define DQ_IOMODE_OPS 4L /I device in operat ion mode
#define DQ_IOMODE_SD 8L // setdevice in sh utdown mode

/I Power management modes
#define DQ_IOMODE_SLEEP 0x10 // sleep mode

#define DQ_IOMODE_PWRDN 0x20 // power down dev ice

#define DQ_IOMODE_PWRUP 0x40 // switch device power on

/I The following extended modes are intended for mu Iti-master IOMs
#define DQ_IOMODE_GETCTRBUS 0x100 // become a ma ster on the bus
#define DQ_IOMODE_GIVEUPBUS 0x200 // become a sl ave on the bus
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Current implementation of IOM does not have powanagement modes.

When the PowerDNA cube is powered-up and configumas set to normal, it loads firmware,
and goes into initialization mode. In initializationode, it sets all output to pre-defined values$ an
initializes hardware and software. The PowerDNAectlen automatically switches all layers into
configuration mode. In configuration mode, datawsitjon is not running and the user can set up
acquisition parameters. Also, the user can us®@eEMD_IOCTibased command to retrieve input
voltages or set output voltages on a scan-by-sasis.lBefore entering configuration mode, the
firmware reads all parameters of the operating nstdeed in EEPROM (configuration, channel list,
clock and trigger settings, etc.), processes d,siares it in the operating mode current paransster
In other words, by switching the layer into opesatmode, the PowerDNA cube can start data
acquisition right away with previously stored paeters. Switching the layer back into configuration
mode stops the data acquisition process.

The user can switch a layer between configuratiahaperation modes as many times as
needed.
If the user switches the layer into shutdown maldke firmware retrieves the previously stored output
levels of layer outputs and sets up output voltaglee unit can enter shutdown mode automatically
upon watchdog timeout expiration.

Once a unit is in shutdown mode, there are thrgeswareturn to a normal idle state
(configuration mode). 1) Power cycle the unit, &ue &OHQCMD_RSdommand or 3) Issue two
DgCmdSetMode commands, the first with modepe_iomope_iNniT and the second with mode=
DQ_lomoDE_craNote that both power-up and reset will automéiidasue thenq_iomobe_INIT and
DQ_lomoDE_cranode commands for all layers

Mask is a bitmask representation, in which every hiresents a layer. For example, to switch Layer 2
into initialization mode, the mask should be (1¥< 4.
TheMask should only contain a combination of bits O throuojt 11.

Note:
None

2.2.52 DgCmdSetReplyMaxSize

Syntax:
g int DgCmdSetReplyMaxSize(int lom, uint32 Size, uint 32 MaxNoPkts)
Command:
DQCMD_SETRPLMAX180), Set Maximum Reply Packet Size

Input:

int lom Handle to the IOM returned iygOpenIOM()

uint32 Size maximum size of the packet produced by IOM

uint32 MaxNoPkts maximum number of packets (reser)ed

3 Use 1 for future compatibility.
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Output:
None
Return:
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn'’t
established
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_SUCCESS if the Command is processed successfully
Other negative values low level IOM error
Description:
This function limits the size of the packets getetdby an IOM.
Note:
None

2.2.53 DgCmdSetPassword

Syntax:
int DgCmdSetPassword(int lom, uint32 Mode, char *Pa ssword)
Command:
DQCMD_SETPASBx184)
Input:
int lom Handle to the IOM returned iygOpenlOM()
uint32 Mode function mode (read/write/set)
char *Password ASCIIZ password
Output:
None
Return:
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn’t
established
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR  nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccemich
DQ_SUCCESS if the Command is processed successfully
Other negative values low level IOM error
Description:

Function controls setting IOM passwords:

#define DQ_SETPASS_SUPASS (1L<<0) // Confirm SU pas sword

#define DQ_SETPASS_USRPASS(1L<<1) // Confirm user password

#define DQ_SETPASS_SETSU  (1L<<2) // Set SU password

#define DQ_SETPASS_SETUSR (1L<<3)// Set user passw ord

#define DQ_SETPASS_CLEAR  (1L<<4)// clear passwords for current session

#define DQ_SETPASS_EN_DQCMDO (1L << 5) // Open acce ss to the protected commands on NIC 1
#define DQ_SETPASS_EN_DQCMDL1 (1L << 6) // Open acce ss to the protected commands on NIC 2

The system requires confirmation of a passwordrbethanging parameters. Thus, one should call the
DQCMD_SETPAS8Nction to confirm the super-user or user pasdwonce the password is

-51-



PowerDNA API| Reference Manual, Release 4.10

confirmed, the functions that required a passwewbime accessible. To switch them off, call this
function again to clear passwor@QCMD_SETPASS also used to change passwords. First, you
have to confirm the related password and only ti&inthe function again to change it. Regardless of
whether the password has been changed successfulbyt, the flag to execute password-protected
functions is cleared. You have to send passwordmdg call password-protected functions.

This command can also be used to unlock commardisité locked due to the mode of operation. To
do it call this functions with a mode DQ_SETPASS_BEXPCMDO for the NIC1 (or NIC if only) port
and DQ_SETPASS_EN_DQCMD1 for NIC2 (or diagnostiogt)p Before you can call it either user or
superuser password should be confirmed using <awd@®_ SETPASS_USRPASS> call.

For DQ_SETPASS_EN_DQCMDx data string should bemimfof "1XX Y", where 1XX is a
DQCMD command code and Y is one of the follows:

#define DQ_EXE_LIMITED 0 // command can be exe cuted at any time, except following:
#define DQ_EXE_OPMD_OK 1 // command can be exe cuted in op mode

#define DQ_EXE_DIAG_OK 2 /I execution allowed in diagnostics mode

#define DQ_EXE_OP_DIAG 3 /I in both operation and diagnostics

#define DQ_EXE_CONF_OK 4 // good to call in co nfiguration mode

DQ_EXE_OP_DIAG is the most relaxed requirement.

DQ_EXE_OPMD_OK is set for the commands that areired in operating mode.
DQ_EXE_OP_DIAG is set for the commands that am@ad to be executed on diagnostics port while
the cube is in the operating mode

Note:
None

2.2.54 DgCmdGetCRC
Syntax:
int DQCmMdGetCRC(int lom, DQCRCINFO *pDQCRCInfo)
Command:
DQCMD_GETCR(@x188), Returns IEEE 802.3 CRC-32 values for patar areas
Input:

int lom Handle to the IOM returned ByqOpenIOM()
DQCRCINFO pointer to uninitialized CRC information
*pDQCRCInfo

Output:
DQCRCINFO CRC information
*pDQCRCInfo

Return:
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't dstahed
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccgmih
DQ_SUCCESS if the Command is processed successfully
Other negative values low level IOM error
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Description:
This function returns the IEEE 802.3 CRC-32 coafedifferent configuration areas.
The areaPQCRCINFOstructure has the following fields:

/* DQCMD_GETCRC */

typedef struct {
uint32 fwere;  // CRC of firmware code
uint32 fwver;  // FW version
uint32 paramcrc; // CRC of parameter table
uint32 initcrc; // Init mode CRC
uint32 opercrc; // Operation mode CRC
uint32 sdcrc;  // Shutdown CRC

} DQCRCINFO, *pDQCRCINFO;

Note:
None

2.2.55 DgCmdloctl

Syntax:
int DgCmdloctl(int lom, pDQIOCTL loln, pDQIOCTL 0O ut)
Command:
DQCMD_IOCTI(0x198), Send I/O Command Directly to Device
Input:
int lom Handle to the IOM returned iygOpenlOM()
pDQIOCTL loin input ioctl data
pDQIOCTL loOut buffer for output data
Output:
pDQIOCTL loOut output data
Return:
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't dstahed
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccgmih
DQ_SUCCESS if the Command is processed successfully
Other negative values low level IOM error
Description:

DQCMD_IOCTIs a multi-purpose command. The IOM schedulesxescution rather than
performing it immediately because the code exechyefifmware for this command may include
hardware delays.

This function issues anoctl() request to the specified device driver on IOM.lBiojput
and output packets have the sab@@OCTLstructure.

/* DQCMD_IOCTL */
typedef struct {
uint8 dev; // device number
uint8 ss; /I subsystem
uint32 cmd;  // ioctl command
uint8 arg[]; // arguments (var size)
} DQIOCTL, *pDQIOCTL ;
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Currently, there are few IOCTL commandsii->cmd , loOut->cmd ) defined.

/I DQCMD_IOCTL commands

#define DQIOCTL_CVTCHNL (1) // convert chan nel

#define DQIOCTL_SETPARAM (2) /I set arbitrat y parameter defined in arg[]
#define DQIOCTL_GETPARAM (3) // get arbitrat y parameter defined in arg[]
#define DQIOCTL_SETFILTER (4) // force filter to set new values

#define DQIOCTL_SIGROUTING (5) /I set NIS<->IS and SYNCx routing

DQIOCTL_CVTCHNLS used throughout all layers. For analog inpuetaythis command has a
channel list (int32 ) as an argument and returns converted data.

Al-201 data sizeuintl6 , raw
Al-225 data sizeuint32 , raw
Al-205 data sizeuint32 , raw
AO-302 data sizeuintl6 , raw

An analog output layer (AO-302) accepts uint16 galof all eight channels in
anloln->arg  /loOut->arg  array.

An Al-205 also executasiocTL_seTFILTER command and loads stored values (using
DQCMD_WRFIF@mmand) into an FKilter.
Note:

None

2.2.56 DgCmdGetCapabilities

Syntax:
int DgQCmdGetCapabilities(int lom, uint8 Layer, int *moredata,
char *info)

Command:
DQCMD_GETCARBGx190), Returns capabilities of the requestedray

Input:

int lom Handle to the IOM returned ByqOpenIOM()
uint8 Layer layer ID
int *moredata pointer for more data flag
char *info buffer (no less thaBQ_MAX_PKT_SIZEbytes)
Output:
int *moredata more data flag
char *info device capabilities information as text data
Return:
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't dstahed
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccgmih
DQ_SUCCESS if the Command is processed successfully
Other negative values low level IOM error

“ Finite Input Response digital filter.
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Description:
This function returns information about a layegpabilities, which is described with text datathié
capabilities data cannot fit in one packet, tieredata flag is set. In this case, the command should
be sent repeatedly to get all of the data, untifedata returns FALSE. Subsequent packets retrieve
additional pieces of information, which can be @ipoated to the original string usisigcat (). A
call with different or invalid layer number reséi® packet counter and data will be retrieved fthen
beginning of the text.
Note:

None

2.2.57 DgCmdInitilOM

Syntax:
int DgCmdInitiOM(int lom, uint8 Layer, uint32 Param ID, uint32
*Data)

Command:
DQCMD_INITIOM(0x194), Sets up initial parameters for IOM angkls

Input:

int lom Handle to the IOM returned lyqOpenIOM()
uint8 layer layer ID
uint32 ParamiD Parameter ID
uint32 *Data Pointer to parameter data

Output:
uint32 *Data Returns previous value for parameter

Return:
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't dstahed
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccgmih
DQ_SUCCESS if the Command is processed successfully

DQ_BAD_PARAMETER if an input parameter was invalid; or if the IOM svaot in
DQ_IOMODE_CFG mode, see DgCmdSetMode()
Other negative values low level IOM error
Description:
This function is used to set up multiple parameterslifferent parts of the IOM. The
parameters can be represented in the format retjoyr@arameter type. The following parameters are
defined:

param_id Value  Format Definition
DQ_LNPRM_MODID 0x101 uintl6 |OM model ID (DQPARAM)
DQ_LNPRM_MODOPTXx102 uintl6 IOM model option (DQPARAM)

DQ_LNPRM_IOMSN 0x103 uint32 IOM serial number (DQPARAM)
DQ_LNPRM_IOMMF@®@x104 uint32 Oxddmmyyyy
IOM manufacturing date (DQPARAM)
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DQ_LNPRM_IOMFRQx105 uint32 _ Base frequency, Hz (DQPARAM)

DQ_LNPRM_TICK  0x106 uint32 OS Tick size (may be ignored by OS)
DQ_LNPRM_PERIODO0x107 uint32 Periodic tick size (may be ignored by OS

~

DQ_LNPRM_WDDLY 0x108 uint32 Watchdog timer reset delay
DQ_LNPRM_TIME 0x109 uint32 Current layer time

DQ_LNPRM_LNID 0x201 uint16 Layer ID

DQ_LNPRM_LNOPT 0x202 uintl6  Layer option

DQ_LNPRM_LNSN 0x203 uint32 Layer serial number

DQ_LNPRM_TOTAL 0x204 uintlé  Total EEPROM size

DQ_LNPRM_LNMFG 0x205 uint32  Oxddmmyyyy

Layer manufacturing date
DQ_LNPRM_LNCAL 0x206 uint32  Oxddmmyyyy

Layer calibration date
DQ_LNPRM_LNEXP 0x207 uint32  Oxddmmyyyy

Layer calibration expiration date

LNPRM_NOCHANGE0x FOO Do not apply changes, test only

LMPRM_BYOFFS  0xFO1 Write data by offset to the layer EEPROM.
The data should be specified as follows:
ul6 offs, ul6 size, u8[] data

The function doesn't write anything into EEPROMst&ad, it writes into the common part of
EEPROM copied in the RAM at initialization mode.€Tlocation and structure of the common part is
the same for all layers. You have to &)CMD_SAVEPRAith proper device identification to flash
RAM data into the layer EEPROM or IOM flash sectégou need to change something layer-
specific, call this function with MPRM_BYOFF&ode and specify the offset of the data to betevrit
Note:

None

2.2.58 DgCmdSetTrigger

Syntax:
g int DQCmdSetTrigger(int lom, pDQSETTRIG pDQSetTrig, uint32
*entries)
Command:
DQCMD_SETTRI@x1A0), Set trigger parameters
Input:
int lom Handle to the IOM returned WygOpenlOM()
pDQSETTRIG trigger settings (pointer to an array of structyres
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pDQSetTrig

uint32 *entries number of entries ipDQSetTrig
Output:

uint32 *entries actual number of entries sent
Return:

DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't dgtahed
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration

DQ_IOM_ERROR error occurred at the IOM when performing this cogmnich
DQ_SUCCESS if the Command is processed successfully
Other negative values low level IOM error

Description:

This function sets the triggering parameters fa&r onmore devices.

DQSETTRIGstructure is defined as follows:

typedef struct {
uint8 dev; /I device
uint8 ss; /I subsystem
uint8 ch; /I channel
uint8 mode; /I trigger mode (AND or OR)
/I Start trigger
uint32 trigtypeS; // trigger type (enable, ed ge or mask)
union {

float levelS; 1l level
uint32 masks;
}us;

/I stoP trigger
uint32 trigtypeP; // trigger type (enable, ed ge or mask)
union {

float levelP; Il'level

uint32 maskP;

}up;

float hyster;  // hysteresis for both trigg ers

int prescans;  // pre-trigger scans

int postscans;  // post-trigger scans, -1 = continue operations

} DQSETTRIG, *pDQSETTRIG;
Note:
field mode in the structure defines the meaning of othedfiel

/I Definitions for triggering and synchronization i nterface

#define DQ_TRIGGER_SET_OR (1L<<5) //setalte
#define DQ_TRIGGER_SET  (1L<<4) // set trig

/I conditio
#define DQ_TRIGGER_ONCE  (1L<<3) //trigger
#define DQ_TRIGGER_RESET (1L<<2) //resettr
#define DQ_TRIGGER_STOP  (1L<<1) //issue st
#define DQ_TRIGGER_START (1L<<0) //issue st

for layers with logic >= 02.11.1A

#define DQ_TRIGGER_TS_CL (0x7) //trigger will sync
#define DQ_TRIGGER_TS_CV (0x6) //trigger will sync
#define DQ_TRIGGER_TS_NO (0x5) //normal operation,
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2.2.59 DgCmdSetLock

Syntax:
int DgCmdSetLock(int lom, uint8 Mode, char *Passwor d, uint32
*IP)
Command:
DQCMD_SETLO@¥1CO0), Set/clear lock, or query lock status
Input:
int lom Handle to the IOM returned ygOpenlOM()
uint8 Mode function mode: (lock/unlock/check/checkdiag/diag)
(see Note below)
char *Password password string: ignored (and can be NULLMifde is

DQSETLOCK_CHECK,DQSETLOCK_DIAG
DQSETLOCK_CHECKDIAGee Note below)

uint32 *IP pointer to receive the IP address of the lockinst ifdViode is
DQSETLOCK_CHEGKDQSETLOCK_DIAG
or pointer to receive the true/false statdidde is
DQSETLOCK_CHECKDIAGee Note below)

Output:
uint32 *IP the IP address of the locking hosMbde is
DQSETLOCK_CHECHKr DQSETLOCK_DIAG
or pointer to receive the true/false statMidde is
DQSETLOCK_CHECKDIAGee Note below)
Return:
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't dstahed
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccamnch
DQ_BAD_PARAMETER_3Mode is DQSETLOCK _CHEQGK DQSETLOCK_CHECKDIAG
andIP is NULL
DQ_SUCCESS if the Command is processed successfully
Other negative values low level IOM error
Description:

Locks the IOM to the current host, unlocks lock€d, or retrieves IP address of locking host.
For locking and unlocking, thHeassword parameter must contain the IOM's user level passwo

The followingMode constants are defined:

#define DQSETLOCK_LOCK 0 //LockIOMtoh ost
#define DQSETLOCK_UNLOCK 1 // Unlock IOM
#define DQSETLOCK_CHECK 2 // Getlocking h ost IP
#define DQSETLOCK_CHECKDIAG* 3  // Check whether or not chassis
/I isin diagn ostics mode (see Note below)
#define DQSETLOCK_DIAG* 4 /] Switch into d iagnostics mode (see Note below)

Note:
*Note that diagnostic modes set WitQSETLOCK_CHECKDIA@QNADQSETLOCK_DIAG are only
available with RACK and 1G Cube chassis.
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2.2.60 DgCmdResetTimestamp

Syntax:
int DgCmdResetTimestamp( int lom, int dev_mask, int resolution);

Command:
DQCMD_RSTT$0x111), Set/reset timestamp generators

Input:

int lom Handle to the IOM returned HyqOpenIOM()

int dev_mask Bitmask of the devices in IOM to reset/set timegidor

int resolution Timestamp source or Divider for 66MHz timestampegator
Output:

None
Return:

DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't dgtahed
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration

DQ_IOM_ERROR error occurred at the IOM when performing this cosmch
DQ_BAD_PARAMETER Mode is DQSETLOCK_CHEGHdIP is NULL
DQ_SUCCESS if the Command is processed successfully
Other negative values low level IOM error

Description:

<dev_mask > != 0 — resets the timestamp counter on the saldat/ers to zero and loads the
<resolution > value to the timestamp divider. For example f@@us timestamp with 66MHz base
clock the value should be (6600-1). Written timegiaesolution is then stored for future use with th
selected device.

<dev_mask > == 0 — resets the timestamp counter on all layestglled using broadcast write.
Keeps resolution unchanged.
Note:

User can pass any timestamp resolution value. ilfitesstamp generator is a 32-bit counter running

from a 66MHz clock by default; each layer has is1dQ_xxxx_BASE constant, some layers may
have different base clocks.

Logic 0x010210D6 and newer let you select the ttamap source in the upper four bits of
<resolution  >. All current DQ_LN_1xxx_TIMESTAMP constants (fatiin powerdna.h) use up to
24 bits in 32-bit word and as a result programsaule66MHz base clock as a clock source.

#define DQL_TMRCFG_TSTS3  (1L<<31)
#define DQL_TMRCFG_TSTSO  (1L<<28)
#define DQL_TMRCFG_TSTS(N)  ((N)<<28)

/I SOURCE - timestamp source selector
DQL_TMRCFG_TSTS_66M 0//0 0000 - 66MH2fallt)
DQL_TMRCFG_TSTS_TMRO 1//1 0001 - TMRO lgn)
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DQL_TMRCFG_TSTS_TMR1 3//3 0011 - TMR1 ig®)
DQL_TMRCFG_TSTS_IEXTO 4//4 0100 -iso_ext0
DQL_TMRCFG_TSTS_IEXT1 5//5 0101 -iso_extl
DQL_TMRCFG_TSTS _IINTO 8//8 1000 - "Intethaource 0
DQL_TMRCFG_TSTS_IINT1 9//9 1001 - "Intefhaource 1
DQL_TMRCFG_TSTS_SYNCO 12//12 1100 - Ext¢®¥NC line 0
DQL_TMRCFG_TSTS_SYNC1 13//13 1101 - Exté®¥NC line 1
DQL_TMRCFG_TSTS_SYNC2 14//14 1110 - Exté®¥NC line 2
DQL_TMRCFG_TSTS_SYNC3 15//15 1111 - Exté®¥NC line 3

Therefore it is possible, for example, to set RRE3-650 as a high-prescision timestamp generator

on SYNC line 0, and then set various layers toSMNC line O for their timestamp source with the
call DgCmdResetTimestamp(hd, 1L<<DEVN, DQL_TMRCFG_TSTS(D QL_TMRCFG_TSTS_SYNCO0))

2.2.61 DgCmdReceiveEvent

Syntax:
int DgCmdReceiveEvent(int handle, uint32 flags, int timeout_us, pDQEVENT*
event_buf, int* size)
Command:
This call doesn’'t send any command
Input:
int handle Handle to the IOM returned ByqOpenIOM()
int flags Reserved for future use
int timeout_us Event timeout in micro-seconds
Output:
pDQEvent* event_buf Structure describing the received asynchronousteven
int* size Size of the event structure in bytes
Return:

DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't dstahed

DQ_NOT_ENOUGH_ROGNE size indicated by the size parameter is noebaugh to
hold the received message

DQ_TIMEOUT_ERROR No event was received during time out duration

DQ_NO_MEMORY error allocating buffer
DQ_BAD_PARAMETER One of the input parameters is invalid
DQ_SUCCESS if the Command is processed successfully
Other negative values low level IOM error

Description:

DgCmdReceiveEvent waits for asynchronous eventgiadent by the IOM to the host PC. It
returns DQ_SUCCESS if an event is successfullyivedeor DQ_TIMEOUT_ERROR if the timeout
expires before any event was received.

Events must be configured first with one of the DgAxxConfigEvents() call.

The event_buf output parameter points to an intestnacture which is filled with information
about the received event: device that emitted ¢eatetype of the event, size of the data attatcbed
the event (if any).
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The size output parameter contains the size oévkat structure in bytes.
You must copy the event structure to a local buffsfore calling DgCmdReceiveEvent() again.
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3 High-Level API

The high-level API is based on the use of DQEngimeprogramming environment that takes care of
handling streams of data and that performs erroection. The high-level API provides two
mechanisms: Advanced Circular Buffer (ACB) and bDidata Mapping (DMap).

Not all layers support ACB or DMap functions. Téfere, it is important to call
DgAcblsSupported() andDgDmaplsSupported()  to verify that operations exist for the
layer.

This section describes common ACB and DMap funstigiedicated ACB functions, dedicated DMap
functions and common ACB and DMap control and eventtions.

3.1 Common ACB, DMap, and Msg functions
These are functions common to both ACB and DMaphaeisms.

3.1.1 DgAcblsSupported

Syntax:
int DgAcblsSupported(int iom, uint32 devn, uint32 s s, int
*supported)
Command:
DQE
Input:
int iom handle to IOM received frod@qOpenIOM()
uint32 devn layer inside the IOM
uint32 ss subsystem of layer
int *supported pointer to Boolean to receive value
Output:
int *supported returnsTRUEIf the IOM/device/subsystem supports ACB
operation FALSE f not
Return:
DQ_ILLEGAL_HANDLE invalid IOM handle
DQ_SUCCESS successful completion
other negative values other error
Description:

This function verifies that the IOM/device/subsystsupports ACB operation.
Note:
None
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3.1.2 DgDmaplsSupported

Syntax:
int DgDmaplsSupported(int iom, uint32 devn, uint32 ss, int
*supported)
Command:
DQE
Input:
int iom Handle to IOM received frordqOpenlOM()
uint32 devn layer inside the IOM
uint32 ss subsystem of layer
int *supported pointer to receive result
Output:
int *supported returnsTRUEIf the IOM/device/subsystem supports DMap
operation FALSEif not
Return:
DQ_ILLEGAL_HANDLE invalid iom handle
DQ_SUCCESS successful completion
other negative values other error
Description:

This function verifies that the IOM/device/subsystsupports DMap operation.
Note:
None
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3.1.3 DgVmaplsSupported

Syntax:
int DgVmaplsSupported(int iom, uint32 devn, uint32 ss, int
*supported)
Command:
DQE
Input:
intiom Handle to IOM received fro@gqOpenIOM()
uint32 devn layer inside the IOM
uint32 ss subsystem of layer
int *supported pointer to receive result
Output:
int *supported returnsTRUEIf the IOM/device/subsystem supports VMap
operation FALSEif not
Return:
DQ_ILLEGAL_HANDLE invalid IOM handle
DQ_SUCCESS successful completion
other negative values other error
Description:

This function verifies that the IOM/device/subsystsupports VMap operation.
Note:
None

3.1.4 DgMsglsSupported

Syntax:
int DgMsglsSupported(int iom, uint32 devn, uint32 s s, int
*supported)
Command:
DQE
Input:
int iom Handle to IOM received frordqOpenIOM()
uint32 devn layer inside the IOM
uint32 ss subsystem of layer
int *supported pointer to receive result
Output:
int *supported returnsTRUEIf the IOM/device/subsystem supports Msg
operation FALSEif not
Return:
DQ_ILLEGAL_HANDLE invalid iom handle
DQ_SUCCESS successful completion
other negative values other error
Description:

This function verifies that the IOM/device/subsystsupports Msg operation.
Note:
None
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3.1.5 DgStartDQEnNgine

Syntax:
int DgStartDQEnNgine(uint32 period_us, pDQE *pDqge, p DQEPRM
dgeprm)
Command:
DQE
Input:
uint32 period_us main clock period in microseconds
pDQE *pDge pointer to DQE pointer
pDQEPRM dgeprm pointer for DQE parameters (or NULL to use defgults
Output:
pDQE *pDge pointer to the created DQE instance
Return:

DQ_NO_MEMORY memory allocation error
DQ_TIMEOUT_ERROR timer error
DQ_SUCCESS successful completion
Description:
This function initializes DQEngine and preparef®itoperation. It:
1. Creates events for thread synchronization.
2. Starts sending threads and set their priorities.
3. Verifies and stores startup parameters.
4. Starts a periodic routine that wakes up threads.
The user can change default parameters by filliegdQEPRM structure and supplying a
pointer to it. Set fields for parameters you davéint to change to NULL.

/I DQE parameters

typedef struct {
uint32 *timeout; /I reply wait timeou t
uint32 *retries_async;  // number of retries for asynchronous commands before return an error
uint32 *retries_receive; // number of retries while receiving stream before placing filler
uint32 *retries_send;  // number of retries while sending stream upon dumping packet
uint32 *max_inbound_packet; // maximum packet size from IOM
uint32 *max_outbound_packet; // maximum packet size send to IOM
uint32 *abort_after; /I when streaming ab ort operation after number of lost packets
uint32 *use_protocol;  // (RESERVED)
uint32 *packets_at_once; // maximum number of packets to one IOM upon one tick

} DQEPRM, *pDQEPRM;

Note:

We recommend using default DQE parameters unless th a need to change settings.

3.1.6 DqStopDQENgine

Syntax:

int DgStopDQENgine(pDQE pDge)
Command:

DQE
Input:

pDQE pDge pointer to DQE object

Output:

None
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Return:
DQ_ILLEGAL_HANDLE invalid pDge value
DQ_SUCCESS successful completion
Description:

This function performs DQEngine clean-up: stopgntianer routine and kills all listener
threads associated with different IOMs..
Note:

None

3.1.7 DgParamDQEngine

Syntax:
g int DgParamDQENgine(pDQE pDge, int setparam, pDQEPR M pDgePrm)
Command:
DQE
Input:
pDQE pDge pointer to DQE object
int setparam TRUEto set parameterBALSEto read parameters
pDQEPRM dgeprm pointer for the parameter structure
Output:
pDQEPRM dgeprm pointer to the parameter structure read
Return:
DQ_BAD_PARAMETER pdgeprm is NULL
DQ_SUCCESS successful completion
Description:

This function can retrieve or change DQEngine petars after engine is started.
Setsetparam to TRUEto set parameters or set itRALSEto retrieve current parameters.

/I DQE parameters

typedef struct {
uint32 *timeout; 1l reply wait time out
uint32 *retries_async; /I number of retri es for asynchronous commands before return an error
uint32 *retries_receive;  // number of retri es while receiving stream before placing filler
uint32 *retries_send; /I number of retri es while sending stream upon dumping packet
uint32 *max_inbound_packet; // maximum packet size from IOM
uint32 *max_outbound_packet; // maximum packet size send to IOM
uint32 *abort_after; /I when streaming abort operation after number of lost packets
uint32 *use_protocol; /I switch between DQ_TS and DQ_VT (RESERVED)
uint32 *packets_at_once; // maximum number of packets to one IOM upon one tick

} DQEPRM, *pDQEPRM;
Set a field taNULL if you don’t want to change that parameter.

Note:
None
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3.1.8 DgAdvReadCalData

Syntax:
int DgAdvReadCalData(int hd, int devn, BYTE **CalDa ta, uint32
*CalSize)
Command:
DQE
Input:
int hd Handle to the IOM received fromgOpenlOM()
int devn Layer inside the IOM
BYTE **CalData pointer to store retrieved calibration data; mayNb# L if

Output:

Return:

uint32 *CalSize

BYTE **CalData
uint32 *CalSize

DQ_NO_MEMORY
DQ_ILLEGAL_HANDLE
DQ_BAD_DEVN

DQ_BAD_PARAMETER
DQ_SEND_ERROR
DQ_TIMEOUT_ERROR
DQ_IOM_ERROR
DQ_SUCCESS

Other negative values

Description:
This function retrieves calibration data and stdr@sside DLL.

Note:

caller doesn't want to receive data
pointer to store size of calibration data retrievedy be
NULL if CalData is NULL

pointer to calibration data retrieved
size of calibration data retrieved

error allocating buffer
illegal IOM Descriptor or communication wasn't dgished
device indicated bgevn does not exist or does not support
calibration data
CalSize is NULL butCalData is not NULL
unable to send the Command to IOM
nothing is heard from the IOM for Time out duration
error occurred at the IOM when performing this ccemih
successful completion

low level IOM error

Data is stored in the DLL memory and shouldn't kenged.
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3.2 Advanced Circular Buffer (ACB) Functions
These are functions specific to ACB mechanisms.

3.2.1 DgAchCreate

Syntax:
int DgAcbCreate(pDQE pDge, int iom, uint32 devn, ui nt32 ss,
pDQBCB *pBcb)
Command:
DQE
Input:
pDQE pDge pointer to the previously created instance of DQE
int iom handle to IOM received froldqOpenIOM()
uint32 devn layer inside the IOM
uint32 ss subsystem of layer
pDQBCB pBcb pointer for BCB structure
Output:
pDQBCB pBcb newly allocated BCB structure
Return:
DQ_NO_MEMORY memory allocation error
DQ_BAD_PARAMETER NULLor0 as a parameter
DQ_BAD_DEVN no device at given index, or device does not suphGB
mode
DQ_ILLEGAL_HANDLE invalid nonNULL value foriom
DQ_DEVICE_BUSY layer already taken
DQ_SUCCESS successful completion
Description:

This function allocates a new ACB-type BCB struetwand links it with DQEngine and the IOM
specified.

Note:
None

3.2.2 DgAcbDestroy

Syntax:

int DgAcbDestroy(pBCB pBch)
Command:

DQE
Input:

pDQBCB pBch pointer to a previously allocated ACB

Output:

None
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Return:

DQ_ILLEGAL_HANDLE pBcb is NULL
DQ_BAD_PARAMETER memory deallocation error

DQ_SUCCESS
Description:

successful completion

This function destroys a previously allocated ACB.

Note:
None

3.2.3 DgAcbInitOps

Syntax:
int DgAcbInitOps(

Command:
DQE

Input:
pDQBCB pBchb
uint32 *Config
uint32 *TrigSize
pDQSETTRIG
TrigMode

float *fCLClk
float *fCVCIk

uint32 *CLSize
uint32 *CL

uint32 *ScanBlock
pDQACBCFG pAcbCfg

Output:
uint32 *Config
uint32 *TrigSize
pDQSETTRIG
TrigMode

float *fCLClk

pDQBCB pBcb,

uint32 *Config,

uint32 *TrigSize,
pDQSETTRIG TrigMode,
float * fCLCIK,

float * fCVCIKk,

uint32 *CLSize,

uint32 *CL,

uint32 *ScanBlock,
pDQACBCFG pAcbCfg)

pointer to BCB (points to ACB)
requested configuration (layer specific)
requested number of triggering conditions; camNbiL

requested triggering mode (layer specific); caNb&L if

TrigSize is NULL or0

CL clock requested; can D8JLL if Config doesn't
includeLN_CLCKSRCO

CV clock requested; can D8JLL if Config doesn't
includeLN_CVCKSRCO

requested channel list size

requested channel list

requested number of scans to handle togetherdefault)

requested buffer parameters

actual configuration (layer specific)

actual number of triggering conditions; canNigLL
actual triggering mode (layer specific); canNddLL if
TrigSize  is NULL or0O

CL clock - actual; can be null @onfig doesn't include

LN_CLCKSRCO
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float *fCVCIk CV clock - actual; can be null @onfig doesn't include
LN_CVCKSRCO

actual channel list size

actual channel list

actual number of scans to handle togetfer @efault)

actual buffer parameters

uint32 *CLSize

uint32 *CL

uint32 *ScanBlock
pDQACBCFG pAcbCfg

Return:
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't ésished
DQ_BAD_PARAMETER pBcb isNULLor is not an ACB, o€LSize is too big
DQ_IOM_ERROR IOM reports command execution error
DQ_SEND_ERROR cannot send packet
DQ_TIMEOUT_ERROR IOM reply wasn't received within timeout period
DQ_DEVICE_BUSY device is in operating mode
DQ_NO_MEMORY memory allocation error
DQ_SUCCESS successful completion

Description:

This function sets up layer configuration for ACBevation.
At the time of calling, BCB should have been altedausingDgAcbCreate().

Config
Following configuration flags can be used with AGBerations:

#define DQ_LN_TMREN  (1L<<11) // enable layer periodic timer
#define DQ_LN_IRQEN  (1L<<10) // enable layer irgs

#define DQ_LN_PTRIGEDGEL1 (1L<<9) // stop trigger

#define DQ_LN_PTRIGEDGEO (1L<<8) // stop trigger
/1 02 - falling

#define DQ_LN_STRIGEDGEL1 (1L<<7) // start trigger

#define DQ_LN_STRIGEDGEO (1L<<6) // start trigger
/1 02 - falling

#define DQ_LN_CVCKSRC1 (1L<<5) // CV clock sour

#define DQ_LN_CVCKSRCO (1L<<4) // CV clock sour

edge MSB
edge: 00 - software, 01 - rising,

edge MSB
edge: 00 - software, 01 - rising,

ce MSB
ce 01-SW, 10 - HW, 11 -EXT

#define DQ_LN:CLCKSRCl (1L<<3) /I CL clock sour ce MSB

#define DQ_LN_CLCKSRCO (1L<<2) // CL clock sour ce 01 -SW, 10 - HW, 11 -EXT
#define DQ_LN_ACTIVE  (1L<<1) //"ACT"LED sta tus
#define DQ_LN_ENABLED (1L<<0) // enable operat ions

These flags are hardware-oriented. The user mugpsgithemQ_LN_TMRENOI DQ_LN_IRQEN
flags to configure a mechanism to transfer dateftioe layer hardware buffer into the output queue.
See layer documentation for these settings.

Every layer can have additional configuration flegfarting from bit 16. For example, an
AO-301 layer has the following flags:

/I Upper part of the configuration word - AO-301 sp ecific
#define DQ_AO301_POS10 (1L <<19) //0..10V
#define DQ_AO301_NEG10 (2L <<19) //-10..0V
#define DQ_A0301_BI10 (3L << 19) // +/-10V
#define DQ_AO301_OFF (OL << 19) // DACs off
#define DQ_AO301_ENCOUT (1L << 18) // enable ou tput strobe
#define DQ_AO301_MODESCAN (0L << 16) // single sc
#define DQ_AO301_MODEFIFO (1L << 16) // continuou
#define DQ_AO301_MODECONT (2L << 16) // waveform
#define DQ_AO301_MODEWFGEN (3L << 16) // waveform

an update mode

s output with FIFO
mode - continuous
mode — hardware
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Most layers have two flags (wherds layer model):

#define *_ MODESCAN (OL << 16) // single scan upda te mode
#define *_ MODEFIFO (1L << 16) // continuous outpu t with FIFO

There are two definitions common to all models:

#define DQ_FIFO_MODESCAN (OL << 16) // single sca n update mode
#define DQ_FIFO_MODEFIFO (2L << 16) // continuous acquisition with FIFO

The first mode is selected for DMap operation arghsnone or more scans into the physical
memory of the device. The second mode is the streamode. This mode is selected when the layer
streams to the ACB.

The user can select start and stop triggers. T¢ettiags are applied to external trigger lines
connected to a CM-1 layer.

The user may also select the_LN_ACTIVE bit to light-up “STS” — the status LED on the layer

Flagpq_LN_ENABLED- should be selected (library sets it anyway).

TrigMode:

Allocate and pass a pointer to the following dimoe to set up hardware triggering parameters:
typedef struct {
uint8 dev; /I device
uint8 ss; /I subsystem
uint8 ch; Il channel
uint8 mode; /I trigger mode (AND or OR)

/I Start trigger
uint32 trigtypeS; // trigger type (enable, ed ge or mask)
union {
float levelS; Il level
uint32 maskS;
}us;

/I stoP trigger
uint32 trigtypeP; // trigger type (enable, ed ge or mask)
union {

float levelP; Il level

uint32 maskP;

}uP;

float hyster;  // hysteresis for both trigg ers

int prescans;  // pre-trigger scans

int postscans;  // post-trigger scans, -1 = continue operations

} DQSETTRIG, *pDQSETTRIG;

Passing NULL switches the device into softwaregteigng mode. One can select one or more
entries in a triggering tablenode specifies whether or not to treat this triggemngnnode applies to
the following entry. Because the AND operation hagher priority than the OR operation, a logic
expression is calculated accordingly. For examymea,can specify a trigger expression such as: TO
AND T1 AND T2 OR T1 AND T2 AND T4, where T0...T4 ategger conditions. This expression is
equal to (TON TINT2) v (TL A T2 A T4).

CL:
Channel list entries are stored in the followingat:
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typedef struct {
uint8 dev; // device number
uint8 ss;  // subsystem
uint32 entry; // channel list entry
} DQSETCL, *pDQSETCL;

The whole channel list for a device must fit in @aeket. Thus, the maximum number of
channel list entries is 85 entries (maximum phygibannel list on layer is 64 entries).
Output data: entries - The numbeegrdfies actually sent.

The channel list (entry) has following format:

Bits [31..15]

[14..12]

[11..8] [7..0]

Description

Flags

Reserved

Gain

Channel numb

The following are values for the Flags bits:

/I Channel list entries definition - lower 16 bits

/I gain and special, module-specific settings

#define DQ_LNCL_NEXT (1UL<<31) //channel lis
#define DQ_LNCL_INOUT (1UL<<30) // (reserved f
#define DQ_LNCL_SS1  (1UL<<29) // (reserved f
#define DQ_LNCL_SSO  (1UL<<28) // (reserved f
#define DQ_LNCL_IRQ  (1UL<<27) [/ (reserved f
#define DQ_LNCL_NOWAIT (1UL<<26) // (reserved f
#define DQ_LNCL_SKIP  (1UL<<25) // (reserved f
#define DQ_LNCL_CLK  (1UL<<24) [/ (reserved f
#define DQ_LNCL_CTR  (1UL<<23) // (reserved f
#define DQ_LNCL_WRITE (1UL<<22) // write to th
#define DQ_LNCL_UPDALL (1UL<<21) // update all
#define DQ_LNCL_TSRQ (1UL<<20) // (reserved f
#define DQ_LNCL_SLOW (1UL<<19) // slow down o
#define DQ_LNCL_DIO  (1UL<<18) // write/read
#define DQ_LNCL_RSVD1 (1UL<<17) // (reserved f
#define DQ_LNCL_RSVDO (1UL<<16) // (reserved f

#define DQ_LNCL_DIFF (1UL<<15) // differentia

#define DQ_LNCL_GAIN(G) ((G & 0xf)<<8) // set gai
#define DQ_LNCL_TIMESTAMP (0xff) /Il timesta

pAcbCfg :

are reserved for channel number

t has next entry
or future use)

or future use)

or future use)

or future use)

or future use)

or future use)

or future use)

or future use)

e channel but not update
written channels
or future use)
peration

DIO

or future use)

or future use)

| mode
n

mp entry (when used as a channel #)

Allocate and pass pointer to ACB structure. Figasplesz , scansz , framesize

frames , dirflags , mode anddirflags

/I ACB description

typedef struct {
uint32 samplesz; // raw sample size, bytes
uint32 valuesz; // converted value size, byt
uint32 scansz; // scan size, samples/values
uint32 framesize; // number of scans in the fr
uint32 frames;  // frames in the buffer
uint32 ppevent; // packets per DQ_ePacketDon
uint32 mode; /I mode of operations: Singl
uint32 dirflags; // transfer direction and ad
uint32 maxpktsize; // how much data to accumula
uint32 hwbufsize; // how much data to keep on
uint32 hostringsz; // number of packets in the
uint32 wtrmark;  // percent of the ring buffe
double eucoeff; // engineering unit coeffici

must be specified.

es
ame, max

e event

e, Cycle, Recycled, error handling

ditional flags

te in the packet before sending (0=default)
the cube (0 = default)

host ring buffer (0 = default)

r queue packets kept in case IOM reports an error

ent to multiply voltage data by
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double euoffset; // engineering unit offset
double (*euconvert)(uint32 chan, double value); /I callback to convert from V to EU
} DQACBCFG, *pDQACBCFG;
Set upframesize  in humber of scans per frame.
dirflags is a combination of a direction constant with gad@presentation constant. Possible
options are:

/I Defines for data conversion function (dirflags)

/I direction

#define DQ_ACB_DIRECTION_INPUT  Ox0  // dir-i n

#define DQ_ACB_DIRECTION_OUTPUT 0x1 //dir-o ut

/I data conversion type

#define DQ_ACB_DATA_SINGLE 0x100 // data in the ACB is <float>

#define DQ_ACB_DATA_DOUBLE 0x200 // data in the ACB is <double>

#define DQ_ACB_DATA_RAW 0x300 // data in the ACB is Raw

#define DQ_ACB_DATA_EUNITS 0x400 // doubl e in engineering units

#define DQ_ACB_DATA_ENHANCED 0x800 // enhan ced resolution (18 bit in 32-bit format
Il'if co nverter has 18-bit native resolution)

/I data processing type

#define DQ_ACB_DATA_TSCOPY 0x1000 // copy timestamp into ACB is available

#define DQ_ACB_NOCALIBRATION 0x2000 // do no t perform software calibration

The user can mix direction flags with data conw@rslags and data processing flags.

mode: user can select one of three available operatiodes:

/I ACB supports following modes:

#define DQ_ACBMODE_SINGLE 1 // stop after buff er is full/lempty
#define DQ_ACBMODE_CYCLE 2 // wrap buffer aro und
#define DQ_ACBMODE_RECYCLED 4 // clear/use unpro cessed frames

Single Mode treats an ACB buffer as linear. Acdigsi (or output) stops when all data is
transferred from/to the buffer.

Cycle Mode expresses a buffer as a ring. Acquisitto output) continues indefinitely.
However, if the tail of the buffer reaches its hegkration stops andQ_eBufferError  flag is
returned. This flag means that the buffer becarfiédn input) or empty (on output). Please notd tha
the buffer system employs a ring buffer as welA&B. In case of an input stream, the DQE will stop
acquisition and set an error flag only after b&€B and ring) buffers are completely full. In caxfe
output stream, the DQE will stop acquisition afieth buffers are empty.

Recycle Mode works the same way as Cycle Modease of a full ACB buffer, however, DQE will
continuously move the head and tail of the bufbgether. In other words, DQE will destroy old
measurements in the buffer and replace them withmeasurements. This mode is useful when the
user needs to see pre-triggering data.

Note:

All parameters supplied to the function via poiatare designed to return actual accepted
values. For example, if a device cannot suppoertain frequency, it will return a frequency inca
support. Thus, it is a good idea to check confitianavalues upon a return from this function.
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3.2.4 DgAcbGetScansCopy

Syntax:
int DgAcbGetScansCopy(pDQBCB pBcb, char *data, uint 32 size,
uint32 rgsizemin, uint32 *returned, uint32 *avail)
Command:
DQE
Input:
pDQBCB pBcb BCB containing the desired ACB
char *data pointer to the data buffer (allocated by callinggmam)
uint32 size size of the data buffer accessible by the poiimescans.
uint32 rgsizemin minimum size of the data to copy to the user buffescans.
If the DQACB buffer doesn't have minimal amountiata to
copy, the function doesn't copy any data
uint32 *returned buffer for the number of scans actually copied
uint32 *avail buffer for the number of scans of data remaininthabuffer
after data was removed
Output:
uint32 *returned the number of scans actually copied
uint32 *avalil the number of scans of data remaining in the buaffier data
was removed
Return:
DQ_BAD_PARAMETER data isNULL, or pBcb isNULL or is not an ACB
DQ_SUCCESS successful completion
Description:

This function copies a number of scans from the ABer and stores the data in the user supplied
data buffer, removing the data from the ACB buffethe ACB buffer doesn't hawgsizemin
scans of data to copy, the function doesn't cogydata. The function returns the number of scans
copied inreturned . avail returns the total number of scans worth of dataaigring in the buffer.
This function is intended to be called every tinpemw receiving Q_eFrameDone event.
Alternatively, the user can call this function jpelically to retrieve scans.
Note:

If the ACB buffer doesn't have the minimal amouhtlata to copy, the function doesn't copy
any data.
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3.2.5 DgAchbGetScans

Syntax:
int DgAcbGetScans(pDQBCB pBch, char **data, uint32 size, uint32
rgsizemin, uint32 *returned, uint32 *avail)
Command:
DQE
Input:
pDQBCB pBcb BCB containing the desired ACB
char **data pointer for the data buffer
uint32 size desired data buffer size, in scans
uint32 rgsizemin minimum size of the data to return to the userdsyfh scans.
If the ACB can't return a buffer of minimal sizeetfunction
returns O ireturned  andNULL in data
uint32 *returned buffer for the number of scans actually available
uint32 *avail buffer for the number of scans worth of data renmgjin the
buffer
Output:
uint32 *returned the actual size of the buffer accessible frdea , in scans
uint32 *avalil the number of scans worth of data remaining irbtlféer (not
including the returned data buffer)
Return:
DQ_BAD_PARAMETER data isNULL
DQ_SUCCESS successful completion
Description:

This function was created to avoid copying datanftbe ACB buffer to the user buffer. It
returns a pointer to the ACB buffer where requestaaiber of scans is available.

This function returns idata a pointer to a data buffer, internal to the AGBnf which the user can
take acquired data. Theturned  parameter indicates how much data is in the retubffer, in
scansavail indicates the amount of remaining data, not inclgdhe amount in the returned buffer.

If a data buffer large enough to hold at legsizemin  scans of data cannot be returned, the
function returns NULL in thelata parameter an@ in thereturned  parameter. In this case, it does
not necessarily mean that there isn't enough datsi ACB. It could mean that the data wraps around
the end of the ACB, and the amount of data befugentrap is less thamsizemin . To detect this
situation, check to see if the value returnedvail is greater than or equal tgsizemin
Note:

None
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3.2.6 DgAcbPutScansCopy

Syntax:
int DgAcbPutScansCopy(pDQBCB pBcb, char *data, uint 32 size,
uint32 rgsizemin, uint32 *retrieved, uint32 *avail)
Command:
DQE
Input:
pDQBCB pBcb BCB containing the desired ACB
char *data pointer to the data buffer (allocated by callinggmam)
uint32 size size of the data accessible by the pointer, inscan
uint32 rgsizemin minimum size of the data to copy from the userdayfin
scans. If the buffer doesn't have space to putihemum
amount of data, the function doesn't put any data
uint32 *retrieved buffer for the number of scans actually copied
uint32 *avail buffer for the number of scans can fit in the butféier data is
stored
Output:
uint32 *retrieved the number of scans actually copied
uint32 *avalil the number of scans that can fit in the bufferrafteta was
stored
Return:
DQ_BAD_PARAMETER data is NULL, orpBcb is NULL or is not an ACB
DQ_SUCCESS successful completion
Description:

This function copies a number of scans from tha 8affer and stores the data in the ACB. If
the buffer doesn't have enough space in which togsizemin  scans of data, the function doesn't
put any data. The function returns the number afiscopied imetrieved . avail returns the total
number of scans available in the buffer (total freeusretrieved ).

Note:
None

3.2.7 DgAcbPutScans

Syntax:
int DgAcbPutScans(pDQBCB pBcb, char **data, uint32 size, uint32
rgsizemin, uint32 *retrieved, uint32 *avail)
Command:
DQE
Input:
pDQBCB pBcb BCB containing the desired ACB
char **data returns a pointer to a buffer into which data carplaced
uint32 size desired data buffer size, in scans
uint32 rgsizemin minimum size of the data buffer to return, in scahthe ACB

can't return a buffer of minimal size, the functreturnsO in
retrieved and NULL indata
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uint32 *retrieved buffer for the actual size of the buffer accessfden data |,
in scans
uint32 *avalil buffer for the number of scans worth of space @ACB, not
including the returned data buffer
Output:
uint32 *retrieved the actual size of the buffer accessible fidaa , in scans
uint32 *avail the number of scans worth of space in the ACBjm@tiding
the returned data buffer
Return:
DQ_BAD_PARAMETER data is NULL, orpBcb is NULL or is not an ACB
DQ_SUCCESS successful completion
Description:

This function returns idata a pointer to a data buffer, internal to the AQRBoiwhich the
user can put output data. Tretrieved parameter indicates how much data the returneférbcein
accept, in scanswail indicates the amount of remaining space in the A@B including the
returned buffer.

If a data buffer large enough to hold at legsizemin  scans of data cannot be returned, the
function returns NULL in thelata parameter an@ in theretrieved parameter. In this case, it
does not necessarily mean that there isn't enquagesn the ACB. It could mean that the space wraps
around the end of the ACB, and the amount of spatare the wrap is less thagsizemin . To
detect this situation, check to see if the valuerred inavail is greater than or equal to
rgsizemin
Note:

None

3.2.8 DgAcbSetBurstMode

Syntax:
int DgAcbSetBurstMode(int lom, uint32 trigger, pDQ BURST
pDgBurst, uint32 *entries)
Command:
DQE
Input:
intiom IOM Descriptor
uint32 trigger TRUE to use sync line as trigger
pDQBURST pDqgBurst  desired data buffer size, in scans
uint32 *entries Number of pPDQBURST entries
Output:
uint32 *entries Number of pDQBurst entries processed
Return:
DQ_BAD_PARAMETER data isNULL
DQ_SUCCESS successful completion
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Description:

ACB burst mode is a special mode in which data sdipn into the IOM’s internal memory
continues until a predetermined number of samgl@gduired. Each device can specify a pre and post
trigger number to acquire. Devices must be confidwrith the DQ_LN_BURST flag in their config
word before calling this function. pPDQBURST has fokkowing structure:

typedef struct {
uint8 dev;  // device
uint8 ss; I/l sub system
uint32 pre; // time
uint32 post; // pre time
uint32 trigger; // trigger flags
} DQBURST, *pDQBURST;

Upon completion of the configured acquisition intd(s), normal ACB operation mechanisms
are used to transfer the data from the IOM to ths hpplication. It is necessary for the host
application to wait for both the DQ_eBufferDone d»@Q_eFrameDone flags. The DQ_eBufferDone
flag will be raised when the layer has completaddfer of the last buffer from the ACB buffer.

Note:
None
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3.3 Direct Data Mapping (DMap) Functions
These are functions specific to DMap mechanisms.

3.3.1 DgDmapCreate

Syntax:
int DgDmapCreate(pDQE pDge, int iom, pDQBCB *pBcb, int period,
char **dmapin, char **dmapout)
Command:
DQE
Input:
pDQE pDge pointer to the previously created instance of DQE
intiom IOM Descriptor
pDQBCB *pBcb pointer to receive allocated DMap structure
int period base DQE periodic clock divider (defines update eat
DQEngine rate divided by <period>)
char *dmapin buffer for memory location of allocated (plain) utgart of
DMap (allocated by the function)
char *dmapout buffer for memory location of allocated (plain) put part of
DMap (allocated by the function)
Output:
pDQBCB *pBch return pointer to allocated DMap structure
char *dmapin memory location of allocated (plain) input part@iflap
char *dmapout memory location of allocated (plain) output parDdflap
Return:

DQ_BAD_PARAMETER NULLor0 as a parameter
DQ_DEVICE_BUSY DQE busy
DQ_ILLEGAL_HANDLE invalid non-NULL value foliom
DQ_NO_MEMORY memory allocation error
DQ_SUCCESS successful completion
Description:
This function associates DQE with an IOM and asatternal structures required to handle
DMap operations. The function returns a pointeB@&B to use for all other calls to this DMap and a
pointer to memory allocated for input and output &ivbuffers.
Note:
One application can have multiple DMaps createtlaperated at different update rates. For
example, one DMap with control data can be updatedy 10ms while diagnostics data can be
updated every ten seconds. Use <period> parangetentrol the relative update rate.

3.3.2 DgDmaplnitOps

Syntax:

int DgDmaplInitOps(pBCB pBcb)
Command:

DQE
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Input:
pDQBCB pBcb pointer to a previously allocated DMap structure
Output:
None
Return:
DQ_ILLEGAL_HANDLE illegal pBcb
DQ_IOM_ERROR IOM reports command execution error
DQ_SEND_ERROR cannot send packet
DQ_TIMEOUT_ERROR |OM reply wasn't received within timeout period
DQ_NO_MEMORY memory allocation error
DQ_INIT_ERROR error processing PowerDNA cube parameters
DQ_SUCCESS successful completion
Description:

This function must be called when setting of DMaries is complete to finalize it and
configure the layer involveddgDmaplInitOps()  parses the transfer list, calculates parameters fo
configuration, channel list, trigger mode and ckckhen it sequentially calls:
DQCMD_SETCEFGQCMD_SETCDQCMD_SETCL#nd finallyDQCMD_SETTRL
Note:

None

3.3.3 DgDmapDestroy

Syntax:

int DgDmapDestroy(pBCB pBch)
Command:

DQE
Input:

pDQBCB pBcb pointer to a previously allocated DMap structure

Output:

None
Return:

DQ_ILLEGAL_HANDLE invalid pBcb
DQ_BAD_PARAMETER nothing to destroy, ggBcb not a DMAP
DQ_SUCCESS successful completion
Description:
This function destroys all memory structures ated withDgDmapCreate() and stops any
ongoing DMap operations associated with gBeb.
Note:
It is safe to call this function while DMap opeaesitis running (say, in exception handler.)

3.3.4 DgDmapAddEntry

Syntax:
int DgDmapAddEntry(pDQBCB pBchb, int dev, int ss, un t32 ch,
uint32 flags, int samples, char **offset)

Command:
DQE
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Input:
pDQBCB pBcb pointer to DMap table
int dev layer ID
int ss subsystem
uint32 flags configuration flags
uint32 ch channel (use the same flags as with channel list)
int samples number of samples from this device/subsystem/cHanne
char **offset buffer for address of this entry in the device map
Output:
char **offset address of this entry in the device map
Return:
DQ_ILLEGAL_HANDLE invalid pBcb or pBcb is not a DMAP
DQ_BAD_DEVN no device at given index, or device does not sufdpbtap
mode
DQ_BAD_PARAMETER bad value for other parameter
DQ_NOT_ENOUGH_ROOManslation list size is too big
DQ_DEVICE_BUSY pBcb is busy
DQ_SUCCESS successful completion
Other negative values low level IOM error
Description:
The function adds an entry transfer list entrpithte transfer list.
Note:

1. Using this function, one can request multiple consige values from the same channel.
While this option cannot guarantee continuity daglét can be helpful if the user is
interested in the average value of the channel.

2. This function is formerly known as DgDmapSetEntry()

3. This function works with AO layers only if the fldgQ_ACB_DATA_RAW is set. It
works with Al layers with either DQ_ACB_DATA_RAW, Q@ _ACB_DATA_DOUBLE or
DQ_ACB_DATA_SINGLE flag set.

3.3.5 DgDmapAddMultipeEntries

Syntax:
int DgDmapAddMultipeEntries(pDQBCB pBcb, pDQSETTRL PTRL, int
*entries, char **offset)
Command:
DQE
Input:
pDQBcb pBcb pointer to DMap table
pDQSETTRL pTRL array of transfer list entries
int *entries number of entries ipTRL array
char **offset array of pointers to store addresses of trangeelements
(can be NULL if not desired)
Output:
int *entries number of entries actually processed
char **offset array of pointer to transfer list elements
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Return:
DQ_ILLEGAL_HANDLE invalid Descriptor
DQ_SEND_ERROR if the unable to send the Command to IOM
DQ_TIMEOUT_ERROR if nothing is heard from the IOM for Time out duoat

DQ_IOM_ERROR if error occurred at the IOM when performing thisyanand
DQ_SUCCESS if the Command is processed successfully
Other values low level IOM status

Description:

User should fill at least one entry in the arrapp@@SETTRLtype.

/* DQCMD_SETTRL */

typedef struct {
uintl6 dmapid;  // DMAP id (do not fill)
uint8 dev; /I device
uint8 ss; /I subsystem
uint32 ch; /I channel (channel list en try)
uint32 flags; /I control flags, including channel information
uintl6 samples;  // number of samples from t his channel

} DQSETTRL, *pDQSETTRL;

Pass the size of array DRSETTRIstructures irentries . Also, if offset  is not NULL, function
stores addresses of points of data in the host memo
Note:
1. Maximum size of the device map is limited to 512dsyfor 576 bytes packets and 1456
bytes for 1518 bytes Ethernet packets, thffset  couldn't be bigger then this number.
Multiple packets are not supported
2. This function is formerly known as DgDmapMultipleEas()

-82 -



PowerDNA API| Reference Manual, Release 4.10

3.4 Real-time Data Mapping (Dmap) Functions

DMAP is one of the operation modes of PowerDNAdhtinuously refreshes a set of channels that
can span multiple layers at a specified rate pagdatie cube's hardware clock.

At each clock tick, the cube's firmware scans thafigured channels and stores the result in anafrea
memory called the DMAP.

The host PC keeps its own copy of the DMAP thayitchronizes periodically with the PowerDNA
cube’s version of the DMAP.

This mode is very useful when the host computes aureal-time operating system to ensure that the
host refreshes its DMAP at deterministic intervétleptimizes network transfer by packing all
channels from multiple layers in a single UDP packexducing the network overhead.

The current low-level PowerDNA API (DgDmap*** furions) uses the DgEngine to refresh the
DMAP at a given rate and to retry DMAP refresh regfuf for some reason a packet is lost.

The DgEnNgine is necessary on desktop oriented tipgrsystem to ensure that the DMap is refreshed
periodically, but is overkill on real-time operagisystems. The DgEngine needs its own thread and th
user must synchronize it with its own processirgplo

The RtDmap API gives easy access to the DMAP oipgratode without needing the DgEngine.
The following is a quick tutorial on using the RTINR API (handling of error codes is omitted):

Initialize the DMAP to refresh at 1000 Hz:
DgRtDmaplnit(handle, &dmapid, 1000.0);

Add channel 0 from the first input subsystem ofide\.:
chentry = 0;
DgRtDmapAddChannel(handle, dmapid, 1, DQ_SSOIN, &ch entry, 1);

Add channel 1 from the first output subsystem oficke 3:
chentry = 1;
DgRtDmapAddChannel(handle, dmapid, 3, DQ_SSO0OUT, &c hentry, 1);

Start all devices that have channels configuradlénDMAP:
DgRtDmapStart(handle);

Update the value(s) to output to device 3:
outdata[0] = 5.0;
DgRtDmapWriteScaledData(handle, dmapid, 3, outdata, 1);

Synchronize the DMAP with all devices:
DgRtDmapRefresh(handle, dmapid);

Retrieve the data acquired by device 1:
DgRtDmapReadScaledData(handle, dmapid, 1, indata, 1 );
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Stop the devices and free all resources:
DgRtDmapStop(handle, dmapid);
DgRtDmapClose(handle, dmapid);

3.4.1 DgRtDmaplnit

Syntax:
int DgRtDmaplnit(int handle, int* dmapid, double re freshRate);
Input:
int handle Handle to the IOM
double refreshRate Rate at which the IOM will refresh its version beEtDMAP.
Output:
int* dmapid Identifier of the newly created DMAP
Return:
DQ_ILLEGAL_HANDLE invalid IOM handle
DQ_NO_MEMORY memory allocation error or exceeded maximum talzle s
DQ_SUCCESS command processed successfully
Description:

Initialize the specified IOM to operate in DMAP dwat the specified refresh rate.

Note:
* An IOM can have multiple DMAPsIMapids ) created wittDgRtDmaplnit()
* No more than 1 VMAP or 1 DMAP can access an |/Ortholaowever, 1 DMAP or VMAP
can access multiple boards if desired.
* The maximum number of channels in 1 DMAP is 2048.
e The maximum number of VMAPs and DMAPs configureaire IOM is 256.

If your application requires a packet to transfeyager than 1472 bytes, use

DgRtDmaplnitEx()  to allocate fragmented packets instead of uBigigtDmaplnit() . See Section
3.8 below for more information.
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3.4.2 DgRtDmapAddChannel

Syntax:
int DgRtDmapAddChannel(int handle, int dmapid, int dev, int
subsystem, uint32* cl, int clSize);
Input:
int handle Handle to the IOM
int dmapid Identifier of the DMAP to configure
int dev ID of the device where the channels are located
int subsystem The subsystem to use on the device (ex: DQ_SSOIN)
uint32* cl Array containing the channels to add to the DMAP
int clSize Size of the channel array
Return:
DQ_ILLEGAL_HANDLE invalid IOM handle
DQ_BAD_DEVN there is no device with the specified number
DQ_BAD_PARAMETER the subsystem is invalid for this device
DQ_SUCCESS command processed successfully
Positive value
Description:
Add one or more channels to the DMAP.
Note:

The maximum number of channels in 1 DMAP is 2048.

If your application requires a packet to transfierager than 1472 bytes, use
DgRtDmaplnitEx()  to allocate fragmented packets instead of uBigigtDmaplnit()

3.4.3 DgRtDmapCheckSpace

Syntax:

int DgRtDmapCheckSpace(int handle, int dmapid, int dev, int subsystem, int*

cl, int cISize, int* in_sz_left, int* out_sz_left);

Input:
int handle Handle to the IOM
int dmapid Identifier of the DMAP to configure. Eactev must not be

used in more than one MAP at a time.

int dev ID of the device where the channels are located
int subsystem The subsystem to use on the device (ex: DQ_SSOIN)
int* cl Array containing the channels to add to the DMAP
int clSize Size of thecl array.
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Output:
int* in_sz_left Returns the number of bytes left in the input DMAP
int* out_sz_left Returns the number of bytes left in the output DMAP
Return:
DQ_ILLEGAL_HANDLE invalid IOM handle
DQ_BAD_DEVN there is no device with the specified number
DQ_BAD_PARAMETER the subsystem is invalid for this device
DQ_PKT_TOOLONG too much data to fit a packet
DQ_SUCCESS command processed successfully
Zero or positive Number of bytes left in the buffer
value
Description:

Checks whether there is enough space in the DMARId the specified channel list. Returns a
DQ_PKT_TOOLONdag if the packet is too long.

Notes

in_sz_left andout_sz_left provide the number of bytes that will be left fioputs and
outputs after cl is added to the DMAP.

3.4.4 DgRtDmapGetinputMap

Syntax:
int DgRtDmMapGetinputMap(int handle, int dmapid, int dev,
unsigned char** mappedData);
Input:
int handle Handle to the IOM
int dmapid Identifier of the DMAP
int dev ID of the device where the channels are located
Output:
unsigned char** pointer to the beginning of the device's input DMBdHfer
mappedData
Return:
DQ_ILLEGAL_HANDLE invalid IOM handle
DQ_BAD_DEVN there is no device with the specified number
DQ_SUCCESS command processed successfully
Description:

Get pointer to the beginning of the input data rabgcated for the specified device

3.4.5 DgRtDmapGetinputMapSize

Syntax:
int DgRtDmMapGetinputMapSize(int handle, int dmapid, int dev,

int* mapSize);
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Input:
int handle
int dmapid
int dev
Output:
int* mappedSize
Return:
DQ_ILLEGAL_HANDLE
DQ_BAD_DEVN
DQ_SUCCESS
Description:

Handle to the IOM
Identifier of the DMAP
ID of the device where the channels are located

size in bytes of the device's input data map.
invalid IOM handle

there is no device with the specified number
command processed successfully

Get the size in bytes of the input map allocatedte specified device.

3.4.6 DgRtDmapGetOutputMap

Syntax:
int DgRtDmMapGetOutputMap(int handle, int dmapid, in t dev,
unsigned char** mappedData);
Input:
int handle Handle to the IOM
int dmapid Identifier of the DMAP
int dev ID of the device where the channels are located
Output:
unsigned char** pointer to the beginning of the device's output DRMBuffer
mappedData
Return:

DQ_ILLEGAL_HANDLE

DQ_BAD_DEVN

DQ_SUCCESS
Description:

invalid IOM handle
there is no device with the specified number
command processed successfully

Get pointer to the beginning of the output data @ltocated for the specified device.
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3.4.7 DgRtDmapGetOutputMapSize

Syntax:

int DgRtDmMapGetOutputMapSize(int handle, int dmapid , int dev,
int* mapSize);
Input:

int handle Handle to the IOM

int dmapid Identifier of the DMAP

int dev ID of the device where the channels are located
Output:

int* mappedSize size in bytes of the device's output data map.
Return:

DQ_ILLEGAL_HANDLE invalid IOM handle

DQ_BAD_DEVN there is no device with the specified number

DQ_SUCCESS command processed successfully
Description:

Get the size in bytes of the output map allocatedte specified device.

3.4.8 DgRtDmapReadScaledData

Syntax:
int DgRtDmapReadScaledData(int handle, int dmapid, int dev,
double* scaledBuffer, int bufferSize);
Input:
int handle Handle to the IOM
int dmapid Identifier of the DMAP to read from
int dev ID of the device where the channels are located
int bufferSize Number of elements in scaledBuffer
Output:
double*scaledBuffer The buffer containing the scaled data.
Return:
DQ_ILLEGAL_HANDLE invalid IOM handle
DQ_BAD_DEVN there is no device with the specified number
DQ_SUCCESS command processed successfully
Description:

Read and scale data stored in the input map fasgkeified device.
Note:
The data read is the data transferred by theddisto DgRtDmapRefresh().

This function should only be used with devices #@uire analog input data such as the
Al-2xx series layers and Guardian boards that reekidiagnostic values.
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3.4.9 DgRtDmapReadRawDatal6

Syntax:
int DgRtDmapReadRawDatal6(int handle, int dmapid, i nt dev,
unsigned short* rawBuffer, int bufferSize);
Input:
int handle Handle to the IOM
int dmapid Identifier of the DMAP to read from
int dev ID of the device where the channels are located
int bufferSize Number of elements in rawBuffer
Output:
unsigned short*rawBuffer The buffer containing thev data.
Return:
DQ_ILLEGAL_HANDLE invalid IOM handle
DQ_BAD_DEVN there is no device with the specified number
DQ_SUCCESS command processed successfully
Description:

This function reads raw data from the specifiedckas 16-bit integers.
Note:

The data read is the data transferred by theddisto DgRtDmapRefresh().

This function should only be used with deviced #juire 16-bit wide digital data such as the
DIO-4xx series layers.

3.4.10 DgRtDmapReadRawData32

Syntax:
int DgRtDmapReadRawData32(int handle, int dmapid, i nt dev,
unsigned int* rawBuffer, int bufferSize);
Input:
int handle Handle to the IOM
int dmapid Identifier of the DMAP to read from
int dev ID of the device where the channels are located
int bufferSize Number of elements in rawBuffer
Output:
unsigned int*rawBuffer The buffer containing thevrdata.
Return:
DQ_ILLEGAL_HANDLE invalid IOM handle
DQ_BAD_DEVN there is no device with the specified number
DQ_SUCCESS command processed successfully
Description:

This function reads raw data from the specifiedckas 32-bit integers.
Note:

The data read is the data transferred by thectdisto DgRtDmapRefresh().

This function should only be used with devices #ajuire 32-bit wide digital data such as the
DIO-4xx series layers.
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3.4.11 DgRtDmapWriteScaledData

Syntax:
int DgRtDmMapWriteScaledData(int handle, int dmapid, int dev,
double* scaledBuffer, int bufferSize);
Input:
int handle Handle to the IOM
int dmapid Identifier of the DMAP to write to
int dev ID of the device where the channels are located
int bufferSize Number of elements in scaledBuffer
double*scaledBuffer The buffer containing the scaled data to sendeaal#vice.
Return:
DQ_ILLEGAL_HANDLE invalid IOM handle
DQ_BAD_DEVN there is no device with the specified number
DQ_SUCCESS command processed successfully
Description:

This function writes scaled data to the output e specified device.
Note:
The data written is actually transferred to theick2on the next call to DgRtDmapRfresh().
This function should only be used with deviced tfenerate analog data such as the AO-3xx
series layers.

3.4.12 DgRtDmapWriteRawDatal6

Syntax:
int DgRtDmapWriteRawData16(int handle, int dmapid, int dev,
unsigned short* rawBuffer, int bufferSize);
Input:
int handle Handle to the IOM
int dmapid Identifier of the DMAP to write to
int dev ID of the device where the channels are located
int bufferSize Number of elements in rawBuffer
unsigned The buffer containing the scaled data to sendeal#vice.
short*rawBuffer
Return:
DQ_ILLEGAL_HANDLE invalid IOM handle
DQ_BAD_DEVN there is no device with the specified number
DQ_SUCCESS command processed successfully
Description:

This function writes 16-bit wide raw data to thesified device.
Note:
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The data written is actually transferred to theickzon the next call to DgRtDmapRfresh().
This function should only be used with devices tfenerate 16-bit wide digital data such as the
DIO-4xx series layers.

3.4.13 DgRtDmapWriteRawData32

Syntax:
int DgRtDmapWriteRawData32(int handle, int dmapid, int dev,
unsigned int* rawBuffer, int bufferSize);
Input:
int handle Handle to the IOM
int dmapid Identifier of the DMAP to write to
int dev ID of the device where the channels are located
int bufferSize Number of elements in rawBuffer
unsigned The buffer containing the scaled data to sendeal#vice.
short*rawBuffer
Return:
DQ_ILLEGAL_HANDLE invalid IOM handle
DQ_BAD_DEVN there is no device with the specified number
DQ_SUCCESS command processed successfully
Description:
This functionwrites raw data to the specified device as 32rbégders.
Note:

The data written is actually transferred to theick2on the next call to DgRtDmapRfresh().
This function should only be used with deviced 8&nd 32-bit wide digital data such as the
DIO-4xx series layers.

3.4.14 DgRtDmapProgram

Syntax:
int DgRtDmapProgram(int handle, int dmapid);
Input:
int handle Handle to the IOM
int dmapid Identifier of the DMAP to program
Return:
DQ_ILLEGAL_HANDLE invalid IOM handle
DQ_SUCCESS command processed successfully
Description:

This function pre-programs the DMAP in the IOM vatht starting it.
When running multiple DMAPs or VMAPSs in the sameMQOyou must program them before
starting any of them.
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3.4.15 DgRtDmapStart

Syntax:
int DgRtDmapStart(int handle, int dmapid);
Input:
int handle Handle to the IOM
int dmapid Identifier of the DMAP to start
Return:
DQ_ILLEGAL_HANDLE invalid IOM handle
DQ_SUCCESS command processed successfully
Description:

This function starts operation, the IOM updatesnitsrnal representation of the map at the rate
specified in DgRtDmaplnit.

DgRtDmapStart() implicitly calls DgRtDmapPrograrif()t hasn’'t been called already. When
running multiple DMAPs or VMAPs on the same IOMuymust explicitly call DgRtDmapProgram()
on all VMAPs and DMAPs before starting any of them.

3.4.16 DgRtDmapStop

Syntax:
int DgRtDmMapStop(int handle, int dmapid);
Input:
int handle Handle to the IOM
int dmapid Identifier of the DMAP to stop
Return:
DQ_ILLEGAL_HANDLE invalid IOM handle
DQ_SUCCESS command processed successfully
Description:

This function stops operation and the cube stopstipy its internal representation of the data
map.

3.4.17 DgRtDmapRefresh

Syntax:
int DgRtDmapRefresh(int handle, int dmapid);
Input:
int handle Handle to the IOM
int dmapid Identifier of the DMAP to refresh
Return:
DQ_ILLEGAL_HANDLE invalid IOM handle
DQ_SUCCESS command processed successfully
Description:

This function refreshes the host's version of tla@ foy downloading the IOM's map.
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Note:

The IOM automatically refreshes its version of tla¢a map at the rate specified in
DgRtDMapCreate(). This function needs to be cgtledodically (a real-time OS is necessary) to
synchronize the host and IOM data maps.

