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1. GENERAL INFORMATION

1.1 Introduction

The RT-DACA4/PCI is a multifunction analog and digitiming I/O board dedicated to real-time data
acquisition and control in the Windows 95/98/NT/Q0énvironment. The board uses a PCI bus and spport
real-time operations without introducing latencésised by the Windows default timing system. Thardbo
contains a XilinX FPGA chip that can be reprogrammed to introduceew functionality of digital
inputs/outputs without any hardware modification.

The default configuration of the FPGA chip accegigmals from incremental encoders and generates PWM
outputs, typical for mechatronic control applicaso

1.2 Specification
Analog section

Analog Inputs

Channels: 16 single-ended, multiplexed

Resolution: 12 bit

Input ranges: +10V, programmable gain (x1, x2, x4, x8, x16)
Conversion time: | 1.6us

Trigger: software, hardware

Reference voltage:| on-board

Analog Outputs

Channels: 4

Resolution: 12 bit

Output range: oV++10V, -10\-0V, £10V
Settling time: 6us (to 0.01%)

Reference voltage:| on-board

Digital section*(version 1.11)

Digital Input/ Output

Channels: 32 bi-directional, direction setting

Direction: bi-directional, direction is individuabftware
programmable

Input voltage: Vi =2.0+-3.6V, V, = - 0.5\+0.8V

Output voltage: ¥h = 2.4V (min), \p. = 0.4V (max)

Output current: 2mA+24mA per channel

Standard: LVTTL

Digital Timer/Counter

16 bit counter: 2 channels, counts external signal

32 bit timer: 2 channels, counts internal clockaig
(frequency depends on a current version of the
board)

Digital Signal Generator

Channels: 2

Resolution: 28 bits of the H state; 28-bits of thetate

Max frequency: 20 MHz

Duty cycle Software configurable
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PWM Outputs

Channels: 4

Resolution: 8/12 bits (software selected)

Base Frequency: programmaldepends on a current version [of
the board

Incremental encoders

Channels: 4

Output: 32 hit counter
Interrupts

PCl interrupt: INTA#

Interrupt sources: 2 external inputs, softwareetinarbitrary
change of state

Pulse width 25ns min.

generating COS
interrupt

PCI features
Supports PCI v2.2 compliant
Supports both version of PCI slots (3.3V and 5\ aan work with all computers equipped with PCldaus

"Digital section with the default FPGA chip configtipn

Software support:
The included Testing Software allows initial tests the board under Windows 95/98/NT/2000.
Advanced users can access all the functions obtia®d using the standard programming languages
supported with optionally include@LL library.
The board is compatible with the RT-CON real-tinev@opment toolbox distributed by INTECO. The
toolbox integrates input/output RT-DAC4/PCI boamapabilities to MATLAB/Simulink functionality
and creates an ideal design and application envieon.

Fig. 1 presents the block diagram of the RT-DACA4/®Gard. The board contains the analog input
multiplexer connected to 16 single-ended analogtighannels. Voltage ranges are defined from —10V0OV
(bipolar). The RT-DAC4/PCI board includes the w@fte-programmable gain amplifier that can be caméd
for the voltage gains 1,2,4,8,16 to accommodatelé®l and high level analoge input signals.

’ Connectors (digital 1/0) ‘

Digital /0, PWM, [
Encoders, AD Programmable 16 channels
Interrupts Converter < gain < MUX (A/D)
XILINX
FPGA
1 ChC
DIA —> ’
Converters Buffers
(D/A)
—> —»
PLX 4 Che
PCI Bridge
Range
H selection
PCI Bus

Fig. 1. General block diagram of the RT-DAC4/PCétub
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The board is equipped with 12-bit successive appratiton A/D converters that give the 5 mV resolatio
within input ranget10V. Finer resolution can be achieved by the gafinition using gain. The A/D conversion
time of the RT-DAC4/PCI board is equal to 16 This means that Troughoutput Rate is greatan HO0kSPS.

The board contains four 12-bits D/A converters @med to four analog output channels. All channals
be hardware configured to operate in the unipaldipolar mode. Each analog output channel canginto 10
mA.

There are 32 digital I/O lines at the RT-DAC4/P®@habd. Digital 1/0 lines are LVTTL compatible. The
direction of each digital /0 can be configuredagpely.

The default configuration of the RT-DAC4/PCI incasifour PWM outputs and four input channels of the
incremental encoders. The PWM outputs and encadptss turn the PC into a digital controller to lieed in
control of manipulators, servo systems, etc.

Two digital signal generators can be applied tcegate signals with an arbitrary duty cycle.

PCI interrupts are born in the interrupt generatitock. They come out from different sources: saftsy
timer, two external signals and change-of-stataigly two digital inputs.

Reprogramming the XILINX FPGA chip can change fims of the digital section of the board. The
interior of the FPGA chip is presented in Fig.2sie digital I/0O and interrupts, there are the FRGgc which
implements A/D and D/A control functions and thetibcontroller. The FPGA chip is connected to alivare
oscillator, which gives a high counting resoluti@ifferent versions of the board operate at diff¢feequencies
(typically 40 MHz).

The board is equipped with six 20-pin ribbon catdenectors. The detailed block diagram of the RT-
DACA4/PCI board (including connectors) is given éctsons 3 and 4.

+ 5

Digital /0 PWM Incremental Encoder: Signal Interrupt
Module Module Module Generators Block

xtint x 2

-

ncoder x 4

&

PWM x 4
Genx 2

{ D/NOx32 )

AD control & data

XILINX P

Handling

F PGA Module DJA control & data

E—

IA/D, D/A, CONVERTER$

Control Module

i

|

Fig. 2. The default structure of the Xilinx FPGAh

PLX BUS

The next section contains the basic informationessary to install and test the board. The
information and specification how to reprogram XX FPGA is not included in this guide. Please, teela
to RT-DAC4/PCI FPGA Programming Guide distributed by INTECO  separately.
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2. BOARD INSTALLATION

The RT-DAC4/PCI setup contains:
* RT-DAC4/PCI board,
e RT-DAC4/PCI Testing Software,
e 2ribbon cables,
+ RT-DAC4/PCIUser’'s Manual this manual,
« terminal wiring board (optional).

The RT-DAC4/PCI board contains sensitive electiienponents which can be easily damaged by
static electricity, therefore the board should bptkn its original anti-static packing until itiisstalled.
During installation the board should be handleceftdly only by the edges to avoid static electric
discharge.

To install the board:

» turn off the computer and remove the cover,

» find an empty 32-bit PCI slot and remove the mbtatket,

» check jumper settings for your configuration (seetisn 4),

» insert the RT-DAC4/PCI board into the expansion Btoly and evenly, then secure the board with the
bracket screw and install the cover,

e turn on the computer,

» install driver for the board (see section 3 or CIRIVER\readme*.txt),

e install the Testing Software or

« install RT-CON package,

» test the board.

