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Limited Warranty

The AT-DIO-32F is warranted against defectsin materials and workmanship for a period of one year from the date
of shipment, as evidenced by receipts or other documentation. National Instrumentswill, at its option, repair or
replace equipment that proves to be defective during the warranty period. Thiswarranty includes parts and labor.

The media on which you receive National Instruments software are warranted not to fail to execute programming
instructions, due to defectsin materials and workmanship, for a period of 90 days from date of shipment, as
evidenced by receipts or other documentation. National Instruments will, at its option, repair or replace software
mediathat do not execute programming instructionsif National Instruments receives notice of such defects during
the warranty period. National Instruments does not warrant that the operation of the software shall be uninterrupted
or error free.

A Return Material Authorization (RMA) number must be obtained from the factory and clearly marked on the
outside of the package before any equipment will be accepted for warranty work. National Instruments will pay the
shipping costs of returning to the owner parts which are covered by warranty.

National Instruments believes that the information in this manual is accurate. The document has been carefully
reviewed for technical accuracy. Inthe event that technical or typographical errors exist, National Instruments
reserves the right to make changes to subsequent editions of this document without prior notice to holders of this
edition. The reader should consult National Instrumentsif errors are suspected. In no event shall National
Instruments be liable for any damages arising out of or related to this document or the information contained in it.

EXCEPT AS SPECIFIED HEREIN, NATIONAL INSTRUMENTS MAKES NO WARRANTIES, EXPRESS OR IMPLIED,
AND SPECIFICALLY DISCLAIMS ANY WARRANTY OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR
PURPOSE. CUSTOMER'SRIGHT TO RECOVER DAMAGES CAUSED BY FAULT OR NEGLIGENCE ON THE PART
OF NATIONAL INSTRUMENTS SHALL BE LIMITED TO THE AMOUNT THERETOFORE PAID BY THE CUSTOMER.
NATIONAL INSTRUMENTSWILL NOT BE LIABLE FOR DAMAGES RESULTING FROM LOSS OF DATA, PROFITS,
USE OF PRODUCTS, OR INCIDENTAL OR CONSEQUENTIAL DAMAGES, EVEN IF ADVISED OF THE POSSIBILITY
THEREOF. Thislimitation of the liability of National Instruments will apply regardless of the form of action,
whether in contract or tort, including negligence. Any action against National Instruments must be brought within
one year after the cause of action accrues. National Instruments shall not be liable for any delay in performance due
to causes beyond its reasonable control. The warranty provided herein does not cover damages, defects,
malfunctions, or service failures caused by owner's failure to follow the National Instrumentsinstallation, operation,
or maintenance instructions; owner's modification of the product; owner's abuse, misuse, or negligent acts; and
power failure or surges, fire, flood, accident, actions of third parties, or other events outside reasonable control.

Copyright

Under the copyright laws, this publication may not be reproduced or transmitted in any form, electronic or
mechanical, including photocopying, recording, storing in an information retrieval system, or translating, in whole or
in part, without the prior written consent of National Instruments Corporation.

Trademarks

LabVIEW®, NI-DAQ®, and RTSI® are trademarks of National Instruments Corporation.

Product and company names listed are trademarks or trade names of their respective companies.



Warning Regarding Medical and Clinical Use
of National Instruments Products

National Instruments products are not designed with components and testing intended to ensure alevel of reliability
suitable for use in treatment and diagnosis of humans. Applications of National Instruments products involving
medical or clinical treatment can create a potential for accidental injury caused by product failure, or by errors on the
part of the user or application designer. Any use or application of National Instruments products for or involving
medical or clinical treatment must be performed by properly trained and qualified medical personnel, and all
traditional medical safeguards, equipment, and procedures that are appropriate in the particular situation to prevent
serious injury or death should always continue to be used when National Instruments products are being used.
National Instruments products are NOT intended to be a substitute for any form of established process, procedure, or
equipment used to monitor or safeguard human health and safety in medical or clinical treatment.
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About This Manual

I ntroduction tothe AT-DIO-32F

The AT-DIO-32F is a high-speed, 32-bit, parallel, digital 1/0 interface. The AT-DIO-32F isa
member of the National Instruments AT Seriesof PC AT 1/0 channel expansion boards for the
IBM PC AT and compatible computers. These boards are designed for high-performance data
acquisition and control for applications in laboratory testing, production testing, and industrial
process monitoring and control.

This manual describes the installation, basic programming considerations, and theory of
operation for the AT-DIO-32F. Example programs are provided in the C programming
language.

Organization of ThisManual

The manual is divided into the following chapters and appendixes:

» Chapter 1, Introduction, describes the AT-DIO-32F, lists the contents of your AT-DIO-32F
kit, and explains how to unpack the AT-DIO-32F kit.

» Chapter 2, Configuration and Installation, explains the installation of the AT-DIO-32F board
into your computer, signal connections to the AT-DIO-32F board, and cable wiring.

» Chapter 3, Theory of Operation, explains the basic operation of the AT-DIO-32F circuitry.

e Chapter 4, Programming, describes in detail the address and function of each of the
AT-DIO-32F control and status registers. This chapter also includes important information
about programming the AT-DIO-32F.

* Appendix A, Specifications, lists the specifications for the AT-DIO-32F.

» Appendix B, 1/0 Connector and Register Descriptions, contains a description of the
AT-DIO-32F 1/0 connector and references to the registers of the AT-DIO-32F.

* Appendix C, Application Notes, contains the application notes for the AT-DIO-32F board.

* Appendix D, Intel Data Sheet, contains the 8254 Programmable Interval Timer (Intel
Corporation) data sheet. This counter/timer device is used on the AT-DIO-32F board.

* Appendix E, Customer Communication, contains forms for you to complete to facilitate
communications with National Instruments concerning our products.

» The Glossary contains an aphabetical list and description of terms used in this manual,
including abbreviations, acronyms, metric prefixes, mnemonics, symbols, and terms.

* The Index alphabetically lists topics covered in this manual, including the page where the
topic can be found.

© National Instruments Corporation xi AT-DIO-32F User Manual



About This Manual

ConventionsUsed in This Manual

The following conventions are used throughout this manual:

italic Italic text denotes emphasis, a cross reference, or an introduction to akey
concept.
NI-DAQ NI-DAQ is used throughout this manual to refer to the NI-DAQ software

for DOS/Windows/L abWindows unless otherwise noted

PC PC refersto the IBM PC AT and compatible computers.

Related Documentation

The following manual contains information that you may find helpful as you read this manual:
* |IBM Personal Computer AT Technical Reference manual

Y ou may also want to consult the following manual if you plan to program the Intel 8254-2
Counter/Timer used on the AT-DIO-32F:

* Intel 8254 System Timing Controller technical manual

Customer Communication

National Instruments wants to receive your comments on our products and manuals. We are
interested in the applications you develop with our products, and we want to help if you have
problems with them. To make it easy for you to contact us, this manual contains comment and
configuration forms for you to complete. These forms arein Appendix E, Customer
Communication, at the end of this manual.

AT-DIO-32F User Manual Xii © National Instruments Corporation



Chapter 1
| ntroduction

This chapter describes the AT-DIO-32F, lists the contents of your AT-DIO-32F kit, and explains
how to unpack the AT-DIO-32F kit.

The AT-DIO-32F is a high-speed, 32-bit, parallel, digital 1/0O interface board for the PC. The 32
lines of digital I/O are organized into four 8-bit ports. With the various handshaking options
available, the AT-DIO-32F is compatible with a wide range of periphera devices and other
computers. The AT-DIO-32F can be used for interrupt handling and DMA transfers on two
DMA channels. Onboard counters can be used for pattern generation. A RTSI bus interface can
transfer signals from other AT Series boards to the AT-DIO-32F.

All digital I/O istransferred through a standard, 50-pin, male connector. The pin assignments for
this connector are compatible with the DEC DRV 11J parallel interface and most standard
32-channel digital I/O applications.

The AT-DIO-32F can be used in awide range of digital 1/0 applications. With the AT-DIO-32F,
adigital pattern generator can be implemented, or the PC can be interfaced to any of the
following:

e Other computers

— Another IBM PC/XT, PC AT, or compatible computer with a National Instruments
PC-DI10-24 or AT-DIO-32F

— IBM Personal System/2 computer with a National Instruments MC-DIO-24 or
MC-DIO-32F

— Apple Macintosh Il computer with a National Instruments NB-DIO-24 or NB-DIO-32F
— DEC, UNIBUS, or Q-BUS system with a 16-bit interface

— DEC LSI-11 microcomputer with a 32-bit DRV 11J interface
— Any other computer with an 8-bit, 16-bit, or 32-bit paralel interface
» Centronics-compatible printers and plotters
* Panel meters
* Instruments and test equipment with BCD readouts and/or controls
*  Opto-isolated solid-state relays and I/0O module mounting racks

With the AT-DIO-32F, the PC can serve as adigital 1/0 system controller for laboratory testing,
production testing, and industrial process monitoring and control.

© National Instruments Corporation 1-1 AT-DIO-32F User Manual



Introduction Chapter 1

What Your Kit Should Contain

The contents of the AT-DIO-32F kit (part number 776246-01) are listed as follows.

Kit Component Part Number
AT-DIO-32F board 180735-01
AT-DIO-32F User Manual 320147-01
NI-DAQ software for DOS/Windows/LabWindows, with manuals 776250-01
NI-DAQ Software Reference Manual for DOSWindows/LabWindows 320498-01
NI-DAQ Function Reference Manual for DOSWindows/LabWindows 320499-01

If your kit is missing any of the components, contact National Instruments.

Y our AT-DIO-32F is shipped with the NI-DAQ software for DOS/Windows/LabWindows.
NI-DAQ has alibrary of functions that can be called from your application programming
environment. These functionsinclude routines for analog input (A/D conversion), buffered data
acquisition (high-speed A/D conversion), analog output (D/A conversion), waveform generation,
digital 1/0, counter/timer, SCXI, RTSI, and self-calibration. NI-DAQ maintains a consistent
software interface among its different versions so you can switch between platforms with
minimal modifications to your code. NI-DAQ comes with language interfaces for Professional
BASIC, Turbo Pascal, Turbo C, Turbo C++, Borland C++, and Microsoft C for DOS; and Visual
Basic, Turbo Pascal, Microsoft C with SDK, and Borland C++ for Windows. NI-DAQ software
ison high-density 5.25in. and 3.5 in. diskettes.

AT-DIO-32F User Manual 1-2 © National Instruments Corporation



Chapter 1 Introduction

Optional Software

This manual contains complete instructions for directly programming the AT-DIO-32F.
Normally, however, you should not need to read the low-level programming details in the user
manual because the NI-DAQ software package for controlling the AT-DIO-32F isincluded with
the board. Using NI-DAQ is quicker and easier than and as flexible as using the low-level
programming described in Chapter 4, Programming.

Y ou can use the AT-DIO-32F with LabVIEW for Windows or LabWindows for DOS.
LabVIEW and LabWindows are innovative program development software packages for data
acquisition and control applications. LabVIEW uses graphical programming, whereas
LabWindows enhances Microsoft C and QuickBASIC. Both packages include extensive
libraries for data acquisition, instrument control, data analysis, and graphical data presentation.

Part numbers for these software packages are listed in the following table.

Software Part Number
LabVIEW for Windows 776670-01
LabWindows
Standard package 776473-01
Advanced Analysis Library 776474-01
Standard package with the Advanced Analysis Library 776475-01

© National Instruments Corporation 1-3 AT-DIO-32F User Manual



Introduction

Optional Equipment

Chapter 1

Equipment Part Number
Signal Conditioning Accessories
Cable Adapter Board for Signal Conditioning:
SC-2052 and 50-conductor cable 0.5m 776335-02
10m 776335-12
Optically-lsolated Digital Input:
SC-2060 and 26-conductor cable 0.2m 776336-00
04m 776336-10
Optically-Isolated Digital Output:
SC-2061 and 26-conductor cable 0.2m 776336-01
04m 776336-11
Electromechanical Relay Digital Control:
SC-2062 and 26-conductor cable 0.2m 776336-02
04m 776336-12
General-Purpose Termination Breadboard:
SC-2072 with 50-conductor cable 0.5m 776358-02
1.0m 776358-12
Digital Signal Conditioning Modules:
SSR Series mounting rack and 1.0 m cable
32-channel 776290-32
24-channel 776290-24
16-channel 776290-16
8-channel 776290-08
CB-50 1/0 connector block (50 screw terminals)
with 0.5 m type NB1 cable 776164-01
with 1.0 m type NB1 cable 776164-02
AT Series RTSI bus cables for
2 boards 776249-02
3 boards 776249-03
4 boards 776249-04
5 boards 776249-05
Standard ribbon cable 05m 180524-05
1.0m 180524-10
Shielded ribbon cable 0.5 m* 180554-05
1.0m* 180554-10
Ribbon cable with edge connection at oneend 0.5m 180723-05
1.0m 180723-10
* The AT-DIO-32F is equipped with an EMI shield on the I/O connector that can
be used to connect the shield of a shielded ribbon cable to the computer chassis.
Shielded ribbon cables are necessary to meet FCC Class A Emission Limits.

AT-DIO-32F User Manual 1-4
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Chapter 1 Introduction

Refer to the Cabling section in Chapter 2, Configuration and Installation, for additional
information on cabling and connectors.

Unpacking

Your AT-DIO-32F board is shipped in an antistatic plastic package to prevent electrostatic
damage to the board. Several components on the board can be damaged by electrostatic
discharge. To avoid such damage in handling the board, take the following precautions:

» Touch the plastic package to a metal part of your PC chassis before removing the board from
the package.

* Remove the board from the package and inspect the board for |0ose components or any other

sign of damage. Notify National Instrumentsif the board appears damaged in any way. Do
not install a damaged board into your computer.
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Chapter 2
Configuration and I nstallation

This chapter explains the installation of the AT-DIO-32F board into your computer, signal
connections to the AT-DIO-32F board, and cable wiring.

Board Configuration

The AT-DIO-32F contains three jumpers and one DIP switch to configure the AT bus interface
and board clock settings. The jumpers are shown in the parts locator diagram in Figure 2-1.
Jumper W3 selects the clock signal used by the board and the clock pin on the RTSI bus. Jumper
W1 selects the DMA channel, and jumper W2 selects the interrupt enable lines. The DIP switch
Is used to set the base I/0O address.

AT BusInterface

The AT-DIO-32F is configured at the factory to use abase 1/0 address of hex 240, to use
interrupt lines 11 and 12, to use DMA channels 5 and 6, and to disconnect the board from the
RTSI clock. These settings (shown in Table 2-1) are suitable for most systems. However, if
your system has other hardware at this base 1/0 address, interrupt level, or DMA channel, you
need to change these settings on the AT-DI0O-32F (as described in the following pages) or on the
other hardware. Record your settings in the AT-DIO-32F Hardware and Software Configuration
Formin Appendix E, Customer Communication.
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Table 2-1. AT-DIO-32F Factory-Set Jumper and Switch Settings

Base |/O Address

Hex 240 (factory setting)

U6l

A9
A8
A7
A6
A5

O~ WNE

The black side indicates the
side that is pushed down.

DMA Channd

Bank A = Channel 5
Bank B = Channel 6
(factory setting)

W1: Upper-right two rows
W1: Lower-middle two rows

Interrupt Level

Lines 11 and 12 selected
(factory setting)

W2: Row 4 from left
W2: Row 3 from left

RTSI Clock

Disconnect board from RTSI
clock; use onboard oscillator
(factory setting)

W3: STANDBY,
BRDCLK-OSC

AT-DIO-32F User Manual
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Figure 2-1. AT-DIO-32F Parts Locator Diagram
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Base |/O Address Selection

The base 1/0 address for the AT-DIO-32F is determined by the switches at position U61 (see
Figure 2-1). The switches are set at the factory for the base 1/O address hex 240. This factory
setting is used as the default base I/O address value by National Instruments software packages
using the AT-DIO-32F. The AT-DIO-32F uses the base I/0O address space hex 240 through 25F
with the factory setting.

Note: Verify that this spaceisnot already used by other equipment installed in your
computer. If any equipment in your computer uses this base I/0 address space, change
the base 1/0 address of the AT-DIO-32F or of the other device. If you changethe AT-
DIO-32F base 1/0 address, make a corresponding change to any software packages
you use with the AT-DIO-32F. Table 2-2 lists the default settings of other National
I nstruments products for the PC. For more information about the I/O address of your
PC, refer to the technical reference manual for your computer.
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Chapter 2 Configuration and Installation

Each switch in U61 corresponds to one of the address lines A9 through A5. Pressthe side
marked OFF to select abinary value of 1 for the corresponding address bit. Press the other side
of the switch to select abinary value of O for the corresponding address bit. Figure 2-2 shows
two possible switch settings. The shaded portion indicates the side of the switch that is pressed
down.

uel

OFF ON
A9

A8
A7
A6
A5

1

This side down for 1 This side down for O

A. Switches Set to Base |/0 Address of Hex 000

u6l

OFF ON
Bl | 1]|A9
[l 2|As
[l 3| A7
Bl 4| A6
[l 5|A5
|

Thissidedown for 1 This side down for O

B. Switches Set to Base I/O Address of Hex 240 (Factory Setting)

Figure 2-2. Example Base I/0O Address Switch Settings

The five LSBs of the address (A4 through AO) are decoded by the AT-DI10O-32F to select the
appropriate AT-DIO-32F register. To change the base 1/0 address, remove the plastic cover on
U61, press each switch to the desired position, verify that each switch is completely pressed
down, and replace the plastic cover. Make anote of the new AT-DIO-32F base /O address for
use when configuring the AT-DIO-32F software (aform isincluded for you in Appendix E).
Table 2-3 lists the possible switch settings, the corresponding base I/O address, and the base I/0
address space used for that setting.

© National Instruments Corporation 2-5 AT-DIO-32F User Manual



Configuration and Installation Chapter 2

Table 2-2. Default Settings of National Instruments Products for the PC

Board DMA Channel Interrupt Level Base /O Address
AT-A2150 None* None* 120 hex
AT-AO-6/10 Channel 5 Lines11, 12 1CO0 hex
AT-DIO-32F Channels 5, 6 Lines11, 12 240 hex
AT-DSP2200 None* None* 120 hex
AT-GPIB Channel 5 Line1l 2C0 hex
AT-MIO-16 Channels 6, 7 Line 10 220 hex
AT-MIO-16D Channels 6, 7 Lines5, 10 220 hex
AT-MIO-16F-5 Channels 6, 7 Line 10 220 hex
AT-MIO-16X None* None* 220 hex
AT-MIO-64F-5 None* None* 220 hex
GPIB-PClI Channel 1 Line7 2B8 hex
GPIB-PCI1A Channel 1 Line7 02E1 hex
GPIB-PCIII Channel 1 Line7 280 hex
Lab-PC Channel 3 Line5 260 hex
PC-DIO-24 None Line5 210 hex
PC-DI10O-96 None Line5 180 hex
PC-LPM-16 None Line5 260 hex
PC-TIO-10 None Line5 1A0 hex

* These settings are software configurable and are disabled at startup time.
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Table 2-3. Switch Settings with Corresponding Base 1/0 Address and Base 1/0 Address Space

Switch Setting Base /O Address Base /O Address
A9 A8 A7 A6 A5 (hex) Space Used (hex)

0O 0 00 O 000 000 - 01F

O 0 00 1 020 020 - 03F

0O 0 01 O 040 040 - 05F

0O 0 01 1 060 060 - O7F

0O 010 0O 080 080 - 09F

0O 0 10 1 0AO 0AO - OBF

0O 011 0O 0CO 0CO - ODF

0O 0 11 1 OEO OEO - OFF

0O 1 00 O 100 100 - 11F

0 1 00 1 120 120- 13F

0 1 01 0O 140 140 - 15F

0 1 01 1 160 160 - 17F

0O 1 10 O 180 180 - 19F

0O 1 1 0 1 1A0 1A0- 1BF

0O 1 11 0 1CO 1CO - 1DF

0 1 11 1 1E0 1E0 - 1FF

1 0 00 O 200 200 - 21F

1 0 00 1 220 220 - 23F

1 0 01 O 240 240 - 25F

1 0 01 1 260 260 - 27F

1 0 1 0 O 280 280 - 29F

1 0 1 0 1 2A0 2A0 - 2BF

1 0 11 0O 2C0 2C0 - 2DF

1 0 11 1 2E0 2EO - 2FF

1 1 00 O 300 300 - 31F

1 1 00 1 320 320 - 33F

1 1 01 O 340 340 - 35F

1 1 01 1 360 360 - 37F

1 1 10 0 380 380 - 39F

1 1 10 1 3A0 3A0- 3BF

1 1 11 0 3C0 3CO0 - 3DF

1 1 11 1 3EO 3EQ - 3FF
Note: Base I/O address values hex 000 through OFF are reserved for

system use. Base I/0O address values hex 100 through 3FF are
available on the 1/0 channel.

DMA Channel Selection

The DMA channel used by the AT-DIO-32F is selected by jumpers on W1 (see Figure 2-1). The
AT-DIO-32F is set at the factory to use DMA Channels5 and 6. These are the default DMA
channels used by the AT-DIO-32F software handler. Verify that these DMA channels are not
also used by equipment already installed in your computer. If any device uses DMA Channel 5
and/or Channel 6, change the DMA channel used by either the AT-DIO-32F or the other device.