3.4.18 DgRtDmapRefreshOutputs

Syntax:

int DgRtDmapRefreshOutputs(int handle, int dmapid);
Input:

int handle Handle to the IOM

int dmapid Identifier of the DMAP to refresh
Return:

DQ_ILLEGAL_HANDLE invalid IOM handle

DQ_SUCCESS command processed successfully
Description:

This function initiates a DMAP refresh by sendihg butput values to the IOM and returns
immediately.

You need to call DgRtDmapRefreshinputs() to congpthe refresh and retrieve the input
values from the IOM.
Note:

The pair DgRtDmapRefreshOutputs()/DgRtDmapRefrgslis() can be used instead of
DgRtDmapRefresh(). This frees the task to do soimgthseful while the DMAP refresh packets are
transferred in the background.

3.4.19 DgRtDmapRefreshinputs

Syntax:
int DgRtDmapRefreshinputs(int handle, int dmapid);
Input:
int handle Handle to the IOM
int dmapid Identifier of the DMAP to refresh
Return:
DQ_ILLEGAL_HANDLE invalid IOM handle
DQ_SUCCESS command processed successfully
Description:

This function completes a DMAP refresh initiatedmbDgRtDmapRefreshOutputs(), retrieving
the input values returned by the IOM.

You need to call DgRtDmapRefreshOutputs() firghitate the refresh and send the output
values to the IOM.
Note:

The pair DgRtDmapRefreshOutputs()/DgRtDmapRefrgslis() can be used instead of
DgRtDmapRefresh(). This frees the task to do soimgthseful while the DMAP refresh packets are
transferred in the background.
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3.4.20 DgRtDmapClose

Syntax:
int DgRtDmapClose(int handle, int dmapid);
Input:
int handle Handle to the IOM
int dmapid Identifier of the DMAP to close
Return:
DQ_ILLEGAL_HANDLE invalid IOM handle
DQ_SUCCESS command processed successfully
Description:

This function frees all resources allocated byDWAP operation on the specified IOM.
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3.5 Real time Variable-size Data Mapping (VMap) Functions

VMap is a protocol developed for control applicadn which the ability to get immediate
realtime data is equally important as receivingatiouous flow of the data.

With messaging devices (serial, CAN, ARINC-429 ifgees), the data is a stream of bytes
logically divided into frames, messages, strings, Ehere are two distinct features of messaging
devices that make use of the DMap protocol ineffiti if not impossible: 1. The data is a stream and
losing part of the data may change the meaningeofitessage. 2. Unlike digital or analog data, the
timing of data availability depends on the extestetam of messages and one cannot make a
prediction of when and how much data will becomailable, and also whether or not there are some
receiving/transmitting errors on the bus.

Messaging layers are supported by the Msg proteduth shares the same buffering
mechanism as the ACB protocol. Inherently, the iisgocol buffers received packets and delays
releasing newer packets to the user applicatioihitiré-requests and receives all the packetién t
message stream. Although this protocol does pravigapless stream of messages, it is not suited for
realtime operation.

VMap provides a realtime vehicle for messaging dewviat the expense of restricting the ability
to recover lost packets and shifting the decisibetiver or not to recover the lost packet to the use
application. At the high level, VMap is very simil® DMap. A user must create VMap with output
and input buffers and add channels/layers of istdceit. VMap packets have additional fields. Fok
all, there is a flag field required to guarantesttwity of the messaging data. Second, an outpfieb
adds a pair of fields for each channel in the mdfs &eader. The first field provides the IOM with
information on how much data is to be transmittattifiat channel and the second field defines the
maximum size of data to be received from that cbarrhe offsets of the output data in the buffer
should be in agreement with the size of the datherbuffer header.

An input packet also contains a flag field as vaslthe number of bytes actually written,
actually received, and (optionally) the number yifl available in the receive FIFO and the room
available in the transmit FIFO. This feature alldleibility in allocating packet slices for diffent
channels. Each time packets are exchanged betves¢amd IOM, the user application can select
different sizes for outgoing and incoming datajrtgknto consideration the amount of data requiced
be sent and the size of data accumulated in tledvieg FIFO. If you don’t use a channel at thisdim
then sesize to send andsize to receive to zero. The header has a fixed width set up bedftarting
VMap operation and the user cannot change the heameon the fly even if the channel is no longer
in use.

The following is a quick tutorial on using the RT\A® API (handling of error codes is omitted):

Initialize the VMAP to refresh at 1000 Hz:
DgRtVmaplnit(handle, &vmapid, 1000.0);
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Configure device input output ports using the appete DgAdv*** function. For example, the
following configures an ARINC-429 device (DEVN) imipand output ports 0 to run at 100kbps with
no parity and no SDI filtering:
DgAdv566SetMode(handle, DEVN, DQ_SS00UT, 0, DQ_AR_R  ATEHIGH | DQ_PARITY_OFF);
DgAdv566SetMode(handle, DEVN, DQ_SSOIN, 0,
DQ_AR_RATEHIGH|DQ_PARITY_OFF|DQ_AR_SDI_DISABLED);

Add input port 0 to VMAP, set flag to retrieve tsatus of the input FIFO after each transfer:
chentry = 0;
flag = DQ_VMAP_FIFO_STATUS;
DgRtVmapAddChannel(handle, vmapid, DEVN, DQ_SSOIN, &chentry, &flag, 1);

Add ouput port 0 to VMAP, set flag to retrieve status of the output FIFO after each transfer:
chentry = 0;
flag = DQ_VMAP_FIFO_STATUS;
DgRtVmapAddChannel(handle, vmapid, DEVN, DQ_SSO0OUT, &chentry, &flag, 1);

Enable ARINC-429 ports
DgAdv566Enable(handle, DEVN, TRUE);

Start all devices that have channels configuradiénVMAP:
DgRtVmapStart(handle, vmapid);

Prepare ARINC word to send through port 0 and YA AP:
uint32 arincWord = DgAdv566BuildPacket(data, label, sdi, ssm, parity);
DgRtVmapAddOutputData(handle, vmapid, 0, sizeof(uin t32), &accepted,
(uint8*)&arincWord);

Specify that we wish to receive up to MAX_WORDS d®received by port O:
DgRtVmapRqlnputDataSz(handle, vmapid, 0, MAX_WORDS* sizeof(uint32), &rx_act_size,
NULL);

Synchronize the VMAP with all devices:
DgRtVmapRefresh(handle, vmapid, 0);

Retrieve the data received by port O:
uint32 recvWords[MAX_WORDS];
DgRtVmapGetinputData(handle, vmapid, 0, MAX_WORDS*s izeof(uint32), &rx_data_size,
&rx_avl_size, (uint8*)recvWords);

We can also check how much data was actually tréreshdutring the last refresh:
DgRtVmapGetOutputDataSz(handle, vmapid, 0, &tx_data _size, &tx_avl_size);

Stop the devices and free all resources:
DgRtVmapStop(handle, vmapid);
DgRtVmapClose(handle, vmapid);
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3.5.1 DgRtVmaplnit

Syntax:
int DgRtVmaplnit(int handle, int* vmapid, double re freshRate);
Input:
int handle Handle to the IOM
double refreshRate Rate at which the IOM will refresh its version betVMAP.
Only used in Async VMap mode.
Output:
| int* vmapid | Identifier of the newly created VMAP |
Return:
DQ_ILLEGAL_HANDLE invalid IOM handle
DQ_NO_MEMORY memory allocation error or exceeded maximum takzle s
DQ_SUCCESS command processed successfully
Description:

Initialize the specified IOM to operate in VMAP dm&

Notes
* An IOM can have multiple VMAPsv(napids ) created wittDgRtVmaplnit()
* No more than 1 VMAP or 1 DMAP can access an |/Oréhoaowever, 1 DMAP or VMAP
can access multiple boards if desired.
* The maximum number of channels in 1 VMAP is 256.
e The maximum number of VMAPs and DMAPs configureaire IOM is 256.

If your application requires a packet to trangferater than 1472 bytes, use

DgRtVmaplnitEx() to allocate fragmented packets instead of uBigiRtVmaplnit() . See Section
3.8 below for more information.
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3.5.2 DgRtVmapAddChannel

Syntax:

int DgRtVmapAddChannel(int handle, int vmapid, int

dev, int

subsystem, int* cl, int* flags, int cISize);

ne

Input:
int handle Handle to the IOM
int vmapid Identifier of the VMAP to configure. Eaadfev must not be
used in more than one VMAP at a time.
int dev ID of the device where the channels are located
int subsystem The subsystem to use on the device (ex: DQ_SSOIN)
int* cl Array containing the channels to add to the VMAP
int* flags Array of flags (one per channel). Available flags:a
« DQ_VMAP_FIFO_STATUS: retrieve the state of t
input/output FIFO at each refresh of the VMAP
int clSize Size of thecl andflags arrays. See Note.
Return:

DQ_ILLEGAL_HANDLE

invalid IOM handle

DQ_BAD_DEVN

there is no device with the specified number

DQ_BAD_PARAMETER

the subsystem is invalid for this device

DQ_SUCCESS command processed successfully
Zero or positive Number of bytes left in the buffer
value

Description:

Add one or more channel(s) to the VMAP.

Note:

e The maximum number of channels in 1 VMAP is 256.

* For Al, AO, and DIO devices, thaSize

parameter for this function should be set to “1”

because these boards use a single FIFO to trategferThe number of physical channels is set

in a separate functiod@RtVmapSetChannelList

). The VMAP channel for these boards

will contain values that were read from (Al) or Mdk written to (AO) the physical channels,
with physical channel data interleaved in the griglFO. I/O boards that do not use a single

FIFO for transfers (e.g., CAN boards, ARINC boasts,) will setclSize

according to

however many channels are configured on the deaitegt each channel counted in tigize
will map to a seperate VMAP channel.

» For AO, Al or DIO devices, after calling tizgRtVmapAddChannel()
users must calDgRtVmapSetChannelList()

DgRtVmapsStart(),

channel list by entering the numberablannels as theclSize  parameter in
DgRtVmapSetChannelList().
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* No more than 1 VMAP or 1 DMAP can access an |/Orthoaowever, 1 DMAP or VMAP can

access multiple boards if desired.

If your application requires a packet to trangferater than 1472 bytes, use

DgRtVmaplnitEx()

to allocate fragmented packets instead of uBiqigtvVmaplnit()

3.5.3 DgRtVmapSetChannelList

Syntax:

int DgRtVmapSetChannelList(int handle, int vmapid,
subsystem, int* cl, int clSize);

int dev, int

Input:

int handle Handle to the IOM

int vmapid Identifier of the VMAP to configure. Eaadtev must not be
used in more than one VMAP at a time.

int dev ID of the device where the channels are located

int subsystem The subsystem to use on the device (ex: DQ_SSO0IN)

int* cl Array containing the channels to add to the VMAP

int clSize Size of thecl array

Return:

DQ_ILLEGAL_HANDLE

invalid IOM handle

DQ_BAD_DEVN

there is no device with the specified number

DQ_BAD_PARAMETER

the subsystem is invalid for this device

DQ_SUCCESS command processed successfully
Zero or positive Number of bytes left in the buffer
value

Description:

Set the channel list for analog input (Al), anategput (AO) or digital I/O (DIO) devices to be

included into the VMAP.

Note:

This function is only used for VMAPSs for Al, AO dDIO devices (These boards

consume/produce data at the same rate for eatie didlard’s configured channels and use a single
FIFO for transfer datapgRtVmapSetChannelList()
function but beforégRtVmapStart()

DgRtVmapAddChannel()

is called after the

physical channels for the device that will be usethe VMAP.
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3.5.4 DgRtVmapAddChannelMaxSize

Syntax:

int DgRtVmapAddChannelMaxSize(int handle, int vmapi

d, int dev,

int subsystem, int cl, int flags, int max_size);

Input:

int handle
int vmapid

int dev

int subsystem
int cl

int flags

int max_size

Return:

DQ_ILLEGAL_HANDLE
DQ_BAD_DEVN
DQ_BAD_PARAMETER
DQ_PKT_TOOLONG
DQ_SUCCESS

Zero or positive

value

Description:
Add a channel to the VMAP and specify the maximmumber of bytes to receive or send per
packet transfer for that channel. Retub@@_PKT_TOOLONG max_size will resultin a payload

too big for the specified VMAP and packet size defi for the system.

This API allows users to calculate the remainiizg f the VMAP buffer at the time of adding
channels (not in runtime).

Notes

Handle to the IOM

Identifier of the VMAP to configure. Eaatev must not be

used in more than one VMAP at a time.

ID of the device where the channels are located

The subsystem to use on the device (ex: DQ_SSOIN)

Channel to add to the VMAP

Flag for channel. Available flags are:

e DQ_VMAP_FIFO_STATUS: retrieve the state of the

input/output FIFO at each refresh of the VMAP

Maximum number of bytes to receive (for inputsiwite

(for outputs) for this channel with each refresh.

invalid IOM handle

there is no device with the specified number
the subsystem is invalid for this device

too much data to fit a packet

command processed successfully

Number of bytes left in the buffer

*  The maximum number of channels in 1 VMAP is 256.
* No more than 1 VMAP or 1 DMAP can access an I/Ortboaowever, 1 DMAP or VMAP
can access multiple boards if desired.

If your application requires a packet size for sfers that is greater than 1472 bytes, you can use

DgRtVmaplInitEx()

to allocate fragmented packets instead of uBigigtVmaplnit()
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3.5.5 DgRtVmapSetScanRate

Syntax:
int DgRtVmapSetScanRate(int handle, int vmapid, int dev, int
subsystem, float scan_rate);
Input:
int handle Handle to the IOM
int vmapid Identifier of the VMAP to configure. Eaadfev must not be
used in more than one VMAP at a time.
int dev ID of the device where the channels are located
int subsystem The subsystem to use on the device (ex: DQ_SSOIN)
float scan_rate Update rate for the specified devidey)
Return:
DQ_ILLEGAL_HANDLE invalid IOM handle
DQ_BAD_DEVN there is no device with the specified number
DQ_BAD_PARAMETER the subsystem is invalid for this device
DQ_SUCCESS command processed successfully
Zero or positive Number of bytes left in the buffer
value
Description:

Sets the scan rate for the specified de\iegRtVmapSetScanRate () only applies to Al,
AO, and DIO devices.

Note:
This function is called beforleqRtVmapStart()

3.5.6 DgRtVmapSetConfig

Syntax:
int DgRtVmapSetConfig(int handle, int vmapid, int d ev, int
subsystem, uint32 config);
Input:
int handle Handle to the IOM
int vmapid Identifier of the VMAP to configure. Eaadfev must not be
used in more than one VMAP at a time.
int dev ID of the device where the channels are located
int subsystem The subsystem to use on the device (ex: DQ_SSOIN)
uint32 config Configuration settings for specified deviakey)
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Return:

DQ_ILLEGAL_HANDLE invalid IOM handle

DQ_BAD_DEVN there is no device with the specified number
DQ_BAD_PARAMETER the subsystem is invalid for this device
DQ_SUCCESS command processed successfully

Zero or positive Number of bytes left in the buffer

value

Description:

Sets configuration bits for a specified deviceisThnction is used to configure the clock
source and trigger source for a device and is peded if you want to use an external clock or
trigger. Theconfig  parameter is defined by logically ORing #definedfaguration parameters.
Refer toDgCmdSetCfg() for a list ofconfig clock/trigger parameters.

Note:
This function is called beforl@gRtVmapStart()

3.5.7 DgRtVmapGetinputMap

Syntax:
int DgRtVmapGetinputMap(int handle, int vmapid, int trl_list,
unsigned char** mappedData);
Input:
int handle Handle to the IOM
int dmapid Identifier of the VMAP
int trl_list Index of the VMAP entry
Output:
unsigned char** pointer to the beginning of the specified entryungMAP
mappedData buffer
Return:
DQ_ILLEGAL_HANDLE invalid IOM handle
DQ_BAD_DEVN there is no device with the specified number
DQ_SUCCESS command processed successfully
Description:

Get pointer to the beginning of the input data rabqcated for the specified device
Note:

Thetrl_index parameter is the data index for a given VMAP cleh@s set up in the
VMAP data buffer that is transferred during theesh call. When setting up the VMAP, the first
channel added witBgRtVmapAddChannel () is TRLO, the next one is TRL1, and so on. Nbgg t
all boards use the same TRL list. If you add 3@gpaiput boards to the VMAP and then add 3 analog
output boards, the first three Al boards map to Ufru TRL2 and the three AO boards will be TRL3
thru TRL5.

To use TRL, users must keep track of the orderhichvchannels are added, which may be
difficult to use; alternatively, APIs that use tttgannel number instead of TRL are described in the
Smplified VMap and VMap+ Functions section of this manual.
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3.5.8 DgRtVmapGetOutputMap

Syntax:
int DgRtVmapGetOutputMap(int handle, int dmapid, in ttrl_list,
unsigned char** mappedData);
Input:
int handle Handle to the IOM
int dmapid Identifier of the VMAP
int trl_list Index of the VMAP entry
Output:
unsigned char** pointer to the beginning of the specified entrypotitV MAP
mappedData buffer
Return:
DQ_ILLEGAL_HANDLE invalid IOM handle
DQ_BAD_DEVN there is no device with the specified number
DQ_SUCCESS command processed successfully
Description:

Get pointer to the beginning of the output dat@ mitocated for the specified device.
Note:

Thetrl_index parameter is the data index for a given VMAP clehas set up in the
VMAP data buffer that is transferred during theesh call. This parameter is described in detail in
DgRtVmapGetinputMap() . Note that functions found in ttfg&mplified VMap and VMap+
Functions section of this manual perform the VMAP functidresed on a channel list instead of a TRL
and are easier to use.

3.5.9 DgRtVmapAddOutputData

Syntax:
int DgRtVmapAddOutputData(int handle, int vmapid, i nt trl_index,
uint32 data_size, int* act_size, uint8* data);
Input:
int handle Handle to the IOM
int vmapid Identifier of the VMAP to write to
int trl_index Index of the VMAP entry to update
int data_Size Size of the data buffer in bytes
uint8* data Data to send to the VMAP
Output:
|int* act_size | Number of bytes actually sent to the VMAP
Return:
DQ_ILLEGAL_HANDLE invalid IOM handle
DQ_BAD_DEVN there is no device with the specified number
DQ_SUCCESS command processed successfully
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Description:

Copies data into the output packet and returns eumicbytes left in the packet.
Note:

Thetrl_index parameter is the data index for a given VMAP clehas set up in the
VMAP data buffer that is transferred during theesh call. This parameter is described in detail in
DgRtVmapGetinputMap() . Note that functions found in tfgémplified VMap and VMap+
Functions section of this manual perform the VMAP functidrased on a channel list instead of a TRL
and are easier to use.

3.5.10 DgRtVmapGetOutputDataSz

Syntax:
int DgRtVmapGetOutputDataSz(int handle, int vmapid, int
trl_index, int* data_size, int* avl_size);
Input:
int handle Handle to the IOM
int vmapid Identifier of the VMAP to write to
int trl_index Index of the VMAP entry
Output:
int* data_size Number of bytes sent to the device
Int* avl_size Number of bytes that the output FIFO can accept.
Return:
DQ_ILLEGAL_HANDLE invalid IOM handle
DQ_BAD_DEVN there is no device with the specified number
DQ_SUCCESS command processed successfully
Description:

Returns how many bytes were copied from the oygpaket and how much more room is
available in the output FIFO.
Note:

Thetrl_index parameter is the data index for a given VMAP clehas set up in the
VMAP data buffer that is transferred during theesh call. This parameter is described in detail in
DgRtVmapGetinputMap() . Note that functions found in tfsémplified VMap and VMap+
Functions section of this manual perform the VMAP functidrased on a channel list instead of a TRL
and are easier to use.
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3.5.11 DgRtVmapRglnputDataSz

Syntax:

int DgRtVmapRglnputDataSz(int handle, int vmapid, i

nt trl_index,

uint32 rq_size, int* act_size, uint8 **indataptr);

Input:

int handle Handle to the IOM

int vmapid Identifier of the VMAP to read from

int trl_index Index of the VMAP entry

int rq_size Number of bytes to read from the device

Output:

int* act_size Maximum number of bytes that can possibly be temstl

(might be smaller than the requested number)

uint8** indataptr

Pointer to the buffer where the received datalvell
accessible once the refresh is complete.

Return:

DQ_ILLEGAL_HANDLE

invalid IOM handle

DQ_BAD_DEVN

there is no device with the specified number

DQ_SUCCESS command processed successfully
Description:
Requests the maximum number of bytes to read fhendévice.
Note:
Thetrl_index parameter is the data index for a given VMAP clehas set up in the

VMAP data buffer that is transferred during theeeh call. This parameter is described in detail in
. Note that functions found in tt&mplified VMap and VMap+
Functions section of this manual perform the VMAP functidrased on a channel list instead of a TRL

DgRtVmapGetinputMap()

and are easier to use.

3.5.12 DgRtVmapGetinputData

Syntax:

int DgRtVmapGetinputData(int handle, int vmapid, in t trl_index,
uint32 max_size, int* data_size, int* avl_size, uin t8* data);
Input:
int handle Handle to the IOM
int vmapid Identifier of the VMAP to read from
int trl_index Index of the VMAP entry
uint32 max_size Size of the “data” buffer
Output:
int* data_size Number of bytes actually read.
Int* avl_size Number of un-read bytes still sitting in the delsc@put
FIFO
uint8* data Buffer containing the received bytes
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Return:
DQ_ILLEGAL_HANDLE invalid IOM handle
DQ_BAD_DEVN there is no device with the specified number
DQ_SUCCESS command processed successfully
Description:
Copies data from the input packet and returns numbleytes copied and available size in the
input FIFO.
Note:

Thetrl_index parameter is the data index for a given VMAP clehas set up in the
VMAP data buffer that is transferred during theesh call. This parameter is described in detail in
DgRtVmapGetinputMap() . Note that functions found in ttfg&mplified VMap and VMap+
Functions section of this manual perform the VMAP functidrased on a channel list instead of a TRL
and are easier to use.

3.5.13 DgRtVmapProgram

Syntax:

int DgRtVmapProgram(int handle, int vmapid);
Input:
int handle Handle to the IOM
int vmapid Identifier of the VMAP to program
Return:
DQ_ILLEGAL_HANDLE invalid IOM handle
DQ_SUCCESS command processed successfully
Description:

This function pre-programs the VMAP in the IOM watit starting it.
When running multiple DMAPs or VMAPs in the sameMQOyou must program them before
starting any of them.

3.5.14 DgRtVmapStart

Syntax:

int DgRtVmapStart(int handle, int vmapid);
Input:
int handle Handle to the IOM
int vmapid Identifier of the VMAP to start
Return:
DQ_ILLEGAL_HANDLE invalid IOM handle
DQ_SUCCESS command processed successfully
Description:

This function starts operation.
DgRtVmapsStart() implicitly calls DgRtVmapProgranif(jt hasn't been called already. When running
multiple DMAPs or VMAPSs on the same I0M, you musplitly call DgRtVmapProgram() on all
VMAPs and DMAPs before starting any of them.
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3.5.15 DgRtVmapStartTr

Syntax:

int DgRtVmapStartTr(int handle, int vmapid, int tri Q);
Input:
int handle Handle to the IOM
int vmapid Identifier of the VMAP to start
int trig Disable for triggering layers in software

0 = no software trigger, >0 = software trigger

Return:
DQ_ILLEGAL_HANDLE invalid IOM handle
DQ_SUCCESS command processed successfully
Description:

This function starts operation. Whernd > 0), this function operates exactly the same as
DgRtVmapsStart(). Whertrig == 0), this function forces devices to wait for a hardwarre

broadcast trigger.
DgRtVmapStart*() functions implicitly call DgRtVm&pogram() if it hasn't been called already.

When running multiple DMAPs or VMAPs on the saméQyou must explicitly call
DgRtVmapProgram() on all VMAPs and DMAPs beforatstg any of them.

3.5.16 DgRtVmapStop

Syntax:

int DgRtVmapStop(int handle, int vmapid);
Input:
int handle Handle to the IOM
int vmapid Identifier of the VMAP to stop
Return:
DQ_ILLEGAL_HANDLE invalid IOM handle
DQ_SUCCESS command processed successfully
Description:

This function stops operation.
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3.5.17 DgRtVmapRefresh, DgRtVmapRefreshExt

Syntax:
int DgRtVmapRefresh(int handle, int vmapid , int flags);

int DgRtVmapRefreshExt( int handle, int vmapid, int flags, uint16*
counter, uint16* tstamp)

Input:

int handle Handle to the IOM

int vmapid Identifier of the VMAP to refresh

int flags DQ_VMAP_REREQUE®J request last VMap if the previous
call to this function has timed out

Return:

DQ_ILLEGAL_HANDLE invalid IOM handle

DQ_SUCCESS command processed successfully

Description:

This function refreshes the host's version of tlag oy downloading the IOM's map.

DgRtVmapRefreshExt()  is an extended version DfRtvmapRefresh()  which additionally returns
packet counter in <counter> and timestamp in <tiarap>.

It can be also used to re-request unreceived VMagqi by settin@Q_VvVMAP_REREQUE$ag and
either passing zero as a <counter> or an actuéiepaounter of timed-out request. Firmware stores
last two transmitted VMap packets by default.
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3.5.18 DgRtVmapRefreshOutputs, DgRtVmapRefreshOutputsExt

Syntax:
int DgRtVmapRefreshOutputs(int handle, int vmapid, int flags);

int  DgRtVmapRefreshOutputsExt( int handle, int vmapid, int flags,
uint16* counter)

Input:

int handle Handle to the IOM

int vmapid Identifier of the VMAP to refresh

int flags For future extension of VMAP mode
Return:

DQ_ILLEGAL_HANDLE invalid IOM handle

DQ_SUCCESS command processed successfully
Description:

This function initiates a VMAP refresh by sendihg output values to the IOM and returns
immediately.

You need to call DgRtVmapRefreshinputs() to comptae refresh and retrieve the input
values from the IOM.

DgRtVmapRefreshOutputsExt() is an extended version DfRtVmapRefreshOutputs()
Extended function accepts control flags and pac&anter. One of the important flags is
DQ_VMAP_REREQUESthich allows to re-request missing VMap reply petakithout the risk of output
the same message twice. The packet number shosloeoéied in <counter> parameter. If zero is
passed function re-request the previous packek@aounter is maintained in the VMap control
structure inside the library).

Note:

The pair DgRtVmapRefreshOutputs()/DgRtVmapRefreghts() can be used instead of
DgRtVmapRefresh(). This frees the task to do somgthseful while the VMAP refresh packets are
transferred in the background.

Extended version of this function can be useceteguest missed packet. If

DgRtVmapRefreshinputsExt() is used the missed counter can be calculatedthiertast successfully
received packet for the VMap as
if (dgCounter < 0xffff) dgCounter++; else dgCounter = 1;

3.5.19 DgRtVmapRefreshinputs, DgRtVmapRefreshinputsExt

Syntax:
int DgRtVmapRefreshinputs(int handle, int vmapid);
int  DgRtVmapRefreshinputsExt( int handle, int vmapid, uintl6* counter,

uint16* tstamp)
Input:
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int handle Handle to the IOM

int vmapid Identifier of the VMAP to refresh
Return:

DQ_ILLEGAL_HANDLE invalid IOM handle
DQ_SUCCESS command processed successfully
Description:

This function completes a VMAP refresh initiatedwbDgRtVmapRefreshOutputs(), retrieving
the input values returned by the IOM.

You need to call DgRtVmapRefreshOutputs() firsinitiate the refresh and send the output
values to the IOM.

DgRtVmapRefreshinputsExt() is an extended version of the
DgRtVmapRefreshinputs() which additionally returns packet number in <countend packet
timestamp in <tstamp>

Note:

The pair DgRtVmapRefreshOutputs()/DgRtVmapRefreghts() can be used instead of
DgRtVmapRefresh(). This frees the task to do somgthseful while the VMAP refresh packets are
transferred in the background.

3.5.20 DgRtVmapClose

Syntax:

int DgRtVmapClose(int handle, int vmapid);
Input:
int handle Handle to the IOM
int vmapid Identifier of the VMAP to close
Return:
DQ_ILLEGAL_HANDLE invalid IOM handle
DQ_SUCCESS command processed successfully
Description:

This function frees all resources allocated byMMAP operation on the specified IOM.
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3.6 Real time Variable-size Data Variable-channels Mapping (VMap+)
Functions

Variable data/variable channel mode of mappingdmuired for layers with large number of possible
addresses. For example, DNx-1553-553 layer implémgad553B military avionics protocol is

capable of supporting two independent buses witfeBte terminals each containing 32 subadresses
and multiple status words.

VMap+ operations require adding channels with VMAP_SPEC_CHANNERg. When the flag is
specified the channel specified in the DgRtVmapAlda@el() is only used to determine data size; the
actual channel to perform the operation with it in the runtime using
DgRtVmapAddOutputChannelData() and DgRtVmapRqInpai®elData().

VMap+ packet contains information for both amouhdata and channel to retrieve. Request packet
always contains two 16-bit entries per each inpututput channel. Reply packet can contain either
one or two 16-bit entries per channel (the same agayith VMap). One of the entries contains the
number of actually read or written data points ti@lsecond one is optional information about the si
of data (or empty space for write) remains in thedr

Host to Cube (request) Cube to Host (reply)
Flags Flags

Size Write 0 Size Written 0
Channel Write 0 - to IOM [Remains 0]
Size Write N Size Written N
Channel Write N [Remains N]
Size Request 0 Size Read 0
Channel Request 0 [Remains 0]
Size Request N Size Read N
Channel Request N < from IOM [Remains N]
Data Write O Data Read 0

3.6.1 DgRtVmapAddOutputChannelData

Syntax:

int DgRtVmapAddOutputChannelData(int handle, int vm apid, int
trl_index, uint32 channel, uint32 data_size, int* a ct_size, uint8*
data);
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Input:
int handle Handle to the IOM
int vmapid Identifier of the VMAP to write to
int trl_index Index of the VMAP entry to update
uint32 channel Channel to output data to
int data_Size Size of the data buffer in bytes
uint8* data Data to send to the VMAP
Output:
| int* act_size | Number of bytes actually sent to the VMAP
Return:

DQ_ILLEGAL_HANDLE

invalid IOM handle

DQ_BAD_DEVN

there is no device with the specified number

DQ_SUCCESS

command processed successfully

Description:

Copies channel information and data into the oupagket and returns number of bytes left in

the packet.

3.6.2 DgRtVmapRgInputChannelDataSz

Syntax:
int DgRtVmapRglnputChannelDataSz(int handle, int vm apid, int
trl_index, uint32 channel, uint32 rg_size, int* act _size, uint8
**indataptr);
Input:
int handle Handle to the IOM
int vmapid Identifier of the VMAP to read from
int trl_index Index of the VMAP entry
uint32 channel Channel to request data from
int rg_size Number of bytes to read from the device
Output:
int* act_size Maximum number of bytes that can possibly be tremestl

(might be smaller than the requested number)

uint8** indataptr

Pointer to the buffer where the received data lvéll
accessible once the refresh is complete.

Return:

DQ_ILLEGAL_HANDLE

invalid IOM handle

DQ_BAD_DEVN

there is no device with the specified number

DQ_SUCCESS

command processed successfully

Description:

Function requests the maximum number of bytesdd from the specified channel of the

device.
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3.7 Simplified VMap and VMap+ Functions

A set of simplified functions was developed to makéing of VMap-based real-time application

simpler. After creating VMap or VMap+ the followirignctions may be used instead of
DgRtVmapAddOutputChannelData(), DgRtVmapAddOutputDa ta(),

DgRtVmapRgInputChannelDataSz(), DgRtVmapRgInputData sz(). The main idea of the following
APl is to avoid using index in the transfer listaequire user to update all entries in the outgoin

VMap packet. Instead, following functions are recoemded:
DgRtVmaplnitOutputPacket()

DgRtVmapWriteOutput()

DgRtVmapPlusWriteOutput()

DgRtVmapRequestinput()

DgRtVmapPlusRequestinput()

DgRtVmapReadInput()

DgRtVmaplnputFifoAvailable()

DgRtVmapOutputFifoAvailable()

These functions are intended to be called in th@ imgcle of the application:

1. Allocate a fixed or a circular buffer for each chahof each device. We suggest to use a
circular queue as a data structure to store delate

2. Initialize VMap, Add channels to VMap/VMap+ andrsteMap

3. Enable operations, then

while (Istop) {
DgRtVmaplnitOutputPacket() /I clear outgoing packet

4. Store output data only for channels you would tik@utput data
DgRtVmapWriteOutput(, *data)
or
DgRtVmapPlusWriteOutput(, channel,..., *data)
Last parameter is a pointer to the user buffer widata should be copied from.
For VMap/VMap+ <channel> is the same channel winvels added usinggRtDmapAddChannel()
For VMap+ <rg_channel> is the channel user actueliyests data from.

5. Store requests for input data. Input data is whgbing to be returned from the layer.

DgRtVmapRequestinput()
DgRtVmapPlusRequestinput()

The same difference between <channel> and <rg_elr@applies when user requests input
6. Exchange data with the cube. There are two waysftesh data

a. usingDgRtVmapRefresh()  to send packet with the output data and input tjaests, wait for
and the receive a packet with the requested ingtat d

b. Call DgRtVmapRefreshOutputs() to send output packet at the end of the cycletlaew at the
beginning of the cycle catigRtvmapRefreshinputs() to receive recently received data. As an
option DgRtXmapRefreshinputs() can be called. This function receives VMap/VMaatchet
regardless of <vmap_id> of the packet and retusmsap_id> which can be used to select
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appropriate processing for the data. An additid@d handle (se®qgRtAddlomPort() ) is
recommended for this way of refreshing data.

7. Call DgRtvmapReadinput()  to copy received data from the VMap into user &uff

8. Optionally, if the flagpQ_VMAP_FIFO_STATUS$S set user can use

DgRtVmaplnputFifoAvailable() andDgRtVmapOutputFifoAvailable() functions to
retrieve the amount of data either available initipeit FIFO or room available in the output
FIFO.

3.7.1 DgRtVmaplnitOutputPacket

Syntax:
int DAQLIB DgRtVmaplInitOutputPacket( int handle, int  vmapid)
Command:
RT
Input:
int handle Handle to the IOM returned ByqOpenlOM()
int vmapid VMap handle
Output:
None
Return:
DQ_ILLEGAL_ENTRY vmapid is illegal
DQ_ILLEGAL_HANDLE invalid non-NULL value foriom
DQ_SUCCESS successful completion
Description:

This function clears all structures of the outgoracket associated with <vmapid>
Note:
None

3.7.2 DgRtVmapWriteOutput

Syntax:
int DAQLIB DgRtVmapWriteOutput( int handle, int vmapid, int device, uint32 channel,
int rq_size, uint8* data)

Command:
RT

Input:

int handle Handle to the IOM returned ygOpenIOM()

int vmapid VMap handle

int device Device number

uint32 channel Channel number

int rq_size Requested size

uint8* data Pointer the data to copy to the output packet
Output:

Returns positive value Number of bytes actuallytteni to the output buffer
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Return:
DQ_ILLEGAL_ENTRY vmapid is illegal
DQ_ILLEGAL_HANDLE invalid non-NULL value foliom
DQ_ILLEGAL_INDEX Couldn't find index in the transfer table
Zero or positive successful completion

Description:

This function copies data from the user buffeth® output VMap packet

Note:
As explained in the previous two sections, the Viapket does not contain information on
channels included into channel list created withagiddChannel and therefore must be filled
in the order of the transfer list. Thus, first grtorresponds to the 1st channel, second to 2nd...
DMap can be filled out of order since each chatelats a fixed number of bytes in the packet

3.7.3 DgRtVmapPlusWriteOutput

Syntax:
int DAQLIB DgRtVmapPlusWriteOutput( int handle, int vmapid, int device, uint32
channel, uint32 rq_channel, int rg_size, uint8* data)
Command:
RT

Input:

int handle Handle to the IOM returned ByqOpenIOM()

int vmapid VMap handle

int device Device number

uint32 channel Channel number as specified in DgRtVmapAddChannel()

uint32 rg_channel Requested channel

int rq_size Requested size

uint8* data Pointer the data to copy to the output packet
Output:

Returns positive value Number of bytes actuallytteni to the output buffer
Return:

DQ_ILLEGAL_ENTRY vmapid is illegal

DQ_ILLEGAL_HANDLE invalid non-NULL value foliom

DQ_ILLEGAL_INDEX Couldn't find index in the transfer table

Zero or positive successful completion
Description:

This function copies data for the specified <rcaratel> from the user buffer to the output
VMap+ packet
Note:

<channel>c hannel number as specifiedbgRtVmapAddChannel() when this entry into
the VMap is created. VMap+ allows you to speeityual channel (to substitute the channel number
assigned when the channel was added to VMap+).altigl channel has to be passed as
<rg_channel >
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3.7.4 DgRtVmapRequestinput

Syntax:
int DAQLIB DgRtVmapRequestinput( int handle, int vmapid, int device, uint32
channel, int rq_size)

Command:
RT
Input:
int handle Handle to the IOM returned ByqOpenlOM()
int vmapid VMap handle
int device Device number
uint32 channel Channel number
int rq_size Requested size
Output:
Returns positive value Number of bytes actuallyesged
Return:
DQ_ILLEGAL_ENTRY vmapid is illegal
DQ_ILLEGAL_HANDLE invalid non-NULL value foriom
DQ_ILLEGAL_INDEX Couldn't find index in the transfer table
Zero or positive successful completion
Description:

This function requests input data and store regoeble output VMap packet
Note:
None

3.7.5 DgRtVmapPlusRequestinput

Syntax:
int DAQLIB DgRtVmapPlusRequestinput( int handle, int vmapid, int device, uint32
channel, uint32 rq_channel, int rg_size)
Command:
RT
Input:
int handle Handle to the IOM returned ygOpenlOM()
int vmapid VMap handle
int device Device number
uint32 channel Channel number as specified in DgRtVmapAddChannel()
uint32 rg_channel Requested channel
int rq_size Requested size
Output:
Returns positive value Number of bytes actuallyttemi to the output buffer
Return:
DQ_ILLEGAL_ENTRY vmapid is illegal
DQ_ILLEGAL_HANDLE invalid non-NULL value foliom
DQ_ILLEGAL_INDEX Couldn't find index in the transfer table
Zero or positive successful completion
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Description:
This function requests input data and store reqodble output VMap packet

Note:

<channel>c¢ hannel number as specifiedbgRtVmapAddChannel() when this entry into
the VMap is created. VMap+ allows you to speeityual channel (to substitute the channel number
assigned when the channel was added to VMap+).altigl channel has to be passed as
<rq_channel >

3.7.6 DgRtVmapReadlnput

Syntax:
int DAQLIB DgRtVmapReadInput(int handle, int vmapid , int device, uint32 channel,
int rq_size, int* ret_size, uint8* data)
Command:
RT
Input:
int handle Handle to the IOM returned HByqOpenlOM()
int vmapid VMap handle
int device Device number
uint32 channel Channel number
int rq_size Requested size
Output:
int *ret_size Actually received
uint8*  data Pointer to the user-allocated to copy data
Return:
DQ_ILLEGAL_ENTRY vmapid is illegal
DQ_ILLEGAL_HANDLE invalid non-NULL value foriom
DQ_ILLEGAL_INDEX Couldn't find index in the transfer table
Zero or positive successful completion
Description:
This function copies received data into the udlecated buffer
Note:

The allocated buffer should not be less thansize> bytes
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3.7.7 DgRtVmaplnputFifoAvailable

Syntax:
int DAQLIB DgRtVmaplnputFifoAvailable( int handle, int vmapid, int device, uint32
channel, int *available)
Command:
RT
Input:
int handle Handle to the IOM returned ByqOpenlOM()
int vmapid VMap handle
int device Device number
uint32 channel Channel number
Output:
int * available Amount of data available in the FIFO after VMap i@tion
Return:
DQ_ILLEGAL_ENTRY vmapid is illegal
DQ_ILLEGAL_HANDLE invalid non-NULL value foliom
DQ_ILLEGAL_INDEX Couldn’t find index in the transfer table
Zero or positive successful completion
Description:

This function returns amount of data additionalxilable in the FIFO after VMap operation is
completed (in bytes).
Note:
If the request data size is zero but user stillte&/ém see the amount of data it must use
DQ_VMAP_FIFO_RQSIZE flag when channel is added.deDilise, if the requested size is zero then
the request to calculate amount of data availabthe FIFO is ignored by the firmware.

3.7.8 DgRtVmapOutputFifoAvailable

Syntax:
int DAQLIB DgRtVmapOutputFifoAvailable( int handle, int vmapid, int device, uint32
channel, int *available)
Command:
RT

Input:

int handle Handle to the IOM returned ygOpenlOM()

int vmapid VMap handle

int device Device number

uint32 channel Channel number
Output:

int * available Amount of data available in the FIFO after VMap @tion
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Return:
DQ_ILLEGAL_ENTRY vmapid is illegal
DQ_ILLEGAL_HANDLE invalid non-NULL value foliom
DQ_ILLEGAL_INDEX Couldn't find index in the transfer table
Zero or positive successful completion

Description:

This function returns amount of room additionaliyailable in the output FIFO after VMap
operation is completed (in bytes).
Note:
If the request data size is zero but user stillte/ém see the amount of data it must use
DQ_VMAP_FIFO_RQSIZE flag when channel is added.deDilise, if the requested size is zero then
the request to calculate amount of data availabthe FIFO is ignored by the firmware.

3.7.9 DgAdvRawToScaleValue

Syntax:
int DAQLIB DgAdvRawToScaleValue( int handle, int device, uint32 channel, uint32
rawVal, double * pScaledVal)

Command:
RT

Input:
int handle Handle to the IOM returned EyqOpenIOM()
int device Device number
uint32 channel Channel number
uint32 rawVal Raw ADC value

Output:
double *pScaledval Returned scaled ADC value

Return:
DQ_ILLEGAL_HANDLE |nvalid non-NULL value foiiom
DQ_BAD_DEVN Incorrect device number
DQ_BAD_PARAMETER_2  Unsupported gain value detected as channel paramete
Zero or positive Successful completion

Description:

This function converts raw ADC values and retugeling as scaled voltage or current.
Note:
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3.7.10 DgAdvScaleToRawValue

Syntax:
int DAQLIB DgAdvScaleToRawValue( int handle, int device, uint32 channel, double
scaledVal, uint32* pRawVal)
Command:
RT
Input:
int handle Handle to the IOM returned ByqOpenlOM()
int device Device number
uint32 channel Channel number
double scaledVal Scaled DAC value
Output:
uint32* pRawVal Returned raw DAC value
Return:
DQ_ILLEGAL_HANDLE Invalid non-NULL value foiom
DQ_BAD_DEVN Incorrect device number

DQ_BAD_PARAMETER_2  |ncorrect channel parameter
DQ_NOT_IMPLEMENTED  Parameter not implemented
Zero or positive Successful completion

Description:

This function converts a scaled DAC voltage orent reading and returns a raw DAC value.
Note:

- 120 -



PowerDNA API| Reference Manual, Release 4.10

3.8 Real-time DMap / VMap Packet Fragmentation Functions

For applications that require a single, larger pagsacket fragmentation can be enabled with the
DgRtVmaplnitEx()  / DgRtDmaplnitEx() APl described below. The API allows an increasthé
MAP buffer beyond one packet size.

An advantage of using fragmented packets is thatckn be sent in conveniently sized transmissions.
Larger transmissions of data can simplify managfregdata (all data is transferred in one packet).
Generally, one big fragmented packet is betteroperince-wise than smaller individual packets sent
per device. Transmissions arrive to the IOM as ipleltbuffers and are serviced by one interrupt and
context switch. Servicing a VMAP/DMAP takes approgiely 40 us, so processing all devices
together instead of individually could be more tiafécient.

Disadvantages of using fragmentation is that rbshices additional delays upon loss of a packss lo
of a single fragment requires retransmission ofratiments; reassembly of IP packets takes time and
delays data to the app until all fragments are ess&fally received.

Calculating packet size:
Both APl accept a DQ_RTMAP_PARAM structure thatlintes elements for setting the maximum
payload size and the maximum transfer umitu().

Packets will be fragmented if the number of bytebe transmitted is greater than the programmed
mtu value, which represents the greatest datalsstecan be transmitted in a single network transfe
(the size of the IP packet contained in an Etheraete).

For the Ethernet v2 protocol, the mtu is 1518 bytieis is slightly reduced by header requirements):
1518 (mtu) - 18 (Ethernet header) - 20 (IP head@rJUDP header)
= a maximum of 1472 bytes for UDP packet siz&ffdgment)
(and subsequent fragments would be 1480 bechaddP header doesn’t retransmit)

Maximum packet size:

The RFC limits the size of a fragmented packetio 5535 bytes). However, UEI IOMs' maximum
packet size is limited to 12000 bytes, a UEI rgaktnetwork stack limitation. This yields a maximum
of 8 fragments:

 The DQ_RTMAP_PARAM elementnax_payload_sz , represents the max payload size, and
cannot exceed 12000.

» Packets will be fragmentedifgRtVmaplnitEx()  or DgRtDmaplnitEx() APl is used, and
if the packet to transmit is greater than tita size and less than 12000.

* This results in an 8 fragment maximum.

In VMAP mode, the size of the outgoing packet carclhecked by using the
DgRtVmapRglnputDataSz()  function, which requests space for the data anuoirre the amount to
of data still available in the packet.

Note: The ***InitEx API only use as many packets as nektiefit data. However, these functions do
use additional memory to allocate required buffercsures than the=*Init() API use.
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3.8.1 DgRtDmaplnitEx

Syntax:
g int DgRtDmaplnitEx(int handle, int* dmapid, DQ_RTMA P_PARAM*

vmapparam);

Input:

int handle Handle to the IOM

DQ_RTMAP_PARAM* Structure identifying maximum size of payload, nmaxm

dmapparam transfer unit, and desired refresh rate. See Naltabfor
structure information and example.

Output:

| int* dmapid | Identifier of the newly created DMAP |

Return:

DQ_ILLEGAL_HANDLE invalid IOM handle

DQ_NO_MEMORY memory allocation error or exceeded maximum talzle s

DQ_SUCCESS command processed successfully

Description:

Extended version ddqRtDmaplnit(). DgRtDmapInitEx () initializes the specified

IOM to operate in DMAP mode and allows an incraasde DgRtDmap buffer beyond one packet
size. This allows the use of fragmented packetawthe DMAP size i 11.5 kilobytes.

Note:
TheDQ_RTMAP_PARAM dmapparnstructure must be declared and initialized befaténg
this function. The structure format is as follows:

typedef struct {
int max_payload_sz; // maximum size of payload, packet
/I will be fragmented
/I if > GetlOM(handle)->MaxDgPayload
int mtu; /I maximum transfer unit, p ackets
/I will be fragmented if exceeded
double refreshRate; // desired refresh rate,
/I used as a guideline to program
/I layer parameters (not the actual
/I AID rate)

} DQ_RTMAP_PARAM, *pDQ_RTMAP_PARAM:;

For example:
DQ_RTMAP_PARAM dmapparam = {12000, 1518, 0.1};

e An IOM can have multiple DMAPsMapids ) created wittDgRtDmaplnitEx()

* No more than 1 VMAP or 1 DMAP can access an |/Ortholaowever, 1 DMAP or VMAP can
access multiple boards if desired.

¢  The maximum number of channels in 1 DMAP is 2048.
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e DgRtDmaplnitEx can be used to initialize an aDMap (where paclketstiers from the
cube/RACK to the host application are timed antated on the cube/RACK side). If the
aDMap'’s conversions are synchronized to an ext@lnak on the SYNC bus, you must call
DgRtDmapSetMode() with the mode set tbQ_DMAP_SYNC_DMAP_COMMnediately following
theDgRtDmapInitEx()  API call. DgRtDmapSetMode() is described in a Sectidgrror!
Reference source not found.and aDMap is described in Sectiémror! Reference source not
found..

¢ The maximum number of VMAPs and DMAPs configureamne IOM is 256.

3.8.2 DgRtVmaplInitEx

Syntax:
g int DgRtVmaplnitEx(int handle, int* vmapid, DQ_RTMA P_PARAM*

vmapparam);

Input:

int handle Handle to the IOM

DQ_RTMAP_PARAM* Structure identifying maximum size of payload, nmaxm

vmapparam transfer unit, and desired refresh rate. See Naltabfor
structure information and example.

Output:

| int* vmapid | Identifier of the newly created VMAP |

Return:

DQ_ILLEGAL_HANDLE invalid IOM handle

DQ_NO_MEMORY memory allocation error or exceeded maximum talzle s

DQ_SUCCESS command processed successfully

Description:

Extended version dqRtVmaplnit(). DgRtVmapInitEx () initializes the specified

IOM to operate in VMAP mode and allows an increasne DgRtVmap buffer beyond one packet
size. This allows the use of fragmented packetawthe VMAP size is< 11.5 kilobytes.

Note:
TheDQ_RTMAP_PARAM vmapparnstructure must be declared and initialized befating
this function. The structure format is as follows:

typedef struct {
int max_payload_sz; // maximum size of payload, packet
/I will be fragmented
/I if > GetlOM(handle)->MaxDgPayload
int mtu; /I maximum transfer unit, p ackets
/I will be fragmented if exceeded
double refreshRate; // desired refresh rate,
/I used as a guideline to program
/I layer parameters (not the actual
/I AID rate)

} DQ_RTMAP_PARAM, *pDQ_RTMAP_PARAM:;
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For example:
DQ_RTMAP_PARAM vmapparam = {12000, 1518, 0.1};

e An IOM can have multiple VMAPsv(napids ) created wittDgRtVmapInitEx()

* No more than 1 VMAP or 1 DMAP can access an l/Orthoaowever, 1 DMAP or VMAP can
access multiple boards if desired.

e The maximum number of channels in 1 VMAP is 256.

¢ The maximum number of VMAPs and DMAPs configureane IOM is 256.
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3.9 Messaging (Msg) Functions
These are functions specific to Msg mechanisms.

3.9.1 DgMsgCreate

Syntax:
int DgMsgCreate(pDQE pDge, int iom, uint32 devn, ui nt32 ss,
uint32 dir, uint32 config, uint32 queueSize, pDQBCB *pBch)
Command:
DQE
Input:
pDQE pDge pointer to the previously created instance of DQE
int iom Handle to the IOM returned EyqOpenlOM()
uint32 devn layer number inside the IOM
uint32 ss subsystem of layer
uint32 dir direction for message queue; either
DQ_MSG_DIRECTION_RECEIVING@r
DQ_MSG_DIRECTION_SENDING
uint32 config configuration (layer specific)
uint32 queueSize maximum number of entries in message queue
pDQBCB *pBch pointer to receive a newly allocated BCB structure
Output:
pDQBCB *pBch receives a newly allocated BCB structure
Return:

DQ_NO_MEMORY memory allocation error

DQ_BAD_PARAMETER NULL or 0 as a parametegjueueSize is less than
DQ_MSG_MIN_QUEUE_SIZBrdir is neither
DQ_MSG_DIRECTION_SENDINGor
DQ_MSG_DIRECTION_RECEIVING

DQ_ILLEGAL_HANDLE invalid non-NULL value foliom

DQ_DEVICE_BUSY layer already taken

DQ_SUCCESS successful completion
Description:
This function allocates a new Msg queue-type BCB.
Note:
None.

3.9.2 DgMsgInitOps

Syntax:
int DgMsgInitOps(pDQBCB pBcb)
Command:
DQE
Input:
pDQBCB pBchb pointer to Msg queue
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Output:
None.
Return:
DQ_BAD_PARAMETER pBcb is NULL

DQ_ILLEGAL_HANDLE pBcb is not a Msg queue

DQ_NO_MEMORY unable to allocate necessary structure
DQ_SUCCESS successful completion
Description:
The function sets up configuration for one devitéhe IOM.
Note:
None.

3.9.3 DgMsgDestroy

Syntax:

int DgMsgDestroy(pDQBCB pBcb)
Command:

DQE
Input:

pDQBCB pBch pointer to Msg queue

Output:

None.
Return:

DQ_BAD_PARAMETER pBcb is NULL
DQ_ILLEGAL_HANDLE pBcb is already deallocated or is not a Msg queue

DQ_SUCCESS successful completion
Description:
The function destroys a Msg queue create®glylsgCreate()
Note:
None.

3.9.4 DgMsgRecvMessage

Syntax:
int DgMsgRecvMessage(pDQBCB pBcb, pDgMessage messag e, int
*gotMsg, uint32 *avail)

Command:
DQE
Input:
pDQBCB pBch pointer to Msg queue
pDgMessage message DgMessage structure in which to store the received
message. TheataSize field should indicate the amount
of allocated space in thata field.
int *gotMsg pointer to receive value indicating whether a mgsseaas
received from the queue
uint32 *avail pointer to receive the number of messages stilién

receiving message queue
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Output:
pDgMessage message Thedata field is filled with the received message. The
dataSize field's value is set to the data's actual size.
int *gotMsg returnsTRUEIf a message was retrieved and stored in
message parameterfFALSEif there was no message in
the queue
uint32 *avalil returns the number of messages still in the recgivi
message queue
Return:
DQ_BAD_PARAMETER if any parameter is NULL
DQ_ILLEGAL_HANDLE if pBcb does not reference a receiving Msg queue
DQ_NOT_ENOUGH_ROOWlthe data field oinessage, indicated by thelataSize
field, is not large enough to store the message

DQ_SUCCESS successful completion
Description:
This function gets a message received by one éévithe |IOM.

Note:
Check thegotMsg parameter after calling to see if a message waslhcretrieved.

3.9.5 DgMsgSendMessage

Syntax:
int DgMsgSendMessage(pDQBCB pBcb, pDgMessage messag e, uint32
*avail)
Command:
DQE
Input:
pDQBCB pBch pointer to Msg queue
pDgMessage message message to send
uint32 *avail pointer to receive the number of messages thae ihestill
room for in the sending message queue
Output:
uint32 *avail returns the number of messages that there isatith for in
the sending message queue
Return:

DQ_BAD_PARAMETER if any parameter is NULL
DQ_ILLEGAL_HANDLE if pBcb does not reference a sending Msg queue
DQ_NOT_ENOUGH_ROOMe message queue is full

DQ_SUCCESS successful completion
Description:
The function sends a message from one devicesitQM.

Note:
This function stores a copy of the message imtbegsage queue; thus, the caller is responsible
for freeing the memory of the passed in message.
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3.9.6 DgMsgCount

Syntax:
int DgMsgCount(pDQBCB pBcb, uint32 *msg_avalil, uint 32
*space_avail)
Command:
DQE
Input:
pDQBCB pBcb pointer to Msg queue
uint32 *msg_avail pointer to receive the number of messages in tresage
queue
uint32 *space_avail pointer to receive the number of messages thae ther
available space for in the message queue
Output:
uint32 *msg_avail returns the number of messages in the message queue
uint32 *space_avail returns the number of messages that there is hlaila
space for in the message queue
Return:

DQ_BAD_PARAMETER if any parameter is NULL
DQ_ILLEGAL_HANDLE if pBcb does not reference a Msg queue
DQ_SUCCESS successful completion
Description:
The function tells how many messages are in aejueud how many messages can be added to
the queue before it is full.
Note:
None.

3.10Mapped Messaging Mode (M3) Functions (No longer supported in
3.8.0+ releases)
These are functions specific to mapped messagirtg me@chanisms.

3.10.1 DgMmCreate

Syntax:
int DgMmCreate(pDQE pDge, int iom, uint32 dir, uint 32 config,
uint32 queueSize, pDQBCB *pBcb)
Command:
DQE
Input:
pDQE pDqge pointer to the previously created instance of DQE
intiom IOM Descriptor
uint32 dir Direction for message queue; either
DQ_MSG_DIRECTION_RECEIVING@r
DQ_MSG_DIRECTION_SENDING
uint32 config configuration (layer specific)
uint32 queueSize maximum number of entries in message queue
pDQBCB *pBch receives a newly allocated bcb structure
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Output:
pDQBCB *pBcb return pointer to allocated bcb structure
Return:
DQ_NO_MEMORY memory allocation error
DQ_BAD_PARAMETER NULL or 0 as a parametegjueueSize is less than
DQ_MSG_MIN_QUEUE_SIZBrdir is neither
DQ_MSG_DIRECTION_SENDIN®or
DQ_MSG_DIRECTION_RECEIVING
DQ_ILLEGAL_HANDLE invalid non-NULL value foriom
DQ_DEVICE_BUSY layer already taken

DQ_SUCCESS successful completion
Description:
Allocates a new M3 queue-type BCB.
Note:
None.

3.10.2 DgMmInitOps

Syntax:
int DgMmInitOps(pDQBCB pBcb, int scan_rate_hz, int
scans_per_packet)

Command:
DQE
Input:
pDQBCB pBcb pointer to a previously allocated M3 structure
int scan_rate_hz rate at which to obtain scans
int scans_per_packet number of scans to collect in one packet beforelisgn
Output:
None
Return:
DQ_ILLEGAL_HANDLE illegal pBcb
DQ_IOM_ERROR IOM reports command execution error

DQ_SEND_ERROR cannot send packet
DQ_TIMEOUT_ERROR |OM reply wasn't received within timeout period
DQ_NO_MEMORY memory allocation error

DQ_INIT_ERROR error processing PowerDNA cube parameters
DQ_SUCCESS successful completion
Description:

This function must be called when setting of M&ies is complete to finalize it and configure
the layer involvedDgMmInitOps()  parses a transfer list, calculates parametersdmfiguration,
channel list, trigger mode, and clocks.

Note:
None

3.10.3 DgMmDestroy
Syntax:
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int DgMmDestroy(pBCB pBcb)
Command:
DQE
Input:
pDQBCB pBcb pointer to a previously allocated M3 structure
Output:
None
Return:
DQ_ILLEGAL_HANDLE invalid pBcb
DQ_BAD_PARAMETER nothing to destroy, quBcb not a M3
DQ_SUCCESS successful completion
Description:
This function destroys all memory structures ated withDgMmCreate() and stops any
ongoing M3 operations associated with hiBch.

Note:
It is safe to call this function while M3 operaties running (say, in exception handler.)

3.104 DgMmSetEntry

Syntax:
int DgMmSetEntry(pDQBCB pBcb, int dev, int ss, uint 32 ch, uint32
flags, int samples, int *offset)
Command:
DQE
Input:
pDQBCB pBcb pointer to M3 structure
int dev layer ID
int ss subsystem
uint32 flags configuration flags
uint32 ch channel (use the same flags as with channel list)
int samples number of samples from this device/subsystem/cHanne
char **offset buffer for address of this entry in the device map
Output:
char **offset address of this entry in the device map
Return:
DQ_ILLEGAL_HANDLE invalid pBcb or pBcb is nota M3
DQ_BAD_DEVN no device at given index, or device does not supdar

mode
DQ_BAD_PARAMETER bad value for other parameter
DQ_NOT_ENOUGH_ROOManslation list size is too big

DQ_DEVICE_BUSY pBcb is busy
DQ_SUCCESS successful completion
Other negative values low level IOM error
Description:
The function adds an entry transfer list entrg toansfer list.

Note:
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Using this function, one can request multiple eousive values from the same channel. While
this option cannot guarantee continuity of dataait be helpful if the user is interested in therage
value of the channel.

3.10.5 DgMmSetLayerConfig

Syntax:
int DgMmSetLayerConfig(pDQBCB pBcb, int dev, int ss , uint32
flags, float rate, float *actual)
Command:
DQE
Input:
pDQBCB pBch pointer to M3 structure
int devn layer ID
int ss subsystem
uint32 flags configuration flags
float rate requested clock rate for the device
float *actual returns the actual clock rate for the device
Output:
float *actual address of this entry in the device map
Return:
DQ_ILLEGAL_HANDLE invalid pBcb orpBcb is nota M3
DQ_BAD_DEVN no device at given index, or device does not supy8r

mode
DQ_BAD_PARAMETER bad value for other parameter
DQ_NOT_ENOUGH_ROOManslation list size is too big

DQ_DEVICE_BUSY pBcb is busy

DQ_SUCCESS successful completion

Other negative values low level IOM error
Description:

Sets the configuration flags and clock rate fdegice in mapped messaging mode
Note:
None

3.10.6 DgMmRecvMessage

Syntax:
g int DgMmMRecvMessage(pDQBCB pBcb, pDgMessage message ,int
*gotMsg, uint32 *avail)
Command:
DQE
Input:
pDQBCB pBch pointer to Msg queue
pDgMessage message DgMessage structure in which to store the received

message. ThdataSize field should indicate the amount
of allocated space in thiata field.
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int *gotMsg pointer to receive value indicating whether a mgsseaas
received from the queue
uint32 *avalil pointer to receive the number of messages stilién
receiving message queue
Output:
pDgMessage message Thedata field is filled with the received message. The
dataSize field's value is set to the data's actual size.
int *gotMsg returnsTRUEIf a message was retrieved and stored in
message parameterfFALSEif there was no message in
the queue
uint32 *avail returns the number of messages still in the recgivi
message queue
Return:

DQ_BAD_PARAMETER if any parameter is NULL

DQ_ILLEGAL_HANDLE if pBcb does not reference a receiving M3 queue

DQ_NOT_ENOUGH_ROONWlthe data field oimessage, indicated by thelataSize
field, is not large enough to store the message

DQ_SUCCESS successful completion
Description:
This function gets a message received by one éévithe IOM.

Note:
Check thegotMsg parameter after calling to see if a message waslhcretrieved.

3.10.7 DgMmSendMessage

Syntax:
int DgMmSendMessage(pDQBCB pBcb, pDgMessage message , uint32
*avail)
Command:
DQE
Input:
pDQBCB pBch pointer to Msg queue
pDgMessage message message to send
uint32 *avalil pointer to receive the number of messages thag ibestill
room for in the sending message queue
Output:
uint32 *avalil returns the number of messages that there isctith for in
the sending message queue
Return:

DQ_BAD_PARAMETER if any parameter is NULL
DQ_ILLEGAL_HANDLE if pBcb does not reference a sending M3 queue
DQ_NOT_ENOUGH_ROOMe message queue is full

DQ_SUCCESS successful completion
Description:
The function sends a message from one devicesitnl.

Note:
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This function stores a copy of the message integsage queue; thus, the caller is responsible
for freeing the memory of the passed in message.

3.10.8 DgMmCount

Syntax:
int DgMmMCount(pDQBCB pBcb, uint32 *msg_avail, uint3 2
*space_avail)
Command:
DQE
Input:
pDQBCB pBcb pointer to M3 queue
uint32 *msg_avail pointer to receive the number of messages in tresage
queue
uint32 *space_avail pointer to receive the number of messages thae ther
available space for in the message queue
Output:
uint32 *msg_avail returns the number of messages in the message queue
uint32 *space_avail returns the number of messages that there is hlaila
space for in the message queue
Return:

DQ_BAD_PARAMETER if any parameter is NULL
DQ_ILLEGAL_HANDLE if pBcb does not reference a Msg queue
DQ_SUCCESS successful completion
Description:
The function tells how many messages are in aejueud how many messages can be added to
the queue before it is full.
Note:
None.

3.11ACB and DMap Control and Event Functions
These are control and event functions common to B@B and DMap mechanisms.

3.11.1 DgeEnable

Syntax:
int DgeEnable(uint32 enable, pDQBCB *ppBch, int Bch Num, int
broadcast)
Command:
DQE
Input:
uint32 enable TRUEto enablgfALSEto disable
pDQBCB *ppBcb pointer to [an array of] BCB (points to ACBE or Dp)a
int BcbNum array size
int broadcast if TRUESstart simultaneously using software trigger
Output:
None
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Return:
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't dédtshed
DQ_IOM_ERROR IOM reports command execution error
DQ_SEND_ERROR cannot send packet
DQ_TIMEOUT_ERROR |OM reply wasn't received within timeout period
DQ_SUCCESS successful completion
Description:
This function enables and disables acquisitionfautpetenable TRUE to start operation or
FALSE to stop it.

If DgeEnable() starts operation, it issuePQCMD_SETMidmmand to switch listed
devices into operating mode.DigeEnable() is about to stop operation, it switches devicés in
configuration mode.

A device can be switched into operation mode amd baconfiguration mode independently.
Switching one device to a different mode doesri&cifother devices in the same IOM. Thus, one
device can perform ACB streaming operation whiletaer can be configured in DMap mode.

After a device is switched into operation modeyaits for any trigger to start operation. If the
configuration calls for a hardware trigger, thedawaits for an edge on the trigger line. If awafte
trigger is selected, this trigger pulse can beedswy using th©QCMD_STARJommand. Upon this
command, the firmware clock triggers the line ftsel

If device is configured to use software start andfop triggersPpgeEnable() also sends the
DQCMD_STARdommand.

ppBcb is an array oBcbNum size that contains a list of all operations you lddike to start
or stop.
If broadcast parameter is set to TRUBgeEnable() uses a broadcast type@QCMD_START
to start all devices nearly simultaneously. Othseyit send®QCMD_STARdommands according to
the device order in the list supplied.
Note:

None

3.11.2 DgeSetEvent

Syntax:
int DgeSetEvent(pDQBCB pBcb, uint32 evtFlags)
Command:
DQE
Input:
pDQBCB pBcb pointer to a previously allocated BCB
uint32 evtFlags event flags
Output:
None
Return:
DQ_INIT_ERROR failed to create an event
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DQ_SUCCESS
Description:

successful completion

This function sets up event flags about which therwants to be informed. Normal execution
flow assumes that user application waits for evegtsallingDgWaitForEvent() and
relinquishes control to the OS. The PowerDNA hefditiedefines the following event flags:

/I BCB events

#define DQ_eDataAvailable (1L<<0) // Data is av
#define DQ_eFrameDone (1L<<1) // One or mor
#define DQ_eBufferDone (1L<<2) /I Buffer is
#define DQ_ePacketDone (1L<<3) // One or mor
#define DQ_eTransmitError  (1L<<4) // Error enco
#define DQ_eReceiveError  (1L<<5) // Error enco
#define DQ_eStarted (1L<<6) /I Acquisitio
#define DQ_eStopped (1L<<7) /I Acquisitio
#define DQ_eStartTrig (1L<<8) /I Start trig
#define DQ_eStopTrig (1L<<9) // Stop trigg
#define DQ_eBufferError  (1L<<10) // Overrun/un
#define DQ_ePacketLost (1L<<11) // Erroris u
#define DQ_eTimeOut (1L<<12) // Timeout (n
#define DQ_ePacketOOB (1L<<13) // Packet is
#define DQ_eStatusError  (1L<<14) // Error dete
#define DQ_eNoHeartReply  (1L<<15) // IOM did no

#define DQ_eAllEvents (0x3FFF) // all events

ailable, DMap completed data exchange

e frames are filled with data

completed (straight buffer only)

e packets with data has arrived

untered during transmission

untered during receiving

n/output started

n/output stopped

ger received

er received

der-run event (DQACB buffer only)
nrecoverable, one or more packets are lost
0 events received)

out of bounds

cted by DQCMD_RDSTS sent by heartbeat
t respond to heartbeat

mask

« DQ_eDataAvailable is generated when the writer thread transfersdateg from
the ring buffer to the ACB. This event can alscsbewhen DMap operation completes
a data exchange between host and IOM, or when agMege has received a message.

« DQ_eFrameDone is set when incoming data crosses a frame bountrargality, it is
the time when the writer thread has contiguous idetiae ring buffer and transfers it
into ACB. In case of an output operation, a reade¥ad takes data from ACB, converts
it and writes it into the output ring buffer. Thag,the beginning of output operation, a
DQ_eFrameDone event is set quite often when data is transfefned an ACB to the

empty ring buffer.

« DQ_eBufferDone is setin a Single-mode ACB when the buffer becofu#é on
input (or empty on output). NormalQ_eBufferDone is accomplished with the

DQ_eStopped flag

» DQ_ePacketDone - (not implemented)

* DQ_eTransmitError is a NIC or TCP/IP transmit error

« DQ_eReceiveError is a NIC or TCP/IP receive error

 DQ_eStarted is set when IOM starts operation (not implemereckvision 2)

» DQ_eStopped is set when IOM stops operation (not implementecevision 2)

 DQ_eStartTrig is set when start trigger event occurred (eithdrardware or in
software — reaching triggering conditions) (not iempented in revision 2)

» DQ_eStopTrig is set when start trigger event occurred (eithdrardware or in
software — reaching triggering conditions) (not iempented in revision 2)

« DQ_eBufferError s set upon buffer overrun (input, Cycle modepoffer
underrun (output, Cycle mode) condition

* DQ_ePacketLost is set when one or more packets are unrecoveladtly
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« DQ_ePacketOOB is set when packet received by host is so fatheftf host cannot
insert this packet into the ring buffer

* DQ_eStatusError s set when the Heartbeat mechanism sem@@MVD_RDSTS
command to the IOM, and the IOM responds with efleqs set. You can then call
DqGetLastStatus() to get the received status flags.

* DQ_eNoHeartReply is set when the Heartbeat mechanism sem@@MVD_RDSTS
command to the IOM, and the IOM fails to responthini the timeout period

Note:
None

3.11.3 DgeGetEvent

Syntax:
int DgeGetEvent(pDQBCB pBcb, uint32 *evtFlags)
Command:
DQE
Input:
pDQBCB pBch pointer to a previously allocated BCB
uint32 *evtFlags buffer for event flags associated wjiBcb
Output:
uint32 *evtFlags event flags associated wiglBch
Return:
DQ_SUCCESS successful completion
Description:

This function gets event notification flags inding events that have occurred associated with
BCB.
Note:

None

3.11.4 DgeWaitForEvent

Syntax:
int DgeWaitForEvent(pDQBCB *ppBcb, int num, int Wai tAll, int
timeout, uint32 *pEvents)
Command:
DQE
Input:
pDQBCB *ppBcb pointer to an array of BCB
int num size ofppBcb array
int WaitAll wait mode
int timeout wait timeout
uint32 *pEvents buffer for event flags associated withBcb
Output:
uint32 *pEvents event flags associated witipBch
Return:
DQ_TIMEOUT_ERROR timeout passed before the desired event(s) triggere
DQ_SUCCESS successful completion
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Description:
This function waits for either an event to happefoo a timeout to occur.

SetWaitAll to TRUE to wait for all events includedppBcb[] (AND-mode) or set it to
FALSE to return if any of events includedppBcb[] occur (OR-mode).

Settimeout to time in ms or tdQ_WAIT_INDEFINITELY to never timeout.

pEvents is a pointer to a bit field in which to store ev@éags that have been triggered for the
first BCB only. IfNULL, event flags are not returned, édgeGetEvent() must be called to
retrieve the event flags. In either caBgeGetEvent() must be called to retrieve the flags for BCBs
other than the first one.
Note:

This function encapsulates an OS-specific fundtiowait for an event to make the user
application portable.

In Windows, this function callgVaitForMultipleEvents().

In Linux, this function callpthread_cond_timewait() or pthread_cond_wait()
which restricts us to waiting for one event.

DMap produces only two types of everllx) _eDataAvailable  (when transfer is
completed) an®DQ_ePacketLost (when transfer has failed.)

3.12Asynchronous Event Functions

For the realtime operations with multiple cubses ttritical that cubes send packets to the host ionl
upon host request. This limitation comes from thechto avoid network collisions in case two or more
cubes would try to send packets at the same timitael most cases this is not a real limitatiorthéf

host application needs to know the status of arlyes to send a request. In other words, if
something has happened on the layer while operatirgaltime the host would not know about it until
request for status information is sent.

This behavior might present a problem in the situestwhen there is no reason to query the cube
frequently because of infrequent changes in the ldedvever host needs to react quickly if some
special event — for example an error — has happendde cube. To fusion these two conflicting
requirements asynchronous mode was developed.

Asynchronous mode uses a separate communicatiomehi® receive packets originated upon certain
events on the cube. The function set for theseatipas starts from DgRtAsync...() prefix. These
functions use the same IP address as all othetidfmmsdao communicate with the cube but a different
UDP port. The default UDP port for these operatisrd344 and can be changed using cube
configuration commands.

There are two major applications for asynchronqesations:
1. Event notification (receiving a certain messagehfpr example)
2. aDMap/aVMap application when data packets are maiigid from the cube side upon the timer
or a trigger event
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To use asynchronous mode as a minimum a custoreds i@ open asynchronous IOM using
DgRtAsyncOpenlOM().  This function adds a secondary communication sacktte main one. Next,
the user needs to enable layer-specific eventgx@ample usin@gAdvs53ConfigEvents() for DNx-
1553-553 layer.

Then the user needs to create a thread which witlen the function call until an event packet\asi
from the IOM or timeout occurs.