3. DRIVER INSTALLATION

The driver for RTDAC4/PCI board has to be instalketause the board is of the PCI type. The way of
driver installation depends on operating systene tiker with administrator privileges must insth drivers
for Windows XP and Windows 7.

3.1 Installation

Administrator privileges are required for drivesiallation.

e  Start Windows XP/7
* System detectsew PCI device
e Select Next, then Display a list....
e Select Other Devices, then Next
* Select Have a disk, then Browse
e Select path CD:\driver\WinW7x86\RTDAC4_PCI9030.itifenOpen
*  SelectOK andNext,and Next
* SelectFinish
If Windows propose to restart the computer setexst

RT-DACA4/PCI - User’s manual page 6
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4. JUMPER SETTINGS

The RT-DACA4/PCI board is equipped with two jumpiensconfiguration setting. The board layout is
shown in Fig. 3.

CN3 CN5
|
I:I RT-DAC4 / PCI P4
JP1
CN2 XILINX || | SWZ
—
—
=
—
o T
o PLX SWi1 L1 L
CN4 CNE
[T | T 1T ]

Fig. 3. The layout of the RT-DAC4/PCI board

4.1 Output range selection — JP1

RT-DACA4/PCI is equipped with four analogue outphdmnels. The user can set the output range for all
channels. The JP1 jumper supports all channeld€Tgb

Table 1. D/A range selection

Pin 0+10V | -10+ 10V | -10+0V

1-2 closed X
3-4 closed
1-2 closed
4-5 closed
2-3 closed
4-5 closed

All others N/A

4.2 Dip switches for FPGA programming

The SW1 and SW2 switches allow a user to choosegraimming method of XILINX FPGAf you are
using the default XILINX FPGA configuration do not change the settings of these switchéBhe default
settings are defined as follows.

Dipswitch Settings Dipswitch Settings
SW1 SW2

SW1-1 close SW2 -1 Open

SW1-2 close SW2 -2 Open

SW1-3 close SW2 -3 Open

SW1-4 open SW2 -4 Open

RT-DACA4/PCI - User’s manual page 7
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5. CONNECTOR PIN ASSIGNMENTS

RT-DACA4/PCI is equipped with two 20-pin I/O conrmast CN1, CN2 accessible from the rear bracket, and
four 20-pin 1/0 connectors CN3, CN4, CN5 and CN@&tmnboard (see Fig. 3). Fig. 4 shows the pin assint
of each connector.

CNl AlO0 [ 10 02 | GNDA

All | 30 O4 GND A

A g Analog o w3228 | Sed
GND A - Analog Ground aa | 96 o10| onpaA

Al5 |110 O12| GNDA
A6 |130 O14| GNDA
A7 |150 ©O16| GNDA
A8 | 170 ©18 | GNDA
All9 | 190 ©20| GNDA

A0 [ 10 02 | GNDA
CN2 All1l | 30 O4 | GNDA

All12 | 50 O6 | GNDA
A/l - Analog Input AI13 | 70 O8 | GNDA
A/O - Analog Output Al14 | 90 O10| GNDA

AN15 [110 O12| GNDA
AOO0 |130 O14| GNDA
AO1 |150 O16| GNDA
AO2 |170 O18| GNDA
AO3 | 190 020| GNDA

CN3 DIOO [ 10 O2 | DIO1
DIO2 | 30 04 | DIO3

D I/O Digital Input/Output DI04 | 50 06 | DIOS
o DIO6 | 70 08 | DIO7

GND - Digital ground DIO8 | 90 O10| DIOQ

DI/010 | 110 O12| DIO11

D1/012 |130 O14| DI/O13

DI/O14 [150 O16| DI/O15
GND | 170 O18 | GND
+5V | 190 O20| +3.3V

CN4 DI/0O16 | 10 O2 D10 17

D1/0 18 30 04 D10 19

D I/O Digital Input/Output D020 38 8: bz
GND - Digital ground D024 | 90 010| DIO25

D1/026 |110 O12| DIO27

D1/028 |130 O14| DI/O29

D1/0O30 [150 O16| DI/O31
GND | 170 O18 | GND
+5V | 190 O20| +3.3V

CN5 PWMO 10 02

pwML | 30 O4

PWM2 | 50 O6

PWM and COUNTER WMz | 76 o8
outputs GENO 90 010 GND
GEN1 |110 O12| Alpins

Extint0  [130 014

Extintl [150 016

CNTO |170 018

CNT1 190 020

CN6 ENCO-A 10 02

ENCO-B 30 04

: ENC1-A 50 06

Encoder inputs ENG1-B | 70 o8
ENC2-A | 90 o10| GND
All pins

ENC2-B 110 012
ENC3-A 130 014
ENC3-B 150 016
Reserved 170 018
Reserved 190 020

Fig. 4. RT-DAC4/PCI I/O connectors

The further information included in section 5 canused by advanced users.
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6. REGISTER STRUCTURE AND FORMAT

Table 2 shows the offset of each registers anddhéol words relative to the I1/O base addreshefRT-
DACA4/PCI board.This information is necessary to configure RT-DAC4?PCIl board to serve ones own
system.

It is assumed that each offset in Table 2 resefviegtes in the 1/0 address space. Some functionsotio
require all of 32 information bits. In such a c#se most significant bitekave to be neglectedThe functionality
description given below corresponds only to meahingits. The convention applied is that the magh#icant
bit is denoted D31 and the least significant bit DO

The RT-DACA4/PCI access functions are defined inrtHacpcic file. This file contains the APl macro
definitions (see Table 2) and C API functions nefdrto the description of the board functions.

Notice: Thertdacpci.cfile is accessible after installation of the RT4&@olbox or installation ofresting
Software

In the examples of the next sections it is assuthatdtheBaseAddvariable is the base 1/0O space address
of the board. The RT-DAC4/PCI board is locatedhia VO address space of the microprocessor. Tisetoftin
vary because the PCI bus controller determinegitse automatically. The current base addresseobttard can
be detected byesting Softwarer by the MATLAB mex_baseaddreg$snction.