© National Instruments Corporation 2-7
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The AT-DIO-32F hardware can only use Channels 5, 6, and 7 as DMA channels. Notice that
these are the three available 16-bit channels on the PC I/O channel. The AT-DIO-32F does not
use and cannot be configured to use the 8-bit DMA channels on the PC /O channel.

Each DMA channel consists of two signal lines as shown in Table 2-4.

Table 2-4. DMA Channels for the AT-DIO-32F

DMA DMA DMA
Channel Acknowledge Request
5 DACK5 DRQ5

6 DACK®6 DRQ6

7 DACK7 DRQ7

Two jumpers must be installed to select aDMA channel. The switch BANK A is used to select
the DMA channel for Group 1, and the switch BANK B is used to select the DMA channel for
Group 2. Figure 2-3 displays the jumper positions for selecting DMA Channels5 and 6. Inthis
setting, Group 1 uses DMA Channel 5, and Group 2 uses DMA Channel 6.

DMA CH
7T 615
et II BANK A
W1|e
L feas

Figure 2-3. DMA Jumper Settings for DMA Channels 5 and 6 (Factory Settings)

If you want to use only one DMA channel, then place the configuration jumpers in the positions
shown in Figure 2-4.

Figure 2-4. DMA Jumper Settings for DMA Channel 5 Only
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If you do not want to use DMA for AT-DIO-32F transfers, then place the configuration jumpers
in the positions shown in Figure 2-5.

DMA CH
1—7—|— 95—

BANK A
W1l | e o
BANK B

Figure 2-5. DMA Jumper Settings for Disabling DMA Transfers

Interrupt Selection

The AT-DIO-32F board can connect to one or two of any of the 11 interrupt lines of the PC I/O
channel. The interrupt lines are selected by jumper W2, which is located above the /O slot edge
connector on the AT-DIO-32F (see Figure 2-1). To use the interrupt capability of the
AT-DIO-32F, select one or two interrupt lines and place the jumpers in the appropriate positions
to enable the particular interrupt lines. The Group 1 interrupt uses the upper two rows of jumper
W2, and the Group 2 interrupt uses the lower two rows of jumper W2.

The AT-DIO-32F can share interrupt lines with other devices by using atri-state driver to drive
its selected interrupt line. The AT-DIO-32F hardware can use the following interrupt lines:
IRQ3, IRQ4, IRQ5, IRQ6, IRQ7, IRQ9, IRQ10, IRQ11, IRQ12, IRQ14, and IRQ15.

Note: Do not useinterrupt line 6 or interrupt line 14. Interrupt line 6 is used by the diskette
drive controller, and interrupt line 14 is used by the hard disk controller on most PCs.

Once you have selected an interrupt level, place the interrupt jumper on the appropriate pinsto
enable the interrupt line.

The default interrupt lines are IRQ11 for Group 1 and IRQ12 for Group 2. Theselinesare
selected by placing the jumper on the pinsin row 11 of W1 and row 12 of W1, respectively.
Figure 2-6 shows the default interrupt jumper setting IRQ11 and IRQ12. To change the default
setting, remove the jumpers from their current settings and place them on the new pins,

IRQ
1514 1211109 7 6 5 4 3
[ ] [ ] [ ] I [ ] [ ] [ ] [ ] [ ] [ ] [ ] INTRl

INTR2

W2 [ ] [ I

Figure 2-6. Interrupt Jumper Settings IRQ11 and IRQ12 (Factory Settings)
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If you do not want to use interrupts, place the jumper on W2 in the positions shown in Figure 2-
7. This setting disables the AT-DIO-32F from asserting any interrupt lines on the PC I/O
channel.

IRQ
15141211109 7 6 5 4 3

INTR1
W2 [ ) [ ] [ ] L] [ ) [ ] L[] [ ) L] L[] [ ]

INTR2

Figure 2-7. Interrupt Jumper Settings for Disabling Interrupts

Figure 2-8 shows the Group 2 interrupts disabled, and interrupt line 5 is selected for Group 1.

IRQ
1514 1211109 7 6 5 4 3
. . ] . . ] . . . . |NTR1
W2 ° o ° ° ° ° ° ° I ° °
o ° ° ° ° ° ° ° ° | INTRZ

Figure 2-8. Interrupt Jumper Setting IRQ5 Only

RTSI Bus Clock Selection

When multiple AT Series boards are connected viathe RTSI bus, you may want to have all the
boards use the same 10-MHz clock. This arrangement is useful for applications that require
counter/timer synchronization between boards. Each AT Series board with aRTSI bus interface
has an onboard oscillator. Thus, one board can drive the RTSI bus clock signal, and the other
boards can receive this signal or disconnect fromit.

The configuration for jumper W3 determines whether a board drives the onboard 10-MHz clock
onto the RTSI bus, receives the RTSI bus clock, or disconnects from the RTSI bus clock. This
clock source, whether alocal or RTSI signal, is then used as the onboard counter frequency
source.

The jumper selections are shown in Table 2-5.
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Table 2-5. Configurationsfor RTSI Bus Clock Selection

Configuration w3

Disconnect board from RTSI bus clock; uselocall| STANDBY, BRDCLK-OSC
oscillator (factory setting)

Receive RTSI bus clock signal STANDBY, BRDCLK-RTSICLK

Drive RTSI bus clock signal with local oscillator| BRDCLK-OSC, BRDCLK-RTSICLK

Figures 2-9, 2-10, and 2-11 show the jumper positions for each of the preceding configurations.

STANDBY | t—
BRDCLK | mmmm | OSC
BRDCLK|* *| RTSICLK

Figure 2-9. Disconnect from RTSI Bus Clock; Use Onboard Oscillator (Factory Settings)

STANDBY
BRDCLK OSC
BRDCLK | mmmm | RTSICLK

Figure 2-10. Receive RTSI Bus Clock Signal

STANDBY
BRDCLK | wmmm | OSC
BRDCLK | mmmm [ RTSICLK

Figure 2-11. Drive RTSI Bus Clock Signal with Onboard Oscillator
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| nstallation

The AT-DIO-32F can beinstalled in any available 16-bit expansion slot (AT style) in your
computer. The AT-DIO-32F does not work if installed in an 8-bit expansion slot (PC style).
After you have made any necessary changes, verified, and recorded the switch settings and
jumper settings (aformis givenin Appendix E), you are ready to install the AT-DIO-32F. The
following are general installation instructions, but consult the user manual or technical reference
manual of your PC for specific instructions and warnings.

1. Turn off your computer.

2.

3.

7.

8.

Remove the top cover or access port to the I/O channel.
Remove the expansion slot cover on the back panel of the computer.

Insert the AT-DIO-32F into a 16-bit slot. 1t may be atight fit, but do not force the board into
place.

If you want to connect multiple AT Series boards, attach a RTSI cable to the RTSI connector
at thistime.

Screw the mounting bracket of the AT-DIO-32F to the back panel rail of the computer.
Check the installation.

Replace the cover.

The AT-DIO-32F board isinstalled and ready for operation.
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Signal Connections

|/O Connector Pin Description

Configuration and Installation

Figure 2-12 shows the pin assignments for the AT-DIO-32F digital 1/0O connector.

Warning: Connections that exceed any of the maximum ratings of input or output signalson
the AT-DIO-32F may result in damage to the AT-DI1 O-32F board and to the PC.
Maximum input ratings for each signal are given in this chapter under the
discussion of that signal. National Instrumentsisnot liable for any damages
resulting from any such signal connections.

DIOD1 — Y2
DIOD3 — 3[4
DIOD6 — 5|6
DIOD2 — 7|8
DIOC5 — 9(10
DIOC3 —{11{12
DIOC2 —{13[14
DIOC6 —{15(16
GND —17/|18
GND —19|20
GND —21{22
GND — 23|24
GND — 25|26
ACK1 —(27|28
IN1 —29|30
ouT1 —3132
REQ1 —33(34
DIOA4 —35[36
DIOAO —37(38
DIOA1 —{39(40
DIOA7 —41(42
DIOB5 —43[44
DIOB7 —45(46
DIOBO —47[48
DIOB4 —49|50

DIOD4
DIODO
DIOD7
DIODS
DIOC7
DIOC1
DIOCO
DIOC4
ACK2
IN2
OuT2
REQ?2
GND
GND
GND
GND
GND
DIOCAG
DIOA?Z2
DIOA3
DIOAS
DIOB2
DIOB6
DIOB3
DIOB1

Figure 2-12. Digital 1/0 Connector Pin Assignments
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Signal Connection Descriptions

Pins Signal Names
43-50 DIOB<0..7>
35-42 DIOA<O0..7>
33 REQ1

31 OuUT1

IN1
27 ACK1
24 REQ2

AT-DIO-32F User Manual

Chapter 2

Description

Bidirectional datalinesfor Port B.
DIOB7 isthe MSB; DIOBO isthe LSB.

Bidirectional datalinesfor Port A.
DIOA7 isthe MSB; DIOAO isthe LSB.

Input handshaking request line for Group 1.

When the AT-DIO-32F isin write mode, the external
device activates this signal to indicate that it is ready
to receive data. When the AT-DIO-32F isin read
mode, the external device activatesthissignal if data
can be read on the datalines. The polarity of this
signal is changed by the INVRQL1 bit in the CFG1
Register.

Extra output signal #1.

This additional output signal can be connected to
extra control lines, and is controlled by the OUT1 bit
in the CFG1 Register.

Extrainput signal #1.

This additional input signal ispulled upto +5V by an
onboard resistor. The status of this signal can be
obtained by reading the IN1 bit in the STAT Register.
Thisinput signal can be used as an extrainput signal
line or as an external enable signal of Counter 1 of the
board.

Output handshaking acknowledge signal for Group 1.
When the AT-DIO-32F isin write mode, this signal
becomes active when data has been written to the data
lines. When the AT-DIO-32F isin read mode, this
signal becomes active when the available data on the
datalines has been read. The polarity of thissignal is
configured by the INVACK1 bit in the CFG1
Register.

Input handshaking request line for Group 2.

When the AT-DIO-32F isin write mode, the external
device should activate thissignal to indicate that it is
ready to receive data. When the AT-DIO-32F isin
read mode, the external device should activate this
signal if datais available to be read on the data lines.
The polarity of thissignal is changed by the INVRQ2
bit in the CFG2 Register.
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Pins

22

20

18

9-16

17, 19,
21, 23,
25, 26
28, 30,
32,34

Signal Names

OuT2

IN2

ACK2

DIOC<O0..7>

DIOD<0..7>

GND

© National Instruments Corporation
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Description (continued)

Extra output signal #2.

This additional output signal can be connected to
extra control lines and is controlled by the OUT2 bit
in the CFG2 Register.

Extrainput signal #2.

This additional input signal ispulled up to +5V by an
onboard resistor. The status of this signal can be
obtained by reading the IN2 bit in the STAT Register.
Thisinput signal can be used as an extrainput signal
line or as an external enable signal of Counter 2 of the
board.

Output handshaking acknowledge signal for Group 2.
When the AT-DIO-32F isin write mode, this signal
becomes active when data has been written to the data
lines. When the AT-DIO-32F isin read mode, this
signal becomes active when the available data on the
datalines has been read. The polarity of thissignal is
configured by the INVACK2 bit in the CFG2
Register.

Bidirectional datalines for Port C.
DIOCY7 isthe MSB; DIOCO isthe LSB.

Bidirectional datalinesfor Port D.
DIOD7 isthe MSB; DIODO isthe LSB.

These signals are connected to the ground signal of
the PC.
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|/O Connector Electrical Specifications

|/O Signals Rating

Absolute maximum voltage input rating: -0.5toVec+0.5V
(Vee: -0.5V t06.0V)

| nput Signal Specifications

Minimum Maximum
Input logic high voltage 2V 55V
Input logic low voltage oV 0.8V
Input current
aVec=55V,Vjh=55V - 10 pA
Output Signal Specifications
Minimum Maximum
Output logic high voltage
at lgyt =-15mA 24V 5V
Output logic low voltage
a lgyt =48 mA oV 05V
Output logic high current - -30 mA
Output logic low current - 70 mA

Timing Specifications

This section lists the timing specifications for handshaking with the AT-DIO-32F. The REQ and
ACK signals are available on the 1/0 connector, and in the following diagrams they are non-
inverted. Thedigital 1/0 ports are divided into two groups. Group 1 and Group 2. The timing
specifications for Group 1 and Group 2 handshaking are identical.

The following signals are used in the timing diagrams later in this chapter.

Name Type Description

GO Internal Internal GO pulse.
This pulse is sent to the handshaking circuitry when the
group's WRITE bit isset. Thissignal initializes the

circuitry for adatawrite transfer. The GO signal is not
available on the 1/0O connector.

(continues)
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Name

REQ

ACK

DRDY

RD

WR

TDELAY

DATA

© National Instruments Corporation

Type
I nput

Output

Internal

Internal

Interna

Interna

1/0

Configuration and Installation

Description (continued)

Handshaking request signal.

If the AT-DIO-32F isin write mode, this signal is asserted
when the external deviceisready to receive data. If the
AT-DIO-32F isin read mode, this signal is asserted when
dataisavailableto beread. Thissignal isavailable on the
[/O connector.

Handshaking acknowledge signal.

If the AT-DIO-32F isin read mode, this signal is asserted

by the AT-DIO-32F when it has read the available data. If
the

AT-DIO-32F isin write mode, thissignal is asserted when
the AT-DIO-32F has written the data to the specified port.
Thissignal is available on the I/O connector.

Datatransfer ready.

In read mode, this signal is high when datais available to
beread. Inwrite mode, thissignal is high when the
external deviceisready to receive the data. The status of
thissignal isavailablein the STAT register. Thissignal is
not available on the I/O connector.

Read signal.

Thissignal isthe read signal generated from the control
lines of the PC. Thissignal isnot available on the 1/O
connector.

Write signal.

Thissignal isthe write signal generated from the control
lines of the PC. Thissignal is not available on the 1/O
connector.

Data transmission delay.

A data-settling delay is added to ensure that data has settled
during atransfer. The delay for Group 1 is controlled by
bits T1S2 through T1S0 in the CFG1 Register. The delay
for Group 2 is controlled by bits T2S2 through T2S0 in
CFG2. Thissignal isnot available on the I/O connector.

Data signals on the 1/0 connector.

In write mode these lines are driven by the AT-DIO-32F,
and datais transfered from memory to the external device.
In read mode these lines are driven by the external device,
and datais transfered from the external device to memory.
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AT-DIO-32F Read and Write Timing
REQ - TO- T1 > |
| =73~ |
| -—T2c ==
DRDY |— T2ab—
ezt B
< 15 -
TDELAY <76
[T72] | T8a]
@Sg mode | Toa
| <———— T10ab ———»]
jf—«—— T8b I
[e-T70~ | T70]
@%mg_e dge |eTopm-e—— T10d —
mode
I 17¢ + Teq
ACK T9c
trailing-edge
mode |T12| [ T1I0c——
| 11 |- T13 =]
E\%tuat mode < > >\ \< >
114
Data i
output mode
(single-buffered) 71
Data >< | T17 |
d
(double-buffered)
Name Description Minimum Maximum
TOa REQ pulse width in level mode 125 -
TObc REQ pulse width in leading- or trailing-edge 100 -
mode
T1 REQ low duration 160 -
T2ab REQ to DRDY in level or leading-edge mode 0 225
T2c REQ inactiveto DRDY intrailing-edge mode 0 100
T3 Start of read or write to DRDY inactive 50 240
T4 DRDY to read or write 0 -
T5 End of read or writeto TDELAY
(with TDELAY equal to 0) 0 175
(with TDELAY not equal to 0) 50 360
T6 TDELAY (programmable) 0 700
T7ab TDELAY to ACK inlevel mode, or in 10 100
leading-edge mode without LPUL SE
T7c Start of read or writeto ACK in trailing-edge 60 220
mode
T7d End of read or writeto ACK inleading-edge 0O 180
mode with LPUL SE set
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T8a
T8b

T8c
T9a
T9b
T9c
T10ab
T10c
T10d

T11
T12

T13
T14
T15
T16

T17

REQ to ACK inactive in level mode

REQ inactive to ACK inactive in leading-
edge mode (but T9b can prolong ACK)
TDELAY to ACK inactivein trailing-edge
mode

ACK pulse width in level mode

(delaying REQ prolongs ACK)

ACK pulse width in leading-edge mode
without LPUL SE (but T8b can prolong ACK)
ACK pulse width in trailing-edge mode
(increasing TDELAY prolongs ACK)
ACK to next REQ inlevel modeor in
|eading-edge mode without LPUL SE

ACK inactive to next REQ inactivein
trailing-edge mode

ACK inactive to next REQ in leading-edge
mode with LPUL SE set

Input data valid before REQ

Input datavalid after REQ
(double-buffered input)

Input datavalid after ACK
(single-buffered input)

Old output datainvalid after write
(single-buffered output)

Output data valid before TDELAY
(single-buffered output)

Old output datainvalid after REQ
(double-buffered output)

Output data valid after REQ
(double-buffered output)

All timing values are in nanoseconds.

Cabling

110

110
50

225
125
225

35

Configuration and Installation

320

320
0

175

100

The AT-DIO-32F can be interfaced to a wide range of printers, plotters, test instruments, 1/0
racks and modules, screw terminal panels, and almost any device with a parallel interface. The
AT-DIO-32F digital 1/0 connector is a standard 50-pin header connector. The pin assignments
are compatible with the DEC DRV 11J parallel interface and most standard 32-channel 1/0
module mounting racks (such as those manufactured by Opto 22 and Gordos).

The CB-50, a cable termination accessory, is available from National Instruments for use with
the AT-DIO-32F board. Thiskit includes a 50-conductor, flat ribbon cable and a connector
block. Signal input and output wires can be attached to screw terminals on the connector block
and thereby connected to the AT-DIO-32F I/O connector.

The CB-50 isuseful for initially prototyping an application or in situations where AT-DIO-32F
Interconnections are frequently changed. Once afinal field wiring scheme has been devel oped,
however, you may want to develop your own cable. This section contains information and

guidelines for the design of such acable.

© National Instruments Corporation 2-19
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The AT-DIO-32F 1/0O connector is a 50-pin male ribbon cable header. Recommended
manufacturers and the appropriate part numbers for this header are as follows:

Electronic Products Division/3M part number 3596-5002
T&B/Ansley Corporation part number 609-5007

The mating connector for the AT-DIO-32F is a 50-position, polarized, ribbon socket connector
with strain relief. National Instruments uses a polarized (keyed) connector to prevent inadvertent
upside-down connection to the AT-DIO-32F. Recommended manufacturers and the appropriate
part numbers for this mating connector are as follows:

Electronic Products Division/3M part number 3425-7650
T&B/Angley Corporation part number 609-5041CE

Recommended manufacturers and the appropriate part numbers for the standard ribbon cable
(50-conductor, 28 AWG, stranded) that can be used with these connectors are as follows:

Electronic Products Division/3M part number 3365/50
T&B/Angley Corporation part number 171-50

If you plan to use the AT-DIO-32F for a communications application, you may need shielded
cables to meet FCC requirements. The AT-DIO-32F 1/0 bracket has been designed so that the
shield of the 1/0 cable can be grounded through the computer chassis when a mating connector
such as the following is used:

AMP Special Industries part number 2-746483-2
Many varieties of shielded ribbon cable can work with the preceding mating connector. One
type of shielded cable encloses a standard ribbon cable with a shielded jacket. Recommended
manufacturers and the appropriate part numbers for this type of cable are asfollows:

Belden Electronic Wire and Cable part number 9L 28350
T&B/Ansley Corporation part number 187-50
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Chapter 3
Theory of Operation

This chapter explains the basic operation of the AT-DIO-32F circuitry.

The AT-DIO-32F is a high-speed, 32-bit, parallel, digital 1/0 interface for the PC. The 32 lines
of digital I/0 on the AT-DIO-32F are divided into four 8-bit ports (DIOA, DIOB, DIOC, and
DIOD). Ports A and B are assigned to handshaking Group 1, and Ports C and D are assigned to
handshaking Group 2. Each group can be programmed as either an input or an output group, and
each group has its own independent handshaking signals for data transfers.

The key functional components of the hardware are illustrated in the block diagram shown in

Figure 3-1.

N\

Address

Decoding
Circuitry

Configuration [ OUT1, 2

and Status INL 2
Registers [

Bus

Transceivers

—

PC AT I/O Channel

PCI1/O
Channel
Control

Circuitry

Counters
1,2, 3

Interrupt
Control
Circuitry

-

1/0O Connector

Handshaking ACKL 2
Circuitry REQL, 2

DMA

Control

Circuitry

Figure 3-1. AT-DIO-32F Block Diagram
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The AT-DIO-32F board is afull-size, 16-bit, PC 1/0 channel adapter. The PC 1/0O channel
consists of a 24-bit address bus, a 16-bit data bus, aDMA arbitration bus, interrupt lines, and
several control and support signals.

Address Decoder

The PC 1/0 channel has 24 address lines; the AT-DIO-32F uses ten of these lines to decode the
board address. Therefore, the board address range is hex 000 to 3FF. Address lines SA5 through
SA9 are used to generate the board enable signal. SAO through SA4 are used to select the
onboard registers.

Bus Transcelvers

The bus transceivers control the sending and receiving of the data lines to and from the PC 1/0
channel.