Event processing. Wait @yRtAsyncReceive()  function and process packets as they arrive, one
by one:
while (!stop) {
/I wait for the packet to arrive
DgRtAsyncReceive()
if (ret == DQ_TIMEOUT_ERROR) continue;

/I process packet

}

Also if DgRtAsyncReceive()  call flagDQ_RTRE_WAIT_PACKETSs not set the function will not wait for
the event packet to arrive but rather quits if éhere no new event packets in TCP/IP stack queue.
Without this flag the timeout is set to 1 microsedo

3.12.1 DgRtAsyncOpenlOM

Syntax:
int DAQLIB DgRtAsyncOpenlOM( int handle, int * new_handle, uint16 UDP_Port, uint32
mTimeOut, int depth, pPDQRDCFG *pDqCfg)

Command:
Open asynchronous channel of communications Wwélcube
Input:
int handle Handle to the IOM received fromgOpenIOM()
uint16 UDP_Port UDP port to use — default ) _UDP_DAQ_PORT_ASYNC
(6344)
uint32 mTimeOut Timeout associated with the new handle, ms
int  depth reserved
PDQRDCFG *pDqCfy Pointer to the cube configuration structure
Output:
int* new_handle Created channel handle to use with DgRtAsync...()
functions
PDQRDCFG *pDqCfy reserved, pass NULL
Return:
DQ_NO_MEMORY error allocating buffer

DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't dsished
DQ_SOCK_LIB_ERROR Socket library error
DQ_SEND_ERROR unable to send the Command to IOM
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DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration

DQ_IOM_ERROR error occurred at the IOM when performing this ccemih
DQ_SUCCESS successful completion
Other negative values low level IOM error

Description:

This is the first function to be called for asyratous operations. It created a channel of
communication between the cube and the host aadaddis all required support structures.
Internally this function call®gAddiOMPort(handle, new_handle, UDP_Port, mTimeOut ); thus
<depth> and <pDqCfg> parameters are ignored anddhe passed as zero.

Before calling this function call DgOpenlOM() toepmain DagBIOS communication UDP port
(6334)
The additional UDP port is disallocated automalycapon closing IOM using DgCloselOM.

3.12.2 DgRtAsyncEnableEvents

Syntax:
int DAQLIB DgRtAsyncEnableEvents( int handle, uint32 flags, uint32 enable_mask)

Command:
Open asynchronous channel of communications Wwélcube

Input:
int handle Handle to the IOM received froBgAsyncOpenlOM()
uint32 flags Flags define cube behavior
uint32 enable_mask Which layers are enabled (1 in that bit positicars which

are disabled (0)

Output:
None

Return:
DQ_NO_MEMORY error allocating buffer
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't dsished
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccemih
DQ_SUCCESS successful completion
Other negative values low level IOM error

Description:

This function enables or disables handling of evemt per-layer basis. It must be called before
receiving any events.

3.12.3 DgRtAsyncReceive

Syntax:
int DAQLIB DgRtAsyncReceive(  int handle, uint32 flags, pDQPKT* buffer, int * size)
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Command:

Input:

Receive event packet

int handle

int flags
pDQPKT* buffer
int* size

Output:

None

Return:

DQ_NO_MEMORY
DQ_ILLEGAL_HANDLE
DQ_SEND_ERROR
DQ_TIMEOUT_ERROR
DQ_IOM_ERROR
DQ_SUCCESS

Other negative values

Description:

Handle to the IOM received froBgAsyncOpenlOM()
Define behavior of the function

Pointer to the received packet

Size of the received packet

error allocating buffer
illegal IOM Descriptor or communication wasn't dgished
unable to send the Command to IOM
nothing is heard from the IOM for Time out duration
error occurred at the IOM when performing this ccanich
successful completion

low level IOM error

This function receives a packet from the UDP pogig associated with the handle and marks this
entry as processed, then discard the packet.

<flags>
DQ_RTRE_WAIT_PACKET wait for incoming packet. If this flag is not $ehction waits only 1us (i.e.
returns a packet if the packet is already in theugiL

3.12.4

Syntax:
int DAQLIB DgRtAsyncSend( int

Command:

Input:

Send event packet

int handle
int flags
int pkt_size
pDQPKT buffer

Output:

None

Return:

DQ_NO_MEMORY
DQ_ILLEGAL_HANDLE
DQ_SEND_ERROR

DQ_TIMEOUT_ERROR

DgRtAsyncSend

handle, uint32 flags, int pkt_size, pDQPKT buffer)

Handle to the IOM received frodgAsyncOpenlOM()
Define behavior of the function

Packet size

Pointer to the packet

error allocating buffer

illegal IOM Descriptor or communication wasn't ésished
unable to send the Command to IOM

nothing is heard from the IOM for Time out duration
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DQ_IOM_ERROR
DQ_SUCCESS
Other negative values

Description:

error occurred at the IOM when performing this ccemih
successful completion
low level IOM error

This function sends a packet as a reply to the remeents

<flags> - reserved

Notes:

The function sends a standard DQPKT packet usipgcasonous socket. It is your responsibility to
fill the packet with proper data including DQ conmdabecause this function fills only two fields of

the packet:
if (0 == buffer->dqCommand) = htonl(DQCMD_EVENT);
buffer->dqProlog = htonl(DQ_PROLOG);

3.12.5

Syntax:

int
pEvent)

DAQLIB DgRtAsyncSendResponse(

Command:
Send event packet as a response to the event

Input:

int handle
int flags
int pkt_size
pDQEVENT pEvent

Output:

None

Return:

DQ_NO_MEMORY
DQ_ILLEGAL_HANDLE
DQ_SEND_ERROR
DQ_TIMEOUT_ERROR
DQ_IOM_ERROR
DQ_SUCCESS

Other negative values

Description:

DgRtAsyncSendResponse

int hd, uint32 flags, int pkt_size, pPDQEVENT

Handle to the IOM received frodgAsyncOpenlOM()
Define behavior of the function

Packet size

Event packet

error allocating buffer
illegal IOM Descriptor or communication wasn't dgished
unable to send the Command to IOM
nothing is heard from the IOM for Time out duration
error occurred at the IOM when performing this ccanich
successful completion

low level IOM error

This function sends a packet as a reply to thevedevent.

<flags >

DQ_RTRE_REPLY_REQDell the cube to send a confirmation packet back
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3.13 aDMap and aVMap Timer/Watermark Event Functions

In aDMap or aVMap mode, packets originate on tHeeflRACK side, triggered by a timer or (in the
case of aVMap mode) a FIFO watermark. An aDMap\dvlap is initialized similar to a standard
rtDMap or rtVMap and requires calls to many of thections described in the sections above.

In addition the aD/VMap must be initialized with RipAXMapStart. The user then must refresh the
aD/VMap normally once before calling DgRtAXMapEnabl

At that point the aD/Vmap will be running autonorslyuwhere data transfers from the cube/RACK to
the host application occur as programmed.

3.13.1 DgRtAXMapStart

Syntax:
int DgRtAXMapStart(
int hd,
int xmapid,
uint32 amaptype,
double rate,
uint32 emitCfg,
uint32 flags
);
Input:
int handle Handle to the IOM
int xmapid Identifier of the aVMAP or aDMAP to configure
uint32 amaptype Set aVMAP/aDMAP to run from timer or watermark mode
double rate In timer mode, the rate at which a packet will beteed
(Hz)
uint32 emitCfg The FIFO watermark (in aVMap watermark mode) atolvhi
a packet is emitted in samples
uint32 flags <Reserved>
Output:
[ none |
Return:
DQ_ILLEGAL_HANDLE Handle is illegal
DQ_ILLEGAL_ENTRY xmapid is illegal
DQ_BAD_PARAMETER amaptype, emitCfg, or flags value is invalid
DQ_SUCCESS command processed successfully
Description:

This function sets up an already created VMap ldap for aVMap/aDMap operation. (The
VMap or DMap should already be created with the ByRapinit* or DgRtDmaplnit* functions). The
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VMap or DMap can be configured to emit packetsvaigifrequency (using timer mode) or a VMap
can emit packets on a FIFO watermark.

amaptype :

amaptype sets the aXMap mode:

#define DQ_AVMAP_TYP_WMRK (0) /I send data sa mples on watermark
#define DQ_AVMAP_TYP_TIME (1) /I send data sa mples on timing

Note:DQ_AVMAP_TYP_WMmKonly valid for aVMAP mode

rate :

rate  sets the rate that the IOM will send packets wineimied modeQ_AVMAP_TYP_TIME
If therate set via this API is too high, the function calldgRrtAXMapEnable will return with a bad
parameter. This parameter is only usedhifiptype is set to timed mode; otherwise it is ignored.

emitCfg:

emitCfg configures when packets are emitted in watermarttend his value represents the
number of samples in a layer's FIFO to be fillefbbe a packet is emitted. If it is larger than FHHEO
on one of the layers, the function will return aroe

Note:
Additional information regarding conditions whehetiOM could emit packets:

» Timed mode Sets the rate at which you want to receive padkeHz. The rate is set with
therate parameter. Different aD/VMaps can be set to tbffié rates but will be rounded
off into multiples of the fastest rate. Care nustaken to choose the rate to be slow
enough for the host to handle but fast enougheagnt FIFO overflows on the layers.

* Watermark mode: Sets the number of samples you want in the FIFGré¢he aVMap
packet is sent. The number of samples is confibwith theemitCfg parameter. The
watermark will be the same for all layers on thé/ep and must be smaller than the FIFO
size of the layer with the smallest FIFO. Thetfiayer to reach this watermark will trigger
an interrupt, and the IOM will send as much datpassible from all the layers on the
aVMap. You may not get the same amount of datalldayers if they are not configured
for the same rate or if the packet is processedardf the layers hasn’'t completed the
current conversion.
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3.13.2 DgRtAXMapEnable

Syntax:

int DgRtAXMapEnable(int hd, int enable);
Input:
int handle Handle to the IOM
int enable TRUE to enable FALSE to disable
Return:
DQ_ILLEGAL_HANDLE invalid IOM handle
Other negative values low level IOM error
DQ_SUCCESS command processed successfully
Description:

Enables or disables the aDMap/aVMaps on the IOMrgby handle. Enable should be set to
TRUE to enable an aDMAP/aVMAP and FALSE to disable

3.13.3 DgRtAXMapSlotAllocate

Syntax:
int DgRtAXMapSilotAllocate(int hd, uint32 flags, int dmaplD, int
slot_uS);
Input:
int hd Handle to the IOM
uint32 flags Either TRUE (1) to enable or FALSE (0) to clear
int dmaplD XMap ID to allocate slot for
int slot_uS Slot delay from the beginning of the time periodzero to
disable
Return:
DQ_ILLEGAL_HANDLE invalid IOM handle
Other negative values low level IOM error
DQ_SUCCESS command processed successfully
Description:

This function sets the time slot allocated for piagticular aDMAP or aVMAP. It also sets the
enable flags for a particular aVMAP or aDMAP: tHere it will need to be called for both timed,
clocked and watermark aDMAP or aVMAPs.
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3.13.4 DgRtAVmapRefreshinputsExt

Syntax:

int DgRtAVmapRefreshinputsExt(int handle, int vmapi d, uint32*
packet_type, uintl6* counter, uintl6* tstamp, int* mapid);
Input:

int handle Handle to the IOM

int vmapid Identifier of the VMAP to refresh

Output:

uint32* packet_type Flags for the various packet conditions received
uint16* counter Packet number

uint16* tstamp Packet timestamp

int* mapid The id of the VMAP returned

Return:

DQ_ILLEGAL_HANDLE invalid IOM handle

DQ_SUCCESS command processed successfully

Description:

This function refreshes the host's aVMAP and requwith the parameters of the packet. These
parameters include the packet number, type of pattieetimestamp of when the packet was sent, and
the actual aVMAP id.

packet_type:

#define DQ_AVMAP_INPKT_NEXT (1) // input packe t is received with a proper counter

#define DQ_AVMAP_INPKT_MISSED (2) // input packe t is received with a missed counter

#define DQ_AVMAP_INPKT_RESENT (3) // missed inpu t packet is received

#define DQ_AVMAP_OUTPKT_ACK  (4) // output pack et acknowledge

#define DQ_AVMAP_OUTPKT_MISSED (5) // output pack et is missed with the specified counter

#define DQ_AVMAP_TIMEOUT (6) /I timeout is encountered (also returning DQ_TIMEOUT_ERROR)
#define DQ_AVMAP_IN_ERROR (7) Il receive fun ction returned an error other than timeout

3.135 DgRtXmapRefreshinputsEx

Syntax:
int DgRtXmapRefreshinputsExt(int handle, int Bagt* mapid, uint16* dgCounter, uint16*
dgTStamp);

Input:

int handle Handle to the IOM

int flags Reserved for future use set to zero
Output:

int* mapid Identifier of the DMAP or VMAP received
uint16* dgCounter The packet number

uintl6* dgTStamp The time stamp of the packet

Return:

DQ_ILLEGAL_HANDLE invalid IOM handle

DQ_WRONG_DMAP Dmap id of received packet does not exist
DQ_SUCCESS command processed successfully
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Description:

This function refreshes a host’'s aVMAP or aDMAPrbgeiving any available
aDMAP/aVMAP packet. The function fills the apprizpe host copy and then returns the VMap or
DMap id of the packet received in thepid parameter. Thmapid parameter is required and
cannot be NULL. The parametetgCounter anddgTStamp return the packet counter and time
stamp respectively. They can be set to NULL if metded.

NOTE: It is recommended for use with 2 or more aDRIAVMAPS.

3.13.6 DgRtAsyncXMapInit/DgRtAXMAPInit (deprecated)
Syntax:
int DgRtAsyncXMaplnit(

int hd,

int xmapid,

uint32 *Config,

uint32 trigType,

uint32 amaptype,

double rate,

uint32 wmrk,

uint32 TrigRoute

);
Input:
int handle Handle to the IOM
int xmapid Identifier of the asynchronous VMAP or DMAP to cignfre

uint32 *Config

Requested configuration (layer specific)

uint32 trigType

Software or rising/falling edge trigger

uint32 amaptype

Async V/DMAP will run in timed or watermark mode

double rate The rate at which a packet will be emitted in Hz

uint32 wmrk The FIFO watermark at which a packet is emittegamples
uint32 TrigRoute The source and route of the trigger.

Output:

uint32 *Config

Actual configuration adjusted based on triggerdlay
specific)

Return:

DQ_ILLEGAL_HANDLE

Handle is illegal

DQ_ILLEGAL_ENTRY

xmapid is illegal

DQ_BAD_PARAMETER

NULL or 0 in Config,
trigType, amaptype, wmrk, or TrigRoute
value is invalid

DQ_SUCCESS

command processed successfully

Description:

This is a deprecated function and is replaceDdiRtAXMapStart . (It was used to set up an
already created VMap or DMap up for Asynchronousfaomous VMap or DMap operation. The
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VMap or DMap can be configured to emit packets givan frequency or a VMap can emit packets on
a FIFO watermark. The Function also configureddlger and sets the trigger options.)

Config
#define DQ_LN_TMREN  (1L<<11) // enable layer
#define DQ_LN_IRQEN  (1L<<10) // enable layer
#define DQ_LN_PTRIGEDGEL1 (1L<<9) // stop trigger
#define DQ_LN_PTRIGEDGEO (1L<<8) // stop trigger
/1 02 - falling
#define DQ_LN_STRIGEDGEL1 (1L<<7) // start trigger
#define DQ_LN_STRIGEDGEO (1L<<6) // start trigger
/1 02 - falling
#define DQ_LN_CVCKSRC1 (1L<<5) // CV clock sour
#define DQ_LN_CVCKSRCO (1L<<4) // CV clock sour
#define DQ_LN_CLCKSRC1 (1L<<3) // CL clock sour
#define DQ_LN_CLCKSRCO (1L<<2) // CL clock sour
#define DQ_LN_ACTIVE  (1L<<1) //"ACT"LED sta
#define DQ_LN_ENABLED (1L<<0) // enable operat
This parameter should contain the basic configurati
adjusted based on the values given in trigType, and
called from this function to initialize the IOM.

trigType:

#define DQ_LN_PTRIGEDGEL1 (1L<<9) // stop trigger
#define DQ_LN_PTRIGEDGEO (1L<<8) // stop trigger
/1 02 - falling
#define DQ_LN_STRIGEDGEL1 (1L<<7) // start trigger
#define DQ_LN_STRIGEDGEO (1L<<6) // start trigger

/1 02 — falling

am aptype .
#define DQ_AVMAP_TYP_WMRK (0) Il send asynchr
#define DQ_AVMAP_TYP_TIME (1) /I send asynchr

periodic timer

irgs

edge MSB

edge: 00 - software, 01 - rising,

edge MSB
edge: 00 - software, 01 - rising,

ce MSB

ce 01-SW, 10 - HW, 11 -EXT

ce MSB

ce 01-SW, 10 - HW, 11 -EXT

tus

ions

on flags of the IOM. The parameter will be
amaptype. DgRtVmapSetConfig  will then be

edge MSB
edge: 00 - software, 01 - rising,

edge MSB
edge: 00 - software, 01 — rising

onous on watermark
onous on timing

Note: DQ_AVMAP_TYP_WMRK is only valid for VMAP mode

rate

This is the rate at which the IOM will send packets
too high the function call to DgRtAsyncXMapEnable w
only used if amaptype is set to timed mode otherwis

wmrk:
This is the number of samples a layer's fifo is fil
larger than the FIFO on one of the layers the funct

used if amaptype is set to watermark mode otherwise
TrigRoute
#define DQ_EXT_EXTO (0x34) /I
#define DQ_EXT_EXT1 (0x35) /I
/I SYNCx interface lines
#define DQ_EXT_SYNCO (0x10) /I
#define DQ_EXT_SYNC1 (Ox11) //
#define DQ_EXT_SYNC2 (ox12) I
#define DQ_EXT_SYNC3 Ox13) /I

Note: 0 can be passed if using a software trigger.

when in timed mode. If the rate set here is
ill return with a bad parameter. This parameter is
e itis ignored.

led to before a packet is emitted. If it is
ion will return an error. This parameter is only
it is ignored.

ISO_EXTO line
ISO_EXT1 line

SYNCO line
SYNC1 line
SYNC2 line
SYNC3 line
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4 Layer specific functions
4.1 DNA-AI-201/202 layers
4.1.1 DgAdv201Read

Syntax:

int DgAdv201Read(int hd, int devn, int CLSize, uint

32 *cl,

uint1l6 *bData, double *fData)

Command:
DQE
Input:
int hd Handle to the IOM received fromqOpenlOM()
int devn Layer inside the IOM
int CLSize number of channels
uint32 *cl pointer to channel list, with optional timestampuest

uint32 *pbData
double *fData

Output:

uint32 *cl
uintl6 *bData
double *fData

Return:

DQ_NO_MEMORY
DQ_ILLEGAL_HANDLE
DQ_BAD_DEVN

DQ_BAD_PARAMETER

DQ_SEND_ERROR
DQ_TIMEOUT_ERROR
DQ_IOM_ERROR
DQ_SUCCESS

Other negative values

Description:

This function works using underlyirfggReadAlChannel()

pointer to store calibrated binary data
pointer to store calibrated voltage da¥dJLL if not
required)

channel list, channel number and gain code
calibrated binary ADC data
calibrated voltage data

error allocating buffer
illegal IOM Descriptor or communication wasn't dsished
device indicated bgevn does not exist or is not an Al-201
or Al-202
CLSize is not between 1 arldQ_MAXCLSIZEbData is
NULL, or a channel number icl is too high
unable to send the Command to IOM
nothing is heard from the IOM for Time out duration
error occurred at the IOM when performing this ccemih
successful completion

low level IOM error

knowledge of input range and gain of every charlbekes thedQCMD_IOCTIlcommand with the
DQIOCTL_CVTCHNIunction under the hood.
The gain codes are located in powerdna.h, seascb&e Al201_GAIN_1 .

but converts data using internal

When this function is called for the first timegtfirmware stops any ongoing operation on the
device specified and reprograms it in accordandle thie channel list supplied. This function uses th
preprogrammed CL update frequency — 10Hz. One eanogram the update frequency by calling the
DgqCmdSetClk() command after the first call @gAdv201Read() .
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Thus, the user cannot call this function when #yet is involved in any streaming or data
mapping operations.

If the user specifies a short timeout delay, thigfion can time out when called for the first
time because it is executed as a pending commahthger programming takes up to 10ms.

Once this function is called, the layer continugwtquires data and every next call function
returns the latest acquired data.

If one would like to cancel ongoing sampling, ¢e# same function with Oxffffffff as the first

channel number.

Note:

None

4.2 DNA-AI-204 layer

4.2.1 DgAdv204Read
Syntax:

int DgAdv204Read(int hd, int devn, int CLSize, uint

32 *cl,

uint32 *fstatus, uint32 *bData, double *fData)

Command:
DQE
Input:
int hd Handle to the IOM received fromgOpenlOM()
int devn Layer inside the IOM
int CLSize number of channels in channel list
uint32 *cl pointer to channel list with optional timestampuest

uint32 *fstatus

uint32 *pData
double *fData

Output:

uint32 *fstatus
uint32 *bData
double *fData

Return:

DQ_NO_MEMORY
DQ_ILLEGAL_HANDLE
DQ_BAD_DEVN
DQ_BAD_PARAMETER

DQ_SEND_ERROR
DQ_TIMEOUT_ERROR
DQ_IOM_ERROR
DQ_SUCCESS

Other negative values

pointer to diagnostic data in the form of switchlfastatus.
Requires array of CLSize uint32'NJLLif not required)
pointer to store calibrated binary dalULL if not required)
pointer to store calibrated current datdJ_L if not required)

diagnostic data in the form of switch fault status.

raw binary data received from devid¢ULL if not required)
current data expressed in milliamps or voltaga dat
expressed in VoltdNULL if not required)

error allocating buffer
illegal IOM Descriptor or communication wasn't dstahed
device indicated bgevn does not exist or is not an Al-204
CLSize is not between 1 aldQ_MAXCLSIZEor a
channel number iaol is too high
unable to send the Command to IOM
nothing is heard from the IOM for Time out duration
error occurred at the IOM when performing this ccemih
successful completion

low level IOM error
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Description:

When this function is called for the first timeetfirmware stops any ongoing operation on the
device specified and reprograms it according toctiennel list supplied. The user cannot perforis th
function call when the layer is involved in anyestming or data mapping operations.

If the user specifies a short timeout delay, thigfion can time out when called for the first
time because it is executed as a pending commahthger programming takes up to 10ms.

Once this function is called, the layer continugustquires data and every call to the function
returns the latest available data. Bit 31 of bDwthbe 1 if bData has been updated since last.read

Available gain settings are:

#define DQ_AI204_GAIN_1 (0) +25.0mA
#define DQ_AI204_GAIN_2 (1) +12.5mA
#define DQ_AI204_GAIN_5 (2) + 5.0mA
#define DQ_AI204_GAIN_10 (3) -25mA

Gain settings (current ranges) are combined wighcttannel number and placed in the channel list.
See macros DQ_LNCL_GAIN() and DQ_LNCL_CHANGAIN() prowerdna.h.

If one would like to cancel ongoing sampling, ¢hlk function withOxffffffff
channel number in the channel list.
Note:

as the first

4.2.2 DgAdv204CBStatus

Syntax:
int DgAdv204CBStatus(int hd, int devn, int reengage , int*
status)
Command:
DQE
Input:
int hd Handle to the IOM received fromqOpenlOM()
int devn Layer inside the IOM
int reengage 24-bit mask to reset tripped breakers, 1 = do reset
Output:
int* status 24-bit mask to show CB tripped status, 1 = tripfedLL if
not required)
Return:

DQ_NO_MEMORY
DQ_ILLEGAL_HANDLE
DQ_BAD_DEVN
DQ_SEND_ERROR
DQ_TIMEOUT_ERROR
DQ_IOM_ERROR
DQ_SUCCESS

Other negative values

Description:

error allocating buffer
illegal IOM Descriptor or communication wasn't dgtahed
device indicated bgevn does not exist or is not an Al-204
unable to send the Command to IOM
nothing is heard from the IOM for Time out duration
error occurred at the IOM when performing this ccemih
successful completion

low level IOM error
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4.2.3 DgAdv204EnableCB
Syntax:

int DgAdv204EnableCB(int hd, int devn, int chmask,

int * state)

Command:

Input:

DQE
int hd
int devn
int ch_mask

int onoff

Output:

int* state

Return:

DQ_NO_MEMORY
DQ_ILLEGAL_HANDLE
DQ_BAD_DEVN
DQ_SEND_ERROR
DQ_TIMEOUT_ERROR
DQ_IOM_ERROR
DQ_SUCCESS

Other negative values

Description:

int onoff

Shows breaker status and/or resets tripped breakers

int onoff,

Handle to the IOM received fromqOpenlOM()

Layer inside the IOM

bitwise mask to determine with channels are to hbg#
circuit breaker ON/OFF status changed

circuit breaker ON or OFF, use defined constants
DQ_AI204_ENABLE_CB_OFF or
DQ_AI204_ENABLE_CB_ON or
DQ_AI204_ENABLE_CB_TRIP

returned bitwise mask to indicate which channelsttheir
CB enabled , NULL if not required

error allocating buffer
illegal IOM Descriptor or communication wasn't ddtahed
device indicated bgevn does not exist or is not an Al-204
unable to send the Command to IOM
nothing is heard from the IOM for Time out duration
error occurred at the IOM when performing this ccemih
successful completion

low level IOM error

sets the CB (circuit breaker) function ON or OFFtfee channels selected by

thech_mask parameter (bitO selects chO, bitl selects chl). dtcbe maximum current level before
the CB trips is 1LSB less than the maximum curfenthe current range (gain setting) presently

selected by the channel list. A channel has to ieinahe overcurrent state for 100ms for a break
(trip) to occur .
Use one of the following #defined constantsdooff

DQ_AI204_ENABLE_CB_OFF
DQ_AI204_ENABLE_CB_ON
DQ_AI204_ENABLE_CB_TRIP
break (tripped) state after 100ms.

- always connectedcuit breaker never breaks
- turns circuit breagimaction ON, overcurrent breaks
- test mode, will fortdee selected channels to enter the
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Int* state may be used to retrieve a 24-bit bitwise mask dlicate the onoff state of the
breakers. A ‘1’ will appear in the correspondinggmsition if the circuit breaking action is tuch©N
or if it is being forced into the tripped state lwidQ_AI204_ENABLE_CB_TRIP.

Note:

4.2.4 DgAdv204SetAutozero

Syntax:
int DgAdv204SetAutozero(int hd, int devn, int* onof f)
Command:
DQE
Input:
int hd Handle to the IOM received fromgOpenIOM()
int devn Layer inside the IOM
int* onoff autozero on or off, 0=off, 1=on
Output:
int* onoff previous onoff state
Return:

DQ_NO_MEMORY
DQ_ILLEGAL_HANDLE
DQ_BAD_DEVN
DQ_BAD_PARAMETER
DQ_SEND_ERROR
DQ_TIMEOUT_ERROR
DQ_IOM_ERROR
DQ_SUCCESS

Other negative values

Description:

error allocating buffer
illegal IOM Descriptor or communication wasn't dgtahed
device indicated bgevn does not exist or is not an Al-204
onoff  pointer is NULL
unable to send the Command to IOM
nothing is heard from the IOM for Time out duration
error occurred at the IOM when performing this ccamnih
successful completion

low level IOM error

Sets the Autozero function in point-by-point modée either ON or OFF.
By default the autozeroing is ON. It is normallywaeturned OFF.

Note:

4.2.5 DgAdv204SetMovAvg

Syntax:
int DgAdv204SetMovAvg(int hd, int devn, int onoff)
Command:
DQE
Input:
int hd Handle to the IOM received fromgOpenIOM()
int devn Layer inside the IOM
int onoff set moving average ON or OFF, use either #defioadtant

DQ_AI204_MOV_AVG_OFF or
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DQ_AI204_MOV_AVG_ON

Return:
DQ_NO_MEMORY error allocating buffer
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't dgtahed
DQ_BAD_DEVN device indicated bgevn does not exist or is not an Al-204
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccemih
DQ_SUCCESS successful completion
Other negative values low level IOM error
Description:
int onoff sets the moving average ON or OFF .

This function enables or disables data smoothingi#® data that is acquired by using the
DgAdv204Read() function.

Note:

4.3 DNA-AI-205 layer
4.3.1 DgAdv205Read

Syntax:
int DgAdv205Read(int hd, int devn, int CLSize, uint 32 *cl,
uint32 *bData, double *fData)
Command:
DQE
Input:
int hd Handle to the IOM received fromgOpenIOM()
int devn Layer inside the IOM
int CLSize number of channels
uint32 *cl pointer to channel list
uint32 *bData pointer to store calibrated binary data
double *fData pointer to store calibrated voltage dafJ(L if not
required)
Output:
uint32 *cl channel list
uint32 *bData calibrated binary data
double *fData calibrated voltage data
Return:
DQ_NO_MEMORY error allocating buffer

DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't dsished
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DQ_BAD_DEVN device indicated bgevn does not exist or is not an Al-205
DQ_BAD_PARAMETER CLSize is not between 1 ardQ_MAXCLSIZEbData is
NULL, or a channel number icl is too high

DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccanich
DQ_SUCCESS successful completion
Other negative values low level IOM error

Description:

This function works using the underlyibpReadAlChannel() , but converts data using
internal knowledge of input range and gain of ewdrgnnel. It uses tHeQCMD_IOCTlcommand
with theDQIOCTL_CVTCHNI{function under the hood.

When this function is called for the first timeetfirmware stops any ongoing operation on the
device specified and reprograms it in accordandie tlie channel list supplied. The function uses the
preprogrammed CL update frequency — 10Hz. Oneeaogram the update frequency by calling
DqCmdSetClk() after the first call td>gAdv205Read() .

Thus, the user cannot perform this function caléwthe layer is involved in any streaming or
data mapping operations.

If the user specifies a short timeout delay, thigcfion can time out when called for the first
time because it is executed as a pending commahthger programming takes up to 10ms.

Once this function is called, the layer continugustquires data and every call to the function
returns the latest acquired data.

If one would like to cancel ongoing sampling, ¢a# same function with Oxffffffff as a
channel number.

Note:
None

4.3.2 DgAdv205LoadCoeff

Syntax:
int DgAdv205LoadCoeff(int hd, int devn, int fir, in t channel,
int decrat, int tapsize, double *data)
Command:
DQE
Input:
int hd Handle to the IOM received fromgOpenlOM()
int devn Layer inside the IOM
int fir fir stage number
int channel channel number
int decrat decimation ration (0 = no decimation)
int tapsize number of taps in the filter (O = pass-thru mode)
double *data filter taps data
Output:
None.
Return:

DQ_BAD_PARAMETER fir ,channel ,decrat , ortapsize is negative or
exceeds maximum possible value
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DQ_NO_MEMORY error allocating memory

DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't dédtshed
DQ_BAD_DEVN device indicated byevn does not exist or is not an Al-205
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration

DQ_IOM_ERROR error occurred at the IOM when performing this ccsmih
DQ_SUCCESS successful completion
Other negative values low level IOM error

Description:

Note:

This function loads the coefficient table.

Filter taps should be converted into double prenisormat in [-1.0 ..1.0] range.
DgAdv205LoadCoeff()  can be used in ACB mode only.

4.3.3 DgAdv205SetFilterMode

Syntax:
DgAdv205SetFilterMode(int hd, int devn, int fir, in t channel,
uint32 mode)
Command:
DQE
Input:
int hd Handle to the IOM received frodgOpenlOM()
int devn Layer inside the IOM
int fir fir stage number
int channel channel number
uint32 mode mode of operation
Output:
None.
Return:

DQ_BAD_PARAMETER fir , channel , ormode is invalid

DQ_NO_MEMORY error allocating memory

DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't ddtshed
DQ_BAD_DEVN device indicated bgdevn does not exist or is not an Al-205
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration

DQ_IOM_ERROR error occurred at the IOM when performing this cogmnich
DQ_SUCCESS successful completion
Other negative values low level IOM error

Description:

Note:

This function sets the FIR mode of a particulameted.

The following FIR modes are defined:

#define AI205_FIR_DISABLED 0 /I filter disabled

#define AI205_FIR_DEFAULT 1 /I set default paramet ers
#define AI205_FIR_DECRAT_ONLY 2 /I program decimati on ratio only
#define AI205_FIR_PROGRAMMED 6 /Il program filter an d decimation
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4.4 DNA-AI-207 layer
4.4.1 DgAdv207Read

Syntax:
int DgAdv207Read(int hd, int devn, int CLSize, uint 32 *cl,
uint32 *bData, double *fData)
Command:
DQE
Input:
int hd Handle to the IOM received fromgOpenlOM()
int devn Layer inside the IOM
int CLSize number of channels
uint32 *cl pointer to channel list with optional timestampuest
uint32 *bData ptr to raw data received from device
double *fData pointer to store converted voltage dat&J( L if not
required)
Output:
uint32 *cl channel list
uint32 *bData received binary data
double *fData received voltage data
Return:
DQ_NO_MEMORY error allocating buffer
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't dsished
DQ_BAD_DEVN device indicated bgevn does not exist or is not an Al-207

DQ_BAD_PARAMETER CLSize is not between 1 ardQ_MAXCLSIZEbData is
NULL, or a channel number gl is too high

DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccamnih
DQ_SUCCESS successful completion
Other negative values low level IOM error

Description:

This function use®gReadAlChannel()  but converts data using internal knowledge of
input range and gain of every channel.

When this function is called for the first timegtfirmware stops any ongoing operation on the
device specified and reprograms it in accordandle thie channel list supplied. This function uses th
preprogrammed CL update frequency — 10Hz. One eanogram the update frequency by calling the
DgqCmdSetClk() command after the first call @gAdv207Read() .

Thus, the user cannot call this function when #yet is involved in any streaming or data
mapping operations.

If the user specifies a short timeout delay, thigcfion can time out when called for the first
time because it is executed as a pending commahthger programming takes up to 10ms.

Once this function is called, the layer continugwtquires data and every next call function
returns the latest acquired data.

If one would like to cancel ongoing sampling, ¢a# same function with Oxffffffff as a
channel number.
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None

4.4.2 DgAdv207ReadChannel
Syntax:

int DgAdv207ReadChannel(int hd, int devn, uint32 me
uint32 clentry, int *samples, uint32 *data, double

Command:

Input:

DQE

int hd

int devn

uint32 measurement
uint32 clentry

int *samples

uint32 *data

double *volts

Output:

int *samples
uint32 *data
double *volts

Return:

DQ_NO_MEMORY
DQ_ILLEGAL_HANDLE
DQ_BAD_DEVN
DQ_BAD_PARAMETER

DQ_SEND_ERROR
DQ_TIMEOUT_ERROR
DQ_IOM_ERROR
DQ_SUCCESS

Other negative values

Description:
This function performs “raw” measurements of thkofeing values:
e DQL_IOCTL208_READ_AGNDconnect both differential inputs of the PGA tabay

ground

asurement,
*volts)

Handle to the IOM received fromqOpenlOM()

device number

what to measure

channel and gain settings

number of samples requested; must be between 124nhd
pointer to buffer for retrieved binary data (18}bit
pointer to buffer for value in volts - can bi&JLL

number of samples retrieved
pointer to retrieved binary data (18-bit)
pointer to value in volts

error allocating buffer
illegal IOM Descriptor or communication wasn't dgtahed
device indicated bgevn does not exist or is not an Al-207
measurement is not one of the valid
DQL_IOCTL208_READconstantsglentry is not a
valid channel numbesamples is NULL or requested
value is not between 1 and 120data is NULL
unable to send the Command to IOM
nothing is heard from the IOM for Time out duration
error occurred at the IOM when performing this ccemih
successful completion

low level IOM error

* DQL_IOCTL208_READ_REFread 2.5V voltage reference

e DQL_IOCTL208_READ_Rs measure switch resistan@s

* DQL_IOCTL208_READ_Rx measure multiplexer resistance
e DQL_IOCTL208 READ_Ra measure shunt resistea

e DQL_IOCTL208 _READ_Rb measure shunt resisteb

e DQL_IOCTL208 READ_SS measurést to S

e DQL_IOCTL208_READ_PP measurd®+ to AGND
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e DQL_IOCTL208 _READ_PS measurd®St+ to AGND

e DQL_IOCTL208 _READ_5k measure 5k resistance

e DQL_IOCTL208 READ_PSMmeasure S+ thru the PS+ line
Because the resistance can differ from channétaamel (because current is flowing through
different channels of the same multiplexer which bave different resistances) one should set
up the channel number to be used. This functiarrmetthe number of samples requested to
perform averaging. Data is returned in raw format.

Note:

None

4.4.3 DgAdv207SetAutozero

Syntax:
int DgAdv207SetAutozero(hd, int devn, int* onoff)
Command:
DQE
Input:
int hd Handle to the IOM received fromqOpenlOM()
int devn device number
int32 *onoff pointer to boolean
Output:
int32 *onoff previous on/off state of the Autozero
Return:
DQ_NO_MEMORY error allocating buffer
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't dsished
DQ_BAD_DEVN device indicated byevn does not exist or is not an Al-207
or Al-208
DQ_BAD_PARAMETER_2onoff is NULL
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccamnih
DQ_SUCCESS successful completion
Other negative values low level IOM error
Description:
This function turns the autozeroing capability foé #Al-207 on or off.
By default the autozeroing on the Al-207 is OFF.
Note:

4.5 DNA-AI-208 layer

4.5.1 DgAdv208Read

Syntax:
int DgAdv208Read(int hd, int devn, int CLSize, uint 32 *cl,
uint32 *bData, double *fData)
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Command:
DQE
Input:
int hd Handle to the IOM received froBgOpenlOM()
int devn Layer inside the IOM
int CLSize number of channels
uint32 *cl pointer to channel list with optional timestampuest
uint32 *bData ptr to raw data received from device
double *fData pointer to store converted voltage daXJ( L if not
required)
Output:
uint32 *cl channel list
uint32 *bData received binary data
double *fData received voltage data
Return:
DQ_NO_MEMORY error allocating buffer
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't dsished
DQ_BAD_DEVN device indicated bgevn does not exist or is not an Al-208

DQ_BAD_PARAMETER CLSize is not between 1 arldQ_MAXCLSIZEbData is
NULL, or a channel number il is invalid

DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccamnih
DQ_SUCCESS successful completion
Other negative values low level IOM error

Description:

This function use®gReadAlChannel()  but converts data using internal knowledge of
input range and gain of every channel.

When this function is called for the first timeetfirmware stops any ongoing operation on the
device specified and reprograms it in accordandle thie channel list supplied. This function uses th
preprogrammed CL update frequency — 10Hz. Onee@amogram the update frequency by calling the
DgqCmdSetClk() command after the first call @gAdv208Read() .

Thus, the user cannot call this function when #yet is involved in any streaming or data
mapping operations.

If the user specifies a short timeout delay, thigfion can time out when called for the first
time because it is executed as a pending commahthger programming may take up to 10ms to
complete.

Once this function is called, the layer continugwtquires data and every next call function
returns the latest acquired data.

If one would like to cancel ongoing sampling, ¢a# same function with Oxffffffff as a
channel number.

Note:
None
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4.5.2 DgAdv208SetAutozero

Syntax:
int DgAdv208SetAutozero(hd, int devn, int* onoff)
Command:
DQE
Input:
int hd Handle to the IOM received fromgOpenIOM()
int devn device number
int32 *onoff pointer to boolean
Output:
int32 *onoff previous on/off state of the Autozero
Return:
DQ_NO_MEMORY error allocating buffer
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't dsished
DQ_BAD_DEVN device indicated bgevn does not exist or is not an Al-207
or an Al-208
DQ_BAD_PARAMETER_2onoff is NULL
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccamnih
DQ_SUCCESS successful completion
Other negative values low level IOM error
Description:
This function turns the autozeroing capability foé #Al-208 on or off.
By default the autozeroing on the Al-208 is OFF.
Note:

4.5.3 DgAdv208SetControl

Syntax:
int DgAdv208SetControl(int hd, int devn, uint32 con trol, uint32
value, uint32 *data)
Command:
DQE
Input:
int hd Handle to the IOM received fromgOpenIOM()
int devn device number
uint32 control what to set
uint32 value value to write
uint32 *data pointer to output data (pabJLLif you don't need it):
ForDQL_IOCTL208_SET_Raand
DQL_IOCTL208_SET_RDb, to switch shunt calibration on,
set*data to TRUE
Output:
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uint32 *data

Return:
DQ_NO_MEMORY
DQ_ILLEGAL_HANDLE
DQ_BAD_DEVN
DQ_BAD_PARAMETER

DQ_SEND_ERROR

DQ_TIMEOUT_ERROR

DQ_IOM_ERROR

DQ_SUCCESS

Other negative values
Description:

output data (generally, the value written or unudi data.)

error allocating buffer
illegal IOM Descriptor or communication wasn't ésished
device indicated bgevn does not exist or is not an Al-208
control is not one of the vali®QL_IOCTL208 SET
constants
unable to send the Command to IOM
nothing is heard from the IOM for Time out duration
error occurred at the IOM when performing this ccanich
successful completion

low level IOM error

This function allows setting up different intermarameters.
The following sub-functions are available, seledigdontrol
e DQL_IOCTL208_SET_SSPERCHANset samples per channel ACB/DMap mode
e DQL_IOCTL208_SET_Ra set value for shunt calibration resistor A in 25€ps P+ to

St)

e DQL_IOCTL208_SET_Rb: set value for shunt calibration resistor B in 25&ps &+ to P-)
e DQL_IOCTL208 SET_EXC_A set excitation DAC A

e DQL_IOCTL208 SET_EXC_B set excitation DAC B

* DQL_IOCTL208 SET_EXC_CHswitch on/off excitation channels

Note:

Set*data to TRUE- to switch shunt calibration on wheontrol is
DQL_IOCTL208_SET_RaorDQL_IOCTL208_SET_Rb

4.5.4 DgAdv208SetExcVoltage

Syntax:
int DgAdv208SetExcVoltage(int hd, int devn, ExcVolt A, float
ExcVoltB, uint32 chA, uint32 chB, float *readbackA, float
*readbackB)
Command:
DQE
Input:
int hd Handle to the IOM received fromgOpenlOM()
int devn device number

float ExcVoltA
float ExcVoltB
int chA

int chB

float *readbackA

float *readbackB

Output:

excitation voltage for excitation DAC A

excitation voltage for excitation DAC B

channel to measure excitation voltage for DAC A
channel to measure excitation voltage for DAC B
pointer to buffer for actual excitation voltage ddzack from
DAC A

pointer to buffer for actual excitation voltage ddzack from
DAC B
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float *readbackA actual excitation voltage read back from DAC A
float *readbackB actual excitation voltage read back from DAC B
Return:
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't dsished
DQ_BAD_DEVN device indicated bgevn does not exist or is not an Al-208

DQ_BAD_PARAMETER illegal ExcVoltA , ExcVoltB , chA and/orchB value, or
readbackA orreadbackB is NULL

DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccanich
DQ_SUCCESS successful completion
Other negative values low level IOM error

Description:

Set excitation voltage for excitation sources A Bnahd measure it back using specified
channels. The Al-208 layer is capable of providiwg sources of excitation voltage.
Excitation A is connected to even channels and @isiected to odd channels. The excitation
voltage can be selected and set at any level fr&Mv tb 10V. This function sets up excitation
voltage as close as possible to the requesteddedeteads it back from the selected channels.
The user can select either channels 0x10 througjii ixread the excitation voltage from the
Px+ terminal (four-wire connection), or channels froR20 thru 0x27 to read the excitation
voltage fromPSx+ terminals (six-wire connection). All readings gerformed relative to
AGND. The user has to use the read-back excitatioag®lfrom the terminal because of
DACs; there is a voltage drop in the strain gageldeand DAQ output quantization error
amounts to 1/1024 of the range.

Note:
This function must be called before starting adtjois or reading channels to set up a proper
excitation voltage source.

4.5.5 DgAdv208ReadChannel

Syntax:
int DgAdv208ReadChannel(int hd, int devn, uint32 me asurement,
uint32 clentry, int *samples, uint32 *data, double *yolts)
Command:
DQE
Input:
int hd Handle to the IOM received froBgOpenlOM()
int devn device number
uint32 measurement what to measure
uint32 clentry channel and gain settings
int *samples number of samples requested; must be between 124nhd
uint32 *data pointer to buffer for retrieved binary data (18}bit
double *volts pointer to buffer for value in volts - can B&JLL
Output:
int *samples number of samples retrieved
uint32 *data pointer to retrieved binary data (18-bit)
double *volts pointer to value in volts
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Return:
DQ_NO_MEMORY
DQ_ILLEGAL_HANDLE
DQ_BAD_DEVN
DQ_BAD_PARAMETER

DQ_SEND_ERROR

DQ_TIMEOUT_ERROR

DQ_IOM_ERROR

DQ_SUCCESS

Other negative values
Description:

error allocating buffer
illegal IOM Descriptor or communication wasn't ddtahed
device indicated bgevn does not exist or is not an Al-208
measurement is not one of the valid
DQL_IOCTL208_READconstantsglentry is not a
valid channel numbesamples is NULL or requested
value is not between 1 and 120data is NULL
unable to send the Command to IOM
nothing is heard from the IOM for Time out duration
error occurred at the IOM when performing this ccanich
successful completion

low level IOM error

This function performs “raw” measurements of thiéofeing values:
e DQL_IOCTL208_READ_AGNDconnect both differential inputs of the PGA taky

ground

e DQL_IOCTL208_READ_REFread 2.5V voltage reference

* DQL_IOCTL208 READ_Rs measure switch resistanBs

* DQL_IOCTL208_READ_Rx measure multiplexer resistance
* DQL_IOCTL208 READ_Ra measure shunt resist@a

* DQL_IOCTL208 READ_Rb measure shunt resistab

e DQL_IOCTL208 READ_SS measurést to S

e DQL_IOCTL208_READ_PP measurd®+ to AGND

e DQL_IOCTL208_READ_PS measurd®St+ to AGND

* DQL_IOCTL208 READ_5k measure 5k resistance

e DQL_IOCTL208 READ_PSMmeasure S+ thru the PS+ line

Because the resistance can differ from channétaamel (because current is flowing through
different channels of the same multiplexer which bave different resistances) one should set
up the channel number to be used. This functiarrmetthe number of samples requested to

perform averaging. Data is returned in raw format.

Note:
None

4.5.6 DgAdv208MeasureParams

Syntax:

int DgAdv208MeasureParams(int hd, int devn, pDQ208C COND pcond,

pDQ208CPRM pprm)
Command:
DQE
Input:
int hd
int devn
pDQ208CCOND pcond
pDQ208CPRM pprm

Handle to the IOM received froBgOpenlOM()
device number

pointer to buffer for measurement conditions
pointer to buffer for measured parameters
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Output:
pDQ208CCOND pcond  measurement conditions
pDQ208CPRM pprm measured parameters

Return:
DQ_NO_MEMORY error allocating buffer
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't dgtahed
DQ_BAD_DEVN device indicated bgevn does not exist or is not an Al-208
DQ_BAD_PARAMETER pcond orpprm is NULL
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccanich
DQ_SUCCESS successful completion
Other negative values low level IOM error

Description:

This function

is used to measure a variety of A82@nt-end parameters (see channel

equivalent diagram in thieower DNA User Manual):

Reference voltage, Volts

Excitation voltage, Volts

Vmeas forRs, Volts

Switch resistance, Ohms

Vmeas forRx, Volts

Mux resistance, Ohms

Vmeas forRa, Volts

Resistance of shunt resistor Ra (plus 5k con3tadtims
Vmeas forRb, Volts

Resistance of shunt resisily (plus 5k constant!), Ohms

Before the function can measure these paramelersiser should specify measurement

o Vref

e Vexc

e Vs

* Rs

e VX

* Rx

e Va

* Ra

« Vb

* Rb
conditions:

¢ channd

e ExcA

e ExcB

* Ra

* Rb

Channel used for measurements

Excitation level A (even channels, 16 bit)
Excitation level B (odd channels, 16 bit)

Shunt A level (8 bit, 256 positions from 0 to RPO
Shunt B level (8 bit, 256 positions from 0 to RPO

Here are the structures used:
/I calibration measurements

typedef struct {
double Vref;
double Vexc;
double Vs;
double Rs;
double Vx;
double Rx;
double Va;
double Ra;

/I reference voltage (Volts)
/I excitation voltage (Volts)
/I Vmeas for Rs (Volts)
/Il switch resistance (Ohms)
/l Vmeas for Rx (Volts)
/I mux resistance (Ohms)
/l Vmeas for Ra (Volts)
/l Resistance of shunt resistor Ra (plus 5k

/I constant!) (Ohms)

double Vb;
double Rb;

/I Vmeas for Rb (Volts)
/I Resistance of shunt resistor Rb (plus 5k
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/I constant!) (Ohms)
} DQ208CPRM, *pDQ208CPRM,;

/I calibration measurements parameters

typedef struct {
uint32 channel; // channel to measure at
uintlé ExcA; // excitation level A (even cha nnels, 16 bit)
uintlé ExcB; // excitation level B (odd chan nels, 16 bit)
uint8 Ra; /I Shunt A level (8 bit, 256 po sitions)
uint8 Rb; /I Shunt B level (8 bit, 256 po sitions)
} DQ208CCOND, *pDQ208CCOND;
Note:
The device should be in configuration mode; thesasarements cannot be done along with
acquisition.

4.5.7 DgAdv208ReadAutogain

Syntax:
int DgAdv208ReadAutogain(int hd, int devn, uint32 m easurement,
uint32 clentry, int* samples, uint32* dt, double* d f)
Command:
DQE
Input:
int hd Handle to the IOM received fromgOpenIOM()
int devn device number
uint32 measurement what to measure
uint32 clentry channel and gain settings
int *samples number of samples requested
uint32 *dt pointer to buffer for retrieved binary data (18}bit
double *df pointer to buffer for values in volts
Output:
int *samples number of samples retrieved
uint32 *dt retrieved binary data (18-bit)
double *df values in volts
Return:
DQ_NO_MEMORY error allocating buffer
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't égtahed
DQ_BAD_DEVN device indicated bgevn does not exist or is not an Al-208

DQ_BAD_PARAMETER measurement is not one of the valid
DQL_IOCTL208_READ constantsglentry  is not a
valid channel numbesamples is NULL or requested
value is not between 1 and 64,dbr or df is NULL

DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccanich
DQ_SUCCESS successful completion
Other negative values low level IOM error

Description:

This function reads data and automatically seldagproper gain.
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None

DgAdv208ShuntCal

Syntax:

int DgAdv208ShuntCal(int hd, int devn, uint32 chahnint32 shunt_set, int cycles, double excitation

double r_shunt, double* r_actual, double* v_exajllle* v_gage, double* v_shunt)

Command:

Input:

None

int hd

int devn

uint32 channel
uint32 shunt_set

int cycles
double excitation
double r_shunt

Output:

double* r_actual
double* v_exc

double* v_gage
double* v_shunt

Return:

DQ_NO_MEMORY
DQ_ILLEGAL_HANDLE
DQ_BAD_DEVN
DQ_BAD_PARAMETER
DQ_SEND_ERROR
DQ_TIMEOUT_ERROR
DQ_IOM_ERROR
DQ_SUCCESS
DQ_EXECUTION_ERROR

Other negative values

Description:
The function performs shunt calibration measuresient

Notes:

Handle to the IOM received fromqOpenlOM()
device number
what channel to measure

type of shunt to apply:
DQL_IOCTL208_READ_Ra
DQL_IOCTL208_READ_Rb

number of measurement cycles to average (1..100)
Requested excitation voltage: 2.0V..9.0V
Requested shunt value: 10k..170k

Actual shunt resistance

Actual excitation voltage

Actual voltage between S+ and S-

Actual voltage between S+ and S- with shunt applied

error allocating buffer

illegal IOM Descriptor or communication wasn't ddtahed

device indicated bgevn does not exist or is not an Al-208

one of parameters supplied are bad

unable to send the Command to IOM

nothing is heard from the IOM for Time out duration

error occurred at the IOM when performing this ccemih

successful completion

Error while working with shunt cal, most likely coections
low level IOM error

1. The function takes approximately 5 seconds to exewith 10 cycles.

2. PS+ should be connected to S+ on the screw ternfrtérwise, the shunt cannot be
measured and only a four-wire interface is supplorte

3. Shunt A is applied between S+ and P+; shunt B batv&+ and AGND
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4. Measurement range of r_shunt can be from 10k t& {stunt has 5k 0.1% resistor and
200k digital potentiometer with good ppm/C but wad% tolerance). Some layers may be
capable of providing shunt calibration with a resise exceeding 170k.

4.6 DNA-AI-211 layer

4.6.1 DgAdv211Read
Syntax:

Input:

int DgAdv211Read(int hd, int devn, int CLSize, uint

32 *cl,

uintl6 *bData, double *fData)
Command:

DQE

int hd

int devn

int CLSize
uint32 *cl
uint32 *bData
double *fData

Output:

uint32 *bData
double *fData

Return:

DQ_NO_MEMORY
DQ_ILLEGAL_HANDLE
DQ_BAD_DEVN

DQ_BAD_PARAMETER

DQ_SEND_ERROR
DQ_TIMEOUT_ERROR
DQ_IOM_ERROR
DQ_SUCCESS

Other negative values

Description:
When this function is called for the first timegtfirmware stops any ongoing operation on the
device specified and reprograms it according tactt@nnel list supplied. This function uses a fidd
update frequency — 1953Hz. Thus, the user canmfurpethis function call when the layer is involved
in any streaming or data mapping operations.

If the user specifies a short timeout delay, thigfion can time out when called for the first
time because it is executed as a pending commahthger programming takes up to 10ms.

Once this function is called, the layer continugustquires data and every call to the function
returns the latest acquired data.

If one would like to cancel ongoing sampling, ¢a# same function witBxffffffff

channel number.

Handle to the IOM received froBgOpenlOM()
Layer inside the IOM

number of channels

pointer to channel list with optional timestampuest
pointer to raw data received from device

pointer to store converted voltage da¥J(L if not
required)

raw data received from device
raw data converted to voltage

error allocating buffer
illegal IOM Descriptor or communication wasn't dgtahed
device indicated bgevn does not exist or is not an Al-211
CLSize is not between 1 aHdQ_MAXCLSIZEbData is
NULL, or a channel number gl is too high
unable to send the Command to IOM
nothing is heard from the IOM for Time out duration
error occurred at the IOM when performing this ccamnih
successful completion

low level IOM error

asa
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4.6.2 DgAdv211SetCfgChannel
Syntax:

int DgAdv211SetCfgChannel(int hd, int devn, pDQCFGC

H_211 cdata)

Command:

DQE
Input:

int hd Handle to the IOM received froBgOpenlOM()

int devn Layer inside the IOM

pDQCFGCH_211 cdata  Pointer to 211 channel config structure, see below
Output:

None

Return:

DQ_NO_MEMORY error allocating buffer

DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't égtahed
DQ_BAD_DEVN device indicated bgevn does not exist or is not an Al-211
DQ_BAD_PARAMETER lllegal value in DQCFGCH_211 structure
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccanich

DQ_SUCCESS successful completion
Other negative values low level IOM error
Description:

This function sets up the channel configuratiorapeeters for the Al-211. The user may
configure as many parameters as he chooses. Aaynpger that is not enabled by a <mask> bit will
retain its present value.

To accomplish Al-211 channel configuration the useist allocate, initialize, and pass a pointer to a

pDQCFGCH_211structure. This structure is defined as:

typedef struct {
uintl6 channels; // channel select bits
uint16 mask; /I bitwise indicates which

uint16 biasdrive; // set drive current for ie

uintl6 biasonoff; // DQ_211 BIAS_ON or DQ_2
uintl6 comphi;  // 12 bit comparison value
uintl6 complo;  // 12 bit comparison value
uint16 alarmctrl; // led alarm control, see d
uint16 hpf; /I high pass filters. see d

uint16 offset; // test mode.

uintl6 anafilt;  // 48kHz anti-alias filter.

/I DQ_211_ANALOG_FILTER_OFF

uintl6 main_enb; // enable dataflow from mai
uintl6 sec_enbs; // secondary enables. 0= se
uintl6 secn; /I determine update rate fo

} DQCFGCH_211, *pDQCFGCH_211;

of the following struct fields are valid

pe sensors, range 0-255 approx = 0-8mA
11_BIAS_OFF

for open sensor detection

for shorted sensor detection

efines below

efines below

DQ_211 ANALOG_FILTER_ON or
n ADC, see defines below

c. off, 1= secondary ON
r secondary (led comparison) converter

<channels> flags indicate which channels should be writtere Tdllowing flags are defined:

#define DQ_AI211_SEL_CHAN 0  (0x01)
#define DQ_AI211_SEL_CHAN 1 (0x02)
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#define DQ_AI211_SEL_CHAN_2  (0x04)
#define DQ_AI211_SEL_CHAN_ 3  (0x08)
#define DQ_AI211_SEL_CHAN_ALL  (0xOf)

More than one channel may be specified by oringiplalchannel flags together.

<mask> flag bits that select which parameters will be terit The following flags are defined:

#define DQAI211_CFGCH_DEFAULTSET (1L<<11) //if=1s et all values to default state
#define DQAI211_BIASDRIVESET  (1L<<0) //=1to set "biasdrive" parameter
#define DQAI211_BIASONOFFSET (1L<<1) //=1to set "biasonoff" parameter
#define DQAI211_COMPHISET (1L<<2) /I =1 to set "comphi" parameter
#define DQAI211_COMPLOSET (1L<<3) /I =1to set "complo" parameter
#define DQAI211_ALARMCTRLSET (1L<<4) //=1to set "alarmctrl" parameter
#define DQAI211_HPFSET (1L<<5) //=1to set "hpf" parameter
#define DQAI211_OFFSETSET (1L<<6) // =1to set "offset" parameter
#define DQAI211_ANAFILTSET (1L<<7) /I =1to set "anafilt" parameter
#define DQAI211_MAINENBSET (1L<<8) /=1 to set "main_enb" parameter
#define DQAI211_SECENBSSET (1L<<9) // =1to set "secenbs" parameter
#define DQAI211_SECNSET (1L<<10)// =1to set "secn" parameter

TheDQAI211_CFGCH_DEFAULTSETlag bit is used to easily set all of the charowifiguration values
to their default state. Before setting up a customfiguration , it is recommended to first set all
channels to their default state by settirgasinels > toAl211_SEL_CHAN_ALL, setting fhask> to
DQAI211_CFGCH_DEFAULTSEand callingbgAdv211SetCfgChannel().

<biasdrive > Sets the amount of drive current for the iepe seWgben the
DQAI211_BIASDRIVESET flag bit is set ik mask>, the<biasdrive > value is set. The following

scaling macro is defined to allow for easy transtato the correct values.
#define DQ211_DRIVE_CURRENT(I) ((1/8.0)*255) // drive current scaling macro.

The driver accepts values from zero to 255 whicp toadrive currents from zero to 8mA. Values less
than zero or greater than 8.0 will return an error.

< biasonoff > Turns the drive current for the iepe sensor oofor When the
DQAI211_BIASDRIVESET flag bit is set ik mask>, The value in<biasonoff > is set. The following

two values are defined for this purpose:
#define DQ_211_BIAS_ON (1)
#define DQ_211_BIAS_OFF (0)

<comphi > Sets the 12 bit comparison value for the opesaetdetector. When the
DQAI211_COMPHISET flag bit is set in mask>, The value in somphi > is set. Two defines are

provided:
#define DQ_211_COMP_HI_STD (0xfa0) // standa rd value for doing comparison
#define DQ_211_COMP_HI_DEFAULT (0xfff) // defaul t value ,disables comparison

It is suggested to keep the values between OxfAM@afi0. Setting a value of Oxfff will turn the
comparison off.

<complo> Sets the 12 bit comparison value for therted sensor detector. When the
DQAI211_coMPLOSETlag bit is set in <mask>, The value in <compliz>set. Two defines are
provided:
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#define DQ_211_COMP_LO_STD (0xc0) // standard value for doing comparison
#define DQ_211_COMP_LO_DEFAULT (0x0) // default value ,disables comparison

It is suggested to keep the values between Ox3@=a@l Setting a value of zero will turn the
comparison off.

< alarmctrl> Sets the control settings for theuslsalarm LED. When theQAI211_ALARMCTRLSET
flag bit is set in <mask>, The value in < alarmetris set. The following defines are provided:

#define DQ_211_ALARM_ON  (0x3) // LEDs are controlled by comparison

/I registers and secondary adc
#define DQ_211_ALARM_OFF (0) // LEDs are off
#define DQ_211_ALARM_RED (0x4) // LED contr olled by program, red on
#define DQ_211_ALARM_GREEN (0x8) // LED contr olled by program, green on
#define DQ_211_ALARM_ORANGE (0x0c) // LED contr olled by program, orange on

<hpf> Sets the control settings for high paserifty or DC coupling. When timQAI211_HPFSETflag
bit is set in <mask>, The value in <hpf> is séte Tollowing defines are provided:

#define DQ_211_HPF_DC (1L<<0) /IDCc oupling

#define DQ_211_HPF_POINT1_HZ (1L<<1) //0.1 Hz cutoff high pass filter
#define DQ_211 HPF_ 1 HZ (1L<<2) //1.0 Hz cutoff high pass filter
#define DQ_211_HPF_10 HZ (1L<<3) // 10 Hz cutoff high pass filter

< offset> Sets the control settings for a test endthis is not normally set by a user. When the
DQAI211_OFFSETSETflag bit is set in <mask>, The value in <offset>set. The following defines are

provided:
#define DQ_211_OFFSET_TEST_ON (1) It est mode on
#define DQ_211_OFFSET_TEST_OFF (0) It est mode off - default value

When the combination of DQ_211 BIAS_OFF and DQ_ZIRFSET_TEST_ON occurs, the system
internally grounds the sensor input for adjustnmmposes. No sensor connections are allowedst thi
time.

< anafilt> Sets the 48KHz analog anti-aliasintefilON or OFF. When theQAI211_ANAFILTSET
flag bit is set in <mask>, The value in <anafilis-set. The following defines are provided:

#define DQ_211_ANALOG_FILTER_ON (1) // leave anti-aliasing filter ON
#define DQ_211_ANALOG_FILTER_OFF (0)

< main_enb> Provides additional control over tr@mA/D converter for special applications.
Control for the main converter is normally provideatomatically by the DgAdv211Read() or the
ACB and DMap control functions. When tbeAI211_MAINENBSETflag bit is set in <mask>, The

value in <main_enb> is set. The following defimes provided:
#define DQ_211_MAIN_FLOW_OFF (0)
#define DQ_211_MAIN_FLOW_ON (1

< sec_enbs> Provides control over the secondddycAhverter used by the visual alarm LED
function. When th@®QAI211_SECENBSSETflag bit is set in <mask>, The value in <sec_enlisset.
The following defines are provided:
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#define DQ_211_SEC_ENB_OFF (0) // SECond ary converter OFF
#define DQ_211_SEC_ENB_LED (0x1) // SEC co nverter updates LED comparison

The converter must be turned on using the DQ_2BEC &NB_LED value in order for the visual
alarm LED to function.

< secn> This value sets the number of main céevezads per secondary converter read. When the
DQAI211_SECNSETflag bit is set in <mask>, The value in <secn>sdt The following defines are

provided:
#define DQ_211_SEC_N_STD (2400) // Number o f main reads per SECondary read
#define DQ_211_SEC_N_OFF (0) /I Disable secondary data flow

The secondary converter's monitoring of the stafute iepe sensor connection for the setting ef th
visual alarm LED does not need to occur at the sateeas the primary A/D converter. This setting
allows the user to set the rate at which the seaxyrzbnverter does this monitoring. The secondary
data is also transferred across the isolationdyaatithis same rate to be made available for some
special functions. Setting the value to DQ_211_SECFF disables the transfer of this data but does
not inhibit the functioning of the visual alarm LEDhe DQ_211 SEC_N_STD define is the
recommended setting for this value, but it maydig® any value from zero to 32,767

4.6.3 DgAdv211SetCfgLayer

Syntax:
int DgAdv211SetCfgLayer(int hd, int devn, pDQCFGLAY ER_211 Idata)
Command:
DQE
Input:
int hd Handle to the IOM received fromqOpenlOM()
int devn Layer inside the IOM
pDQCFGLAYER_211 Pointer to 211 layer config structure, see below
Idata
Output:
None
Return:
DQ_NO_MEMORY error allocating buffer
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn'’t dstahed
DQ_BAD_DEVN device indicated by devn does not exist or is moAk211

DQ_BAD_PARAMETER One of the values in the pDQCFGLAYER_211 structare
set to an illegal value

DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccemih
DQ_SUCCESS successful completion
Other negative values low level IOM error

Description:

This function sets up advanced layer configurafiarameters for the Al-211. These settings
apply to all channels on the layer. In the nornaale; these configuration settings are set autoatigttic
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by the DgAcbInitOps() function. Use these settitgeverride standard behavior for special
applications. The user may configure as many paemnas he chooses. Any parameter that is not

enabled by a <mask> bit will retain its presentieal

To accomplish Al-211 layer configuration the userstrallocate, initialize, and pass a pointer to a
pDQCFGLAYER_211structure. This structure is defined as:

typedef struct {
uintl6 mask; // bitwise indicate which of th
uint16 clksrc; // select clock source for divi
uint16 clkdiv; // clock divider. output (IMHz
/I clkdiv=0 passes clksrc w/o c
/I Do not set values less than
selected.
/I Sample rate is: clksrc/((cl

uintl6 fmtr; // reduced precision data forma

uint1l6 avg_factor; //Set the averaging factor.

e following fields are valid

der.

max)

hange.

65 or 23 when 66MHz or 24MHz

kdiv+1)*8).
t 1=reduced, 0 = normal.
0=1, 1=2, 2=4, 3=8, etc.

uintl6 dec_factor; // Set decimation factor
} DQCFGLAYER_211, *pDQCFGLAYER_211

<mask> flag bits that select which parameters will be t&rit The following flags are defined:
#define DQAI211_CFGLAYER_DEFAULTSET (1L<<0)/ /=1 to set default state
#define DQAI211_CLKSRCSET (1L<<1) //=1if" clksrc" contains valid data
#define DQAI211_CLKDIVSET (1L<<2) //=1if" clkdiv" contains valid data
#define DQAI211_FMTRSET  (1L<<3) //=1if" fmtr" contains valid data
#define DQAI211_AVGFACTORSET (1L<<4) //=1if" avg_factor" contains valid data
#define DQAI211_DECFACTORSET (1L<<8) //=1i f dec_factor has valid data
#define DQAI211_FIR_BY_DECFACTOR (1L<<5) // Se t default FIR to follow sample
rate determined by decimation factor

TheDQAI211_CFGLAYER_DEFAULTSEflag bit is used to easily set all of the layenfiguration values
to their default state. Before setting up a customfiguration , it is recommended to first setvalues
to their default state by settingnask> to DQAI211_CFGLAYER_DEFAULTSEand calling
DgAdv211SetCfgLayer(). When DQAI211_CFGLAYER_DEFAUL  TSET is set, all other mask> flag bits
are ignored.

<clksrc>  This value selects the source of the clock to leel tis pace the A/D conversion on the
layer. This clock source is routed to the clockdiv that is set byclkdiv>  below. When the
DQAI211_CLKSRCSETflag bit is set in mask>, the value in skksrc > is set The following defines are

provided:

#define DQ_211_CLK_66MHZ (0)
#define DQ_211_CLK_24MHZ (0x10)
#define DQ_211_CLK_SYNC2 (0x18)

#define DQ_211_CLK_SYNCO_BUS (0x8)
#define DQ_211_CLK_SYNC1_BUS (0x9)
#define DQ_211_CLK_SYNC2_BUS (Oxa)
#define DQ_211_CLK_SYNC3_BUS (Oxb)

<clkdiv>  This value sets the clock divider used to set éte of the A/D conversion. The maximum
allowable frequency to pace the main A/D is 1Mhz.
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Do not use values less than 65 when 66MHz is s#lamt less than 23 when 24MHz is selected. The
output frequency is clksrc/(clkdiv+1). Max valueli823. When th@QAI211_CLKDIVSET flag bit is set
in <mask>, the value in elkdiv > is set. The default value is 65.

<fmtr > This value sets a reduced precision mode, reddovespecial applications. When the
DQAI211_FMTRSETflag bit is set in saask>, the value in fantr > is set. The following defines are

provided:
#define DQ_211_FMTR_NORMAL (0)
#define DQ_211_FMTR_REDUCED @)

The default value iBQ 211 FMTR_NORMAL.

<avg_factor>  This value sets the amount of averaging perforrmbd.number of samples averaged
together is always a power of 2. Settiagg_factor>  to zero gives no averaging. Setting
<avg_factor>  to 1 gives 2 samples averaged, setting 2 averagamgles, 3 averages 8, etc. The
maximum value fokavg_factor> is 15, which averages 32,768 samples. When the
DQAI211_AVGFACTORSETlag bit is set in mask>, the value in svg_factor > is set.

<dec_factor>  This value sets the amount of decimation perforriée. decimation ratio is always a
power of 2. Settingdec_factor>  to zero gives no decimation. Settipc_factor>  to 1 retains 1
of every 2 samples, setting 2 retains 1 of evesgiiples, 3 retains 1 of 8 , etc. The maximum value
for <dec_factor> is 16, which retains 1 out of every 65536 sampl¢isen the
DQAI211_DECFACTORSETlag bit is set in mask>, the value in dec_factor > is set.

The DQAI211_FIR_BY_DECFACTOR flag bit also uses the data in <dec_factor>. If the
DQAI211_FIR_BY_DECFACTORDbIt is set andQAI211_DECFACTORSETS also set,

the default FIR filter coefficients will be adjustalong with the decimation factor. This maintains
correct low-pass filter response. As the decimafiabor decreases the data rate by a factor oft2 wi
each increment, the cutoff frequency of the FIRifibe reduced correspondingly.

4.6.4 DgAdv211SetFIR

Syntax:
int DgAdv211SetFIR(int hd, int devn, int channel, i nt mask, int
decrat, int tapsize, double* data)
Command:
DQE
Input:
int hd handle to the IOM received froBgOpenlOM()
int devn layer inside the IOM
int channel bit field to select channel, see below
int mask bit field to select which FIR setting functionsgerform, see
below
int decrat desired decimation raticNULL if not required), see below
int tapsize number of taps in filter, length of the followiridata
(NULL if not required), see below
double *data pointer to filter taps dataNULL if not required), see below
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Output:
None
Return:
DQ_NO_MEMORY error allocating buffer
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't dgtahed
DQ_BAD_DEVN device indicated bgevn does not exist or is not an Al-211

DQ_BAD_PARAMETER No channel specified, decimation ratio is illegalue,
tapsize is illegal value or *data is NULL

DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccanich
DQ_SUCCESS successful completion
Other negative values low level IOM error

Description:

This function can be used to perform FIR configioragnd control functions for the Al-211
when the user desires to specify his own filtefffi@ents and decimation rates. In the normal case
these configuration settings are set automatitsilitheDgAcbinitops()  function. Use these settings
to override standard behavior for special applceti The user may configure as many parameters as
he chooses. Any parameter that is not enableddmgask> bit will retain its present value.

<channel> parameter indicates which channels will get théR €onfiguration changed. The
following flags are defined:

#define DQ_AI211_SEL_CHAN_0O (0x01)

#define DQ_AI211_SEL_CHAN_1 (0x02)

#define DQ_AI211_SEL_CHAN_2 (0x04)

#define DQ_AI211_SEL_CHAN_3 (0x08)

#define DQ_AI211_SEL_CHAN_ALL  (0x0f)

More than one channel may be specified by oringipialchannel flags together.

<mask> parameter flag bits that select which patarsevill be written. The following flags are
defined:

#define DQ_AI211_FIR_SET_DEFAULT  (0x8) // set and enable the default filter
#define DQ_AI211_FIR_COEFF_LOAD (Ox4) 11 oad taps and coefficients
#define DQ_AI211_FIR_SET_DECIMATION_RATE (0x2) / | set decimation rate
#define DQ_AI211_FIR_ENABLE (Ox1) /Il e nable fir filter

#define DQ_AI211_FIR_DISABLE (0x0) // d isable fir filter

#define DQ_AI211_FIRFIRST_ENABLE  (0x0) // p erform FIR before averaging
#define DQ_AI211_FIRFIRST_DISABLE (0x10)// p erform FIR after averaging
#define DQ_AI211_FIR_SET_SKIP (0x20)// s et skip count by user

TheDQ_AI211_FIR_SET_DEFAULT flag bit is used to clear all of the FIR configtioa values to
their unprogrammed state. Before setting up a ¢etely custom configuration , it is recommended to
first set all channels to their default state byisg <channel> t@Q_AI211_SEL_CHAN_ALL, setting
<mask> tabQ_AI211_FIR_SET_DEFAULT and callingbgAdv211SetFIR() . When the
DQ_AI211_FIR_SET_DEFAULT flag is set, all of the othemsask> parameter bits are ignored. After
using thedDQ_AI211_FIR_SET_DEFAULT flag, additional calls tdgAdv211SetFIR () must be made to
load the coefficients, set the decimation and enti#® filters.
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TheDQ_AI211_FIR_ENABLE andDQ_AI211_FIR_DISABLE defines are used to enable or bypass
the FIR filter when a custom FIR filter has beeaded. When the user does not make any calls to
DgAdv211SetFIR () the standard settings are used and the systerawtdimatically load and enable
the FIR filter. No additional enabling is required.

TheDQ_AI211_FIRFIRST_ENABLE andDQ_AI211_FIRFIRST_DISABLE defines are used to set the
order in which the FIR filtering and the averagtages place. When standard default settings adg use
the system will automatically set the FIR filteritggoccur first.