Table 2. 1/0 address space map

Byte offset Description
Decimal | Hexadecimal| API macro definition
Version management

0 00 XILINX bitstream version (read only)
RTDACPCI_BITSTREAM_VERSION
4 04 Number of digital signal generators, counters,

timers, PWM and encoders (read only)
RTDACPCI_NO_OF_CHANNELS

8 08 Application name (read only)
RTDACPCI_APPLICATION_NAME

Counter/timer

32 20 Counter index
RTDACPCI_COUNTER_IDX

36 24 Load a new counter value
RTDACPCI_COUNTER_LOAD

40 28 Counter value
RTDACPCI_COUNTER

44 2C Timer index
RTDACPCI_TIMER_IDX

48 30 Load a new timer value
RTDACPCI_TIMER_LOAD

52 34 Timer value
RTDACPCI_TIMER

Digital 1/0

64 40 Digital 1/0 directions of 16 least significan
digital I/O lines
RTDACPCI_DIG_IO_DIR_L

68 44 Digital 1/0 directions of 16 most significant
digital I/O lines
RTDACPCI_DIG 10 DIR_H

72 48 Digital input/output values of 16 least

significant digital /O lines
RTDACPCI_DIG_IO_VALUE_L

76 4C Digital input/output values of 16 most
significant digital /O lines
RTDACPCI_DIG_IO_VALUE_H

RT-DACA4/PCI - User’s manual page 9
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PWM

96 60 PWM index
RTDACPCI_PWM_IDX

100 64 PWM mode
RTDACPCI_PWM_MODE

104 68 PWM prescaler
RTDACPCI_PWM_PRESCALER

108 6C PWM channel width
RTDACPCI_PWM_WIDTH

Digital signal generators

112 70 Generator index
RTDACPCI_WAVE_IDX
116 74 Duration of the H state
RTDACPCI WAVE L
120 78 Duration of the L state
RTDACPCI WAVE H
Encoders
128 80 Encoder index
RTDACPCI_ENCODER_IDX
132 84 Reset encoder counters
RTDACPCI_RESET
136 88 Encoder counter

RTDACPCI_ENCODER

A/D conversion

160 A0 A/D channel and gain
RTDACPCI_AD_MUX

164 A4 A/D control signals (ADSTART, CS, RD)
RTDACPCI_AD_CONTROL

168 A8 Conversion result

RTDACPCI_AD_RESULT

D/A conversion

192 Co D/A control signals (LDAC, CS, Al, A0, WH
RTDACPCI_DA_CONTROL

196 C4 D/A channel
RTDACPCI_DA

Interrupts

224 EO Interrupt flags
RTDACPCI_INTR_FLAGS

228 E4 Interrupt status
RTDACPCI_INTR_STATUS

232 E8 Interrupt timer period
RTDACPCI_INTR_PERIOD

236 EC Change-of-state LSW mask
RTDACPCI_COS_MASK_L

240 FO Change-of-state MSW mask
RTDACPCI_COS_MASK_H

244 F4 Change-of-state “before” value
RTDACPCI_COS_BEFORE

248 F8 Change-of-state “after” value

RTDACPCI_COS_AFTER

6.1 Before using a C API functions

~

To use C API functions in a user applicationftiilowing statements have to be included at thérbeng of

the C-source file:

RT-DACA4/PCI - User's manual

page 10
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#define RTDAC_PCI_VERSION_API
#define RTDAC_PCI_COUNTER_API
#define RTDAC_PCI_TIMER_API
#define RTDAC_PCI_DIGITALDIRECTIONS_API
#define RTDAC_PCI_DIGITAL_IO_API
#define RTDAC_PCI_PWM_API

#define RTDAC_PCI_GENERATOR_API
#define RTDAC_PCI_ENCODER_API
#define RTDAC_PCI_AD_API

#define RTDAC_PCI_DA_API

#define RTDAC_PCI_INTR_API

#define RTDAC_PCI_FIFO_API

#define RTDAC_PCI_FREQM_API

/I For PLC API I/O access functions
#define _inp(A) ReadByte(A)
#define _inpw(A) ReadWord(A)
#define _inpd(A) ReadDWord(A)
#define _outp(A,B) WriteByte(A,B)
#define _outpw(A,B) WriteWord(A,B)
#define _outpd(A,B) WriteDWord(A,B)

#include "rtdacpci.c”

The statements define the macro definitions reduiog the rtdacpci.c file. The API functions are
implemented in the rtdacapi.c.

To be able to establish the communication with RieDAC/PCI board there are required functions to
access the 1/0 address space of the board. The goitation is performed by the functions from thexPL
library (the PIxApi631.dll file).

The RT-DAC/PCI functions are implemented in theadabi.dll library. For convenience also the
rtdacapi.lib and rtdacapi.h files are available.

The names of the I/o access functions are:

ReadByte(address) - read a single byte from theeaddocation
ReadWord(address) - read a single word from theegsddocation
ReadDWord(address) - read a double word from thieesd location
WriteByte(address,value) - writes a single bytaigab the address location
WriteWord(address,value) - writes a single worduredb the address location
WriteDWord(address,value) - writes a double worlligdo the address location

The following Visual Studio projects are given aamples:
e RT-DAC PCI Test - VS 2010 project of the test peogr
¢ Common/RTDAC_PCI_API_PLX_IO - VS 2010 project taldiuhe RTDACAPI.dII

6.2 Version management

The RT-DAC4/PCI board is equipped with XILINX FPGAIl functions of the board are implemented as
the FPGA project (except the PCI communication fiems). The FPGA logic can be easily changed and
tailored to the user requirements The bitstream version function (/O address aff@g enables one to
distinguish different logic versions (Table 2). TH® address offset equal to 4 allows one to readteat
number of digital signal generators, counter, tiffd/M and encoder channels.

For example, to read the number of available chanredating to: digital signal generators, counters

timers, PWM and encoders the following C-statemeatsbe executed:
NoOfChans = _inpd( BaseAddr ) & OXxFFFFF; // read no of channels
NoOfGenerators = (NoOfChans >> 16) & OxF;
NoOfCounters = (NoOfChans >> 12) & OxF;
NoOfTimers = (NoOfChans >> 8) & OxF;
NoOfPWM = (NoOfChans >> 4) & OxF;

RT-DACA4/PCI - User’s manual page 11
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NoOfEncoders = NoOfChans & OxF;

or the following API functions can be called:
NoOfGenerators = RtdacPCl_ReadNoOfGenerators( BaseAddr );
NoOfCounters = RtdacPCl_ReadNoOfCounters( BaseAddr );
NoOfTimers = RtdacPCl_ReadNoOfTimers( BaseAddr );
NoOfPWM = RtdacPCI_PWMNoOfChans( BaseAddr );
NoOfEncoders = RtdacPCl_ReadNoOfEncoders( BaseAddr ) ;

Version management functions

I/0 space byte offset: 0

Function: read version of FPGA bitstream.
Used bits: D15-DO
C API function name: RtdacPCI_BitstreamVersion

I/0 space byte offset: 4

Function: read number of: digital signal generstopunters, timers, PWM outputs and
encoders.
Used bits: D19-D16 — number of generators

D15-D12 — number of counters
D11-D8 — number of timers
D7-D4 — number of PWM outputs
D3-D0 — number of encoders

C API function name: RtdacPCl_ReadNoOfGenerators
RtdacPCl_ReadNoOfCounters
RtdacPCl_ReadNoOfTimers
RtdacPCl_PWMNoOfChans
RtdacPCl_ReadNoOfEncoders

I/0 space byte offset: 8

Function: read application name. Returns four-attars logic name.

Used bits: D31-DO

C API function name: RtdacPCIl_AppName

RT-DACA4/PCI - User’s manual page 12
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6.3 Counter/timer

RT-DACA4/PCI includes 32-bit timer and 16-bit chalsneounter. The channel timer counts pulses of the
internal board clock. The frequency of the clocket®ds on the board version (40 MHz is the defallie). The
channel counter counts external pulses.