PC I/0O Channel Control Circuitry

This circuitry monitors and transmits the PC 1/0 channel control and support signals. The
control signalsidentify transfers as read or write, configuration or 1/0, and 8-bit or 16-hit. A
support signal is returned to the PC 1/0 channel from the AT-DIO-32F to indicate the size of the
current data transfer.

Configuration and Status Registers

The AT-DIO-32F has seven configuration registers and a status register. Four 16-bit
configuration registers (CFG1, CFG2, CFG3, and CFG4) are used to program al of the digital
I/O modes of the

AT-DIO-32F. The other configuration registers are used to configure three onboard counters and
the RTSI bus and to clear certain interrupt status bits. The 16-bit status register (STAT) contains
DMA, interrupt, and handshaking signal status information. Refer to Chapter 4, Programming,
for additional information about these registers.

Data L atchesand Drivers

The four 8-bit digital 1/0 ports are divided into two handshaking groups. Ports A and B are
assigned to handshaking Group 1. Ports C and D are assigned to handshaking Group 2. Each
port can be configured as read or write, and single-buffered or doubled-buffered. When the
board isfirst turned on, each port is configured as a single-buffered read port. Reading asingle-
buffered input port returns the data currently available for that port at the I/O connector. Datais
latched in aread port on the appropriate active edge of the handshaking request line, REQ1 or
REQ2, when the port is configured as a double-buffered input port.
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If aport is configured as a single-buffered write port, the data written to that port is latched into
the port and driven on the corresponding digital 1/0 lines. Reading the port returns the data that
is currently driven by the port. Write ports configured for double-buffering are often used for
pattern generation. A double-buffered write port consists of two buffers: the write buffer and
the output buffer. Datawritten to the port isloaded into the write buffer. When a handshaking
request, REQ1 or REQ?2, isreceived on the 1/O connector for the double-buffered group, the
contents of the write buffer are loaded into the output buffer. Dataloaded in the output buffer is
driven on the digital 1/0 lines.

Onboard Counters

The AT-DIO-32F includes three onboard counters, useful for pattern generation and periodic
dataacquisition. Counter 1 can be programmed to generate group 1 handshaking requests on the
REQL line. Likewise, counter 2 can be programmed to generate group 2 handshaking requests
on the REQ2 line. Counter 3 can alter the counting rate of the other two counters and can aso be
programmed to generate periodic interrupts.

The clock that runs the counters, BRDCLK, connectsto a 10 MHz clock source: either an
onboard clock, OSC, or to the RTSI clock line, RTSICLK. With BRDCLK connected to both
OSC and RTSICLK, the onboard clock source can drive both the counters and the RTSI clock
line. See RTS Bus Clock Selection in Chapter 2, Configuration and Installation, for information
about connecting the BRDCLK signal.

The signal you select for BRDCLK is slowed by afactor of 5, creating a2 MHz clock signal that
operates Counter 3. The output of Counter 3 forms atime base for Counters 1 and 2, but
Counters 1 and 2 can a'so run directly from the BRDCLK clock, if so directed in CFG3 register.
Figure 3-2 shows the clock routing scheme.
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20 MHz RTSICLK pin
oscillator of RISI bus

I

To handshaking + 2
circuitry

BRDCLK  wosc

BRDCLK [ o o

4
+5
Counter 3
I

v W v v

CNT1SRG—)|multiplexer CNT2SRC—p| multiplexer
v ¥

Counter 1 Counter 2

REQ1 REQ2

Figure 3-2. AT-DIO-32F Clock Routing Scheme

Digital 1/0 Connector
All digital I/O isthrough a standard, 50-pin, male connector. The pin assignments for this
connector are compatible with the DEC DRV 11-J parallel interface and most 32-channel 1/0

module racks. Refer to Sgnal Connectionsin Chapter 2, Configuration and Installation, for pin
assignments and additional information.

Handshaking Circuitry

The four 8-bit digital 1/0 ports are divided into two handshaking groups. Group 1 and Group 2.
These groups are independent of each other, so two separate transfers can occur simultaneously.
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Group 1 handshaking is controlled by REQ1 and ACK1. Group 2 handshaking is controlled by
REQ2 and ACK2. The handshaking circuitry controls these handshaking signals and the data
flow through the digital 1/O data latches and drivers.

Each group can be programmed to operate in one of three handshaking modes: level signals,
leading edge signals, or trailing edge signals. Refer to Chapter 2, Configuration and Installation,
and Chapter 4, Programming, for the timing diagrams for each of these modes. The state
diagrams that describe each handshaking mode are shown later in this chapter.

After start-up or LRESET, the handshaking circuitry isin the INIT state. During aread transfer,
DRDY isset onceaREQ isreceived. DRDY remains set until the datais read from the selected
ports. During awrite transfer, DRDY is set as soon as the group's WRITE bit is set, indicating
that the group isin write mode. DRDY remains set until datais written to the selected ports.

In the Figures 3-3 and 3-4, REQ and ACK are shown as active high logic; that is, INVRQ and
INVACK are cleared.

Level Mode

In level mode, once the datais read or written, TDELAY begins. TDELAY isthe data-settling
delay that is programmed by setting bitsin CFG1 or CFG2. After the delay, ACK is sent to the
digital 1/0 connector. The circuitry waits for REQ to go low. When REQ isreceived again,
ACK iscleared; then DRDY is set again and the cycle continues.

Figure 3-3 shows aread transfer in level mode.

LRESET

Y

Power On

When REQ asserted

When REQ asserted

Continue
sending
ACK

When REQ
unasserted

After TDE LAY

Figure 3-3. Level Mode — Read

© National Instruments Corporation 35 AT-DIO-32F User Manual



Theory of Operation Chapter 3

Figure 3-4 shows awrite transfer in level mode.

LRESET
or
Power On

When WRITE bit
and DIXXEN bit

When REQ asserted for group are set

Continue
sending
ACK

After data

When REQ ]
unasserted written
After TDELAY
Figure 3-4. Level Mode — Write
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L eading Edge Mode

In leading edge mode, the handshaking lines REQ and ACK are viewed as pulses that are active
on the leading edge of the pulse. Oncethe dataisread or written, TDELAY begins. After
TDELAY, ACK issent to the digital I/0O connector. When another leading edge of REQ is
received, DRDY is set and the AT-DIO-32F is ready for another cycle.

Figure 3-5 shows aread transfer in leading edge mode.

LRESET
or
Power On

o

When REQ assertg

When REQ asserted

After data read

After TDELAY

Figure 3-5. Leading Edge Mode — Read

Note: If LPULSE isset, ACK startswhen TDELAY starts.
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Figure 3-6 shows awrite transfer in leading edge mode.

Chapter 3

LRESET
or

Power O?‘

When REQ asserted

Clear ACK)
Set DRDY,

When WRITE bit and
DIOXEN bit for the
group are set

Note:

AT-DIO-32F User Manual

When REQ
unasserted After
data
written
After TDELAY
Figure 3-6. Leading Edge Mode — Write

If LPULSE isset, ACK startswhen TDELAY starts.
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Trailing Edge M ode

In trailing edge mode, REQ and ACK are treated as pulses that are active on the trailing edge of
the pulse. Oncethe dataisread or written, ACK isasserted. Atthistime, TDELAY begins.
After TDELAY, ACK iscleared, which means that the pulse width of ACK isequivalent to
TDELAY. If TDELAY isprogrammed to O, the pulse width of ACK is 100 nsec. When another
trailing edge of REQ isreceived, DRDY is set and the AT-DIO-32F is ready for another cycle.

Figure 3-7 shows aread transfer in trailing edge mode.

LRESET

or’ﬂ‘

Power On

When REQ
asserted

When REQ unasserted

After data

When REQ 3
rea

asserted

Send ACK
Start TDELAY,

After TDELAY

Figure 3-7. Trailing Edge Mode — Read
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Figure 3-8 shows awrite transfer in trailing edge mode.

LRESET
or
Power On When WRITE bit

and DIOXEN bit

for group are set

REQ
asserted

Send ACK
Start TDELAY,

After TDELAY

Figure 3-8. Trailing Edge Mode — Write

Interrupt Control Circuitry

The interrupt control circuitry routes any enabled interrupts to the selected interrupt request lines.
Eleven interrupt request lines are available for use by the AT-DIO-32F: IRQ3, IRQ4, IRQ5,
IRQ6, IRQ7, IRQY, IRQ10, IRQ11, IRQ12, IRQ14, and IRQ15. Group 1 and Group 2 can each
be set to have an interrupt request line. With the interrupt requests, which are tri-state output
signals, the AT-DIO-32F board can share the interrupt lines with other devices. Five different
interrupts can be generated by the AT-DIO-32F:. DRDY 1 set, DRDY 2 set, Group 1 DMA
terminal count received, Group 2 DMA terminal count received, and arising edge on Counter 3
received. Each one of these interruptsisindividually enabled and cleared. See Chapter 4,
Programming, for additional information about programming with interrupts.

DMA Control Circuitry

Each handshaking group can be assigned a separate DMA channel for 16-bit data transfer, and
each group has a DMA enable bit, DMAEN. When DMA is enabled, the AT-DIO-32F sends a
DMA request to a port that is ready to receive data during awrite transfer, or to aport that is
ready to read data during aread transfer. DMA channels 5, 6, and 7 of the PC /O channel are
available for such transfers.
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RTSI BusInterface

The AT-DIO-32F isinterfaced to the National Instrument RTSI bus. The RTS| bus has seven
trigger lines and a system clock line. All National Instruments AT Series boards that have RTSI
bus connectors can be wired together inside the PC to share these signals.

The RTSI bus RTSICLK line can be used to send a 10-MHz signal across the RTSI bus, or to
receive another clock signal from another AT board connected to the RTSI bus. MY CLK isthe
system clock used by the AT-DIO-32F.

The RTSI switchisaNational Instruments custom-integrated circuit that acts as a seven by seven
crossbar switch. Pins B<6..0> are connected to the seven RTSI bustrigger lines. Pins A<6..0>
are connected to seven signals on the board. The RTSI switch can drive any of the signals at pins
A<6..0> onto any one or more of the seven RTSI bus trigger lines and drive any of the seven
trigger line signals onto any one or more of the pins A<6..0>. With this capability, any AT
Series board sharing the RTSI bus has a completely flexible signal interconnection scheme. The
RTSI switch is programmed viaits select and data inputs.

On the AT-DIO-32F board, seven signals are connected to pins A<6..0> of the RTSI switch:
REQ1, REQ2, ACK1, ACK2, IN1, RWGRP1*, and RWGRP2*. These signals can be controlled
over the RTSI bus or externally across the I/0O connector. The RTSI bus connections send timing
signalsto other AT boards connected to the RTSI bus.
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Chapter 4
Programming

This chapter describesin detail the address and function of each of the AT-DIO-32F control and
status registers. This chapter also includes important information about programming the
AT-DIO-32F.

The AT-DIO-32F has four 8-bit ports divided into two handshaking groups, Group 1 and

Group 2. Each group can be independently programmed for input or output and a handshaking
mode. Counters onboard can be used for pattern generation for one or both handshaking groups.
A signal from another AT Series board can be sent across the RTSI bus to implement pattern
generation aswell. This chapter contains the register descriptions and functional descriptions
necessary to program the many modes of the AT-DIO-32F.

Note: If you plan to use a programming software package such as NI-DAQ or LabWindows
with your AT-DIO-32F board, you need not read this chapter.

Register Map

The register map for the AT-DIO-32F isshown in Table 4-1. Thistable gives the register name,
the register address, the type of the register (read only, write only, or read and write), and the size
of the register in bits.
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Table 4-1. AT-DIO-32F Register Map
Register Name Address (Hex) Type Size

Configuration and Status

Register Group
CFGL1 Register 00 Write-only 16-bit
CFG2 Register 02 Write-only 16-bit
CFG3 Register 04 Write-only 16-bit
CFG4 Register 14 Write-only 16-bit
STAT Register 00 Read-only 16-bit
CNTINTCLR Register 0A Write-only 16-bit
DMACLR1 Register 0oC Write-only 16-bit
DMACLR2 Register OE Write-only 16-bit

Digital I/0O Port Register Group
PORT A Register 06 Read-and-write | 8-bit or 16-bit
PORT B Register 07 Read-and-write | 8-bit
PORT C Register 08 Read-and-write | 8-bit or 16-hit
PORT D Register 09 Read-and-write | 8-bit

RTSI Bus Register Group
RTSISHFT Register 10 Write-only 8-hit
RTSISTRB Register 12 Write-only 8-bit

Counter Register Group
CNTR1 Register 18 Read-and-write | 8-bit
CNTR2 Register 1A Read-and-write | 8-bit
CNTRS3 Register 1C Read-and-write | 8-bit
CNTRCMD Register 1E Write-only 8-bit
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Register Sizes

Two different transfer sizes can be used for read and write operations with the PC: byte (8-bit),
and word (16-bit). Table 4-1 showsthe size of each AT-DIO-32F register. For example, reading
the STAT Register requires a 16-bit (word) read operation at the selected address, whereas
writing to the RTSISHFT Register requires an 8-bit (byte) write operation at the selected address.
Addresses selected as 8-bit locations can also be accessed with a 16-bit operation; the upper byte
in this case should be thought of as eight don't care bits.

Register Description

Table 4-1 divides the AT-DIO-32F registersinto four different register groups. A bit description
of each of the registers making up these groupsisincluded later in this chapter.

The Configuration and Status Register Group controls the overall operation of the AT-DIO-32F
hardware. The configuration registers are used to program the digital I/0O handshaking modes
and to enable DMA or interrupt requests. The status registers reflect the state of the digital 1/0
handshaking, interrupt requests, and DMA requests. The registersin the Digital 1/0 Port Group
access the four 8-bit digital 1/0 ports. The Counter Register Group selects the counting mode
and initial count of the three counters. The RTSI Bus Register Group configures the RTSI bus
switch.

Register Description Format

The remainder of this section discusses each of the AT-DIO-32F registersin the order shownin
Table 4-1. Each register group is introduced, followed by a detailed bit description of each
register. Theindividual register description gives the address, type, word size, and bit map of the
register, followed by a description of each bit.

The register bit map shows a diagram of the register with the MSB (bit 15 for a 16-bit register,
bit 7 for an 8-bit register) shown on the left, and the LSB (bit 0) shown on theright. A squareis
used to represent each bit. Each bit islabeled with aname inside this square. An asterisk (*)
after the bit name indicates that the bit isinverted (negative logic).

In many of the registers, one or more bits are labeled with Xs, indicating don't care bits. When a
register is read, these bits may appear set or cleared but should be ignored because they have no
significance. When aregister iswritten to, setting or clearing these bit locations has no effect on
the AT-DIO-32F hardware.
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Configuration and Status Register Group

The seven registers making up the Configuration and Status Register Group can be used for
general monitoring and control of the AT-DIO-32F hardware. The four configuration registers
(CFGL, CFG2, CFG3, and CFG4) control the digital 1/0 modes, handshaking modes, interrupt,
and DMA operations. The other three configuration registers (CNTINTCLR, DMACLR1, and
DMACLR?2) clear various interrupt status bits. The status register (STAT) reflectsthe DMA,
interrupt, and handshaking signal status.

Bit descriptions of the seven registers making up the Configuration and Status Register Group
are given on the following pages.
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CFG1 Register

The CFG1 Register contains 16 bits that control the Group 1 1/0 mode, handshaking mode, and
interrupt and DMA operations.

Address: Base address + 00 (hex)
Type: Write-only
Word Size:  16-bit

Bit Map:
15 14 13 12 11 10 9 8
[ DMAEN1 | INTEN1 | T1s2 | T1s1 | T1s0 | DIOBEN | DIOAEN | LRESET1 |
7 6 5 4 3 2 1 0
| X [ INVRQ1 [DBLBUFA | PULSEL | EDGE1 [INVACK1 [SETACK1| ouT1i |
Bit Name Description
15 DMAEN1 Group 1 DMA Enable Bit.
When DMAEN1 is set, DMA is enabled for Group 1 handshaking.
A DMA request is asserted when DRDY 1 is set.
14 INTEN1 Group 1 Interrupt Enable Bit.
When INTENL is set, interrupts are enabled for Group 1
handshaking. An interrupt request is asserted when DRDY 1 is set.
13-11  T1S<2..0> Group 1 Data Transmission Delay (TDELAY 1) Bits.

These hits select the data-settling delay used by Group 1
handshaking. Long cable lengths or special handshaking
specifications may require a data-settling delay to ensure proper
data transmission.

T1S2 T1S1 T1S0 TDELAY1 (nsec)

0 0 0 0
0 0 1 100
0 1 0 200
0 1 1 300
1 0 0 400
1 0 1 500
1 1 0 600
1 1 1 700
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Bit Name
10 DIOBEN
9 DIOAEN

8 LRESET1

6 INVRQ1

5 DBLBUFA

4 PULSE1

3 EDGE1
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Description (continued)

Port B Handshaking Enable Bit.
When DIOBEN is set, Port B is enabled for handshaking.

Port A Handshaking Enable Bit.
When DIOAEN is set, Port A is enabled for handshaking.

Loca Reset for Group 1 Bit.

Setting and clearing LRESET 1 resets the handshaking circuitry for
Group 1. Handshaking configuration bits must be reset after an
LRESET1.

Don't Care Bit.

This bit is unused on the Revision C and later revisions of the
board. On the Revision B board this bit is used as the Group 1
Handshaking Enable Bit.

Group 1 Request Invert Bit.

When INVRQL is set, the handshaking request REQ1 is considered
an active low signal. Group 1 recognizes arequest when REQL is
low. When INVRQL is cleared, REQL is considered an active high
signal. Group 1 recognizes arequest when REQL is high.

Port A Double-Buffer Enable Bit.

If DBLBUFA isset, Port A is double-buffered. When Port A is
configured as an output port, awrite operation to the port loads
datainto the first buffer of the port. When aREQ1 isreceived, the
dataistransferred to the second buffer of the port, which dumps
the data to the digital 1/0O connector. Double-buffering is usually
used for pattern generation. If DBLBUFA iscleared, Port A isa
single buffer; that is, data written to the port is immediately
dumped to the digital 1/0 connector. When Port A is configured as
an input port and DBLBUFA is set, an active level or edge of a
REQL1 signal latches the datainto the input buffer of Port A. A
read operation reads the data in the buffer instead of the I/O
connector. |If DBLBUFA iscleared, the port is transparent; that is,
aread operation reads the data on the I/O connector.

Group 1 Pulse Mode Bit.

When PULSEL is set, the Group 1 handshaking signals REQ1 and
ACK1 are configured as pulse signals. When PULSEL is cleared,
the Group 1 handshaking signals are configured as level signals.

Group 1 Leading/Trailing Pulse Mode Bit.

When EDGE1 and PUL SE1 are both set, the Group 1 handshaking
signals are active on the trailing edge of the pulse. When EDGE1
Iscleared and PULSEL is set, the Group 1 handshaking signals are
active on the leading edge of the pulse.
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Bit Name

2 INVACK1

1 SETACK1

0 OuT1

Programming

Description (continued)

Group 1 Acknowledge Invert Bit.

When INVACK1 is set, the handshaking acknowledge signal
ACK1isconfigured as an active low signal. Group 1 sends ACK1
asalow signal to acknowledge the end of a datatransfer. When
INVACK1iscleared, ACK1 is configured as an active high signal.
Group 1 sends ACK 1 as ahigh signal to acknowledge the end of a
data transfer.

Group 1 Acknowledge Control Bit.
Setting and clearing SETACK 1 controls the ACK1 bit on the
digital 1/0 connector.

Extra Output Bit 1.
Setting and clearing OUT1 controls the OUT1 bit on the digital 1/0
connector.
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CFG2 Register

Chapter 4

The CFG2 Register contains 16 bits that control the Group 2 1/0 mode and the handshaking

mode.

Address: Base address + 02 (hex)

Type: Write-only

Word Size:  16-bit

Bit Map:
15 14 13 12 11 10 9 8
[ DMAEN2 | INTEN2 | T2s2 | T2s1 | T2s0 | DIODEN | DIOCEN | LRESET2 |
7 6 5 4 3 2 1 0
| X [ INVRQ2 [DBLBUFC| PULSE2 | EDGE2 |INVACK2 |SETACK2]| oOuT2 |
Bit Name Description

15 DMAEN2

14 INTENZ2

13-11  T25<2.0>
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Group 2 DMA Enable Bit.
When DMAEN2 is set, DMA is enabled for Group 2 handshaking.
A DMA request is asserted when DRDY 2 is set.

Group 2 Interrupt Enable Bit.
When INTEN2 is set, interrupts are enabled for Group 2
handshaking. An interrupt request is asserted when DRDY 2 is set.

Group 2 Data Transmission Delay (TDELAY 2) Bit.

These bits select the data-settling delay used by Group 2
handshaking. Long cable lengths or special handshaking
specifications may require a data-settling delay to ensure proper
data transmission.

T2S2

T2S1

T230

TDELAY2 (nsec)

PRPRPRPPRPOOOO

PRPOORFRPFROO

POFRPOPRFRLORFRO

100
200
300
400
500
600
700

4-8
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Bit Name
10 DIODEN
9 DIOCEN
8 LRESET2
7 X
6 INVRQ2
5 DBLBUFC
4 PULSE?2
3 EDGE2

Programming

Description (continued)

Port D Handshaking Enable Bit.
When DIODEN is set, Port D is enabled for handshaking.