<decrat> parameter sets the decimation rate. Zero = no @twim Setting a value of 1 discards one
reading for every one kept, two discards two regsliior every one kept, etc. For example, to de@mat
an 80kHz sample rate to 10kHz, use a value of heMtheDQ_AI211_FIR_SET_DECIMATION_RATE

flag bit is set in mask> parameter, The value inletrat > is set.

The default value is zero. Include th@_AI211_FIR_ENABLE flag with
DQ_AI211_FIR_SET_DECIMATION_RATE when changing rates.

<tapsize> and <*data> parameters are used to load user defined filtefficats to the selected
FIR filters <tapsize> is the number of coefficients expected in the aofagouble precision
coefficients pointed to by data>.  The coefficients should be in the [-1.0...1.0] rariflee sum of
all the taps should equal 1.0 . Wheniige Al211_FIR_COEFF_LOADflag bit is set in thesask>
parameter, thetapsize > and <*data> values are set. It is recommendegtthe desired decimation
with the same function call that is used to seffilter coefficients.

4.6.5 DgAdv211SetPIl

Syntax:
int DgAdv211SetPlI(int hd, double samplerate, doubl e* sr_actual,
int* dec_fact, int line)
Command:
DQE
Input:
int hd Handle to the IOM received fromgOpenlOM()
double samplerate Desired sampling rate
int line Sync line to assign signal
Output:
double* sr_actual actual sample rate
int *dec_fact Required decimation factor for Al-211 layer
Return:
DQ_BAD_PARAMETER requested sample rate is too high or too low
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccemih
DQ_SUCCESS successful completion
Other negative values low level IOM error
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Description: The PLL clock circuit on the CPU layer will beogrammed and routed by this function.
The PLL may be routed by way of the sync[1] or $8htines by using th&®Q_EXT_SYNC1or
DQ_EXT_SYNc3constants for the ‘line’ parameter.
The Al-211 uses clock rates that are higher thars#impling rate and also uses decimation to reduce
the effective sampling rate. This function will callate the correct clock and decimation factortlier
Al-211.
The returned decimation factor should be sentacAth211 layers using the DgAdv211SetCfgLayer()
function as follows:
DQCFGLAYER_211 Idata;

Idata.mask = (DQAI211_DECFACTORSET | DQAI211_FI R_BY_DECFACTOR);

Idata.dec_factor = (uint16)decm_factor;
DgAdv211SetCfgLayer(hd0,DEVN,&Idata);

The Config word used by the second parameter of DgA cbInitOps() must enable the PLL
clock by specifying the DQ_LN_CVCKSRC1 constant. Fo r example:
#define CFG211 (DQ_LN_ENABLED \

[IDQ_LN_ACTIVE\

[DQ_LN_GETRAW \

[DQ_LN_IRQEN\

|[DQ_LN_CVCKSRC1\

[DQ_LN_STREAMING \

|DQ_FIFO_MODEFIFO)

4.7 DNA-AI-212 layer
4.7.1 DgAdv212Read

Syntax:
int DgAdv212Read(int hd, int devn, int CLSize, uint 32 *cl,
uint32 *bData, double *fData)
Command:
DQE
Input:
int hd Handle to the IOM received frodqOpenlOM()
int devn Layer inside the IOM
int CLSize number of entries in the channel list
uint32 *cl pointer to channel list with optional timestampuest
uint32 *bData pointer to raw data received from devid&ULL if not
required), min length €LSize
double *fData pointer to store converted voltage dat@J( L if not
required), min length €LSize
Output:
uint32 *bData raw data received from device
double *fData converted voltage data
Return:
DQ_NO_MEMORY error allocating buffer
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DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't égtahed

DQ_BAD_DEVN device indicated bgevn does not exist or is not an Al-212

DQ_BAD_PARAMETER CLSize is not between 1 aridQ_MAXCLSIZEor a
channel number iol is too high

DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccanich
DQ_SUCCESS successful completion
Other negative values low level IOM error

Description:

The user cannot perform this function call whenléyer is involved in any streaming or data
mapping operations. When this function is callettle first time, the firmware stops any ongoing
operation on the device specified and reprogramsdbrding to the channel list supplied. Chanse! li

entries have following format:
10-8 4-0
<gain setting>  <channel number>

Macros DQ_AI212_GAIN() and DQ_AI212_CHANGAIN() mde used to assemble the channel list.

An available thermocouple bias voltage is disalbgdefault on each of the Al-212 Ain(-)
inputs. When turned ON, it connects mid-supplyage to the Ain- terminal. This is used when
measuring floating (ungrounded) thermocouples. DN&A-STP-AI-212 terminal panel provides a
100K resistance to ground, which negates the raretthé bias feature. In applications where the DNA-
STP-AI-212 terminal panel is not used, the DQ_AIZBRS ON_FLAG may be bitwise OR’d with
the channel list entries.

If the user specifies a short timeout delay, thigfion can time out when called for the first
time because it is executed as a pending commahthger programming takes up to 10ms.

Once this function is called, the layer continugwstquires data and every call to the function
returns the latest acquired data.

If one would like to cancel ongoing sampling, ¢a# same function witBxffffffff as the
first channel number in the channel list.

4.7.2 DgAdv212SetBurnoutDetectCurrent

Syntax:
int DgAdv212SetBurnoutDetectCurrent (int hd, int de vn, uint32
chan_mask, uint32 burnout)
Command:
DQE
Input:
int hd Handle to the IOM received fromgOpenlOM()
int devn Layer inside the IOM
uint32 chan_mask bits 0..11 correspond to channels 0..11 0 shamge to
burnout detect current, 1 = set burnout detecectiper
value inburnout
uint32 burnout One of the #defined constants, see below.
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Output:

None

Return:

DQ_NO_MEMORY
DQ_ILLEGAL_HANDLE
DQ_BAD_DEVN
DQ_SEND_ERROR
DQ_TIMEOUT_ERROR
DQ_IOM_ERROR
DQ_SUCCESS

Other negative values

Description:
This function sets the burnout detect currenttierchannels specified @han_mask.

#define DQ_AI212_BURNOUT_SRC_OFF
#define DQ_AI212_ BURNOUT_SRC_HALFUA (0x40)  //
#define DQ_AI212
#define DQ_AI212_ BURNOUT_SRC_10UA (0xCO) //

The default burnout setting at system power-up is D

" BURNOUT_SRC_.

channels.

4.7.3 DgAdv212SetCjcRate
Syntax:

int DgAdv212SetCjcRate (int hd, int devn, double *n

double *oldrate)

Command:

Input:

DQE

int hd
int devn
double *newrate

Output:

double *oldrate

Return:

DQ_NO_MEMORY
DQ_ILLEGAL_HANDLE
DQ_BAD_DEVN

DQ_BAD_PARAMETER

DQ_SEND_ERROR
DQ_TIMEOUT_ERROR
DQ_IOM_ERROR
DQ_SUCCESS

Other negative values

Description:

2UA (0x80) /I

error allocating buffer
illegal IOM Descriptor or communication wasn't ddtahed
device indicated bgevn does not exist or is not an Al-212
unable to send the Command to IOM
nothing is heard from the IOM for Time out duration
error occurred at the IOM when performing this ccemih
successful completion

low level IOM error

burnout current source off

burnout current source 0.5uA
burnout current source 2.0uA
burnout current source 10uA

(0x00) 1/

Q_AI212_BURNOUT_SRC_OFF for all

ewrate,

Handle to the IOM received froBgOpenlOM()
Layer inside the IOM
New CJC sensor rate (Hz)

previous CJC sensor rate (NULL if not required)

error allocating buffer
illegal IOM Descriptor or communication wasn't ddtahed
device indicated bgevn does not exist or is not an Al-212
*newrate is NULL, or newrate value is less than 0.25 or
greater than 1500
unable to send the Command to IOM
nothing is heard from the IOM for Time out duration
error occurred at the IOM when performing this ccemih
successful completion

low level IOM error
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This function sets a new conversion rate for tlggal CJC temperature sensors. The default

rate is 4 readings per second.

4.8 DNA-AI-217, DNA-AI-218, DNA-AI-219 and DNA-AI-228 layers

Al-217, Al-218 , Al-219 and Al-228 function applicéity table:

API function:

Al-217 Al-218 Al-219 Al-228

DgAdv217Read

v

DgAdv217GetPgaStatus

v

DgAdv217SetCfgLayer

v
v
v

ASANEN

v

DgAdv217SetCjcAvg

DgAdv217SetFIR

AN

DgAdv217SetPIl

ANANENENENAN

DgAdv218ConfigDio

DgAdv218WriteDioOut

DgAdv218ReadDioln

DgAdv218SetBITMux

NNENENANENAN
NNENANAN
NNENENANENAN

The Al-217-804 uses the same function calls ag\tH&17

4.8.1 DgAdv217Read
Syntax:

int DgAdv217Read(int hd, int devn, int CLSize, uint

32 *cl,

uint32 *bData, double *fData)

Command:
DQE
Input:
int hd
int devn
int CLSize
uint32 *cl
uint32 *bData

double *fData

Output:
uint32 *bData
double *fData

Return:
DQ_NO_MEMORY
DQ_ILLEGAL_HANDLE
DQ_BAD_DEVN

DQ_BAD_PARAMETER

Handle to the IOM received froBgOpenlOM()
Layer inside the IOM

number of channels

pointer to channel list with optional timestampuest
pointer to raw data received from deviddJLL if not
required)

pointer to store converted voltage datJ(L if not
required)

raw data received from device
converted voltage data

error allocating buffer

illegal IOM Descriptor or communication wasn't dgtahed
device indicated bgevn does not exist or is not an Al-217,
Al-218, Al-219 or Al-228

CLSize is not between 1 aldQ_MAXCLSIZEor a
channel number iaol is too high
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DQ_SEND_ERROR
DQ_TIMEOUT_ERROR
DQ_IOM_ERROR
DQ_SUCCESS

Other negative values

Description:

unable to send the Command to IOM
nothing is heard from the IOM for Time out duration
error occurred at the IOM when performing this ccemih
successful completion

low level IOM error

When this function is called for the first timeetfirmware stops any ongoing operation on the

device specified and reprograms it according tacttennel list supplied. The user cannot perform thi
function call when the layer is involved in anyestming or data mapping operations.

If the user specifies a short timeout delay, thigcfion can time out when called for the first
time because it is executed as a pending commahthger programming takes up to 10ms.

Once this function is called, the layer continugustquires data and every call to the function
returns the latest acquired data.

If one would like to cancel ongoing sampling, ¢a# same function witBxffffffff

channel number.

asa

4.8.2 DgAdv217GetPgaStatus
Syntax:

Input:

int DgAdv217GetPgaStatus(int hd, int devn, uint32*

errchan,

uint32* newdata, uint32* pgadata)
Command:

DQE

int hd
int devn

Output:

uint32* errchan
uint32* newdata

uint32* pgadata

Return:

DQ_NO_MEMORY
DQ_ILLEGAL_HANDLE
DQ_BAD_DEVN

DQ_SEND_ERROR
DQ_TIMEOUT_ERROR
DQ_IOM_ERROR
DQ_SUCCESS

Other negative values

Description:
This function reads the PGA status of the Al-218/219/228.

Handle to the IOM received froBgOpenlOM()
Layer inside the IOM

Bit field that indicates which PGA channels haveer

Bit field that indicates which PGA channels havevrlata since
the last read by this function

Array of 16 PGA status readings. See below for idigson

error allocating buffer
illegal IOM Descriptor or communication wasn't ddtahed
device indicated bgevn does not exist or is not an Al-217,
Al-218, Al-219 or Al-228
unable to send the Command to IOM
nothing is heard from the IOM for Time out duration
error occurred at the IOM when performing this ccemih
successful completion

low level IOM error

Use the following defines to identify errors:
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checksum enabled

DQ_AI217_PGAERR_IARERR (1UL<<6) // Input Amplif
DQ_AI217_PGAERR_BUFA (1UL<<5) // Buffer activ
DQ_AI217_PGAERR_ICAERR (1UL<<4) // input clamp

in SPI; only active if

ier saturated to supply rail
e indication
conduction error

DQ_AI217_PGAERR_ERRFLAG (1UL<<3) // Error flag

DQ_AI217_PGAERR_OUTERR (1UL<<2) // Output Ampli
DQ_AI217_PGAERR_GAINERR (1UL<<1) // Gain network
DQ_AI217_PGAERR_IOVERR (1UL<<0) // Input over-v

fier clipping or over-current
overload
oltage error

Updates will occur 10 times per second. Usennedata variable to qualify the data if reads are
made faster than this rate.

4.8.3 DgAdv217SetCfgLayer

Syntax:

int DgAdv217SetCfgLayer(int hd, int devn, int chann

function, int data)

Command:
DQE

Input:

int hd

int devn

int channels

int function

int data
Output:

None
Return:

DQ_NO_MEMORY
DQ_ILLEGAL_HANDLE
DQ_BAD_DEVN

DQ_BAD_PARAMETER
DQ_SEND_ERROR
DQ_TIMEOUT_ERROR
DQ_IOM_ERROR
DQ_SUCCESS

Other negative values

Description:

There are two defined values for tharction>
1. DQ_AI217_SET_CFG_LAYER_PGA -

els, int

Handle to the IOM received froBgOpenlOM()

Layer inside the IOM

Bitwise mask that determines which Al channelstaree
changed

Constant indicating the configuration type that Vvé
performed

Configuration data

error allocating buffer
illegal IOM Descriptor or communication wasn't dgtahed
device indicated by devn does not exist or is noAR217,
Al-218, Al-219 or Al-228
One of the parameters is set to an illegal value
unable to send the Command to IOM
nothing is heard from the IOM for Time out duration
error occurred at the IOM when performing this ccanich
successful completion

low level IOM error

parameter:
access the wire disconnect reporting feature cescthe

the extended error reporting features of the PGAR8Be layer’s front-end.
2.DQ_AI217_SET_CFG_LAYER_ADC - set the clocking and decimation algorithm for tHeG\
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<channels> is a bit mask parameter that determines which alarwill get their configuration
modified. A ‘1’ in a bit position will enable theooesponding channel for update. e.g. Bit(1L<<0) fo
Al channel 0 ... Bit(1L<<15) for Al channel 15. Uee defined constant
DQ_AI217_SETCFG_ALL_CHAN to update all channelsisTapplies to the
DQ_AI217_SET_CFG_LAYER_PGAfunction only. When theQ_AI217_SET_CFG_LAYER_ADC function

is selected the channels parameter is ignored

<data> is the data that will be used for configurationh&<function> is

DQ_AI217_SET _CFG_LAYER_PGAsdata> is a 16-bit value that will be used to configure i
PGA280 IC’s at the front end of each of the Al alls. This value combines chip addressing, register
selection and register contents. For exampleydhes 0x470C is used to set wire break detect ntrre
sources ON. The ‘4’ is the chip addressing, “this number of the PGA register that will be writte

and ‘0C’ is the data that will be put into register

When<function> is DQ_AI217 SET_CFG_LAYER_ADCxkdata> is either

#define
or

#define

DQ_AI217_SET_ADC_DEFAULT // set legacy sample rate calculation and configumatio

DQ_AI217_SET_ADC_ENH // set enhanced performance at lower sample rates

4.8.4 DgAdv217SetCjcAvg

Syntax:
int DgAdv217SetCjcAvg(int hd, int devn, int factor)
Command:
DQE
Input:
int hd handle to the IOM received froBgOpenlOM()
int devn layer inside the IOM
int factor Value to select the number of averaged CJC readings
Output:
none
Return:

DQ_NO_MEMORY
DQ_ILLEGAL_HANDLE
DQ_BAD_DEVN
DQ_BAD_PARAMETER
DQ_SEND_ERROR
DQ_TIMEOUT_ERROR
DQ_IOM_ERROR
DQ_SUCCESS

Other negative values

Description:

error allocating buffer
illegal IOM Descriptor or communication wasn't dstahed
device indicated bgevn does not exist or is not an Al-217
Factor is not in the range of -1..0x14
unable to send the Command to IOM
nothing is heard from the IOM for Time out duration
error occurred at the IOM when performing this ccanich
successful completion

low level IOM error
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This function can be used to override or restoeedifault averaging factor used by the CJC
channel.

Factor value setting| # of CJC readings averaged
-1 Use default factor value
0 1

1 2

2 4

3 8

4 16

5 32

6 64

7 128

8 256

9 512

Oxa 1024
Oxb 2048
Oxc 4096
Oxd 8192
Oxe 16384
Oxf 32768
0x10 65536
0x11 131072
0x12 262144
0x13 524288
0x14 1048576

The Al-217’s default factor value is automaticadlst when the factor value setting is -1. This
automatically set factor value varies dependinghensample rate that is currently set. The default
averaging factors are shown in the following table.

When Sample rate | And sample rate | Default factor| # of CJC readings
less than or equal to} is greater than: value averaged
120,000 60,000 0 1
60,000 30,000 1 2
30,000 15,000 2 4
15,000 7,500 3 8

7,500 3,750 4 16
3,750 1,875 5 32
1,875 937.5 6 64
937.5 468.75 7 128
468.75 234.375 8 256
234.375 0 9 512
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4.8.5 DgAdv217SetFIR

Syntax:
int DgAdv217SetFIR(int hd, int devn, int bank, int action, int
decrat, int tapsize, int* filter_total, double* dat a)
Command:
DQE
Input:
int hd handle to the IOM received froBgOpenlOM()
int devn layer inside the IOM
int bank bit field to select group of 4 channels, see below
int action bit field to select which FIR setting functionsgerform, see
below
int decrat desired decimation ratitNULL if not required), see below
int tapsize number of taps in filter, length of the followiridata

double *data

Output:

int *filter_total

Return:

DQ_NO_MEMORY
DQ_ILLEGAL_HANDLE
DQ_BAD_DEVN

DQ_BAD_PARAMETER

DQ_SEND_ERROR
DQ_TIMEOUT_ERROR
DQ_IOM_ERROR
DQ_SUCCESS

Other negative values

(NULL if not required), or new FIR index if
Al217_FIR_SET_INDEX is used as thaction value
pointer to filter taps dataNULL if not required), see below

total of filter coefficients after conversion taéger.
Expected returned value is 8388608, see below

error allocating buffer
illegal IOM Descriptor or communication wasn't dstahed
device indicated bgevn does not exist or is not an Al-217,
Al-218, Al-219 or Al-228
No channel specified, decimation ratio is illegalue,
tapsize is illegal value or *data is NULL
unable to send the Command to IOM
nothing is heard from the IOM for Time out duration
error occurred at the IOM when performing this ccemih
successful completion

low level IOM error

Description:

This function can be used to perform FIR configioragnd control functions for the Al-217
when the user desires to specify his own filtefffi@ents and decimation rates. In the normal case
these configuration settings are set automatitsiltheDgAcbinitops()  function. Use these settings
to override standard behavior for special appliceti The user may configure as many parameters as
he chooses. Any parameter that is not enableddmgask> bit will retain its present value.

<bank> parameter indicates which channels will get th&i €onfiguration changed. The Al-217
series has 4 quad FIR units and the others hauwal4=R units. In all cases each ADC channel has it
own FIR data storage. Each FIR unit shares the saeficients. The following flags are defined for
the Al-217:
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#define AI217_SEL_QFIR_A (0x01) /Iselect fir for channels 0-3

#define AlI217_SEL_QFIR_B (0x02) //select fir for channels 4-7

#define AlI217_SEL_QFIR_C (0x04) //select fir for channels 8-11

#define AlI217_SEL_QFIR_D (0x08) //select fir for channels 12-15
for the Al-218, Al-219 and Al-228:

#define AI218_SEL_DFIR_A (0x01) /Iselect fir for channels 0,1

#define AI218_SEL_DFIR_B (0x02) //select fir for channels 2,3

#define AI218_SEL_DFIR_C (0x04) //select fir for channels 4,5

#define AI218_SEL_DFIR_D (0x08) //select fir for channels 6,7

#define AI217_SEL_QFIR_ALL (0xO0f) //select all cha nnels

More than one channel may be specified by ORingiptelchannel flags together.

<action > parameter flag bits that select which parametétde written. The following flags are
defined:

#define DQ_AI217_FIR_SET_INDEX  (0x80) // over ride the automatic selection
/I of the FIR index
#define AI217_FIR_SET_DEFAULT (0x8) /Ise t and enable the default filter
#define AlI217_FIR_COEFF_LOAD (0x4) /11 oad taps and coefficients
#define AI217_FIR_SET_DECIMATION_RATE (0x2) // s et decimation rate
#define AlI217_FIR_ENABLE (Ox1) /1 e nable fir filter
#define AlI217_FIR_DISABLE (0x0) /1 d isable fir filter

TheAl217_FIR_SET_DEFAULT flag bit is used to easily set all of the FIR dguafation values
to their default state. Before setting up a customfiguration , it is recommended to first set all
channels to their default state by setting <baiok&217_SEL_QFIR_ALL , setting <mask> to
Al217_FIR_SET_DEFAULT and callingbgAdv217SetFIR() . When theal217_FIR_SET_DEFAULT flag
is set, all of the otherastion > parameter bits are ignored.

TheAI217_FIR_ENABLE andAI217_FIR_DISABLE defines are used to enable or bypass the FIR
filter when a custom FIR filter has been loaded oiser defined decimation rate is used . When
standard default settings are used, the systenautiimatically load and enable the FIR filter. No
additional enabling is required. Loading a zeragthrset of FIR coefficients will also bypass th&FI
filter.

TheAl217_FIR_SET_INDEX flag bit as the sction > parameter allows the user to override the
automatic selection of the default FIR filter. Thie17_FIR_SET_INDEX bit is never used in
conjunction with any otheiction  bits. The present enable/disable status will bkEhanged by setting
the index.

This <action > parameter gives the user some control over ttefdoequency of the FIR filter
without having to go to the effort of designing dadding custom filter coefficients. Normally the
index is calculated and set automatically by theetlwhen the sample rate is set.

default fir index user sample rate

120kHz — 60.01kHz

60kHz — 30.01kHz

30kHz — 15.01kHz

15kHz — 7.51kHz

7.5kHz — 3751Hz

Q| WINF O

3750 - 1876
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6 1875 -937.6
7 937.5 - 469

8 468.75 - 234.4
9 234.375-1

For example: you are sampling the data at 10kiiz/ou find the low-pass cutoff frequency of
the default filter to be too high. From the chae see that the default index for 10kH8.sAs the
indices increase the cutoff frequencies get lowickvmakes the next lower setting be an index of 4.
The new index value is passed in by reusingthsize> parameter. The normal function of the
tapsize parameter is not available when the insléseing set by using217_FIR_SET_INDEX . To
restore the default filter selection either setratex value of -1 or power cycle the IOM.

<decrat> parameter sets the decimation rate. Zero = no @twim Setting a value of 1 discards one
reading for every one kept, three discards thradings for every one kept, etc. When the
Al217_FIR_SET_DECIMATION_RATE flag bit is set in sction > parameter, The value inletcrat > is

set.

The default value is automatically determined kg ¢hosen sampling rate and should not need to be
set by the user. If the decimation value is changedust be set to the same value in all 4 balfks.
you call this function to only change the decimatiate, remember to include the17_FIR_ENABLE

flag with theAl217_FIR_SET_DECIMATION_RATE flag. Changing the decimation rate will change the
output data rate. Decimation is applied afterRHe filter just before it is sent to the input d&i&O.

<tapsize> and <*data> parameters are used to load user defined filtefficats to the selected

FIR filters When theDQ_AI217_FIR_COEFF_LOADflag bit is set in theaction > parameter, the

<tapsize > and <*data> values are setapsize> is the number of coefficients expected in the array
of double precision coefficients pointed todsgata>.  In practice, for the Al-217-1, Al-218-1 and
Al-228-300, the ADC sampling and the FIR filterialyvays run at a rate that is between 60kHz and
120kHz.

The Al-217-803 will sample at a rate of 30kHz dend the FIR will run at the same rate as the
sampling. When configuring the coefficients, c#te their value based upon the appropriate run rat

Model Max allowable
taps

Al-217-1 128

Al-217-803 512

Al-218-1 256

Al-219-1 less than or equal to 120K $/856

Al-219-1 greater than 120K s/s 128

Al-228-300 256

The coefficients should be doubles in the [-1.0.].dafge. The sum of all the coefficients should
equal 1.0 or very near to 1.0 depending on theevafuhe returnedfiter_total > . In order to
maintain accurate calibration, the floating poilief coefficients should be scaled so that therretd
<filter_total > value is exactly 8388608. Divergence from thpiraum number happens because
internally to the logic of the layer the FIR is ilemented with fixed point numbers. The conversion
from the double precision coefficients to the ingdrfixed point numbers introduces small rounding
errors that accumulate.
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The coefficient array is assumed to be symmetridais means the first coefficient will be the saase
the last coefficient, the second will be the sastha next to last, etc. Because of this symmetdy a
the size limitation of the Ethernet packet, only finst half of the coefficients is actually seneothe
Ethernet to the IOM. The IOM reconstructs the migsipper half.

4.8.6 DgAdv217SetPII

Syntax:
int DgAdv217SetPlI(int hd, double samplerate, doubl e* sr_actual,
int* dec_fact, int line)
Command:
DQE
Input:
int hd Handle to the IOM received fromgOpenIOM()
double samplerate Desired sampling rate
int line Sync line to assign signal
Output:
double* sr_actual actual sample rate
int *dec_fact Required decimation factor for Al-217/218/228 layer
Return:
DQ_BAD_PARAMETER requested sample rate is too high or too low
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccemih
DQ_SUCCESS successful completion
Other negative values low level IOM error

Description: The PLL clock circuit on the CPU layer will beogrammed and routed by this function.
The PLL may be routed by way of the sync[1] or $8htines by using th&®Q_EXT_SYNC1or
DQ_EXT_SYNc3constants for the ‘line’ parameter. Th@_EXT_IMMEDIATEflag should be bitwise
ORed with the ‘line’ parameter. ThidgAdv217SetPII() function should be called before the
DgAcbInitOps()  function so that the correct sync[x] line will benmected by

DgAcbInitOps()

The Al-217 uses clock rates that are higher tharsimpling rate (8X) and also uses decimation to
reduce the effective sampling rate. This functidlh alculate the correct clock and decimation €act
for the Al-217. If the sampling rate that is sehypthis function is the same as the sample raish
given toDgAcbInitOps(), then the correct decimation factor will be appleedomatically.
Otherwise, the decimation factor must be appliedggheDgAdv217SetFIR() function after the
call toDgAcbInitOps()

The Config word used by the second parameter of DgA cbinitOps() must enable the PLL
clock by specifying the DQ_LN_CVCKSRCO constant. Fo r example:
#define CFG217 (DQ_LN_ENABLED \

IDQ_LN_ACTIVE\

|[DQ_LN_GETRAW \
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IDQ_LN_IRQEN \
IDQ_LN_CVCKSRCO\
|IDQ_LN_STREAMING \
|DQ_FIFO_MODEFIFO)

Note: Using DgCmdSetClock() is the preferred way totlsetAl-217/218/228 sample rates. The Al-
217/218/228 layers have an on layer PLL that israatically setup and used by DgCmdSetClock().
This DgAdv217SetPII() function is intended to be used only when multiple217/218/228

layers are used and it is desired to have allehtilocked by the same source.

For the AI-217-803 only, you must use the DgAdvRR&UI() function for multiple layer
clocking and set the frequency parameter to theetksample rate multiplied by
DQ_AI217_ADC_CLOCK_FACTOR(8).

For the Al-219, use the DgAdvRoutePII() function.

4.8.7 DgAdv218ConfigDio

Syntax:
int DgAdv218ConfigDio(int hd, int devn, int dir_bit s)
Command:
DQE
Input:
int hd Handle to the IOM received fromgOpenIOM()
int devn Layer inside the IOM
int dir_bits bits 0..7 correspond to channels 0..7 0 =tinpe output
Output:
None.
Return:
DQ_BAD_DEVN device indicated bgevn does not exist or is not an Al-218,

Al-219 or Al-228
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration

DQ_IOM_ERROR error occurred at the IOM when performing this ccanich
DQ_SUCCESS successful completion
Other negative values low level IOM error

Description: Sets DIO direction of all channels.

4.8.8 DgAdv218ReadDioln

Syntax:
int DgAdv218ReadDioln(int hd, int devn, uint32* din )
Command:
DQE
Input:
int hd Handle to the IOM received fromqOpenlOM()
int devn Layer inside the IOM
Output:
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uint32* din Received data

Return:
DQ_BAD_DEVN device indicated bgevn does not exist or is not an Al-218,
Al-219 or Al-228
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration

DQ_IOM_ERROR error occurred at the IOM when performing this ccemih
DQ_SUCCESS successful completion
Other negative values low level IOM error

Description: Reads all 8 digital inputs.

4.8.9 DgAdv218SetBITMux

Syntax:
int DgAdv218SetBITMux(int hd, int devn, int chan_ma sk, int
MUX_pOoSs)
Command:
DQE
Input:
int hd Handle to the IOM received fromqOpenlOM()
int devn Layer inside the IOM
int chan_mask bits 0..7 correspond to channels 0..7 0 =hamge to
multiplexer, 1 = set multiplexer per valueritux_pos
int mux_pos Multiplexer position, see below.
Output:
None.
Return:
DQ_BAD_DEVN device indicated bgevn does not exist or is not an Al-218,

Al-219 or Al-228
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration

DQ_IOM_ERROR error occurred at the IOM when performing this ccamnih
DQ_SUCCESS successful completion
Other negative values low level IOM error - usually caused by trying towrBIT on

an older version of the layer that does not suppbirt

Description: Sets the BIT(built-in-test) multiplexers. BITzgars on PCB assemblies starting with
revision 3.

int mux_pos - select the multiplexer position, use one of théofeing defined constants:
#define DQ_AI218 BIT_OFF - Select normal operat ion, BIT testing turned OFF.

#define DQ_AI218 BIT_5V_IN - Select input #1 with self-test 5V applied.

#define DQ_AI218 BIT_ALT_5V - Select input #2 with self-test 5V applied.

The default power-up stated®_AI218_BIT_OFF.
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The Al-218 and Al-219 will read approximately +5%0(using DgAdv217Read for example) when
either theDQ_AI218 BIT 5V_IN or DQ_AI218 BIT_ALT 5V setting is used.
The Al-228-300 will read approx. +150Volts.

4.8.10 DgAdv218WriteDioOut

Syntax:
int DgAdv218WriteDioOut(int hd, int devn, int chann el, uint32
dout, uint32*last_dout)
Command:
DQE
Input:
int hd Handle to the IOM received fromgOpenlOM()
int devn Layer inside the IOM
int channel Channel number (0 - 7)
int dout new value to dout pin
Output:
uint32* last_dout last dout value
Return:
DQ_BAD_DEVN device indicated bgevn does not exist or is not an Al-218,
Al-219 or Al-228
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccanich
DQ_SUCCESS successful completion
Other negative values low level IOM error

Description: Write a bit to dout port addresseddiannel , returns old value. Port must be
configured for output using DgAdv218ConfigDio() .

Channel 8 may be used to write the same valud ahahnels. In this case only the last dout value
from channel O is returned.
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4.9 DNA-AI-222 layer

4.9.1 DgAdv222Config

Syntax:
int DgAdv222SetConfig (int hd, int devn, uint32 cha n_mask,
uint32 mode, double lead_res)
Command:
DQE
Input:
int hd Handle to the IOM received fromqOpenlOM()
int devn Layer inside the IOM

Output:

Return:

uint32 chan_mask

uint32 mode

double lead_res

<none>

DQ_NO_MEMORY
DQ_ILLEGAL_HANDLE
DQ_BAD_DEVN
DQ_BAD_PARAMETER

DQ_SEND_ERROR
DQ_TIMEOUT_ERROR
DQ_IOM_ERROR
DQ_SUCCESS

Other negative values

Description:

<uint32 mode>

Bit mask: "1" in the channel bit position enables
configuration modification for that channel. Anymber of
channels may be updated at a time.

#define value starting with DQ_AI222_RTD_ see below
Sets wiring scheme and resistance range

User specified lead resistance (for 2-wire measargs
only). This value is multiplied by 2 and subtratfeom the
measured value.

error allocating buffer
illegal IOM Descriptor or communication wasn't dgtahed
device indicated bgevn does not exist or is not an Al-222
mode is not one of the #defined DQ_AI222 RTD_*
constants.
unable to send the Command to IOM
nothing is heard from the IOM for Time out duration
error occurred at the IOM when performing this ccemih
successful completion

low level IOM error

Sets up the Al-222 layer to measure resistance.

The following DQ_AI222_RTD_ constants specify theimg scheme and resistance range. Internal to

the driver software, these values are used totdblewoltage reference, multiplexer settings aaid g

for the mode selected.
#define DQ_AI222 RTD_2 WIRE_5K
#define DQ_AI222 RTD_3 WIRE_5K
#define DQ_AI222 RTD_4 WIRE_5K
#define DQ_AI222_RTD_2_WIRE_1 25K
#define DQ_AI222_RTD_3_WIRE_1_25K
#define DQ_AI222_RTD_4_WIRE_1_25K
#define DQ_AI222_RTD_2_WIRE_312
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#define DQ_AI222_RTD_3_WIRE_312
#define DQ_AI222_RTD_4_WIRE_312
#define DQ_AI222_RTD_2 WIRE_156
#define DQ_AI222_RTD_3_WIRE_156
#define DQ_AI222_RTD_4_WIRE_156
#define DQ_AI222_RTD_2_WIRE_40K
#define DQ_AI222_RTD_3_WIRE_40K
#define DQ_AI222_RTD_4_WIRE_40K

<double lead_res>

This lead resistance is multiplied by 2 and sdied from the measured

resistance value in 2 wire modes only.

4.9.2 DgAdv222Read
Syntax:

Input:

int DgAdv222Read(int hd, int devn, int CLSize, uint

32 *cl,

uint32 *bData, double *fData)
Command:

DQE

int hd

int devn

int CLSize
uint32 *cl
uint32 *pbData

double *fData

Output:

uint32 *pbData
double *fData

Return:

DQ_NO_MEMORY
DQ_ILLEGAL_HANDLE
DQ_BAD_DEVN

DQ_BAD_PARAMETER

DQ_SEND_ERROR
DQ_TIMEOUT_ERROR
DQ_IOM_ERROR
DQ_SUCCESS

Other negative values

Handle to the IOM received froBgOpenlOM()
Layer inside the IOM

number of entries in the channel list

pointer to channel list with optional timestampuest
pointer to raw data received from deviddJLL if not
required)

pointer to store converted resistance diital(L if not
required)

raw data received from device
converted resistance data

error allocating buffer
illegal IOM Descriptor or communication wasn't dgtahed
device indicated bgevn does not exist or is not an Al-222
CLSize isn't between 1 anBQ_AI222 CL_MAX_SIZE,
or a channel number &l is too high
unable to send the Command to IOM
nothing is heard from the IOM for Time out duration
error occurred at the IOM when performing this ccemih
successful completion

low level IOM error
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Description:

The user cannot perform this function call whenl#yer is involved in any streaming or data
mapping operations. When this function is callettfie first time, the firmware stops any ongoing
operation on the device specified and reprogramsdbrding to the channel list supplied. Chanmsel li
entries contain only the channel number (or théoapt timestamp command as the last channel in the

list) per the following format:
Bits 7 -0
<channel number>

If the user specifies a short timeout delay, thigcfion can time out when called for the first
time because it is executed as a pending commahthger programming takes up to 100ms.

Once this function is called, the layer continugustquires data and every call to the function
returns the latest acquired data.

If one would like to cancel ongoing sampling, ¢a# same function witBxffffffff as the
first channel number in the channel list.

The user must setup the layer for reading by aatle DgAdv222Config() function before
calling DgAdv222Read()
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4.10DNA-AI-224 layer
4.10.1 DgAdv224Read

Syntax:
int DgAdv224Read(int hd, int devn, int CLSize, uint 32 *cl,
uint32 *bData, double *fData)
Command:
DQE
Input:
int hd Handle to the IOM received froBqOpenlOM()
int devn Layer inside the IOM
int CLSize number of channels in channel list, 1 to 4
uint32 *cl pointer to channel list
uint32 *bData ptr to raw data received from device
double *fData pointer to store converted voltage dataJ( L if not
required)
Output:
uint32 *cl channel list
uint32 *bData received binary data
double *fData received voltage data
Return:
DQ_NO_MEMORY error allocating buffer
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't dsished
DQ_BAD_DEVN device indicated bgevn does not exist or is not an Al-224

DQ_BAD_PARAMETER CLSize is not between 1 arfldQ_MAXCLSIZEbData is
NULL, or a channel number il is invalid

DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccamnih
DQ_SUCCESS successful completion
Other negative values low level IOM error

Description:

When this function is called for the first timegtfirmware stops any ongoing operation on the
device specified and reprograms it in accordandie tlie channel list supplied. Thus, the user cannot
call this function when the layer is involved inyastreaming or data mapping operations.

If the user specifies a timeout delay that is toors this function can time out when called for
the first time because it is executed as a penchingmand and layer programming takes up to 10ms.

Once this function is called, the layer continugwtquires data and every next call function
returns the latest acquired data.

If you would like to cancel ongoing sampling, dakk same function with Oxffffffff as the first
channel element.

The channel listd] ) is an array of uint32 elements with a lendih.§ize ) from 1 to 4. Each
element of the channel list contains a bit-packeddvthat defines the channel number, the front-end
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multiplexer configuration and the gain. The follagiexamples show the string of helper macros that
are used to assemble the mux setting, channel muanidegain setting.
Example 1. First element (0) of the channel lgtcifies channel 2 with the front-end mux set
to read the S+ and S- inputs with a gain of 10.
cl[0] = DQ_LNCL_CHANGAIN (DQ_AI224_SET_CHAN(DQ_AI22 4_MUX_SS,2),
DQ_AI224 GAIN_10);
Example 2. Second element (1) of the channesfistifies channel 3 with the front-end mux
set to read the difference between the bridge cetiopl voltage and the S- input with a gain of 1.
cl[1] = DQ_LNCL_CHANGAIN (DQ_AI224_SET_CHAN(DQ_AI22 4_MUX_CS,3),
DQ_AI224_GAIN_1);

You cannot have a channel list that hasertiven one multiplexer setting per channel.

When using these macros, the valid channel nunaversumbered from 0 to 3. The following
#defines are used to select the front-end multgykex

DQ_AI224_MUX_SS /I S+to S-

DQ_AI224 MUX_CS // Bridge comp - S-

DQ_AI224 MUX_EXCP /I P+to S-

DQ_AI224 MUX_PPS /[ P+to PS+

DQ_AI224 _MUX_NULL // GND only for nulling

DQ_AI224_MUX_PS /I PS+ to PS-

DQ_AI224 MUX_EXCN /[ P-to S-

DQ_AI224 MUX 5K /I ' Vdrop on 5k prec. resistor
The following #defines are used to select gain:

DQ_AI224 GAIN_1

DQ_AI224 _GAIN_2

DQ_AI224_GAIN_4

DQ_AI224 _GAIN_8

DQ_AI224_GAIN_16

DQ_AI224_GAIN_32

DQ_AI224_GAIN_64

DQ_AI224 GAIN_128

DQ_AI224 GAIN_256

Note:
Channels are numbered from 0 to 3.
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4.10.2 DgAdv224SetAveraging

Syntax:
int DgAdv224SetAveraging(int hd, int devn, uint32 ¢ hannel,
uint32 factor)
Command:
DQE
Input:
int hd Handle to the IOM received fromgOpenIOM()
int devn device number
uint32 channel bit field of which channels to set
uint32 factor desired averaging factor
Output:
none
Return:
DQ_NO_MEMORY error allocating buffer
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't dsished
DQ_BAD_DEVN device indicated bdevn does not exist or is not an Al-224
DQ_BAD_PARAMETER channel or factor have values that are illegal
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccanich
DQ_SUCCESS successful completion
Other negative values low level IOM error
Description:

This function sets the data averaging factor for@mnnel. The averaging factor may be set to
any value from 0 to 20. 0=1, 1=2, 2=4, 3=8, 48632, 6=64, 7=128 ... 20=1024576. Please note
that the rate at which the data changes decreaghs averaging goes up. With an average factor
of 20 the data will change only once every two selsaapprox.).

Averaged data may be read by performing a DqAdR224 using channel numbers 4 thru 7
instead of the usual O thru 3.

<channel> parameter indicates which channels will get the@raging factor changed. The following
flags are defined:

#define AlI224_SEL_CHAN_O (0x01)

#define Al224_SEL_CHAN_1 (0x02)

#define Al224_SEL_CHAN_2 (0x04)

#define Al224_SEL_CHAN_3 (0x08)

#define AI224_SEL_CHAN_ALL  (0xOf)
More than one channel may be specified by oringipialchannel flags together.

Note:
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4.10.3 DgAdv224SetBridgeCompletion

Syntax:
int DgAdv224SetBridgeCompletion (int hd, int devn, uint32
channel, double ref_level)
Command:
DQE
Input:
int hd Handle to the IOM received fromgOpenlOM()
int devn device number
uint32 channel which channel to set
double ref_level desired reference level in volts, +/- 10V max.
Output:
none
Return:
DQ_NO_MEMORY error allocating buffer
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't dsished
DQ_BAD_DEVN device indicated bgevn does not exist or is not an Al-224

DQ_BAD_PARAMETER channel is notin range of 0-3, aef_level is greater
than 10.0 or less than -10.0.

DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccemih
DQ_SUCCESS successful completion
Other negative values low level IOM error

Description:

This function sets the internal bridge completioftage. At run-time use the following steps to set
the bridge completion voltage.

1)
2)

3)

4)

Note:

Set bridge completion voltage to OV

Measure difference between Bridge Completion veltagd S- by doing a DgAdv224Read
using DQ_AI224 MUX_CS in the channel list at a gsdértting of 1.

Measure the voltage. Averaging a large number wipdas will increase accuracy and help to
cancel any motion sensed by the strain gauge.

Set the bridge completion voltage to the voltagasnead in step 3. Note that the API will only
allow bridge completion voltage changes in 1 millivsteps.

The bridge should be ready to use. If desiredbtitgge completion voltage may be adjusted by
measuring and averaging again, this time meastwisge any difference between the
measured and desired value. For example, if thradrrgas now 3mV higher than desired,
decrease the bridge completion voltage by 3mV.

-197 -



PowerDNA API| Reference Manual, Release 4.10

4.10.4 DgAdv224SetExcitation

Syntax:
int DgAdv224SetExcitation(int hd, int devn, uint32 channel,
uint32 config, double exc_rate, double exc_level_hi , double

exc_level_lo, double* calc_rate)

Command:
DQE

Input:
int hd Handle to the IOM received frodqOpenlOM()
int devn device number

uint32 channel
uint32 config
double exc_rate
double exc_level_hi

double exc_level lo

Output:

double *calc_rate

Return:

DQ_ILLEGAL_HANDLE
DQ_BAD_DEVN
DQ_BAD_PARAMETER
DQ_SEND_ERROR
DQ_TIMEOUT_ERROR
DQ_IOM_ERROR

Channel to program, 0-3

Configuration word

desired sinewave rate, Hz (AC excitation only)

desired high excitation level in Volts, +/-10V ma&C
peak-to-peak sinewave voltage is twice this value
desired low excitation level in Volts, +/-10V maAC peak-
to-peak sinewave voltage is twice this value

actual AC sinewave rate

illegal IOM Descriptor or communication wasn't dgished
device indicated bgevn does not exist or is not an Al-224
illegal exc_level, config or channel value.
unable to send the Command to IOM

nothing is heard from the IOM for Time out duration

error occurred at the IOM when performing this ccemih

DQ_SUCCESS successful completion
Other negative values low level IOM error
Description:

Sets excitation voltage for any channel. Maximuritage swing on either excitation output is
+/-10V. This applies to both AC and DC settingsheff AC excitation is selected, all channels
with AC excitation will be set to the same excivatfrequency.
config  must be set to either of the following 2 defines:
DQ_AI224 SET_DC_EXC
DQ_AI224_SET_AC_EXC (not implemented at this time)
Note:
This function must be called before starting adtjois or reading channels to set up a proper
excitation voltage source.
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4.10.5 DgAdv224SetFIR
Syntax:
int DgAdv224SetFIR(int hd, int devn, int ch_mask , Int stage,
int action, int decrat, int tapsize, int *filter_to tal, double*
data)
Command:
DQE
Input:
int hd Handle to the IOM received fromgOpenlOM()
int ch_mask bit field to select single or multiple channels
int stage Which filter to set: DQ_AI224 SELECT_FIRO or
DQ_AI224_SELECT_FIR1
int action what operation to perform
int decrat filter decimation ratio
int tapsize number of taps in FIR post filter, length of tlodidwing
*data (NULLf not required), see below
double *data pointer to filter taps datdNULL if not required), see below
Output:
int *filter_total total of filter coefficients after conversion taeger.
Expected returned value is DQ_AI224_FIR_TOTAL
(32768), see below
Return:
DQ_NO_MEMORY error allocating buffer
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn'’t éstahed
DQ_BAD_DEVN device indicated bgevn does not exist or is not an Al-224
DQ_BAD_PARAMETER No channel specified in ch_mask, decimation ratitlegal
value, tapsize is illegal value or *data is NULL
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccemih
DQ_SUCCESS successful completion
Other negative values low level IOM error
Description:

<ch_mask> parameter indicates which channels will get théR €onfiguration changed. The
following flags are defined:

#define DQ_AI224_SEL_CHAN_0  (0x01)
#define DQ_AI224_SEL_CHAN_1  (0x02)
#define DQ_AI224_SEL_CHAN_ 2 (0x04)
#define DQ_AI224_SEL_CHAN_3  (0x08)
#define DQ_AI224_SEL_CHAN_ALL  (0xOf)

More than one channel may be specified by bitwiB&n@ multiple channel flags together.

<stage> parameter selects which FIR filter willdo¢éed upon. Use O for FIRO and 1 for FIR1.
ADC data passes through FIRO then through FIRie DigAdv224SetFIR function will need to be
called once for each stage to fully program the poRt filters.
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<action> parameter consists of flag bits that $eldich parameters will be written. The following
flags are defined:

#define DQ_AI224_FIR_DISABLE (0x0) // d isable fir filter

#define DQ_AI224_FIR_ENABLE (Ox1) /1l e nable fir filter

#define DQ_AI224_FIR_SET_DECRATE  (0x2)// s et decimation rate

#define DQ_AI224_FIR_COEFF_LOAD (Ox4) /11 oad taps and coefficients
#define DQ_AI224 FIR_SET_DEFAULT  (0x8) //se t and enable the default filter
#define DQ_AI224 FIR_SET_SKIP_COUNT (0x20)// s et skip count by user for

special applications

TheDQ_AI224_FIR_SET_DEFAULT flag bit is used to easily set all of the FIR dguofation
values to their default state. When th@ Al224_FIR_SET_DEFAULT flag is set, all of the other
<action > parameter bits are ignored

TheDQ_AI224_FIR_ENABLE andDQ_AI224_FIR_DISABLE defines are used to enable or bypass

the FIR filter when a custom FIR post filter hagbéoaded or the decimation rate has been changed.
Remember to use both the_AI224 FIR_SET_DECRATEand theDQ_AI224_FIR_ENABLE flags when
changing decimation rates. Th@_AI224 FIR_SET_SKIP_COUNT define can be used to override the
automatic group delay settings. The setting is Betiite<tapsize>  parameter. Bits 31:16 carry the
setting for FIRO and bits 15:0 carry the settingFtR1. TheDQ_AI224_FIR_COEFF_LOADflag may not
be used at the same time asleAl224_FIR_SET_SKIP_COUNT flag.

<decrat> parameter sets the decimation rate. Zero = no @icm Setting a value of 1 discards one
reading for every one kept, two discards two regsliior every one kept, etc. When the
DQ_AI224_FIR_SET_DECRATEflag bit is set in daction > parameter, The value inlecrat > is set.

<tapsize> and <*data> parameters are used to load user defined filtefficats to the selected

FIR post filters When theDQ_AI224_FIR_COEFF_LOADflag bit is set in thesction > parameter, the
<tapsize > and <*data> values are setapsize> is the number of coefficients expected in the array
of double precision coefficients pointed todsyata>.  The coefficients should be in the [-1.0...1.0]
range. The sum of all the coefficients should edu@lor very close to 1.0 depending on the value of
the returned fiter_total > . In order to maintain accurate calibration, filter coefficients should

be scaled so that the returndites_total > value is DQ_AI224 FIR_TOTAL or 32768.

Note:
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4.10.6 DgAdv224SetNullLevel

Syntax:
int DgAdv224SetNullLevel(int hd, int devn, uint32 ¢ hannel,
double level)
Command:
DQE
Input:
int hd Handle to the IOM received fromgOpenlOM()
int devn device number
uint32 channel which channel to set, values 0 thru 3
double level desired null level in volts, +/-10V max, use
DQ_AI224_SET_NULLING_OFF to set nulling OFF
Output:
none
Return:
DQ_NO_MEMORY error allocating buffer
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't dgtahed
DQ_BAD_DEVN device indicated bgevn does not exist or is not an Al-224

DQ_BAD_PARAMETER channel is notinrange 0..3level is not 500.0 or is
greater than 10.0 or less than -10.0

DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccemih
DQ_SUCCESS successful completion
Other negative values low level IOM error

Description:

This function sets the nulling voltage and will Inatl gains up to 40.
SendDQ_AI224_SET_NULLING_OFFas the nulling voltage to turn nulling OFF.
Note:

4.10.7 DgAdv224SetShunt

Syntax:
int DgAdv224SetShunt(int hd, int devn, uint32 chan_ gain, uint32
config, uint32 position, double* r_shunt)
Command:
DQE
Input:
int hd Handle to the IOM received fromgOpenIOM()
int devn device number
uint32 chan_gain channel number and gain value, see below
uint32 config configuration word, see below
uint32 position position of the digital shunt, 0x0..0xff [5K...20bK
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Output:
double *r_shunt calculated value of shunt potentiometer
Return:
DQ_NO_MEMORY error allocating buffer
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't dgtahed
DQ_BAD_DEVN device indicated bgevn does not exist or is not an Al-224

DQ_BAD_PARAMETER Chan_gain is notin range of 0..3 or gain is too high,
config is not one of the specified constanggsition  is
not in range of 0x0..0xff

DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccanich
DQ_SUCCESS successful completion
Other negative values low level IOM error

Description:

This function is used to enable or disable andsidhe setting of the digital shunt potentiomeidre
shunt may be inserted across either the P+ to BedP- to S- bridge resistance.

<chan_gain> contains the channel number[0..3] and is optigraittpacked with the gain number
when the « shunt>  value is not NULL. Thé®Q_LNCL_CHANGAINmMacro is provided to pack the

channel and gain together. Use one of the followimgstants:
DQ_AI224_GAIN_1
DQ_AI224_GAIN_2
DQ_AI224_GAIN_4
DQ_AI224_GAIN_8
DQ_AI224_GAIN_16
DQ_AI224_GAIN_32
DQ_AI224_GAIN_64
DQ_AI224_GAIN_128
For example, to use a gain setting of 4 on chanesle:
chan_gain = DQ_LNCL_CHANGAIN(0, DQ_AI224_GAIN_4);

<config > should contain one of the following constants:
DQ_AI224_SHUNT_DISABLED
DQ_AI224_SHUNT_A /I across P+ and S-
DQ_AI224_SHUNT_B /[ across P- and S

Notes:
None

4.10.8 DgAdv224ShuntCal

Syntax:
int DgAdv224ShuntCal(int hd, int devn, uint32 chann el, uint32
shunt_set, int cycles, double excitation, double r_ shunt, double*
r_actual, double* v_exc, double* v_gage, double* v_ shunt)
Command:

None
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Input:
int hd Handle to the IOM received fromgOpenlOM()
int devn device number
uint32 channel what channel to measure
uint32 shunt_set type of shunt to apply:
DQ_AI224 SHUNT_A
DQ_AI224 _SHUNT_B
int cycles number of measurement cycles to average (1..100)
double excitation Requested excitation voltage: 2.0V..9.0V
double r_shunt Requested shunt value: 10k..170k
Output:
double* r_actual Actual shunt resistance
double* v_exc Actual excitation voltage
double* v_gage Actual voltage between S+ and S-
double* v_shunt Actual voltage between S+ and S- with shunt applied
Return:
DQ_NO_MEMORY error allocating buffer
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't dgtahed
DQ_BAD_DEVN device indicated bgevn does not exist or is not an Al-224
DQ_BAD_PARAMETER one of parameters supplied are bad
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccemih
DQ_SUCCESS successful completion
DQ_EXECUTION_ERRORError while working with shunt cal, most likely coections
Other negative values low level IOM error
Description:
The function performs shunt calibration measuresient
Notes:

1. Shunt A is applied between P+ and S-; shunt B betv& and P-.

2. Measurement range of r_shunt can be from Ak 0k (shunt has 5k 0.1% resistor and
200k nominal digital potentiometer with good ppnii@ with 30% tolerance). Some layers may
be capable of providing shunt calibration with siseance exceeding 170k.

3. Thecycles parameter controls the setting of the averagetclégSyalues of less than

30 use an averager settting of 256. Cycles vajuester than 89 use a setting of 1024. In-between
values of cycles use an averager settting of 512.
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4.11DNA-AI-225 layer
4.11.1 DgAdv225Read

Syntax:
int DgAdv225Read(int hd, int devn, int CLSize, uint 32 *cl,
uint32 *RawData, uint32 *uData, double *fData)
Command:
DQE
Input:
int hd Handle to the IOM received froBqOpenlOM()
int devn Layer inside the IOM
int CLSize number of channels
uint32 *cl pointer to channel list

uint32 *RawData
uint32 *uData
double *fData

Output:
uint32 *RawData
uint32 *uData
double *fData
Return:

DQ_NO_MEMORY
DQ_ILLEGAL_HANDLE

DQ_BAD_DEVN

DQ_BAD_PARAMETER

DQ_SEND_ERROR
DQ_TIMEOUT_ERROR

DQ_IOM_ERROR
DQ_SUCCESS

Other negative values

Description:

pointer to raw data received from device

pointer to store calibrated binary daklLL if not required)
pointer to store calibrated voltage da¥dJLL if not
required)

raw data received from device
calibrated binary data
calibrated voltage data

error allocating buffer
illegal IOM Descriptor or communication wasn't dgtahed
device indicated bgevn does not exist or is not an Al-225
CLSize is not between 1 andQ_MAXCLSIZERawData
is NULL, or a channel number @i is too high
unable to send the Command to IOM
nothing is heard from the IOM for Time out duration
error occurred at the IOM when performing this ccemih
successful completion

low level IOM error

This function works using an underlyimyjReadAlChannel() , but converts data using
internal knowledge of the input range and calitw&eery channel. It us@&QCMD_IOCTlwith
DQIOCTL_CVTCHNunder the hood.

When this function is called for the first timeetfirmware stops any ongoing operation on the

device specified and reprograms it according tacttannel list supplied. This function uses a

preprogrammed CL update frequency — 13.75Hz. Oneegarogram the update frequency by calling

DqCmdSetClk() after the first call td>gAdv225Read() .

Thus, the user cannot perform this function caléwthe layer is involved in any streaming or

data mapping operations.
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If the user specifies a short timeout delay, thigfion can time out when called for the first
time because it is executed as a pending commahthger programming takes up to 10ms.

Once this function is called, the layer continugwstquires data and every call to the function
returns the latest acquired data.

If one would like to cancel ongoing sampling, ¢a# same function witBxffffffff asa
channel number.
Note:

4.11.2 DgAdv225SetRate

Syntax:
int DgAdv225SetRate(int hd, int devn, float *fCLCIk , uint32
*TrigMode)
Command:
DQE
Input:
int hd Handle to the IOM received fromgOpenIOM()
int devn Layer inside the IOM
float *fCLClk desired acquisition rate in Hz
uint32 *TrigMode clocking and triggering mode; can be NULL
Output:
float *fCLClk actual acquisition rate in Hz
Return:
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't égtahed
DQ_BAD_DEVN device indicated bgevn does not exist or is not an Al-225
DQ_BAD_PARAMETER fCLCIk is NULL or points to 0 value
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccemih
DQ_SUCCESS successful completion
Other negative values low level IOM error
Description:

This function sets the layer acquisition rate.
The Al-225 supports a fixed rate set: from 5 to(B92.

Possible values for TrigMode are given by thes@adsf

#define DQ_LN_PTRIGEDGEL1 (1L<<9) // stop trigger ed ge MSB
#define DQ_LN_PTRIGEDGEQO (1L<<8) // stop trigger ed ge:
/1 00 - software, 01 - rising, 02 - falling
#define DQ_LN_STRIGEDGEZ1 (1L<<7) // start trigger e dge MSB
#define DQ_LN_STRIGEDGEQO (1L<<6) // start trigger e dge:
/1 00 - software, 01 - rising, 02 - falling

Note:
Affects DgAdv225Read() function only.
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4.12DNA-AI-248 layer

4.12.1

DgAdv248Read

Syntax:

Input:

int DgAdv248Read(int hd, int devn, int CLSize, uint

32 *cl,

uint32 *bData, double *fData)
Command:

DQE

int hd

int devn

int CLSize
uint32 *cl
uint32 *bData
double *fData

Output:

uint32 *pbData
double *fData

Return:

DQ_NO_MEMORY
DQ_ILLEGAL_HANDLE
DQ_BAD_DEVN
DQ_BAD_PARAMETER

DQ_SEND_ERROR
DQ_TIMEOUT_ERROR
DQ_IOM_ERROR
DQ_SUCCESS

Other negative values

Description:

Handle to the IOM received froBgOpenlOM()

Layer inside the IOM

number of channels

pointer to channel list

pointer to store calibrated binary daklLL if not required)
pointer to store calibrated voltage da¥dJLL if not
required)

binary data
voltage data

error allocating buffer
illegal IOM Descriptor or communication wasn't dstahed
device indicated bgevn does not exist or is not an Al-248
CLSize is not between 1 aldQ_MAXCLSIZEor a
channel number iol is too high
unable to send the Command to IOM
nothing is heard from the IOM for Time out duration
error occurred at the IOM when performing this ccemih
successful completion

low level IOM error

When this function is called for the first timegtfirmware stops any ongoing operation on the
device specified and reprograms it according tactf@nnel list supplied. The user cannot perforis th
function call when the layer is involved in anyestming or data mapping operations.

If the user specifies a short timeout delay, thigcfion can time out when called for the first
time because it is executed as a pending commahthger programming takes up to 10ms.

Once this function is called, the layer continugustquires data and every call to the function
returns the latest acquired data.

Available gain settings are:
#define DQ_AI248_GAIN_1
#define DQ_AI248_GAIN_10
#define DQ_AI248_GAIN_100
#define DQ_AI248_GAIN_1000

)
(1)
(2)
©)
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Gain settings are combined with the channel nurabdrplaced in the channel list. See macros
DQ_LNCL_GAIN() and DQ_LNCL_CHANGAIN() in powerdna.h

If one would like to cancel ongoing sampling, ¢hlk function withOxffffffff

channel number.

Note:
4.12.2 DgAdv248SetAutozero
Syntax:
int DgAdv248SetAutozero(int hd, int devn, int* onof f)
Command:
DQE
Input:
int hd Handle to the IOM received fromgOpenIOM()
int devn Layer inside the IOM
int* onoff autozero on or off, 0=off, 1=on
Output:
int* onoff previous state
Return:
DQ_NO_MEMORY error allocating buffer
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't égtahed
DQ_BAD_DEVN device indicated bgevn does not exist or is not an Al-248
DQ_BAD_PARAMETER onoff pointer is NULL
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccamnih
DQ_SUCCESS successful completion
Other negative values low level IOM error
Description:

Note:

Sets the Autozero function in point-by-point modée either ON or OFF.
By default the autozeroing is ON. It is normallywaeturned OFF.
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4.13DNA-AI-254 layer

DNA-AI-254 layer is an all-digital LVDT/RVDT inpuénd simulator. It has two A/Ds and two D/As
per channel, each capable of sampling at the mte 830kHz. Once sampled, all readings from
secondary windings of an LVDT/RVDT sensor are psseel in the digital domain. The same applies
to simulation — all processing occurs in the digitamain and the D/As convert a digital represeoiat
of the simulated signal into an analog waveforrthatlast stage of the processing.

There are six modes of operation supported byldlger. Three major modes are:

1. Input with internal excitation: Al-254 provides thequired excitation voltage to an
LVDT/RVDT sensor and reads back the output ofésomdary windings.

2. Input with external excitation (when the layer eaanitor signals on the existing avionics
interface). This mode is used when either extegraitation is required to excite an LVDT (for
example, when the required current exceeds thebdies of the Al-254 layer), or when an
Al-254 is used in the role of a wiretapping devircgarallel with the existing LVDT input
device.

3. Simulation mode (when the layer is connected dirécto the avionics and simulates (or
mimics) the LVDT sensor itself). This mode is usdten an external device expects to receive
output from an LVDT sensor in response to an agpiecitation voltage. The Al-254
calculates parameters of the externally appliedt@&i@n and generates sinewaves on its
outputs in accordance with the requested LVDT pmsit

These modes of operation have two variations:
1. 5/6 wire connection (in case of 5 wire circuitrpgnoect common negative to both S1- and S2-
lines)
2. 4 wire connection. In this case, you have to make that the external excitation signal is
properly attenuated and applied to the S2 inpthefAl-254.

DQ_AI254_MODE_INT_5 0 // ModeO: internal exci tation of 5-wire LVDT
DQ_AI254_MODE_INT_4 1 // Model: internal exci tation of 4-wire LVDT
DQ_AI254_MODE_EXT_5 2 // Mode2: internal exci tation of 5-wire LVDT
DQ_AI254 MODE_EXT_4 3 // Mode3: internal exci tation of 4-wire LVDT
DQ_AI254 MODE_SIM_5 4 // Mode4: simulation of the outputs of 5-wire LVDT
DQ_AI254 MODE_SIM_4 5 // Mode5: simulation of the outputs of 6-wire LVDT

The following table summarizes the required corninastbetween an Al-254 layer and an LVDT:
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Wiring
4-wires 5/6-wires
AOut Aln AOut Aln
Input, internal P1+ and P1- S1+ and S1- P1+ and P1- S1+ and S1-
excitation connected to the | connected to Vou| connected to the | connected to Va;
primary primary S2+ and S2-
connected to Vb
Input, external N/C S1+ and S1- N/C S1+ and S1-
excitation connected to connected to Va,
Vout; S2+ and S2-
connected to Vb
S2+ and S2-
connected to
external
excitation
Simulator, P1+ and P1- S1+ and S1- P1+ and P1- S1+ and S1-
external connected to connected to connected to connected to
excitation InA+ and InA- of | Exc+ and Exc- of| InA+ and InA- of | Exc+ and Exc- of
the device the device the device; the device
P2+ and P2-
connected to
InB+ and InB- of
the device;
Mode: Internal excitation, 4/5/6 wire LVDR/RVDT
DQ_AI254 MODE_INT_5: <- 5/6 wires
DQ_AI254_MODE_INT_4: <-4 wires
exc_rate = 2600.0; <- specified excitation frequency
exc_level = 22.0; <- specified excitation voltage (from the datasheet )
adc_rate = 0; -> returns actual sampling rate
ret = DgAdv254SetExcitation(hd0, DEVN, CHANNEL,
DQ_AI254_ENABLE_EXC_A, /I A channel only
exc_rate, exc_level, &a dc_rate);
exc_level = 11.8; <- expected level on the secondary coils (datasheet ). This is
required to select proper Se for four-wire configur ations.
usr_offset = 0.0; <- additional offset (for in-system calibration, ke ep 0 if not
needed)
usr_gain = 1.0; <- additional gain (for in-system calibration, keep 1.0 if not
needed)
ret = DgAdv254SetMode(hd0, DEVN, CHANNEL, mode, fla gs, usr_offset, usr_gain,
(float )exc_rate, ( float )exc_level);

Mode: External excitation, 4/5/6 wire LVDR/RVDT

DQ_AI254_MODE_EXT_5: <- 5/6 wires
DQ_AI254_MODE_EXT_4: <-4 wires
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/I Measure frequency and level on input B
ret = DgAdv254MeasureWF(hd0, DEVN, CHANNEL_COARSE,

&exc_rate, &exc_level, &exc _offs);
exc_level = 11.8; <- expected level on the secondary coils (datasheet ). This is
required to select proper Se for four-wire configur ations.
usr_offset = 0.0; <- additional offset (for in-system calibration, ke ep 0 if not
needed)
usr_gain = 1.0; <- additional gain (for in-system calibration, keep 1.0 if not
needed)
ret = DgAdv254SetMode(hd0, DEVN, CHANNEL, mode, fla gs, usr_offset, usr_gain,

(float )exc_rate, ( float )exc_level);

Mode: Simulation with external excitation, 4/5/6 wie LVDR/RVDT

DQ_AI254_MODE_SIM_5: <- 5/6 wires
DQ_AI254_MODE_SIM_4: <-4 wires

/I Measure frequency and level on input B
ret = DgAdv254MeasureWF(hd0, DEVN, CHANNEL_COARSE,

&exc_rate, &exc_level, &exc _offs);
exc_level = 11.8; <- expected level on the secondary coils (datasheet ). This is
required to select proper Se for four-wire configur ations
usr_offset = 0; <-setto0
usr_gain = 1.0; <-settol
ret = DgAdv254SetMode(hd0, DEVN, CHANNEL_SIM, mode, flags, usr_offset, usr_gain,

exc_rate, exc_level);
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4131
Syntax:

int DAQLIB DgAdv254SetMode( int hd, int

uint32 flags, uint32* meas_pts,
exc_freq, double Se_level)

Command:
IOCTL

Input:
int hd
int devn
uint32 channel
uint32 mode
uint32 flags
uint32* meas_pts

double usr_offset

double usr_gain

double exc_freq

double Se_level

Output:
None

Return:
DQ_NO_MEMORY
DQ_ILLEGAL_HANDLE
DQ_BAD_DEVN
DQ _BAD_PARAMETER

DQ_SEND_ERROR
DQ_TIMEOUT_ERROR
DQ_IOM_ERROR
DQ_SUCCESS

Other negative values

Description:

DgAdv254SetMode

devn, uint32 channel, uint32 mode,

double usr_offset, double usr_gain, double

Handle to the IOM received froBgOpenlOM()

Layer inside the IOM

Channel to apply mode to

Mode of operation

Additional flags, reserved

Number of points per period of the generated siagew
(equal to the number of sampling points per period)
User-defined offset from -1.0 to +1.0 in (1/0x7ffff
increments to fine-calibrate output data (to trim
LVDT/RVDT position)

User-defined gain from 0 to 1.0 (to trim LVDT/RVDOg&In).
Setto 1.0

Expected excitation frequency for external exaitat@nd
simulation modes (need not be exact, ignored teirial
excitation modes)

Expected excitation level (Vpp) to use for Sa/Sasibn in
4-wire modes. For simulation mode, this is an dhiti
excitation level in Volts (2..22V)

error allocating buffer
illegal IOM Descriptor or communication wasn't ddtahed
device indicated bgevn does not exist or is not an Al-254
CLSize is not between 1 addQ_MAXCLSIZEor a
channel number inl is incorrect
unable to send the Command to IOM
nothing is heard from the IOM for Time out duration
error occurred at the IOM when performing this ccanich
successful completion

low level IOM error

This function sets up one of six operating modggpetted by an Al-254 layer.
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The Al-254 layer has two hardware registers thatraquired to scale the output of calculations of
(S S)/(Sat+S) for 5/6 wire configuration or (Sy)/Se for 4-wire configuration.

The result of this division is scaled from 0x0 tdff¥ff (24-bit representation) into -1.0 to +1.¢ bhe
DgCmd254Read() function.

<usr_offset>  defines the fine-tuning offset. This offset is sethe range of -1.0 (all Sb, no
Sa) to +1.0 (opposite side of LVDT) and can be usestljust the middle point of the LVDT
device. This offset is converted into a binary emgntation and applied in the hardware to the
raw values of conversion.

<usr_gain> defines fine-tuning gain. This gain is set in taege from 0 to +1.0 and can be
used to adjust the response characteristics ol/@irldevice. This gain is converted into a
binary representation and applied in the hardwaraw values of calculated position of the
LVDT.

<exc_freq> specifies the expected frequency to be receive8imput (four-wire case) or
S1 input (simulation case). This parameter cantbeimed using
DgAdv254GetWFMeasurements()  and is required to set internal parameters sutheas
number of points per period and the A/D rate @adrbthe acceptable range for simulation
mode)

<Se_level> defines different things in different modes of gi®n:
- in 4-wire mode, it defines a constant, Se, whictisied to divide the input RMS voltage.
- in simulation mode, it defines initial levels oktsimulated output.

Notes:
Function returngmeas_pts> which is the number of points per period of theegated
sinewave. This comes handy when you need to cédctilze Vrms of the sinewave.
Vrms = (Sa+Sbymeas_pts>

4.13.2 DgAdv254SetExt

Syntax:
int DAQLIB DgAdv254SetExt( int hd, int devn, uint32 channel, uint32
mode, uint32 flags, pDQ254SetExt params)

Command:

IOCTL
Input:

int hd Handle to the IOM received fromgOpenIOM()

int devn Layer inside the IOM

uint32 channel Channel to apply mode to

uint32 mode Mode of operation

uint32 flags Flags defining valid parameters

pDQ254SetExt params Parameters
Output:

None
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Return:
DQ_NO_MEMORY error allocating buffer
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't dgtahed
DQ_BAD_DEVN device indicated bgevn does not exist or is not an Al-254
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccemih
DQ_SUCCESS successful completion
Other negative values low level IOM error

Description:

This function allows setting up additional paramefier Al-254 layer. It is not necessarily to dils
function if you would like to rely on default seittjs.
Three parameters can be changed as defined inltbwihg structure:

typedef struct {
uint32 PositionAvg; /I Set moving aage window size: 0=1,...,8=256
uint32 MinMaxAvg; /I Set min/max windasize: 0=1,...,8=256

uint32 ZeroCrossing; /I Set zero crogsundow: 0=1,...,6=64
} DQ254SetExt, *pDQ254SetEXxt;

<flags> define valid parameters:
If a flag is set then parameter is valid and uffetht set it is ignored:

DQ_AI254_MODE_SETAVG - Set position calculation mov ing average 0=1, 1=2, ..., 8=256
DQ_AI254_MODE_SETMMAVG - Set min/max moving average 0=1, 1=2, ..., 8=256
DQ_AI254_MODE_SETZEROC - Set zero crossing window 0 =1,...,6=64 samples
DQ_AI254_MODE_USE_SX4 - Use Sx averaging instead of Min/Max average for 4-wire scheme
DQ_AI254_MODE_SET_SQ_ALL - Set excitation of all channels to squarewave
DQ_AI254_MODE_SET_SINE_ALL - Set excitation of all channels to sine wave
DQ_AI254_MODE_SET_SINE_SQR - Enable changing of the following sine/square flags:
DQ_AI254 MODE_SET_SQ _CHO - Set ChO excitation to squarewave (0=sine)
DQ_AI254 MODE_SET_SQ _CH1 - Set Chl excitation to squarewave (0=sine)
DQ_AI254 MODE_SET_SQ_CH2 - Set Ch2 excitation to squarewave (0=sine)
DQ_AI254 MODE_SET_SQ_CH3 - Set Ch3 excitation to squarewave (0=sine)
Notes:

DQ_AI254_MODE_USE_sx4flag does not require any parameters. Insteadiiitises averaging for 4-wire
scheme from calculating signal amplitude to cakingaposition.
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hd, int devn, uint32 channel, uint32 config,

double * calc_rate);

Handle to the IOM received fromqOpenlOM()

4.13.3 DgAdv254SetExcitation
Syntax:
int  DgAdv254SetExcitation( int
double exc_rate, double exc_level,
Command:

IOCTL
Input:

int hd

int devn

uint32 channel
uint32 config

double exc_rate

double exc_level
Output:

double* calc_rate

Return:
DQ_NO_MEMORY
DQ_ILLEGAL_HANDLE
DQ_BAD_DEVN
DQ_BAD_PARAMETER
DQ_SEND_ERROR
DQ_TIMEOUT_ERROR
DQ_IOM_ERROR
DQ_SUCCESS
Other negative values

Description:

Layer inside the IOM

Channel to apply mode to

Configuration: DQ_AI254_ENABLE_EXC_A to enable
output P1 and DQ_AI254_ENABLE_EXC_B to enable
output P2

Desired excitation rate in Hz

Desired excitation level, in V

Actual D/A rate, limited by the abilities of D/A owerter,
timebase error, and number of points per period. Fo
informational purposes only

error allocating buffer
illegal IOM Descriptor or communication wasn't dstahed
device indicated bgevn does not exist or is not an Al-254
Configuration parameters are incorrect
unable to send the Command to IOM
nothing is heard from the IOM for Time out duration
error occurred at the IOM when performing this ccanich
successful completion

low level IOM error

This function is used to set up internal excitafi@guency and amplitude in internal excitation e®d
of operation.