To access the appropriate timer or counter thereianust be selected by setting an appropriatesvialu
the 1/O offset. The offset equal to 32 is usedcimunters, the offset 44 is used for timers. ThedffSet equal to
36 is used to reset counters. The 1/O offset etqudB is used to reset timers. The 1/O offset 40sed to read
current counter value. The I/O offset 52 is userttml current timer value.

For example, to reset timer 0 and start countinthefinternal clock impulses the following C-statmts
can be executed:
_outpd( BaseAddr +44,0); // selecttimer O
_outpd( BaseAddr + 48, 1); // reset current timer
_outpd( BaseAddr + 48, 0); // return to counting mode

TmrValue = _inpd( BaseAddr + 52 ); // read current timer value

or the following API functions can be called:
RtdacPCI_ResetTimer( BaseAddr, 0, 1); // reset timer 0
RtdacPCI_ResetTimer( BaseAddr, 0, 0); // set timer 0 to counting mode

TmrValue = RtdacPCI_ReadTimer( BaseAddr, 0 );

Counter/timer functions

I/0 space byte offset: 32
Function: read/write current counter number
Used bits: D3-DO0 — counter number
C API function name: RtdacPCl_ReadCounter

I/0 space byte offset: 36
Function: reset the counter value.
Used bits: DO —when equal to ‘0’ the counter ceunput impulses. When equal to ‘1’ the
current counter is set to zero.
C API function name: RtdacPCl_ReadCounter

I/0 space byte offset: 40
Function: reads the current counter value.
Used bits: D16-D0 — the counter value.
C API function name: RtdacPCl_ReadCounter

I/0 space byte offset: 44
Function: read/write the current timer number.
Used bits: D3-DO0 — the timer number.
C API function name: RtdacPCl_ReadTimer

I/0 space byte offset: 48
Function: reset the timer value.
Used bits: DO —when equal to ‘0’ the timer couhis input clock impulses. When equal to
‘1’ the current timer is set to zero.
C API function name: RtdacPCIl_ReadTimer

I/0 space byte offset: 52
Function: reads the current timer value.
Used bits: D31-DO0 — the timer value.
C API function name: RtdacPCIl_ReadTimer

RT-DACA4/PCI - User’s manual page 13
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6.4 Digital /0

The RT-DACA4/PCI board contains 32 digital inputfouttlines. The digital 1/0 lines are connectedhe D
I/00 — D 1/031 pins of the CN3 and CN4 connectors.

The direction of each line can be set separatdig. direction is determined by the value writtenhi® 1/0
offsets 64 and 68. The I/O offset 64 determinedditection of D 1/00 to D 1/015. The 1/O offset @@termines
the direction of D 1/016 to D I/031. When a bittbe direction control word is set to ‘0’ the appriage digital
line is configured as output. The value ‘1’ sets digital line as input.

The input lines can be read and output lines casdbeby the 1/0 offset 72 and 76. The I/O offset 72
determines the state of D 1/00 to D I/O15. The dff3et 68 determines the state of D 1/016 to D O3

For example, to set lines D I/0O0-D 1/015 as outmrd to set D 1/016 to D 1/031 as inputs, set atpat

lines to logic state ‘1’ and read all 16 inputs tbllowing C-statements can be executed:
_outpd( BaseAddr + 64, 0x0000 ); /I set directions of D /00 to D 1/015
_outpd( BaseAddr + 68, OxFFFF ); // set directions of D I/016 to D 1/0 31
_outpd( BaseAddr + 76, OxFFFF ); // set all outputs to ‘1’
Diglnp = _inpd( BaseAddr + 72 ) & OxFFFF; // read digital inputs

or the following API functions can be called:
RtdacPCI_WriteDiglOConfig( BaseAddr, OxFFFF0000 );
RtdacPCI_WriteDiglO( BaseAddr, OxFFFF0000 );
Diglnp = RtdacPCI_ReadDiglO( BaseAddr );

Digital I/O functions

I/0 space byte offset: 64

Function: read/write the directions of the D I/@0D I/0O15 digital 1/0 signals.

Used bits: D15-DO0 — define the directions of tliddast significant digital I/O lines. Each bit
defines the direction of the appropriate digitakliWhen set to ‘0’ the line works
as output, when set to ‘1’ the line is an input.

C API function name: RtdacPCI_WriteDiglOConfig
RtdacPCI_ReadDiglOConfig

I/0 space byte offset: 68

Function: read/write the directions of the D I/Gb@D 1/031 digital 1/0 signals.

Used bits: D15-D0 - define the directions of 16stsignificant digital 1/0 lines. Each bit
defines the direction of the appropriate digitakliWhen set to ‘0’ the line works
as output, when set to ‘1’ the line is input.

C API function name: RtdacPCl_WriteDiglOConfig
RtdacPCI_ReadDiglOConfig

I/0 space byte offset: 72
Function: read/write the state of the D 1/0O0 t&/O15 digital I/O signals.
Used bits: D15-DO0 - reads the state of 16 legsiifitant digital inputs or sets the state of
digital outputs.
C API function name: RtdacPCl_WriteDig
RtdacPCI_ReadDig

I/0 space byte offset: 76
Function: read/write the state of the D 1/016 t&/@31 digital I/O signals.
Used bits: D15-D0 - reads the state of 16 mostifgignt digital inputs or sets the state of
digital outputs.
C API function name: RtdacPCI_WriteDig
RtdacPCI_ReadDig
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6.5 PWM

The RT-DAC4/PCI board includes four output PWM ahels denoted PWMO to PWM3. The base PWM
period and the period of the “H” state of each clerare selected separately (see Fig. 5). The emiof the
base PWM period and the “H” state period can warkhie 12 or 8-bit mode. The 8-bit mode allows PWM t
operate in high speed and the 12-bit mode allows/R@vachieve high accuracy of the output.

In the 12-bit mode a single PWM period contains 3#@8@pulses of the output prescaler frequency. The
time of logic output ‘1’ is set by a number fromt® 4095. In the 8-bit mode a PWM period containd 25
impulses of the output prescaler frequency. The tafilogic ‘1’ is set by a number from 0 to 255.€T8&-bit
mode is used for high speed. The 12-bit mode giveigh accuracy.

The input (base) frequency of the PWM channelseishy default to: 40MHz, 30MHz or 20MHz. It
depends on board version. This frequency is divigeedhe counter (called prescaler), which credtesRWM
base period and the period of the “H” state. Thigkdvarescaler value is a number taken from the eajy-
65535].