Port C Handshaking Enable Bit.
When DIOCEN is set, Port C is enabled for handshaking.

Loca Reset for Group 2 Bit.

Setting and then clearing LRESET 2 resets the handshaking
circuitry for Group 2. Handshaking configuration bits must be
reset after an LRESET2.

Don't Care Bit.
This bit is unused on the Revision C board. On the Revision B
board this bit is used as the Group 1 Handshaking Enable Bit.

Group 2 Request Invert Bit.

When INVRQ?2 is set, the handshaking request REQ?2 is considered
an active low signal. Group 2 recognizes arequest when REQ2 is
low. When INVRQ2 is cleared, REQ2 is considered an active high
signal. Group 2 recognizes arequest when REQL is high.

Port C Double-Buffer Enable Bit.

If DBLBUFC is set, Port C is double-buffered. When Port Cis
configured as an output port, awrite operation to the port loads
datainto the first buffer of the port. When a REQ2 isreceived, the
dataistransferred to the second buffer of the port, which dumps
the data to the digital 1/0O connector. Double-buffering is usually
used for pattern generation. If DBLBUFC iscleared, Port Cisa
single buffer; that is, data written to the port is immediately
dumped to the digital 1/0 connector. When Port C is configured as
an input port, and DBLBUFC is set, an active level or edge of a
REQ2 signal latches the data into the input buffer of Port C. A
read operation reads the data in the buffer instead of the 1/0
connector. If DBLBUFC is cleared, the port is transparent; that is,
aread operation reads the data on the I/O connector.

Group 2 Pulse Mode Bit.

When PULSE2 is set, the Group 2 handshaking signals REQ2 and
ACK?2 are configured as pulse signals. When PULSE2 is cleared,
the Group 2 handshaking signals are configured as level signals.

Group 2 Leading/Trailing Pulse Mode Bit.

When EDGE2 and PUL SE2 are both set, the Group 2 handshaking
signals are active on the trailing edge of the pulse. When EDGE2
Is cleared and PULSE2 is set, the Group 2 handshaking signals are
active on the leading edge of the pulse.

© National Instruments Corporation 4-9 AT-DIO-32F User Manual



Programming

Bit Name
2 INVACK?2
1 SETACK?2
0 ouT2
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Chapter 4

Description (continued)

Group 2 Acknowledge Invert Bit.

When INVACK?2 is set, the handshaking acknowledge signal
ACK2 is configured as an active low signal. Group 2 sends ACK2
asalow signal to acknowledge the end of a datatransfer. When
INVACK2 iscleared, ACK2 is configured as an active high signal.
Group 2 sends ACK2 as ahigh signal to acknowledge the end of a
data transfer.

Group 2 Acknowledge Control Bit.
Setting and clearing SETACK2 controls the ACK2 bit on the
digital 1/0 connector.

Extra Output Bit 2.

Setting and clearing OUT2 controls the OUT2 bit on the digital 1/0
connector.
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CFG3 Register

The CFG3 Register contains 13 bits that control the Counter 1 and Counter 2 operations, clock
selection, and 1/0 port transfer mode.

Address: Base address + 04 (hex)

Type: Write-only

Word Size:  16-bit

Bit Map:
15 14 13 12 11 10 9 8

| DBLBUFB |WRITED | WRITEB | TRANS32 | WRITEC | WRITEA | CNT2SRC | CNT1SRC |
7 6 5 4 3 2 1 0

[ DBLDMA | CNTINTEN]| CNT2HSEN| CNTIHSEN| CNT2EN [ CNT1EN| TCINTEN2 [ TCINTEN1 |

Bit Name Description

15 DBLBUFB Port B Double-Buffer Enable Bit.
If DBLBUFB is set, Port B is double-buffered. When Port B is
configured as an output port, awrite operation to the port loads
datainto the first buffer of the port. When aREQ1 isreceived, the
dataistransferred to the second buffer of the port, which dumps
the data to the digital 1/0 connector. Double-buffering is usually
used for pattern generation. If DBLBUFB iscleared, Port B isa
single buffer; that is, data written to the port is immediately
dumped to the digital 1/0 connector. When Port B is configured as
an input port and DBLBUFB is set, an active level or edge of a
REQL signal latches the datainto the input buffer of Port B. A
read operation reads the data in the buffer instead of the I/O
connector. |If DBLBUFB iscleared, the port is transparent; that is,
aread operation reads the data on the I/O connector.

14 WRITED Port D Write/Read Bit.
When WRITED is set, Port D is configured for awrite operation.
When WRITED iscleared, Port D is configured for aread
operation. If Port D isconfigured for awrite operation, after every
LRESET2 this bit must first be cleared and then set again for
reintializing handshaking purposes (or clear and set DIODEN of
the CFG2 Register).

13 WRITEB Port B Write/Read Bit.
When WRITEB is set, Port B is configured for awrite operation.
When WRITEB is cleared, Port B is configured for aread
operation. If Port B is configured for awrite operation, after every
LRESET1 this bit must first be cleared and then set again for
reintializing handshaking purposes (or clear and set DIOBEN of
the CFG1 Register).
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Bit

12

11

10

Name

TRANS32

WRITEC

WRITEA

CNT2SRC

CNT1SRC

DBLDMA
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Chapter 4

Description (continued)

32-Bit Transfer Enable.

When TRANS32 is set, the AT-DIO-32F isin 32-bit transfer
mode. This mode uses the Group 1 handshaking lines (REQ1 and
ACK1). When REQ1 isreceived, DRDY 1 and DRDY 2 are both
set. When datais read or written for both Group 1 and Group 2,
the ACK1 lineis asserted. Two read or write operations are
required for each 32-bit transfer. If TRANS32 iscleared, the AT-
DIO-32F isin regular 16-bit mode.

Port C Write/Read Bit.

When WRITEC is set, Port C is configured for awrite operation.
When WRITEC is cleared, Port Cis configured for aread
operation. If Port Cisconfigured for awrite operation, after every
LRESET?2 this bit must first be cleared and then set again for
reinitializing handshaking purposes (or clear and set DIOCEN of
the CFG2 Register).

Port A Write/Read Bit.

When WRITEA is set, Port A is configured for awrite operation.
When WRITEA iscleared, Port A is configured for aread
operation. If Port A isconfigured for awrite operation, after every
LRESET1 this bit must first be cleared and then set again for
reinitializing handshaking purposes (or clear and set DIOAEN of
the CFG1 Register).

Counter 2 Source Select Bit.

The CNT2SRC bhit selects the counting source for Counter 2. If
CNT2SRC is s&t, the output of Counter 3 is used as the counting
source for Counter 2. If CNT2SRC iscleared, a10-MHz clock is
used as the counting source for Counter 2.

Counter 1 Source Select Bit.

The CNT1SRC bit selects the counting source for Counter 1. If
CNT1SRC is s&t, the output of Counter 3 is used as the counting
source for Counter 1. If CNT1SRC iscleared, a10-MHz clock is
used as the counting source for Counter 1.

Double DMA Mode Enable Bit.

When DBLDMA is set, the AT-DIO-32F isin double DMA
channel mode. In double DMA mode, only the Group 1
handshaking lines are used. DMA transfers use the DMA channel
selected for Group 1 until aDMA terminal count is received; then
the DMA channel selected for Group 2 is used for the Group 1
DMA transfers until aDMA terminal count for that channel is
received. DMA transfers switch between the two channels. This
configuration transfers data on one DMA channel and services data
on another channel at the same time.
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Bit Name

6 CNTINTEN
5 CNT2HSEN
4 CNT1HSEN
3 CNTZ2EN

2 CNT1EN

1 TCINTEN2
0 TCINTEN1

Programming

Description (continued)

Counter Interrupt Enable Bit.

When CNTINTEN is set, interrupts are enabled for Counter 3. An
interrupt request is asserted when arising edge is received on the
output of Counter 3. Thisinterrupt request is put on the interrupt
linethat is set for Group 2.

Counter 2 Handshake Enable Bit.
If CNT2HSEN is set, the output of Counter 2 generates the
handshaking request for Group 2.

Counter 1 Handshake Enable Bit.
If CNTIHSEN is set, the output of Counter 1 generates the
handshaking request for Group 1.

Counter 2 Enable Bit.
If CNT2EN is set and the IN2 lineis high, Counter 2 is enabled for
counting.

Counter 1 Enable Bit.
If CNT1EN isset and the IN2 lineis high, Counter 1 isenabled for
counting.

Group 2 Terminal Count Interrupt Enable Bit.

When TCINTENZ2 is set, interrupts are enabled for Group 2 DMA
terminal counts. An interrupt request is asserted when aDMA
terminal count for Group 2 isreceived.

Group 1 Terminal Count Interrupt Enable Bit.

When TCINTENL is set, interrupts are enabled for Group 1 DMA
terminal counts. An interrupt request is asserted when aDMA
terminal count for Group 1 isreceived.
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CFG4 Register

Chapter 4

Revision C and later versions of the AT-DIO-32F have a CFG4 Register. This register contains
four bits that set the leading pulse delay mode, Port D double-buffer mode, and version

compatibility.

Address: Base address + 14 (hex)

Type: Write-only

Word Size:  16-bit

Bit Map:
15 14 12 11 10 9 8
o [ o | I o [ o [ o [ o [ o |
7 6 5 4 3 2 1 0
0 [ 0 0 [ 0 [ LPULSE2| LPULSE1| DBLBUFD | REVC |
Bit Name Description
15-4 Reserved Bits.
These bits must be set to zero.
3 LPULSE2 Long Pulse Bit for Group 2.
This bit selects the data-settling delay mode of the leading-edge
pulse handshaking mode for Group 2. If thisbit is set, the delay is
added after the leading edge of the ACK pulse; therefore, the pulse
width islengthened. The delay is0 to 700 nsec, depending on the
settings of T2S<2..0>. If thishit is cleared, the delay is added
before the leading edge of the pulse; therefore, the pulse width is
fixed.
2 LPULSE1 Long Pulse Bit for Group 1.

AT-DIO-32F User Manual

This bit selects the data-settling delay mode of the leading-edge
pulse handshaking mode for Group 1. If thishbit is set, thedelay is
added after the leading edge of the ACK pulse; therefore, the pulse
width islengthened. The delay is 0 to 700 nsec, depending on the
settings of T1S<2..0>. If thisbit iscleared, the delay is added
before the leading edge of the pulse; therefore, the pulse width is
fixed.
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Bit

1

0

Name

DBLBUFD

REVC

Programming

Description (continued)

Port D Double-Buffer Enable Bit.

If DBLBUFD isset, Port D is double-buffered. When Port D is
configured as an output port, awrite operation to the port loads
datainto the first buffer of the port. When aREQ?2 isreceived, the
dataistransferred to the second buffer of the port, which dumps
the datato the digital 1/0 connector. Double-buffering is usually
used for pattern generation. If DBLBUFD iscleared, Port D isa
single buffer; that is, data written to the port is immediately
dumped to the digital 1/0 connector. When Port D is configured as
an input port and DBLBUFD is set, an active level or edge of a
REQ2 signal latches the datainto the input buffer of Port D. A
read operation reads the data in the buffer instead of the 1/0
connector. |If DBLBUFD iscleared, the port is transparent; that is,
aread operation reads the data on the I/O connector.

Version Compatibility Bit.

Writing zero to this bit causes a Revision C board to function like a
Revision B board. Therefore, the Revision C board is compatible
with Revision B board software. Writing one to this bit adds the
Revision C feature to the board. This bit isautomatically cleared
at startup.
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STAT Register

The STAT Register contains 13 bits that reflect the handshaking state of Group 1 and Group 2.
Address: Base address + 00 (hex)

Type: Read-only

Word Size:  16-bit

Bit Map:

15 14 13 12 11 10 9 8
[ DMACH |CNTINT [ X | TRANS32 | IN1 |DMATC2 | DMATC1I | DRDY1 |

7 6 5 4 3 2 1 0
[ REQ1 | ACK1l | IN2 | 0 [ X | DRDY2 | REQ2 | ACK2 |

Bit Name Description

15 DMACH Current DMA Channel Bit.
If the DBLDMA hit in the CFG3 Register is set, the DMACH bit
indicates which DMA channel is currently in use for the DMA
operation for Group 1. If DMACH iscleared, the DMA channel
selected for Group 1isinuse. If DMACH isset, the DMA
channel selected for Group 2 isin use. The DBLDMA bit selects
the double DMA mode, in which DMA transfers for Group 1
switch between the two DMA channels.

14 CNTINT Counter 3 Interrupt Status Bit.
This bit reflects the status of the Counter 3 interrupt. CNTINT is
set whenever the CNTINTEN bit in the CFG3 Register is set and a
rising edge on Counter 3 output is detected. CNTINT iscleared by
writing to the CNTINTCLR Register.

13 X Don't Care Bit.

12 TRANS32 16-Bit/32-Bit Transfer Indicator Bit.
Thisbit is set when Group 1 and Group 2 are configured to transfer
32-bit data. Otherwise, TRANS32 iscleared. See the 32-Bit
Transfers section at the end of this chapter for more information
about 32-bit transfer mode.

11 IN1 Extralnput Line 1 Bit.
IN1ispulled up to +5V and is connected to input line IN1 on the
digital 1/0 connector. IN1 can be used as an extrainput line. IN1
iISANDed with CNT1EN and therefore can also be used as an
external control signal to enable/disable Counter 1.
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Bit Name

10 DMATC2
9 DMATC1
8 DRDY1

7 REQ1

6 ACK1

5 IN2

4 0

3 X

2 DRDY?2

1 REQ2

0 ACK?2

Programming

Description (continued)

DMAZ2 Terminal Count Indicator Bit.

This bit reflects the status of DMA for the Group 2 terminal count.
If thisbit and TCINTENZ2 in the CFG3 Register are both set, then a
DMA terminal count interrupt has occurred. Thisbit is cleared by
writing to the DMACLR2 Register.

DMA1 Terminal Count Indicator Bit.

This bit reflects the status of DMA for the Group 1 terminal count.
If thisbit and TCINTENL in the CFG3 Register are both set, then a
DMA terminal count interrupt has occurred. Thisbit is cleared by
writing to the DMACLRL1 Register.

Group 1 Data Transfer Ready.

When Group 1 isin read mode and enabled for handshaking,
DRDY 1 is set when data can be read at the 1/0O connector. When
Group 1isinwrite mode, DRDY 1 is set when the external device
is ready to receive the data.

Group 1 Handshaking Request Status.
REQL1 reflects the status of the Group 1 handshaking request line,
as seen at the digital 1/0O connector.

Group 1 Handshaking Acknowledge Status Bit.
ACK1 reflects the status of the Group 1 handshaking acknowledge
signal, as seen at the digital 1/0 connector.

Extralnput Line 2.

IN2 ispulled upto +5V and is connected to input line IN2 on the
digital 1/0 connector. IN2 can be used as an extrainput line. IN2
is ANDed with CNTEN2 and therefore can also be used as an
external control signal to enable/disable Counter 2.

Revision C ID Bit.
If thisbit is cleared, the board is a Revision C board. If thishitis
set, the board is a Revision B board.

Don't Care Bit.

Group 2 Data Transfer Ready.

When Group 2 isin read mode and enabled for handshaking,
DRDY 2 is set when data can be read at the 1/0O connector. When
Group 2 isin write mode, DRDY 2 is set when the external device
is ready to receive the data.

Group 2 Handshaking Request Status.
REQ?2 reflects the status of the Group 2 handshaking request line,
as seen at the digital 1/0 connector.

Group 2 Handshaking Acknowledge Status Bit.
ACK2 reflects the status of the Group 2 handshaking acknowledge
signal, as seen at the digital 1/0 connector.
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CNTINTCLR Register

Writing to the CNTINTCLR Register clears the interrupt request asserted when arising edge on
the Counter 3 output is detected.

Address: Base address + OA (hex)
Type: Write-only
Word Size:  16-bit

Bit Map: Not applicable, no bits used
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DMACLR1 Register

Writing to the DMACLRL1 Register clears the interrupt request asserted when the DMA terminal
count signal of Group 1 is detected.

Address: Base address + OC (hex)
Type: Write-only
Word Size:  16-bit

Bit Map: Not applicable, no bits used
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DMACLR2 Register

Writing to the DMACLR2 Register clears the interrupt request asserted when the DMA terminal
count signal of Group 2 is detected.

Address: Base address + OE (hex)
Type: Write-only
Word Size:  16-bit

Bit Map: Not applicable, no bits used
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Digital 1/0 Port Register Group

The four registers making up the Digital 1/0 Register Group monitor and control the AT-DIO-
32F digital /O lines. There are four 8-bit ports on the AT-DIO-32F. These ports are grouped so
that either 8-bit or 16-bit operations can be performed.

Bit descriptions for the registers making up the Digital 1/O Port Register Group are given on the
following pages.
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Port A Register

The Port A Register contains eight bits that connect to the digital 1/0O connector and can either be
read from or written to.

Address: Base address + 06 (hex)
Type: Read-and-write

Word Size:  8-bit or 16-bit

Bit Map:

7 6 5 4 3 2 1 0
[ DIOA7 | DIOA6 | DIOAS | DIOA4 | DIOA3 | DIOA2 | DIOA1 | DIOAO

When Port A is configured as awrite port, writing data to this register latches, or stores, the data
into Port A and sends the data out on Port A on the digital 1/0O connector. Reading Port A when
it isin write mode returns the value that is currently driven on the port. If the DBLBUFA bit in
the CFG1 Register is set, the data written to Port A is stored in the buffer. However, this datais
not dumped to the 1/0O connector until the active REQL level or pulseisreceived. During an
active REQL level or pulse, the datais dumped to the I/O connector.

When Port A is configured as aread port, reading Port A returns the current data at Port A. If the
DBLBUFA bit in the CFG1 Register is set, datais latched into Port A on the active level or
active edge of REQL. Inlevel mode, datais latched during the active level of REQL until REQ1
Isinactive. In pulse mode, datais latched on the active edge of REQL until the datais read from
the port.

Either 8-bit or 16-bit transfers can be performed on Port A.

16-Bit Write or Read from Port A

Port B Port A
| 7]6[5]4]3[2]1]0[7]6]5[4[3][2[1]0]

8-Bit Write or Read from Port A

Port A
L 7]6[5]4]3[2[1]0]
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Port B Register

The Port B Register contains eight bits that connect to the digital 1/0 connector and can either be
read from or written to.

Address: Base address + 07 (hex)
Type: Read-and-write
Word Size:  8-bit

Bit Map:

7 6 5 4 3 2 1 0

[ DIOB7 | DIOB6 | DIOB5 | DIOB4 | DIOB3 | DIOB2 | DIOB1 | DIOBO

When Port B is configured as a write port, writing data to this register latches the data into Port B
and sends the data out on Port B. Reading Port B when it isin write mode returns the value that
is currently driven on the port. If the DBLBUFB bit in the CFG3 Register is set, the data written
to Port A isstored in the buffer. However, this datais not dumped to the 1/O connector until the
active REQL level or pulseisreceived. During an active REQL level or pulse, the dataiis
dumped to the I/O connector.

When Port B is configured as aread port, reading Port B returns the current data at Port B. If the
DBLBUFB bit in the CFG3 Register is set, datais latched into Port B on the active level or
active edge of REQL. Inlevel mode, datais latched during the active level of REQL until REQ1
Isinactive. In pulse mode, datais latched on the active edge of REQL until the datais read from
the port.

Only 8-bit transfers can be performed on Port B.

8-Bit Write or Read from Port B

Port B
L 7]16[5]4]3[2]1]0]
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Port C Register

The Port C Register contains eight bits that connect to the digital 1/0 connector and can either be
read from or written to.

Address: Base address + 08 (hex)
Type: Read-and-write
Word Size:  8-bit or 16-bit

Bit Map:

7 6 5 4 3 2 1 0

[ Dioc7 | pioce | pDlocs | Dlocd | DIoc3 | DIOC2 | DIOCL | DIOCO

When Port C is configured as a write port, writing data to this register latches the data into Port C
and sends the data out on Port C. Reading Port C when it isin write mode returns the value that
is currently driven on the port. If the DBLBUFC bit in the CFG2 Register is set, the data written
to Port A isstored in the buffer. However, this datais not dumped to the 1/O connector until the
active REQ2 level or pulseisreceived. During an active REQ2 level or pulse, the dataiis
dumped to the I/O connector.

When Port C is configured as aread port, reading Port C returns the current data at Port C. If the
DBLBUFC hit in the CFG2 Register is set, datais latched into Port C on the active level or
active edge of REQL. Inlevel mode, datais latched during the active level of REQ2 until REQ2
Isinactive. In pulse mode, datais latched on the active edge of REQ2 until the datais read from
the port.

Either 8-bit or 16-bit transfers can be performed on Port C.

16-Bit Write or Read from Port C

Port D Port C
| 7]6[5]4]3[2]1]0[7]6]5[4[3][2[1]0]

8-Bit Write or Read from Port C

Port C
L 7]6[5]4]3[2[1]0]
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Port D Register

The Port D Register contains eight bits that connect to the digital 1/0O connector and can either be
read from or written to.