The following constants are used in <config>:
#define DQ_AI254 ENABLE_EXC_A (1L<<0) // enableaitation channel A
#define DQ_AI254_ENABLE_EXC_B (1L<<1)// ditto B

Notes:
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4134 DgAdv254GetWFMeasurements

Syntax:
int  DgAdv254GetWFMeasurements( int hd, int devn, uint32 channel,
pWFMEASURE_254 prms, pWFPRM_254 chan_a, pWFPRM_254 chan_b)

Command:
IOCTL
Input:
int hd Handle to the IOM received fromgOpenlOM()
int devn Layer inside the IOM
uint32 channel Channel to use
PWFMEASURE_254 prms Measurement parameters
Output:
pWFPRM_254 chan_a Results of measurements for eh&in
pWFPRM_254 chan_b Results of measurements for eh&#
Return:
DQ_NO_MEMORY error allocating buffer
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't dstahed
DQ_BAD_DEVN device indicated bgevn does not exist or is not an Al-254
DQ_BAD_PARAMETER Configuration parameters are incorrect
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccanich
DQ_SUCCESS successful completion
Other negative values low level IOM error
Description:

This function measures parameters of the wavefassgnted on the inputs S1 and S2 of the
<channel>. The waveform parameters measurementsguied for setting up proper excitation
frequency in DgAdv254SetMode() for modes with emé&iexcitation and simulation.

The function requires input that specifies varipasameters of measurement:

typedef struct {
uint32 changain; /I channel and gain
uint32 zero; /I zero level, 0 == default (0x8000)
uint32 clock; /I A/D rate, 0 == maximum r ate
uint32 uzb; /I TRUE == use ZC on channe 1S2
uint32 uaz; /I TRUE == auto-zero
uint32 s_e; /I if divider is set (not-z ero), use Sa/Se
uint32 period_ms; /I maximum expected wavefor m period

} WEMEASURE_254, *pWFMEASURE_254;

Not all parameters are required to be supplied SF&wire devices, you may set up the <changain>
parameter only (to the same value as in <channkltile excitation voltage is applied to channe] S2
or channel S1 has a low amplitude waveform, sebxuia TRUE to use channel S2 for detecting zero-
crossing events. Use <s_e> to set up a constaf} f{. calculation, keeping it above 8n S1. The

rest of the parameters can be set to zero.
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Auto-zero is a function of the hardware, which seful when an input waveform can show some
offset. Auto-zero resets the zero level automdsichly subtracting the minimum level from the
maximum level and dividing the result by two. Atiatively, a user can specify zero-level implicitly
<zero>.

A user can also set up the A/D sampling rate. Topgy range of sampling rates is between 64 and
256 times the expected waveform frequency.

The function returns basic parameters of the waneforesented on S1 and S2 in the following
structure (it is user’s responsibility to alloc#tese structures).

typedef struct {
uint32 min_Ivl;  // waveform minimum
uint32 max_Ivl;  // waveform maximum

uint32 sum; /I average accumulated sum (Sa or Sh)
uint32 cal; /I calibrated position

uint32 raw; /I raw position

uint32 zcO; /I zero-crossing 0

uint32 zcl; /I zero-crossing 1

uint32 zc0_var;  // variation of zcO
uint32 zcl_var; // variation of zcl
uint32 raw_var;  // variation of the raw positio n
uint32 clk_frg;  // selected Aln/AOut clock
float ampl; /I waveform amplitude
float freq; /I waveform frequency
float offs; 1 waveform offset
} WFPRM_254, *pWFPRM_254;

Information is returned for each S1 and S2 seplgratethe hardware representation.

<min_Ivl> and <max_Ivl> are readings from minimundamaximum level detectors in int16 format.
You can calculate the span of the waveform by sghitrg the minimum from the maximum. The
maximum span of the waveform is 22V

<sum> is a current sum (integration) of all measwmets performed during a half-period of the
waveform from one zero-crossing event to another.

<cal> is a calibrated position (the one returneBdgAdv254Read(); a 24-bit 2s complement number.
<raw> is the same position before applying the <offset> and <usr_gain> values specified in
DgAdv254SetMode().

<zc0> is a number of 33MHz pulses counted for thstive segment of the waveform (counted when
waveform level is above <zero> level). To calculdie waveform frequency, use (zcO+zc1)*30.3ns
<zcl> is a number of 33-MHz pulses for the neggpiaet of the waveform.

<zc0_var>, <zcl_var> is a variation in counts bemnvkast 16 measurements of <zc0> and <zc1>
respectively, in 33MHz counts.

<raw_var> is a variation of the position data, duists over last 16 measurements

<clk_frg> is the sampling clock divider

<ampl> is the calculated waveform amplitude

<freq> is the calculated waveform frequency

<offs> is the calculated waveform offset

Note:
Use of this function requires a good knowledge bPB4 layer design. It is very useful for debugging
and selecting parameters when programming for alN@WT sensor or simulating an LVDT output.
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For the most purposes, use default input settingsuae the calculated amplitude and frequency as
parameters for DgAdv254SetMode()

4.13.5

Syntax:

int
frequency_b,

Command:

Input:

IOCTL

int hd
int devn
uint32 changain

Output:

double* frequency_b
double* amplitude_b
double* offset_b

Return:

DQ_NO_MEMORY
DQ_ILLEGAL_HANDLE
DQ_BAD_DEVN
DQ_BAD_PARAMETER
DQ_SEND_ERROR
DQ_TIMEOUT_ERROR
DQ_IOM_ERROR
DQ_SUCCESS

Other negative values

Description:

This function is a simplified version OkAdv254GetWFMeasurements()

DgAdv254MeasureWF( int
double * amplitude_b,

DgAdv254MeasureWF

hd, int devn, uint32 changain, double *

double * offset_b)

Handle to the IOM received fromqOpenlOM()
Layer inside the IOM
Channel and gain to use ((gain << 8)| channel)

signal frequency of the sigmathannel B
amplitude of the signal on ciedrB
offset of the signal on channel B

error allocating buffer
illegal IOM Descriptor or communication wasn't dstahed
device indicated bgevn does not exist or is not an Al-254
Configuration parameters are incorrect
unable to send the Command to IOM
nothing is heard from the IOM for Time out duration
error occurred at the IOM when performing this ccanich
successful completion

low level IOM error

that allows measurements

on channel B only. This is sufficient for most g@pations.

4.13.6

Syntax:

int  DgAdv254Enable( int

uint32* cl);

Command:

Input:

DQE

int hd
int devn
uint32 config

DgAdv254Enable

hd, int

devn, uint32 config, int enable, int CLSize,

Handle to the IOM received froBgOpenlOM()
Layer inside the IOM
Reserved
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int enable

int CLSize

uint32* cl
Output:

None
Return:

DQ_NO_MEMORY
DQ_ILLEGAL_HANDLE

DQ_BAD_DEVN

DQ_BAD_PARAMETER
DQ_SEND_ERROR
DQ_TIMEOUT_ERROR

DQ_IOM_ERROR
DQ_SUCCESS

TRUE to enable channels
Size of the supplied channel list
Channel list

error allocating buffer

illegal IOM Descriptor or communication wasn't dgtahed
device indicated bgevn does not exist or is not an Al-254
Configuration parameters are incorrect

unable to send the Command to IOM

nothing is heard from the IOM for Time out duration

error occurred at the IOM when performing this ccanich
successful completion

Other negative values low level IOM error

Description:

This function enables/disables operations for tfenoels specified in the channel list. This functio
should be called after DgAdv254SetMode() in podapbint mode.

Notes:
This function should not be used in DMap mode.

4.13.7 DgAdv254GetExcitation
Syntax:

int  DgAdv254GetExcitation( int hd, int devn, uint32 channel, uint32 config,
double *exc_rate, double *exc_level, double * ADC_rate, uint32* sine_points);

Command:
DQE

Input:
int hd Handle to the IOM received fromgOpenlOM()
int devn Layer inside the IOM

Reserved
Channel of interest
Actual excitation rate
double* exc_level Actual excitation level
double* ADC_rate Current ADCs and DACs rate
uint32* Number of waveform points per period
sine_points
Output:
None
Return:

uint32 config
uint32 channel
double* exc_rate
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DQ_NO_MEMORY
DQ_ILLEGAL_HANDLE
DQ_BAD_DEVN
DQ_BAD_PARAMETER
DQ_SEND_ERROR
DQ_TIMEOUT_ERROR
DQ_IOM_ERROR
DQ_SUCCESS

Other negative values

Description:

error allocating buffer
illegal IOM Descriptor or communication wasn't ddtahed
device indicated bgevn does not exist or is not an Al-254
Configuration parameters are incorrect
unable to send the Command to IOM
nothing is heard from the IOM for Time out duration
error occurred at the IOM when performing this ccemich
successful completion

low level IOM error

This function retrieves actual parameters of exoitawaveform. They may be slightly different
compared to parameters specified in DgAdv254Set&bimn() because of hardware limitations and
mode of operation

Notes:

4.13.8

DgAdv254Read

Syntax:

int
fdata);

DgAdv254Read( int

hd, int

Command:

Input:

DQE

int hd

int devn
int CLSize

uint32* cl

Output:

uint32 * bdata

double *fdata

Return:

DQ_NO_MEMORY
DQ_ILLEGAL_HANDLE
DQ_BAD_DEVN
DQ_BAD_PARAMETER
DQ_SEND_ERROR
DQ_TIMEOUT_ERROR
DQ_IOM_ERROR
DQ_SUCCESS

devn,

int CLSize, uint32* cl, uint32* bdata, double *

Handle to the IOM received froBgOpenlOM()
Layer inside the IOM

Length ofuint32* cl

Channels of interest

Pointer to store binary 24-bit 2s complement fororat
NULL

Pointer to store converted position data from t4.91.0 or
NULL

error allocating buffer

illegal IOM Descriptor or communication wasn't ddtahed
device indicated bgevn does not exist or is not an Al-254
Configuration parameters are incorrect

unable to send the Command to IOM

nothing is heard from the IOM for Time out duration

error occurred at the IOM when performing this ccemih
successful completion
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Other negative values low level IOM error
Description:
This function reads calculated position or spetéh for selected channels

Special channels are defined as follows:

/I Special channels - Aln
Special channels - Aln

#define DQ_AI254 DIV_CAL (0x00) // calibrated resul t of division

#define DQ_AI254_DIV_RAW (0x10) // raw result of (S a-Sbh)/(Sa+Sb)
#define DQ_AI254 AVG (0x20) // average position

#define DQ_AI254 ZC  (0x30) // number of counts for both half periods
#define DQ_AI254 LAST_A (0x40) // last value from A/ID A

#define DQ_AI254_MAX_A (0x48) // maximum value A

#define DQ_AI254 LAST_B (0x50) // last value from A/IDB

#define DQ_AI254_MAX_B (0x58) // maximum value B

#define DQ_AI254 LAST_Sa (0x60) // last calc value from Sa adder
#define DQ_AI254 MIN_A (0x68) // minimum value A

#define DQ_AI254 LAST_Sb (0x70) // last calc value from Sb adder
#define DQ_AI254 _MIN_B (0x78) // minimum value B

#define DQ_AI254 STATUS (0x18) // retrieve status information

#define DQ_AI254_CHTYPE (0xf8) // channel type mas k (two lower bits are channel)
#define DQ_AI254_CHNUM (0x3) // channel number o nly

A user has to add the Al-254 channel number tetimstant defined above to form a full channel
number.

Please note that onbQ_AI254_DIV_CAL information makes sense in floating-point format.
Zero-crossing results are returned as two uintlegapacked into one uint32 field, where ZCO
occupies the lower part of the word and ZC1 ocaufiie upper one.

DQ_AI254_LAST_A and DQ_AI254_LAST_B returns the last immediate value converted by A/D
converters for channels S1 and S2, respectively.

DQ_AI254_LAST_Sa andDQ_AI254_LAST_Sb return the last immediate values from the integrato
accumulated over the last period of the input sanew

Notes:

Use the same channel identifications to specifynobis for DMap operation.

4139 DgAdv254ReadVrms
Syntax:

int DgAdv254ReadVrms( int hd, int devn, int CLSize, uint32* cl, double* pos,
double *VArms, double *VBrms);

Command:
DQE
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Input:
int hd Handle to the IOM received fromgOpenlOM()
int devn Layer inside the IOM
int CLSize length of channel list
uint32* cl Channel list (only channel numbers with gains alelv
entries)
Output:
double* pos Calculated position [-1..+1]
double * VArms Pointer to double array to store RMS voltage omokaA
of specified channels or NULL
Pointer to double array to store RMS voltage omokaA
double * VBrms of specified channels or NULL
Return:
DQ_NO_MEMORY error allocating buffer
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't égtahed
DQ _BAD_DEVN device indicated bgevn does not exist or is not an Al-254
DQ_BAD_PARAMETER Configuration parameters are incorrect
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccanich
DQ_SUCCESS successful completion
Other negative values low level IOM error
Description:

This function calculates RMS voltage on channend B (S1 and S2) of the channels specified in the
channel list.

Notes:
This function uses point-by-point mode function RiyR54Read() to retrieve data
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4.13.10
Syntax:

DgAdv254Write

int DAQLIB DgAdv254Write(  int
amplitude, double *fdata);

Command:
DQE

Input:
int hd
int devn
int CLSize
uint32* cl
double* amplitude
double * fdata

Output:
None

Return:
DQ_NO_MEMORY
DQ_ILLEGAL_HANDLE
DQ_BAD_DEVN
DQ_BAD_PARAMETER
DQ_SEND_ERROR
DQ_TIMEOUT_ERROR
DQ_IOM_ERROR
DQ_SUCCESS
Other negative values

Description:

hd,

int devn, int CLSize, uint32*cl, double *

Handle to the IOM received fromqOpenlOM()
Layer inside the IOM

Channel list size

Channels of interest

Signal amplitude for each channel

Simulated position data from -1.0 to +1.0

error allocating buffer
illegal IOM Descriptor or communication wasn't dstahed
device indicated bgevn does not exist or is not an Al-254
configuration parameters are incorrect
unable to send the Command to IOM
nothing is heard from the IOM for Time out duration
error occurred at the IOM when performing this ccanich
successful completion

low level IOM error

This function writes a simulated position to sinteld and 5/6 wire LVDTSs.
The function converts a position, depending omtioele of operation. <amplitude> defines signal

amplitude, peak-to-peak (0..11V)

For 5/6-wire simulation mode, the output is alwayphase with the excitation signal; the amplitude
varies from 0 to 100% depending on the simulatesitipn. For a 4-wire LVDT, the phase is switched
from 0 to 180 degrees when the simulated positioeses a zero point.
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4.13.11 DgAdv254ConvertSim

Syntax:
int DAQLIB DgAdv254ConvertSim( int hd, int devn, int CLSize, uint32* cl, double *
amplitude, double *fdata, uint32* act_cl, uint32* bdata, uint32* act _size)
Command:
None
Input:
int mode Mode of operation as set in DgAdv254SetMode()
int CLSize number of channels iint32* cl
uint32* cl list of channel numbers to convert
double* amplitude Amplitude for each channel
double *fdata Simulated position data from -1.0 to +1.0
Output:
uint32*  act_cl Actual channel list required for DMap operations
uint32*  bdata Binary data
uint32*  act_size Actual channel list size for use with DMap
Return:
DQ_NO_MEMORY error allocating buffer
DQ_BAD_PARAMETER Configuration parameters are incorrect
DQ_SUCCESS successful completion
Description:

This function is intended to simplify programminfl/DT simulation in DMap mode. It converts

a +/-1.0 position into raw data representationgfin and phase control taking into consideration
whether 4 or 5/6 wiring is in use.

An Al-254 requires controlling the gain for both 8id P2 outputs for a 5/6 wire LVDT simulation
and the P1 output and phase for 4-wire one. Beasfubat, each position function produces a pair of
pre-packaged channel lists and binary data reablg teritten into DMap fields or for use with the
DgAdv254WriteBin() function.

Notes:

Don't forget to allocate arrays for <act_cl> andlata> twice as large as CLSize.
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4.13.12 DgAdv254WriteBin
Syntax:

int  DgAdv254WriteBin(  int hd, int devn, int CLSize, uint32* cl, uint32* bdata);

Command:
DQE
Input:
int hd Handle to the IOM received fromqOpenlOM()
int devn Layer inside the IOM
int CLSize number of channels uint32* cl
uint32* cl Channels of interest
uint32 * bdata Binary gain or phase data
Output:
None
Return:
DQ_NO_MEMORY error allocating buffer
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn'’t dstahed
DQ_BAD_DEVN device indicated bdevn does not exist or is not an Al-254
DQ_BAD_PARAMETER Configuration parameters are incorrect
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccemih
DQ_SUCCESS successful completion
Other negative values low level IOM error
Description:

The function writes a simulated position of an LVDiTspecial data for selected channels. It writes
data separately into four special channels defased

#define DQ_AI254 GAIN_A (0x00) // gain of P1 exci tation channel
#define DQ_AI254 GAIN_B (0x10) // gain of P2 exci tation channel
#define DQ_AI254 PHASE_A (0x20) // phase of P1 exc itation channel
#define DQ_AI254 PHASE_B (0x30) // phase of P2 exc itation channel

Gain should be in the range of 0x0 0x8000.

Phase should be in the range of 0 thru the nunflq@sints minus one in the generated sinewave
(which can be obtained using DgAdv254GetExcitajiaa(l).

You will need to use the following macro to packaaeters for phase setting

#define DQ_AO254_PHASE_SET(PHASE, DELAY) ((PHASE)<  <18)|((DELAY)&O0x3ffff))
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PHASE is an offset from which sinewave is outpud BXELAY specifies delay in uS (for fine-tune of
phase control, normally set to zero)

Notes:
To write a position from -1 to +1, use the DgAdv2&dte() function.

4.13.13 DgAdv254SetWForm

Syntax:
int  DgAdv254SetWForm( int hd, int devn, uint32 channel, uint32 mask, double
upd_rate, int size, uintl6* data);
Command:
DQE
Input:
int hd Handle to the IOM received fromgOpenIOM()
int devn Layer inside the IOM
uint32  channel Channel to use
uint32 mask Which D/A to write waveform to: Ox1 to P1, Ox3 toth
double upd_rate Desired update rate
int size Number of points in the waveform
uintlé*  data Waveform data
Output:
None
Return:
DQ_NO_MEMORY error allocating buffer
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't dgtahed
DQ_BAD_DEVN device indicated bgevn does not exist or is not an Al-254
DQ_BAD_PARAMETER Configuration parameters are incorrect
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccemih
DQ_SUCCESS successful completion
Other negative values low level IOM error
Description:

This function sets up a custom waveform for exicitathannels P1 and/or P2. It may be useful in
certain circumstances, such as when a standandaieeneeds to be replaced with a custom
waveform. In such a case, the function DgAdv254 3&ivih () should be used instead of
DgAdv254SetExcitation().

Notes:
This function is only supported in the DNx-AI-254.
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5 layer

The DNA-AI-255 layer is a two-channel all-digitatrechro and resolver input-output module.

Modes of operation supported by an Al-255:
1. Synchro Input
2. Resolver Input

3. Synchro Ou

tput/Simulator

4. Resolver Output/Simulator

Modes of operation are defines as follows:

#define DQ_AI255_MODE_SI_INT 0

#define DQ_AI255_MODE_RI_INT 1

#define DQ_AI255_MODE_SI_EXT

#define DQ_AI255_MODE_RI_EXT

#define DQ_AI255_MODE_SS_INT 4 /I Synchro drive/sim
#define DQ_AI255_MODE_RS_INT 5 /I Resolver drive/si
#define DQ_AI255_MODE_SS_EXT 6 /I Synchro drive/sim
#define DQ_AI255_MODE_RS_EXT 7 /I Resolver drive/si

/I Synchro input, in
Il Resolver input, i
/I Synchro input, ex
/I Resolver input, e

w N

t. exc.

nt.exc.

t. exc. - readback exc. on D
xt. exc. - readback exc. on D

ulation, int. exc. - fully sourced

mulation, int.exc. - fully sourced
ulation, ext. exc. - readback exc. on D
mulation, ext. exc. - readback exc. on D

A synchro has three stator coils S1, S2, S3 coadénta star fashion to the Common. The rotor
primary coil (exciter) has wires R1 and R2
Resolver stator coils are S1-S3 and S2-S4. Roibisdd1-R3 (and R2-R4 in the case of two rotor

windings)

Wiring

Synchro (three 120° coils)

Resolver (two 90° coils)

AOut Aln AOut Aln

Input, internal R1 and R2 S1to A+, S2to R1 and R3 S1to A+, S3to
excitation, connected to D+| B+, Common connected to A+| A-, S2 to B+, S4
28Vrms 400Hz- and D- connected to A-| and A-, optionally| to B-
4kHz (optionally use A, and B-. R2 and R4 to B+

B,orCin Optionally S3 to and B- (two

parallel) C+ windings per

rotor)

Input, external N/C S1to A+, S2to N/C S1to A+, S3to

excitation B+, Common A-, S2 to B+, S4
28Vrms (from connected to A- to B-, Excitation
A/C bus) and B-, readback to

Optionally S3 to D+/D-

C+, Excitation

readback to
D+/D-

Output, internal S1to A+ S2to N/C S1to A+, S3to N/C

excitation,

B+, S3to C+, R1]

A-, S2 to B+, S4

- 226 -



PowerDNA API| Reference Manual, Release 4.10

Synchro (three 120° coils)

Resolver (two 90° coils)

AOut Aln AOut Aln
28Vrms to D+, R2 to D- to B-
and Common to R1 to D+, R3 to
AGND D- and Common
to AGND
Optionally R2 to
C+ and R4 to C-
Output, external | S1to A+ S2to Excitation S1to A+, S3to Excitation
excitation B+, S3to C+ and readback to D+/| A-, S2 to B+ and| readback to D+/
28Vrms (from Common to D- S4 to B- D-
A/C bus), internal AGND

drive (resolver
only)

Mode: Input, internal excitation

DQ_AI255_MODE_SI_INT:
DQ_AI255_MODE_RI_INT:

exc_rate = 400.0;
exc_level = 26.0; <- level for the rotor coil
adc_rate = 0; -> returns actual sampling rate
ret = DgAdv255SetExcitation(hd0, DEVN, CHANNEL
DQ_AI255_ENABLE_EX
exc_rate, exc_leve

exc_level = 26.0;
ret = DgAdv255SetMode(hd0, DEVN, CHANNEL, mode

( float )exc_rate, ( float

Mode: Input, external excitation

DQ_AI255_MODE_SI_EXT:
DQ_AI255_MODE_RI_EXT:

/I Measure frequency and level on input D
ret = DgAdv255MeasureWF(hd0, DEVN, CHANNEL_COARSE,
&exc_rate, &exc_level, &exc

/I use excitation frequency measured on the rotor win

/I use excitation voltage measured on the rotor windi

/I this information is required to estimate A/D settin

ret = DgAdv255SetMode(hd0, DEVN, CHANNEL, mode, fla
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Mode: Output, internal excitation

DQ_AI255 MODE_SS_INT:
DQ_AI255 MODE_RS_INT:

exc_rate = 400.0; <- excitation frequency is the same for both calls

exc_level = 26.0; <- level for the rotor coil

adc_rate = 0; -> returns actual sampling rate

ret = DgAdv255SetExcitation(hd0, DEVN, CHANNEL _SIM,
DQ_AI255_ENABLE_EXC _D, /I D channel only
exc_rate, exc_level , &adc_rate);

exc_level =11.8; <- level for the stator coils (from the datasheet)

ret = DgAdv255SetMode(hd0, DEVN, CHANNEL_SIM, m ode, flags,

( float )exc_rate, ( float )exc_level);

Mode: Output, external excitation

DQ_AI255 MODE_SS_EXT:
DQ_AI255_MODE_RS_EXT:

/I Measure frequency and level on input D
ret = DgAdv255MeasureWF(hd0, DEVN, CHANNEL_COARSE,

&exc_rate, &exc_level, &exc _offs);
exc_level = 11.8; <- level for the stator coils (from the datasheet)
ret = DgAdv255SetMode(hd0, DEVN, CHANNEL, mode, fla gs, exc_rate, exc_level);

4.14.1 DgAdv255SetMode

Syntax:
int DAQLIB DgAdv255SetMode( int hd, int devn, uint32 channel, uint32 mode, uint32
flags, uint32* meas_pts, double exc_freq, double Se_level)
Command:
IOCTL
Input:
int hd Handle to the IOM received fromgOpenIOM()
int devn Layer inside the IOM
uint32 channel Channel to apply mode to
uint32 mode Mode of operation
uint32 flags Additional flags, reserved
double exc_freq Expected excitation frequency for external exadiatnd
simulation modes (need not to be exact, ignoredhternal
excitation modes)
double Se_level Expected excitation level (Vpp) to use for gairesgbn. For
simulation mode this is an initial excitation lewelVolts
(0..80Vpp)
Output:
uint32* meas_pts Number of data points per period in the sampled or

generated sinewave.
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Return:
DQ_NO_MEMORY error allocating buffer
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't dgtahed
DQ_BAD_DEVN device indicated bgevn does not exist or is not an Al-255

or an Al-256
DQ_BAD_PARAMETER CLSize is not between 1 ardQ_MAXCLSIZEor a
channel number inl is incorrect

DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccanich
DQ_SUCCESS successful completion
Other negative values low level IOM error

Description:

This function sets up one of nine operating modepsrted by Al-255 layer.
The Supported modes are:

DQ_AI255_MODE_SI_INT 0 // Synchro input, internal excitation
DQ_AI255_MODE_RI_INT 1 // Resolver input, interna | excitation
DQ_AI255_MODE_SI_EXT 2 // Synchro input, external excitation - readback
DQ_AI255_MODE_RI_EXT 3 // Resolver input, externa | excitation - readback
DQ_AI255_MODE_SS_INT 4 // Synchro drive/simulatio n, int. exc. - fully sourced
DQ_AI255_MODE_RS_INT 5 // Resolver drive/simulati on, int.exc. - fully sourced
DQ_AI255 _MODE_SS_EXT 6 // Synchro drive/simulatio n, ext. exc. - readback
DQ_AI255_MODE_RS_EXT 7 // Resolver drive/simulati on, ext. exc. — readback
DQ_AI255_MODE_EN_AIN 9 // Allow use of inputs on unused channels as generic

analog inputs, see DgAdv255Read()

Notes:
See wiring description for the proper wiring in iears modes.

4.14.2 DgAdv255SetExt

Syntax:
int DAQLIB DgAdv255SetExt( int hd, int devn, uint32 channel, uint32 mode, uint32
flags, pDQ255SetExt params)

Command:
IOCTL

Input:
int hd Handle to the IOM received fromqOpenlOM()
int devn Layer inside the IOM
uint32 channel Channel to apply mode to
uint32 mode Mode of operation
uint32 flags Flags defining valid parameters
pDQ255SetExt params Parameters

Output:
None
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Return:
DQ_NO_MEMORY error allocating buffer
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't dgtahed
DQ_BAD_DEVN device indicated bgevn does not exist or is not an Al-255

or an Al-256

DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccemih
DQ_SUCCESS successful completion
Other negative values low level IOM error

Description:

This function allows setting up additional paramefer Al-255 layer. It is not necessary to caisth
function if you would like to rely on default settjs.
Three parameters can be changed as defined inltbwihg structure:

typedef struct {
uint32 PositionAvg; /I Set moving aage window size: 0=1,...,8=256
uint32 ZeroCrossing; /I Set zero crogsundow: 0=1,...,6=64

} DQ255SetExt, *pDQ255SetExt;

<flags> define valid parameters:
If a flag is set then parameter is valid and uffetht set it is ignored:

DQ_AI254_MODE_SETAVG - Set position calculation mov ing average 0=1, 1=2, ..., 8=256
DQ_AI254_MODE_SETZEROC - Set zero crossing window 0 =1,...,6=64 samples
Notes:

4.14.3 DgAdv255SetExcitation

Syntax:
int  DgAdv255SetExcitation( int hd, int devn, uint32 channel, uint32 config,
double exc_rate, double exc_level, double * calc_rate);
Command:
IOCTL
Input:
int hd Handle to the IOM received fromgOpenIOM()
int devn Layer inside the IOM
uint32 channel Channel to apply mode to
uint32 config Configuration: DQ_AI255_ENABLE_EXC_A to enable
output A and DQ_AI255_ENABLE_EXC_B to enable
output B, etc.
double exc_rate Desired excitation rate in Hz
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double exc_level Desired excitation level, in V (0..80Vpp)
Output:
double* calc_rate Actual D/A rate, limited by the abilities of D/A owerter,
timebase error and number of points per period. For
informational purposes only
Return:
DQ_NO_MEMORY error allocating buffer
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't dstahed
DQ_BAD_DEVN device indicated bgevn does not exist or is not an Al-255
or an Al-256
DQ_BAD_PARAMETER Configuration parameters are incorrect
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccanich
DQ_SUCCESS successful completion
Other negative values low level IOM error
Description:

This function is used to set up the internal exicitafrequency and amplitude in internal excitation
modes of operation.

Following constants are used in <config>:

DQ_AI255_ENABLE_EXC_A (1L<<0) // enable excitatio n channel A
DQ_AI255_ENABLE_EXC_B (1L<<1)// ditto B

DQ_AI255_ENABLE_EXC_C (1L<<2)//ditto C

DQ_AI255_ENABLE_EXC_D (1L<<3)// ditto D

Notes:

4.14.4 DgAdv255GetWFMeasurements

Syntax:
int DgAdv255GetWFMeasurements( int hd, int devn, uint32 config,
pWFMEASURE_255 prms, pWFPRM_255 chan_m);

Command:
IOCTL
Input:
int hd Handle to the IOM received fromgOpenIOM()
int devn Layer inside the IOM
uint32 config Reserved. Set to 0.
PWFMEASURE_255 Measurement parameters
prms
Output:

pWFPRM_255 chan_m  Results of measurements for all channel
Return:
DQ_NO_MEMORY error allocating buffer
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DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't égtahed

DQ_BAD_DEVN device indicated bgevn does not exist or is not an Al-255
or an Al-256

DQ_BAD_PARAMETER Configuration parameters are incorrect
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccemih
DQ_SUCCESS successful completion
Other negative values low level IOM error

Description:

This function measures parameters of the wavefoasgnted on the inputs A thru D of the channel.
The waveform parameter measurements are requiresgiing up proper excitation frequency in
DgAdv255SetMode() for modes with external excitatamd simulation.

The function requires input that specifies the peateers of measurement:

typedef struct {
uint32 changain; /I channel and gain
uint32 zero; /I zero level, 0 == default (0x8000)
uint32 clock; /I AID rate, 0 == maximum r ate
uint32 uzb; /I TRUE == use ZC on channe 1S2
uint32 uaz; /I TRUE == auto-zero
uint32 s_e; /l'if divider is set (not-z ero), use Sa/Se
uint32 period_ms; /I maximum expected wavefor m period
uint32 phase_meas; // channel to use as reference (exc.input)

} WFMEASURE_255, *pWFMEASURE_255;

The <hangain > parameter is required. All other parameter&/IMEASURE_25%re not required
and can be set to zero.

Auto-zero is a function of the hardware, which seful when the input waveform can show some
offset. Auto-zero resets the zero level automdsidat subtracting the minimum level from the
maximum level and dividing the result by two. Atiatively, a user can specify zero-level implicitly
<zero >.

Users can also set up the A/D sampling rate. Thpgurrange of sampling rates is between 64 and 256
times the expected waveform frequency.

The function returns basic parameters of the waweforesented on all four channels in an array of
four following structures (it is user responsilyilib allocate this array).

typedef struct {
uint32 min_Ivl;  // waveform minimum
uint32 max_Ivl;  // waveform maximum

uint32 sum; /I average accumulated sum (Sa. ..Sd)
uint32 cal; /I calibrated angle

uint32 raw; /I raw angle

uint32 zco; /I zero-crossing 0

uint32 zc1,; /I zero-crossing 1
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uint32 zc0_var;  // variation of zcO

uint32 zcl_var; // variation of zcl

uint32 raw_var;  // variation of the raw positio n
uint32 clk_frq;  // selected Aln/AQut clock

uint32 wf_phase; // phase in 15.15ns clocks

float ampl; /I waveform amplitude
float freq; /I waveform frequency
float offs; /I waveform offset

} WFPRM_255, *pWFPRM_255;

Information is returned for each channel separatelthe hardware representation.

<min_Ivl> and<max_Ivl> are readings from minimum and maximum level detscin int16
format. You can calculate the span of the wavefoyrsubtracting the minimum from the maximum.
The maximum span of the waveform is §@¥heasured from AGND to Sx.

<sum> is a current sum (integration) of all measuremeetormed during the half-period of the
waveform from one zero-crossing event to another.

<cal> is a calibrated position of a synchro or reso(tiee one returned in DgAdv255Read(); this is a
24-bit 2s complement number.

<raw> is the position of a synchro or resolver beforplgpg the<usr_offset>  and<usr_gain>
values specified in DgAdv255SetMode().

<zc0> is the number of 33MHz pulses counted for thetp@ssegment of the waveform (counted
when waveform level is aboveero> level). To calculate waveform frequency, use

(zc0 +z¢1)*30.3ns

<zcl> is the number of 33-MHz pulses for the negative pithe waveform.

<zcO_var>, <zcl_ var> is a variation in counts between last 16 measunéy#<zcO> and<zcl>
respectively, in 33MHz counts.

<raw_var> is a variation of the position data in counts dest 16 measurements.

<clk_frg> is the sampling clock divider.

<ampl> is the calculated waveform amplitude.

<freq> is the calculated waveform frequency.

<offs> is the calculated waveform offset.

Note:

Use of this function requires a good knowledge b2B5 layer design. It is very useful for debugging
and selecting parameters when programming for agyewhro or resolver input or output. For most
purposes, use the default input settings and @sealoulated amplitude and frequency as parameters
for DgAdv255SetMode().

4.14.5 DgAdv255MeasureWF

Syntax:
int DgAdv255MeasureWF( int hd, int devn, uint32 changain, double *
frequency_d, double * amplitude_d, double * offset_d);
Command:
IOCTL
Input:
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int hd Handle to the IOM received fromgOpenlOM()
int devn Layer inside the IOM
uint32 changain Channel and gain to use ((gain << 8)| channel)

Output:
double* frequency_d signal frequency of the sigmathannel D
double* amplitude_d amplitude of the signal on cterD
double* offset_d offset of the signal on channel D

Return:
DQ_NO_MEMORY error allocating buffer
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't dgtahed
DQ_BAD_DEVN device indicated bgevn does not exist or is not an Al-255

or an Al-256

DQ_BAD_PARAMETER Configuration parameters are incorrect
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccemih
DQ_SUCCESS successful completion
Other negative values low level IOM error

Description:

This function is a simplified version OAdv255GetwFMeasurements()  that allows measurements
on channel D only. This is sufficient for most dpations.

4.14.6 DgAdv255Enable
Syntax:
int  DgAdv255Enable( int hd, int devn, uint32 config, int enable, int CLSize,
uint32* cly;
Command:
DQE
Input:
int hd Handle to the IOM received fromgOpenIOM()
int devn Layer inside the IOM
uint32 config Reserved
int enable TRUE to enable channels
int CLSize Size of the supplied channel list
uint32*  cl Channel list
Output:
None
Return:
DQ_NO_MEMORY error allocating buffer
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't éstahed
DQ_BAD_DEVN device indicated bgevn does not exist or is not an Al-255
or an Al-256
DQ_BAD_PARAMETER Configuration parameters are incorrect
DQ_SEND_ERROR unable to send the Command to IOM
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DQ_TIMEOUT_ERROR
DQ_IOM_ERROR
DQ_SUCCESS

Other negative values

Description:

nothing is heard from the IOM for Time out duration
error occurred at the IOM when performing this ccemih
successful completion

low level IOM error

This function enables/disables operations for ttenoels specified in the channel list. This functio
should be called after DgAdv255SetMode() in potpbint mode. Channel list should be NULL if
enable = FALSE.

Notes:

This function should not be used in DMap mode.

4.14.7 DgAdv255GetExcitation
Syntax:
int  DgAdv255GetExcitation( int hd, int devn, uint32 channel, uint32 config,
double *exc_rate, double *exc_level, double * ADC_rate, uint32* sine_points)
Command:
DQE
Input:
int hd Handle to the IOM received fromgOpenIOM()
int devn Layer inside the IOM

uint32 config
uint32 channel
double* exc_rate
double* exc_level
double* ADC_rate
uint32*
sine_points

Output:

None

Return:

DQ_NO_MEMORY
DQ_ILLEGAL_HANDLE
DQ_BAD_DEVN

DQ_BAD_PARAMETER
DQ_SEND_ERROR
DQ_TIMEOUT_ERROR
DQ_IOM_ERROR
DQ_SUCCESS

Other negative values

Reserved

Channel of interest

Actual excitation rate

Actual excitation level

Current ADCs and DACs rate

Number of waveform points per period

error allocating buffer
illegal IOM Descriptor or communication wasn't dgtahed
device indicated bgevn does not exist or is not an Al-255
or an Al-256
Configuration parameters are incorrect
unable to send the Command to IOM
nothing is heard from the IOM for Time out duration
error occurred at the IOM when performing this ccanich
successful completion

low level IOM error
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Description:

Gets layer excitation voltage parameters calculbyedin A thru D channels while acquiring
an externally or internally generated waveform.yThmy be slightly different compared to parameters
specified in DgAdv255SetExcitation() because ofilare limitations and mode of operation.

Notes:

4.14.8
Syntax:

int

DAQLIB DgAdv255Read(

DgAdv255Read

int

double *fdata)

hd,

int devn, int CLSize, uint32* cl, uint32* bdata,

Command:
DQE
Input:
int hd Handle to the IOM received fromqOpenlOM()
int devn Layer inside the IOM
int CLSize number of channels in array cl
uint32* cl Array of Channels of interest
Output:
uint32 * bdata Pointer to store binary 24-bit 2s complement fororat

Return:

double *fdata

DQ_NO_MEMORY
DQ_ILLEGAL_HANDLE
DQ_BAD_DEVN

DQ_BAD_PARAMETER
DQ_SEND_ERROR
DQ_TIMEOUT_ERROR
DQ_IOM_ERROR
DQ_SUCCESS

Other negative values

Description:

NULL
Converted data (if applicable; in Pi Rad = 0..6@283or
NULL

error allocating buffer
illegal IOM Descriptor or communication wasn't ddtahed
device indicated bgevn does not exist or is not an Al-255
or an Al-256
Configuration parameters are incorrect
unable to send the Command to IOM
nothing is heard from the IOM for Time out duration
error occurred at the IOM when performing this ccemih
successful completion

low level IOM error

Read the calculated angle or special data for teelathannels

Special channels are defined as follows (more imgodna.h):

DQ_AI255_ANGLE_CAL (0x00) // calibrated angle
DQ_AI255_ACCEL_CAL (0x10) // calibrate acceleration
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DQ_AI255_STATUS (0x18) // current status informa tion
DQ_AI255_RAW_DATA (0x20) // raw position

DQ_AI255_7C (0x30) // number of counts for b oth half periods
DQ_AI255_LAST_X (0x40) // results of the last conversion A thru C
DQ_AI255_LAST_SxX (0x50) // last accumulated value from A/D A thru C
DQ_AI255 MIN_X  (0x60) // minimum reading A thru C

DQ_AI255_MAX_X  (0x70) // maximum A thru C

DQ_AI255_ PHASE_DET (0x80) // phase detector for cha nnels 0 and 1

#define DQ_AI255_CHTYPE (oxfc) // channel type mask

Bits for A/D A-C occupy bit$3,2] in the channel entry

for example:
entry = channel | (ADC << 2) | DQ_AI255_LAST_Sx

Gain factor for reading occupy bits [9,8] in theaohel list entry, see DQ_AI255_GAIN_1 ...
DQ_AI255 GAIN_10 in powerdna.h

User has to add the Al-255 channel number to thetaot defined above to form a full channel
number.

Zero-crossing results are returned as two uintliegapacked into one uint32 field, where ZCO
occupies the lower part of the word and ZC1 ocaugie upper one. Note that this channel is useful
only when the excitation frequency is greater thagHz

DQ_AI255_LAST_X returns the last immediate value converted by Adbverters for channels A thru
C, respectively. These channels may be used {evetthe raw ADC inputs when
DQ_AI255 MODE_EN_AIN is used.

DQ_AI255_MIN_X and DQ_AI255_MAX_X return the minimum and maximum value of the inpgihal
over the last period of the input waveform. They aseful to read the peak-to-peak value of thetinpu
signal. (Or RMS value, multiply the P-P value b§3B5)

DQ_AI255_LAST_Sx returns the last immediate value from the integraiccumulated over the last
period of the input sinewave.

DQ_AI255_PHASE_DETreturns the time shift between input D and thénbgy amplitude signal on
inputs A-C. The phase is angle is calculated: tdjdh/ (66000000/(input D frequency)) ) * 360.

Notes:

Use the same channel identifications to specifyiobis for DMap operation

4.14.9 DgAdv255Write
Syntax:

int  DgAdv255Write(  int hd, int devn, int CLSize, uint32*cl, double * amplitude,
double *fdata)

Command:
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DQE
Input:
int hd Handle to the IOM received fromgOpenlOM()
int devn Layer inside the IOM
double* amplitude Maximum voltage of the simulated stator signals8@/pp)
for the Al-255, (0..57.8Vpp) for the Al-256
int CLSize Channel list
uint32* cl Channels of interest
double *fdata Output position in radians (from 0 to 2 Pi Rad.6(2830...)
Output:
None
Return:
DQ_NO_MEMORY error allocating buffer
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't égtahed
DQ_BAD_DEVN device indicated bgevn does not exist or is not an Al-255
or an Al-256
DQ_BAD_PARAMETER configuration parameters are incorrect
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccemih
DQ_SUCCESS successful completion
Other negative values low level IOM error
Description:

Writes a simulated position of a synchro or resobrespecial data for selected channels.
For a synchro, the simulated position is calculasd

A - S1: sin ( -(p) - 30°)) * max_amplitude

B - S2: sin (-() - 150°)) * max_amplitude

C - S3: sin (-(p) - 270°)) * max_amplitude

whereg is in degrees.

The reason for this transformation is that an AB-26ntrols voltages on S1, S2 and S3-relative-to-
AGND for the purpose of creating the following \agts between synchro lines:

Vs1s2= sinfp) * max_amplitude

Vs2s3= Sin(+120°) * max_amplitude

Vsszs1= Sin@+240°) * max_amplitude

If sin(p) is greater than zero, the output is in the sah@s@ as the excitation voltage; otherwise, it is
rotated by 180°.

For a resolver, the simulated position is calcdats:

A - S1:sin (¢ ) * max_amplitude
B - S2: cos ¢ ) * max_amplitude
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If sin(p) or cosp) is greater than zero, the output is the sameephsishe excitation voltage;
otherwise, it is rotated by 180°.

Notes:

The proper device type should be selected in DgB8%2tMode()

Amplitude is the maximum momentary value of thenaigThe sinewave signal is
relative to zero.

4.14.10 DgAdv255ConvertSim

Syntax:
int DAQLIB DgAdv255ConvertSim( int hd, int devn, int CLSize, uint32* cl, double *
amplitude, double *fdata, uint32* act_cl, uint32* bdata, uint32* act _size)
Command:
None
Input:
int mode Mode of operation as set in DgAdv255SetMode()
int CLSize Length of channel list
uint32* cl Channel list
double* amplitude Amplitude of the output signal (0..80Vpp)
double* fdata Simulated position data in radians (from 0 to 2*pi)
Output:
uint32* act_cl Actual channel list required for DMap operations
uint32* bdata Binary data
uint32* act_size Actual channel list size
Return:
DQ_NO_MEMORY error allocating buffer
DQ_BAD_PARAMETER Configuration parameters are incorrect
DQ_SUCCESS successful completion
Description:

This function is intended to simplify programminfysgynchro/resolver output in DMap mode. It
converts 0...2pi*rad angle into raw data represemtatiaking gain and phase control into
consideration.

Because of that for each position function producesir of pre-packaged channel list and binarg dat
ready to be written into DMap fields or for use Dy®55WriteBin() function.

A synchro requires control of three amplitudes tmde phases. Resolver requires control of two
amplitude and two phases.

Data is calculated as follows:
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A -Sl:sin (-(@) - 30°) * max_amplitude
B - S2: sin (-() - 150°)) * max_amplitude
C - S3:sin (-¢p) - 270°)) * max_amplitude

The reason for this transformation is that an Ab-26ntrols voltages on S1, S2 and S3 for the perpos
of creating the following functions

Vsi1s2= Sing)

Vsos3= Sin@+120°)

Vs3s1= Sin@+240°)

If sin(¢) is greater than zero, the output is in the sah@s@ as excitation voltage; otherwise, it is
rotated by 180°.

For a resolver, a simulated position is calculated
A - S1:sin (¢ ) * max_amplitude
B - S2: cos (p ) * max_amplitude

If sin(p) or cosp) is greater than zero, the output is in the sah@s@ as excitation voltage; otherwise,
it is in rotated by 180°.

Notes:

Don't forget to allocate arrays for <act_cl> andlata> four times as large as CLSize for a
resolver and six times as large as CLSize for atayn

Pass NULL as <bdata> for creating a channel lisbigRtDmapAddChannel().

4.14.11 DgAdv255WriteBin

Syntax:
int  DgAdv255WriteBin( int hd, int devn, int CLSize, uint32* cl, uint32* bdata);

Command:
DQE
Input:
int hd Handle to the IOM received fromgOpenIOM()
int devn Layer inside the IOM
int CLSize Channel list size
uint32* cl Channel list
uint32 * bdata Binary gain or phase data
Output:
None
Return:
DQ_NO_MEMORY error allocating buffer
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't dstahed
DQ_BAD_DEVN device indicated bgevn does not exist or is not an Al-255

or an Al-256
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DQ_BAD_PARAMETER Configuration parameters are incorrect

DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccemih
DQ_SUCCESS successful completion
Other negative values low level IOM error

Description:

The function writes an angle or special data ftecded channels. It writes data separately into fou
special channels defined as:

DQ_AI255_GAIN_A  (0x00) // gain of A excitation channel
DQ_AI255_GAIN_B  (0x04) /I gain of B excitation channel
DQ_AI255_GAIN_C (0x08) // gain of C excitation channel
DQ_AI255_GAIN_D (0xOC) // gain of D excitation channel
DQ_AI255_PHASE_A (0x10) // phase of A excitatio n channel
DQ_AI255_PHASE_B (0x14) // phase of B excitatio n channel
DQ_AI255_PHASE_C (0x18) // phase of C excitatio n channel
DQ_AI255_PHASE_D (0x1C) // phase of D excitatio n channel

Gain should be in the range of 0x0 0x8000.

Phase should be in the range of 0 thru Oxff oreinggal, the number of points minus one in the
generated sinewave (which can be obtained usingd2B6GetExcitation() call).

You will need to use the following macro to packagaeters for the phase setting:
#define DQ_A0255_PHASE_SET(PHASE, DELAY) (((PHASE)<  <18)|((DELAY)&0x3ffff))

PHASE is an offset from which sinewave is outpud LAY specifies a delay in uS (for fine-tune
of phase control, normally set to zero)

Notes:
To write an angle from 0 to 2 Pi Rad, use the DdZxbBWrite() function.

4.14.12 DgAdv255ReadDIn
Syntax:

int  DgAdv255ReadDIn( int hd, int devn, uint32* din);

Command:
DQE
Input:
int hd Handle to the IOM received fromgOpenIOM()
int devn Layer inside the IOM
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Output:

uint32* din

Return:

DQ_NO_MEMORY
DQ_ILLEGAL_HANDLE
DQ_BAD_DEVN
DQ_BAD_PARAMETER
DQ_SEND_ERROR
DQ_TIMEOUT_ERROR
DQ_IOM_ERROR
DQ_SUCCESS

Other negative values

Description:
The function reads available auxiliary digital itgu

Notes:

4.14.13

Syntax:

int  DgAdv255WriteDOut( int hd,

Command:

Input:

DQE

int hd
int devn
uint32 dout

Output:

uint32* din

Return:

DQ_NO_MEMORY
DQ_ILLEGAL_HANDLE
DQ_BAD_DEVN

DQ_BAD_PARAMETER
DQ_SEND_ERROR
DQ_TIMEOUT_ERROR
DQ_IOM_ERROR
DQ_SUCCESS

Other negative values

Digital input value

error allocating buffer
illegal IOM Descriptor or communication wasn't ddtahed
device indicated bgevn does not exist or is not an Al-255
Configuration parameters are incorrect
unable to send the Command to IOM
nothing is heard from the IOM for Time out duration
error occurred at the IOM when performing this ccemih
successful completion

low level IOM error

DgAdv255WriteDOut

int devn, uint32 dout, uint32* din);

Handle to the IOM received froBgOpenlOM()
Layer inside the IOM
Digital output value

Digital input value

error allocating buffer
illegal IOM Descriptor or communication wasn't ddtahed
device indicated bgevn does not exist or is not an Al-255
or an Al-256
Configuration parameters are incorrect
unable to send the Command to IOM
nothing is heard from the IOM for Time out duration
error occurred at the IOM when performing this ccanich
successful completion

low level IOM error
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Description:
The function writes available digital outputs aedds back auxiliary digital inputs.

Notes:
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4.15DNA-AI-256 layer

The DNx-AI-256 layer is a two-channel all-digitglnehro and resolver input-output module. The
DNx-Al-256 has a superset of the functionality leé DNA-AI-255. All of the DgAdv255*() functions
can be used with the DNx-AI-256.

4.15.1 DgAdv256ConvertSimLvdt

Syntax:
int  DAQLIB DgAdv256ConvertSimLvdt( int hd, int devn, int CLSize, uint32*cl,
double * amplitude, double *fdata, uint32* act_cl, uint32* bdata, uint32* act _size)
Command:
None
Input:
int mode Mode of operation as set in DgAdv256SetMode()
int CLSize number of elements mint32* cl
uint32* cl List of Channels of interest
double* amplitude Amplitude for each channel
double *fdata Simulated position data from -1.0 to +1.0
Output:
uint32*  act_cl Actual channel list required for DMap operations
uint32*  bdata Binary data
uint32*  act_size Actual channel list size for use with DMap
Return:
DQ_NO_MEMORY error allocating buffer
DQ_BAD_PARAMETER Configuration parameters are incorrect
DQ_SUCCESS successful completion
Description:

This function is intended to simplify programminfl/DT simulation in DMap mode. It converts

a +/-1.0 position into raw data representationgiin and phase control taking into consideration
whether 4 or 5/6 wiring is in use.

An Al-256 requires controlling the gain for both 8id P2 outputs for a 5/6 wire LVDT simulation
and the P1 output and phase for 4-wire one. Beasfubat, each position function produces a pair of
pre-packaged channel lists and binary data reallg teritten into DMap fields.

Notes:

Don't forget to allocate arrays for <act_cl> andiata> twice as large as CLSize.
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4.15.2 DgAdv256Enable

Syntax:
int  DgAdv256Enable( int hd, int devn, uint32 config, int enable, int CLSize,
uint32* cl);
Command:
DQE
Input:
int hd Handle to the IOM received fromqOpenlOM()
int devn Layer inside the IOM
uint32 config Reserved
int enable TRUE to enable channels
int CLSize Size of the supplied channel list
uint32*  cl Channel list
Output:
None
Return:
DQ_NO_MEMORY error allocating buffer
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn'’t dstahed
DQ_BAD_DEVN device indicated bdevn does not exist or is not an Al-256
DQ_BAD_PARAMETER Configuration parameters are incorrect
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccanich
DQ_SUCCESS successful completion
Other negative values low level IOM error
Description:

This function enables/disables operations for trenoels specified in the channel list. This funttio
should be called after DgAdv256SetMode() in podapbint mode.

Notes:
This function should not be used in DMap mode.
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4.15.3 DgAdv256ReadLvdt

Syntax:
int DgAdv256ReadLvdt(int hd, int devn, int CLSize, uint32* cl,
double * sensitivity, double * position)
Command:
DQE
Input:
int hd Handle to IOM received fror@qOpenlOM()
int devn Layer inside the IOM
int CLSize Length ofuint32* cl
uint32* cl Channels of interest
double *sensitivity list of sensitivities corresponding to entriesin ¢
Sensitivity unit is mV/V/mm.
Output:
double *position position output
Return:
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't dgtahed
DQ_BAD_DEVN device indicated byevn does not exist or is not an Al-256

DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration

DQ_IOM_ERROR error occurred at the IOM when performing this cosmch
DQ_SUCCESS successful completion
Other negative values low level IOM error

Description:

This function can be used to read an LVDT device.
The channel listuint32* cl ) is very simple, it will be of length 1 or 2 andliveontain the
channel number only, i.e. 0, 1, or both.

Note:
Requires logic version 02.11.1E or greater to ktalfed on the Al-256

4.15.4 DgAdv256ReadPADC

Syntax:
int DgAdv256ReadPADC(int hd, int devn, uint32* bdat a, double*
fdata)
Command:
DQE
Input:
int hd Handle to IOM received fror®@qOpenIOM()
int devn Layer inside the IOM
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Output:

uint32 *bdata Raw binary data, an array of 8 valudsU(LL if not required)
double *fdata Converted data, an array of 8 valueéslJLL if not required)

Return:

DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't dgtahed
DQ_BAD_DEVN device indicated bgdevn does not exist or is not an Al-256
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration

DQ_IOM_ERROR error occurred at the IOM when performing this cogmnich
DQ_SUCCESS successful completion
Other negative values low level IOM error

Description:

Note:

This function returns the power monitor ADC readifigpm an Al-256 layer.
Al-256 Power ADC channel assignments, indicedbftata [] andfdata []:

DQ_AI256_SUBCH_NEGV_0 ©) /I chOANCH

DQ_AI256_SUBCH_POSV_0 (@D)] I/l ch@GCH

DQ_AI256_SUBCH_|I_ DC 0 2) /l cBC current on common
DQ_AI256_SUBCH_THERM_O0 (3) I/l chO teenature of the ADC IC in degrees C
DQ_AI256_SUBCH_NEGV_1 4 /I chl -M@H

DQ_AI256_SUBCH_POSV_1 5) /I ch1G@H

DQ_AI256_SUBCH_|I DC 1 (6) /I cBT current on common
DQ_AI256_SUBCH_THERM_1 (7) I/l chl teenature of the ADC IC in degrees C

For troubleshooting or device calibration purpoges, may logical OR the

DQ_AI256_UNCALFLAG constant with the device numberhave *bdata return uncalibrated
binary data. *fdata returns all zeros if DQ_AI250NCALFLAG is used.

None.

4.15.5 DgAdv256SetAll

Syntax:
int DgAdv256SetAll(int hd, int devn, pDQAI256DATAOU T data)
Command:
DQE
Input:
int hd Handle to the IOM received frodgOpenlOM()
int devn Layer inside the IOM
pDQAI256DATAOUT pointer to store output data to Al-256
data
Output:
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Return:
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't dédtshed
DQ_BAD_DEVN device indicated byevn does not exist or is not an Al-256
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccsmch
DQ_SUCCESS successful completion
Other negative values low level IOM error

Description:

This function sets up most of Al-256 configuratjperameters.
To accomplish what the user must allocate, in#t&lend pass a pointer tadQAI256DATAOUT
structure is defined as:

[* structure for SETPARAM data (WRITE) */

typedef struct {
int32 cfgmask; /I What parameters to se t
int32 cfg; /I Reserved for future u se
int32 portocm; /I Set over-current interrupt mask
int32 portocvO; I/ Set over-current limit value, chan0
int32 portocvl; I/ Set over-current limit value, chanl
int32 rdcent; /I Set number of "fa iled" samples prior to breaker engagement
int32 adccfg[DQ_AI256_PADC_CHAN]; // "User" AD C conversion control words for ADC inputs
int32 reserved; /I Reserved for futu re use

} DQDIO432DATAOUT, *pDQDIO432DATAOUT;

<cfgmask> flags select what parameter should bienriFollowing flags are defined:

#define DQAI256_CFGSET (1L<<0) /I=1to set "cfg" parameter

#define DQAI256_PORTOCMSET  (1L<<1) //=1if "portocm" contains valid data
#define DQAI256_PORTOCVOSET (1L<<2) /I =1 if "portocv0" contains valid data
#define DQAI256_PORTOCV1SET (1L<<3) /I =1 if "portocvl" contains valid data
#define DQAI256_RDCNTSET (1b<<4) /I =1if" rdcnt” contains valid data
#define DQAI256_ADCCFGOSET  (1L<<5) //=1if" adccfg[0]" contains valid data
#define DQAI256_ADCCFGI1SET  (1L<<6) //=1if" adccfg[1]" contains valid data
#define DQAI256_ADCCFG2SET  (1L<<7) //=1if" adccfg[2]" contains valid data
#define DQAI256_ADCCFG3SET  (1L<<8) //=1if" adccfg[3]" contains valid data

<cfg> reserved for future use.

<portocm> sets the interrupt mask for the overcurbeeaker function
<portocv0> sets the overcurrent limit for channel 0

<portocvl> sets the overcurrent limit for channel 1

<rdcnt> specifies the number of consecutive samgitese the selected overcurrent limit to be
acquired before disconnecting the line. Valid valaee 1.31; the default value is four.

<adccfg[0]> thru <adccfg[3]> select configuratieaiues for the PADC A/D converter. This allows
the user to change the configuration values if #reyrequired for special applications.

Note:
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4.15.6
Syntax:

int DAQLIB DgAdv256SetModeLvdt( int hd, int

mode, uint32 flags, uint32* meas_pts,
exc_freq, double Se_level)

Command:
IOCTL

Input:
int hd
int devn
uint32 channel
uint32 mode
uint32 flags
uint32* meas_pts

double usr_offset

double usr_gain
double exc_freq

double Se_level

Output:
None

Return:
DQ_NO_MEMORY
DQ_ILLEGAL_HANDLE
DQ_BAD_DEVN
DQ_BAD_PARAMETER

DQ_SEND_ERROR
DQ_TIMEOUT_ERROR
DQ_IOM_ERROR
DQ_SUCCESS

Other negative values

Description:

DgAdv256SetModeLvdt

devn, uint32 channel, uint32

double usr_offset, double usr_gain, double

Handle to the IOM received fromqOpenlOM()

Layer inside the IOM

Channel to apply mode to

Mode of operation

Additional flags, reserved

Number of data points per period of the generatesl wave
(equal to the number of sampling points per period)
User-defined offset from -1.0 to +1.0 in (1/0x7f¥ff
increments to fine-calibrate output data (to trim
LVDT/RVDT position)

User-defined gain from 0 to 1.0 (to trim LVDT/RVDO3&in)
Expected excitation frequency for external exditat@nd
simulation modes (need not be exact, ignored ferial
excitation modes)

Expected excitation level in Volts(Vpp) (2 .. 56V)

error allocating buffer
illegal IOM Descriptor or communication wasn't dstahed
device indicated bgevn does not exist or is not an Al-256
CLSize is not between 1 addQ_MAXCLSIZEor a
channel number inl is incorrect
unable to send the Command to IOM
nothing is heard from the IOM for Time out duration
error occurred at the IOM when performing this ccemih
successful completion

low level IOM error

This function sets up LVDT operating modes supmbbte the Al-256 layer.

<usr_offset> defines the fine-tuning offset. Thifset is set in the range of -1.0 (all Sb, no $a}1.0
(opposite side of LVDT) and can be used to adjustnbiddle point of the LVDT device. This offset is
converted into a binary representation and apjti¢de hardware to the raw values of conversion.
<usr_gain> defines fine-tuning gain. This gaindsia the range from 0 to +1.0 and can be used to

adjust the response characteristics of an LVDTadevihis gain is converted into a binary
representation and applied in the hardware to r@wes of calculated position of the LVDT.
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<exc_freq> specifies the expected excitation fragyeo be received on the S4 input. This parameter
can be obtained using DgAdv254GetWFMeasurements(jsarequired to set internal parameters such
as the number of points per period and the A/D (&tebe in the acceptable range for simulation
mode)

<Se_level> in simulation mode, it defines initelels of the simulated output.

Notes:
Function returns <meas_pts> which is the numbgoafits per period of the generated sinewave. This

comes in handy when you need to calculate true \dfntise sinewave. Vrms = (Sa+Sb)/<meas_pts>

4.15.7 DgAdv256SetModeSynchroResolver
Syntax:
int DAQLIB DgAdv256SetModeSynchroResolver( int hd, int devn, uint32 channel, uint32
mode, uint32 flags, uint32* meas_pts, double exc_freq, double Se_level)
Command:
IOCTL

Input:

int hd Handle to the IOM received froBgOpenlOM()

int devn Layer inside the IOM

uint32 channel Channel to apply mode to

uint32 mode Mode of operation

uint32 flags Additional flags, reserved

double exc_freq

double Se_level

Output:

uint32* meas_pts

Return:

DQ_NO_MEMORY
DQ_ILLEGAL_HANDLE
DQ_BAD_DEVN

DQ_BAD_PARAMETER

DQ_SEND_ERROR
DQ_TIMEOUT_ERROR
DQ_IOM_ERROR
DQ_SUCCESS

Other negative values

Expected excitation frequency for external exadiatnd
simulation modes (need not to be exact, ignoredhternal
excitation modes)

Expected excitation level (Vpp) to use for gairesgbn. For
simulation mode this is an initial excitation leweNVolts
(0..56Vpp)

Number of points per period in the generated sivewa

error allocating buffer
illegal IOM Descriptor or communication wasn't dgtahed
device indicated bgevn does not exist or is not an Al-255
or an Al-256
CLSize is not between 1 aldQ_MAXCLSIZEor a
channel number inl is incorrect
unable to send the Command to IOM
nothing is heard from the IOM for Time out duration
error occurred at the IOM when performing this ccemih
successful completion

low level IOM error
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Description:

This function sets up one of six Synchro/Resolyegrating modes supported by Al-256 layer. It is
identical to thebgAdv255SetMode() function. Please refer to timgAdv255SetMode() function above.

4.15.8 DgAdv256WriteLvdt

Syntax:
int DAQLIB DgAdv256WriteLvdt( int hd, int devn, int CLSize, uint32* cl, double *
amplitude, double *fdata);
Command:
DQE
Input:
int hd Handle to the IOM received fromgOpenlOM()
int devn Layer inside the IOM
int CLSize Channel list size
uint32* cl List of Channels of interest

double* amplitude
double *fdata

Output:
None

Return:
DQ_NO_MEMORY
DQ_ILLEGAL_HANDLE
DQ_BAD_DEVN
DQ_BAD_PARAMETER
DQ_SEND_ERROR
DQ_TIMEOUT_ERROR
DQ_IOM_ERROR
DQ_SUCCESS
Other negative values

Description:

Signal amplitude for each channel
Simulated position data from -1.0 to +1.0

error allocating buffer
illegal IOM Descriptor or communication wasn't ddtahed
device indicated bgevn does not exist or is not an Al-256
configuration parameters are incorrect
unable to send the Command to IOM
nothing is heard from the IOM for Time out duration
error occurred at the IOM when performing this ccanich
successful completion

low level IOM error

This function writes a simulated position to sinteld and 5/6 wire LVDTSs.
The function converts a position, depending onmtioele of operation. <amplitude> defines signal

amplitude, peak-to-peak (0..57.8V)

For 5/6-wire simulation mode, the output is alwayphase with the excitation signal; the amplitude
varies from 0 to 100% depending on the simulatesitipn. For a 4-wire LVDT, the phase is switched

from 0 to 180 degrees when the simulated positioeses a zero point.
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Syntax:

int  DgAdv256WriteSynchroResolver(
double * amplitude,

Command:

Input:

DQE

int hd

int devn
int CLSize
uint32* cl
double* amplitude

double *fdata

Output:

None

Return:

DQ_NO_MEMORY
DQ_ILLEGAL_HANDLE
DQ_BAD_DEVN
DQ_BAD_PARAMETER
DQ_SEND_ERROR
DQ_TIMEOUT_ERROR
DQ_IOM_ERROR
DQ_SUCCESS

Other negative values

Description:

This function writes a simulated position of a syracor resolver or special data for selected chianne

It is identical to thedgAdv255Write()

double *fdata)

DgAdv256WriteSynchroResolver

int hd, int devn, int CLSize, uint32*cl,

Handle to the IOM received froBgOpenlOM()

Layer inside the IOM

Channel list size

Channel list

Voltage of the simulated stator signals relativtelyotor
excitation (0..56Vpp)

Output position in radians (from 0 to 2 Pi Rad.62830...)

error allocating buffer
illegal IOM Descriptor or communication wasn't dgtahed
device indicated bgevn does not exist or is not an Al-256
configuration parameters are incorrect
unable to send the Command to IOM
nothing is heard from the IOM for Time out duration
error occurred at the IOM when performing this ccanich
successful completion

low level IOM error

function. Please refer to timgAdv2sswrite()  function above .
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4.16 DNA-A0O-302/308/332/333/364 layers

4.16.1

DgAdv3xxWrite

Syntax:

Input:

int DgAdv3xxWrite(int hd, int devn, uint32 CLSize,

uint32 *cl,

int takeraw, uint16 *data, double *fdata)
Command:

DQE

int hd

int devn

int CLSize
uint32 *cl
int takeraw
uint16 *data

double *fdata

Output:

None.

Return:

DQ_NO_MEMORY
DQ_ILLEGAL_HANDLE
DQ_BAD_DEVN

DQ_BAD_PARAMETER

DQ_SEND_ERROR
DQ_TIMEOUT_ERROR
DQ_IOM_ERROR
DQ_SUCCESS

Other negative values

Description:

This function works using an underlyimpCmdloctl()

Handle to the IOM received froBgOpenlOM()

Layer inside the IOM

channel list size

channel list (channel numbers)

use raw data instead of float

array of data (should be of CL size)MULL if takeraw is
FALSE

array of float point voltages ™WULL f takeraw is TRUE

error allocating buffer
illegal IOM Descriptor or communication wasn't dgtahed
device number indicated lmlevn does not exist or is not an
AO-302, AO-308, AO-332, AO-333, AO-364.
CLSize is not between 1 and DQIAXCLSIZE takeraw
is TRUEanddata is NULL, ortakeraw is FALSEand
fdata is NULL, or a channel number ¢h is too high
unable to send the Command to IOM
nothing is heard from the IOM for Time out duration
error occurred at the IOM when performing this ccanich
successful completion

low level IOM error

. Ituses DQCMD_IOCTL

command with DQIOCTL_CVTCHNIunction under the hood.

When this function is called for the first timegtfirmware stops any ongoing operation on the

device.

The firmware then parses the channel list and sitlie passed values one by one accordingly.

The following output ranges are used for each produ

+/- 10V output range:
+/- 40V output range:

AO-302, AO-308, AO-308-350, AO-318, AO-332, AO-333
AO-308-353

0-20mA output range: AO0-308-020, AO-318-020
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Thus, the user cannot perform this function calémthe layer is involved in any streaming or
data mapping operations.

Every write to the channel take approximately8.3Thus, the execution time for this function
depends on the number of channels in the charstel li
Note:

None.

4.16.2 DgAdv3xxSetWForm

Syntax:
int DgAdv3xxSetWForm(int hd, int devn, uint32 Cfg, int CLSize,
uint32* cl, int samples, double UpdRate)
Command:
DQE
Input:
int hd Handle to the IOM received fromgOpenIOM()
int devn Layer inside the IOM
uint32 Cfg range, clocking and trigger settings for DqQCmdSefigy)
call
int CLSize channel list size
uint32 *cl channel list array
int samples Number of samples per channel
double UpdRate Update rate , Hz
Output:
None.
Return:
DQ_NO_MEMORY error allocating buffer
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't dgtahed
DQ_BAD_DEVN device number indicated ldevn does not exist or is not an

AO-308, AO-332 or AO-333.
DQ_BAD_PARAMETER CLSize is not between 1 and D®IAXCLSIZE or a
channel number iol is too high

DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccamnih
DQ_SUCCESS successful completion
Other negative values low level IOM error

Description:

This function sets configuration for continuous efrm output
Use DgAdvRoute...() to configure synchronizatioteiface to use with this function.
Note:

None.

4.16.3 DgAdv3xxWriteWFormCL
Syntax:
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int DgAdv3xxWriteWFormCL(int hd, int devn, int size , int from,
int takeraw, uint16* data, double* fdata)
Command:
DQE
Input:
int hd Handle to the IOM received fromgOpenlOM()
int devn Layer inside the IOM
int size channel list size
int from write from a certain sample in the buffer
int takeraw use raw data instead of float
uintl6 *data array of data (should be of CL size)NULL if takeraw is
TRUE
double *fdata array of float point voltages NULL if takeraw is FALSE
Output:
None.
Return:
DQ_NO_MEMORY error allocating buffer
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't dgtahed
DQ_BAD_DEVN device number indicated ldevn does not exist or is not an
AO-308, AO-332 or AO-333.
DQ_BAD_PARAMETER takeraw is TRUEanddata is NULL, ortakeraw is
FALSE andfdata is NULL
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccanich
DQ_SUCCESS successful completion
Other negative values low level IOM error
Description:

This function loads repetitive waveform into theakg output layer memory.

<from> parameters points to the location in the@-Where the first of <size> samples

should be written. Thus, this function allows regglaent of only a segment of a waveform

at a time. All channels has to be updated at theedane.

Use this function before calling DgAdv3xxEnableWirgy and then every time when waveform
needs to be changed.

Note:

The sequence of the data points in the data shefl&tt the sequence of the channels
in the channel list.

For example, if your channel list size sl_size an8 cl=[1,2,3], the data should be
represented like an array data[i][cl_size]: [1,213,3]..[1,2,3]

Maximum packet size limits the amount of data we ttansfer.

This function must be called multiple times usihg &from> parameter
to append more samples to the waveform buffer
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4.16.4 DgAdv3xxEnableWForm

Syntax:
int DgAdv3xxEnableWForm(int hd, int devn, int enabl e)
Command:
DQE
Input:
int hd Handle to the IOM received fromgOpenIOM()
int devn Layer inside the IOM
int enable configure and start, pause, continue and stop tpesa
#define DQ_AO3xx_STOP_WF 0
#define DQ_AO3xx_START_WF 1
#define DQ_AO3xx_PAUSE_WF 2
#define DQ_AO3xx_CONT_WF 3
Output:
None.
Return:
DQ_NO_MEMORY error allocating buffer
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't dgtahed
DQ_BAD_DEVN device number indicated ldevn does not exist or is not an
AO-308, AO-332 or AO-333.
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccemih
DQ_SUCCESS successful completion
Other negative values low level IOM error
Description:

This function configures, enables, pauses, resurdesables waveform output.
Note:
None.

4.16.5 DgAdv333ReadADC

Syntax:
int DgAdv333ReadADC(int hd, int devn, int CLSize, u int32* cl,
uint32* bdata, double* fdata)
Command:
DQE
Input:
int hd Handle to the IOM received fromqOpenlOM()
int devn Layer inside the IOM
int CLSize channel list size
uint32* cl channel list (channel numbers) optionally withragstamp
request
Output:
uint32* bdata array of raw binary ADC data
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double* fdata array of float point voltages

Return:
DQ_NO_MEMORY error allocating buffer
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't dgtahed
DQ_BAD_DEVN device indicated bgevn does not exist or is not an AO-333
DQ_BAD_PARAMETER channel number in channel list is not a valid AG38Bannel

number.

DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccemih
DQ_SUCCESS successful completion
Other negative values low level IOM error

Description:

This function requests conversion results for edmnnel specified in the channel list and storemth
alongside converted data.

It will take a little under 3 seconds for the AOZ3® make all 32 readings. If this function is edliat

a rate that does not allow enough time for conweersd occur, then old or invalid data may be
returned. New data for any ADC channel is indicdigdhe presence of a ‘1’ in the least significhitt
of thebdata for that channel.

Because the ADC readings are started when a chahgeahel list is presented, the data from a first
read with a new channel list must be discarded.

4.17 DNA-AO-318 layer
4.17.1 DgAdv318CBStatus

Syntax:
int DgAdv318CBStatus(int hd, int devn, int chan_mas k, uint32
flags, uint32 reset, uint32* status)
Command:
DQE
Input:
int hd Handle to the IOM received fromgOpenIOM()
int devn Layer inside the IOM
int chan_mask bitmask of channels to apply parameters to
uint32 flags additional behavior modifiers <reserved>
uint32 reset bitmask what CBs to reset
Output:
uint32* status status of tripped CBs. status[0] = main statgsster,

status[1] and greater contain status of channelbled by
chan_mask, reported in ascending order
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Return:
DQ_NO_MEMORY
DQ_ILLEGAL_HANDLE
DQ_BAD_DEVN
DQ_SEND_ERROR
DQ_TIMEOUT_ERROR
DQ_IOM_ERROR
DQ_SUCCESS
Other negative values

error allocating buffer
illegal IOM Descriptor or communication wasn't ddtahed
device indicated bgevn does not exist or is not an AO-318
unable to send the Command to IOM
nothing is heard from the IOM for Time out duration
error occurred at the IOM when performing this ccemih
successful completion

low level IOM error

Description:
This function resets Circuit Breakers defined bsapgeteuint32 reset
breaker and ADC status.

and returns circuit

Bit definitions for status[0]
DQ_AO318 STS_CB7_CS

may be found in powerdna.h, search key

Bit definitions for status[1]  and greater may also be found in powerdna.h, sdach

Note:

4.17.2

DQ_A0318_CSTS_DACBSY

Syntax:

int DgAdv318ReadADC(int hd, int devn, int CLSize, u

DgAdv318ReadADC

int32* cl,

uint32* bdata, double* fdata)

Command:
DQE
Input:
int hd Handle to the IOM received fromqOpenlOM()
int devn Layer inside the IOM
int CLSize channel list size
uint32* cl channel list
Output:

uint32* bdata

32-bit raw binary data , NULL if not required

double* fdata

converted data (NULL is not required)

Return:

DQ_NO_MEMORY
DQ_ILLEGAL_HANDLE
DQ_BAD_DEVN
DQ_SEND_ERROR
DQ_TIMEOUT_ERROR

error allocating buffer

illegal IOM Descriptor or communication wasn't dstahed
device indicated bgevn does not exist or is not an AO-318
unable to send the Command to IOM

nothing is heard from the IOM for Time out duration
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DQ_IOM_ERROR error occurred at the IOM when performing this ccemih
DQ_SUCCESS successful completion
Other negative values low level IOM error

Description:

This function requests conversion results for edmnnel specified in the channel list and storemth
alongside converted data.