The frequency of the PWM wave is calculated byftienula:

fowm = Foase for 8-bit mode
(prescaler+ 1) (1255
fbase :
fowm = for 12-bit mode
(prescaler+ 1) 14095

Dividers:
40/30/20 MHz +—» PWM prescaler —»| Mod 255 or 4095

H PWM

] Output Wave
PWMwidth —\— Comparator  +—»

Fig. 5. Block diagram of the PWM generator

To set the correct wave of a PWM channel the nurabehannel have to be written to the /O spadsetf
96. The I/0O offset equal to 100 sets the PWM mdite J/O offset equal to 104 sets the prescalkrevand the
I/0 offset equal to 108 determines the PWM dutyleyc

For example, to set: PWM2 to 12-bit mode, prescadet200 and duty cycle to 50% the following C-
statements can be executed:
outpd( BaseAddr + 96, 2); Il select PWM2 as the current PWM channel
outpd( BaseAddr + 100, 1); // select the 12-bit mode of the current channel
outpd( BaseAddr + 104, 1200 ); // set prescaler to 1200
outpd( BaseAddr + 108, 2047 ); // set duty cycle to 50 % (2047 is 50% of 4095)

or the following API function can be called:
RtdacPCl_PWMWrite( BaseAddr, 2, 1, 1200, 2047 );

PWM functions

I/0 space byte offset: 96
Function: read/write the current PWM channel.
Used bits: D3-D0 — PWM channel number.
C API function name: RtdacPCIl_PWMChannel
RtdacPCl_PWMWrite

I/0 space byte offset: 100
Function: read/write the mode of the current P\6idnnel.
Used bits: DO — ‘0’ defines the 8-bit mode, ‘Efohes the 12-bit PWM mode.
C API function name: RtdacPCl_PWMMode

RT-DACA4/PCI - User’s manual page 15



W
Y INTECO

RtdacPCl_PWMWrite

I/0 space byte offset: 104
Function: read/write the prescaler for the curfWM channel
Used bits: D15-DO0 - the divider value.
C API function name: RtdacPCl_PWMPrescaler
RtdacPCl_PWMWrite

I/0 space byte offset: 108
Function: read/write the width value of the catrBWM channel.
Used bits: D7-DO0 — for the 8-bit mode
D11-DO — for the 12-bit mode.
C API function name: RtdacPCl_PWMWidth
RtdacPCl_PWMWrite

6.6 Digital signal generators

The RT-DACA4/PCI board includes two outputs of dibiignal generators denoted as GENO and GEN1.
The output waves are generated on the basis afdfsalt (40 MHz frequency) wave signal. The sofevaets
the durations of the L and H states of the gendnateves independently.

To set the correct output wave the channel numhest twe selected by setting an appropriate valukeo
I/0 space offset equal to 112. The I/O offset eqodl16 sets the duration of the L state and fBeoffset equal
to 120 sets the duration of the H state of the gdad output.

For example, to set the GENL1 to generate the wape & the L state 100 time periods of the baseswav

long and kept at the H state 300 time periods tbegollowing C-statements have to be executed:
_outpd( BaseAddr + 112, 1); // select GEN1 channel
_outpd( BaseAddr + 116, 100 ); // set duration of the L state
_outpd( BaseAddr + 120, 300 ); // set duration of the H state

or the following API function can be called:
RtdacPCI_WriteGeneratorL ( BaseAddr, 1, 100 );
RtdacPCI_WriteGeneratorH ( BaseAddr, 1, 300 );

If the base wave frequency on the board is 40Mién tBEN1 generates the 100kHz wave with the dutiecyc
equal to 75%.

Digital signal generator functions

I/0 space byte offset: 112
Function: read/write the current wave generalt@anoel.
Used bits: D3-D0 — wave generator channel number.
C API function name: RtdacPCl_ ReadGeneratorL
RtdacPCl_ ReadGeneratorH
RtdacPCl_ WriteGeneratorL
RtdacPCl_ WriteGeneratorH

I/0 space byte offset: 116
Function: read/write the duration of the L state.
Used bits: D27-DO0 — defines the number of perimidhie base wave when the output is
L.
C API function name: RtdacPCl_ ReadGeneratorL
RtdacPCl_ WriteGeneratorL

I/0 space byte offset: 120

Function: read/write the duration of the H state.
Used bits: D27-DO0 — defines the number of perimithe base wave when the output is
H

C API function name: RtdacPCl_ ReadGeneratorH
RtdacPCl_ WriteGeneratorH
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6.7 Encoders

The RT-DAC4/PCI board includes four 32-bit incremadnencoder input channels denoted as ENCO-
ENC3. Each channel counts the changes of two wpues. The initial value of each encoder countarlEmaset
to zero in a programmable way.

The appropriate encoder input channel has to leteel by writing a given value to the I/O offsetial
t0128. The I/O space offset equal to 132 is useddet encoder counters. The bits of the 132 If€ebfeset the
corresponding encoders. A single write action ®1B2 offset can reset all the encoder counters.l/hspace
offset equal to 136 is used to read the currenb@eiccounter value.

For example: to reset encoder ENC2, start courding read data the following C-statements can be
executed:
_outpd( BaseAddr + 132, 4); // set the third bit — only ENC2 is reset |
_outpd( BaseAddr + 132, 0); // set reset flags to zero for all encoders —
/I normal operation of encoder counters

_ outpd( BaseAddr + 128, 2); // select ENC2 as the current encoder
Counter = _inpd( BaseAddr + 136 ); // read current counter value

or the following API functions can be called:
RtdacPCI_ResetEncoder( BaseAddr, 2, 1);
RtdacPCI_ResetEncoder( BaseAddr, 2, 0);

Counter = RtdacPCI_ReadEncoder( BaseAddr, 2 );

Encoder functions

I/0 space byte offset: 128
Function: read/write the current encoder channel.
Used bits: D3-DO0 — the encoder channel number.
C API function name: RtdacPCl_ReadEncoder

I/0 space byte offset: 132

Function: reset encoder counters.

Used bits: D3 — DO — four bits responsible foretéag four encoder counters. If a bit is
set, the corresponding encoder counter is sedrm z

C API function name: RtdacPCl_EncoderReset

I/0 space byte offset: 136
Function: reads the current encoder counter value
Used bits: D31-DO0 — for the 8-bit mode
C API function name: RtdacPCl_ReadEncoder
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6.8 A/D Conversion

The RT-DACA4/PCI is equipped with 16 multiplexed gainputs. The output of the analog multiplexer is
connected to the input of the digital programmatrialog amplifier. The 160 I/O offset is used testhn input
channel and an amplifier gain. The Table 3 andrtdae 4 show the setting for the D6+D4 and D3+D8.bi

Table 3. Gain setting

D6 D5 D4 Amp. Gain
0 0 0 1
0 0 1 2
0 1 0 4
0 1 1 8
1 X X 16

Table 4. Channel selection

)
w
)
N
)
=

Channel no
0

0N oD [N |-

©

10
11
12
13
14
15

PRkl klololololololo|o
Pkl lolololoklklkl-lolololo
Pleloloklkloloklkloloklklolo
Flolkloklekrlekleklellekle8

The RT-DAC4/PCI board is equipped with the parall2ibit A/D converter. The A/D converter control is
performed by the 1/0 offset 164. Thand-of-conversionEOC) flag is accessible at offset 164. The A/D
conversion results are available at 1/0 offset 168.