Address: Base address + 09 (hex)
Type: Read-and-write

Word Size:  8-bit

Bit Map:

7 6 5 4 3 2 1 0
[ piob7 | plobe | DIODS | DIOD4 | DIOD3 | DIOD2 | DIOD1 | DIODO

When Port D is configured as awrite port, writing data to this register latches the data into Port
D and sends the data out on Port D. Reading Port D when it is in write mode returns the value
that is currently driven on the port. If the DBLBUFD bit in the CFG4 Register is set, the data
written to Port A is stored in the buffer. However, this datais not dumped to the 1/O connector
until the active REQZ2 level or pulseisreceived. During an active REQ2 level or pulse, the data
is dumped to the 1/0O connector.

When Port D is configured as aread port, reading Port D returns the current data at Port D. If the
DBLBUFD hit in the CFG4 Register is set, datais latched into Port D on the active level or
active edge of REQL. Inlevel mode, datais latched during the active level of REQ2 until REQ2
Isinactive. In pulse mode, datais latched on the active edge of REQ2 until the datais read from
the port.

Only 8-bit transfers can be performed on Port D.

8-Bit Write or Read from Port D

Port D
L 7]16[5]4]3[2]1]0]
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RTSI Bus Register Group

The two registers making up the RTSI Bus Register Group program the AT-DIO-32F RTS|
switch for routing of signals on the RTSI bustrigger linesto and from AT-DIO-32F request
(REQ) and acknowledge (ACK) signal lines.

Bit descriptions of the two registers making up the RTS| Bus Register Group are given on the
following pages.
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RTSISHFT Register

The RTSISHFT Register contains one bit, RSI, that isa serial input to the RTSI switch. RSI
must be written to 56 times to load the internal 56-bit RTSI control register.

Address: Base address + 10 (hex)
Type: Write-only

Word Size:  8-hit

Bit Map:
7 6 5 4 3 2 1 0
X [ X [ X [ X [ X [ X [ X [ RS
Bit Name Description
7-1 X Don't Care Bits.
0 RSI RTSI Switch Seria Inpuit.

Thisbit isthe serial input to the RTSI switch. Each time the RSI
bit is written to, the value written is shifted into the RTSI switch
internal 56-bit control register. The datain the control register
routes information for switching signals to and from the RTSI bus
trigger lines. The RSI bit must be written to 56 times to shift the
56 bits of routing datainto the internal control register. See
Programming the RTS Switch later in this chapter for more
information.
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RTSISTRB Register

Writing to the RTSISTRB Register |oads the contents of the RTSI Shift Register into the RTSI
Switch Control Register, thereby updating the RTSI switch routing pattern. The RTSISTRB
Register iswritten to after shifting the 56-bit routing pattern into the RTSISHFT Register.
Address: Base address + 12 (hex)

Type: Write-only

Word Size:  8-bit

Bit Map: Not applicable, no bits used
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Counter Register Group

The four registers making up the Counter Register Group access the onboard 8254-2
Counter/Timer.

The 8254-2 contains three counters. Counters 1, 2, and 3 can be used for pattern generation, and
Counter 3 can aso be used to generate timed interrupts.

Bit descriptions of the four registers making up the Counter Register Group are given on the
following pages.
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CNTR1 Register (REQL Generator)

The CNTR1 Register contains eight bits that are used to load a value into Counter 1 or to read
back the value of Counter 1. The CNTR1 Register can be used as an 8-bit register or as a 16-bit
register by two successive write/read operations.

Address: Base address + 18 (hex)

Type: Read-and-write

Word Size:  8-bit

Bit Map:

7 6 5 4 3 2 1 0
[ CNTR1B7 | CNTR1B6 | CNTR1B5 | CNTR1B4 | CNTR1B3 | CNTR1B2 [ CNTR1B1 | CNTRIBO |

Bit Name Description

7-0 CNTR1B<7..0>  Counter 1 Load/Read Bits.
Writing a data value to these bits |oads the starting value into
Counter 1. Reading these bits returns the current count of Counter
1 or latched data for Counter 1. If the Counter Latch command or
the Read-Back command is used to latch the count or status of
Counter 1, reading these bits returns the latched information. The
latched data remains latched until it is read.

If multiple Latch commands or Read-Back commands are issued
before the latched datais read, only the data from the first Status
Latch command and the first Counter Latch command are latched;
all commands after the first areignored. If 16-bit datais latched,
the first read from this register returns the least significant byte,
and the second read returns the most significant byte. If status and
count information are both latched, the first read from this register
returns the status byte, and the next one read for 8-bit mode, or two
reads for 16-bit mode, return the count bytes, regardless of the
order in which the information was latched.
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CNTR2 Register (REQ2 Generator)

The CNTR2 Register contains eight bits that are used to load a value into Counter 2 or to read
back the value of Counter 2. The CNTR2 Register can be used as an 8-bit register or as a 16-bit
register by two successive write/read operations.

Address:

Type:
Word Size:  8-hit

Bit Map:

7

Base address + 1A (hex)

Read-and-write

6

5

4 3 2 1 0

[ CNTR2B7 | CNTR2B6 | CNTR2B5 [ CNTR2B4 | CNTR2B3 | CNTR2B2 | CNTR2B1 | CNTR2BO

Bit

7-0

© National Instruments Corporation 4-31

Name

CNTR2B<7..0>

Description

Counter 2 Load/Read Bits.

Writing a data value to these bits |oads the starting value into
Counter 2. Reading these bits returns the current count of Counter
2 or latched data for Counter 2. If the Counter Latch command or
the Read-Back command is used to latch the count or status of
Counter 2, reading these bits returns the latched information. The
latched data remains latched until it is read.

If multiple Latch commands or Read-Back commands are issued
before the latched datais read, only the data from the first Status
Latch command and the first Counter Latch command are latched;
all commands after the first areignored. If 16-bit datais latched,
the first read from this register returns the least significant byte,
and the second read returns the most significant byte. If status and
count information are both latched, the first read to this register
returns the status byte, and the next one read for 8-bit mode, or two
reads for 16-bit mode, returns the count bytes, regardless of the
order in which the information was latched.
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CNTR3 Register (Timebase Gener ator)

The CNTR3 Register contains eight bits that are used to load a value into Counter 3 or to read
back the value of Counter 3. The CNTR3 Register can be used as an 8-bit register or as a 16-bit
register by two successive write/read operations.

Address:

Type:
Word Size:  8-hit

Bit Map:

7

Base address + 1C (hex)

Read-and-write

6

5 4 3 2 1 0

| CNTR3B7 | CNTR3B6 | CNTR3B5 [ CNTR3B4 [ CNTR3B3 [ CNTR3B2 | CNTR3B1 [ CNTR3BO

Bit

7-0

Name

CNTR3B<7..0>

AT-DIO-32F User Manual

Description

Counter 3 Load/Read Bits.

Writing a data value to these bits |oads the starting value into
Counter 3. Reading these bits returns the current count of Counter
3 or latched datafor Counter 3. If the Counter Latch command or
the Read-Back command is used to latch the count or status of
Counter 3, reading these bits returns the latched information. The
latched data remains latched until it is read.

If multiple Latch commands or Read-Back commands are issued
before the latched datais read, only the data from the first Status
Latch command and the first Counter Latch command are latched;
all commands after the first areignored. If 16-bit datais latched,
the first read from this register returns the least significant byte,
and the second read returns the most significant byte. If status and
count information are both latched, the first read to this register
returns the status byte, and the next one read for 8-bit mode, or two
reads for 16-bit mode, return the count bytes, regardless of the
order in which the information was latched.
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CNTRCMD Register

The CNTRCMD Register contains eight bits that determine the counter selection, counter size,
counting format, and operation mode.

Address: Base address + 1E (hex)
Type: Write-only

Word Size:  8-bit

Bit Map:

7 6 5 4 3 2 1 0
[CNTRSEL1 | CNTRSELO| RWSEL1 | RWSELO [ MODESEL2 | MODESEL1 | MODESELO | BCDSEL |

Bit Name Description

7-6 CNTRSEL<1..0> Counter Select Bits.
These bits select the counter on which the command operates.

CNTRSEL1 CNTRSELO Operation
0 0 Select Counter 1
0 1 Sdlect Counter 2
1 0 Sdlect Counter 3
1 1 Read-Back command

5-4 RWSEL<1..0> Read/Write Select Bits.
These bhits select data written to or read from a counter, or these
bits send a Counter Latch command.

RWSEL1 RWSELO Operation
0 0 Counter Latch command
0 1 Read and write least
significant byte only
1 0 Read and write most
significant byte only
1 1 Read and write least
significant byte then
most significant byte
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Bit Name

>4 RWSEL<1..0>

31 MODESEL<2..0>

0 BCDSEL

AT-DIO-32F User Manual
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Description (continued)

The Counter Latch command latches the current count of the
register selected by CNTRSEL1 and CNTRSELO. The next read
from the selected counter returns the latched data.

Counter Mode Select Bits.

These bits select the counting mode of the selected counter. The
following table lists six available modes and the corresponding bit
settings. Refer to Appendix D, Intel Data Sheet, for additional
information.

MODESEL2| MODESEL1| MODESELO Mode

0 0 0 Mode 0 — Interrupt
on Termina Count

0 0 1 Mode 1 — Hardware
Retriggerable One
Shot

0 1 0 Mode 2 — Rate
Generator

0 1 1 Mode 3 — Square
Wave Mode

1 0 0 Mode 4 — Software
Retriggerable
Strobe

1 0 1 Mode 5 — Hardware
Retriggerable
Strobe

Binary Coded Decimal Select Bit.

If BCDSEL is set, the selected counter keeps count in BCD. If
BCDSEL is cleared, the selected counter keeps count in 16-bit
binary.

4-34 © National Instruments Corporation




Chapter 4

Read-Back Command

Programming

When bits 7 and 6 (CNTRSEL 1 and CNTRSELDO) are 1, the CNTRCMD Register can be used to
execute the Read-Back command. With the Read-Back command, the current totals of multiple
counters can be latched in one command. The Read-Back command also can latch the status of
selected counters. The control word format used for the Read-Back command is as follows:

7 6 5 4 3 2 1 0
[ CNTRSEL1 | CNTRSELO | COUNT* [ STATUS* | CNTR3 | CNTR2| CNTR1L | 0 |
Bit Name Description
7-6 CNTRSEL<1..0> Counter Select Bits.
Both bits must be one for the Read-Back command to be used.
5 COUNT* Read-Back Count Command.
If COUNT™* is cleared, the current count in each of the selected
countersislatched. The next read from the selected counter
returns the latched data.
4 STATUS* Read-Back Status Command.
If STATUS* iscleared, the current status in each of the salected
countersislatched. The next read from the selected counter
returns the latched data.
31 CNTR<3..1> Counter Select Bits for Read-Back Command.
These hits salect the counters for the Read-Back command; that is,
if CNTR3 and CNTRL1 are set, the Read-Back command latches
data for Counter 3 and Counter 1.
0 0 Zero Bit.
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Status Byte. If the STATUS* bit is zero in the Read-Back command, status information for the
selected countersislatched. The status byte format is as follows:

7 6 5 4 3 2 1 0
ouT NULL RW1 RWO MODE2 MODE1 MODEOQ BCD
Bit Name Description
7 ouT Counter Output.
The OUT hit reflects the current status of the counter output.
6 NULL Last Count Written Status.
If NULL is zero, thelast count written to the selected counter has
been loaded into the counter. 1f NULL is set, the last count written
to the counter has not been |oaded.
5-4 RW<1..0> RWSEL 1 and RWSELO Status.
The RW1 and RWO hits reflect the status of the RWSEL 1 and
RWSEL O bits of the selected counter.
31 MODE<2..0> MODE2, MODE1, and MODEQO Status.
The MODE2, MODEL1, and MODEQO bhits reflect the state of the
MODESEL2, MODESEL 1, and MODESELO0 bits of the selected
counter.
0 BCD Binary Coded Decimal Select (BCDSEL) Status.

The BCD bhit reflects the status of the BCDSEL bit of the selected
counter.

Refer to Appendix D, Intel Data Sheet, for more information on programming the counters.

AT-DIO-32F User Manual
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Programming Considerations

The AT-DIO-32F has four 8-bit digital 1/O ports. These ports are organized into two groups:
Group 1 contains Ports A and B, and Group 2 contains Ports C and D. The AT-DIO-32F can
also operate in two modes: Mode 0 and Mode 1. Mode O is basic I/0 where each port can be
configured as aread or write port. Mode 1 isstrobed 1/0. Two handshaking lines are used to
synchronize the sending and receiving of data for each port. Mode 1 can also act as a pattern
generator by using the onboard counters or by using asignal routed across the RTSI bus interface
from another AT Series board. The following paragraphs discuss Mode O, Mode 1, and pattern
generation.

Initializing the AT-DIO-32F Board

The AT-DIO-32F hardware must be initialized in order for the AT-DIO-32F circuitry to operate
properly. Toinitialize the AT-DIO-32F hardware, complete the following steps:

1. Write hex 0100 to the CFG1 Register.

2. Write hex 0100 to the CFG2 Register.

3. Write 0000 to the CFG3 Register.

4. Write 0000 to the CFG1 Register.

5. Write 0000 to the CFG2 Register.

6. Write 0001 to the CFG4 Register (only for Revision D and newer versions of the board).
7. Write hex 14 to the CNTRCMD Register.
8. Write hex 54 to the CNTRCMD Register.
9. Write 0 to the DMACLR1 Register.

10. Write 0 to the DMACLR2 Register.

11. Write 0tothe CNTINTCLR Register.

This sequence leaves the AT-DIO-32F circuitry in the following state:

All digital 1/0 ports are in input mode.

All interrupts are cleared and disabled.

The outputs of Counter 0 and Counter 1 are high.

The handshaking circuitry are cleared.
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Mode O Programming

Whenever the AT-DIO-32F is started up, each digital 1/O port is configured as aread port. The
status of the lines connected to each port can be determined by reading that port. To configurea
port as awrite port, the port's corresponding WRITE bit must be set. If awrite port isread, the
result is the data currently driven on that port. Any value written to awrite port is then driven on
the corresponding digital 1/0 lines. When the WRITE bit for aport is cleared, the port is once
again configured as aread port.

For example, to use Ports A and B as write ports, write hex 2400 to the CFG3 Register. Clearing
bit 10 and bit 13 of the CFG3 Register configures Ports A and B asread ports. Similarly, writing
hex 4800 to the CFG3 Register configures Ports C and D as write ports, and clearing bit 11 and
bit 14 of the CFG3 Register configures Ports C and D as read ports. Each port can be assigned a
direction independently.

Mode 1 Programming

Each group of ports hasits own set of handshaking lines. Group 1 (Ports A and B) handshaking
lines are REQ1 and ACK1. Group 2 (Ports C and D) handshaking lines are REQ2 and ACK2.
Theindividual portsin agroup must be enabled for handshaking within each group by setting
DIOAEN, DIOBEN, DIOCEN, and DIODEN. For 8-bit transfers, only one port should be
enabled for handshaking in agroup. For 16-bit transfers, both portsin a group should be
enabled.

The direction of handshaking for each group is determined by the corresponding WRITE bit. If
dataisto be driven by the group, the corresponding WRITE bit must be set. If awrite portis
read, the result is the data currently driven on that port. If dataisto be received by the group, the
corresponding WRITE bit must be cleared.

Any ports not enabled for handshaking can be used for Mode 0 operations, that is, for reading
additional status data or for driving additional control lines. For example, if Port B is enabled for
handshaking and is configured as aread port, Port A can be used to read or write datalinesin
Mode O operations.

For example, to set up Group 1 as a 16-bit handshaking write port with REQ1 and ACK1 as
negative logic, follow these steps:

1. Write hex 0644 to the CFG1 Register to set up the handshaking mode.

2. Write hex 2400 to the CFG3 Register to set up the group as awrite port (if the port isaread
port, skip this step).

Reading the STAT Register returns the status of REQ1, ACK1, and the DRDY 1 hit.

The polarity of the handshaking lines for each group is programmable. If the external signal
connected to REQ1 or REQ2 is active low, INVRQ1 or INVRQ2, respectively, should be set. If
the external signal connected to ACK1 or ACK2 isactive low, INVACK1 or INVACK2,
respectively, should be set.

The status of REQ1, REQ2, ACK 1, and ACK?2 as seen at the digital I/0O connector can be read
from the STAT Register. If handshaking is not enabled, the ACK lines can be used as extra
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output lines on the digital 1/0O connector. These lines can be controlled by setting and clearing
the SETACK1 and SETACK2 hits.

Each handshaking group has an LRESET bit. Setting and then clearing this bit resets the
handshaking circuitry for that group. To perform another handshaking write operation after an
LRESET, the appropriate WRITE bit must first be cleared and then set to logic high to set up the
circuitry for another transfer.

For example, to set up Port C as an 8-bit handshaking write port with REQ2 and ACK?2 as
positive logic, follow these steps:

1. Write hex 0200 to the CFG2 Register to set up the Port C handshaking mode.

2. Write hex 0800 to the CFG3 Register to set up Port C asawrite port (if the port is aread
port, do not set bit 11 of the CFG3 Register).

3. Write hex 0300 to the CFG2 Register to reset Group 2 handshaking status.

4. Write hex 0200 to the CFG2 Register.

5. Write hex 0000 to the CFG3 Register to clear the WRITEC bit after the LRESET.

6. Write hex 0800 to the CFG3 Register to set the WRITEC bit again after the LRESET.
Reading the STAT Register returns the status of REQ2, ACK2, and the DRDY 2 hit.

Handshaking M odes

The AT-DIO-32F can be programmed for one of three types of handshake timing: level mode,
leading edge mode, and trailing edge mode. These modes are described in detail in the following
pages. For detailed timing information, refer to Chapter 2, Configuration and Installation.

In the following timing diagrams, REQ and ACK are shown as positive logic; that is, INVRQ
and INVACK are cleared. When the WRITE bit is set, an internal pulse called GO initializes a
write transfer. DRDY isthe data transfer ready bit as seen in the STAT Register. WR and RD
are the write and read pulses from the PC. TDELAY isthe programmable data-settling delay,
which is set either in the CFG1 Register or the CFG2 Register. Thisdelay is between 0 and 700
NSeC.

Level Mode

In level mode, ACK remains active until another REQ isreceived. A handshaking group isin
level mode when its PUL SE and EDGE bits are cleared. Figures4-1 and 4-2 show active high
level ACK and REQ signals.
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u :
OROY ;Izl

WR C
TDELAY [} \
ACK K’( ~+

Figure4-1. Level Mode Write Handshake Timing

REQ | l\—
DRDY \\

RD

TDELAY | | AY

ACK \>{ \\->|_

Figure 4-2. Level Mode Read Handshake Timing

Leading Edge Mode

In leading edge mode, REQ and ACK are viewed as pulses that are active on the leading edge of
the pulse. A handshaking group isin leading edge mode when its PUL SE bit is set and its EDGE
bitis cleared. Figures4-3, 4-4, and 4-5 show the timing diagrams for leading edge mode. For
detailed timing information, refer to Chapter 2, Configuration and Installation.
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Figure 4-3. Leading Edge Mode Write Handshake Timing (LPUL SEx cleared)

REQ | |

DRDY

RD

TDELAY

ACK | |

Figure 4-4. Leading Edge Mode Read Handshake Timing (L PUL SEXx cleared)

RD (WR) -\\\
TDELAY X | |
ACK

(with LPULSE set)

Figure 4-5. Leading Edge Mode Read/Write ACK Pulse Width with LPUL SEx of CFG4 Set
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Trailing Edge Mode

In trailing edge mode, REQ and ACK are treated as pulses that are active on the trailing edge of
the pulse. A handshaking group isin trailing edge mode when its PUL SE and EDGE bits are set.
Figures 4-6 and 4-7 show the timing diagrams for trailing edge mode. For detailed timing
information, refer to Chapter 2, Configuration and Installation.

GO

REQ | h

\
\>¢ ]

D
TDELAY

ACK

Figure 4-6. Trailing Edge Mode Write Handshake Timing

REQ | h

DRDY | |

RD

TDELAY \
ACK \H \>|

Figure 4-7. Trailing Edge Mode Read Handshake Timing
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Data-Settling Delay

Each handshaking group has a set of bits to select a data-settling time (TDELAY') between each
transfer. For short cable lengths, this delay isusually zero. For longer cable lengths, noisy
environments, or special handshaking specifications, alonger data-settling time may be required.
This delay can also be used to lengthen the ACK pulse. Table 4-2 shows these data-settling time
settings.

Table4-2. CFGL1 Data-Settling Time Settings

Group 1 Group 2

T1S2| T1SL | T1S0 | Delay (nsec) | T2S2 | T2S1l | T2S0 | Delay (nsec)

0 0 0 0 0 0 0 0
0 0 1 100 0 0 1 100
0 1 0 200 0 1 0 200
0 1 1 300 0 1 1 300
1 0 0 400 1 0 0 500
1 1 0 600 1 1 0 600
1 1 1 700 1 1 1 700

Programmed 1/O Transfers

To perform programmed I/O handshaking, the DRDY bit in the STAT Register must be polled
by software. When the bit is set, the software can then write or read datato or from the digital
I/O port. First, configure the handshaking group to be used and enable the ports to be used for
handshaking. Be sure that the direction of each group is programmed correctly. In write mode,
the external deviceisready to receive data when the DRDY bit in the STAT Register isset. The
program waits until DRDY is set, then writes the data to the appropriate output port. The
circuitry handshakes the data and sets DRDY again when the external device isready for another
transfer. Inwrite mode, set the WRITE bit again after areset of that group.