There are 8 analog output channels on the AO-318 5vineasurements or subchannels
possible for each channel. The ADC reading rath@fAO-318 is slow. Default CV clock is 5Hz,
meaning that all 5 monitor subchannels for all 8lag output cchannels are updated every second.
The most significant bit of the raw data (bdatd) e a 1 if that reading has been updated sinee th
last read. If the data has not been updated, théqus reading will be returned. ADC starts ruignin
automatically upon first call to DgAdv3xxWrite() entering the board into an operating mode (ACB,
DMap, VMap, aVmap) . There is a function DgAdv3183() to select a different scan rate, read
current CB status and/or re-enable it.

Bits 27..25 of the bdata[] are used to indicatechlof the 5 ADC channels produced the data.
The macrddQ_A0318 CH_ID(S) can be used to extract the channel numbers, asorkas
conversion type. The channels are defined by theAlU318 ADC_CH_* constants. Because custom
settings for the circuit breaker function may sames change the order in which the ADC channels
are reported, it is always a good idea to pulldh&nnel numbers out of the bdata[] values using the
DQ_A0318_CH_ID macro instead of relying on the default order ef thannels.

If custom circuit breaker settings cause an ADGhaeato be unused it will be reported as
DQ_A0318_ADC_CH_UNUSEIM bits 27..25 of bdata.
There are a maximum of 60 entries in the changel(lot including the optional timestamp request)
The subchannels (conversion types) are #definéollass:

The following defines appear in powerdna.h.

Defines for AO318-1:
#define DQ_AO318_ADC_CH_I (0) // output current (over 0.1 Ohm shunt)
#define DQ_AO0318 ADC_CH_A_int (1) fliage on the output A at the buffer
#define DQ_AO0318 ADC_CH_B_int  (2) gltage on the output B at the buffer
#define DQ_AO318 ADC_CH_AB_ext (3) /[ tagje on output after the relays
#define DQ_A0318 ADC_CH_TEMP  (4) thigerature channel, degrees C
#define DQ_A0318 ADC_CH_UNUSED (7) /I chahis unused

Defines for AO318- 020:
#define DQ_AO318 020 _ADC_CH | (0) [/l output current (over 10 Ohm shunt)
#define DQ_A0318 020_ADC_CH_INT_1 (1) nlernal buffer voltage 1
#define DQ_AO0318 020_ADC_CH_INT_2 (2) niernal buffer voltage 2
#define DQ_AO0318_020_ADC_CH_EXT (3) véltage on output after the relay
#define DQ_AO318_ADC_CH_TEMP (4) [/ tefmperature channel, degrees C
#define DQ_AO0O318_ADC_CH_UNUSED (7) Weonel is unused

Use the DQ_AO0318_MAKE_CL(CH,SUBCH) helper macratmnbine the channel and subchannel
to make the entries in the channel list.

- 259 -



PowerDNA API| Reference Manual, Release 4.10

This function works using an underlyimpCmdloctl() . It uses ©QCMD_IOCTL
command with ®QIOCTL_CVTCHNIunction under the hood.

Note:

4.17.3 DgAdv318Reengage

Syntax:
int DgAdv318Reengage(int hd, int devn, uint32 reset )
Command:
DQE
Input:
int hd Handle to the IOM received fromgOpenIOM()
int devn Layer inside the IOM
uint32 reset bits 7:0, reset the breakers for the correspondirzgnels
Output:
[ -none- | |
Return:
DQ_NO_MEMORY error allocating buffer
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't dgtahed
DQ_BAD_DEVN device indicated bgevn does not exist or is not an AO-318
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccemih
DQ_SUCCESS successful completion
Other negative values low level IOM error
Description:

This function resets the circuit breakers for tharmels where a ‘1’ is found in the bit position
corresponding to the channel number of the AO3b8-A0318-020. If the ADC readings are still
beyond the circuit breaker trip limits ( set DgAdv318SetCBLevels) , the breaker will trip again.

If reset is zero, the function will do nothing amdurnDQ_SUCCESS.

Note:

4.17.4 DgAdv318SetCBLevels

Syntax:
int DgAdv318SetCBLevels(int hd, int devn, int chan_ mask,
pDQAO318BRK_CFG chlev)
Command:
DQE
Input:
int hd Handle to the IOM received fromgOpenlOM()
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int devn Layer inside the IOM
int chan_mask bitmask of channels to apply parameters to
pDQAO318BRK_CFG parameters
cblev

Output:

| - none - |

Return:
DQ_NO_MEMORY error allocating buffer
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't égtahed
DQ_BAD_DEVN device indicated bgevn does not exist or is not an AO-318
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccanich
DQ_SUCCESS successful completion
Other negative values low level IOM error

Description:

levels.

Note:

This function sets AO318 CircuitBreaker trip levels
For example, the following code sets MINMAX_0 te #AmA, MINMAX_1 to +/- 12V and
MINMAX_2 to +/- 11V on AO channels 0 and 1:

DQAO318BRK_CFGmy_cfg ;
chan_mask = 0x03; /Il channels 0 and 1

my_cfg.CB_val_min_f[0] =-11.0; // mA
my_cfg.CB_val_max_f[0] = 11.0;

my_cfg.units[0] = DQAO318_CB_UNIT_I; // current
my_cfg.CB_val_min_f[1] =-12.0; // Volts
my_cfg.CB_val_max_f{[1] = 12.0;

my_cfg.units[1] = DQAO318_CB_UNIT_V; // volts
my_cfg.CB_val_min_f[2] =-11.0; // Volts
my_cfg.CB_val_max_f[2] = 11.0;

my_cfg.units[2] = DQAO318_CB_UNIT_V; // volts

DgAdv318SetCBLevels(hd, devn, chan_mask,&my_cfg );

The DgAdv318SetCBLevels() function calls the DgA@8SetConfig() function to set the

Please refer to the powerdna.h file for greattaitef the DQAO318BRK_CFG struct.

- 261 -



PowerDNA API| Reference Manual, Release 4.10

4.17.5 DgAdv318SetConfig

Syntax:
int DgAdv318SetConfig(int hd, int devn, int chan_ma sk, int
flags, pPDQAO318CFG cfg)
Command:
DQE
Input:
int hd Handle to the IOM received fromgOpenlOM()
int devn Layer inside the IOM
int chan_mask bitmask of channels to apply parameters to
int flags additional behavior modifiers <reserved>
pDQAO318CFG cfg parameters
Output:
[ - none - |
Return:
DQ_NO_MEMORY error allocating buffer
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't égtahed
DQ_BAD_DEVN device indicated bgevn does not exist or is not an AO-318
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccemih
DQ_SUCCESS successful completion
Other negative values low level IOM error
Description:

This function sets various parameters to AO318daB and ADC section. Thehan_mask

parameter determines the channels to which therpdeas are applied. A ‘1’ in the corresponding bit
position enables the parameters for that channgl.(x03 applies parameters to channels 0 andyl onl
Oxff applies parameters to all 8 channels. Thepaters are set using the DQAO318CFG structure
as follows:

typedef struct {
uint32 prmmask; /I bitmask: which parameters are valid areds to be set
uint32 en_DAC; Il select outputs A (1) or B (2) both ¢8 neither(0)
uint32 ADC_CL[DQ_AO0318_ADC_CH]; // ADC channledt
float ADC _rate; /I rate of ADC converter if external closkused

uint32 CB_val_min[DQ_A0318 CB_CH]; // CB minimuimit value, code O..ffff
uint32 CB_val_max[DQ_AO0318_CB_CH]; // CB maxim limit value, code O..ffff

uint32 CB_mode; /I CB source (channel) and reenablioglen

uint32 rdent; /I Number of consecutive ‘past limiDC reads that
/I need to occur before breakips

float CB_rate; // CB reenabling rate

} DQAO318CFG, *pDQAO318CFG;
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The prmmask member of tlEQAO318CFGstructure is a bitfield that indicates which of ttaer
members of the struct are valid and need to be set.
Four prmmask bits are defined:

#define DQ_A0318_CBCFG_DAC (1L<<0)
#define DQ_AO318_CBCFG_SETADCCL  (1L<<1)
#define DQ_AO318_CBCFG_SETCB (1L<<2)

#define DQ_AO318_CBCFG_SETCBSRC  (1L<<3)
DQ_AO0318_CBCFG_DAC indicates that en_DAC is valid.
DQ_AO0318 CBCFG_SETADCCL indicates that ADC_CL #faC_rate valid. Please note that the
channel list for the ADC'’s will be the same for etlannels,chan_mask does not apply.
DQ_AO0318_CBCFG_SETCB indicates that CB_val_min @& val_max are valid. Note that this
setting is normally only used internally by the Dity818SetCBLevels() function.
DQ_A0318 CBCFG_SETCBSRC indicates that CB_modeatraied CB_rate are valid.

Please refer to the powerdna.h file for greateaitief the DQAO318CFG struct.

Note:

4.18 DNA-AO-358 layer
4.18.1 DgAdv358ExCalAccess

Syntax:
int DgAdv358ExCalAccess(int hd, int devn, uint32 cm d, uint32
len, uint32 addr, uint8 *data)
Command:
DQE
Input:
int hd Handle to the IOM received fromgOpenIOM()
int devn Layer inside the IOM
uint32 cmd access command constant, see below
uint32 len length of read or write, 1Kb max read, 256 maxavrit
uint32 addr Address of data to read or write, used by the
DQ_AO0358 EE_RD_ID_ADDR and
DQ_AO0O358_EE_WR_OPEN commands, ignored by all
other commands
uint8 *data array of data in or out
Output:
None.
Return:
DQ_NO_MEMORY error allocating buffer
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't dstahed
DQ_BAD_DEVN device indicated bgevn does not exist or is not an AO-358
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DQ_BAD_PARAMETER cmd is not one of the defined constants belovear is less
than or equal to zero or greater than 1024 for ceagteater
than 256 for write.

DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccemih
DQ_SUCCESS successful completion
Other negative values low level IOM error

Description:

This function is used to retrieve the extendedocation data for the AO-358.

This function works using an underlyimgiCmdloctl() . It uses DQCMD_IOCTL
command with ®QIOCTL_CVTCHNIunction under the hood.

Command defines

DQ_AO0358_EE_CHK_STS - get the status, see below.

DQ_AO0358_EE_RD_ID_ADDR - sets the address for tiiesequent read commands, gets 8-
bit silicon ID todata [0]

DQ_AO358_EE_RD - read from the device ttata 1Kb max. Sequential reads will return
contiguous data from the device.

DQ_AO0O358_EE_WR_OPEN - open the device for writisgts the write address, removes
write protect.

DQ_AO358_EE_ERASE - erase the EPCS device. Devicst bre open for writing for erase to
succeed. The erase cycle takes approx 10 secouslg flag will be nonzero during erase cycle and
must be polled to determine when command is complet

DQ_AO358_EE_WR - writedata to device, 256 bytes max. Sequential write comdaan
will write contiguous data into the device.

DQ_AO358_EE_WR_CLOSE - close device to writingssetite protection.

Status return:
The status from the DQ_AO358_EE_CHK_STS commanmeltisned as 5 32-bit values using

*data cast to a uint32*.

data[0] is the busy flag.

data[1] is the AO358 ESTS value, see logic duent for details

data[2] is the RDSTS value from the EPCS devités value will only be returned when the
busy flag is zero. The msbit will be set whenyhkie is invalid.

value[3] is the read address that the next DQ328_EE_RD command will use.

value[4] is the write address that the next BQ358 EE_WR command will use.

Note:

Internally, the busy flag does toggle to the busyesbriefly after every RD and WR command,
but it is not necessary for the user to test tategif the busy flag for the RD and WR commandg Th
firmware will automatically test for busy and deléae command for the appropriate time.

The DQ_AO358_EE_RD_ID_ADDR command sets the realess and
DQ_AO358_EE_WR_OPEN sets the write address. As &smgequential addresses are being read or
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written, then multiple RD or WR commands may be séthout re-sending the addresses. Read and
write addresses are stored separately, so readritednay be interleaved if desired.

4.18.2

DgAdv358Write

Syntax:

Input:

int DgAdv358Write(int hd, int devn, uint32 CLSize,

uint32* cl,

int takeraw, uint32* data, double* fdata)
Command:

DQE

int hd

int devn
uint32 CLSize
uint32 cl

int takeraw
uint32* data

double* fdata

Output:

None.

Return:

DQ_NO_MEMORY
DQ_ILLEGAL_HANDLE
DQ_BAD_DEVN

DQ_BAD_PARAMETER

DQ_SEND_ERROR
DQ_TIMEOUT_ERROR
DQ_IOM_ERROR
DQ_SUCCESS

Other negative values

Description:
This function is used to write either floating poar raw values to the AO-358.

This function works using an underlyimpCmdloctl()

Handle to the IOM received fromqOpenlOM()

Layer inside the IOM

channel list size

channel list (channel numbers)

use raw data instead of float

array of raw binary data (should be of CL sizeNoH_L if
takeraw isFALSE

array of float point resistances MUJLL if takeraw is
TRUE

error allocating buffer
illegal IOM Descriptor or communication wasn't dgtahed
device indicated bgevn does not exist or is not an AO-358
channel number in channel list is not a valid AG-88annel
number.
unable to send the Command to IOM
nothing is heard from the IOM for Time out duration
error occurred at the IOM when performing this ccanich
successful completion

low level IOM error

. Ituses DQCMD_IOCTL

command with DQIOCTL_CVTCHNIunction under the hood.

When this function is called for the first timeetfirmware stops any ongoing operation on the
device.
Then, the firmware parses the channel list ancewitihe passed values one by one accordingly.

Note:

None.
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DgAdv358ReadADC

int32* cl,

uint32* bdata, double* fdata)

Command:
DQE
Input:
int hd Handle to the IOM received fromqOpenlOM()
int devn Layer inside the IOM
int CLSize channel list size

Output:

Return:

uint32* cl[0]

uint32* bdata
double* fdata

DQ_NO_MEMORY
DQ_ILLEGAL_HANDLE
DQ_BAD_DEVN
DQ_BAD_PARAMETER

DQ_SEND_ERROR
DQ_TIMEOUT_ERROR
DQ_IOM_ERROR
DQ_SUCCESS

Other negative values

Description:
This function requests conversion results for edmnnel specified in the channel list and storemth

channel list (channel numbers)

array of raw binary ADC data
array of float point voltages or currents

error allocating buffer
illegal IOM Descriptor or communication wasn't dgtahed
device indicated bgevn does not exist or is not an AO-358
channel number in channel list is not a valid AG-88annel
number.
unable to send the Command to IOM
nothing is heard from the IOM for Time out duration
error occurred at the IOM when performing this ccemih
successful completion

low level IOM error

alongside converted data.

At each channel, each ADC reading takes approx$et6énds. If all 5 channels are to be read, then it
will take 0.8 seconds to make all 5 readings. i finction is called at a rate that does not allow
enough time for conversion to occur, then old ealiid data may be returned. New data is indicated b
the presence of a ‘1’ in the MSBIt of theata .

The DQ_AO0O358 MAKE_CL(CH,SUBCH) macro should be utechake the contents of the channel
list. The AO-358 has 8 channels with each chanaeing 5 ADC channels, also known as
subchannels. The range of the channels is 0 tndZhe range of the ADC subchannels is 0 thru 4 as

shown below.
DQ_AO358_SUBCH_I_SENSE  (0) //currentin ad

justable bridge arm
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DQ_A0358 SUBCH_EX1 (1) // excitation vo Itage (normally positive)
DQ_AO0358_SUBCH_EX2 (2) /I excitation vo Itage (normally negative)
DQ_AO0358_SUBCH_VS_N (3) //voltage at th e S- bridge point
DQ_AO0358_SUBCH_THERM (4) Il temperature o f the ADC in degrees C

The entire ADC subsystem is normally OFF at powgrAn ADC converter is started when a valid
channel list entry for that ADC is sent by thisdtion. The ADC will continue to run until a channel
list is presented by this function that does naitaim any entries for that channel. To shut offAdCs
for a given device number, send a read commandthigtfunction withCLSize setto 1 andl[0]

set to OXFFFFFFFF .

Because the ADCs are started when a changed cHastriglpresented, the data from a first read with
a new channel list must be discarded.

4.19 DNA-AO-364 layer
4.19.1 DgAdv364Enable

Syntax:
int DgAdv364Enable(int hd, int devn, int enable_mas k, int
out_enable_mask)
Command:
DQE
Input:
int hd Handle to the IOM received fromgOpenIOM()
int devn Layer inside the IOM
int enable_mask Bit mask: "1" in the channel bit position enabléamnel

int out_enable_mask Bit mask: "1" means the channel is active driver,
"0" puts it into high impedancatst

Output:
None.
Return:
DQ_NO_MEMORY error allocating buffer
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't égtahed
DQ_BAD_DEVN device indicated bgevn does not exist or is not an AO-358

DQ_BAD_PARAMETER cmd is not one of the defined constants belovear is less
than or equal to zero or greater than 1024 for ceagteater
than 256 for write.

DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccanich
DQ_SUCCESS successful completion
Other negative values low level IOM error
Description:
This enables or disables selected channels andegtishbles outputs.

Note:
This function can be used to control outputs.dhannel is enabled and operational, user can
turn channel from being a driver into high-impedastate and back without stopping
operations.
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If DgAdv364write() was used to output a DC offset, then the channet bridisabled and re-
enabled to output a programmed waveform again.

4.19.2 DgAdv364SelectAWF
Not Implemented.

Syntax:
int DgAdv364SelectAWF(int hd, int devn, int channel , int mode,
int buffer, pPDQAO364WFPRM wf_prm, uint32* status)
Command:
DQE
Input:
int hd Handle to the IOM received fromgOpenIOM()
int devn Layer inside the IOM
int channel channel to config
int mode modifiers <reserved>
int buffer new waveform buffer (from allocated in DgAdv364S@IR
pDQAO364WFPRM a set of new parameters to apply
wf_prm
uint32* status WF generation status and current buffer [0..63]
Output:
None.
Return:
DQ_NO_MEMORY error allocating buffer
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't dgtahed
DQ_BAD_DEVN device indicated bgevn does not exist or is not an AO-358

DQ_BAD_PARAMETER cmd is not one of the defined constants belovear is less
than or equal to zero or greater than 1024 for ceagteater
than 256 for write.

DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccanich
DQ_SUCCESS successful completion
Other negative values low level IOM error

Description:

This function switches to the new buffer with lodd®VF and applies new parameters.
If applied to a current buffer it changes paranseter

Note:
This function can be used to control a pre-loadadeform by switching buffers and
applying changes to the waveform shape.

4.19.3 DgAdv364SetAWF
Not Implemented.
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Syntax:
int DgAdv364SetAWF(int hd, int devn, int channel, i nt mode, int
n_buffers, pPDQAO364BUFLST* buf_Ist)
Command:
DQE
Input:
int hd Handle to the IOM received fromgOpenIOM()
int devn Layer inside the IOM
int channel channel to config
int mode modifiers <reserved>
int n_buffers number of buffers per channel
int* buf_list list of the buffer sizes
Output:
None.
Return:
DQ_NO_MEMORY error allocating buffer
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't dstahed
DQ_BAD_DEVN device indicated bgevn does not exist or is not an AO-358

DQ_BAD_PARAMETER cmd is not one of the defined constants belovdear is less
than or equal to zero or greater than 1024 for ceagteater
than 256 for write.

DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccanich
DQ_SUCCESS successful completion
Other negative values low level IOM error
Description:
This function removes any previous allocation fifjpand creates a new list of buffers for use
with AWF function.

Notes:
Buffer list has encoded information about the sizeach buffer (must be in multiple of 128-
sample blocks)

typedef struct {

uint32 buf_size; /I the size of the buffer, bytes (multiple of 128)

uint32 d_size; /I the size of the data in the buffer

uint32 buf_next; /I AO364_AUTONEXT flag and next buffer ID for linkdibt ops.
uint32 flags; /I buffer control flags

} DQAO364BUFLST, *pDQAO364BUFLST;

The maximum number of buffers is 64.

If buffer is used in single-shot mode the sigesize> should reflect the actual size of the data.
Output will stop wherkd_size> is reached.

Flags can include a countdown value. Each timéttiier is processed the value is
decremented by 1 and output stops when the coisnéehausted. If the countdown flag is not
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set then the output will continue through the chadibuffers indefinitely. Flags can also
inlclude an event bit to send an asynchronous ewetification when this buffer is completed.

4.19.4 DgAdv364SetBaseClocks
Not Implemented.
Syntax:
int DgAdv364SetBaseClocks(int hd, int devn, int mod e, int chan,
int sourcel, double f_PLL1, double* true_PLL1, int source2,
double f_PLL2, double* true_PLL2, int source_o, dou ble*
true_offs_f)
Command:
DQE
Input:
int hd Handle to the IOM received fromgOpenlOM()
int devn Layer inside the IOM
int mode behavior flags
int chan channel
int sourcel select 1st clock source
double f_PLL1 select 1st PLL frequency
double* true_PLL1 actual PLL1 frequency
int source2 select 2nd clock source
double f_PLL2 select 2nd PLL frequency
double* true_PLL2 actual PLL2 frequency
int source_o select offset DAC clock
double* actual offset DAC frequency
true_offs_f
Output:
None.
Return:
DQ_NO_MEMORY error allocating buffer
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't dgtahed
DQ_BAD_DEVN device indicated bgevn does not exist or is not an AO-358
DQ_BAD_PARAMETER cmd is not one of the defined constants belodear is less
than or equal to zero or greater than 1024 for ceagteater
than 256 for write.
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccanich
DQ_SUCCESS successful completion
Other negative values low level IOM error
Description:

This function allows user to overwrite automatigalklected PLL frequencies for output
waveforms and/or retrieve true frequencies to clieckolerances.

Note:
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This is extended function which is used for morecfge control of the sampling clocks used to
output waveform.

4.19.5 DgAdv364SetChannelPIl
Not Implemented.

Syntax:
int DgAdv364SetChannelPli(int hd, int devn, int cha nnel, int
pll, double samplerate, double* act_rate)
Command:
DQE
Input:
int hd Handle to the IOM received fromgOpenIOM()
int devn Layer inside the IOM
int channel channel to config
int pll PLL number (1 thru 4)
double samplerate desired sample rate
double* act_rate returned actual rate
Output:
None.
Return:
DQ_NO_MEMORY error allocating buffer
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't dgtahed
DQ_BAD_DEVN device indicated bgevn does not exist or is not an AO-358

DQ_BAD_PARAMETER cmd is not one of the defined constants belovdear is less
than or equal to zero or greater than 1024 for ceagteater
than 256 for write.

DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccanich
DQ_SUCCESS successful completion
Other negative values low level IOM error

Description:

Calculates and sends setup values for use by en-Riy.

Note:
This function has no implementation in this release

4.19.6 DgAdv364SetConfig

Syntax:
int DgAdv364SetConfig(int hd, int devn, int channel , uint32
clk_src, uint32 trig_src, uint32 sync_mode)

Command:
DQE

Input:
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int hd

int devn

int channel

uint32 clk_src
uint32 trig_src
uint32 sync_mode

Output:

None.

Return:

DQ_NO_MEMORY
DQ_ILLEGAL_HANDLE
DQ_BAD_DEVN

DQ_BAD_PARAMETER

DQ_SEND_ERROR
DQ_TIMEOUT_ERROR
DQ_IOM_ERROR
DQ_SUCCESS

Other negative values

Description:
This function sets configuration for a single chelrof AO-364 layer.

Notes:

4.19.7

Handle to the IOM received froBgOpenlOM()
Layer inside the IOM

channel to config

bitfield: clock source for the channel

bitfield: trigger source for the channel
synchronization mode

error allocating buffer
illegal IOM Descriptor or communication wasn't ddtahed
device indicated bgevn does not exist or is not an AO-358
cmd is not one of the defined constants belovear is less
than or equal to zero or greater than 1024 for ceagteater
than 256 for write.
unable to send the Command to IOM
nothing is heard from the IOM for Time out duration
error occurred at the IOM when performing this ccemich
successful completion

low level IOM error

A few modes of clocking and triggering are avaiabl
A channel can work as individual or synchronizethvane channel located on the same
board/cube/rack or on another cube/rack conneciidarcable.

If channels are to be used individually any cloak tbe used.
All start triggers are triggered on the rising edge
There is no stop trigger but a trigger can be usgmite mode (high gates DAC clock).

If the phase of the signals needs to be syncrhdrdkannel 0 on one of the board should
become a clock source for all other channels inotyiself.

For a single board usQ AO364CFG_CLK_CHfor all channelsmode> and
DQ_AO0364CFG_CLKOUT_CHor <syncmode> of channel 0. For multile boards use the
..SYNCO0/..SYNC2 option. Set trigger for channel 0 only since tthannel will gate to clock

to all other channels.

UseDQ_AO364CFG_CLK ...
UseDQ_AO364CFG_TRG_ ..

constants for clock

. constants for trigger

UseDQ_AO364CFG_CLKOUT_... constants for setting synchornization mode

Syntax:

DgAdv364SetDIO
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int DgAdv364SetDIO(int hd, int devn, int channel, u int32
dio_cfg, uint32* status)
Command:
DQE
Input:
int hd Handle to the IOM received fromgOpenIOM()
int devn Layer inside the IOM
int channel channel to config
uint32 dio_cfg DIO lines configuration
Output:
uint32* dio_state current DIO levels among other status bits
Return:
DQ_NO_MEMORY error allocating buffer
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't égtahed
DQ_BAD_DEVN device indicated bgevn does not exist or is not an AO-358
DQ_BAD_PARAMETER cmd is not one of the defined constants beloveor is less
than or equal to zero or greater than 1024 for ceagteater
than 256 for write.
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccanich
DQ_SUCCESS successful completion
Other negative values low level IOM error
Description:

This function set direction and source for DIO ba thannel.

Notes
UseAO364IS_SYNC_DIO() macro anchO364IS_DIO_SW_... constants to set up DIO lines
UseAO0364IS_STS ... hit definitions to decode status.

4.19.8 DgAdv364SetOffsWF
Not Implemented.

Syntax:
int DgAdv364SetOffsWk(int hd, int devn, int channel , int config,
pDQAO364WFPRM param)
Command:
DQE
Input:
int hd Handle to the IOM received froBgOpenlOM()
int devn Layer inside the IOM
int channel channel to configure
int config configuration flags
double freq sampling frequency
Output:
None.
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Return:
DQ_NO_MEMORY error allocating buffer
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't dgtahed
DQ_BAD_DEVN device indicated bgevn does not exist or is not an AO-358

DQ_BAD_PARAMETER cmd is not one of the defined constants belovear is less
than or equal to zero or greater than 1024 for ceagteater
than 256 for write.

DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccanich
DQ_SUCCESS successful completion
Other negative values low level IOM error

Description:

This function sets up configuration for Offset DAC.

typedef struct {
uint32 flags; /I configuration flags (what to set)
double freq; Il frequency
double span; /I waveform span
double offset; /I waveform offset
double phase; /I waveform phase
double set_time; /I time to apply parameters

} DQAO364WFPRM, *pDQAO364WFPRM;

Note:
Each channel has two DACs - main DAC which generdi& and offset DAC which generates
a DC offset or a waveform to add to the main wanefdOffset DAC is an 18-bit DAC with an
ability to extend to 20 bits.
In normal operation the offset DAC is used eitleeselect an offset of the waveform (in
DgAdv364SetWFParameters ) or generate a wave function to add to the mairCDA
Offset DAC is slower (1MS/s) than the main DAC @M S/s).
This function applies new parameters immediately.
If also can stop and start the Offset DAC clock.

4.19.9 DgAdv364SetWF

Syntax:
int DgAdv364SetWF(int hd, int devn, int channel, in t mode,
pDQAO364WFPRM wf_prm, pDQAO364STDWF wf_shape)
Command:
DQE
Input:
int hd Handle to the IOM received fromqOpenlOM()
int devn Layer inside the IOM
int channel channel number
int mode mode of operation
pDQAO364WFPRM waveform parameters
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Output:

Return:

wf_prm

pDQAO364STDWF additional waveform shape information or NULL

wf_shape
None.

DQ_NO_MEMORY error allocating buffer

DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't dgtahed
DQ_BAD_DEVN device indicated bgdevn does not exist or is not an AO-358

DQ_BAD_PARAMETER c¢md is not one of the defined constants belovear is less
than or equal to zero or greater than 1024 for ceagteater
than 256 for write.

DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccemih
DQ_SUCCESS successful completion
Other negative values low level IOM error

Description:

Notes:

This call applies waveform parameters for the ckénn

<mode> defines which of the standard waveforms is to ougmd how it is synthesized
DQ_AO364CFG_WF_PLL  use PLL mode of operation
DQ_AO364CFG_WF_DSS  use DSS (digiral signal synthesis mode)
DQ_AO364CFG_WF_INVERT apply inversion function to the waveform
DQ_AO364CFG_WF_MIRRORapply mirror function to the waveform
DQ_AO364CFG_WF_PULSE standard WF is a pulse traingle
DQ_AO364CFG_WF_RAMP standard WF is a ramp
DQ_AO364CFG_WF_SAW  standard WF is a saw tooth
DQ_AO364CFG_WF_SINE  standard WF is a sinewave

typedef struct {
uint32 flags; /I configuration flags (what to set)
double freq; Il frequency
double span; /I waveform span
double offset; I/l waveform offset
double phase; /l waveform phase
double set_time; I/l time to apply parameters

} DQAO364WFPRM, *pDQAO364WFPRM;

This function can apply parameters immediatebt_(ime==0 ) or gradually within the
programmeckset_time>

For example, this function can be used to gradually the phase of the waveform or perform
a gradual attenulation of it. The waveform paramsesédways change in linear fashion during
specified time.
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Flags can provide additional information whethecltange parameters continuously (ramp or
triangle) or apply them only once. The firmwareesikcare of generating and feeding parameter
channel list to DACs.

Standard waveforms can be synthesised in two ways:

PLL mode: AO-364 has two available digital PLLs &ch channel. PLL can be programmed
to generate quantization clock within 1Hz accura@fen the user changes the
frequency a second PLL is programmed to the newt@qadion frequency and
switchover occurs at the beginning of the next i@we period. This mode gives
the lowest possible THD (-84dB) but requires 50@mswitch the frequency. The
sample waveform has 4096 points and should thetigation frequency fall
below 4MHz additiona points for the waveform samgle generated using linear
interpolation. Should the required frequency excgdHz the points are
dropped from the waveform.

DSS mode: Quantization frequency is generated franiixed PLL clock and NCO
(numerical control oscillator) is used in conjunatiwith FCW (frequency code
word) to select a proper point in the sample wawefd his technique allows
immediate change in the waveform frequency at ¥pewrce of the lower THD (-
72dB) and the fact that selected waveform poirggifferent from one period to

4.19.10

another.

Syntax:

int DgAdv364SetWFParametersCL(int hd, int devn, int

DgAdv364SetWFParametersCL

mode, int

clsize, int* CL, pDQAO364WFPRM wf_prm)

Command:
DQE
Input:
int hd Handle to the IOM received froBqOpenlOM()
int devn Layer inside the IOM
int mode additional flags <reserved>
int clsize size of the following CL array
int* CL a list of channels to apply parameters to
pDQAO364WFPRM* array of waveform parameters
wf_prm
Output:
None.
Return:

DQ_NO_MEMORY
DQ_ILLEGAL_HANDLE
DQ_BAD_DEVN
DQ_BAD_PARAMETER

DQ_SEND_ERROR

error allocating buffer

illegal IOM Descriptor or communication wasn't dgtahed
device indicated bgevn does not exist or is not an AO-358
cmd is not one of the defined constants belovear is less
than or equal to zero or greater than 1024 for ceagteater
than 256 for write.

unable to send the Command to IOM
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DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration

DQ_IOM_ERROR error occurred at the IOM when performing this ccemih
DQ_SUCCESS successful completion
Other negative values low level IOM error

Description:

This call applies waveform parameters for the clehepecified in the channel list.
Unlike DgAdv364SetWFParameters() |, this function applies all parameters to channels
specified in the channel list simutaneously.

Notes:

One exception applies: this function doesn't rephvaveform shape but rather controls
amplitude, phase, etc. on all listed channels. égelv364SetWF to select waveform type.

4.19.11 DgAdv364SetWFSweep

Syntax:
int DgAdv364SetWFSweep(int hd, int devn, int channe I, int mode,
pDQAO364WFSWEEP wf_prm)
Command:
DQE
Input:
int hd Handle to the IOM received fromqOpenlOM()
int devn Layer inside the IOM
int channel channel number
int mode select waveform
pDQAO364WFSWEEP  sweep parameters
wf_prm
Output:
None.
Return:
DQ_NO_MEMORY error allocating buffer
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't dgdtahed
DQ_BAD_DEVN device indicated bgdevn does not exist or is not an AO-358

DQ_BAD_PARAMETER cmd is not one of the defined constants belovear is less
than or equal to zero or greater than 1024 for ceagteater
than 256 for write.

DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccemih
DQ_SUCCESS successful completion
Other negative values low level IOM error

Description:

This call switches the waveform into sweep mode.

typedef struct {
uint32 flags; /lconfiguration flags (form of the sweep, once ontinuous)
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double start_freq;
double end_freq;
double sweep_time;

/I frequency
I/ final frequency
Il the length of sweel (>= 1ms)

} DQAO364WFSWEEP, *pDQAO364WFSWEEP;

None.

DgAdv364Write

See DgAdv3xx\Wite.

4.19.13

Syntax:

int DgAdv364WriteAWF(int hd, int devn, int channel,
int buffer, int from, int size, uint16* data, doubl

uint32* status)

Command:

Input:

DQE

int hd

int devn

int channel
int mode

int buffer

int from

int size
uint16* data

double* fdata
uint32* status

Output:

None.

Return:

DQ_NO_MEMORY
DQ_ILLEGAL_HANDLE
DQ_BAD_DEVN
DQ_BAD_PARAMETER

DQ_SEND_ERROR
DQ_TIMEOUT_ERROR
DQ_IOM_ERROR
DQ_SUCCESS

Other negative values

Description:
This function writes waveform to AO-364 waveformffien

DgAdv364WriteAWF

int mode,
e* fdata,

Handle to the IOM received froBgOpenlOM()

Layer inside the IOM

channel to write data to

modifiers

buffer ID (created in DgAdv364SetAWF())

write from a certain sample in the buffer

data size in samples

array of data (should be of CL size) or NULL ikémaw is
TRUE

array of float point voltages or NULL if takerawFALSE
WF generation status and current buffer [0..63]

error allocating buffer
illegal IOM Descriptor or communication wasn't dgtahed
device indicated bgevn does not exist or is not an AO-358
cmd is not one of the defined constants belovear is less
than or equal to zero or greater than 1024 for ceagteater
than 256 for write.
unable to send the Command to IOM
nothing is heard from the IOM for Time out duration
error occurred at the IOM when performing this ccanich
successful completion

low level IOM error
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The waveform size can be anything for up to 2M8ath (it will take some time to load since
we can process 1k of data each millisecond).

<mode> accepts two flags:

DQL_AO364 WRITE_USEDBLt0 use double values fronfi data> and convert into uint16
DQL_AO364_WRITE_STDWFwrite to SWF area instead of AWF (fixed 4096esia waveform
of a different length must be stretched/compres$sedis size for the phase and frequency
control to work correctly)

This function can be used for continuous AWF getimmaUser needs to allocate multiple
buffers and write next buffer on the timer. Statsorts the current active buffer to avoid
overwriting data on the fly

To make span control to acjieve full rangedata> should be within +/-14.3V anddata>
from 0 to OxFFFF (0x8000 is zero volts).

4.19.14 DgAdv364WriteChannel

Syntax:
int DgAdv364Function(int hd, int devn)
Command:
DQE
Input:
int hd Handle to the IOM received froMgOpenlOM()
int devn Layer inside the IOM
int channel channel (use DQ_AO0364_OFS_CH for offset DAC - 26)bi
uint32 data data for the port
Output:
None.
Return:
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't égtahed
DQ_BAD_DEVN device indicated bgevn does not exist or is not an AO-358
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccanich
DQ_SUCCESS successful completion
Other negative values low level IOM error
Description:

Note:

Write to DAC's channel.

This is a single channel function.
It will stop any waveform on that channel and otipIDC value.

4.19.15 DgAdv364WriteOffsWF
Not Implemented.

Syntax:
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int DgAdv364WriteOffsWF(int hd, int devn, int chann
int buffer, int from, int size, uint16* data, doubl

uint32* status)

Command:

Input:

DQE

int hd

int devn

int channel
int mode

int buffer

int from

int size
uint16* data

double* fdata
uint32* status

Output:

None.

Return:

DQ_NO_MEMORY
DQ_ILLEGAL_HANDLE
DQ_BAD_DEVN

DQ_BAD_PARAMETER

DQ_SEND_ERROR
DQ_TIMEOUT_ERROR
DQ_IOM_ERROR
DQ_SUCCESS

Other negative values

Description:
This function writes waveform to AO-364 waveformffien for offset DAC.

Note:

el, int mode,
e* fdata,

Handle to the IOM received froBgOpenlOM()

Layer inside the IOM

channel to config

modifiers <reserved>

buffer ID (created in DgAdv364SetAWF())

write from a certain sample in the buffer

data size in samples

array of data (should be of CL size) or NULL if éalaw is
TRUE

array of float point voltages or NULL if takerawFALSE
WF generation status

error allocating buffer
illegal IOM Descriptor or communication wasn't dgtahed
device indicated bgevn does not exist or is not an AO-358
cmd is not one of the defined constants belovear is less
than or equal to zero or greater than 1024 for ceagteater
than 256 for write.
unable to send the Command to IOM
nothing is heard from the IOM for Time out duration
error occurred at the IOM when performing this ccanich
successful completion

low level IOM error

Offset DAC buffer allows 4096 points to be written.
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4.20DNx-DI0-401/402/404/405/406 layers

4.20.1 DgAdv40xWrite
Syntax:

int DgAdv40xWrite(int hd, int devn, uint32 data)

Command:
DQE
Input:
int hd
int devn
uint32 data
Output:
None.
Return:
DQ_ILLEGAL_HANDLE
DQ_BAD_DEVN

DQ_SEND_ERROR

DQ_TIMEOUT_ERROR

DQ_IOM_ERROR

DQ_SUCCESS

Other negative values
Description:

Handle to the IOM received froBgOpenlOM()
Layer inside the IOM
Data for the port

illegal IOM descriptor or communication wasn't ddtshed
device indicated bgevn does not exist or is not a DIO-401,
DIO-402, DIO-404, DIO-405, DIO-43x, DIO-452, DIO-26
DIO-470, Al-218 or Al-228
unable to send the command to IOM
nothing is heard from the IOM for time out duration
error occurred at the IOM when performing this ccemih
successful completion

low level IOM error

Writes a word of digital data bits to set corregtiog channels on DIO hardware.

+ DIO-402: 24-bits

+ DIO-404, DIO-405, DIO-406, DIO-452, DIO-46x: 12-bit

+ DIO-430: 30-bits

+ DIO-432, DIO-433: 32-hits

» DIO-470: 10-bits

» Al-218 or Al-228: 8-bits (1 per each analog chanBdligital 1/0)

Note:
None.
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DgAdv40xRead

int DgAdv40xRead(int hd, int devn, uint32 *data)
Command:
DQE

Input:

Output:

Return:

int hd
int devn
uint32 *data

uint32 *data

DQ_ILLEGAL_HANDLE
DQ_BAD_DEVN

Handle to IOM received fro®gOpenlOM()
Layer inside the IOM
Pointer to buffer for read data

Data read

illegal IOM descriptor or communication wasn'’t ddtshed
device indicated bgevn does not exist or is not a DIO-401,
DIO-404/6, DIO-405, DIO-432/3, DIO-462, Al-218 of-A
228

DQ_BAD_PARAMETER_2data is NULL

DQ_SEND_ERROR
DQ_TIMEOUT_ERROR
DQ_IOM_ERROR
DQ_SUCCESS

Other negative values

Description:
Reads a word of digital data of corresponding cke&nan DIO hardware.

+ DIO-401: 24-bits

unable to send the command to IOM
nothing is heard from the IOM for time out duration
error occurred at the IOM when performing this ccanich
successful completion

low level IOM error

« DIO-404, DIO-405, DIO-406: 12-bits
» AI-218 or Al-228: 8-bits (1 per each analog chanBeadigital I/O)

For the DIO-432, DIO-433, and DIO-462 layers, ratucircuit breaker status tiata[0] and
data[1]
e data[0] is the current breaker status
e data[l] is the sticky status of each breaker.

For DIO-432, DIO-433, and DIO-462 layers use tli@dv462GetAll()  or

DgAdv432GetAll()

Note:

None.

functions to retrieve the current DIO state.
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4.20.3 DgAdv40xReadLastWrite

Syntax:
int DgAdv40xReadLastWrite(int hd, int devn, uint32 *Pdata)
Command:
DQE
Input:
int hd Handle to IOM received fro@qOpenIOM()
int devn Layer inside the IOM
uint32 *Pdata Pointer to buffer for read data
Output:
uint32 *Pdata Data read, 1 or 2 uint32's depending on layer type
Return:
DQ_ILLEGAL_HANDLE illegal IOM descriptor or communication wasn’t dsished
DQ_BAD_DEVN device indicated bgevn does not exist or is not a DIO-402,

DI0-403, DIO-404, DIO-405, DIO-406, DIO-430, DIO-23
DI10-433, DIO-452, DIO-462, DIO-463 or DIO-470
DQ_BAD_PARAMETER_2Pdata is NULL

DQ_SEND_ERROR unable to send the command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccanich
DQ_SUCCESS successful completion
Other negative values low level IOM error

Description:

This diagnostic function reads back the last DI@auwritten to the layer.

The last written value could also be the value flEBEPROM that is written at system startup, if
no DgAdv40xWrite  occurs befor®gAdv40xReadLastWrite . This startup value is
normally configured and saved using PowerDNA Exglor

The read back data will be returned in the leagtiicant bits of either two 32-bit values for a
DIO-403 or in a single 32-bit value for all othayérs.

The readback value is not affected by any circggker action on DIO-4xx models that
support CB's.

Note:
None.
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Syntax:

int DgAdv40xReadTs(int hd, int devn, int flags, uin

uint32 *tstamp)

Command:

Input:

DQE

int hd
int devn
int flags

Output:

uint32 *Pdata

uint32 *tstamp

Return:

DQ_ILLEGAL_HANDLE
DQ_BAD_DEVN

DQ_BAD_PARAMETER
DQ_SEND_ERROR
DQ_TIMEOUT_ERROR
DQ_IOM_ERROR
DQ_SUCCESS

Other negative values

Description:
This function reads the digital input state of ldngers listed above iReturn.

Note:

DgAdv40xReadTs

t32 *Pdata,

Handle to IOM received fro®gOpenlOM()
Layer inside the IOM
Additional flags, see below

Pointer to buffer for read data, two 32-bit words DIO403
and DIO-448, one word for the other supported layer
Timestamp

illegal IOM descriptor or communication wasn'’t ddtshed
device indicated bgevn does not exist or is not a DIO-401,
DIO-402, DIO-403, DIO-404, DIO-405, DIO-406 or DIO-
448
Pdata is NULL
unable to send the command to IOM
nothing is heard from the IOM for time out duration
error occurred at the IOM when performing this ccemih
successful completion

low level IOM error

The timestamp value is returned to the buffer galrib by uint32 *tstamp

Users can optionally reset the timestamp befordimgawith the int flags

( optional)

parameter use zero when not required:

#define DQIOCTL_DIO_RST_TIMESTAMP // resets tim

None.

estamp before reading
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4205  DgAdv40xSetHyst

Syntax:
int DgAdv40xSetHyst(int hd, int devn, uint16 levelO , uint16
levell)
Command:
DQE
Input:
int hd Handle to the IOM received fromgOpenlOM()
int devn Layer inside the IOM
uint16 levelO 10-bit level of logical zero in steps from 0V to¢d
uintl6 levell 10-bit level of logical one in steps from 0V to Vdg
Output:
None.
Return:

DQ_ILLEGAL_HANDLE illegal IOM descriptor or communication wasn’t dsished
DQ_BAD_DEVN device indicated bgevn does not exist or is not a DIO-401,

DIO-402, DIO-404/406, or DIO-405
DQ_BAD_PARAMETER data is NULL

DQ_SEND_ERROR unable to send the command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccemih
DQ_SUCCESS successful completion
Other negative values low level IOM error

Description:

This function sets hysteresis levels.

Hysteresis is a specific feature of DIO-40x layédis.access this feature, you enable it in the

configuration word:

Note:

#define DQ_L401_HYSTEN  (1UL<<18) // hysteres is programming is enabled

By default, hysteresis levels are selected at 26%0& (low) and 75% of VCC (high).
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4.20.6 DgAdv40xConfigEvents

Syntax:
int DAQLIB DgAdv40xConfigEvents(int hd, int devn, e vent401_t event,
uint32 pos_edge_mask, uint32 neg_edge_mask)
Command:
DQE
Input:
int hd Handle to the IOM received fromgOpenIOM()
int devn Layer inside the IOM
event401_t event Type of event to monitor
uint32 Mask of up to 24 bits to specify which input lindlrigger
pos_edge_mask an event on a positive edge
uint32 Mask of up to 24 bits to specify which input lindlrigger
neg_edge_mask an event on a negative edge
Output:
None
Return:
DQ_NO_MEMORY error allocating buffer
DQ_ILLEGAL_HANDLE illegal IOM descriptor or communication wasn't éstshed
DQ_BAD_DEVN device indicated bgevn does not exist or is not a DIO-40x
DQ_BAD_PARAMETER invalid parameter
DQ_SEND_ERROR unable to send the command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccemih
DQ_SUCCESS successful completion
Other negative values low level IOM error
Description:

This function sets up events and parameters fobte401, DIO-404, DIO-405, and DIO-406
layers. It sets up firmware to send an asynchroeweast notification packet upon reaching certain
conditions.

event401_t event is defined as:
typedef  enum{
EV401_CLEAR = 0x1000, /I clear all events
EV401_DI_CHANGE = 0x101 /I digital input change
} event401 _t;

To clear all events use the following call:

ret = DgAdv40xConfigEvents(a_handle, devn, EV401_CL EAR, 0, 0);

It clears all events that have previously beerak®tg with runtime variables and accumulated events
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When an event happens, the firmware sends bac&katpaf the following structure:

/* DQCMD_EVENT structure */
typedef  struct {

uint8 dev; /I device
uint8  ss; /I subsystem
uintlé size; /I data size
uint32 event; I/l event type = EV401_DI_CHANGE
uint8 data[]; /l data
} DQEVENT, *pDQEVENT;

Where:
<size> field contains sizeoffv401_ID )+length (event header + event data).
<event> contains the type of the event, e.g. in this &és®1_DI_CHANGE
<data[]> if DQEVENTcONtainsEV401_DI_CHANGEflexible structure:

/I Event data for 40x layer
typedef  struct {

uint32 chan; /I channel information

uint32 evtype; /I type of the event

uint32 tstamp; /I timestamp of event

uint32 size; /I size of the following data in bytes
uint32 dataf]; // data to follow

} EV401_ID, *pEV401_ID;

When DQEVENT containgVv401_DI_CHANGE the event data[] consists of uint32 status wugsto
24 LS bits valid) as follows:

data[0] = rising edge events for input lines 23-0, 1#gsedge event has occurred on
corresponding input line.
data[1] = falling edge events for input lines 23-0, 14falledge event has occurred on

corresponding input line.

Note:

Note that thedgCmdReceiveEvent() APl is used to wait for the event packets and wiate
DQEVENT is properly handled ygCmdReceiveEvent()  in terms of converting data fields from big
endian (network data representation) to little andf used with Intel-based host computgnrol_ID
needs to be converted by the user. The followirdgaan be used:

/I shuffle bytes big endian->little endian in place
void ntoh_pEv40x(pEV401_ID pEv401) {
uint32 i;

pEv401->chan = ntohl(pEv401->chan);
pEv401->evtype = ntohl(pEv401->evtype);
pEv401->size = ntohl(pEv401->size);
pEv401->tstamp = ntohl(pEv401->tstamp);

for (i=0;i< pEv401->size/ sizeof (uint32); i++)
pEv401->data[i] = ntohl(pEv401->datali]);
return
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The reason for that is theatiCmdReceiveEvent()  returns all different types of layer-specific etgen
and as implemented doesn’t do this conversion.
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4.21 DNA-DIO-403 layer

421.1 DgAdv403Setlo
Syntax:

int DgAdv403Setlo(int hd, int devn, uint32 Cfg)

Command:
DQE
Input:
int hd
int devn
uint32 Cfg
Output:
None.
Return:
DQ_ILLEGAL_HANDLE
DQ_BAD_DEVN
DQ_SEND_ERROR
DQ_TIMEOUT_ERROR
DQ_IOM_ERROR
DQ_SUCCESS
Other negative values
Description:

Handle to the IOM received froBgOpenlOM()
Layer inside the IOM
I/O Configuration

illegal IOM Descriptor or communication wasn't dgtahed
device indicated bgevn does not exist or is not a DIO-403
unable to send the Command to IOM
nothing is heard from the IOM for Time out duration
error occurred at the IOM when performing this ccemih
successful completion

low level IOM error

This function selects which ports are inputs anéctviare outputs.

Note:

Use constantBlO403_ENPORTO...DIO403_ENPORT5 ORed together to select what

ports should be output.
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4.21.2 DgAdv403Write

Syntax:
int DgAdv403Write(int hd, int devn, uint8 data[DQ_D 10403_PORTS])
Command:
DQE
Input:
int hd Handle to the IOM received froBgOpenlOM()
int devn Layer inside the IOM
uint8 data[] Byte array for all ports
Output:
None.
Return:
DQ_ILLEGAL_HANDLE illegal IOM descriptor or communication wasn’t ddished
DQ_BAD_DEVN device indicated bgevn does not exist or is not a DIO-403
DQ_SEND_ERROR unable to send the command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccanich
DQ_SUCCESS successful completion
Other negative values low level IOM error
Description:

This function writeglata to DIO-403 ports. Firmware writes data into poggardless the
state of the port (input or output). The user carttse state of the output line by writing into
ports and then enable outputs on all ports simetiasly.

Note:
UseDIO403_ENPORTxin DgAdv403Setlo()  to select inputs and outputs.
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4.21.3 DgAdv403Read

Syntax:
int DgAdv403Read(int hd, int devn, uint8 data[DQ_DI 0403_PORTS))
Command:
DQE
Input:
int hd Handle to the IOM received froBgOpenlOM()
int devn Layer inside the IOM
uint8 data[] Byte array for all ports
Output:
uint8 data(] Output values for all ports
Return:
DQ_ILLEGAL_HANDLE illegal IOM descriptor or communication wasn't éditshed
DQ_BAD_DEVN device indicated bgevn does not exist or is not a DIO-403
DQ_SEND_ERROR unable to send the command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccanich
DQ_SUCCESS successful completion
Other negative values low level IOM error
Description:

This function returns the input status of all DIO34ports regardless of state.
Note:
UseDIO403_ENPORTxin DgAdv403Setlo()  to select inputs and outputs.
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4.21.4 DgAdv403ConfigEvents

Syntax:

int DAQLIB DgAdv403ConfigEvents(int hd, int devn, e vent403_t event,
uint8 pos_edge_mask[DQ_DIO403_PORTS], uint8
neg_edge_mask[DQ_DIO403_PORTS]))

Command:
DQE
Input:
int hd Handle to the IOM received fromgOpenlOM()
int devn Layer inside the IOM
event403_t event Type of event to monitor
uint8 Array of 8 bits mask to specify which input linelMiigger an
pos_edge_mask[6] Event on a positive edge
(array size i©Q_DIO403_PORTS==6)
uint8 Array of 8 bits mask to specify which input linelMiigger an
neg_edge_mask([6] event on a negative edge
(array size iDQ_DIO403_PORTS==6)
Output:
None
Return:
DQ_NO_MEMORY error allocating buffer
DQ_ILLEGAL_HANDLE illegal IOM descriptor or communication wasn't éstshed
DQ_BAD_DEVN device indicated bgevn does not exist or is not a DIO-403
DQ_BAD_PARAMETER invalid parameter
DQ_SEND_ERROR unable to send the command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccanich
DQ_SUCCESS successful completion
Other negative values low level IOM error
Description:

This function sets up events and parameters whiggram firmware to send an asynchronous
event notification packet upon reaching certainditons.

event403_t event is defined as:
typedef  enum{
EV403_CLEAR = 0x1000, /I clear all events
EV403_DI_CHANGE = 0x101 /I digital input change

} event403 _t;
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To clear all events use the following call:
ret = DgAdv403ConfigEvents(a_handle, devn, EV403_CL EAR, 0, 0);

It clears all events that has previously been Iseigawith runtime variables and accumulated events.
When an event happens, the firmware sends bac&katpaf the following structure:

/* DQCMD_EVENT structure */
typedef  struct {

uint8 dev; /I device
uint8  ss; /I subsystem
uintlé size; /l data size
uint32 event; I/l event type = EV403_DI_CHANGE
uint8 datal]; /I data
} DQEVENT, *pDQEVENT;

Where:
<size> field contains sizeoffv403_ID )+length (event header + event data)
<event> contains the type of the event, e.g. in this @&8@3_DI_CHANGE
<data[]> if DQEVENTcONtainsEV403_DI_CHANGEflexible structure:

/I Event data for 403 layer
typedef  struct {

uint32 chan; /I channel information

uint32 evtype; /I type of the event

uint32 tstamp; /I timestamp of event

uint32 size; /I size of the following data in bytes
uint32 datal6]; /I data to follow

} EV403_ID, *pEV403_ID;

When DQEVENT containgVv403_DI_CHANGE the event data[] consists of 6 uint32s (24 LS wlid)
as follows:

data[0] = rising edge events for input lines 23-0, 1#gsedge event has occurred on
corresponding input line.

data[l] = falling edge events for input lines 23-0, 14fajl edge event has occurred on
corresponding input line.

data[2] = rising edge events for input lines 47-24, 1xgsédge event has occurred on
corresponding input line.

data[3] = falling edge events for input lines 47-24, 1t edge event has occurred on
corresponding input line.

data[4] = event occurred, logical OR &dta[0] anddata[1]

data[5] = event occurred, logical OR édta[2] anddata[3]

Note:

Note that thedbgCmdReceiveEvent() APl is used to wait for the event packets and wiite
DQEVENT is properly handled bygCmdReceiveEvent()  in terms of converting data fields from big
endian (network data representation) to little andf used with Intel-based host computgnros_ID
needs to be converted by the user. The followirdgaan be used:
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/Il shuffle bytes big endian->little endian in place
void ntoh_pEv403(pEV403_ID pEv403) {
uint32 i;

pEv403->chan = ntohl(pEv403->chan);
pEv403->evtype = ntohl(pEv403->evtype);
pEv403->size = ntohl(pEv403->size);
pEv403->tstamp = ntohl(pEv403->tstamp);

for (i=0;i< pEv403->size/ sizeof (uint32); i++)
pEv403->data[i] = ntohl(pEv403->datali]);
return

}
The reason for that is thetiCmdReceiveEvent()  returns all different types of layer-specific etgen
and as implemented doesn'’t do this conversion.
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4.22 DNA-DIO-404/406 layers

4.22.1 DgAdv404SetHyst

Syntax:
int DgAdv404SetHyst(int hd, int devn, int ref_volts , float
*levelO, float *levell)
Command:
DQE
Input:
int hd Handle to the IOM received froBgOpenlOM()
int devn Layer inside the IOM
int ref_volts One of the DQ_DIO404_REF_* constants indicating the
reference voltage that will be applied
float *levelO Pointer to the desired level 0 voltage
float *levell Pointer to the desired level 1 voltage
Output:
float *levelO Returns the actual level 0 voltage set
float *levell Returns the actual level 1 voltage set
Return:
DQ_ILLEGAL_HANDLE illegal IOM descriptor or communication wasn't éditshed
DQ_BAD_DEVN device indicated bgevn does not exist or is not a DIO-404
DQ_BAD_PARAMETER ref_volts is not one of the available constantdewelO or
levell is NULL
DQ_SEND_ERROR unable to send the command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccemih
DQ_SUCCESS successful completion
Other negative values low level IOM error
Description:

Note:

This function sets the hysteresis levels for a @033-layer.

Hysteresis is a specific feature of DIO-40x layédis.access this feature, you should enable it

in the configuration word:
#define DQ_L401_HYSTEN  (1UL<<18) // hysteres is programming is enabled

The DACs in the DIO-404 layer are not linear. Facte of the supported reference voltages,
there is a table mapping DAC 0 and DAC 1 valuesg@irlevel 0 and level 1 voltage values.
This function will select the DAC settings thatuksn level values closest to those specified in
the levelO and levell parameters. The levell vaasepriority, which means that the table entry
with the closest levell value is found. If therenisre than one table entry whose levell value
is equal to (or equally close to) the specifiectléwalue, the entry whose levelO value is
closest to the one specified is chosen. The DAGegin this table entry are used to set the
DACs in the layer, and the actual level0 and lewalllies in the table are returned.
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The ref_volts parameter must be one of the followianstants, which represent the currently

supported reference voltages:
#define DQ_DIO404_REF_3_3V 3 //3.3 Volts
#define DQ_DIO404_REF_5V 5 // 5 Volts
#define DQ_DIO404_REF_12V 12 // 12 Volts
#define DQ_DIO404_REF_24V 24 [/ 24 Volts
#define DQ_DIO404_REF_36V 36 // 36 Volts

If a different reference voltage is desired, usA®glOxSetHyst to set the raw DAC values

manually, but be aware that due to the non-lingafithe DACs, there is no guarantee of what

the resulting transition voltages will be.
4.23 DNA-DIO-416 layer
4.23.1 DgAdv416GetAll

Syntax:
int DgAdv416GetAll(int hd, int devn, pDQDIO416DATAI N data,
double *fData)
Command:
DQE
Input:
int hd Handle to the IOM received fromgOpenlOM()
int devn Layer inside the IOM
Output:
pDQDIO416DATAIN Pointer to store all readable parameters from D16-4
data
double *fData Pointer to array of 16 doubles to store the curreadings (in
amps). Null if not required.
Return:
DQ_ILLEGAL_HANDLE illegal IOM descriptor or communication wasn't édithed
DQ_BAD_DEVN device indicated byevn does not exist or is not a DIO-416

DQ_SEND_ERROR unable to send the command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for time out duration

DQ_IOM_ERROR error occurred at the IOM when performing this cogmnich
DQ_BAD_PARAMETER data is NULL
DQ_SUCCESS successful completion
Other negative values low level IOM error
Description:

This function reads all available information frahe DIO-416 layer, including readback from
the ADCs that are monitoring output current on gwdrannel. ADC values are provided in raw

binary format and also in microvolts as a pappDODIO416DATAIN structure. The ADC
values are also available in the double data tgpeguhefData parameter.

DIO-416 is a unigue combination of the high-curremtircing/sinking Digital Output and

precision Analog Input. The current monitor mayaeeessed at any time. If current is above

- 296 -



Note:

PowerDNA API| Reference Manual, Release 4.10

the pre-defined current limit, the layer engagesauit breaker that disconnects load by
disabling (turning OFF) the output FET.

The DIO-416 layer provides multiple status paramsetieat may be accessed via a
DgAdv416GetAll  function call. Information is returned in tp®QDIO416DATAIN type:

#typedef struct {
int32 cfg; /I Report list of the disabled channels .
int32 portOout;  // Current value written to the ou tput port
int32 adcsts; /I Current status of the ADC configu ration/state machines

int32 portOocs;  // Over-current interrupt status
int32 portOucs;  // Under-current interrupt status

int32 rdcnt; /I Current value of the consecutive r ead counter setting
int32 adcdataO; // Result of the user-defined conv ersion on Low-side ADC
int32 adcdatal; // Result of the user-defined conv ersion on High-side ADC
int32 disdiv; /I Current value of the re-enable di vider
int32 dout; /I Actual value driven by the DOUT por t

/I (Note: channels 0/2/4/6/8/10/12/14 inverted)
int32 vccis; /I VCC available on the isolated side
int32 ocl[DQ_DIO416_CHAN]; // Current value of th e over-current limits
int32 ucl[DQ_DI0O416_CHAN]; // Current value of th e under-current limits
int32 adc[DQ_DIO416_CHAN]; // Current value of th e conversion results (hex)
int32 cur[DQ_DIO416_CHAN]; // Current value of th e conversion results (UA)

} DQDIO416DATAIN, *pDQDIO416DATAIN;

cfg reports a list of the channels currently disaltdgdhe circuit breaker. Bits 31:16 are
sticky, they report whether the corresponding ce(itb:0) was ever disabled since the
last call to this function and bits 15:0 reportremtly disabled channels.
portOout bits 15:0 report the last values that were assigoélde output ports.
adcsts  report the internal status of the ADC state maehieind configurations, which
are used to set the ADC conversion speed:

adcsts &= (FFF00000 | SPEED_CONSTANT)
portOocs bits 15:0 contain a one for every channel foicwtan overcurrent condition was
ever detected
portOucs bits 15:0 contain a one for every channel foicWlan undercurrent condition
was ever detected
rdent number of overcurrent samples read fromARE prior to disconnection (0-32).
A higher number leads to longer delay, but bettéseispike immunity.
adcdata0, adcdatal results of user-defined ADC conversion. User naayan option,
define which channel at what speed he wants toigcguaddition to specifying that all
channels will be acquired at a common speed. Haitufe allows precise reading of the
channel of interest, virtually without slowing dowincuit breaker performance. By default,
data is returned in 24-bit straight binary formétene OXFFFFFF corresponds to 2A and
0x0 to -2A of current.
disdiv  divider for the 66MHz which defines the re-enabiteival for the auto-retry
channels set via cfg parameter. The divider shbealdelected in such a way that the re-
enable interval is at least 2x longer than the etquecircuit breaker reaction time (see
below)
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dout current actual value of the digital outpott. Note that low-side (even) channels
will be inverted, and that the output may diffesrfr what was set in th@rtOout due to the
circuit breaker activity.

VCCiS used to define presence of the user-seghplower on the isolated side of the
DIO-416. A 1 indicates presence of the user-seppbower.

ocl[] binary array of the over-current limits gmteach channel individually, uses
same binary format agicdata0.

ucl[] binary array of the under-current limit¢ fe each channel individually, uses
same binary format aglcdata0. Under-current limits may be used to define some
potentially failing load and status of this veréion is reported iportOucs

adc[] result of the last ADC conversion on allmhels, uses same binary format as
adcdata0
cur(] result of the last ADC conversion on all whels, calibrated and converted into

the microvolts. Values above/below +/-2000000uMaate ADC or channel failure

ADC Speed selection constants (note that faster Apg&d also reduces accuracy):

//

Code  ADC speed R ate/channel p-p noise  Break time mS
(mA @ +/-2A) @ 4 decision samples

#define DQ_L416_ADCSPD_190 (1) //3.52KHz 1 90Hz/ch 55
#define DQ_L416_ADCSPD_130 (2) //1.76KHz 1 30Hz 5 25
#define DQ_L416_ADCSPD_85 (3) //880Hz 85Hz 3.6 40
#define DQ_L416_ADCSPD_45 (4) // 440Hz 45Hz 29 70
#define DQ_L416_ADCSPD_22 (5) // 220Hz 22Hz 1.25 130
#define DQ_L416_ADCSPD_12 (6) //110Hz 12Hz 11 250
#define DQ_L416_ADCSPD_6_ 5 (7) //55Hz 6.5Hz 0.84 500
#define DQ_L416_ADCSPD_3_2 (8) //27.5Hz 3.2Hz 0.77 1000
#define DQ_L416_ADCSPD_1 6 (9) //13.75Hz 1.6Hz 0.36 2000
#define DQ_L416_ADCSPD_0_8 (15) //6.875Hz 0.8Hz  0.26 4000
4.23.2 DgAdv416SetAll
Syntax:
int DgAdv416SetAll(int hd, int devn, pDQDIO416DATAO UT pdata)
Command:
DQE
Input:
int hd Handle to the IOM received fromgOpenlOM()
int devn Layer inside the IOM
Output:
pDQDIO416DATAOUT Pointer to the structure with initialization data the DIO-416
data
Return:
DQ_ILLEGAL_HANDLE illegal IOM descriptor or communication wasn't édithed
DQ_BAD_DEVN device indicated bgdevn does not exist or is not a DIO-416
DQ_SEND_ERROR unable to send the command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this cogmnich
DQ_SUCCESS successful completion
Other negative values low level IOM error
Description:

This function allows setting any of the configumplarameters of the DIO-416 layer.
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The DIO-416 is a unique combination of high-curreotircing/sinking Digital Output and
precision Analog Input and a digitally programmadileuit breaker. The default configuration
for the circuit breaker may be changed by usingodpedv416SetAll  function.

The configuration should be set usib@DIO416DATAOUType. For parameters that should be
actually programmed on the lay&iset field should be set to 1; it should be set to10 fo
parameters that should not be affected. In somesdagAdv416GetAll  should be called to
retrieve values of the current parameters of therland then the configuration should be
updated and written to the layer.

* structure for SETPARAM data */

typedef struct {
int32 cfgset; /I =1 if "cfg" should be updated
int32 cfg; /I Set disconnection mode
int32 discfgset; /I =1 if "discfg" should be up dated
int32 discfg; // Override circuit breaker
int32 adcspdset; /I =1 if "adcspd" should be up dated
int32 adcspd; /I Set ADC Timing
int32 port0Oocmset; /I =1 if "portOocm" should b e updated
int32 port0ocm; /I Set over-current interrupt mask
int32 portOucmset; /I =1 if "portOucm” should b e updated
int32 portOucm; /I Set under-current interrupt mask
int32 rdcntset; /I =1 if "rdent” should be upd ated
int32 rdent; /I Set number of “failed" samples prior breaker engagement
int32 adccfgOset; /I =1 if "adccfg0" should be updated
int32 adccfgO; /I "User" ADC conversion contro | word for low-side ADC
int32 adccfglset; /I =1 if "adccfgl" should be updated
int32 adccfgl; /I "User" ADC conversion contro | word for high-side ADC
int32 disdivset; /I =1 if "disdiv" should be up dated
int32 disdiv; /I 66MHz divider for the re-enab le counter

} DQDIO416DATAOUT, *pDQDIO416DATAOUT;

» cfg disconnection mode configuration, bitmask, b<lrepresent channels 15:0. A one in
a corresponding bit enables auto-retry mode otitoelit breaker. The auto-retry period is
defined by thelisdiv parameter.

» discfg allows override of the circuit breaker. Note thaQberriding circuit breaker may
permanently damage the layer if currents aboveatsel 1A will be flowing through the
circuitry for a prolonged period of time and 2) @gidg this parameter will not re-enable
already disabled channels if those channels armraatto-retry mode. Only a write to the
digital output port will re-enable disabled charmel

» adcspd used to set ADC conversion speadcspd = adcsts & (FFF00000 |
SPEED_CONSTANT). Note that faster speed improves circuit breaksrathnection time
but affects ADC accuracy.

» portOocm bits 15:0 contain a one for every channel thaufd be included into the over-
current statuspprtOocs). This parameter does not affect the circuit breaker.

e portOucm bits 15:0 contain a one for every channel thatufd be included into the under-
current statuspprtOocs).

e rdent number of overcurrent samples read frdd@CAprior to disconnection (0-32). A
higher number leads to longer delay, but betteseispike immunity.
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adccfg0, adccfgl Normally, two available ADC converters performyale that includes
eight conversions each, one for every channel aiaddo the ADC. ADCs are not
synchronized and run completely independent frooh egher. As an additional feature, it
is possible to write an LTC2448 command into ddecfg0, adccfgl parameter and get the
corresponding conversion resultddcdata0/adcdatal. Please refer to LTC2448
documentation for details. This feature may be dsedebugging or diagnostic purposes,
especially in situations where a DNA cube is ataeniocation and an extended diagnostic
is needed.

disdiv  divider for the 66MHz which defines the re-enabiteival for the auto-retry
channels set via the cfg parameter. A divider ghbel selected in a way that the re-enable
interval is at least 2x longer than the expectecLidi breaker reaction time (see below).

ADC Speed selection constants (note that faster Apged also reduces accuracy):

" Code  ADC speed R ate/channel p-p noise  Break time mS
" (mA @ +/-2A) @ 4 decision samples
#define DQ_L416_ADCSPD_190 (1) //3.52KHz 1 90Hz/ch 5.5 20
#define DQ_L416_ADCSPD_130 (2) //1.76KHz 1 30Hz 5 25
#define DQ_L416_ADCSPD_85 (3) //880Hz 85Hz 3.6 40
#define DQ_L416_ADCSPD_45 (4) // 440Hz 45Hz 2.9 70
#define DQ_L416_ADCSPD_22 (5) //220Hz 22Hz 125 130
#define DQ_L416_ADCSPD_12 (6) //110Hz 12Hz 11 250
#define DQ_L416_ADCSPD_6_5 (7) //55Hz 6.5Hz 084 500
#define DQ_L416_ADCSPD_3 2 (8) //27.5Hz 32Hz 077 1000
#define DQ_L416_ADCSPD_1 6 (9) //13.75Hz 16Hz 036 2000
#define DQ_L416_ADCSPD_0_8 (15) //6.875Hz 0.8Hz  0.26 4000
4.23.3 DgAdv416SetLimit
Syntax:
int DgAdv416SetLimit(int hd, int devn, int limitid, double
limitvalue)
Command:
DQE
Input:
int hd Handle to the IOM received fromgOpenlOM()
int devn Layer inside the IOM
int limitid Select Over- Under- range limit to set
0..15 - over-range limits for the channels 0-15
16..31 - under-range limits for the channels 16-3
Double limitvalue Desired current limit, Amps (-2..2)
Output:
Return:

DQ_ILLEGAL_HANDLE illegal IOM descriptor or communication wasn't édithed
DQ_BAD_DEVN
DQ_BAD_PARAMETER limitid is not in the range of 31:0 or current lins

above/belowbQ L416_MAXCURRENT/DQ_L416_MINURRENT
DQ_SEND_ERROR unable to send the command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this cosmh
DQ_SUCCESS successful completion
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Other negative values low level IOM error

Description:
This function should be used to program the cirbtétaker over- and/or under- current limit on
the DIO-416 layer.

Note:
The current limits should be set individually foetover- and under- current conditions on
every channel. Thus, up to 32 calls of the DgAd\BEI&imit may be required to program the
layer.

4.24 DNA-DIO-432/433 layers

To write data to the DIO-432/433 layers, uselh@dv40xWrite()  function.
To read the circuit breaker disconnect(trip) stayasi may use either tiEgAdv40xRead() function
or theDgAdv432GetAll()  function.

4.24.1 DgAdv432GetAll

Syntax:
int DgAdv432GetAll(int hd, int devn, pDQDIO432DATAI N data,
pDQDIO432CVTD fdata)
Command:
DQE
Input:
int hd Handle to the IOM received fromgOpenIOM()
int devn Layer inside the IOM
Output:
pDQDIO432DATAIN Pointer to store input data from DIO-432/433
data
pDQDIO432CVTD Pointer to store converted values of current arithge on
fdata every DIO-432/433 channel
Return:
DQ_ILLEGAL_HANDLE illegal IOM descriptor or communication wasn't édithed
DQ_BAD_DEVN device indicated bgevn does not exist or is not a DIO-432 or

DIO-433
DQ_SEND_ERROR unable to send the command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for time out duration

DQ_IOM_ERROR error occurred at the IOM when performing this cosmh
DQ_SUCCESS successful completion
Other negative values low level IOM error

Description:

This function call returns two structures (struesishould be allocated in the user application
memory)

First structurddQDIO432DATAINIs defined as:
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typedef struct {
uint32 portout; /I Current value w ritten to the output port (31-0 ch)
uint32 portocs; /I Over-current st atus (31-0 ch)
uint32 portucs; /I Under-current s tatus (31-0 ch)
uint32 rdcnt; /l Current value o f the consecutive read counter setting

/I Number of "fail ed" reads prior to disabling the channel

uint32 disdiv; /I Current value o f the re-enable divider (32 bit)
uint32 dout; /I Actual value dr iven by the DOUT port (31-0 ch)
uint32 vccis; /I VCC available ( 0/1) on the isolated side
uint32 adc_i[DQ_DIO432_CHAN]; // Current value of the measured current (raw)
uint32 adc_v[DQ_DIO432_CHAN]; // Current value of the measured voltage (raw)

} DQDIO432DATAIN, *pDQDIO432DATAIN;

This structure returns information about the curessiting and status of the DIO-432/433 layer.