The A/D control word (offset 164) contains thregnsils: RD# (D2), CS# (D1) and CONVST# (D0). The
low state of the CS# signal is used to enable th#& donverter. When the CS# signal is high the caevds
disabled. The RD# signal is used to read the ld3taddnversion results. The A/D conversion starthé rising
edge of the CONVST signal occurs. The conversionteastarted when the CS signal is high. The EQGasi
available to read at 1/0 offset 164 (DO when reffidet 164), detects the termination of the A/D ocersion.
When the EOC is equal to ‘0’ the conversion resattesready to be read.

For example, to start A/D conversion of the anaigut 3, set the gain to 1 and read the converssaults,
the following C-statements can be executed:

outpd( BaseAddr+160, 0x03 ); // set gain and channel number

outpd( BaseAddr+164, 0x6 ); // set CONVST to 0 (DO set to 0)

outpd( BaseAddr+164, 0x7 ); // set CONVST to 1

outpd( BaseAddr+164, 0x5 ); // set CS to 0 (D1 set to 0)
_outpd(BaseAddr+164, 0x1 ); // set CS to 0 and RD to 0 (D1 and D2 set to 0)
while( (_inpd(BaseAddr+164) & 1) ~=0) ; // wait for EOC equal to 0
ADResult = _inpd( BaseAddr+168); // read A/D conversion result

ADResult = ADResult & OxFFF; // mask only 12 bits

_outpd(BaseAddr+164), 0x7 ); // set CONVST, RD, and CSto 1

or the following API function can be called:
ADResult = RtdacPCI_AD( BaseAddr, 3, 1);
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A/D converter functions

I/0 space byte offset: 160
Function: select the channel and gain.

Used bits: D3-DO0 — the analog input channel (see

Table 4)

D6-D4 — the analog amplifier gain (see Table 3)
C API function name: RtdacPCI_AD

I/0 space byte offset: 164
Function: sets the A/D control or reads the Afid ef conversion signal.
Used bits: when write:
DO — the CONVST# signal,
D1 — the CS# signal,
D2 — the RD# signal,
when read:
DO — the EOC signal.
C API function name: RtdacPCI_AD

I/0 space byte offset: 168
Function: reads the A/D conversion results.
Used bits: D11-DO — the result of the last A/Dveersion
C API function name: RtdacPCIl_AD

6.9 D/A Conversion

The RT-DAC4/PCI board is equipped with four-chant2ibit D/A converter. The converter is controlled
by the Al, AO, LDAC#, R/W# and CS# signals. Thensig are controlled by the I/O offset 192 (Al at B8 at
D3, LDACH# at D2, R/W# at D1 and CS# at DO). The gt AO signals select a appropriate output chariine.
R/W# signal is used to store data in the D/A coterdouffer. The rising edge of the LDAC# signal raswdata
from the D/A converter buffer to the D/A convert&he input data for the D/A converter are writterthe 1/0
offset 196. The CS# signal enables the D/A conveftiee data movement controlled by the LDAC# sigraad
be performed even if CS# is disabled.

To set a new output voltage equivalent to the di§i@0 at the D/A channel 2, the following C-statatse

can be executed:
_outpd( BaseAddr+192, 0x14 ); // set ‘A1AQ’ to ‘10’ (2), LDAC to 1,
/I RIW to 0 and CS to 0
_outpd( BaseAddr+196), 1500 ); // set data to the D/A buffer

/I Update D/A converter — the new analog voltage will appear

_outpd( BaseAddr+192, 0x11 ); // set ‘A1AQ’ to ‘10’ (2), LDAC to O,
/IRIWtoOand CSto 1l

_outpd( BaseAddr+192, 0x15 ); // set ‘A1AQ’ to ‘10’ (2), LDAC to 1,
/IRIWtoOand CSto 1l

or the following API function can be called:
RtdacPCI_DA( BaseAddr, 2, 1500 );

D/A converter functions

I/0 space byte offset: 192
Function: writes the D/A converter control signal
Used bits: D4-D3 — the Al and AO signals,
D2 — the LDAC# signal,
D1 — the R/W# signal,
DO — the CS# signal.
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C API function name: RtdacPCIl_DA

I/0 space byte offset: 196
Function: sets D/A data.
Used bits: D11-DO — data for the D/A converter.
C API function name: RtdacPCIl_DA

6.10 Interrupts

The RT-DAC4/PCI board is able to generate the INPG interrupt. The parameters of the interrupés ar
set in two /O locations. The first one is the mi PLX9030 I/O space. The second is RT-DAC4/R@Id I/0
space. The base address of the internal PLX9038@pAge is returned by tmeex pcibarIMATLAB function
(as well as by the call to tli@oardLocationExbasic API function). The base address of the RTCBARCI logic
I/0 space is returned by theex baseaddre$dATLAB function (or by the call to th8oardLocationbasic API
function).

The internal PLX9030 I/O space is responsible far parameters of the PCI bridge, including the PCI
interrupt generation. The RT-DACA4/PCI logic genesainterrupt signal which triggers the PLX9030 cHipis
signal is denoted as the local interrupt. If locdérrupt is active the PLX9030 can generate th€AN PCI
interrupt.

The parameters of the PCI INTA# interrupt are sethe location, which offset in the internal PLX®03
I/0 space is equal to 4C hex. The name of thistioecas INTCSR. The bits of the INTCSR have thddaling
meaning:

0 —Local interrupt enable. Value of 1 indicates enabled interrupt generaltipthe RT-DAC4/PCI logic.

Value of 0 indicates disabled,

1 —Local interrupt polarity . Value of 1 indicates active high. Value of O tates active high,

2 —Local interrupt status. Value of 1 indicates interrupt active. Value dh@icates interrupt not active,

3-5 —reserved,

6 —PCl interrupt enable. Value of 1 enables PClI interrupt,

7 — Software interrupt. Value of 1 generates software interrupt,

8 - Local interrupt select enable Value of 1 indicates enabled edge triggerableriopt. Value of 0

indicates enabled level trigerrable interrupt. @pes only in high polarity mode,

9 — reserved,

10 —Local edge trigerrable interrupt clear. Writing 1 to this bit clears local interrupt,

11-15 — reserved.

The interrupts can be level or edge triggered. RAeDAC4/PCI logic uses only edge triggering. The
Intrinit procedure from the board basic APl enables latakiupt (bit 0 set to 1), sets high polarity mdghie 1
set to 1), enables PCI interrupts (bit 6 set tardd enables edge local interrupt trigger (bit 8teel). The
IntrRespons@rocedure clears interrupt by setting the bitd @.t

Each interrupt requests are stored in the RT-DACH##Rgister. Only one of the requested local intets
can generate the PCI interrupt. The PCI handlimaggaiure must be able to distinguish which locatrinpt
source has generated the PCI interrupt and whielrupt requests are queued.