To perform Group 1 16-bit write-programmed 1/0 transfers using positive level handshaking,
follow these steps:

1. Write hex 0600 to the CFG1 Register to set up the handshaking mode.
Write hex 2400 to the CFG3 Register to set up the group as a write port.
Wait until DRDY 1 becomes set (poll the STAT Register).

Write the 16-bit data to Port A.

Wait until DRDY 1 becomes set, then write the next data value to Port A.

o g~ W D

Repeat step 5 until all data has been written to Port A.
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In read mode, datais available for reading when the DRDY bit is set. The program waits until
the DRDY bit is set, then reads the data from the enabled port. Each timethe DRDY bit is set,
another data value has been latched and can be read.

To perform read-programmed 1/O transfers, follow these steps:
1. Write hex 0600 to the CFG1 Register to set up the handshaking mode.

2. Wait until DRDY 1 becomes set (poll the STAT Register).

3. Read the 16-bit data from Port A.

4. Wait until DRDY 1 becomes set, then read the next data value from Port A.
5. Repeat step 4 until al data has been read from Port A.

The digital I/0O connector has two extrainput lines and two extraoutput lines. The status of the
input lines IN1 and IN2 can be read from the STAT Register. The output linesOUT1 and OUT2
are controlled by bits in the CFG1 and CFG2 Registers. These lines are useful for reading and
sending status or control information needed in addition to the handshaking lines. These extra
lines are independent of the group designations.

Input Data Latch

When an 1/0 port is configured as an input port (read mode) and the corresponding DBLBUF bit
is cleared, reading the port returns the current data on the I/O lines, whether or not handshaking
Is enabled.

When an 1/0O port is configured as a double-buffered input port, that is, the corresponding
DBLBUF hit is set, and the handshaking is enabled, the REQ signal latches the data into the port.

* Level Mode-In either the active high or active low level mode, datais latched into the port
on the leading edge of REQ until the REQ isinactive.

» Pulse Mode-The active edge (leading edge or trailing edge) of REQ latches data into the
port, until the datain the input buffer is read.

Interrupt Handling

Five conditions can generate an interrupt: DRDY 1 set, DRDY 2 set, Group 1 DMA terminal
count received, Group 2 DMA terminal count received, and arising edge on Counter 3 received.
Each of these conditions has an interrupt enable bit in a CFG Register and an interrupt status bit
inthe STAT Register. Theinterrupt condition is enabled to generate interrupts by setting the
appropriate enable bit in the CFG Registers. When the interrupt service routine is entered, the
appropriate status bits of the STAT Register reflect which interrupt requests are active. When
the interrupt condition has been serviced, writing to an interrupt clear register may be necessary
to clear the interrupt status bit. Table 4-3 lists all of the interrupt conditions and status.
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Table 4-3. Interrupt Condition and Status

Interrupt EnableBit | StatusBit inthe Type of Interrupt To Clear the
in the CFG Register STAT Register Status Bit
INTEN1 DRDY1 Dataready of Group 1 Read/write data
INTEN2 DRDY 2 Data ready of Group 2 Read/write data
TCINTEN1 DMATC1 DMA terminal count of Writeto DMACLR1
Group 1 Register
TCINTENZ2 DMATC2 DMA terminal count of Writeto DMACLR2
Group 2 Register
CNTINTEN CNTINT Counter 3 interrupt Writeto CNTINTCLR
Register

Note: Counter 3 interrupts use the interrupt line for Group 2.

Example: Interrupt Generation on DRDY 1

Instead of polling the DRDY 1 bit, interrupts can be used to wait for the DRDY 1 condition. The
interrupt service routine can then write or read the data to or from Group 1. To use interrupts for
thistask, follow these steps:

1. Set up Group 1 with the desired handshaking mode and direction.
2. Setthe INTENL bit in the CFG1 Register to enable interrupts on DRDY 1.

3. When DRDY 1 is set, an interrupt request is asserted and software control enters the interrupt
service routine.

In the interrupt service routine, follow these steps:

a. Check the DRDY 1 hit inthe STAT Register to verify that the current interrupt was
generated by aDRDY 1 condition.

b. Write or read datato or from Group 1.

When DRDY 1 becomes set again, software control again jumps to the interrupt service
routine.
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Example: Interrupt Generation on DRDY 2

Instead of polling the DRDY 2 bit, interrupts can be used to wait for the DRDY 2 condition. The
interrupt service routine can then write or read the data to or from Group 2. To use interrupts for
thistask, follow these steps:

1.
2.
3.

Set up Group 2 with the desired handshaking mode and direction.
Set the INTENZ2 bit in the CFG2 Register to enable interrupts on DRDY 2.

When DRDY 2 is set, an interrupt request is asserted and software control enters the interrupt
service routine.

In the interrupt service routine, follow these steps:

a. Check the DRDY 2 hit in the STAT Register to verify that the current interrupt was
generated by aDRDY 2 condition.

b. Write or read datato or from Group 2.

When DRDY 2 becomes set again, software control again jumps to the interrupt service
routine.

Example: Interrupt Generation on Group 1 DMA Termina Count

The DMA terminal count signals the end of the current DMA transfer. To use the Group 1 DMA
terminal count interrupt service routine, follow these steps:

1

2.

Set up Group 1 with the desired handshaking mode and direction.

Set the TCINTENL bit in the CFG3 Register to enable interrupts on Group 1 DMA terminal
counts.

Enable DMA for Group 1 transfers.
Program the PC DMA controller.

When a Group 1 DMA terminal count is received, an interrupt request is asserted and
software control enters the interrupt service routine.

In the interrupt service routine, follow these steps:

a. Check the DMATCL1 bit in the STAT Register to verify that the current interrupt was
generated by a Group 1 DMA terminal count condition.

b. Perform the desired work.

c. Writeto the DMACLRL1 Register to acknowledge that the Group 1 DMA terminal count
interrupt condition has been serviced.

When another Group 1 DMA terminal count is received, software control again jumpsto the
interrupt service routine.
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Example: Interrupt Generation on Group 2 DMA Terminal Count

To use the Group 2 DMA terminal count interrupt service routine, follow these steps:
1. Set up Group 2 with the desired handshaking mode and direction.

2. Setthe TCINTENZ bit in the CFG3 Register to enable interrupts on Group 2 DMA terminal
counts.

3. Enable DMA for Group 2 transfers.
4. Program the PC DMA controller.

5. When aGroup 2 DMA terminal count isreceived, an interrupt request is asserted and
software control enters the interrupt service routine.

In the interrupt service routine, follow these steps:

a. Check the DMATC2 bit in the STAT Register to verify that the current interrupt was
generated by a Group 2 DMA terminal count condition.

b. Perform the desired work.

c. Writeto the DMACLR2 Register to acknowledge that the Group 2 DMA terminal count
interrupt condition has been serviced.

When another Group 2 DMA terminal count is received, software control again jumpsto the
interrupt service routine.

Example: Interrupt Generation on Counter 3

Counter 3 can be programmed to generate pulses at a specified timeinterval. A rising edge on
Counter 3 generates an interrupt request.

To use an interrupt service routine, follow these steps:

1. Set up rate generation mode for Counter 3.

2. Set up Counter 3 for the desired time interval between data patterns.

3. Setthe CNTINTEN bit in the CFG3 Register to enable interrupts on Counter 3.
4

. When arising edge pulse on Counter 3 isreceived, an interrupt request is asserted and
software control enters the interrupt service routine.

In the interrupt service routine, follow these steps:

a. Check the CNTINT bit inthe STAT Register to verify that the current interrupt was
generated by a Counter 3 pulse.

b. Perform the desired work.

c. Writeto the CNTINTCLR Register to acknowledge that the Counter 3 interrupt condition
has been serviced.

When another rising edge pulse on Counter 3 is received, software control again jumps to the
Interrupt service routine.
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DMA Transfers

DMA increases transfer rates when handshaking data is transferred to or from the PC memory.
Each handshaking group can be assigned a separate DMA channel by setting the jumper on W1
(see Chapter 2, Configuration and Installation, for details).

There are two DMA modes: single-channel DMA for Groups 1 and 2 and double-channel DMA
using Group 1 handshaking. In single DMA mode, enable DMA transfers for each group by
setting DMAEN1 and DMAENZ in the CFG1 and CFG2 Registers for Group 1 and Group 2,
respectively. The DMA request is asserted when the DRDY bit for the enabled group is set. The
DMA controller sends aterminal count when the value in its Terminal Count Register changes
from hex 0000 to hex FFFF. Seethe Interrupt Handling section earlier in this chapter for
information about generating an interrupt on the DMA terminal count. Refer to the IBM
Personal Computer AT Technical Reference manual for additional information about
programming the DMA controller.

In double DMA mode (DBLDMA bit set in the CFG3 Register), only Group 1 handshaking lines
are used for 16-bit DMA transfer, but both DMA channels should be enabled. DMA transfers
use the DMA channel for Group 1 until aDMA terminal count for Group 1 isreceived, then the
DMA transfers switch to the DMA channel for Group 2. When a DMA terminal count is
received for Group 2, the DMA transfers switch back to the Group 1 DMA channel. While one
DMA channel is acquiring data, the other channel can service the acquired data. The DMACH
bit in the STAT Register indicates which group's DMA channel is currently in use. If DMACH
Is cleared, the DMA channel for Group 1 is currently in use; if DMACH is set, the DMA channel
for Group 2 iscurrently inuse. 1f the DMA controller is programmed for auto-reinitialize mode,
the two DMA channels are continuously served in turn.

32-Bit Transfers

The four digital 1/0 ports are divided into two 16-bit groups: Group 1 and Group 2. Either 8-bit
or 16-bit operations can be performed on these groups. When the TRANS32 bit is set in the
CFG3 Register, 32-bit operations can also be performed. For 32-bit transfer mode, Groups 1 and
2 must be enabled for handshaking (DIOAEN, DIOBEN, DIOCEN, and DIODEN must be set).
The two groups should be programmed for identical configurations, with the same PULSE,
EDGE, LPULSE, and TS (TDELAY) values. Requests should not begin on the REQ1 line until
both groups are fully configured.

Configured in thisway, the AT-DIO-32F can transfer datato or from all 32 of its datalines
simultaneously, using only the ACK1 and REQ1 handshaking lines. ACK2 and REQ2 can be
ignored. When aREQ1 isreceived, both DRDY 1 and DRDY 2 are set. When data has been
written or read for both Group 1 and Group 2, the ACK1 line asserts. Two write or read
operations are required for each 32-hit transfer: oneto Group 1 for the lower word, and one to
Group 2 for the upper word of the 32-bit datum. Asserting both LRESET1 and LRESET?2 resets
both groups and reinitializes the 32-bit transfer.

DMA can be used in conjunction with the 32-bit transfer mode for high-speed 32-bit transfers.
The Group 1 data transfer and the Group 2 data transfer both use the DMA channel selected for
Group 1. The count written to the DMA Terminal Count Register of the DMA controller should
be twice the selected number of 32-bit transfersto be performed. If double DMA mode is used,
the DMA channel used for the transfers swaps after each terminal count.
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Pattern Generation Using Onboard Counters

There are three onboard counters on the AT-DI0O-32F, each designated for a specific purpose.
The output of Counter 1 is connected to the Group 1 handshaking request line REQ1. The output
of Counter 2 is connected to the Group 2 handshaking request line REQ2. The output of Counter
3 can be used as the counting source for Counter 1 or 2. The counting source for Counter 3isa
2-MHz square wave. The output of Counter 3 can aso be used to generate interrupts.

Counters 1 and 2 have counting enable bits that connect to the gate input of the counter. The
output of Counter 3isaways enabled. The CNT1EN bit in the CFG3 Register enables Counter
1 for counting; the CNT2EN bit in the CFG3 Register enables Counter 2 for counting; and both
counters can be enabled or disabled by external signals IN1 and IN2, respectively. When IN1
and IN2 are used to control the counters, CNT1EN and CNT2EN must be set so that an active
high-level signal on IN1 can enable Counter 1 and an active high-level signal on IN2 can enable
Counter 2.

Counters 1 and 2 can be used for pattern generation. Counter 1 implements pattern generation
for Group 1, and Counter 2 implements pattern generation for Group 2. When the CNT1HSEN
bit in the CFG3 Register is set, the output of Counter 1 controls the REQL line. When the
CNT2HSEN bit in the CFG3 Register is set, the output of Counter 2 controlsthe REQ2 line. If a
counter is used for pattern generation, the corresponding REQ line on the digital 1/0 connector
should be disconnected or in a high-impedance state.

Table 4-4. Counter 3 Programmable Frequency Output

Data Written to CNTR3 (hex) Counter 3 Output Frequency
FFFF 30.0 Hz
8000 61.0 Hz
4000 122.0 Hz
2000 2440 Hz

FFF 488.0 Hz

AQ0 780.0 Hz

800 976.0 Hz
400 1.95 kHz
FF 7.8 kHz
A0 125 kHz
80 15.62 kHz
60 20.83 kHz
40 31.25 kHz
20 62.5 kHz
10 125.0 kHz
8 250.0 kHz
4 500.0 kHz
2 1.0 MHz

The CNT1SRC and CNT2SRC bits in the CFG3 Register select the counting source for Counter
1 and Counter 2, respectively. If the CNT1SRC bit is cleared, the counting source for Counter 1
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isal10-MHz square wave. If the CNT1SRC bit is set, the counting source for Counter 1 isthe
output of Counter 3. The same applies for Counter 2. The output of Counter 3 is programmed as
follows:

1. Set up Counter 3 for square wave generation by writing hex 96 to the CNTRCMD Register
for an 8-bit count or hex B6 for a 16-bit count.

2. Write the count to the CNTR3 Register (see Table 4-4). If the count isa 16-bit value, write
the least significant byte first, then the most significant.

The following equation is used to calculate the output frequency of Counter 3:
Counter 3 Output Frequency = 2000000 / data written to counter

Counters 1 and 2 can use either a 10-MHz clock or the output of Counter 3 as the counting
source. If the counting source isthe 10-MHz square wave, then the following equation is used to
calculate the output frequency of the counter:

Counter 1, 2 Output Frequency = 10000000 / data written to counter

If the counting source is the output of Counter 3, then the following equation is used for
calculating the output frequency of the counter:

Counter 1, 2 Output Frequency = Counter 3 output frequency / data written to counter

Table 4-5. Counters 1 and 2 Programmable Frequency Output (Source = 10 MHZz)

Data Writtento CNTR1 Counter Output Frequency Pattern Interval
or CNTR2 (hex)

FFFF 152.0 Hz 6.58 msec
8000 305.0 Hz 3.28 msec
4000 610.0 Hz 1.67 msec
2000 1.22 kHz 820.0 psec
FFF 244 kHz 410.0 psec
A00 39 kHz 260.0 psec
800 4.88 kHz 200.0 psec
400 9.76 kHz 100.0 psec
FF 39.0 kHz 25.6 psec
A0 62.5 kHz 16.0 pusec
80 78.0 kHz 12.8 psec
60 1040 kHz 9.6 pMsec
40 156.0 kHz 6.4 psec
20 313.0 kHz 3.2 pusec
10 625.0 kHz 16 psec
A 1.0 MHz 10 psec
5 20 MHz 500.0 nsec
2 50 MHz 200.0 nsec
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The ports used for pattern generation should be configured for double-buffered outputs. Ports A
and B are double-buffered when the DBLBUFA and DBLBUFB bitsin the CFG1 Register are
set. Ports C and D are double-buffered when the DBLBUFC and DBLBUFD bitsin the CFG2
Register are set. Double-buffering means that the port has two buffers: awrite buffer and an
output buffer. Writing to the port loads the write buffer. Contents of the write buffer are loaded
into the output buffer when the corresponding REQ is active. The output buffer is connected to
the digital 1/0 connector.

After adouble-buffered port has been configured for handshaking, the first data pattern should be
written to the port. Thiswrite loads the data pattern into the write buffer of the port. When a
REQ is received, the datain the write buffer is transferred to the output buffer of the port, which
is connected to the digital 1/0 connector. Thetrailing edge of REQ aso setsthe DRDY bit for
the group. A polling routine, interrupt routine, or DMA can be used to detect the DRDY
condition and then write the data pattern to the port.

The double-buffered configuration sends the data pattern as soon as a REQ isreceived. Inthe
normal mode of operation, the data pattern is not dumped to the digital 1/0 connector until the
DRDY bhit is detected and the data is written to the port.

The output of the countersis an active low pulse. The handshaking mode for pattern generation
must be set to active low REQ, trailing edge mode (INVREQ, PUL SE, and EDGE are set).
Therefore, the latched data can be driven to the output lines during the active REQ pulse, and
new patterns can be written and latched after the active REQ duration.

Counter Output
(REQ¥)
DRDY isset by this
1 Clock <€— trailing edge, and a new
< T pattern is written to

the buffer after DRDY
IS set.
Pattern is dumped to I/O connector.

Figure 4-8. Pattern Generation

The programming steps to set up Counter 1 for pattern generation are as follows:

1. Set up Counter 1 for rate generation by writing hex 14 to the CNTRCMD Register for an 8-
bit count or by writing hex 34 to the CNTRCMD Register for a 16-bit count.

2. Write the count to the CNTR1 Register (see Table 4-5). If the count isa 16-bit value, write
the least significant byte first, then the most significant.

3. Write hex 10 to the CFG3 Register to enable Counter 1 for pattern generation (set the
CNTIHSEN bit).

4. Set up Group 1 to select double-buffered trailing pulse mode and to clear handshaking: write

hex 0378 to the CFG1 Register for an 8-bit Port A, or write hex 07F8 to the CFG1 Register
for a16-bit Port A.
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5. Write hex 0278 (for 8-bit) or 0678 (for 16-hit) to the CFG1 Register to finish clearing
handshaking.

6. Write hex A410 to the CFG3 Register to enable Counter 1 for pattern generation and to set
Group 1 in write mode (set the WRITEA and WRITEB hits).

7. Write hex A414 to the CFG3 Register to start pattern generation on Counter 1 (set the
CNTI1EN bit).

The counter isloaded with the initial count in the CNTR1 Register, and when the CNT1EN bit is
set, the counter is decremented by 1 on each clock pulse. REQ1 isinitialy high. When the
counter decrementsto 1, REQ1 goes low for one clock pulse and then returnsto high. The
counter is then reloaded from the CNTR1 Register and decrementing continues. The trailing
edge of REQ1 causesthe DRDY 1 bit to go high. The DRDY 1 bit can be monitored by a polling
loop, by interrupt request generation, or by DMA reguest generation. With one of these
methods, data can then be written out to Port A.

The programming steps to set up Counter 2 for pattern generation are as follows:

1. Set up Counter 2 for rate generation by writing hex 54 to the CNTRCMD Register for an 8-
bit count or by writing hex 74 to the CNTRCMD Register for a 16-bit count.

2. Write the count to the CNTR2 Register (see Table 4-5). If the count isa 16-bit value, write
the least significant byte first, then the most significant.

3. Write hex 20 to the CFG3 Register to enable Counter 2 for pattern generation (set the
CNT2HSEN bit).

4. Set up Group 2 for trailing pulse mode and to clear handshaking: write hex 0378 to the
CFG2 Register for an 8-bit Port C, or write hex 0778 to the CFG2 Register for a 16-bit Port
C.

5. Write hex 0278 (for 8-bit) or 0678 (for 16-hit) to the CFG2 Register to finish clearing
handshaking.

6. Write hex 4820 to the CFG3 Register to enable Counter 2 for pattern generation and to set
Group 2 in write mode (set the WRITEC and WRITED hits).

7. Write hex 003 to the CFG4 Register to set double buffer output of Port D.

8 Write hex 4828 to the CFG3 Register to start pattern generation on Counter 2 (set the
CNTZ2EN bit).

The counter isloaded with the initial count in the CNTR2 Register, and when the CNT2EN bit is
set, the counter is decremented by 1 on each clock pulse. REQ2 isinitially high. When the
counter decrementsto 1, REQ2 goes low for one clock pulse and then returnsto high. The
counter is then reloaded from the CNTR2 Register and decrementing continues. Thetrailing
edge of REQ2 causes the DRDY 2 bit to go high. The DRDY 2 bit can be monitored by a polling
loop, by interrupt request generation, or by DMA request generation. With one of these
methods, data can then be written out to Port C. To use DMA for pattern generation, you must
set the DMAEN bit, then program the DMA controller between steps 5 and 6.
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Pattern Generation Using an External Signal

An external signal connected to the REQ line of a group can be used for pattern generation. The
programming steps to configure Group 1 for 16-bit pattern generation on an externa signal are as
follows:

1. Connect the external signal to the REQL1 line.

2. If the external signal is active high pulse, write hex 0638 to the CFG1 Register. If the
external signal is active low pulse, write hex 0678 to the CFG1 Register.

3. Write hex A400 to the CFG3 Register.

4. Writethefirst pattern to Port A. This operation stores the pattern in the write buffer of the
port.

5. When REQL1 isreceived, the first pattern loaded in the write buffer of the port is transferred
to the output buffer of the port; therefore, the first pattern is available on the digital 1/0
connector.

6. Thereceived REQL setsthe DRDY 1 bit. Write the next pattern to Port A.
7. The next REQ1 received dumps the second pattern to the digital 1/0 connector.
The sequence continues until an LRESET1 is received.