<portocs > bits represent channels with the measured cuatemte specified limit.

<portucs > bits represent channels with the measured cupedotv the specified limit or
negative current flowing in opposite direction. @hal 0 is represented by bit 0, etc.

<rdent > returns the programmed value of how many conserover or under current
measurements the layer should make before the@htircuit breaker disables this channel.
<disdiv > returns the programmed value of the re-enablielglivRe-enable divider is derived
from 66MHz timebase and specifies number of 15.1%msk cycles before trying to re-enable
channel.

<dout > returns actual value driven by DOut port, takitigabled channels into consideration.
<vccis > reports whether external power was applied td4@-432/433 card.

<adc_i >is an array of raw 24-bit values from current-sweang A/D converters.

<adc_v > is an array of raw 24-bit values from voltage-sweag A/D converters.

Next structure returns actual calibrated currents\altages on each channel.

typedef struct {
double current[DQ_DIO432_CHAN]; // Current val ue of the measured current (Amperes)
double voltage[DQ_DIO432_CHAN]; // Current val ue of the measured voltage (Volts)

} DQDIO432CVTD, *pDQDIO432CVTD;

Note:

1. Use DgAdv40xWrite() to write output values for DU32/433 layers. Use channel 0 of
DQ_SSO0OUT to include writing to this port in DMapACB operations.
2. Input subsystem is accessible in DMap mode andviatlg channels are defined:
0..31 —input current for lines 0..31 (raw, 32-bit)
32..63 — input voltage for lines 0..31 (raw, 32-bit
64 — over-current status of port O
65 — over-current status of port 1
66 — actual value driven to port O (written valased lines with tripped circuit-breakers)
67 — actual value driven to port 1
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4.24.2 DgAdv432Reengage

Syntax:
int DgAdv432Reengage(int hd, int devn, uint32 data)
Command:
DQE
Input:
int hd Handle to the IOM received froBgOpenlOM()
int devn Layer inside the IOM
uint32 data Bitwise mask of circuit breakers to reset, 1= reset
Output:
Return:
DQ_ILLEGAL_HANDLE illegal IOM descriptor or communication wasn't édithed
DQ_BAD_DEVN device indicated bgdevn does not exist or is not a DIO-432 or

DIO-433
DQ_SEND_ERROR unable to send the command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for time out duration

DQ_IOM_ERROR error occurred at the IOM when performing this ccgmnich
DQ_SUCCESS successful completion
Other negative values low level IOM error

Description:

This function resets tripped circuit breakers. i bit position O resets breaker for channel 0,
etc.

All application programs that use the circuit lwexafeatures should call this function at startup.
This will ensure that any breakers left in thepggg state by a previous application are propedgtre

Note:

This function is new starting with revision 4.9.042and 4.8.0.35. In the previous revisions, the
circuit breakers were reset by writing to them agaith DgAdv40xWrite(). Starting with the
above mentioned revisions, the circuit breakerseset withDgAdv432Reengage()

Please note th&iigAdv432Reengage() also sets a Boolean value inside the IOM. If therdnas an
application that was written to the older API (befthe above mentioned revisions), then the IOM
firmware and DAQLIb library will behave as befoprpvided that the user does not call this function.
Once the user calBgAdv432Reengage() , the new circuit breaker functionality will be éffect.
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4.24.3 DgAdv432SetAll

Syntax:

int DgAdv432SetAll(int hd, int devn, pDQDIO432DATAO UT data)
Command:

DQE
Input:

int hd Handle to the IOM received froBgOpenlOM()

int devn Layer inside the IOM

pDQDIO432DATAOUTN Pointer to store input data from DIO-432
data

Output:
Return:
DQ_ILLEGAL_HANDLE illegal IOM descriptor or communication wasn't édithed
DQ_BAD_DEVN device indicated bgevn does not exist or is not a DIO-432 or
DIO-433

DQ_SEND_ERROR unable to send the command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for time out duration

DQ_IOM_ERROR error occurred at the IOM when performing this cosmih
DQ_SUCCESS successful completion
Other negative values low level IOM error

Description:

This function sets up most of DIO-432/433 confagion parameters.

Configuration parameters are set in BI@DIO432DATAOUTNstructure, which is defined as:

[* structure for SETPARAM data (WRITE) */
typedef struct {
uint32 cfgmask; // What parameters to set
uint32 cfg; // 00 Set disconnection mode

uint32 discfg; // 08 Override circuit breake r

uint32 adcspd; // Oc Set ADC Timing

uint32 portocm; // 10 Set over-current detect ion mask

uint32 portucm; // 14 Set under-current detec tion mask

uint32 rdent;  // 18 Set number of "failed" samples prior breaker engagement
uint32 disdiv; // 24 66MHz divider for the r e-enable counter

} DQDIO432DATAOUT, *pDQDIO432DATAOUT;

<cfgmask > flags select what parameter should be writteflofing flags are defined:
#define DQDIO432_CFGSET  (1L<<0) //=1tose "cfg" parameter

#define DQDIO432_DISCFGSET (1L<<1l) //=1tose t "discfg" parameter

#define DQDIO432_ADCSPDSET (1L<<2) //=1tose "adcspdset” parameter

#define DQDIO432_PORTOOCMSET (1L<<3) //=1to se "portOocmset” parameter
#define DQDIO432_PORTOUCMSET (1L<<4) //=1tose "portOucmset" parameter
#define DQDIO432_RDCNTSET (1L<<5) //=1to se "rdcntset” parameter

#define DQDIO432_DISDIVSET (1L<<6) //=1tose "disdivset" parameter

—

-, .+
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<cfg > selects the disconnection mode. Set the bit sparding to the desired channel to 0 for
user re-enable mode (i.e., to re-enable outpuberchannel after overcurrent conditions, the
user must write to the output port usibgAdv40xWrite() . Set 1 to allow logic to re-enable
output after the counter value programmed in <slis@ixpires. (This is a countdown counter.
Each tick takes 15.15ns. Use thgAdv432GetAll()  function to retrieve the current value of
the re-enable counter divider).

<discfg > overrides the circuit breaker. Set the correspantit to 1 for override of the over-
and undercurrent detection circuitry. Thus, if toeresponding bit indiscfg > is setto 1, the
circuit-breaker cannot disconnect that channel. él@s, the user can still read over- and
undercurrent detection statusDgAdv432GetAll()

<adcspd > selects the acquisition rate for circuit brea&kBXCs. You can select the acquisition
rate from the following list (applies to whole laye

Code ADC speed Rate per channel P-P noise, mA @&eak time, ms

+/-2A range with 4 consecutive
measurements, mis

1 3.52kHz 190Hz 55 20

2 1.76kHz 130Hz 5 25

3 880Hz 85Hz 3.6 40

4 440Hz 45Hz 2.9 70

5 220Hz 22Hz 1.25 130

6 110Hz 12Hz 1.1 250

7 55Hz 6.5Hz 0.84 500

8 27.5Hz 3.2Hz 0.77 1000

9 13.75Hz 1.6Hz 0.36 2000

15 6.875Hz 0.8Hz 0.26 4000

Note:

<portocm > and <portucm> specify bit-wise over- and underant detection mask. Only bits
set to 1 in these parameters will be reported rackse of over/under-current conditions in the
<portocm > and <portucm > fields of theDQDIO432DATAIN structure filled in a
DgAdv432GetAll()  call.

<rdcnt > specifies the number of consecutive samples athevselected threshold to be
acquired before disconnecting the line. Valid valaee 1.31; the default value is four.

<disdiv > specifies the number of 15.15ns clocks to wdibigethe logic will try to re-enable
a tripped channel.cfg > selects which channels need to be re-enablednatitally.

For DMap operations, these parameters are mappedpecial channel numbers of
DQ_SSOIN:

Channels [0..31] return the last measured cur@MSBs) on lines 0..31
Channels [32..63] return the last measured vol(a§eMSBs) on lines 0..31

- 305 -



PowerDNA API| Reference Manual, Release 4.10

4.24.4 DgAdv432SetLimit
Syntax:
int DgAdv432SetLimit(int hd, int devn, int limitid, double limitvalue)
Command:
DQE
Input:
int hd Handle to the IOM received fromgOpenlOM()
int devn Layer inside the IOM
int limitd Channel to set limit for
double limitvalue Value of the limit in Amps or Volts
Output:
Return:

DQ_ILLEGAL_HANDLE
DQ_BAD_DEVN

DQ_SEND_ERROR
DQ_TIMEOUT_ERROR
DQ_IOM_ERROR
DQ_SUCCESS

Other negative values

Description:

illegal IOM descriptor or communication wasn't édihed
device indicated bgevn does not exist or is not a DIO-432 or
DIO-433
unable to send the command to IOM
nothing is heard from the IOM for time out duration
error occurred at the IOM when performing this cosmih
successful completion

low level IOM error

This function sets up over- and under-currenttBrfor each measured channel.

e <limited

> selects what value for what channel to set up.ftbm 0 to 31 select over-range

limits for the channels 0-31, IDs from 32 to 63stlunder-range limits for the channels 0-31.

¢ <limitvalue

> specifies desired current limit in Amps (validues are from -2.0A to +2.0A).

However, the layer itself only supports 600mA ofrent per output line; reverse current is a
sign of incorrect connection and may cause layierréa

Note:
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4.24.5 DgAdv432SetPWM

Syntax:
int DgAdv432SetPWM(int hd, int devn, uint32 period_ us, int count, pPDQDIOPWM settings)
Command:
DQE
Input:
int hd Handle to the IOM received fromgOpenlOM()
int devn Layer inside the IOM
uint32 period_us PWM period (length of the full cycle)
int count Number of DQDIOPWM entries
pDQDIOPWM settings Structure defining PWM settings
Output:
Return:
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't ddtshed
DQ_BAD_DEVN device indicated byevn does not exist or is not a DIO-432 or

DIO-433
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration

DQ_IOM_ERROR error occurred at the IOM when performing this ccgmnich
DQ_SUCCESS successful completion
Other negative values low level IOM error

Description:

DNA-432/433 supports normal, soft start, soft stod PWM modes of operation. Soft start
and soft stop modes are designed to prolong th@fifncandescent indicator bulbs connected to the
outputs of the layer. In normal mode, the outpuf B&itches from closed state to open state and. back
In soft modes, the FET switches on and off, indregfor a start duty cycle and decreasing for @ sto
duty cycle, until it reaches 100% or 0% duty cyttePWM mode, the layer output produces a pulse
train of the selected period with the selected dytfe.

<period_us > is selected for the whole layer. It defines thimltPWM period.
<count > specifies the size of the arraym®DIO432PWMtructures to follow.
<pDQDIOPWHMIis a pointer to the array OiQDIOPWNMtructures.

To specify the mode of operation for each chartheluser should pass an array of one or more
DQDIOPWtructures:

typedef struct {
uint8 channel; /I channel number
uint8 mode; /I mode of operation
uint32 duty_cycle_length; // duty cycle or length of the full soft-

start/soft-stop
Il cycle
} DQDIOPWM, *pDQDIOPWM;
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<mode> can be one of the following:

#define DQDIO432_PWM_DISABLED 0 // PWM and soft start disabled

#define DQDIO432_PWM_SOFTSTART 1 //use PWMto s oft-start (0->1 transition)
#define DQDIO432_PWM_SOFTSTOP 2 //use PWMtos oft-stop (1->0 transition)
#define DQDIO432_PWM_SOFTBOTH 3 //use PWMtos oft-start and soft-stop
#define DQDIO432_PWM_MODE 4 |l use output i n PWM mode

#define DQDIO432_PWM_MODE_GATED 5 // use output i n gated PWM mode(logic >=
02.11.0A)

In the soft-start/soft-stop modeduty_cycle_length > defines the length of full soft-start/soft-stop
cycle. The duty_cycle_length > should be no more than 255 pefiod_us >.

In PWM mode, duty_cycle_length > defines the duty cycle on the output with 1/2&€olution
(8-hit).

For the DIO-432, a duty_cycle_length of O cormgts to 1/256% and 255 to 100%. It is not
possible to directly set duty cycle to 0% on a RIg2. To attain 0% duty cycle with a DIO-432, set
the PWM_MOD®&r the channel tdQDIO432_PWM_DISABLERN set the corresponding output
to 0 using thégAdv40xWrite()  function.

For the DIO-433, duty_cycle_length of 0 corresponds to 255/256% (99.6%) and
255 to 0%. It is not possible to directly set deygle to 100% on a DIO-433. To attain 100% duty
cycle with a DIO-433, set tewM_MODr the channel tdQDIO432_PWM_DISABLERN set the
corresponding output to 1 using thgAdv40xWrite()  function.

Gated PWM mode(5) operates like PWM mode(4) exitegi setting the corresponding output
to 0 using thégAdv40xWrite()  function will turn the output OFF and setting theput to 1 will
turn the PWM signal ON.
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4.25DNA-DIO-448 layer
4.25.1 DgAdv448Read

Syntax:
int DgAdv448Read(int hd, int devn, int read_db, uin t32
data[DQ_DI0448_PORTS])
Command:
DQE
Input:
int hd Handle to the IOM received fromgOpenlOM()
int devn Layer inside the IOM
int read_db Read channel levels after debouncing
Output:
uint32 data[2] Pointer to two 32-bit array to store channel data
Return:
DQ_ILLEGAL_HANDLE illegal IOM descriptor or communication wasn't édihed
DQ_BAD_DEVN device indicated byevn does not exist or is not a DIO-448

DQ_SEND_ERROR unable to send the command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for time out duration

DQ_IOM_ERROR error occurred at the IOM when performing this ccgmnich
DQ_SUCCESS successful completion
Other negative values low level IOM error

Description:

The function reads the current state of digitatgdrhe DIO-448 layer has two digital ports,
each 24-bits wide packed into 32-bit words.

<read_db > selects between reading current data (FALSE =an@)debounced value
(TRUE=1). Debouncer delay is programmed using Dgk@SetDebouncer().

<data[2] > array to store two uint32s, representing theerurstate of digital inputs for ports
0 and 1 (24 lines per port)

Note:
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4.25.2 DgAdv448ReadAdc

Syntax:
int DgAdv448ReadAdc(int hd, int devn, uint32 clsize , uint32* cl,
uint32* rdata, double* vdata, u int32* status)
Command:
DQE
Input:
int hd Handle to the IOM received fromgOpenlOM()
int devn Layer inside the IOM
uint32 clsize Channel list size
uint32 *cl Channel list
Output:
uint32* rdata Raw data from A/D converter
double* vdata Array to store measured voltage on the specifiethohls
uint32* status Pointer to store status word from the layer (DI€QIlines),
NULL if not required (reserved)
Return:
DQ_ILLEGAL_HANDLE illegal IOM descriptor or communication wasn't ddithed
DQ_BAD_DEVN device indicated byevn does not exist or is not a DIO-448

DQ_SEND_ERROR unable to send the command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for time out duration

DQ_IOM_ERROR error occurred at the IOM when performing this cosmh
DQ_SUCCESS successful completion
Other negative values low level IOM error

Description:

This function requests conversion results for edmnnel specified in the channel list and storemth
alongside converted data.

The following channels are defined (use them fordp\dperations as well):

DQL_CHAN448_PWRO 0x30 // user power O/TCPOS
DQL_CHAN448_ PWR1 0x31 // user power 1/TCNEG
DQL_CHAN448_GNDPIN  0x32 // user ground pin
DQL_CHAN448_VREF25  0x33 // Vref 2.500V (reser ved)

DQL_CHAN448_ADCO 0x40 // Normal channels 0x40..0x6 F
Note:

Reading status information delays a reply to tileand is currently not implemented.
Pass NULL as astatus > if you don’t want status to be read from isolasétk logic.
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4.25.3 DgAdv448SetAll

Syntax:
int DgAdv448SetAll(int hd, int devn, pDQDIO448DATA OUT pdata)
Command:
DQE
Input:
int hd Handle to the IOM received fromgOpenIOM()
int devn Layer inside the IOM
pDQDIO448DATAOUT  Pointer to parameters to set
pdata
Output:
Return:
DQ_ILLEGAL_HANDLE illegal IOM descriptor or communication wasn't édihed
DQ_BAD_DEVN device indicated byevn does not exist or is not a DIO-448

DQ_SEND_ERROR unable to send the command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for time out duration

DQ_IOM_ERROR error occurred at the IOM when performing this cosmih
DQ_SUCCESS successful completion
Other negative values low level IOM error

Description:

This function sets up the parameters specifiecbitata >. The first word in this structure is a
bit field <cfgmask > that specifies what parameters in the structateadly contains value and have to
be written into the layer hardware.

Note:
This function is reserved for future functionaléxtension.
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4.25.4 DgAdv448SetLevels

Syntax:
int DgAdv448SetLevels(int hd, int devn, uint32 clsi ze, Uint32* cl,
float I_low, float |_high)
Command:
DQE
Input:
int hd Handle to the IOM received fromqOpenlOM()
int devn Layer inside the IOM
uint32 clsize Channel list size
uint32* cl Channel list, channels 0..0x2f are valid
float |_low Low logic level (OV..+30V)
float |_high High logic level (OV..+30V)
Output:
Return:
DQ_ILLEGAL_HANDLE illegal IOM descriptor or communication wasn't édithed
DQ_BAD_DEVN device indicated bygevn does not exist or is not a DIO-448

DQ_SEND_ERROR unable to send the command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for time out duration

DQ_IOM_ERROR error occurred at the IOM when performing this ccsmih
DQ_SUCCESS successful completion
Other negative values low level IOM error

Description:

This function sets up low and high levels for thigital comparator circuitry for each channel
specified in the channel list.

Upon startup, the firmware programs low and higtrels from the values stored iAFROM
separately for each 24-bit port. These defaultesare 5.6V for low and 11.25V for high level. The
hysteresis is programmed to change the detectédlégel from low to high when the input signal is
above low and high limits. The logic level changask to low when the input level is below low
level. If the signal is below high level but abduer level, the detector keeps the previous logiele
This feature increases immunity of the layer tatdigioise in the input lines.

Note:
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4.25.5 DgAdv448SetDebouncer

Syntax:
int DgAdv448SetDebouncer(int hd, int devn, uint32 clsize, uint32* cl,
uint32 debouncer)
Command:
DQE
Input:
int hd Handle to the IOM received fromqOpenlOM()
int devn Layer inside the IOM
uint32 clsize Channel list size
uint32* cl Channel list, channels 0..0x2f are valid
uint32 debouncer 16-bit debouncer value in 100us intervals
Output:
Return:
DQ_ILLEGAL_HANDLE illegal IOM descriptor or communication wasn't ddithed
DQ_BAD_DEVN device indicated bygevn does not exist or is not a DIO-448

DQ_SEND_ERROR unable to send the command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for time out duration

DQ_IOM_ERROR error occurred at the IOM when performing this cosmih
DQ_SUCCESS successful completion
Other negative values low level IOM error

Description:

This function sets up debouncing time for thetdigitomparator circuitry for each channel
specified in the channel list.

Upon startup, the firmware programs low and higlels. The hysteresis is programmed to
change the detected logic level from low to highewlthe input signal is above low and high limits.

The debouncer enhances this capability by requitie signal to stay above high or below low
logic levels for a certain time before input cammpe logic state. The debouncer is a 16-bit vdlae t
defines the time (in 100us intervals) for which kbgic level of each channel should stay stableteef
the register changes state. For example, a vallieGff0 means that the signal level on that channel
should stay for 1s before a debounced value wihge state.

Note:

To access debounced values, use channel 2 fo@ poxd channel 3 for port 1 in DMap mode.
In DgAdv448Read() setread_db> to TRUE to read debounced port values. If debowndelay is set
to 0, debounced values are equal to the curredinga
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4.26 DNA-DIO-449 layer

4.26.1

Syntax:

int DAQLIB DgAdv449ConfigEvents ( int

DgAdv449ConfigEvents

handle, int devn, event449 t

event , uint32 port0_mask, uint32 portl_mask)

Command:
Specify what asynchronous notification events usseits to receive from the layer

Input

int handle

int devn
event449 t event
uint32 port0_mask
uint32 portl_mask

Output

None

Returns

DQ_NO_MEMORY
DQ_ILLEGAL_HANDLE
DQ_BAD_DEVN
DQ_BAD_PARAMETER
DQ_SEND_ERROR
DQ_TIMEOUT_ERROR
DQ_IOM_ERROR
DQ_SUCCESS

Other negative values

Description

This function sets up events and their parametaishaprogram firmware to send asynchronous event

Handle to the IOM received froBgOpenlOM()
Device number

Event type

24 LS bits = enables for inputdi 23-0

24 LS bits = enables for inpuedi 47-24

error allocating buffer
illegal IOM descriptor or communication wasn't ddtshed
device indicated bgevn does not exist or is not a DIO-449
Configuration parameters are incorrect
unable to send the command to IOM
nothing is heard from the IOM for time out duration
error occurred at the IOM when performing this ccemih
successful completion

low level IOM error

notification packet upon reaching certain condiion

Event449 _t event is defined as:

typedef  enum{
EV449_CLEAR = 0x1000,

EV449_DI_CHANGE = 0x101

} event449 t;

/I clear all events
/I digital input change of state

To clear all events use the following call:

It clears all events that has previously been Ieetgawith runtime variables and accumulated events.

ret = DgAdv449ConfigEvents(a_handle, devn, EV449_CL

EAR, 0, 0);
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When this event happens the firmware sends baeklkep of the following structure:

/* DQCMD_EVENT structure */
typedef  struct {

uint8 dev; /I device
uint8  ss; /I subsystem
uintlé size; /I data size
uint32 event; I/l event type = EV449_DI_CHANGE
uint8 data[]; /l data
} DQEVENT, *pDQEVENT;

Where:
<size> field contains sizeof(EV449_ID)+length.
<event> contains the type of the event, e.g. im¢hse EV449 DI_CHANGE.
<data[]> if DQEVENT contains EV449_DI_CHANGE flexéstructure:

/l Event data for 449 layer
typedef  struct {

uint32 chan; /I channel information

uint32 evtype; I type of the event

uint32 tstamp; /I timestamp of event

uint32 size; /I size of the following data in bytes
uint32 dataf6]; /I data to follow

} EV449_ID, *pEV449_ID;

When DQEVENT contains EV449 _DI_CHANGE, the evertafleconsists of 6 uint32’s (24LS bits
valid) as follows:

data [0] = rising edge events for input lines 23+frising edge event has occurred on corresponding
input line.

data [1] = falling edge events for input lines 23t8falling edge event has occurred on correspandin

input line.

data [2] = rising edge events for input lines 47-P4rising edge event has occurred on corresponding
input line.

data [3] = falling edge events for input lines 44-2=falling edge event has occurred on correspandi

input line.

data [4] = event occurred, logical OR of data [0l alata [1]

data [5] = event occurred, logical OR of data 2}l alata [3]

Please notice that while DQEVENT is properly hadddg DgqCmdReceiveEvent()  in terms of
converting data fields from big endian (networkadegpresentation) to little endian if used witrelnt
based host computer while EV449_ID needs to beerted by the user with the following code:

/I shuffle bytes big endian->little endian in place
void ntoh_pEv449(pEV449_ID pEv449) {
uint32 i;

pEv449->chan = ntohl(pEv449->chan);
pEv449->evtype = ntohl(pEv449->evtype);
pEv449->size = ntohl(pEv449->size);
pEv449->tstamp = ntohl(pEv449->tstamp);
for (i=0;i< pEv449->size/ sizeof (uint32); i++)
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pEv449->data[i] = ntohl(pEv449->datali]);
return

}
The reason for that is thetiCmdReceiveEvent()  returns all different types of layer specific etgen
and as implemented doesn’t do this conversion.

4.26.2 DgAdv449GetModeGainLevels

Syntax:
int DgAdv449GetModeGainLevels(int hd, int devn, ui ntg8*
mode_gain, float* |_level, float* h_level)
Command:
DQE
Input:
int hd Handle to the IOM received fromgOpenIOM()
int devn Layer inside the IOM
Output:
uint8* mode_gain Pointer to array of 48 uint8, NULL if not requirg&ee below)
float* |_level Pointer to array of 48 float, low logic level vajg, NULL if
not required.
float* h_level Pointer to array of 48 float, high logic level \adie, NULL if
not required.
Return:
DQ_ILLEGAL_HANDLE illegal IOM descriptor or communication wasn't édithed
DQ_BAD_DEVN device indicated byevn does not exist or is not a DIO-449

DQ_SEND_ERROR unable to send the command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for time out duration

DQ_IOM_ERROR error occurred at the IOM when performing this cogmnich
DQ_SUCCESS successful completion
Other negative values low level IOM error

Description:

Retrieves state of AC/DC configuration, gain sett@nd logic levels for all 48 input lines.
The pointer mode_gain should point to an array®ofiht8, pointer may be NULL if mode and gain
information are not required. Bits 1 and 0 of moghin elements are the gain setting ( see defined
constant®Q_DI0449_GAIN1.. DQ_DIO449 GAIN10 in powerdna.h)
Bit 2 is the AC/DC selection: 0=AC, 1=DC. Se&&_DI0449_GET_MODE_Did powerdna.h.

Note:

- 316 -



PowerDNA API| Reference Manual, Release 4.10

4.26.3 DgAdv449Read

Syntax:
int DgAdv449Read(int hd, int devn, int read_db, uin t32
data[DQ_DIO449 PORTS])
Command:
DQE
Input:
int hd Handle to the IOM received froBgOpenlOM()
int devn Layer inside the IOM
int read_db Read channel levels after debouncing
Output:
uint32 data[DQ_DIO449_PORTS]) pointer to two 32-hit array to store channel data
Return:
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't ddtshed
DQ_BAD_DEVN device indicated byevn does not exist or is not a DIO-449

DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration

DQ_IOM_ERROR error occurred at the IOM when performing this cogmnich
DQ_SUCCESS successful completion
Other negative values low level IOM error

Description:

The function reads the current state of digitatgdrhe DIO-449 layer has two digital ports,
each 24-bits wide packed into 32-bit words.

<read_db> selects between reading current dataEA== 0) and debounced value
(TRUE=1). Debouncer delay is programmed using Dgk@SetDebouncer().

<data[]> array to store two uint32s, representirggcurrent state of digital inputs for ports 0
and 1 (24 lines per port)

Note:

4.26.4 DgAdv449ReadAdc

Syntax:
int DgAdv449ReadAdc(int hd, int devn, uint32 clsize , uint32* cl,
uint32* rdata, double* vdata)
Command:
DQE
Input:
int hd Handle to the IOM received fromqOpenlOM()
int devn Layer inside the IOM
uint32 clsize Channel list size
uint32 *cl Channel list
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Output:
uint32* rdata Raw data from A/D converter
double* vdata Array to store measured voltage on the specifiethobls
Return:
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't dédtshed
DQ_BAD_DEVN device indicated byevn does not exist or is not a DIO-449

DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration

DQ_IOM_ERROR error occurred at the IOM when performing this cosmih
DQ_SUCCESS successful completion
Other negative values low level IOM error

Description:

This function requests ADC conversion results fehechannel specified in the channel list and store
them alongside converted data.
The following channels are defined (use them fordp\dperations as well):

DQDIO449 PORTO_IND 0x0 // read debounced di 0 port0 as an ADC channel
DQDIO449 PORT1_IND 0x1 // read debounced di o portl as an ADC channel
DQDIO449 PORTO_IN 0x2 /I read dio port0 as an ADC channel
DQDIO449_PORT1_IN 0x3 // read dio portl as an ADC channel

DQL_CHAN449_ADCCHAN_START 0x40 // ADC channels 0x4 0..0x6F

Note:
Minimum array length ofdata andvdata is the value irclsize.
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4.26.5 DgAdv449ReadBlock

Syntax:
int DgAdv449ReadBlock(int hd, int devn, uint32 cha nnel, uint16*
bData)
Command:
DQE
Input:
int hd Handle to the IOM received fromgOpenlOM()
int devn Layer inside the IOM
uint32 channel Channel number, 0..47
Output:
uint16* bData returned array of 257 values
Return:
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't ddtshed
DQ_BAD_DEVN device indicated bgevn does not exist or is not a DIO-449

DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration

DQ_IOM_ERROR error occurred at the IOM when performing this cogmnich
DQ_SUCCESS successful completion
Other negative values low level IOM error

Description:

This function reads a block of the 256 most re@ddC readings from the givethannel .
The 257 value is the gain setting which determines théirsgéactors to be applied to the data. The
returned gain setting is in the range of 0..3 dsee in the following definitions:

#define DQ_DIO449_GAIN1 (0) gHinof1
#define DQ_DIO449_GAIN2 (1)  gHinof 2
#define DQ_DIO449_GAIN5 (2)  gHinof5
#define DQ_DIO449_GAIN10 &) #ig of 10

To convert readings to volts use the following fafae.

For gain of 1:

(bData * DQ_DIO449_STEP) - DQ_DIO449_OFFSET

For gain of 2:

(bData * DQ_DIO449_STEP_2) - DQ_DIO449_OFFSET_2
For gain of 5:

(bData * DQ_DIO449_STEP_5) - DQ_DIO449_OFFSET_5
For gain of 10:
(bData * DQ_DIO449_STEP_10) - DQ_DIO449_OFFSET_10

Note: See powerdna.h for other defines
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4.26.6 DgAdv449SetAveragingMode

Syntax:
int DgAdv449SetAveragingMode(int hd, int devn, uin t32
avg_port0, uint32 avg_portl, uint32* dcmode)
Command:
DQE
Input:
int hd Handle to the IOM received fromqOpenlOM()
int devn Layer inside the IOM
uint32 avg_port0 Bits 0..23 set averaging mode for lines 0..23
uint32 avg_portl Bits 0..23 set averaging mode for lines 24..47
uint32* decmode pointer to Boolean to set DC averaging mode
Return:
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't ddtshed
DQ_BAD_DEVN device indicated byevn does not exist or is not a DIO-449

DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration

DQ_IOM_ERROR error occurred at the IOM when performing this ccgmnich
DQ_SUCCESS successful completion
Other negative values low level IOM error

Description:

This command allows selecting the mode of averatfiagis used for the digital inputs.
Using all periods in the buffer provides a moreusate reading for steady state signals, but wikyle
detection of the change of state due to the avegagi
In AC mode, when fast change-of-state detectioadsired it is recommended to use data from the
one last period only. In most of other cases apéaally when acquiring low level DC signals
averaging all periods greatly improves data quality
For bits 0..23 iravg_port0  andavg_portl
=0 - (default) calculate RMS/DC bédem all periods in 256 sample buffer. (slower,aats)
=1 - calculate RMS/DC for the lastjaired complete period only. (faster, less acejrat

*dcmode - pointer to boolean to set DC averggimode for all inputs in DC mode, false=
use last immediate value(faster), avg_portN pararsetre ignored. true= use averaged value
(slower), default=true.

(Pointer may be NULL if unused, DC averaging maderemain unchanged).
Note:
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4.26.7 DgAdv449SetDebouncer

Syntax:
int DgAdv449SetDebouncer(int hd, int devn, uint32 clsize,
uint32* cl, uint32 debouncer)
Command:
DQE
Input:
int hd Handle to the IOM received fromgOpenlOM()
int devn Layer inside the IOM
uint32 clsize Channel list size
uint32* cl Channel list, channels 0..0x2f are valid
uint32 debouncer 12-bit debouncer value in 100us intervals
Output:
Return:
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't ddtshed
DQ_BAD_DEVN device indicated byevn does not exist or is not a DIO-449

DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration

DQ_IOM_ERROR error occurred at the IOM when performing this cogmnich
DQ_SUCCESS successful completion
Other negative values low level IOM error

Description:

This function sets up debouncing time for thetdigtomparator circuitry for each channel
specified in the channel list.

Upon startup, the firmware programs low and heykels. The hysteresis is programmed to
change the detected logic level from low to higrewlthe input signal is above low and high limits.

The debouncer enhances this capability by requitie signal to stay above high or below low
logic levels for a certain time before input cammpe logic state. The debouncer is a 12-bit vdlae t
defines the time (in 100us intervals) for which kbgic level of each channel should stay stableteef
the register changes state. For example, a valil6Gff means that the signal level on that channel
should stay for 0.1s before a debounced valuecidhge state.

Note:

To access debounced values, use channel 2 fo@ poxd channel 3 for port 1 in DMap mode.
If debouncing delay is set to 0, debounced valoegqual to the current reading.

- 321 -



PowerDNA API| Reference Manual, Release 4.10

4.26.8 DgAdv449SetGDacs

Syntax:
int DgAdv449SetGDacs(int hd, int devn, uint32 clsi ze, uint32*
cl, uint32 debouncer)
Command:
DQE
Input:
int hd Handle to the IOM received fromgOpenlOM()
int devn Layer inside the IOM
uint32 disize DAC list size, minimum 1, maximum 48
uint32* dl DAC list, combined channel number and 8-bit DACueal
channels 0..0x2f are valid
Output:
Return:
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't ddtshed
DQ_BAD_DEVN device indicated byevn does not exist or is not a DIO-449

DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration

DQ_IOM_ERROR error occurred at the IOM when performing this cogmnich
DQ_SUCCESS successful completion
Other negative values low level IOM error

Description:

Sets GDac values for any or all 48 input lines.

The dl array (dac list), combines the channel nurabe an 8-bit DAC value. Channel numbers run
from 0x0..0x2f. Combine the channel number and Da{lie using the
DQ_DIO449 LNCL_G_DAC() helper macro, e.g. cl[0] $ DQ_DIO449 LNCL_G_DAC(0x80);

When using the GDacs to inject voltages for sdlftals GMux settings =1), use the following tabbe t
determine the DAC setting and resulting voltagelirgg (e.g. from DgAdv449ReadAdc).
These values are not calibrated, so the readirgamoroximate.

DAC setting| Gain index (Gain setting)DC Voltage reading
0-127 0 (1) 0 - 168
0-63 1 (@) 0 - 83
0-23 2 (5 0 - 31
0-11 3 (10 0 - 15
Note:
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4.26.9 DgAdv449SetGMux

Syntax:
int DgAdv449SetGMux(int hd, int devn, uint16 gme4, uint32
muxval[2])
Command:
DQE
Input:
int hd Handle to the IOM received fromgOpenlOM()
int devn Layer inside the IOM
uintl6 gme4 Guardian Mux Enable, bit field see below.
uint32 muxval[2] Selects between selftest modes, either hard oosoft
override, has no effect when corresponding gme# ifit
Output:
Return:
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't ddtshed
DQ_BAD_DEVN device indicated byevn does not exist or is not a DIO-449

DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration

DQ_IOM_ERROR error occurred at the IOM when performing this cogmnich
DQ_SUCCESS successful completion
Other negative values low level IOM error

Description:

Sets GMux values for all 48 input lines.

uintlé gme4 - Guardian Mux Enable. When a channel’'s gme4 IBit the Guardian mux will be
disabled which will setup the digital input chanfal standard DI use. Additionally, bit 12 of this
parameter controls the contact closure power soiitee contact closure power source is turned ON
(by setting bit 12 to zero) when the user wishass® a simple contact closure to ground as a digita
input. In this contact closure mode all open cirayputs will measure approx -3.3V. Defined
constant DQDIO449 DISABLE_PDOWN_V available foraliting the contact closure mode. When
disabled, the ADC reading of open circuit input véiad approx 0 volts.

A ‘1’ in the indicated bit position enables thededian selftest muxes for the channels indicated.

Bit position | Channels enabled

0,1,2,3

4,5,6,7

8,9,10,11

12,13,14,15

16,17,18,19

20,21,22,23

OO WNF O

24,25,26,27
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7 28,29,30,31

8 32,33,34,35

9 36,37,38,39

10 40,41,42,43

11 44,45,46,47

12 0= connect -15V power source used for open itidatection mode
1= disconnect -15V power source

When a channel's gme4 bit =1, the muxval[] bittleat channel identifies which of the the two
selftest functions (override or pullup/pulldown)livdrive the input:

e Hard override (setting muxval[] bit/channel=1) riésin the GDac for the corresponding
channel to drive the input line directly. Thisl®trecommended test mode.

» Soft override (setting muxval[]bit/channel =0) riésun the GDac for the corresponding
channel to drive the input line through a 8Bikesistor. (This setting may sometimes be useful
to detect disconnected field wiring, and doing R though not the recommended test
mode.)

NOTE: Bit position 12 for gme4 is isolated from muxeaitings. Setting gme4 bit 12=1 disconnects
the -15v power source used for open circuit detactind setting gme4 bit 12=0 connects the -15V
power source. This is not selectable per channel.

uint32 muxval[2] — when a bit position = 0, the DAC voltage soutdges through a resistor, when a
bit position = 1, the DAC output source drives itgut channel directly, overriding the input signal
for the selftest.

24 Isb's of muxval[0] map to DI input lines ZB..

24 Isb's of muxval[1] map to DI input lines £4.

Note:

4.26.10 DgAdv449SetLevels

Syntax:
int DgAdv449SetLevels(int hd, int devn, uint32 cls ize, uint32*
cl, float |_low, float |_high)
Command:
DQE
Input:
int hd Handle to the IOM received froMgOpenlOM()
int devn Layer inside the IOM
uint32 clsize Channel list size
uint32* cl Channel list, see below
float |_low logic "low" level from OV to 150V
float |_high logic "high" level from 0V to 150V
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Output:

Return:
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't dédished
DQ_BAD_DEVN device indicated byevn does not exist or is not a DIO-449
DQ_BAD_PARAMETER I_low or I_high is negative in AC mode or is gredtean the
maximum value allowed by the gain range
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration

DQ_IOM_ERROR error occurred at the IOM when performing this cosmih
DQ_SUCCESS successful completion
Other negative values low level IOM error

Description:

Sets gain, mode and low and high logical levelsfrh channel in the channel list.

Fill in the channel list using the DQ_LNCL_GAIN pel macro, for example:
cl[0] = (DQL_CHAN449 ADCCHAN_START + (channel numbe | DQ_LNCL_GAIN
(DQ_DIO449_GAIN1 | DQ_DIO449 MODE_DC) ;

constants for DQ_LNCL_GAIN helper macro:
DQ_DIO449 GAIN1 // code =0, gain of 1, maput = 150VAC or +/-212VDC
DQ_DIO449_GAIN2 [/ code =1, gainxpfmax input = 75VAC or +/-106VDC
DQ_DIO449 GAIN5 // code = 2, gafrbpmax input = 30VAC or +/-42.4VDC
DQ_DIO449 GAIN10 // code = 3, gainl®, max input = 15VAC or +/-21.2VDC
DQ_DIO449_MODE_DC
DQ_DIO449_MODE_AC

Note:

Internally, this function translates the floatingiqt input value to the integer value used by the
hardware. This translation process needs to knevgdin and the AC/DC setting in order to calculate
the correct integer value. This will make the Eaginputs switch at the desired levels. The gaith a
mode values are stored by the layer and used torpethe acquisition of the data. If a subsequent
DgAdv449ReadAdc() is performed using differgain and mode values, those changes will affect th
low and high logical level settings. In that cdse lbgic level settings will need to be updated by
calling this function again.

The logic level must be appropriate for all of t@nnels specified in the channel list. Errors
will be returned if negative values are used for &fannels or if the voltage is higher than the
maximum voltage allowed for the gain range. Ml#tipgAdv449SetLevels()  calls must be used
if mixed AC and DC channels and differing gain raagre used.
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4.27 DNA-DIO-452/462/463 layers

The DIO-452, DIO-462 and DIO-463 layers use BlggAdv40xWrite  function to control the relays.
All functions in this section apply to the DIO-468d DIO-463.

The DgAdv40xReadLastWrite diagnostic function may be used to retrieve thevakie written
to the layer.

The DgAdv462GetAll  function is the only function in this section tima&y be used with a DIO-
452.

4.27.1 DgAdv462ReadAdc

Syntax:
i nt DgAdv462ReadAdc(int hd, int devn, uint32 CLSize, uint32* cl,
uint32* bdata, double* fdata)
Command:
DQE
Input:
int hd Handle to the IOM received fromgOpenIOM()
int devn Layer inside the IOM
uint32 CLSize Channel list size
uint32 *cl Channel list
Output:
uint32* rdata Raw data from A/D converter
double* vdata Array to store measured values from the speciffethoels
Return:
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't ddtshed
DQ_BAD_DEVN device indicated byevn does not exist or is not a DIO-462 or

DIO-463
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration

DQ_IOM_ERROR error occurred at the IOM when performing this ccgmnich
DQ_SUCCESS successful completion
Other negative values low level IOM error

Description:

This function requests conversion results for edmnnel specified in the channel list and storemth
alongside converted data.

There are 12 relay channels on the DIO-462/3 witheBsurements or subchannels possible for each
channel. This makes a maximum of 60 entries ircttamnel list. The subchannels are #defined as
follows:

DQ_DIO462_SUBCH_V_NO (0) //Vno, DC voltag e on normally open contact
DQ_DIO462_SUBCH_I_AC (1) /l'lac , AC current on common
DQ_DIO462_SUBCH_I_DC (2)  //1dc, DC current on common

DQ_DIO462_SUBCH_V_NC (3) //Vnc, DC voltag e on normally closed contact or
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unused terminal on DIO- 463
DQ_DIO462_SUBCH_THERM (4)  // temperature C

Use the DQ_DIO462_MAKE_CL(CH,SUBCH) helper macratonbine the channel and subchannel
to make the entries in the channel list.

Note:

The DIO-462-800 is a version of the DIO-462 withthe voltage monitoring capability on
subchannels 0 and 3.

4.27.2 DgAdv462GetAll

Syntax:
int DgAdv462GetAll(int hd, int devn, pDQDIO462DATAI N data)
Command:
DQE
Input:
int hd Handle to the IOM received frodgOpenlOM()
int devn Layer inside the IOM
Output:
pDQDIO462DATAIN pointer to store all readable parameters from D62-4
data
Return:
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't dédtshed
DQ_BAD_DEVN device indicated bygevn does not exist or is not a DIO-452 ,

DIO-462 or DIO-463
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration

DQ_IOM_ERROR error occurred at the IOM when performing this cogmnich
DQ_SUCCESS successful completion
Other negative values low level IOM error

Description:

This function reads available information from DED-462 or DIO-463 layer, except readback
from the ADCs that are monitoring every channelhé used with a DIO-452, only the
portout parameter is populated.

Note:
The DIO-462 layer provides multiple status paramsetieat may be accessed via a
DgAdv462GetAll() function call. Information is ratued in the pDQDIO462DATAIN type:

#typedef struct {
int32 cfg; /I Report list of the disabled channels .
int32 portout; /I Current value written to the out put port
int32 dissts; /I disable status
int32 portocs; /I Over-current interrupt status
int32 portucs; /I Under-current interrupt status
int32 adcsts; /I Reports combined status of the AD C subsystem
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int32 adccfg[5]; // ADC configuration values

int32 rdent; /I Current value of the consecutive r ead counter setting
} DQDIO462DATAIN, *pDQDIO462DATAIN;

cfg  reports a list of the channels currently disalidgdhe circuit breaker. Bits 31:16 are
sticky, they report whether the corresponding ce(itb:0) was ever disabled since the last
call to this function and bits 15:0 report currgritisabled channels.

portout bits 11:0 reports the last values that were asdigménhe output ports.

dissts bits 11:0 report the current disable status, [8t42 report sticky status, indicating a 1
if a channel has been disabled since the last Dg@a2iBetAll().

portocs bits 11:0 contain a one for every channel foiclwlan overcurrent condition was ever
detected

portucs bits 11:0 contain a one for every channel foiclwtan undercurrent condition was
ever detected

adcsts report the combined status of the ADC system.

rdent number of overcurrent samples read fralABC prior to disconnection (0-32). A
higher number leads to longer delay and betterfspike immunity.

4.27.3 DgAdv462SetAll

Syntax:
int DgAdv462SetAll(int hd, int devn, pDQDIO462DATAO UT pdata)
Command:
DQE
Input:
int hd Handle to the IOM received fromgOpenIOM()
int devn Layer inside the IOM
Output:

pDQDIO462DATAOUT pointer to the structure with initialization data the DIO-462
data

Return:

DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't ddished
DQ_BAD_DEVN device indicated bgevn does not exist or is not a DIO-462 or
DIO-463

DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration

DQ_IOM_ERROR error occurred at the IOM when performing this ccsmih
DQ_SUCCESS successful completion
Other negative values low level IOM error

Description:

Note:

This function allows setting any of the configumaplarameters of the DIO-462 or DIO-463
layer.
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The configuration should be set using DQDIO462DATADtype. For parameters that should
be actually programmed on the layer, the corresipgriuit in cfgmask should be set to 1
Unused and undefined bits should be set to 0.

* structure for SETPARAM data */

typedef struct {

int32 cfgmask; /I bit field, show which of the following params are valid

int32 cfg; /I Set disconnection mode

int32 discfg; /l Override circuit breaker

int32 portocm; /I Set over-current interrupt m ask

int32 portucm; /I Set under-current interrupt mask

int32 rdent; /I Set number of “failed" samples prior breaker engagement

int32 adccfg[5] /I ADC conversion control word s

int32 dcdccfg; /I Set frequency of DC-DC conve rters powering ADC’s

int32 dcdcx([4]; /I Set duty cycle and phase fo r the ADC DC-DC converters
} DQDIO462DATAQUT, *pDQDIO462DATAOUT;
/I bit defines for the contents of DQDIO462DATAOUT. cfgmask
#define DQDIO462_CFGSET (1L<<0) /I =11if "cfg" contains valid data
#define DQDIO462_PORTOCMSET  (1L<<3) //=1if "portocm" contains valid data
#define DQDIO462_PORTUCMSET  (1L<<4) //=11if "portucm" contains valid data
#define DQDIO462_RDCNTSET (1L<<5) /I =11if "rdcntset” contains valid data
#define DQDIO462_ADCCFGOSET  (1L<<7) //=11if "adccfg[0]" contains valid data
#define DQDIO462_ADCCFGI1SET (1L<<8) //=1if "adccfg[1]" contains valid data
#define DQDIO462_ADCCFG2SET  (1L<<9) //=11if "adccfg[2]" contains valid data
#define DQDIO462_ADCCFG3SET  (1L<<10) //=1if "adccfg[3]" contains valid data
#define DQDIO462_ADCCFG4SET  (1L<<11) //=11if "adccfg[4]" contains valid data
#define DQDIO462_DCDCCFGSET  (1L<<12) //=1if "dcdccfg” contains valid data
#define DQDIO462_DCDCXSET (1L<<13) /I =11if "dcdcx" contains valid data

cfg disconnection mode configuration, bitmask, bitIrepresent channels 11:0. A one in
a corresponding bit enables auto-retry mode otitoaiit breaker. The auto-retry period is one
second.

portocm bits 11:0 contain a one for every channel thatuil be included into the over-current
status portocs). This parameter does not affect the circuit breaker.

portucm bits 11:0 contain a one for every channel thatufd be included into the under-
current statuspprtocs).

rdent number of overcurrent samples read frddCAprior to disconnection (0-32). A
higher number leads to longer delay, but betteseispike immunity.

Adccfg[5] Normally, the ADC converters use a default configion that sets up the ADC
converter settings for operation that works wellfwst applications. This setting is included
in case the ADC settings ever need to the charmaddommodate special applications. Please
refer to LTC2486 documentation for details.

dcdecfg  divider for the internal 66MHz clock which defindge frequency of the DC-DC
converters that powers the ADC subsystem. Thisevahd the following value (dcdcx[4]) are
normally changed together as a set. In the evanthlese values need to be adjusted,
compatible settings will be provided by UEI in orde prevent damage to the unit.

dcdex[ 4] duty cycle and phase control for the ADC subsydiE2aDC converters.

4.27.4 DgAdv462SetLimit
Syntax:
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int DgAdv462SetLimit(int hd, int devn, int limitid, double
limitvalue)
Command:
DQE
Input:
int hd Handle to the IOM received fromgOpenIOM()
int devn Layer inside the IOM
int limitid Select Over or Under- range limit to set
0..11 - over-range limits for channels 0-11
16..27 - under-range limits for channels 0-11
int limitch Which subchannel to use for limit comparison, selew.
double limitvalue desired limit
Output:
Return:
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't ddtshed
DQ_BAD_DEVN device indicated byevn does not exist or is not a DIO-462 or
DIO-463
DQ_BAD_PARAMETER limitid is not in the range of 0..11 or 16..27 Jionitvalue is
above/below allowable values
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this cosmih
DQ_SUCCESS successful completion
Other negative values low level IOM error
Description:

This function should be used to program the cirbtétaker over- and/or under- current limit on
the DIO-462 and DIO-463 layer.

int limitch selects which subchannel to use for comparisdrcanuit breaker function. Use

one of the following defines:

DQ_DIO462_SUBCH_V_NO /[ itealue Unit Of Measure is volts

DQ_DIO462_SUBCH_I_AC thitvalue UOM is amps

DQ_DIO462_SUBCH_I_DC fhitvalue UOM is amps

DQ_DIO462_SUBCH_V_NC /I liwélue UOM s volts

DQ_DIO462_SUBCH_THERM // limitiue UOM is degreesC

DQ_DIO462_DISABLE_BREAKER // wim@ised as over-range value, circuit breaker
function is disabled

Note:
The current limits should be set individually foetover- and under- current conditions on every
channel. Thus, up to 24 calls of DgAdv462SetLijnit@y be required to completely program the
layer.
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4.28 DNA-DIO-470 layer
The DIO-470 layer uses tigAdv40xWrite  function to control the relays.

4.28.1 DgAdv470Settings

Syntax:
int DgAdv470Settings(int hd, int devn, int delay, i nt dyn_ctrl)
Command:
DQE
Input:
int hd Handle to the IOM received fromgOpenIOM()
int devn Layer inside the IOM
int delay Set limiting delay. Sets hardware to prevent safeeom
switching relays more often than this number ofiggtonds.
Legal range from 5 to 65540. Default value is 7.
int dyn_ctrl Boolean value, turns ON/OFF the dynamic contraietdy
coil voltage. Default value is ON
Output:
None.
Return:
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't ddtshed
DQ_BAD_DEVN device indicated bgdevn does not exist or is not a DIO-470

DQ_BAD_PARAMETER delay is not in the range of 5...65540
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration

DQ_IOM_ERROR error occurred at the IOM when performing this cosmh
DQ_SUCCESS successful completion
Other negative values low level IOM error

Description:

This function should be used to program the sedtongthe DIO-470 layer.

Note:
None.

4.29 Serial-500 layer (ColdFire IOM only)

4.29.1 DgAdv500SetConfig

Syntax:
int DgAdv500SetConfig(int hd, int devn, int sending , uint32
config)

Command:
DQE

Input:
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int hd Handle to the IOM received fromgOpenlOM()
int devn Layer inside the IOM
int sending TRUEfor the sending subsystefALSE for the receiving
subsystem
uint16 config configuration flags
Output:
None.
Return:
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't égtahed
DQ_BAD_DEVN device indicated bgevn does not exist or is not a V-500
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccanich
DQ_SUCCESS successful completion
Other negative values low level IOM error
Description:
Sets the configuration options for a V-500 layer.
Note:
None

4.29.2 DgAdv500SetTxCondition

Syntax:
int DgAdv500SetTxCondition(int hd, int devn, uint32 cmd, uint8
*value)
Command:
DQE
Input:
int hd Handle to the IOM received fromgOpenIOM()
int devn Layer inside the IOM
uint32 cmd what to set
uint8 *value value to write
Output:
None.
Return:
DQ_NO_MEMORY error allocating buffer
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't égtahed
DQ_BAD_DEVN device indicated bgevn does not exist or is not a V-500

DQ_BAD_PARAMETER cmdis not one of th®QL_IOCTL500 SET_MSGralues,
orvalue is NULL

DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccemih
DQ_SUCCESS successful completion
Other negative values low level IOM error

Description:
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Sets the method by which the device divides theived data stream into discrete messages for
transfer back to the host.

The following values are defined for thend parameter:

#define DQL_IOCTL500_SET_MSG_TIMER 1 //settim er interval
#define DQL_IOCTL500_SET_MSG_TERM 2 // set msg terminator (null terminated char)
#define DQL_IOCTL500_SET_MSG_LEN 3 //setmsg length
Note:
None

4.30 DNA-SL-501 and DNA-SL-508 layers

DNA-SL-501 and DNA-SL-508 are serial layers. SL-3&\er has four serial 232/422/485 ports and
SL-508 has eight ports.

4.30.1 DgAdv501BaseClock

Syntax:
int DgAdv501SetBaseClock(int hd, int devn, int chnl ,int
baseclock)
Command:
DQE
Input:
int hd handle to the IOM received froBqOpenIOM()
int devn layer inside the IOM
int chnl device channel
int baseclock base clock frequency
Output:
None.
Return:
DQ_NO_MEMORY error allocating buffer
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't dgtahed
DQ_BAD_DEVN device indicated bgevn does not exist or is not a SL-501
DQ_BAD_PARAMETER invalid parameter
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccanich
DQ_SUCCESS successful completion
Other negative values low level IOM error
Description:

This function sets the base clock frequency foindividual 501 channel.

Baseclock may be set to one of two valD@sL501_BASE_66 or DQ_L501_BASE_24
Note:

The 24MHz base clock source for non-standard batgs iis only available in logic version
0x01020E05 or later.

- 333 -



PowerDNA API| Reference Manual, Release 4.10

4.30.2 DgAdv501ChangeChannelCfg

Syntax:
int DgAdv501ChangeChannelCfg (int hd, int devn, int channel, int
config)
Command:
DQE
Input:
int hd handle to the IOM received froBgOpenIOM()
int devn layer inside the IOM
int channel device channel
int config channel configuration
Output:
None.
Return:
DQ_NO_MEMORY error allocating buffer
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't égtahed
DQ_BAD_DEVN device indicated bgevn does not exist or is not a SL-501
DQ_BAD_PARAMETER invalid parameter
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccamnih
DQ_SUCCESS successful completion
Other negative values low level IOM error
Description:

Waits for TX FIFO to complete and then changesmpatars for selected channel

Note:
Tx FIFO output can take a long time if it is full.
The cube will not reply until the output is comglét
The worst case is almost 7s for 2048 characte38@baud.

4.30.3 DgAdv501ChangeChannelParity

Syntax:
int DgAdv501ChangeChannelParity (int hd, int devn, uint32
channel, int config)
Command:
DQE
Input:
int hd handle to the IOM received froBgOpenIOM()
int devn layer inside the IOM
uint32 channel device channel
int config parity setting
Output:
None.
Return:
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DQ_NO_MEMORY error allocating buffer
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't égtahed
DQ_BAD_DEVN device indicated bgevn does not exist or is not a SL-501
DQ_BAD_PARAMETER invalid parameter
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccemich
DQ_SUCCESS successful completion
Other negative values low level IOM error

Description:

Waits for TX FIFO to complete and then changestp#or selected channel. (changes parity only; the
full config word needs to be supplied)

Note:
Tx FIFO output can take a long time if it is full.
The cube will not reply until the output is comglet
The worst case is almost 7s for 2048 characte36@baud.

4.30.4 DgAdv501SetChannelCfg

Syntax:
int DgAdv501SetChannelCfg(int hd, int devn, int chn I, uint32
config)
Command:
DQE
Input:
int hd handle to the IOM received froBgOpenlOM()
int devn layer inside the IOM
int chnl device channel
uint32 config configuration flags
Output:
None.
Return:
DQ_NO_MEMORY error allocating buffer
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't égtahed
DQ_BAD_DEVN device indicated bdevn does not exist or is not a SL-501
DQ_BAD_PARAMETER invalid parameter
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccemih
DQ_SUCCESS successful completion
Other negative values low level IOM error
Description:

This function sets the configuration propertiesdorindividual 501 channel.
Note:
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Use the macro DQCFG_501 to set the configuratiagstl

For example, the following configure the serialtporRS-232 mode, 57600 bps, 8 data bits, no

parity and 1 stop bit.

config = DQCFG_501(DQ_SL501_OPER_NORM, DQ_SL501_MOD E_232,

DQ_SL501_BAUD_57600, DQ_SL501_WIDTH_8, DQ_SL501_STO P_1, DQ_SL501_PARITY_NONE);

Parity and Framing errors are not reported by defaa report them add the following flags:
config |[= DQ_SL501_ERROR << DQ_SL501_ERROR_SH;

4.30.5 DgAdv501SetChannelCfgExt

Syntax:
int DgAdv501SetChannelCfgExt(int hd, int devn, int chnl, uint32
config, uint32 ext_flags, uint32* extcfg)
Command:
DQE
Input:
int hd handle to the IOM received fromgOpenIOM()
int devn layer inside the IOM
int chnl device channel
uint32 config configuration flags
uint32 ext_flags extended configuration flags
uint32* extcfg extended configuration (not implemented, set to 0)
Output:
None.
Return:
DQ_NO_MEMORY error allocating buffer
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't égtahed
DQ_BAD_DEVN device indicated bgevn does not exist or is not an SL-501
or an SL-508
DQ_BAD_PARAMETER invalid parameter
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccanich
DQ_SUCCESS successful completion
Other negative values low level IOM error
Description:

This function sets the configuration properties arténded configuration flags for an

individual 501 or 508 channel.

Note:

Use the macro DQCFG_501 to set the configuratiagstl

For example, the following configure the serialtporRS-232 mode, 57600 bps, 8 data bits, no

parity and 1 stop bit.
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config = DQCFG_501(DQ_SL501_OPER_NORM, DQ_SL501_MOD E_232,
DQ_SL501_BAUD_57600, DQ_SL501_WIDTH_8, DQ_SL501_STO P_1, DQ_SL501_PARITY_NONE);

Parity and Framing errors are not reported by defaa report them add the following flags:
config |[= DQ_SL501_ERROR << DQ_SL501_ERROR_SH;

The echo of the transmitted character in half duptede may be suppressed using the

ext_flags parameter. This feature requires a 5@D8rayer with logic version 02.10.5A or newer.
ext_flags = DQ_SL501_SUPRESS_HD_ECHO;

4.30.6 DgAdv501SetBaud

Syntax:
int DgAdv501SetBaud(int hd, int devn, int chnl, uin t32 baud,
uint32 *realbaud)
Command:
DQE
Input:
int hd handle to the IOM received froBgOpenlOM()
int devn layer inside the IOM
int chnl device Channel
uint32 baud channel baud rate
uint32* realbaud pointer for actual baud rate of device
Output:
uint32* realbaud actual baud rate of device after prescaler calicuiat
Return:
DQ_NO_MEMORY error allocating buffer
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't égtahed
DQ_BAD_DEVN device indicated bgevn does not exist or is not an SL-501
or SL-508
DQ_BAD_PARAMETER invalid parameter
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccamnih
DQ_SUCCESS successful completion
Other negative values low level IOM error
Description:

This function sets a baud rate other than thahddfby DQ_SL501_BAUD_XXX. To do this
replace the DQ_SL501_BAUD_XXX constant with the C8D501_BAUD_CUST constant in the
config  config parameter that is passed to DgAdv501SetGH&xg(). Range ofbaud should be
between 300bps — 1.5Mbps.

This function may also be used to set the baudyukia on-layer PLL. This applies to SL-
501and SL-501-804 layers with logic revision 0&RQ06 or higher. To use the PLL, first call the
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DgAdv501SetChannelCfg() function with (1L<< DQ_SI5@BAUD_PLL_SH) added to theonfig
value. The upper baud limit using the PLL is 2Mfgsthe SL-501 and 4Mbps for the SL-501-804

Note:
The requested baud and actual baud rates willffEetit depending on speed. The user should
comparebaud with realbaud to ensure that the rate is within application-gpeerror limits.

4.30.7 DgAdv501SetTimeout

Syntax:
int DgAdv501SetTimeout(int hd, int devn, int chnl, uintl6
timeout)
Command:
DQE
Input:
int hd Handle to the IOM received fromgOpenlOM()
int devn Layer inside the IOM
int chnl Device Channel
uint16 timeout Receive FIFO timeout in milliseconds
Output:
None.
Return:
DQ_NO_MEMORY error allocating buffer
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't égtahed
DQ _BAD_DEVN device indicated bgevn does not exist or is not a SL-501
DQ_BAD_PARAMETER invalid parameter
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccanich
DQ_SUCCESS successful completion
Other negative values low level IOM error
Description:

This function sets the length of time the receilfed-should wait before flushing the buffer
and sending data to the host. Time is in milliselsowith a max of 65535.

Note:
None

4.30.8 DgAdv501SetTermString

Syntax:
int DgAdv501SetTermString(int hd, int devn, int chn I, uintl6
len, uint8 *buf)
Command:
DQE
Input:
int hd handle to the IOM received froBgOpenIOM()
int devn layer inside the IOM
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int chnl device channel
uintl6 len length of termination string
uint8* buf pointer to termination string

Output:

None.

Return:
DQ_NO_MEMORY error allocating buffer
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't dstahed
DQ_BAD_DEVN device indicated bgevn does not exist or is not an SL-501
DQ_BAD_PARAMETER invalid parameter
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccanich
DQ_SUCCESS successful completion
Other negative values low level IOM error

Description:

This function sets the transmit termination strifige cube will transmit received data upon
occurrence of the termination string.
Note:

The maximum termination string length is limited fiigcket size and should be less than 470
bytes.

4.30.9 DgAdv501SetWatermark

Syntax:
int DgAdv501SetWatermark(int hd, int devn, int chnl , uint32 dir,
uint16 len)
Command:
DQE
Input:
int hd handle to the IOM received froBgOpenlOM()
int devn layer inside the IOM
int chnl device channel
uint32 dir watermark FIFO direction
Uint16 len watermark position
Output:
None.
Return:
DQ_NO_MEMORY error allocating buffer
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't égtahed
DQ_BAD_DEVN device indicated bgevn does not exist or is not a SL-501
DQ_BAD_PARAMETER invalid
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccemih
DQ_SUCCESS successful completion
Other negative values low level IOM error
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Description:

This function permits user configuration of intdriX and RX FIFO watermarks to better
control dataflow from the IOM.
Note:

Parameter dir is DQL_IOCTL501_SETTXWM or DQL_IOCTab SETRXWM and defaults
to 1 and 0 as default. Watermark range is betwesmd@047.

4.30.10 DgAdv501SetTermLength

Syntax:
int DgAdv501SetTermLength(int hd, int devn, int chn |, uintl6
len)
Command:
DQE
Input:
int hd handle to the IOM received froBgOpenlOM()
int devn layer inside the IOM
int chnl device channel
uintl6 len transmit termination length
Output:
None.
Return:
DQ_NO_MEMORY error allocating buffer
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't égtahed
DQ_BAD_DEVN device indicated bgevn does not exist or is not a SL-501
DQ_BAD_PARAMETER invalid parameter
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccanich
DQ_SUCCESS successful completion
Other negative values low level IOM error
Description:

This function sets the transmit termination stiiigiggth. The cube will transmit received data
upon receipt ofen chars.
Note:

The maximum termination string length is limited fiigcket size and should be less than
470 bytes.

4.30.11 DgAdv501SetCharDelay

Syntax:
int DgAdv501SetCharDelay( int hd, int devn, int chnl, uint32 delay_src,
double delay_us)

Command:

DQE
Input:

- 340 -



PowerDNA API| Reference Manual, Release 4.10

int hd handle to the IOM received froBgOpenlOM()
int devn layer inside the IOM
int chnl device channel
uint32 delay_src source of the delay clock
double delay_us delay between characters in microseconds
Output:
None.
Return:
DQ_NO_MEMORY error allocating buffer
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn'’t dstahed
DQ_BAD_DEVN device indicated bdevn does not exist or is not a SL-501
DQ_BAD_PARAMETER invalid parameter
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccemih
DQ_SUCCESS successful completion
Other negative values low level IOM error
Description:

Sets delay between Tx characters
Select delay_src from:

DQ_SL501_DELAYMODE_DISABLE 0 // disabled (Tx done)
DQ_SL501_DELAYMODE_INTERNAL 1 //internal per channel clock
DQ_SL501_DELAYMODE_TMRO1 2 /I TMR1 for cha r and TMRO for frame
DQ_SL501_DELAYMODE_SYNC02 3 // SYNC2 for ch ar and SYNCO

Note:

Make sure that if the delay is enabled, it is larthan the duration of the transmitted character,
including start and stop bits.

Implemented in logic version 02.0E.05 or later
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4.30.12 DgAdv501SetFrameDelay

Syntax:
int DgAdv501SetFrameDelay( int hd, int devn, int chnl, uint32 delay_mode,
uint32 length, uint32 delay_src, double delay_us, double repeat_us)
Command:
DQE
Input:
int hd handle to the IOM received froBgOpenlOM()
int devn layer inside the IOM
int chnl device channel
uint32 delay_mode mode of frame delays
uitn32 length string length if DQ_SL501_FRAMEDELAY_FIXEDLEN
selected
uint32 delay_src source of the delay clock
double delay_us delay between frames in microseconds
double repeat_us delay before the last frame gets repeated andralse rate in
DQ_SL501_FRAMEDELAY_REPEAMode
Output:
None.
Return:
DQ_NO_MEMORY error allocating buffer
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't dgdtahed
DQ_BAD_DEVN device indicated bgevn does not exist or is not a SL-501
DQ_BAD_PARAMETER invalid parameter
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccemih
DQ_SUCCESS successful completion
Other negative values low level IOM error
Description:

Sets delay between Tx frames

Select <delay_mode> from:
DQ_SL501_FRAMEDELAY_DISABLE 0 // disabled
DQ_SL501_FRAMEDELAY_FIXEDLEN 1 // fixed length
DQ_SL501_FRAMEDELAY_VMAP_LEN 2 // frame size is determined by the amount of VMatad
DQ_SL501_FRAMEDELAY_ZERO_CHAR 3 // frame ends upon zero character (ASCIIZ string)
DQ_SL501_FRAMEDELAY_REPEAT 8 [/ "repeat" mode - repeat last placed frame ifupztated on
time

Select <delay_src> from:

DQ_SL501_DELAYMODE_DISABLE 0 // disabled (Tx done)
DQ_SL501_DELAYMODE_INTERNAL 1 //internal per channel clock
DQ_SL501_DELAYMODE_TMRO1 2 /I TMR1 for cha r and TMRO for frame
DQ_SL501_DELAYMODE_SYNCO02 3 // SYNC2 for ch ar and SYNCO for frame
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The SL-508 layer has the Major FIFO unit on tophef Secondary FIFO unit. The Major FIFO is
intended for implementation of the auto-repeatueathat keeps on sending serial messages to the
avionics devices with hard-realtime deadlines. ifiternal structure of the output channel is as
follows:

l VVMap write routine
Major FIFO
(1024 bytes)
Secondary FIFO
FCLK
UART
(16 bytes)
TCLK

The Auto-repeat mode requires data to be put ire@M-IFO instead writing directly into the
Secondary FIFO. In such a case, the Major-Secorfel&® system acts as a double-buffered scheme.

In frame repeat mode, the device works as follows:
1. VMap routine tries to lock the Major FIFO. The MafelFO can be locked at any time except
when it is transferring data to the Secondary FéE@he rate of 150ns per byte
2. Once the Major FIFO is locked, its content is reset the firmware writes data to the FIFO.
The lock-write-unlock procedure prevents a situatiowhich the Major FIFO gets partially
overwritten and packet integrity is lost. At thengatime, it prevents the situation that occurs
when data is accumulated in the Major FIFO. If, dome reason, (for example, if the VMap
rate is faster than the selected frame rate) theewdidtten into the Major FIFO in a previous
pass hasn’'t had a chance to be transferred int8dbendary FIFO, it will be overwritten and
lost.
3. Data should be written in tlmQ_SL501_FRAMEDELAY_VMAP_LENOde and firmware adds a
“frame” bit (Ox100) to the first entry in the VMagacket.
When firmware completes a write into the Major F|FOeleases it.
When MCLK data is transferred into Secondary FIFO.
If the firmware doesn’t lock the Major FIFO wherethext MCLK arrives, the Major FIFO
data is transferred into the Secondary FIFO addins, if the realtime program stops sending
data to the layer, it will continue to output thest received frame, using MCLK as a timebase.
7. If the frame bit is set and the secondary FIFO sMait FCLK to output data.
8. Characters are put into the UART FIFO using TCLKntwoduce inter-character delay.

oo kA
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To initiate repeat mode, one should cajhdvs01SetFrameDelay() — as follows (please note that an
additional parameterdslay_us_major_fifo > was added to this function since the Stage hsalp

DgAdv501SetFrameDelay(hd0, DEVN, CHO,
DQ_SL501_FRAMEDELAY_VMAP_LEN|DQ_SL501_FRAMEDELAYPRAT, O,
DQ_SL501_DELAYMODE_INTERNAL,
delay_us_secondary_fifo,
delay_us_major_fifo);

In other words, one should specifgetay_us_major_fifo> as an inter-frame delay and
<delay_us_secondary_fifo > as a delay if you would like to put multiple sfrtbmes into the
secondary FIFO and specify delay between them.t®tiee fact that
DQ_SL501_FRAMEDELAY_VMAP_LEIefines a frame as a single VMap write,
DQ_SL501_FRAMEDELAY_ZERO_CHA®R DQ_SL501_FRAMEDELAY_FIXEDLERoONstants should be used.

Note:
Make sure that if the delay is enabled, it is lartan duration of the transmitted character

including start and stop bits.
Implemented in logic version 02.0F.01 or later

4.30.13

baud.

Syntax:

int DgAdv501SetParity9(int hd, int devn, int chnl,

parity_mode)

DgAdv501SetParity9

uint32

Command:
DQE
Input:
int hd handle to the IOM received froBgOpenIOM()
int devn layer inside the IOM
int chnl device channel
uint32 parity_mode parity mode
Output:
None.
Return:

DQ_NO_MEMORY
DQ_ILLEGAL_HANDLE
DQ_BAD_DEVN
DQ_BAD_PARAMETER
DQ_SEND_ERROR
DQ_TIMEOUT_ERROR
DQ_IOM_ERROR
DQ_SUCCESS

Other negative values

error allocating buffer
illegal IOM Descriptor or communication wasn't ddtahed
device indicated bgevn does not exist or is not a SL-501
invalid parameter
unable to send the Command to IOM
nothing is heard from the IOM for Time out duration
error occurred at the IOM when performing this ccemih
successful completion

low level IOM error
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Description:

This function sets/clears the use of parity aso@th
Note:

Implemented in logic version 0x01021006 or later.

Use the following defined constants as plagity_mode  value:
DQ_SL501_PARITY9_DISABLE 0 //disabled
DQ_SL501_PARITY9_ENABLED 4 // enabled

4.30.14 DgAdv501GetStatus

Syntax:
int DgAdv501GetStatus( int hd, int devn, uint32* errors,
uint32* count)

Command:
IOCTL
Input:
int hd Handle to IOM received fro®@qOpenIOM()
int devn Layer inside the IOM
Output:
uint32* errors Array of Parity Error and Frame Error countersdach
channel
uint32* count Number of uint32 words in therors  array (8 for 501 and
16 for 508)
Return:

DQ_NO_MEMORY error allocating buffer

DQ_ILLEGAL_HANDLE illegal IOM descriptor or communication wasn'’t ddtshed
DQ_BAD_DEVN device indicated bgdevn does not exist or is not an SL-501

DQ_SEND_ERROR unable to send the command to IOM

DQ_TIMEOUT_ERROR nothing is heard from the IOM for time out duration

DQ_IOM_ERROR error occurred at the IOM when performing this ccsmih
DQ_SUCCESS successful completion
Other negative values low level IOM error

Description:

Requests the error counts for parity and framereifar each channel.
Notes:
Error counters are cleared in the device onceftinistion is called.
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4.30.15 DgAdv501PauseAndResume

Syntax:
int DgAdv501  PauseAndResume ( int hd, int devn, uint32
channel_mask, int todo)

Command:
IOCTL

Input:
int hd Handle to IOM received frol@qOpenIOM()
int devn Layer inside the IOM
uint32 channel_mask channel to change configuration (mask)
int todo operation to perform

Output:
none

Return:

DQ_NO_MEMORY error allocating buffer

DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't dgtahed
DQ_BAD_DEVN device indicated bgdevn does not exist or is not an SL-501
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration

DQ_IOM_ERROR error occurred at the IOM when performing this cogmnich
DQ_SUCCESS successful completion
Other negative values low level IOM error

Description:

If <todo> == DQL_IOCTL501_CHANGE_PAUSE pause regei
If <todo> == DQL_IOCTL501_CHANGE_RESUME resume rieee
If 501/508 device is in messaging mode this fumctiall also finalizes
whatever ongoing message was accumulating the data

Notes:

4.30.16 DgAdv501Enable

Syntax:
int DgAdv501Enable(int hd, int devn, int enable)
Command:
DQE
Input:
int hd handle to the IOM received fromgOpenIOM()
int devn layer inside the IOM
int enable TRUE (1) = enable, FALSE (0) = disable
Output:
None.
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Return:
DQ_NO_MEMORY error allocating buffer
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't dgtahed
DQ_BAD_DEVN device indicated bgevn does not exist or is not an SL-501
or an SL-508
DQ_BAD_PARAMETER invalid parameter
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccemih
DQ_SUCCESS successful completion
Other negative values low level IOM error
Description:
This function starts/stops a 501 or 508 device.
Note:
None

4.30.17 DgAdv501ClearFifo

Syntax:
int DAQLIB DgAdv501ClearFifo(int hd, int devn, uint 32 ch_mask,
int action)
Command:
IOCTL
Input:
int hd handle to the IOM received froBgOpenlOM()
int devn layer inside the IOM
uint32 ch_mask mask of channels to clear FIFO for
int action one or a combination of
DQL_IOCTL501_CHANGE_FINCLEAR and
DQL_IOCTL501_CHANGE_FOUTCLEAR
Output:
None.
Return:
DQ_NO_MEMORY error allocating buffer
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't dgtahed
DQ_BAD_DEVN device indicated bgevn does not exist or is not a SL-
501/508
DQ_BAD_PARAMETER invalid parameter
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccemih
DQ_SUCCESS successful completion
Other negative values low level IOM error
Description:
This function clears input and/or output FIFOs 64/508 layers
Note:
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Function can be applied to more than one channti@fayer by OR-ing channel mask with
(1L<<channel_number). A user doesn't have to ¢édl tunction during normal operations because
DgAdv501Enable() does cleaning for you. This funetis for operation mode only. For example,
when SL-501 layer operates in VMap mode and inple©OFmeeds to be cleared of received data before
resynchronization with external device

4.30.18 DgAdv501RecvMessage

Syntax:
int DgAdv501RecvMessage (int hd, int devn, int chan , uint8
*data, uintl6 *size, int *success, uint8* errorcode , int *avail)
Command:
DQE
Input:
int hd handle to the IOM received froBgOpenlOM()
int devn layer inside the IOM
int chan device Channel
Output:
uint8* data received message
uint16* size length of message received
int *success TRUE if message was written
uint8* errorcode if success=FALSE returns 501 specific error comegout =
0x40 +chan
int* avail TRUE if more messages are available
Return:
DQ_NO_MEMORY error allocating buffer
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't dgtahed
DQ_BAD_DEVN device indicated bgevn does not exist or is not a SL-
501/508
DQ_BAD_PARAMETER invalid parameter
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccanich
DQ_SUCCESS successful completion
Other negative values low level IOM error
Description:

For immediate mode usage only. Gets a messageeddey a 501/508 layer.
Note:

Maximum message size is limited to 470 bytes i7@Byte Ethernet frame and 1412 bytes in
a 1518-byte frame.