The I/O offset equal to 224 activates the intersgirces and clears the interrupt requests. Theffsat
equal to 228 is used to read which local interamirce has generated the current PCI interruptlf@dueued
interrupts. The 1/O offset 232 defines the periddth® interrupt timer. The timer is applied to paically
generation of interrupts. The period of the tingedéfined in 25ns units. Be sure not to definestoart interrupt
period, because it may degrade the performandeeatdmputer system. The I/O offsets 236 and 240 sad to
define which digital inputs are considered whendhange-of-state interrupt is generated. The I&ation 236
is responsible for digital signals from the CN3 ector and the location 240 is responsible forGhe! signals.
Only digital signals defined as input are appliedi¢tect the COS. When the COS interrupt is geeeithe state
of digital inputs before and after the interruphgetion moment can be read from the 1/O locatiys and 248
respectively.

Let us configure the interrupt block to generateriupts from all available interrupt sources. Titeguency of
the timer interrupt will be set to 1kHz. The follmg steps have to be performed:
e clear of all interrupt sources,
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« thread creation. To implement the interrupt hargliimocedure it is recommended to create a thread.
The thread operates as interrupt handling procedure
< enabling required interrupt sources. Setting ingrtimer period if timer interrupt source enabled.

To simplify the programming the basic API functiondl be applied (see section 7 for details). Théofwing
statements perform all actions required by intdregpvices:

HANDLE hThread;

ULONG IDThread;

char Str[200];

int ret;

int BusNo, SlotNo, VendorID, DevicelD, BaseAddress;
int RTDAC_BaseAddress;

if( NoOfDetectedBoards() < 1)
return;
ret = BoardLocation( 1, &BusNo, &SlotNo,
&VendorlD, &DevicelD, &BaseAddress );
if(ret!=0)
return;
RTDAC_BaseAddress = BaseAddress;

/I clear all interrupt requests
WriteByte( BaseAddress+224, 0 );

/I Call API interrupt initialisation procedure
if( (ret=Intrinit( 1)) <0) {
ErrorAction( );

}

/I enable local interrupt generation and enable local timer interrupt
WriteByte( BaseAddress+224, 0x88 );

/I set timer period to 1kHz — 40000 impulses of 25ns period
WriteDWord( BaseAddress+232, 40000 );

hThread = CreateThread(NULL, // no security attributes

0, /I use default stack size
(LPTHREAD_START_ROUTINE) ThreadFunc, // thread function
NULL, /I no thread function argument

0, /I use default creation flags
&|DThread); /I returns thread identifier

if (hThread == NULL)
ErrorAction();

The body of the thread is presented below.

DWORD WINAPI ThreadFunc(VOID)

HANDLE eventHandle;
DWORD val;

int IntrSource;

int iAux;

/I Set priority of the current process and thread - optional

SetPriorityClass( GetCurrentProcess(),
REALTIME_PRIORITY_CLASS);

SetThreadPriority( GetCurrentThread(),
THREAD_PRIORITY_TIME_CRITICAL );

/I Clear all interrupt requests and set active interrupt sources

iAux = ReadWord(BaseAddress + OxEO);

WriteWord( BaseAddress + OxEQ, 0 );

WriteWord( BaseAddress + OXEQ, iAux );

for(;;) {
if( IntrAttach( BoardNo + 1, &eventHandle ) < 0 ) AfxMessageBox("Interrupt Attach Error");//ErrorAction( );
_try{
val = WaitForSingleObject( eventHandle, 10000 );

}
__except(EXCEPTION_EXECUTE_HANDLER) {

.
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if( (val == WAIT_TIMEOUT) || (val==WAIT_FAILED))

AfxMessageBox( "__try Timeout" );

else {

if( IntrResponse( BoardNo +1)<0)

AfxMessageBox("Intrrupt Response Error");;
ResetEvent(eventHandle);
IntrSource = ReadWord( BaseAddress + OxE4 ) & Ox1F;
if( IntrSource & 0x10 ) {// Software interrupt
AfxMessageBox("Software Interrupt Source");
iAux = ReadWord(BaseAddress + OxEOQ);
iAux &= OXFFEF;

WriteWord(BaseAddress + OxEO, iAux); // Clear software intr. request

iAux |= 0x0010;
WriteWord(BaseAddress + OXEQ, iAux); // Reinit software interrupt

}
if( IntrSource & 0x08 ) {// Timer interrupt
AfxMessageBox("Timer Interrupt Source” );
iAux = ReadWord(BaseAddress + OxEQ);
iAux &= OXFFF7,
WriteWord(BaseAddress + OXEQ, iAux); // Clear timer intr. request
iAux |= 0x0008;
WriteWord(BaseAddress + OXEQ, iAux); // Reinit software interrupt

}
if( IntrSource & 0x04 ) { // COS interrupt
AfxMessageBox ("COS Interrupt Source" );
iAux = ReadWord(BaseAddress + OxEOQ);
iAux &= OXFFFB;
WriteWord(BaseAddress + OXEOQ, iAux); // Clear COS intr. request
iAux |= 0x0004;
WriteWord(BaseAddress + OxEO, iAux); // Reinit software interrupt

}
if( IntrSource & 0x04 ) {// Extl
AfxMessageBox ("External 1 Interrupt Source");
iAux = ReadWord(BaseAddress + OxEOQ);
iAux &= OXxFFFD;
WriteWord(BaseAddress + OxEQ, iAux); // Clear Extl intr. request
iAux |= 0x0002;
WriteWord(BaseAddress + OXEQ, iAux); // Reinit software interrupt

}
if( IntrSource & 0x04 ) {// Ext0

AfxMessageBox ("External O Interrupt Source" );
iAux = ReadWord(BaseAddress + OxEQ);

iAux &= OXFFFE;

WriteWord(BaseAddress + OXEQ, iAux); // Clear Ext0 intr. request

iAux |= 0x0001;

WriteWord(BaseAddress + OXEQ, iAux); // Reinit software interrupt

}
}
}

return O;

}

Interrupt functions

I/0 space byte offset: 224
Function:
Used bits:

reads/writes interrupt flags.

D7 — value of 1 enables local interggneration. Value of O disables,
D6 — not used
D5 — value of 1 generates local software interrupt,
D4 — value of 1 enables local software interruptegation. If local software
interrupt occurred previously setting this bit tal®ars the interrupt request,
D3 — value of 1 enables local timer interrupt gatien. If local timer
interrupt occurred previously setting this bit tol@ars the interrupt request,
D2 — value of 1 enables local COS interrupt geiematf local software
COS occurred previously setting this bit to 0 ciethie interrupt request,
D1 — value of 1 enables local interrupt generateyuested by the external
Extintl signal. If local ExtInt1 interrupt occurr@deviously setting this bit to
0 clears the interrupt request,
DO — value of 1 enables local interrupt generatequested by the external
ExtIntO signal. If local ExtIntO interrupt occurr@deviously setting this bit to
0 clears the interrupt request.
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C API function name:

I/0 space byte offset: 228
Function:
Used bits:

C API function name:
I/0 space byte offset: 232

Function:

Used bits:

C API function name:
I/0 space byte offset: 236

Function:
Used bits:

C API function name:

I/0 space byte offset: 240
Function:
Used bits:

C API function name:

I/0 space byte offset: 244
Function:
Used bits:

C API function name:

I/0 space byte offset: 248
Function:

RtdacPCIl_ReadIntrFlags
RtdacPCI_WritelntrFlags

reads interrupt status.
D11 — value of 1 indicates that lanrrupt has occurred,
D10 — not used
D9 — value of 1 indicates that the software intermequest is queued,
D8 — value of 1 indicates that the timer interrigriuest is queued,
D7 — value of 1 indicates that the COS interrupguest is queued,
D6 — value of 1 indicates that the Extintl intetregmjuest is queued,
D5 — value of 1 indicates that the ExtIntO intetrrgmjuest is queued,
D4 — value of 1 indicates that the current PClrintgt is caused by the
software interrupt source,
D3 — value of 1 indicates that the current PClrintet is caused by the timer
interrupt source,
D2 — value of 1 indicates that the current PClringt is caused by the COS
interrupt source,
D1 — value of 1 indicates that the current PClrintgt is caused by the
Extintl interrupt source,
DO — value of 1 indicates that the current PClrintgt is caused by the
ExtIntO interrupt source,
RtdacPCl_ ReadIntrStatus

read/write period of the interrupt time
D27-D0 — define the period of therintpt timer. The period is
defined in units equal to 25ns.
RtdacPCI_WritelntrPeriod
RtdacPCl_ReadIntrPeriod

read/write COS mask.

D15-DO0 — defines which inputs from @3 connector are used to detect
change-of-state and to generate the interrupt.e/afil means that the
respective signal is applied to generate the C@3rimpt. Value of 0 means
that the respective signal does not influence tB& ®lock.
RtdacPCl_ReadIntrCOSMask
RtdacPCl_WriteIntrCOSMask

read/write COS mask.

D15-DO0 — defines which inputs from @4 connector are used to detect
change-of-state and to generate the interrupt.e/afll means that the
respective signal is applied to generate the C@3rimpt. Value of 0 means
that the respective signal does not influence & ®lock.
RtdacPCl_ReadIntrCOSMask
RtdacPCl_WritelIntrCOSMask

read COS before state.

D31-D0 — reads which state at the OiNBthe CN4 connectors was active
immediately before the COS generation. The D31-biistore the state of
the CN4 and the D15-D0 bits store the state ofXIN8 connector.
RtdacPCl_ReadlntrCOSBefore

read COS after state.
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Used bits: D31-D0 - reads which state at the OiNBthe CN4 connectors was active
immediately after the COS generation. The D31-Dii$diore the state of
the CN4 and the D15-D0 bits store the state ofXN& connector.

C API function name: RtdacPCl_ReadIntrCOSAfter
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7. LOW-LEVEL API FUNCTIONS

It was developed the DLL library which contain ftinos used to detect the RT-DAC4/PCI location and t
allow the access to the board resources. The Yibiar distributed as three filesSRTDACAPI.DLL.
RTDACAPI.LIBand RTDACAPI.H The first file contains the functions. The secdihe is used during static
DLL linking. The last file contains the declarat®af exported functions.

The API DLL allows to detect the location of the BRC4/PCI boards available in the system and allows
access to the I/0O address spatbe access to the 1/O address space is prohibited the Windows
NT/2000/XP operating systems and the API DLL allow$o exceed these limitationsA special kernel-mode
device driver called by the APl DLL functions perfts operations which are forbidden in user-mode
applications.

The API interface contains the following functiaisee theRTDACAPI.Hfile):
int NoOfDetectedBoards( void );

Returns the number of RT-DAC4/PCI boards deteatate system.

int BoardLocation( int Boardldx,
int *BusNo, int *SlotNo,
int *VendorID,
int *DevicelD,
int *BaseAddress );

Determines the bus number, slot number, vendor dByice ID and base address of the
RT-DACA4/PCI board given by thBoardidx input argument. Th&oardidx can vary from 1 to the
number of detected boards returned byNé@fDetectedBoards function. The function returns 0 value if
succeed or —1 if failed.

int BoardLocationEx( int Boardldx,
int *BusNo, int *SlotNo,
int *VendorlD,
int *DevicelD,
int *BaseAddress,
int *PCIBARL1 );

Determines the bus number, slot number, vendordé¥jce ID, base address and the PCIBAR1
location of the RT-DAC4/PCI board given by theardidx input argument. ThBoardidx can vary from

1 to the number of detected boards returned bydbéetectedBoards function. The function returns 0
value if succeed or -1 if failed.

int WriteByte( int port, int value );
unsigned short WriteWord( int port, unsigned int value );
unsigned long WriteDWord( int port, unsigned int value );

Output thevalue byte (writeByte), wordwriteword), or double word WriteDword) at theport port. The
functions return the data output.

int ReadByte( int port );
unsigned int ReadWord( int port );
unsigned long ReadDWord( int port );

Input a byte ReadByte), a word Readword), or a double wordRgadDword) from theport port.

int Intrinit( int Boardldx )

Interrupt initialisation function. ThBoardidx can vary from 1 to the number of detected boagtigmed
by theNoOfDetectedBoards function and defines which board initialises int@ts. The function enables
interrupt generation and defines that the interttigger is rising edge of the LINTIl local bus s
The function returns 0 value if succeed or —1 otfss.

int IntrAttach( int Boardldx, HANDLE *eventHandle )
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This function attaches the objestntHandle to the interrupt handling procedure. Thwrdidx can vary
from 1 to the number of detected boards returnethbyoOfDetectedBoards function and defines which
board is considered. The function enables interggpteration and defines that the interrupt trigger

rising edge of the LINTIl local bus signal. The dtian returns 0 value if succeed r a negative value
otherwise.

int IntrResponse( int Boardldx )

This function clears the internal PLX9030 interrupguest flag. It is called by the user interrupt
handling procedure. Theoardidx can vary from 1 to the number of detected boaetigrmed by the

NoOfDetectedBoards function and defines which board is considerede Timction returns 0 value if
succeed or -1 value otherwise.

IntrClose( int Boardldx )

This function terminates interrupt generation by bward. Th&oardidx can vary from 1 to the number
of detected boards returned by thefDetectedBoards function and defines which board is considered.
The function returns 0 value if succeed or -1 otlige.
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8. XILINX FPGA CHIP PROGRAMMING

The RT-DACA4/PCI board is equipped with a XILINX FR@hip. The user can reprogram the logic design of
the FPGA chip. A new logic can perform quite diffet functions. For example the user can build a logye,
which can perform:

e« 32 PWM outputs, or

« hardware implemented digital filters, or

e hardware implemented FFT algorithm, or

- fast data acquisition from A/D converters, or

« fast analog signal generators using D/A convertars,

e data encryption and decryption, or

« finite state machines, or

* microprocessor cores and

e much more.

The design of a new logic requires a more exteIBdDAC4/PCI board description. The description is
included in the RT-DAC4/PCI FPGA Programming Guitdistributed separately.
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