The programming steps are similar for configuring Group 2 for pattern generation with an
external signal.

Programming the RT S| Bus Interface

The RTSI switch connects signals on the AT-DIO-32F to the seven RTSI bustrigger lines. The
RTSI switch has seven pins labeled A<6..0> connected to AT-DIO-32F signals, and seven pins
labeled B<6..0> connected to the seven RTSI bustrigger lines. The signals connected to each
pin are givenin Table 4-6. RWGRP1* and RWGRP2* are board-generated, active low pulse
signals that are 250-nsec to 500-nsec wide. RWGRP1* is the read/write signal for Port A and
Port B. RWGRPZ2* isthe read/write signal for Port C and Port D.

Table 4-6. RTSI Switch Signal Connections

RTSI Switch Pin Signal Name Signal Direction
SideA:
A0 RWGRP1* Output
Al RWGRP2* Output
A2 REQ1 I nput
A3 REQ?2 I nput
A4 ACK1 Output
A5 ACK2 Output
A6 IN1 I nput
(continues)
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Table 4-6. RTSI Switch Signal Connections (Continued)

Chapter 4

RTSI Switch Pin Signal Name Signal Direction
Side B:
BO TRIGGERO Bidirectional
B1 TRIGGER1 Bidirectional
B2 TRIGGER2 Bidirectional
B3 TRIGGER3 Bidirectional
B4 TRIGGER4 Bidirectional
BS TRIGGERS Bidirectional
B6 TRIGGER6 Bidirectional

Programming the RTSI Bus Switch

The RTSI switch can be programmed to connect any of the signals on Side A to any of the signals
on Side B and vice versa. To do this, a 56-bit pattern is shifted into the RTSI switch by writing
one bit at a time to the RTSI Shift Register and then writing to the RTSI Strobe Register to load the

pattern into the RTSI switch.

The 56-bit pattern is made up of two 28-bit patterns, one for Side A and one for Side B of the
RTSI switch. The low-order 28 bits select the signal sources for the Side B pins. The high-order
28 bits select the signal sources for the Side A pins. Each of the 28-bit patterns are made up of
seven 4-bit fields, one for each pin. The 4-bit field selects the signal source and the output enable
for the pin. Figure 4-9 shows the bit map of the RTSI switch 56-bit pattern.

BIT #
55 51 47 43 39 35 31 27 23 19 15 11 7 3 O
A6l AS|A4|A3 | A2| A1| AO|B6|B5 |B4| B3|B2|B1|B0
MSB LSB
AQ Control
S2181|S0] OUTEN
BIT# 31 30 29 28

Figure 4-9. RTSI Switch Control Pattern

In Figure 4-9, the fields labeled A6 through AO and B6 through B0 are the 4-bit control fields for
each RTSI switch pin of the same name. The 4-bit control field for pin AQ is shown in Figure 4-9.
4-54

AT-DIO-32F User Manual © National Instruments Corporation



Chapter 4 Programming

The bits labeled S2 through SO are the signal source selection bits for the pin. One of seven source
signals can be selected. Pins A6 through AOQ select any of the pins B6 through B0 as signal
sources. Pins B6 through BO select any of the pins A6 through AQ as signal sources. For
example, the pattern 011 for S2 through SO in the A0 control field selects the signal connected to
pin B3 as the signal source for pin AQ.

The bit labeled OUTEN is the output enable bit for that pin. If the OUTEN bit is set, the pin is
driven by the selected source signal (the pin acts as an output pin). If the OUTEN bit is cleared,
the pin is not driven, regardless of the source signal selected; instead, the pin can be used as an
input pin.

If the A3 control field in Figure 4-9 contains the pattern 0111, the signal connected to pin B3
(Trigger Line 3) appears at pin A3. With this arrangement, the REQ2 signal can be driven by
Trigger Line 3. Conversely, if the B4 control field contains the pattern 1011, the signal connected
to pin AS appears at pin B4. With this arrangement, Trigger Line 4 can be driven by the
AT-DIO-32F ACK2 signal. In this way, boards connected via the RTSI bus can send signals to
each other over the RTSI bus trigger lines.

To program the RTSI switch, follow these steps:
1. Calculate the 56-bit pattern based on the desired signal routing:
a. Clear the OUTEN bit for all input pins and for all unused pins.

b. Specify the signal source pin for all output pins by setting bits S2 through SO to the source
pin number.

c. Set the OUTEN bit for all output pins.
2. Fori=0to 55, follow these steps:
a. Copy bit i of the 56-bit pattern to bit O of an 8-bit temporary variable.

b. Write the temporary variable to the RTSI Shift Register (8-bit write).
3. Write 0 to the RTSI Strobe Register (8-bit write). This operation loads the 56-bit pattern into
the RTSI switch. At this point, the new signal routing goes into effect.

Step 2 can be performed by writing the low-order 8 bits of the 56-bit pattern to the RTSI Shift
Register, then shifting the 56-bit pattern right once, and repeating this two-step operation a total of
56 times. Only bit 0 of the word written to the RTSI Shift Register is used. The higher-order bits
are ignored.

Initializing the RTSI Bus Switch

Use the following sequence to initialize the RTSI bus switch. This sequence configures all signals
to the RTSI bus switch as read signals rather than drive signals. Drive signals may cause
undesirable results. All writes are 8-bit write operations.

1. Load the RTSI switch with the program data pattern:

For i =0 to 55 (decimal), write O to the RTSI Shift Register (base address + 10 hex).
2. Write to the RTSI Strobe Register to load the pattern into the RTSI switch:

Write 0 to the RTSI Strobe Register (base address + 12 hex).
At startup, the RTSI bus switch is automatically initialized.
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Appendix A
Specifications

This appendix lists the specifications for the AT-DIO-32F. These specifications are typical at 25° C unless otherwise
noted.

Digital 1/0

Number of ChannElS..........cccoiriirinc e 321/0
ComPatiDIlItY .....ccoeeiiieeee e TTL
Digital [0giC IEVEIS.......ccoiiiiieeeee e
Level Min M ax
Input low voltage 0.0V 0.8V
Input high voltage 20V 55V
Input high current (Vin =5V) — 10 pA
Output low voltage
(lout =48 mA) — 05V
Output high voltage
(lout =-15mA) 24V —
Transfer rate* (1 word = 16 bits) Absolute max
Programmed 1/O........cooiiiiiinieeee e 450 kwords/s
DMA e 330 kwords/s
Handshaking ........ccccevvvinenesereeeeeeeee e 2-wire
POWES-0N SEALE.......ecveiee e Configured asinputs
DAtatranNSfErS .....cueieeeerieerieere e DMA, interrupts, programmed 1/0O

*  Transfer rate depends on the computer and software. These tests were made using Assembly language programs
running on a 16 MHz IBM PC AT compatible.

RTSI

QLI e o 1= L 1= 7

Power Requirement

F5 VDC (F109%0) ...eeveeeiieierieireeesiesesies et 1.05A typ

Physical

DIMENSIONS......coiiiiiiiieiirieie ettt 34.0by 12.7cm (13.4 by 5.0in.)
(L@ oo a10T= o (o R TRRURURRN 50-pin male
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Foecifications

Environment

Operating temMPErature..........cooveeerereereereeeeeeeseee e
Storage tempPErature ..........ooceeveeerieenee e
Relative humidity ........cccovvivvenenierercececeeese e

Noise Emission

FCC Class A verified, only with shielded ribbon cable

AT-DIO-32F User Manual
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Appendix A

0°to50° C
-40° to 100° C
5% to 90% noncondensing
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Appendix B

|/O Connector and

Register Descriptions

This appendix contains a description of the AT-DIO-32F 1/0O connector and references to the

registers of the AT-DIO-32F.
/O Connector

Figure B-1 shows the pinout and signal names for the AT-DIO-32F 50-pin 1/O connector.

DIOD1 — Y2
DIOD3 — 3|4
DIOD6 — 5|6
DIOD2 — 7|8
DIOC5 — 9[10
DIOC3 —11{12
DIOC2 —{13[14
DIOC6 —15(16
GND —{17|18
GND —{19|20
GND —21|22
GND —{23|24
GND — 25|26
ACK1 —27|28
IN1 —29|30
ouT1 —3132
REQ1 —{33(34
DIOA4 —35(36
DIOAO —{37(38
DIOA1 —39(40
DIOA7 —41(42
DIOB5 —{43(44
DIOB7 —{45(46
DIOB0O — 47|48
DIOB4 — 49|50

DIOD4
DIODO
DIOD7
DIOD5
DIOC7
DIOC1
DIOCO
DIOC4
ACK?2
IN2
ouT2
REQ2
GND
GND
GND
GND
GND
DIOAG6
DIOA2
DIOA3
DIOAS
DIOB2
DIOB6
DIOB3
DIOB1

Figure B-1. AT-DIO-32F 1/0O Connector

Detailed signal specifications are included in Chapter 2, Configuration and Installation.
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AT-DIO-32F Register Descriptions

A quick reference for the AT-DIO-32F appears on the following pages.

CFG1 Register
Base Address Offset = 00 (hex), 16-bit write only

15 14 13 12 11 10 9 8
| DMAEN1 | INTEN1 | T1s2 | T1s1 | T1s0 | DIOBEN | DIOAEN | LRESET1 |
7 6 5 4 3 2 1 0
| X | INVRQ1 [DBLBUFA | PULSE1 | EDGE1 [INVACK1 [ SETACK1 | OUT1 |
CFG2 Register

Base Address Offset = 02 (hex), 16-bit write only

15 14 13 12 11 10 9 8
[ DMAEN2 | INTEN2 | T2s2 | T2s1 | T2s0 | DIODEN | DIOCEN | LRESET2 |
7 6 5 4 3 2 1 0
| X [ INVRQ2 [DBLBUFC| PULSE2 | EDGE2 [INVACK2 [ SETACK2 | ouUT2 |
CFG3 Register

Base Address Offset = 04 (hex), 16-bit write only

15 14 13 12 11 10 9 8
| DBLBUFB |WRITED | WRITEB | TRANS32 | WRITEC | WRITEA | CNT2SRC | CNT1SRC |

7 6 5 4 3 2 1 0
[ DBLDMA | CNTINTEN| CNT2HSEN| CNTIHSEN| CNT2EN [ CNT1EN| TCINTEN2 | TCINTEN1 |

CFG4 Register

Base Address Offset = 14 (hex), 16-bit write only

15 14 13 12 11 10 9 8
Lo [ o | o | o [ o [ o | 0 I o |
7 6 5 4 3 2 1 0
| 0 [ o | 0 [ 0 [ LPULSE2 [ LPULSE1 | DBLBUFD [ REVC |
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STAT Register

Base Address Offset = 00 (hex), 16-bit read only

15 14 13 12 11 10 9 8

[ DMACH |CNTINT [ X | TRANS32 | IN1 | DMATC2 | DMATC1 | DRDY1 |
7 6 5 4 3 2 1 0

[ REQ1 | AcCK1i | IN2 | O [ X | DRDY2 | REQ2 | ACK2 |

CNTINTCLR Register

Base Address Offset = OA (hex), 16-bit write only
Bit map not applicable, no bits used

DMACLR1 Register

Base Address Offset = OC (hex), 16-bit write only
Bit map not applicable, no bits used

DMACLR2 Register

Base Address Offset = OE (hex), 16-bit write only
Bit map not applicable, no bits used

Port A Register

Base Address Offset = 06 (hex), 8-hit or 16-bit read and write

7 6 5 4 3 2 1 0
[ DIOA7 | DIOA6 | DIOA5 | DIOA4 | DIOA3 | DIOA2 | DIOA1 | DIOAO |

Port B Register

Base Address Offset = 07 (hex), 8-bit read and write

7 6 5 4 3 2 1 0
| DioB7 | DIOB6 | DIOB5 | DIoB4 | DIOB3 | DIOB2 | DIOB1 | DIOBO |
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Port C Register
Base Address Offset = 08 (hex), 8-bit or 16-bit read and write

7 6 5 4 3 2 1 0
| pioc7 | pioce | blocs | bDloca | DIoc3 | DIoc2 | DIocl | DIOCO |

Port D Register
Base Address Offset = 09 (hex), 8-bit read and write

7 6 5 4 3 2 1 0
| DIoD7 | DIoD6 | DIoD5 | DIoD4 | DIoD3 | DIoD2 | DIOD1 | DIODO |

RTSISHFT Register

Base Address Offset = 10 (hex), 8-bit write only

RTSISTRB Register

Base Address Offset = 12 (hex), 8-bit write only
Bit map not applicable, no bits used

CNTR1 Register (REQ1 Generator)

Base Address Offset = 18 (hex), 8-bit read and write

7 6 5 4 3 2 1 0
[ CNTR1B7 | CNTR1B6 | CNTR1B5 | CNTR1B4 | CNTR1B3 | CNTR1B2 | CNTR1B1 | CNTR1BO |

CNTR2 Register (REQ2 Generator)

Base Address Offset = 1A (hex), 8-bit read and write

7 6 5 4 3 2 1 0
| CNTR2B7 | CNTR2B6 | CNTR2B5 | CNTR2B4 | CNTR2B3 | CNTR2B2 | CNTR2B1 | CNTR2BO |
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CNTR3 Register (Timebase Generator)

Base Address Offset = 1C (hex), 8-hit read and write

7 6 5 4 3 2 1 0
[ CNTR3B7 | CNTR3B6 | CNTR3B5 | CNTR3B4 | CNTR3B3 | CNTR3B2 | CNTR3B1 | CNTR3BO |

CNTRCMD Register

Base Address Offset = 1E (hex), 8-bit write only

7 6 5 4 3 2 1 0
[CNTRSEL1 | CNTRSELO| RWSEL1|RWSELO| MODESEL2| MODESEL 1] MODESELO[BCDSEL |

Read-Back Command

7 6 5 4 3 2 1 0
[CNTRSEL1 | CNTRSELO|[ COUNT* | STATUS* | CNTR3 | CNTR2 | CNTRL [ 0 |
Status Byte

7 6 5 4 3 2 1 0
[ ouT [ nNuLL | Rwi | Rwo | MODE2 | MODE1 | MODEO [ BCD |

© National Instruments Corporation B-5 AT-DIO-32F User Manual



Appendix C
Application Notes

This appendix contains the application notes for the AT-DIO-32F board. The versatile
AT-DIO-32F can interface the PC to almost any 8-bit, 16-bit, or 32-bit parallel device or I/0
module rack. These programs explore the several handshaking modes of the AT-DIO-32F and
can easily be modified to fulfill your own specialized communication needs.

All programs were written in Microsoft C. Functions within the programs are designed as
independent modules with the necessary parameters passed in the function call. Therefore, the
functions can easily be transported to your own program.

Severa software packages that support the AT-DIO-32F are also available from National
Instruments. These packages simplify programming, thus decreasing software devel opment
time. For more information about optional software, see Chapter 1, Introduction.

Communicating with a Printer

The National Instruments AT-DIO-32F can interface the PC to any Centronics or Centronics-
compatible printer. In the following program, Port A is configured for Group 1 handshaking,
and is connected to the printer's data lines. Ports B, C, and D are not used and can be configured
in Group 2 to communicate with another device.

Cabling

Build a cable according to the following list to connect the AT-DIO-32F 50-pin connector to the
printer 36-pin connector. Any pins not listed are not connected and should be |eft open. Refer to
Chapter 2, Configuration and Installation, of this manual for connector and cable specifications.

Centronics AT-DIO-32F Centronics AT-DIO-32F
/STROBE 1 27 ACK1 GND 19 17 GND
Data0 2 37 DIOAO GND 20 17 GND
Datal 3 39 DIOA1 GND 21 19 GND
Data2 4 38 DIOA2 GND 22 19 GND
Data3 5 40 DIOA3 GND 23 21 GND
Datad 6 35 DIOA4 GND 24 21 GND
Datab 7 42 DIOA5 GND 25 23 GND
Datab 8 36 DIOAG6 GND 26 23 GND
Data7 9 41 DIOA7 GND 27 28 GND
/ACKN 10 33 REQ1 GND 28 28 GND
BUSY 11 29 IN1 GND 29 30 GND
PE 12 20 IN2 GND 30 32 GND
[ATFD 14 31 OuUT1 GND 33 34 GND

/INIT 31 22 ouT2
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Sending Filesto be Printed

A selected disk file can be printed with the following program, which iswrittenin C. The
program begins by prompting the user to enter the base address of the board and the name of the
fileto be printed. After verifying that the file exists, the program reads characters from thefile
and writes them to the port A datalines. Handshaking is automatic using the group 1 REQ and
ACK lines.

The Centronics specification requires the handshaking acknowledge signal to be a minimum of
500 nsec. Thisisaccomplished by setting the Data Settling Delay bitsin the CFG1 Register. A
500-nsec delay is sufficient for the printer to recognize communication.

/* Send a file fromthe PCto a Centronics printer via the
National |nstruments AT-D O 32F
*/

#i ncl ude "stdi o. h"

#defi ne CFGlof fset 0x00
#defi ne CFQof fset 0x02
#defi ne CFG3of fset 0x04
#defi ne CFHof fset 0x14
#defi ne STATof fset 0x00
#def i ne PORTAof f set 0x06

i nt base_address, /* base_address of the AT-DI O 32F board */

cfgl, /* address of CFGL register */

cf g2, /* address of CFQX2 register */

cfg3, /* address of CFG3 register */

cf g4, /* address of CFX4 register */

tstat, /* address of STAT register */

porta; /* address of PORTA register */
FILE *fp;

FI LE *fopen();

char fil enane[80];

mai n()
int i;
/* base_address is input fromthe key board */
printf("\nEnter the base_address(Hex #): ");
scanf ("%", &base_address);

printf("\nbase_address = % (Hex)", base_address); /* echo print */

/* cal cul ate registers address */

cfgl = base_address + CFGlof fset;
cfg2 = base_address + CFQof f set;
cfg3 = base_address + CFG3of f set;
cfg4 = base_address + CF4of f set;
tstat = base_address + STAToffset;
porta = base_address + PORTAof fset;
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/* set up AT-DI O 32F to conmunicate with printer */
Setup_ Dl Q(); /* setup the AT-DI O 32F */

/* get the chars to print and send out */
printf("\nEnter the name of the file to print: \n");
scanf ("%", fil enane);

/* gets(filenane);*/

fp = fopen(filenane,"r");

if ( Valid_ file()) /* test if a valid file opened */
Read_n_ Wite(); /* read the file and send to printer */

fclose(fp);
} /¥ main */

/***************** fUI"ICtIOI"IS *************************************/

/* read file and print */
Read n Wite()

{

char ch;

while ((ch=fgetc(fp)) != EOF) /* print chars until EOF is reached */

{

Print_char(ch);

Print _char (0x0D); /* send linefeed to conplete printing */
}
/* check whether given filenanme is valid */
Valid_file()

if (fp == NULL)

printf("\nCan't open the file %.",fil enane);

return(0); /* no file access */
el se
return(l); /* file exists, go ahead */

/* setup the AT-DI O 32F board */
Setup_DI ()
{

out pw( cf g1, 0x0000); /* initialize the board */
out pw( cf g2, 0x0000);
out pw( cf g3, 0x0000);
out pw( cf g4, 0x0001);

out pw( cf g2, 0x001); /* QUT2 = *INIT high */

out pw( cfgl, 0x2B44); /* reset porta handshaking */

out pw( cf gl, 0x2A44); /* porta level, invert ACKI and REQL, del ay=500ns */
out pw( cf g3, 0x0400); /* porta wite */

}

/* check printer is ready */
Printer_Rdy()

{

int err = O;
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if (Read_Stat() & 0x20) /* get | N2(paper error) bit */
{
printf("\nPrinter out of paper.");
printf("\nStat = %", Read_Stat());
err = 1,
}
while ((Read_Stat() & 0x0800)); /* wait until |INL(BUSY) is not set */
return(err);

/* read the stat register */
Read_Stat ()

return(inpw(tstat));
}

/* send a character to the printer by witing to porta */
Print_char(ch)

char ch;
t
int i =0, err;
err = Printer_Rdy(); /* check for paper error or BUSY */
if (err)
printf("\nCan't get printer ready.");
exit(1);
}
whil e(! (Read_Stat() & 0x0100) && i<20000) /* wait for DRDY1l bit set */
i ++;
if (i == 20000)

printf("\nCan't get DRDY1l set.");
printf("\nStat = %", Read_Stat());
exit(1);

}

outp(porta, ch);
printf("%",ch); /* echo character to screen */

AT-DIO-32F to AT-DIO-32F 16-Bit Communications

This program transmits 16-bit words between two AT-DIO-32F boards in separate PC
computers. With the program, the AT-DIO-32F can communicate with National Instruments
MC-DIO-32F or NB-DIO-32F. Ports A and B function as the 16-bit read channel with Group 1
handshaking, and Ports C and D comprise the 16-bit write channel utilizing Group 2
handshaking.
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Cabling

Application Notes

Use the following cable to connect the two AT-DIO-32F boards. Both connectors are 50-pin,
female, ribbon cable connectors. Any pins not listed are not used and should be left open. The
signal names PA, PB, PC, and PD refer to Port A, Port B, Port C, and Port D, respectively. Refer

to Chapter 2 of this manual for connector and cable specifications.