4.30.19 DgAdv501SendBreak

Syntax:
int DgAdv501SendBreak(int hd, int devn, int chnl, u int32
duration);
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Command:
DQE

Input:

Output:

int hd

int devn

int chnl

uint32 duration

None.

Return:

DQ_NO_MEMORY
DQ_ILLEGAL_HANDLE
DQ_BAD_DEVN

DQ_BAD_PARAMETER
DQ_SEND_ERROR
DQ_TIMEOUT_ERROR
DQ_IOM_ERROR
DQ_SUCCESS

Other negative values

Description:
This function is for immediate mode usage onlelis the break condition for the specified

handle to the IOM received frodgOpenIOM()
layer inside the IOM

device Channel
duration in milliseconds

error allocating buffer
illegal IOM Descriptor or communication wasn't dstahed
device indicated bgevn does not exist or is not an SL-501
or an SL-508
invalid parameter
unable to send the Command to IOM
nothing is heard from the IOM for Time out duration
error occurred at the IOM when performing this ccemih
successful completion

low level IOM error

number of milliseconds.
Note:
None.
4.30.20 DgAdv501SendMessage
Syntax:
int DgAdv501SendMessage(int hd, int devn, int chan, uint8 *data,
uintl6é size, uintl6 *written, int *success, uint8 * errorcode);
Command:
DQE
Input:
int hd handle to the IOM received frodgOpenIOM()
int devn layer inside the IOM
int chan device Channel
uint8* data buffer of message to send
uint16 size length of message
Output:
uint16* written number of bytes written
int *success TRUE if message was written
uint8* errorcode if success=FALSE returns 501 specific error code
Return:

DQ_NO_MEMORY
DQ_ILLEGAL_HANDLE

error allocating buffer
illegal IOM Descriptor or communication wasn't dgtahed
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DQ_BAD_DEVN device indicated bgevn does not exist or is not an SL-501
or an SL-508

DQ_BAD_PARAMETER invalid parameter
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccemih
DQ_SUCCESS successful completion
Other negative values low level IOM error

Description:

This function is for immediate mode usage onlyvrites a block of data to a serial port. If
(size == written), all data fits into the outbourkFO.
Note:

The maximum message size is limited to 470 bytes5i6-byte Ethernet frame and 1412
bytes in a 1518-byte frame.

4.30.21 DgAdv501SendMessageParity9

Syntax:
int DgAdv501SendMessageParity9(int hd, int devn, in t chnl,
uintl6 *data, uintl6 size, uintl6 *written, int *su ccess, uint8
*errorcode);
Command:
DQE
Input:
int hd handle to the IOM received froBgOpenIOM()
int devn layer inside the IOM
int chnl device Channel
uint16* data buffer of message to send with parity (bit 9) erezbd
uint16 size length of message
Output:
uint16* written number of bytes written
int *success TRUE if message was written
uint8* errorcode if success=FALSE returns 501 specific error code
Return:
DQ_NO_MEMORY error allocating buffer
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't égtahed
DQ _BAD_DEVN device indicated bgevn does not exist or is not an SL-501
or an SL-508
DQ_BAD_PARAMETER invalid parameter
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccemih
DQ_SUCCESS successful completion
Other negative values low level IOM error
Description:

This function is for immediate mode usage onlyvrites a block of data to a serial port. If
(size == written), all data fits into the outbourRkFO.
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rsion of DqAdv501SendMessage() with parighided with the data.

4.30.22 DgAdv501FlowControl

Syntax:
int DgAdv501FlowControl (int hd, int devn, int chnl , uint32
cts_cfg, uint32 rts_cfg, uint32* cts_state)
Command:
IOCTL
Input:
int hd Handle to IOM received fror@qOpenlOM()
int devn Layer inside the IOM
int chnl The channel that gets its flow control set
uint32 cts_cfg The CTS configuration
uint32 rts_cfg The RTS configuration
Output:
| uint32* cts_state | The CTS state of all the channels |
Return:

DQ_NO_MEMORY error allocating buffer
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't ddtahed

DQ_BAD_DEVN device indicated bgevn does not exist or is not a SL-501/8
DQ_BAD_PARAMETER cts_cfg orrts_cfg is not one of the listed defined
constants

DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration

DQ_IOM_ERROR error occurred at the IOM when performing this cosmch
DQ_SUCCESS successful completion
Other negative values low level IOM error

Description:

This function sets the RS-232 flow control on thedfied channel and returns the CTS state

for all channels on the layer.

Inputs:

cts_cfg  Configures the operation of the CTS pin. The folloywconstants are defined:
#define DQL_IOCTL501_CTS_NO_CHANGE 1)

#define DQL_IOCTL501_CTS_IGNORE 2

#define DQL_IOCTL501_CTS_AUTOFLOW 3)

DQL_IOCTL501_CTS_NO_CHANGE will keep the current & configuration.
When configured with DQL_IOCTL501_CTS_IGNORE , th@nsmitter will always send the

data regardless of the state of the CTS input.
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With DQL_IOCTL501_CTS_AUTOFLOW the transmitter intheck the state of the state of
the CTS input before sending data. A high statéherCTS pin will enable data flow and a low state
will stop data flow.

rts_cfg  Configures the operation of the RTS pin. The follaywconstants are defined:

#define DQL_IOCTL501_RTS_NO_CHANGE (1)
#define DQL_IOCTL501_RTS_PIN_LOW @)
#define DQL_IOCTL501_RTS_PIN_HIGH ®)
#define DQL_IOCTL501_RTS_AUTOFLOW_NORMAL_TIMING )4
#define DQL_IOCTL501_RTS_AUTOFLOW_GATED_TIMING X5

DQL_IOCTL501_RTS_NO_CHANGE will keep the current Rconfiguration.
DQL_IOCTL501_RTS_PIN_LOW will set the RTS pin teetlow state.
DQL_IOCTL501_RTS_PIN_HIGH will set the RTS pinttee high state.

DQL_IOCTL501_RTS_AUTOFLOW_NORMAL_TIMING and
DQL_IOCTL501_RTS_AUTOFLOW_GATED_TIMING will normgl keep the RTS pin

high and will set the RTS pin low when receive FlE@tains the number of characters set by
theDgAdv501SetWatermark()  function. When the receive FIFO is emptied the RirS

will be returned to the high state. The NORMAL @ATED timing refers to when the RTS
pin with change state. With normal timing the RTi® ip deasserted (set low) after the first data
bit of the character that reaches the watermamd isvpresent on the serial input line. With
gated timing the RTS pin is deasserted after titelimiof the stop bit of character that reaches
the watermark level. Note that the watermark lévene less than the number of characters
received. For instance, if you wanted to haltdata flow after 8 characters were received you
would call theDgAdv501SetWatermark()  function with thden parameter set to 7.

Output:

When the value oliint32* cts_state is not NULL, it will return a bit field value that
indicates the CTS pin state of all channels orlaper. Bit O of the returned value indicates the
state of CTS pin on channel 0, bit 1 for channgta.

When the layer is an SL-501 bits 0..3 will be megfil and an SL-508 uses bits 0..7 .

A ‘1" in the bit position shows that the pin istime high state and indicates that the transmitter
is enabled when CTS_AUTOFLOW is selected.

Note: This function is implemented only on SL-501 and =8 layers with logic revision
0x0102049 or higher.

4.30.23 DgAdv501ConfigEvents

Syntax:
int DAQLIB DgAdv501ConfigEvents ( int handle, int devn, int channel, int flags,
event501_t event, uint32* param)
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Command:

Specify what asynchronous notification events usetts to receive from the layer

Input

int handle Handle to the IOM received froBgOpenlOM()
int devn Device number

int channel Channel number

int flags Behavior modification flags

event501_t event

Event type

uint32* param

Additional parameters depends on tetype

Output

None

Returns

DQ_NO_MEMORY

error allocating buffer

DQ_ILLEGAL_HANDLE

illegal IOM Descriptor or communication wasn't dstahed

DQ_BAD_DEVN

device indicated bgevn does not exist or is not an SL-501 or
SL-508

DQ_BAD_PARAMETER

Configuration parameters are incorrect

DQ_SEND_ERROR

unable to send the Command to IOM

DQ_TIMEOUT_ERROR

nothing is heard from the IOM for Time out duration

DQ_IOM_ERROR

error occurred at the IOM when performing this cosmh

DQ_SUCCESS

successful completion

Other negative values

low level IOM error

Description

This function sets up events and their parametbishaprogram firmware to send asynchronous event

notification packet upon reaching certain condgion

event501_t event is defined as:

typedef  enum¢{

EV501_CLEAR = 0x1000, // clear all events

EV501_TO = 0x101, /I'no activity on the bus over certain pre-programm ed
I time (+ all accumulated data)

EV501_IN_FIFO, /I input FIFO above watermark (data included) (cann ot be
/I used togethe r with EV501_RX)

EV501_RX, / data received with check for length and terminat or
I (+ data)

EV501_OUT_FIFO, /I output FIFO below watermark (cannot be used toge ther
I/ with EV501_T X)

EV501_TX,
EV501_BUS_ERROR,
EV501_RX_OVERFLOW,
EV501_RX_UNXP,
EV501_TX_UNXP

} event501_t;

/I data transmission completed

/I bus or protocol errors

/I RX FIFO overflow - cleared

/I unexpected RX data (most likely receiveing error )
/I unexpected TX data (most likely transmitting err or)
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<flags> can contain the follwing bits:

#define DQEVENT_NOREPLY (1L<<31) /I do not reply to this event
#define DQEVENT_ONCE (1L<<30) /I fire event only once
#define DQEVENT_NOSTORE (1L<<29) /I do not store UDP port to

generate events

If DQEVENT_NOREPLYIt is set a function caitbqAdv501ConfigEvents() doesn’t wait for the answer
from the firmware on the success of this functiat. @ his comes handy in the situation when user
wants to change event parameter (e.g. watermaek) lem the fly to avoid increase in the network
traffic.

If DQEVENT_ONCEs send the firmare sends event packet only ondeétem event becomes disabled
until a next call tadgAdv501ConfigEvents() re-enables it.

DQEVENT_NOSTORSE required to tell firmware not to change thely@pDP port. For example, user can
create multiple UDP ports usimgiAddiOMPort()  to listen to incoming events on the different port
Thus, when the function called from the handle othan the handle event is expected upon this bit
need to be set. Do not set this bit for the firsetit is used.

To clear all events use the following call:
ret = DgAdv501ConfigEvents(a_handle, devn, channel, 0, EV501_CLEAR, NULL);

It clears all events that has previously been Ieetgawith runtime variables and accumulated events.

EV501_IN_FIFO sends an event packet when the amount of dat& isettondary input FIFO exceeds
the watermark level programmed. To set up procgsdithis event call:

DgAdv501ConfigEvents(handle, devn, channel, 0, EV50 1_IN_FIFO, &wm_level); where
wm_level is the required watermark level, [1.. DG0OB_FIFOSZ-1].

SL-501 has a FIFO bigger than the amount of daiebeastored in one packet. If the amount of data
received in the FIFO exceeds watermark but can@sebt in one packet multiple packets will be sent
back-to-back until the level in the FIFO drops belsatermark. The maximum watermark level
should be determined with the consideration of ingéinough spare capacity to store more incoming
characters while interrupt is processed dependiehbaud rate. A good estimate is that watermark
should be set below the full capacity of the FIRCBBus worth of data. For 1IMbaud this would be
equal to 8 to 10 characters.

The watermark level can be programmed usigwdv501SetWatermark( int hd, int devn, int

chnl, uint32 dir, uint16 len). Another way to change watermark level is to call
DgAdv501ConfigEvents(handle, devn, channel, 0, EV50 1_IN_FIFO, &wm_level); When this
function is called in the thread to change wateknf@wrel on the flyDQEVENT_NOSTOREfjlags needs
to be used to avoid changing UDP pOQEVENT_ONCE and DQEVENT_NORELPyan be added if
single-shot event is required and no confirmateply from the firmware is desired (decreases taffi
but decreases reliability as well thus recommeriddze used on the busy applications only).
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TheEVs01_IN_FIFO event will send minimum of the amount the data ested invm_level , even if
the FIFO contains more data. Packet is processed wh interrupt on watermark level is triggered by
the incoming Rx data.

When this event happens the firmware sends baekleep of the following structure:

/* DQCMD_EVENT structure */
typedef  struct {

uint8 dev; /l device

uint8 ss; /I subsystem

uintlé size; /I data size

uint32 event; /I event type or command and additional flags
uint8 data[]; /I data

} DQEVENT, *pDQEVENT;

<size> field contains sizeof(EV501_ID)+length.

<event> contains the type of the event, e.g. s ¢thse EV501_IN_FIFO.
<data[]> if DQEVENT contains EV501_ID flexible stiure:

/l Event data for 501 layer
typedef  struct {

uint32 chan; /I channel information

uint32 evtype; I type of the event

uint32 tstamp; /I timestamp of event

uint32 size; /I size of the following data in bytes

uint32 avail; /I number of bytes available

uint8 data[]; /I data to follow (one character takes one
byte)

}EV501_ID, *pEV501_ID;

Please notice that while DQEVENT is properly hadddg DgqCmdReceiveEvent()  in terms of
converting data fields from big endian (networkadagpresentation) to little endian if used witrelnt
based host computer while EV501_ID needs to beerted by the user with the following code:

/I shuffle bytes big endian->little endian in place
void ntoh_pEv501(pEV501_ID pEv501) {
uint32 i;

pEv501->chan = ntohl(pEv501->chan);
pEV501->evtype = ntohl(pEv501->evtype);
pEV501->size = ntohl(pEv501->size);
pEv501->tstamp = ntohl(pEv501->tstamp);

for (i=0;i< pEv501->size/ sizeof (uint8); i++)
pEv501->data[i] = (pEv501->datali]);
return ;

}
The reason for that is thatiCmdReceiveEvent()  returns all different types of layer specific eteen
and as implemented doesn’t do this conversion.

EV501_ID contains:
pEv501->evtype = isr; /l actual bits in the lbESR register
pEv501->avail = in_fifo - length; // amountdsdta still available in the FIFO
pEv501->size = length; // amount of receidath
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Timeout-based EV501_TO event is set to send ant @asket with data when there is no activity on
the receiver in excess of the programmed timeotibge

Timeout is programmed usimyAdv501SetTimeout( int hd, int devn, int chnl, uintl6

timeout) . Timeout is programmed as a humber of millisecdnals 1 to 65535 (i.e. 16 bit). If
timeout is programmed as zero timeout functiorisslded.

Timeout resolution can be changed from a millisecdown to microsecond using
DgAdv501SetChannelCfgExt() call instead of DgAdvS@iChannelCfg() and setting extended
configuration flags:

/I extended configuration bits, 'ext_flags' paramet er for DgAdv501SetChannel CfgExt()
#define DQ_SL501_SUPRESS_HD_ECHO (1L<<1) /I suppress echo in half-duplex mode,

requires logic 02.10.5A or newer

#define DQ_SL501_TIMEOUT_DIV1  (1L<<6) /I timeout divider clock selector - valid

when CCFG_TOE=1

#define DQ_SL501_TIMEOUT DIVO  (1L<<5) /100 = 1mS, 01 = 100us, 10 = 10us, 11 = 1us
(available in logics >= 2.10.22)

#define DQ_SL501_USE_8x_CLK (1L<<7) /I use 8x baud clock mode instead of 16x UART

clock (501 only)

Since it is possible to set up timeout to overlbadware there is a mechanism in ISR routine that
disables any offending interrupts and sets a flB§ $W_OVERLOAD in firmware status filed
STS_FW.

The maximum amount of data to be sent upon timeeemt is programmed when timeout event is
selectedDgAdv501ConfigEvents(handle, devn, channel, 0, EV50 1_TO, &msg_sz_in);
<msg_sz_in> specifies this parameter.

Bothevso1_IN_FIFO andevsoi_To can be used in pair when the message length isnogtn ahead of
time. Select parameter favso1_IN_FiFo for the minimum expected length of the messagesahd
timeout long enough to receive the remainder oftleesage of the maximum length. Upon receiving
EV501_IN_FIFO armevs01_To event withDQEVENT_ONCHag. When timeout expires the event packet
will be sent only once with the minimum of the datailable in the FIFO and the amount of data
specified as a parameter in <msg_sz_in>.

Evs01_Rx event allows receiving a string when defined a teation length or a terminator. Please
notice that this function puts higher load ontofih@ware because each character is evaluated upon
receiving. It is incompatible withvso1_IN_FIFO since it requires firmware to read data into a
secondary queue and if theso1_IN_FIFO event is set FIFO will be emptied and sent tohibst before
code forevso1_Rxtakes control.
EV501_Rx packet contains the following information:

pEv->event = EV501_RX;

pEv501->evtype = isr;

pEv501->avail = total_len - termlen

pEv501->size = termlen; // ldngf the string teminated by the programmed charact

Synonimousvso1_Tx andevsol_OUT_FIFO are the opposite ®vs01_IN_FIFO. Firmware sends event
when the level in the Tx secondary FIFO falls betmlected Tx watermark. When the level in the Tx
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FIFO falls to zero the interrupt is automaticallgabled. It makes sense only to use this event with
DQEVENT_ONCENd enable after storing more data to Tx FIFO tidagontinuous event generation.

The data in the

pEV501->evtype = isr;

pEvV501->size +=0; // adjust packet teng
pEv->size += 0;

pEv501->avail = in_fifo; // current leviel TX FIFO

Special event packets:

This event is automatically sent wheveo1_IN_FIFO is enabled and FIFO overflows.
Upon this situation all data is purged from the®l&nd the following data is sent in the event packe
pEv->event = EV501_RX_OVERFLOW;
pEv501->evtype = isr;
pEv501->avail = in_fifo; // amount cdtd accumulated in RX FIFO
pEv501->size = 0;

EV501_BUS_ERROR, EV501_RX_UNXP and EV501_TX_UNXRmts are generated when Rx or
Tx receives unexpected data (error condition). T8teyuld not be received in normal operations.
The data in the packet is:

pEV501->evtype = isr;

pEv501->avail = in_fifo; // amounitthe data in RX or TX FIFO

pEV501->size = 0;

4.31 DNA-CAN-503 layer

431.1 DgAdv503Enable

Syntax:
int DgAdv503Enable(int hd, int devn, int enable)
Input:
int hd Handle to the IOM received fromgOpenIOM()
int devn Layer inside the IOM
int enable TRUE to start the CAN-503, FALSE to stop
Output:
None
Return:
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't dstahed
DQ_BAD_DEVN device indicated bgevn does not exist or is not a CAN-503
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccemih
DQ_SUCCESS successful completion
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Other negative values low level IOM error
Description:
Starts/Stops all configured channels on the CAN-503
Note:
None
4.31.2 DgAdv503RecvMessage
Syntax:
int DgAdv503RecvMessage(int hd, int devn, int *chan , uint32 *id,
uint8 *data, uintl6 *size, int *success, uint8 *err or_code, int
*avail)
Input:
int hd Handle to the IOM received fromgOpenIOM()
int devn Layer inside the IOM
Output:
int *chan channel number message was received on
uint32 *id id value of message. Will return O if there wasmessage
uint8 *data message data buffer
uintl6 *size number of bytes written to buffer. Will return Qtifere was no
message
int *success returns O if the CAN port or bus is in error state
uint8 *error_code returns the error code for this CAN bus
Int *avail returns the number of messages available in thevwe&IFO
Return:
DQ_NO_MEMORY error allocating buffer
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't égtahed
DQ_BAD_DEVN device indicated bgevn does not exist or is not a CAN-503
DQ_BAD_PARAMETER chan, id, data, orsize is NULL
DQ_NOT_ENOUGH_ROOMe size indicated by treize parameter is not big enough
to hold the received message
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccanich
DQ_SUCCESS successful completion
Other negative values low level IOM error
Description:

This function gets a message received by a 503 taya CAN network.

Note:

When the bus is in error state, error_code contamesof the following values:

DQ_CAN503_ERR_WARN: warning, bus errors were detgct
DQ_CAN503_ERR_AE: Arbitration error, two nodes dri® send at the same time.

DQ_CAN503_ERR_BE: The number of bus errors is grethtan 128, bus is now in
error state.

DQ_CAN503_ERR_OR: Receive FIFO overflowed
DQ_CAN503_ERR_TO: Timeout, no message was received.
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4.31.3 DgAdv503SendMessage

Syntax:
int DgAdv503SendMessage(int hd, int devn, int chan, uint32 id,
uint8 *data, uintl6 size, int *success, uint8 *erro r_code)
Input:
int hd Handle to the IOM received frodgOpenlOM()
int devn Layer inside the IOM
int chan channel number
uint32 id id value of message. Lower 11 or 29 bits are usgeiding
on standard or extended packet
uint8 *data message data
uint16 size number of bytes idata parameter

int *success
uint8 *error_code
Output:
None
Return:
DQ_NO_MEMORY
DQ_ILLEGAL_HANDLE
DQ_BAD_DEVN
DQ_BAD_PARAMETER

DQ_SEND_ERROR

DQ_TIMEOUT_ERROR

DQ_IOM_ERROR

DQ_SUCCESS

Other negative values
Description:

returns O if the CAN port or bus is in error state
returns the error code for this CAN bus

error allocating buffer
illegal IOM Descriptor or communication wasn't dgtahed
device indicated bgevn does not exist or is not a CAN-503
chan is an invalid channel numbetata is NULL, or
size is greater than 8, which is the maximum CAN
message data size
unable to send the Command to IOM
nothing is heard from the IOM for Time out duration
error occurred at the IOM when performing this ccemih
successful completion

low level IOM error

This function sends a message from a 503 layer@AN: network.

Note:

When the bus is in error state, error_code contamesof the following values:
¢ DQ_CAN503_ERR_WARN: warning, bus errors were detect
 DQ_CAN503_ERR_AE: Arbitration error, the messagsednd collided with a message
sent by another node.
e DQ_CAN503_ERR_BE: The number of bus errors is grethian 128, bus is now in

error state.

e DQ_CAN503 ERR_OR: Transmit FIFO overflowed.

4.31.4 DgAdv503SetConfig

Syntax:
int DgAdv503SetConfig(int hd, int devn, int sending , uint32
config)
Input:
int hd Handle to the IOM received froBgOpenlOM()
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int devn Layer inside the IOM
int sending TRUEfor the sending subsystefALSE for the receiving
subsystem
uint32 config configuration flags
Output:
None
Return:
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't dgtahed
DQ_BAD_DEVN device indicated bgevn does not exist or is not a CAN-503
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccemih
DQ_SUCCESS successful completion
Other negative values low level IOM error
Description:
This function sets the configuration options f&G3 layer.
Note:

4.31.5 DgAdv503SetFilter

Syntax:
int DgAdv503SetFilter(int hd, int devn, int channel , int flags,
int filter_size, uint32* filter)
Input:
int hd Handle to the IOM received fromgOpenIOM()
int devn Layer inside the IOM
int channel Channel number 0..3
int flags reserved
int filter_size number of filter pairs in filter
uint32* filter list of filter pairs, 32 pairs max
Output:
None
Return:
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't égtahed
DQ_BAD_DEVN device indicated bgevn does not exist or is not a CAN-503
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccemih
DQ_SUCCESS successful completion
Other negative values low level IOM error
Description:

This function sets a message id filter for a chhoha CAN-503 layer.

The filter is comprised of pairs of message id galurhe pairs represent the start and end id
values that the filter will pass. For example fitier: { 0x02, 0x04, 0x10, 0x10, 0x100, 102 } Wi
allow messages with ids 0x02, 0x03, 0x04, 0x1000xDx101 and 0x102 and reject all others
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Calling this function with dilter_size of zero will clear any previous filter and allow
all messages to pass.

Note:
4.31.6 DgAdv503SetMode
Syntax:
int DgAdv503SetMode(int hd, int devn, int chnl, uin t32 cmd,
uint8 *value)
Input:
int hd Handle to the IOM received fromgOpenlOM()
int devn Layer inside the IOM
int chnl Channel to configure
uint32 cmd what parameter to set
uint8 *value value depending oomd parameter
if cmd isDQL_IOCTL503_SET_MASKvalue is 8-byte
buffer containing 4-byte accept code and 4-bytepicmask
if cmd isDQL_IOCTL503_SET_RATE value is two bytes
for rate; byte 0 is BTRO and byte 1 is BTR1
if cmd isDQL_IOCTL503_SET_OPER_MODHalue is one
byte mode value
if cmd isDQL_IOCTL503_SETTXDNDralue is one uint32
coded over 4 bytes
if cmd isDQL_IOCTL503_SETFFRQSTvalue is one uint32
coded over 4 bytes
if cmd isDQL_IOCTL503_SETERRHDIlvalue is one uint32
coded over 4 bytes
Output:
None
Return:

DQ_NO_MEMORY
DQ_ILLEGAL_HANDLE
DQ_BAD_DEVN
DQ_SEND_ERROR
DQ_TIMEOUT_ERROR
DQ_IOM_ERROR
DQ_SUCCESS

error allocating buffer

illegal IOM Descriptor or communication wasn't dgtahed
device indicated bgevn does not exist or is not a CAN-503
unable to send the Command to IOM

nothing is heard from the IOM for Time out duration

error occurred at the IOM when performing this ccanich
successful completion
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Other negative values low level IOM error

Description:

This function sets the communication mode for a B§8r.

The following parameters are defined for cmd:

#define DQL_IOCTL503_SET_MASK  (0x1) // setth e ID accept mask and accept code
#define DQL_IOCTL503_SET_RATE  (0x2) // setth e communication bitrate

#define DQL_IOCTL503_SET_OPER_MODE (0x3) // setth e channel mode, normal or passive
#define DQL_IOCTL503_SETTXWM (0x4) /I sets t he TX watermark

#define DQL_IOCTL503_SETRXWM (Ox5) // sets't he RX watermark

#define DQL_IOCTL503_SETTXDND  (0x6) // sets T X do-not-disturb

#define DQL_IOCTL503_SETFFRQST  (0x7) // setsn umber of secondary FIFO

processings per second

Note:

#define DQL_IOCTL503_SETERRHDL  (0x8) // setse rror interrupt handling

Acceptance mask and filtersare configured using two uint32:

uint32 modeparams(2];

code = 0x00000000;
mask = OXFFFFFFFF;

modeparams[0] = htonl(code);
modeparams [1] = htonl(mask);

DgAdv503SetMode(hd,devn,chnl,DQL_IOCTL503_SET_MASK, (uint8*)modeparams)

The acceptance mask defines the bits that areargl€® is relevant, 1 is not)

for comparison with the acceptance code.

The way you pack the bits in the mask and coderdtpen whether the CAN
interface is configured in Basic or Extended moalé @lso on whether you want
to filter incoming frames that use 11-bit IDs aarfres that use 29-bit IDs.

The algorithm for defining the acceptance coderaadk is described in the
document at http://www.nxp.com/acrobat_downloadiapfionnotes/
AN97076.pdf, starting at page 19.

Example 1, 11-bit filtering:

The following shows how to make a common filter con figuration that
rejects 0x241, 0x514, and Ox4E1 and accepts 0x541 a nd 0x641.
0x241 010 0100 0001 ; lay out the bits to reject, ¢ onvert hex to
; binary

0x514 101 0001 0100

O0x4E1 100 1110 0001 ; lay out the bits to accept

0x541 101 0100 0001

0x641 110 0100 0001

Now shift the groupings left by one place and pad w ith 21 x’s on the
right (to make it a full 32-bit word).

reject 0100 1000 001X XXXX XXXX XXXX XXXX XXXX

“1010 0010 100x XXXX XXXX XXXX XXXX XXXX

“1001 1100 001X XXXX XXXX XXXX XXXX XXXX

accept 1010 1000 001X XXXX XXXX XXXX XXXX XXXX
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“ 1100 1000 001X XXXX XXXX XXXX XXXX XXXX
‘row a’: IXX0 100X OXLX XXXX XXXX XXXX XXXX XXXX
; for each column, if both accept bits are th
; and at least one reject bit is different,
; then copy the accept bit, otherwise make it
1000 1000 0010 0000 0000 0000 0000 0000 ; make code
: make all x's be zero
88200000; convert binary to hex,
; the acceptance code = 0x88200000
0110 0001 0101 111111111111 1111 1111 ; make mask
p‘row a’
: has an x. The others become zero.
6 15FFFF F; convert binary to hex
; the acceptance mask = Ox615FFFFF

Example 2, 29-bit filtering:

In this example, you want to receive messages with
18FEF100 and 0CF00400 and receive as few other mess
Ox18FEEEO0O0 1 1000 1111 11101110 1110 0000 0000 ;la
0x18FEF100 1 1000 1111 1110 1111 0001 0000 0000 ; “
0xOCF00400 0 1100 1111 0000 0000 0100 0000 0000 ; “
1100 0111 1111 0111 0111 0000 0000 Oxxx ; shift gro
;3X’s

11000111 1111 0111 1000 1000 0000 Oxxx ; “

0110 0111 1000 0000 0010 0000 0000 Oxxx ; “

x1x0 0111 1xxx 0xxx xxxx X000 0000 Oxxx ; find what

; else x

0100 0111 1000 0000 0000 0000 0000 0000 ; make code
i X's->0

47800000 ; convert code to hex

;code is 0x47800000

1010 0000 0111 0111 1111 1000 0000 0111 ; make mask
relse 0

A077F807; convert mask to hex

: mask is OxA077F807

€ same

X
: copy ‘row @’ and

i put a 1 where

ID’s 18FEEEO0O,

ages as possible.

y out the bits

upings left, pad

's common to all

, take common,

, X's become 1's,

Custom bit rate is configured using two bytd3TRO andBTR1. The NXP SJA-1000
datasheet describes how to calculate the propeeVat those two registers.

Channel operating modeis configured using one byte. Set it to 0 for narmode or 1 for
passive mode (port works in receive only mode wittexknowledging CAN frames)

Transmit do not disturb delay adds a delay between the transmission of outgoiy
frames. It is configured using one uint32 valuee ftdlowing formula to convert delay in

microseconds:
txdonotdisturb = htonl(my_delay_us*(DQ_L503_BASHEID000)-1);

Secondary RX FIFO rate specifies how often the logic process data sititindpe secondary
RX FIFO. Itis configured using one uint32 valuetthpecifies the processing rate in Hz:
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rxfiforate = htonl(my_rate_in_hz)

Inhibit error handling is configured using one uint32 value:
DQ_L503_ALERR_INHIBIT: inhibit handling of arbitrein lost error

DQ_L503 BEERR_INHIBIT: inhibit handling of bus erro

DQ_L503 RST_ON_ERRPAS: reset and reenable contmfierror passive
DQ_L503 RST_ON_BUSOFF: reset and reenable SJIATG0 ok itself off the bus

4.31.7 DgAdv503SetChannelCfg

Syntax:
int DgAdv503SetChannelCfg(int hd, int devn, int chn |, uint32
config)
Input:
int hd Handle to the IOM received fromgOpenlOM()
int devn Layer inside the IOM
int chnl Channel to configure
uint32 config Configuration flags
Output:
None
Return:
DQ_NO_MEMORY error allocating buffer
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't égtahed
DQ_BAD_DEVN device indicated bgevn does not exist or is not a CAN-503

DQ_BAD_PARAMETER cmdis not one of th®QL_IOCTL503_SET constants, or
value is NULL

DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccemih
DQ_SUCCESS successful completion
Other negative values low level IOM error

Description:

Note:

Sets the configuration options for a 503 layer

Configuration flags are assembled as follow:
RATE | OPERATING_MODE | PORT_MODE

Available rates are:
DQ_CAN503_RATE_10K
DQ_CAN503_RATE_20K
DQ_CAN503_RATE_50K
DQ_CAN503_RATE_100K
DQ_CAN503_RATE_125K
DQ_CAN503_RATE_250K
DQ_CAN503_RATE_500K
DQ_CAN503_RATE_800K
DQ_CAN503_RATE_1M

Available operating modes:
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DQ_CAN503_OPER_NORMANormal mode (CAN port acknowledges incoming frames
DQ_CAN503_OPER_LISTEN:Listen only passive mode (no acknowledgementadnning frames)

Available port modes:

DQ_CAN503_MODE_BASIC:CAN 2.0a — basic CAN (11 bit identifier)
DQ_CAN503_MODE_XTENDCAN 2.0b — extended CAN (29 bit identifier)

4.31.8 DgAdv503SetWatermark

Syntax:
int DgAdv503SetWatermark(int hd, int devn, int chnl , uint32
rx_or_tx, uint32 messages)
Command:
DQE
Input:
int hd handle to the IOM received froBgOpenlOM()
int devn layer inside the IOM
int chnl device channel
uint32 rx_or_tx watermark fifo direction
uint32 messages watermark position
Output:
None.
Return:
DQ_NO_MEMORY error allocating buffer
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't dstahed
DQ_BAD_DEVN device indicated bgevn does not exist or is not a SL-503
DQ_BAD_PARAMETER invalid
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccemih
DQ_SUCCESS successful completion
Other negative values low level IOM error
Description:

Allows user configuration of internal TX and RX FRvatermarks to better control dataflow
from the IOM.
Note:

Parameter dir is DQL_IOCTL503_SETTXWM or DQL_IOCTR% SETRXWM and defaults
to 1 and 0O as default.

4.31.9 DgAdv503ResetChannel

Syntax:
int DgAdv503ResetChannel(int hd, int devn, int chan nel)
Input:
int hd Handle to the IOM received fromgOpenlOM()
int devn Layer inside the IOM
int channel Channel to reset
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Output:
None
Return:
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't dgtahed
DQ_BAD_DEVN device indicated bgevn does not exist or is not a CAN-503
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccemih
DQ_SUCCESS successful completion
Other negative values low level IOM error
Description:
This function resets SJA-1000 chip associated thighspecified channel.
Note:
None

4.31.10 DgAdv503ParseVmapMsg

Syntax:
int DgAdv503ParseVmapMsg(uint32 mode, uint8* rx, ui nt32* tstamp,
uint32* identifier, uint8 *buf, int *len)
Input:
uint32 mode Current mode of CAN port (same flags passed to
DgAdv503SetChannelCfg()
uint8* rx Received 16-bytes message (from VMap buffer)
Output:
uint32* tstamp Message timestamp in 10us resolution
uint32* identifier CAN frame ID
uint8 *buf CAN frame payload (up to 8 bytes)
int *len Number of bytes stored in payload buffer
Return:
The number of bytes parsed in the RX buffer
Description:

This function converts CAN message from the 16-lpgiemessage hardware representation to
frame ID,payload and timestamp.
Note:

This is a helper function to use the CAN-503 lapeVMAP mode.

4.31.11 DgAdv503MakeVmapMsg

Syntax:
int DgAdv503MakeVmapMsg(uint32 mode, uint32 identif ier, uint8*
buf, int len, uint8* tx)
Input:
uint32 mode Current mode of CAN port (same flags passed to
DgAdv503SetChannelCfg()
uint32 identifier CAN frame ID
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uint8 *buf

int len
Output:

uint8* tx
Return:

CAN frame payload (up to 8 bytes)
Number of bytes stored in payload buffer

Buffer formatted for transmission

The number of bytes stored in the TX buffer

Description:

This function formats a CAN message from from frdend payload to 16-byte per message
hardware representation.

Note:

This is a helper function to use the CAN-503 lapeVMAP mode.

4.31.12

Syntax:

int  DAQLIB DgAdv503ConfigEvents( int hd,
event503_t event, uint32* param)

Command:

DgAdv503ConfigEvents

int devn, int channel, int flags,

Specify what asynchronous notification events usseits to receive from the layer

Input

int handle Handle to the IOM received froBgOpenlOM()
int devn Device number

int channel Channel

int flags Behavior modification flags

event503_t event Event type

uint32* param

Additional parameters depends on tetype

Output

None

Returns

DQ_NO_MEMORY

error allocating buffer

DQ_ILLEGAL_HANDLE

illegal IOM Descriptor or communication wasn't dstahed

DQ_BAD_DEVN

device indicated bgevn does not exist or is not CAN-503

DQ_BAD_PARAMETER

Configuration parameters are incorrect

DQ_SEND_ERROR

unable to send the Command to IOM

DQ_TIMEOUT_ERROR

nothing is heard from the IOM for Time out duration

DQ_IOM_ERROR

error occurred at the IOM when performing this cogmnich

DQ_SUCCESS

successful completion

Other negative values

low level IOM error

Description

This function sets up events and their parametaishapprogram firmware to send asynchronous event

notification packet upon reaching certain condiion
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event503_t event data is defined as:

/I Event data for 501 layer
typedef  struct {

uint32 chan; /I channel information
uint32 evtype; /I type of the event
uint32 tstamp; /I timestamp of event
uint32 size; /I size of the following data in bytes
uint32 avail; /I number of messages available
/I (including j ust sent messages)
uint8 datal]; /I data to follow (one character takes one byte)

} EV503_ID, *pEV503_ID;
When this event happens the firmware sends baekleep of the following structure:

/* DQCMD_EVENT structure */
typedef  struct {

uint8 dev; /l device

uint8 ss; /I subsystem

uintlé size; // data size

uint32 event; /I event type or command and additional flags
uint8 data[]; /I data

} DQEVENT, *pDQEVENT;

<size> field contains sizeof(EV503_ID)+length.
<event> contains the type of the event, e.g. in¢thse EV503_IN_FIFO.
<data[]> if DQEVENT contains EV503_ID flexible stture:

Please notice that while DQEVENT is properly hadddg DgqCmdReceiveEvent()  in terms of
converting data fields from big endian (networkadapresentation) to little endian if used wittelnt
based host computer while EV503_ID needs to beerted by the user with the following code:

/I shuffle bytes big endian->little endian in place
void ntoh_pEv503(pEV503_ID pEV503) {
uint32 i;

pEV503->chan = ntohl(pEv503->chan);

pEV503->evtype = ntohl(pEv503->evtype);

pEV503->size = ntohl(pEv503->size);

pEV503->tstamp = ntohl(pEv503->tstamp);
for (i=0;i< pEv503->size/ sizeof (uint8); i++)
pEv503->datali] = (pEv503->datali]);
return ;

}
The following event types are defined:

typedef  enum{

EV503_CLEAR = 0x1000, /I clear all events
EV503_RX_PERIODIC = 0x101, /I periodic event
/I FIFO events
EV503_IN_FIFO, /I input FIFO above watermark (data included)
EV503_OUT_FIFO, /Il output FIFO below watermark
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/I Bus errors

EV503_ERROR_BUS, /I bus or protocol errors
EV503_ERROR_WARNING, /I bus warning level has been reached
EV503_ERROR_PASSIVE, /I bus in passive state
EV503_ERROR_BUSOFF, /I chip is tagken off the bus
/I Firmware errors
EV503_RX_OVERFLOW, /I RX FIFO overflow - cleared
EV503_RX_UNXP, /I unexpected RX error (most likely receiveing erro r
EV503_TX_UNXP /I unexpected TX error (most likely transmitting er ror)

} event503_t;

<flags> can contain the follwing bits:

#define DQEVENT_NOREPLY (1L<<31) // do not reply to this event
#define DQEVENT_ONCE (1L<<30) /I fire event only once
#define DQEVENT_NOSTORE (1L<<29) /I do not store UDP port to

generate events

If DQEVENT_NOREPLNIt is set a function catbqgAdv503ConfigEvents() doesn’t wait for the answer
from the firmware on the success of this functiat. @his comes handy in the situation when user
wants to change event parameter (e.g. watermaek) lem the fly to avoid increase in the network
traffic.

If DQEVENT_ONCEs send the firmare sends event packet only ondetemn event becomes disabled
until a next call tagAdv503ConfigEvents() re-enables it.

DQEVENT_NOSTORE required to tell firmware not to change thely@pDP port. For example, user can
create multiple UDP ports usimgiAddiOMPort()  to listen to incoming events on the different port
Thus, when the function called from the handle othan the handle event is expected upon this bit
need to be set. Do not set this bit for the firgktit is used.

To clear all events use the following call:

ret = DgAdv503ConfigEvents(a_handle, devn, channel, 0, EV503_CLEAR, NULL);

It clears all events that has previously been Iseigawith runtime variables and accumulated events.

EV503_RX_PERIODIC - event is sent evety time counter set up using 66itHebase base clock

expires:

ev_param[0] = DQ_LN_1s_TIMESTAMP; // frequency divi der

ev_param[1] = DQ_L503_RX_FIFO_MAXMSG; /I get all messages
DgAdv503ConfigEvents(handle, DEVN, channel, 0, EV50 3_RX_PERIODIC, ev_param)

This event takes two parameters to set up — adrexyudivider (in the above smippet one of the
timestamp constant is used for 1s timeout valud)tha number of the messages to receive upon
timeout. The minimum time between messages allde/éfus.

The event packet is sent when there is no actiritthe bus for the duration of the selected timeout
Since it is possible to set up timeout to overladware there is a mechanism in ISR routine that
disables any offending interrupts and sets a fleB§ $W_OVERLOAD in firmware status filed
STS_FW.

Each CAN message contains 16 bytes of data.

When event packet is sent the following data isesto
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pEv503->evtype = dobj->chnls[j].mode; // cutrehannel mode
pEv503->avail = in_fifo/DQ_L503_RX_FIFO_MSGSZ32// in messages
pEv503->size = messages*sizeof(uint32); umber of copied bytes
pEv503->chan = channel; // message channel

pEv503->tstamp = current_timestamp;

EV503_IN_FIFO - input FIFO above watermark. The watermark leveleitin messages:
ev_param[0] =1; // one message per event
DgAdv503ConfigEvents(handle, DEVN, channel, 0, EV50 3_IN_FIFO, ev_param)

The minimum number of messages is 1 and the maximumber is limited by the size of the Rx
FIFO and amount of data can be sent in one pabkgt (503_RX_FIFO_MAXMSG = = 90). If the
amount of data received in the FIFO exceeds watdrinzt cannot be sent in one packet multiple
packets will be sent back-to-back until the levettie FIFO drops below watermark.

EV503_OUT_FIFO - output FIFO below watermark. The event is semnupx FIFO half-empty and
empty interrupt.
pEV503->evtype = dobj->chnls[j].mode; // currehaonel mode
pEv503->avail = in_fifo; // free space in the THED, messages
pEV503->size = 0;
pEv503->chan = channle;
pEv503->tstamp = current_timestamp;

Upon an error interrupt received from CAN 2.0B RIsISJA1000 chip one of the following events can
be generated:

EV503_ERROR_BUS - bus or protocol errors.

EV503_ERROR_WARNING - bus warning level has been reached

EV503_ERROR_PASSIVE - bus in passive state

EV503_ERROR_BUSOFF - chip is taken off the bus

EV503_RX_UNXP - unexpected RX error (most likely receiveing error
If one of these events occurs the following infotiorais sent in the event packet:

data32[0] = (REC<<24)|(TEC<<16)|(ECC<<8)|(ALC)
data32[1] = (MCR<<16)|(IR<<8)|(SR));

REC is Rx Error Counter

TEC is Tx Error Counter

ECC is Error Code Capture (see section 6.4.9 ofl808 datasheet to decode at what part of the
message an error has accured)

ALC is Arbitration Lost Counter

MCR is SJA1000 Mode Control Register data

SR is SJA1000 Status Register

IR is SJA1000 Interrupt Register

EV503_RX_OVERFLOVDI EV503_TX_UNXP events are sent automatically upon processingreithe
EV503_RX_PERIODIC or EV503_IN_FIFO:

EV503_RX_OVERFLOW - RX FIFO overflow - cleared
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EV503_TX_UNXP - unexpected TX error (most likely transmittingajr

Data sent:
pEV503->evtype = isr;
pEvV503->avail = in_fifo;
pEV503->size = 0;
pEv503->chan = chan;
pEv503->tstamp = current_timestamp;

Since the FIFO is not corrupted upon overflow (O size is 1024 uint32s and each message takes
four uint32 words) it is not cleared and status SHW adds STS_FW_BUF_OVER flag. New
messages are not accepted into the FIFO untilret@res messages from it to clear up the space.

CAN messages in FIFO are stored in SJA1000 dataafoand needs to be decoded as follows:

/I Function to convert basic CAN messages from the
I
int DgAdv503BasicRxEventConvert(uint8* message, uint32
int *len) {
int i, msglen, val, tid;

uint8* rx = message;

uint32* rx32 = (uint32*)message;

tid = 0;

*tstamp = (rx32[0]>>8);

/I get second byte with msglen + RF flag + couple i
val = rx[4];
msglen = min(CAN_LEN(val), 8);

/I get first byte with identifier
tid = val >> 5;
tid |=rx[3] << 3; Il upper

/I copy msglen bytes

for (i=0;i<msglen;i++){
val = rx[i+5];

buf[i] = val;

}

*pktid = tid;
*len = msglen;

/I return identifier
I return length

return DQ_SUCCESS;
}

I
/I Function to convert Pelican read from the event
int DgAdv503PelicanRxEventConvert(uint8* message, uint
int *len) {
int i, msglen, val, tid, ofs;
uint8* rx = message;
uint32* rx32 = (uint32*)message;

/I Get timestamp first
*tstamp = (rx32[0]>>8);
val = rx[3]; /I HDRO

msglen = CAN_LEN(val); /I mask off length 0xOf;
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tid = 0;
if (CAN_EFF(val)) { /1 29 bits
tid [= (rx[4] & Oxff) << 21;
tid |= (rx[5] & Oxff) << 13;
tid |= (rx[6] & Ox(ff) << 5;
tid |= (rx[7] & Oxf8) >> 3;
ofs = 8;

} else { /I 11 bits
tid |= (rx[4] & 0xff) << 3;
tid |= (rx[5] & Oxe0) >> 5;
ofs = 6;

if (msglen > 8) {
msglen = 8;

for (i=0;i<msglen;i++){
val = rx[i+ofs];
buf[i] = val;

}

*pktid = tid;
*len = msglen;

/I return identifier
/' return length

return DQ_SUCCESS;

4.32DNA-SL-504 layer

4.32.1
Syntax:

DgAdv504Enable

int DgAdv504Enable(int hd, int devn, int enable_mas k)

Input:
int hd
int devn
int enable_mask
Output:
None
Return:
DQ_ILLEGAL_HANDLE
DQ_BAD_DEVN
DQ_SEND_ERROR
DQ_TIMEOUT_ERROR
DQ_IOM_ERROR
DQ_SUCCESS
Other negative values
Description:

Handle to the IOM received fromgOpenlOM()
Layer inside the IOM
“1” in the channel position bit to enable, “0” tesdble

illegal IOM Descriptor or communication wasn't ddtahed
device indicated bgevn does not exist or is not a SL-504
unable to send the Command to IOM
nothing is heard from the IOM for Time out duration
error occurred at the IOM when performing this ccemih
successful completion

low level IOM error

Starts/Stops requested channels on the SL-504.

Note:
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For example to enable channels 1 and 3 use enadd m(1<<1)|(1<<3)

4.32.2 DgAdv504GetStatus

Syntax:
int DAQLIB DgAdv504GetStatus( int hd, int devn, int chan_mask,
pSL504_INT_STAT status)

Input:
int hd Handle to the IOM received fromgOpenlOM()
int devn Layer inside the IOM
int chan_mask Channel mask to specify which channels to includgtatus
request
22&524_|NT_STAT Pointer to the structure to store status/statigtitsmation
Output:
None
Return:
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't dgtahed
DQ_BAD_DEVN device indicated bgevn does not exist or is not a SL-504
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccanich
DQ_SUCCESS successful completion
Other negative values low level IOM error
Description:
Requests status and accumulated statistics fros08L-
Note:

For example to request status from channels 1 argg 8han_mask = (1<<1)|(1<<3)

4.32.3 DgAdv504SetConfig

Syntax:
int DAQLIB DgAdv504SetConfig( int hd, int devn, int channel, pSL504_SETCFG
pCfg)
Input:
int hd Handle to the IOM received frodgOpenlOM()
int devn Layer inside the IOM
int channel Channel to set configuration for
PSL504_SETCFG Pointer to the configuration structure
Output:
None
Return:
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DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't égtahed

DQ_BAD_DEVN device indicated bgevn does not exist or is not a SL-504
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccemih
DQ_SUCCESS successful completion
Other negative values low level IOM error

Description:

Set channel configuration for SL-504

SL504_SETCFGis defined as follows:

typedef  struct {

uint32 protocol; /I protocol used: HDLC/sync/async/flags
uint32 modeflags; /I additional flags for mode selection
uint32 physical; /I physical interface RS-232/422/485
/I fill the following section for HDLC or RawSync m odes
uint32 hdic_flags; /I additional synchronous mode flags
uint32 hdlc_encod; /I encoding type - NRZ, MII, etc.
uint32 hdlc_baud; /I RxC or TxC clock rate in baud
uint32 hdlc_clk_src; /I Which clock to synchronize Tx from
uint32 hdlc_crc_mode; /I None, CRC-16/32/CCITT, user-supplied or automati c
uint32 hdlc_flt_mode; Il Filter type
uint32 hdlic_filter; /I HDLC address filter value (8 bits)
uint32 hdlc_preamble; /I preamble
uint32 hdlc_prmbl_sz; /I size of preamble
uint32 hdlc_idle_ch; /l'idle character (default OX7E)
/I fill the following section for asynchronous mode
uint32 async_baud; /I baud rate
uint32 async_char_sz; 11'5 to 8 bits before parity bit, 9th bit is after parity
uint32 async_start; /I number of start bits (=0 is default means 1 bit)
uint32 async_stop; /I number of stop bits (=0 is default means 1 bit)
uint32 async_parity; /I parity used
uint32 async_msglen; /I watermark level defines message lenght
uint32 async_tout; /I timeout forces to transmit everything accumulate d (in ms)

} SL504_SETCFG, *pSL504_SETCFG;

This structure is used for all modes of operatiteiaonly a part of it is valid for each mode.
For HDLC mode:

<protocol> can be selected from:
/I <protocol>

#define  SL504_PROT_HDLC 1 /I HDLC protocol support
#define SL504_PROT_ASYNC 2 /I Asycnrhonous mode (character-based)
#define  SL504_PROT_SYNC 3 /I <reserved> Bit-synchronous, external sync, no fr aming or

synchronization
#define  SL504_PROT_ISOCHRONOUS 4 [/ <reserved> isochronous mode

#define SL504_PROT_NINEBIT 5 Il <reserved> 9th bit address mode
#define SL504_PROT_RESVO 6 Il <reserved>

#define SL504_PROT_BIMONOSYNC 7 /I <reserved> monosync or bisync mode
#define  SL504_PROT_T_BISYNC 8 /I <reserved> transparent bisync mode

#define SL504_PROT_S_MONOSYNC 10 // <reserved> slaved monosync mode
Only two protocols are currently implemented:
sLs04_PROT_HDLC— WOrks with HDLC and SDLC protocol
sLs04_PROT_AsYNC —works with asynchronous protocol

Once protocol is selected there are a few protowalifiers for HDLC mode:

-374 -



PowerDNA API| Reference Manual, Release 4.10

<modeflags>

#define  SL504_HDLC_LOOP (1L<<0) /I <reserved> HDLC loop mode
#define  SL504_USE_CTS (1L<<4) /I CTS input controls transmission
#define  SL504_USE_DCD (1L<<5) /I DCD enables receiver

#define  SL504_INHIBIT_TX (1L<<6) /I Do not enable transmitter
#define  SL504_INHIBIT_RX (1L<<7) /I Do not enable receiver

SL-504 layer has two inputs per channel: one is @fdthe second one is DCD. By selecting bits 4
and 5 user gives control over transmission enab{&mS input and/or for receiver enable to DCD line.
User can also force transmitter and/or receiver diisabled state if appropriate flags are addebeo
<modeflags> word.

<physical> applies to all modes of operation ardcse the physical interface SL-504 board uses to
communicate with other devices.

#define  SL504_PHY_RS232 1 /I RS-232 up to 230k baud
#define  SL504_PHY_RS485 2 /I RS-485 up to 4Mbit
#define SL504_PHY_RS422 3 /I RS-422 multidrop
#define SL504_PHY_V35 4 /I balanced current data and clock and
Il unbalanced v oltage DCD and CTS
#define SL504_PHY_TERM 0x40 /I enable termination in RS-485 and RS-422 modes
#define SL504_PHY_LOOP 0x80 /I enable loopback in the selected mode
#define  SL504_PHY_NOECHO 0x100 1l suppress echo in RS-422/423 modes

<sL504_PHY_TERM>€enables termination on RS-485 or RS-422 bus

<sL504_PHY_LoOP>Set transceiver chip into loopback mode so afignaitted data is received by the
receiver without a need of external dongle

<sL504_PHY_NOEcHO#S used to disable receiver in RS-422 mode whélesmitter transmits data on the
bus. Since this feature is implemented in the st only works without queuing of transmit
packets, thus the depth of the transmit DMA FIF©dpees one frame.

<hdlc_flags> define how to handle HDLC protocol

#define  SL504_HDLC_ABORT_7 (0L<<0) /I send 0x7f as an abort symbol
#define SL504_HDLC_ABORT_15 (1L<<0) /I send Ox7fff as an abort symbol
#define  SL504_HDLC_FINISH_UNDER (2L<<0) /'in underrun condition close the
/I fram e by adding CRC to it
#define  SL504_HDLC_FLAGS_UNDER (3L<<0) /'in underrun condition start sending flags

#define SL504_HDLC_SHARED_ZEROES (1L<<6) /I send idle flags with shared zeroes

<hdlc_encod> selects what type of encoding is uslked.most popular type of encoding is NRZ, other
types of encodings are rarely used.

#define SL504_HDLC_NRZ (0L<<0) /I NRZ encoding

#define SL504_HDLC_NRZB (1L<<0) Il inverted NRZ encoding

#define  SL504_HDLC_NRZI (2L<<0) /I NRZI encoding

#define  SL504_HDLC_NRZI_MARK  (3L<<0) /I NRZI encoding, invert state for 1
#define SL504_HDLC_NRZI_SPACE (4L<<0) /I NRZI encoding, invert state for O
#define SL504_HDLC_BIPHASE_MARK (5L<<0) /I biphase encoding, used with DPLL
#define SL504_HDLC_BIPHASE_SPACE (6L<<0) /I biphase encoding, used with DPLL
#define SL504_HDLC_BIPHASE_LEVEL (7L<<0) /I biphase encoding, used with DPLL
#define SL504_HDLC_BIPHASE_DIFF (8L<<0) /I biphase encoding, used with DPLL

<hdlc_baud> used to select baud rate
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<hdlc_clk_src> defines where receiver and transmitceive clock from.

#define  SL504_HDLC_FLAG_RXC_RXCPIN (1L<<0) /I RxClk from RXC pin (default)
#define SL504_HDLC_FLAG_RXC_DPLL (2L<<0) /I RxClk from DPLL

#define  SL504_HDLC_FLAG_RXC_BRG (3L<<0) /I RxClk from BRGO

#define SL504_HDLC_FLAG_TXC_BRG (1L<<2) /I TxClk from BRGO (default)
#define SL504_HDLC_FLAG_TXC_DPLL (2L<<2) /I TxClk from DPLL

#define  SL504_HDLC_FLAG_TXC_RXCPIN (3L<<2) /I TxClk from RxC pin

#define  SL504_HDLC_FLAG_DPLL_DIV8 (1L<<4) /I DPLL divider 8

#define SL504_HDLC_FLAG_DPLL_DIV16 (2L<<4) /I DPLL divider 16

There are three main sources of the clock availaolboth transmitter and receiver. Both of them ca
be programmed to use any of these clocks.

<hdlc_crc_mode> defines CRC mode used with HDLGqua:

#define SL504_HDLC_CRC_NONE (0L<<0) /I CRC is not check neither for transmit
/I nor receive

#define  SL504_HDLC_CRC_USER (1L<<0) /I User is responsible for inserting and
/I chec king CRC

#define SL504_HDLC_CRC_16_CCITT (2L<<0) /1 16-bit CCITT CRC is used

#define SL504_HDLC_CRC_16 (3L<<0) /I 16-bit polynomial CRC is used
l

#define SL504_HDLC_CRC_32 (4L<<0) /1 32-bit Eth CRC is used

16-bit CCITT CRC uses (x"15+x"12+x"5+1) polynomial.

16-bit CRC uses (x"16+x"15+x"2+1) polynomial.

32-bit CRC uses (X"32+Xx"26+x"23+x"22+x"16 +X 1 2+KAEN10+XN8+XNT +XN5+XM+XN2+Xx+1)
polynomial.

HDLC protocol allows filtering of the received patk by its
<hdlc_flt_mode> selects what type of filtering ®eu(selection of the type of filtering is appliceti

dependent)
#define SL504_HDLC_FLT_NONE (0L<<0) /I No filtering
#define SL504_HDLC_FLT_A_16 (1L<<0) /I +16 bits into RxFIFO if Addr
/I matc hes or B/C as 2 bytes
#define SL504_HDLC_FLT_A_24 (2L<<1) /I +24 bits into RxFIFO if Addr
/I matc hes or B/C as 3 bytes
#define SL504_HDLC_FLT_A_32 (6L<<1) /I +32 bits into RxFIFO if Addr
/I matc hes or B/C as 4 bytes
#define SL504_HDLC_FLT_EA LS  (7L<<1) /I Places bytes while LS==0,
/l then byte with LS==1 then 16 bits
/I as 2 bytes into RxFIFO if EA
/I matc hes or B/C
#define SL504_HDLC_FLT_EA 24  (3L<<1) /I Places 24 bits as 3 bytes
/l'into RXFIFO if EA matches or B/C
#define SL504_HDLC_FLT_EA MS  (11L<<1) /I Places bytes while MS==0, then byte
/I with MS==1 then 8 bits
I as 1 byte into RxFIFO if Ext Addr
/I matc hes or B/C
#define SL504_HDLC_FLT_EA_MS16 (15L<<1) /I Places bytes while MS==0,
/l then byte with MS==1 then 16 bits
/I as 2 bytes into RxFIFO if Ext Addr
/I matc hes or B/C

<hdlc_filter> field contains 8-bit filter addresalue if filtering is allowed in <hdlc_flt_mode>.

HDLC protocol can operate with different preamhbiges defined in <hdlc_prmbl_sz> if preamble is

selected in <hdlc_preamble> field.
#define SL504_HDLC_PRMBSZ_16  (0L<<0) /I 16-bit preamble is used
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#define SL504_HDLC_PRMBSZ_32  (1L<<0) /I 32-bit preamble is used
#define SL504_HDLC_PRMBSZ_64  (2L<<0) /I 64-bit preamble is used

HDLC preamble pattern is programmed in <hdlc_prdamEeld and can be one of the follows
allowed by the protocol. In most cases no preanshlsed.

#define SL504_HDLC_PRMB_NONE  (0L<<0) /I no preamble
#define SL504_HDLC_PRMB_ZERO  (1L<<0) /I all zeroes

#define SL504_HDLC_PRMB_ONE (2L<<0) /I all ones

#define SL504_HDLC_PRMB_FLAG  (3L<<0) /1 all flags

#define SL504_HDLC_PRMB_10 (4L<<0) /I alternating 1 and 0
#define SL504_HDLC_PRMB_01 (5L<<0) /I alternating 0 and 1

HDLC is different from many other protocols by tlaet that it continuously transmits idle characters
when there is no data to transmit. Idle characerhe selected from one of the follows:

#define SL504_HDLC_IDLE_FLAG  (0L<<0) /I continuous flags (0X7E)
#define SL504_HDLC_IDLE_ZERO  (1L<<0) /I continuous zeroes

#define SL504_HDLC_IDLE_ONE (2L<<0) /I continuous ones

#define SL504_HDLC_IDLE_MARK  (3L<<0) /l'idle chars are marks
#define SL504_HDLC_IDLE_SPACE (4L<<0) /'idle chars are spaces
#define SL504_HDLC_IDLE_MS (5L<<0) /I alternating Mark and Space
#define SL504_HDLC_IDLE_01 (6L<<0) /I alternating 0 and 1

Most implementation use flag (Ox7E) as an idle abtar.

When asynchronous mode is selected, HDLC relagdsfishould be zero and vice versa.

In asynchronous use the following fields to prograwde of operation:

<async_baud> - select baud rate (1200 through 22@Kkb

<async_char_sz> - select number of bits beforeyphiti (from 5 to 8), if 9 bit is selected it isserted
after parity bit. 9-bit asynchronous mode sometiomed in multi-drop protocols to distinguish

between device address and device data.

<async_start> - number of start bits (=0 is defendains 1 bit)
<async_stop> - number of stop bits (=0 is defawans 1 bit)

<async_parity> - selects whether to insert a péiitafter the data bits and

#define DQ_SL504_PARITY_NONE (0L<<0) /I none (parity field is not

/I popula ted)
#define DQ_SL504_PARITY_EVEN (1L<<0) /I =1 if sum of data bits is even
#define DQ_SL504_PARITY_ODD (2L<<0) /I =1 if sum of data bits is odd
#define DQ_SL504_PARITY_SPACE (3L<<0) /I always space (constant 0)
#define DQ_SL504_PARITY_MARK (4L<<0) /I always mark (constant 1)
Fields:

<async_msglen> - watermark level defines messaggHeand
<async_tout> - timeout forces to transmit everygreiscumulated (in ms) are reserved for messaging
and asynchronous event modes

Note:
For example to request status from channels 1 argg 8han_mask = (1<<1)|(1<<3)
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4.32.4 DgAdv504SendFrame

Syntax:
int DgAdv504SendFrame( int hd, int devn, int chnl, int flags, uint8 *data,
int size, int  *written, int *available)
Input:
int hd Handle to the IOM received fromgOpenlOM()
int devn Layer inside the IOM
int chnl Channel to send frame to
int flags Reserved
uint8* data Frame data to transmit
int size Size of the frame
int* written Number of characters written
int* available Number of frame entries still available on the card
Output:
None
Return:
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't égtahed
DQ_BAD_DEVN device indicated bgevn does not exist or is not a SL-504
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccemich
DQ_SUCCESS successful completion
Other negative values low level IOM error
Description:

Writes a frame of HDLC data to the card. If (sizewritten) then all data has been sent.

Note:

It might take multiple transactions on the Etheilmes to deliver the whole frame.

By default sixteen 4096 bytes frames are alloctdedach channel, for transmit and receive
separately.

4.32.5 DgAdv504SendMultFrames

Syntax:
int DgAdv504SendMultFrames( int hd, int devn, int chnl, int flags, int
n_frames, int *frm_size, uint8 *frm_data, int *written, int *available)

Input:

int hd Handle to the IOM received fromgOpenlOM()

int devn Layer inside the IOM

int chnl Channel to send frame to

int flags Reserved

int n_frames Number of frames in the buffer (16 max)

int* available Array of frame sizes

uint8 *frm_data Frame data to transmit

int *written Number of bytes written or O if layer is busy trasitting

int* available Number of frame entries still available on the card
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Output:
None
Return:
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't dgtahed
DQ_BAD_DEVN device indicated bgevn does not exist or is not a SL-504
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccemih
DQ_SUCCESS successful completion
Other negative values low level IOM error
Description:

Writes n_frames short frames of HDLC data to thel.ca'he frames need to be placed one after the
other in the frm_data array. The maximum numbdrashes is 16 and the total size of the frame data
cannot exceed 4062 bytes.

Note:

It might take multiple transactions on the Etheilmes to deliver the whole frame.

By default sixteen 4096 bytes frames are alloctdedach channel, for transmit and receive
separately.

4.32.6 DgAdv504RecvFrame

Syntax:
int DgAdv504RecvFrame( int hd, int devn, int chnl, int flags, uint8 *data,
int size, int *received, int *available, int *rsb)
Input:
int hd Handle to the IOM received fromgOpenlOM()
int devn Layer inside the IOM
int chnl Channel to receive frame from
int flags Reserved
uint8* data Pointer to array to store received data
int size Requested size of the frame (up to 4096). Resséarled.
int* written Number of characters received
int* available Number of frames with data available on the card
int* rsb Receive status block from the interface
Output:
None
Return:
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't égtahed
DQ_BAD_DEVN device indicated byevn does not exist or is not a SL-504
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccemih

DQ_FIFO_OVERFLOW the receive fifo has overflowed; receiver must émtarted
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DQ_SUCCESS successful completion
Other negative values low level IOM error
Description:

Reads a HDLC data frame from the SL-504.

RSB is a receive status block produced by Z16CEJWhen it stores frame into the memory. It is
similar but not identical to the RCSR register &alde via DgAdv504GetStatus() and corresponds to
this particular frame

Bit Name Description
11-9 RxResidue Number of bits in the last receivg® of the frame
0 = 8 bits
1 =1 bit
7 =7 bits
8 ShortF 1 = Received frame ended before addregsdtdield
5 RCCF Overflow 1 = RCC Residual value is not valid
3 CRCE 1 =CRC Error
2 Abort 1 = Rx Frame aborted
1 Rx Over 1 = Rx FIFO overflow
0 RCCO 1 = Rx FIFO is not empty
Note:

It might take multiple transactions on the Etheilmes to deliver the whole frame.
By default sixteen 4096 bytes frames are alloctdedach channel, for transmit and receive
separately.

4.32.7 DgAdv504RecvMultFrames

Syntax:
int DgAdv504RecvMultFrames(  int hd, int devn, int chnl, int flags,
int n_frames, int frm_data_sz, uint8* frm_data, int *rcvd_frames, int *frm_size,
int *rsb_arr, int *received, int *available)
Input:
int hd Handle to the IOM received fromqOpenlOM()
int devn Layer inside the IOM
int chnl Channel to send frame to
int flags Reserved
int n_frames Maximum number of frames (can not be > 16)
int frm_data_sz Size of allocated array to store data
uint8* frm_data Array of frame data to receive
int* rcvd_frames Number of frames received (16 max)
int* frm_size Array of frame sizes
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int* rsb_arr Array of receive status blocks
int* received Number of bytes received
int* available Number of frame entries still available on the card
Output:
None
Return:
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't dstahed
DQ_BAD_DEVN device indicated bgevn does not exist or is not a SL-504
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccemih
DQ_SUCCESS successful completion
Other negative values low level IOM error
Description:

Reads up to 16 frames of HDLC data from the cditge frames are placed one after the other in the
frm_data array. The function will read 16 framesframes, or frm_data_sz bytes; which ever comes
first.

RSB is a receive status block produced by Z16CEJWhen it stores frame into the memory. It is
similar but not identical to the RCSR register &alde via DgAdv504GetStatus() and corresponds to
this particular frame

Bit Name Description
11-9 RxResidue Number of bits in the last receivg@ of the frame
0 =8 hits
1 =1 bit
7 =7 bits
8 ShortF 1 = Received frame ended before addragsdtdield
5 RCCF Overflow 1 = RCC Residual value is not valid
3 CRCE 1 =CRC Error
2 Abort 1 = Rx Frame aborted
1 Rx Over 1 = Rx FIFO overflow
0 RCCO 1 = Rx FIFO is not empty
Note:

It might take multiple transactions on the Etheilmes to deliver the whole frame.
By default sixteen 4096 bytes frames are alloctdedach channel, for transmit and receive
separately.

4.32.8 DgAdv504SendMessage
Syntax:
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int DgAdv504SendMessage( int hd, int devn, int chnl, int flags, uint8 *data,

int size, int  *written, int *available)
Input:
int hd Handle to the IOM received fromgOpenIOM()
int devn Layer inside the IOM
int chnl Channel to send frame to
int flags Reserved
uint8* data Characters to transmit
int size Number of characters to send
int* written Number of characters sent
int* available Number free space available in transmit FIFO
Output:
None
Return:
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't égtahed
DQ_BAD_DEVN device indicated bgevn does not exist or is not a SL-504
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccanich
DQ_SUCCESS successful completion
Other negative values low level IOM error
Description:

Sends a number of characters from the SL-504 cthamasynchronous mode
Note:

Currently firmware doesn't take advantage of DMAgmamming in asynchronous mode and the
number of characters is limited by 32-bytes FIF£2 si

4.32.9 DgAdv504RecvMessage

Syntax:
int DgAdv504RecvMessage( int hd, int devn, int chnl, int flags, uint8 *data,
int size, int *received, int *available)
Input:
int hd Handle to the IOM received frodgOpenlOM()
int devn Layer inside the IOM
int chnl Channel to send frame to
int flags Reserved
uint8* data Array to store received data
int size Number of characters requested to read
int* received Number of characters returned
int* available Number free space available in receive FIFO
Output:
None
Return:
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DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't égtahed

DQ_BAD_DEVN device indicated bgevn does not exist or is not a SL-504
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccemih
DQ_SUCCESS successful completion
Other negative values low level IOM error

Description:

Receives a number of characters from the SL-504r@an asynchronous mode

Note:
Currently firmware doesn'’t take advantage of DMAgnamming in asynchronous mode and the
number of characters is limited by 32-bytes FIF£2 si

4.32.10 DgAdv504AbortTx
Syntax:

int DAQLIB DgAdv504AbortTx( int hd, int devn, int channel, uint32* status)

Input:
int hd Handle to the IOM received fromgOpenIOM()
int devn Layer inside the IOM
int channel Channel to abort transmission at
uint32* status Current value of TCSR status register
Output:
None
Return:
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't dstahed
DQ_BAD_DEVN device indicated bgevn does not exist or is not a SL-504
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccemih
DQ_SUCCESS successful completion
Other negative values low level IOM error
Description:

Abort transmission and return TX status. Clear®MIA buffers.

Note:
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4.33DNA-SL-514 Layer

4.33.1 DgAdv514Enable

Syntax:
int DgAdv514Enable(int hd, int devn, int channel_ma sk)
Input:
int hd Handle to the IOM received froBgOpenIOM()
int devn Layer inside the IOM
int channel_mask Bitmask of enabled channels:
“1" in the channel bit position to enable, “0” tisdble
Output:
None
Return:
DQ_NO_MEMORY error allocating memory buffer
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't dstahed
DQ_BAD_DEVN device indicated bgevn does not exist or is not a SL-514
DQ_BAD_PARAMETER configuration parameters are incorrect
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccemih
DQ_SUCCESS successful completion
Other negative values low level IOM error
Description:

Enables/disables SSI master/slave channels ol #8444 Each channel can be enabled or
disabled independently witthannel_mask .

Notes:
1. As an example, to enable channels 1 and 3chaenel_mask = (1<<1) | (1<<3);
or channel_mask = OxA
2. Master and slave ports are individually enabledisabled using thBgAdv514Config()
API.
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4.33.2 DgAdv514Config
Syntax:
int DAQLIB DgAdv514Config( int hd, int devn, int channel, pL514_CONFIG
config)
Input:
int hd Handle to the IOM received fromgOpenlOM()
int devn Layer inside the IOM
int channel Channel to set configuration for
pL514_CONFIG config Pointer to the configuration structure
Output:
None
Return:
DQ_NO_MEMORY error allocating memory buffer
DQ_ILLEGAL_HANDLE illegal IOM Descriptor or communication wasn't dgtahed
DQ_BAD_DEVN device indicated byevn does not exist or is not a SL-514
DQ_SEND_ERROR unable to send the Command to IOM
DQ_TIMEOUT_ERROR nothing is heard from the IOM for Time out duration
DQ_IOM_ERROR error occurred at the IOM when performing this ccemih
DQ_SUCCESS successful completion
Other negative values low level IOM error
Description:

Sets channel configu