AT-DIO-32F(1)

AT-DIO-32F(2)

PAO
PA1
PA2
PA3
PA4
PA5
PA6
PA7
PBO
PB1
PB2
PB3
PB4
PB5
PB6
PB7
REQ1
ACK1
GND
GND
GND
GND

37
39
38
40
35
42
36
41
47
50
44
48
49
43
46
45
33
27
17
19
21
23

14
12
13
11

PCO
PC1
PC2
PC3
PC4
PC5
PC6
PC7
PDO
PDO
PD2
PD3
PD4
PD5
PD6
PD7
ACK2
REQ2
GND
GND
GND
GND

AT-DIO-32F(1)

AT-DIO-32F(2)

PCO
PC1
PC2
PC3
PC4
PC5
PC6
PC7
PDO
PD1
PD2
PD3
PD4
PD5
PD6
PD7
REQ2
ACK?2
GND
GND
GND
GND

Sending and Receiving fileswith the AT-DI O-32F

14
12
13
11
16
9

15
10

OUITONWNREF DM

24
18
28
30
32
34

37
39
38
40
35
42
36
41
47
50
44
48
49
43
46
45
27
33
28
30
32
34

PAO
PA1
PA2
PA3
PA4
PA5
PA6
PA7
PBO
PB1
PB2
PB3
PB4
PB5
PB6
PB7
ACK1
REQ1
GND
GND
GND
GND

The following program is divided into two functional parts, one for sending files from the
AT-DIO-32F and the other for receiving files. Both are structured similarly and check for the
EOF marker which marks the end of transmission. The handshaking between the AT-DIO-32F

boardsis fully automatic and requires no software toggling of lines.

For 16-bit communications, the program compresses two 8-bit characters into one 16-bit word
using the functions getw() and putw() from the standard unix library. The function getw() is
modified to the new function getwd() to recognize and return both 8-bit and 16-bit EOF markers.
Both getwd() and putw() are included at the end of the program and either function can be
expanded to handle 32-bit words. Notice that Port A and Port B are declared 16-bit type int.

/*

This program allows the AT-DI O 32F to send and receive 16-bit data

to and froman AT-DI O 32F in anot her PC.

*/

i ncl ude <stdio. h>
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/* address offset of the registers of AT-DI O 32F */

#defi ne CFGlos 0x00
#defi ne CFQ20s 0x02
#defi ne CF&os 0x04
#defi ne CFH4os 0x14
#def i ne STATos 0x00
#def i ne PORTAO0S 0x06
#def i ne PORTCos 0x08
unsi gned i nt base_addr;
unsi gned i nt CFGL, CF&, CF&3, CFHA4, /* Registers of AT-DI O 32F */
STAT1, PORTA, PORTC,
FI LE *fp;
char fil enane[ 81];
i nt | OWECF;
mai n()
/*... base_address is input fromthe keyboard....*/

printf("\nEnter the base_address of the AT-M O 32F(Hex): ");
scanf ("%", &base_addr);

CFGL = CFGlos + base_addr;

CF& = CFRQo0s + base_addr;

CF& = CF&os + base_addr;

CF#A = CF&4os + base_addr;

STAT1 = STATos + base_addr;

PORTA = PORTAos + base_addr;

PORTC = PORTCos + base_addr;

| oOWECF = (EOF & 0Ox00ff); /* Set so that EOF character is in the | ow

byte only. */
setup_dio();

choose_what () ;
}/* End main */

[*. ... Sets up AT-DIO-32F ..... */
setup_dio()
out pw( CFGL, 0x00); /[* Initialize the board */

out pw( CF&2, 0x00);
out pw( CFG3, 0x00);

out pw( CF4, 0x01); /* Set for Rev. C board */

/* Set up for |eading edge. */

out pw( CFGL, 0x710); /* Enabl e DI QAEN and DI OBEN, PULSEl is high;
EDGE1 is | ow, and LRESET1 */

out pw( CF&2, 0x710); /* Enabl e DI OCEN and DI CDEN; PULSE2 is high;
EDGE2 is |ow, and LRESET2. */

out pw( CFGL, 0x610); /* Reconfigure after reset. */

out pwm CF&, 0x610);

out pw( CFG3, 0x4800); /* Enable WRITEC and WRITED to wite;

VWRI TEA and WRI TEB are configured to read. */
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} /* End of setup_dio */

/*... Ask to send or receive data and then do it ...*/
choose_what ()

char ch;
choose_nsg();
ch = getch();
while((ch !'="¢e") & (ch !="E)){
swi tch(ch){
case 'S':
case 's': { /* User wants to send data. */
send_nmai n(); /* Send data. */
choose_nsg(); /* G ve choice again. */
br eak;
} /'* End case 's' */
case 'R :
case 'r': { /* User wants to receive data.*/
get_main(); /* Get the data. */
choose_nsg(); /* G ve choice again. */
br eak;

}/* End case 'r' */
}/* End switch */
ch = getch();
}/* End while */
printf("\nExit requested."); /* User selected 'e' for exit. */
}/* End choose_what */

/*... Message for choose what() ...*/
choose _nsg()

printf("\n\nDo you want to send (s) or receive (r) data, or exit (e)?

}/; End choose _nsg */

/*... Check whether given filenanme is valid ...*/
valid_file()

if (fp == NULL){
printf("can't open the file %.\n", filenane);
return O;
}* End if */
el se
return 1; /* file exists, go ahead. */
}* End valid_file() */

/*************** ROUtI nes for Sendl ng data ******************/

/*... Get data and send to anot her board ...*/
send_nmi n()

printf("\nEnter the name of the file to send:\n");
scanf ("%", fil enane);
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fp = fopen(filename, "r"); /* Open file for reading. */
if(valid file()) /* Test if valid file. */
send_file(); /* Read file and send. */

fclose(fp);
}/* End send_main */

/[*... Send a file to the AT-DI O 32F ...*/
send_file()

{

int word;

/* Read in words fromfile and send, do while no EOF in | ow byte. */
whi | e(((word=getwd(fp)) & OxOOFF) != | owECF)
send_wor d(wor d) ;
send_word(word); /* This last word read and sent contains an ECF. */
}/* End send_file */

/[*... Send a word to the AT-DI O 32F ...*/
send_wor d(wd)

int wd;
whil e(!data_out _rdy()); /* Wait until ok for data to be witten. */
putwwd, stdout); /* Echo characters to screen. */
out pw( PORTC, wd); /* Send a 16-bit word to the MC-DI O 32F. */
}
/*... Return non-zero value if the AT-DIO-32F is ready to be witten nore
data...*/
data_out _rdy()
{
return (i npw STAT1) & 0x0004); /* Returns DRDY2 bit. */
}

/******************* ROUtI nes for Recel Vl ng Data **********************/

/*... Receive 16-bit data fromthe other AT-D O 32F...*/

get _main()

{
i nt word;
printf("\nEnter the name of the file to receive data: \n");
scanf ("%", fil enane);

fp = fopen(filename, "W'); /* Open file for witing. */
printf("\nWiiting to receive data..... \n\n");
/* Gets chars until an ECF is received in the | ow byte. */
while(((word = in_word()) & OxOFF) != | owEOF){
put wW( word, stdout); /* Echo word to screen. */
putwword, fp); /* Put word in file. */

}/* End while */
/* Put final word received containing an EOF into the file. */

putwword, fp); /* Put char and EOF in file. */
put wW( word, stdout); /* Echo word to screen. */
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printf("\nAn End-of-File has been received.\n");
fclose(fp);
}/* End get_main */

[*... Get the 16-bit word fromthe AT-DI O 32F ...*/

i n_word()
int wd;
while(!data_in_rdy()) ; /* WAit until data is ready. */
wd = i npw( PORTA) ;
return wd, /* Return 16-bit data. */

}/* End in_word */

/*... Return non-zero value if data is ready to be read ...*/
data_in_rdy()
{

return(i npw( STAT1) & 0x0100); /* Return value of DRDY1l bit. */
}/* End data_in_rdy */

/********************* NdefIE‘d UnIX Corrrrands *********************/

/*... getwd() is a nodification of the unix.h function getw().
The returned paraneter is the only change in the unix
function. getwd() will return an int ECF (OxFFFF) if
either the first or second byte read was an ECF.

The function getwd(), however, returns the foll ow ng:

OXFFFF int EOF if the high byte is an ECF char,
Ox. . FF a char EOF in the low byte if a valid char
was read in the high byte,
ox. ... a valid char in the high and low byte if no
EOF was read in either.
oL
get wd(who)
FI LE *who;
{
regi ster int chi, clo;
if ((chi = fgetc(who)) == EOF) /* ECF will be word length. */
return (EOF); /* Don't read beyond EOF. */
clo = fgetc(who); /* Read the high byte. */

return((chi & OxFF) << 8 | (clo & OxFF)); /* Return word. */
}/* End getwd */

/*... putwd() is a unix conmand.
Note that the functions place characters in the file one at a tine
and checks for an EOF with every character. This prevents witing
EOF to a file.

oL

put wW( wor d, who)

i nt word;

FI LE *who;

if ((word>>8) & OxFF == EOF)

return (EOF);
el se
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fputc(((word>>8) & OxFF), who);

if (word & OXFF == EOF)
return (EOCF);
el se
fputc((word & OxFF), who);

return (word);
}/* End putw */

The AT-DIO-32F and I/0 Module Racks

The AT-DIO-32F is pin-compatible with several 32-channel I/O module racks produced by
several different companies. Any I/O module rack pin-compatible with the DEC DRV 11-J
paralel interface is pin-compatible with the AT-DIO-32F. The AT-DIO-32F can aso be used
with /O module racks that are not pin-compatible if a special cableis built.

The AT-DIO-32F is directly pin-compatible with the following 1/0 modul e racks:

OPTO 22 Gordos
PB32DEC PB-32SM
PB-32Q
PB32D

The AT-DIO-32F can be used with the following 1/0 module racks if connected with a cable
indicated by the specificationsin Table C-1. Any pinsnot listed are not connected and should be
left open.

Table C-1. Cable Specification for Connectionsto 8-, 16-, or 24-Channel 1/0 Module Racks

OPTO 22 Gordos Potter & Brumfield
PB8 PB8 210-8
PB16A PB16 210-16
PB16C PB-16SM 210-24
PB24 PB16Q
PB24Q PB24

PB24Q
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AT-DIO-32F 1/0 Rack AT-DIO-32F(1) 1/0 Rack
PAO 37 47 DataO PCO 14 15 Datal6
PA1 39 45 Datal PC1 12 13 Datal7
PA2 38 43 Data?2 PC2 13 11 Datal8
PA3 40 41 Data3 PC3 11 9 Daal9
PA4 35 39 Data4 PC4 16 7 DaaZ20
PAS 42 37 Datab PC5 9 5 DataZ?l
PAG6 36 35 Data6 PC6 15 3 Data22
PA7 41 33 Data7 PC7 10 1 Data23
PBO 47 31 Data8 GND 17 16 GND
PB1 50 29 Data9 GND 19 18 GND
PB2 44 27 Datal0 GND 21 20 GND
PB3 48 25 Datall GND 23 22 GND
PB4 49 23 Datal2 GND 28 28 GND
PB5S 43 21 Datal3 GND 30 30 GND
PB6 46 19 Datal4d GND 32 32 GND
PB7 45 17 Datald GND 34 34 GND

The mgjority of these racks interface to parallel data through a 50-pin edge connector. A cable
must be made with a 50-pin edge connector on one end and a 50-pin header connector on the
other.

The AT-DIO-32F 1/0O connector is a 50-pin male ribbon cable header. Recommended
manufacturer part numbers for this header are:

Electronic Products Division/3M part number 3596-5002
T&B/Angley Corporation part number 609-5007

The mating connector for the AT-DIO-32F is a 50-position, polarized, ribbon socket connector
with strain relief. National Instruments uses a polarized (keyed) connector to prevent inadvertent
upside-down connection to the AT-DIO-32F. Recommended manufacturer part numbers for this
mating connector are:

Electronic Products Division/3M part number 3425-7650
T&B/Ansley Corporation part number 609-5041CE

Recommended manufacturer part numbers for the standard ribbon cable (50-conductor, 28
AWG, stranded) that can be used with these connectors are:

Electronic Products Division/3M part number 3365/50
T&B/Angley Corporation part number 171-50

Recommended manufacturer part numbers for the 50-pin edge connector that connects a module
rack to an edge connector are:

Electronic Products Division/3M part number 3415-0001
T&B Andey Corporation part number 609-5015M
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A polarizing key can be plugged into these edge connectors to prevent inadvertent upside-down
connection to the I/O module rack. The location of this key varies from rack to rack. Consult
the specification for the rack you intend to use for the location of any polarizing key. The
recommended manufacturer part numbers for this polarizing key are:

Electronic Products Division/3M part number 3439-2
T&B Ansley Corporation part number 609-0005

Use Mode 0 when communicating with I/O module racks. Refer to Chapter 3, Theory of
Operation, of this manual for programming information.
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This appendix contains the 8254 Programmable Interval Timer (Intel Corporation) data sheet.
This counter/timer device is used on the AT-DIO-32F board.

*  Copyright © Intel Corporation 1989. Reprinted with permission of copyright owner.
All rights reserved.
Intel Corporation 1989 Data Book Microprocessor and Peripheral Handbook, Volume Il Peripheral.
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intel

8254
PROGRAMMABLE INTERVAL TIMER

s Compatible with All Intel and Most B Six Programmabile Counter Modes

Other Microprocessors a Three Independent 16-Bit Counters
8 Handles Inputs from DC to 10 MHz .

— 5 MHz 8254-5 [ ] B'inary or BCD Counting

— 8 MHz 8254 m Single + 5V Supply

— 10 MHz 8254-2 m Available in EXPRESS
B Status Read-Back Command — Standard Temperature Range

The Intel® 8254 is a counter/timer device designed to solve the common timing control problems in micro-
computer system design. It provides three independent 16-bit counters, each capable of handiing clock inputs
up to 10 MHz. All modes are software programmable. The 8254 is a superset of the 8253.

The 8254 uses HMOS technology and comes in a 24-pin plastic or CERDIP package.

|t CLK O [ 2w }] N~ 24177 Vee
D700 ﬁ s ) COUNTER L, _qateo s (]2 =[] wa
BUFFER ° ouTo os (]2 2{]#d
0¢ j4 agcs
Dy []s 207 A
S — 4 D28 ey WA
- > o7 nBijcox2
;m' —=9 2 e CLK 1 oo l]s w[Qour2
° :E‘:Toé § COUNTER GATE 1 cxo(]e 18[JGATE2
29— LOGIC = ! ouro]10 15 otk 4
Ay i H > ouT 1 GATEO [ 11 14[7 care s
GNp [J12 130T
c'g__j .__T 231164-2
. Figure 2. Pin Configuration
CONTROL e
WORD' COUNTER | GATE 2
REGISTER 2
proemng QUT 2
4
Y
231164-1
Figure 1. 8254 Block Diagram
1987
6-25 Order Number: 231164-004 ~
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Table 1. Pin Description

MMI :'0" Type Name and Function

D7-Dg 1-8 1/0 DATA: Bi-directional three state data bus iines, connected to system
data bus.

CLKO 9 | CLOCK 0: Clock input of Counter 0.

ouTo 10 0 OUTPUT 0: Output of Counter 0.

GATE O 1 | GATE 0: Gate input of Counter 0.

GND 12 GROUND: Power supply connection.

 Vee 24 POWER: + 5V power supply connection.

WR 23 ] WRITE CONTROL: This input is low during CPU write operations.

RD 22 i READ CONTROL: This input is low during CPU read operations.

cs 21 ! CHIP SELECT: A low on this input enables the 8254 to respond to
RD and WR signais. RD and WR are ignored otherwise.

Ay, Ag 20-19 | ADDRESS: Used to select one of the three Counters or the Contro}
Word Register for read or write operations. Normally connected to
the system address bus.

Ay Ag Selects
0 0 Counter 0
0 1 Counter 1
1 ] Counter 2
) . 1 1 Control Word Register
CLK 2 18 [ CLOCK 2: Clock input of Counter 2.
- OUT2 17 0 QUT 2: Output of Counter 2.

GATE 2 16 | GATE 2: Gate input of Counter 2.

CLK 1 15 | CLOCK 1:Clock input of Counter 1.

GATE 1 14 | GATE 1: Gate input of Counter 1.

OouT 1 13 O OUT 1: Output of Counter 1.

FUNCTIONAL DESCRIPTION

General

The 8254 is a programmabile interval timer/counter
designed for use with Intel microcomputer systems.
it is a general purpose, multi-timing element that can
be treated as an array of I/0O ports in the system
software.

The 8254 solves one of the most common problems
in any microcomputer system, the generation of ac-
curate time delays under software control. instead of

- setting up timing loops in software, the programmer
configures the 8254 to match his requirements and
programs one of the counters for the desired delay.
After the desired delay, the 8254 will interrupt the
CPU. Software overhead is minimal and variable
length delays can easily be accommodated.

- Some of the other counter/timer functions common
to microcomputers which can be implemented with
the 8254 are:

* Real time clock

e Event-counter

e Digital one-shot

e Programmable rate generator
e Square wave generator

o, Binary rate muitiplier

e Complex waveform generator
o Tomplex motor controller

Block Diagram

DATA BUS BUFFER

This 3-state, bi-directional, 8-bit buffer is used to in-
terface the 8254 to the system bus (see Figure 3).

626
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8254

=

INTEANAL 8US

jt—CLK 0
| tpe—— GATE 0

- e QOUT O

feme CLK 1
COUNTER | GATE 1
1

e oUT 1

clK 2

COU;ITER " GATE 2

e 0uT2

L~

231164-3

Figure 3. Block Diagram Showing Data Bus Buffer and Read/Write Logic Functions

READ/WRITE LOGIC

The Read/Write Logic accepts inputs from the sys-
tem bus and generates control signais for the other
functional blocks of the 8254. A4 and Ay select one
of the three counters or the Control Word Register
to be read from/written into. A “low” on the RD in-
put tells the 8254 that the CPU is reading one of the
counters. A “low” on the WR input tells the 8254
that the CPU is writing either a Control Word or_an
initial count. Both RD and WR are qualified by CS;
RD and WR are ignored uniess the 8254 has been
selected by holding TS low.

CONTROL WORD REGISTER

The Control Word Register (see Figure 4) is selected
by the Read/Write Logic when Ay,Ag = 11. If the
CPU then does a write operation to the 8254, the
data is stored in the Control Word Register and is
interpreted as a Control Word used to define the
operation of the Counters.

The Control Word Register can only be written to;
status information is available with the Read-Back
Command.

COUNTER 0, COUNTER 1, COUNTER 2

These three functional blocks are identical in opera-
tion, so only a single Counter will be described. The
internal block diagram of a single counter is shown
in Figure 5.

The Counters are fully independent. Each Counter
may operate in a different Mode. .

The Control Word Register is shown in the figure; it
is not part of the Counter itself, but its contents de-
termine how the Counter operates.

The status register, shown in Figure 5, when
latched, contains the current contents of the Control
Word Register and status of the output and nuil
count flag. (See detailed explanation of the Read-
Back command.)

The actual counter is labelled CE (for “Counting Ele-
ment”). it is a 16-bit presettable synchronous down
counter.

OLy and OLy are two 8-bit latches. OL stands for
“Output Latch”; the subscripts M and L stand for
“Most significant byte” and “Least significant byte”

627

D4

© National Instruments Corporation



Appendix D Intel Data Sheet

lnter 8254

DATA
or0o mUs
BUFFER

WH———>c ReEAD!
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Figure 4. Block Diagram Showing Control Word Register and Counter Functions
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231164-5

Figure 5. Internal Block Diagram of a Counter
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respectively. Both are normally referred to as one
unit and called just OL. These latches normally “fol-
low” the CE, but if a suitable Counter Latch Com-
mand is sent to the 8254, the latches “latch” the
present count until read by the CPU and then retumn
to “following” the CE. One latch at a time is enabled
by the counter's Control Logic to drive the internal
bus. This is how the 16-bit Counter communicates
over the 8-bit internal bus. Note that the CE itself
cannot be read; whenever you read the count, it is
the OL that is being read.

Similarty, there are two 8-bit registers called CRy
and CRy (for “Count Register”). Both are normally
referred to as one unit and called just CR. When a
" new count is written to the Counter, the count is
“stored in the CR and later transferred to the GE. The
Control Logic allows one register at a time to be
loaded from the intemnal bus. Both bytes are trans-
ferred to the CE simuitaneously. CRy and CR_ are
cleared when the Counter is programmed. In this
way, if the Counter has been programmed for one
byte counts (either most significant byte only or least
significant byte only) the other byte will be zero.
Note that the CE cannot be written into; whenever a
count is written, it is written into the CR.

The Control Logic is aiso shown in the diagram.

CLK n, GATE n, and OUT n are all connected to the
outside world through the Control Logic.

8254 SYSTEM INTERFACE

The 8254 is a component of the intel Microcomputer
Systems and interfaces in the same manner as all

other peripherals of the family. It is treated by the
system’s software as an array of peripheral /0
ports; three are counters and the fourth is a control
register for MODE programming.

Basically, the select inputs Ag,A1 connect to the Ay,
A4 address bus signals of the CPU. The CS can be
derived directly from the address bus using a linear
select method. Or it can be connected to the output
of a decoder, such as an Intel 8205 for larger sys-
tems.

OPERATIONAL DESCRIPTION

General
After power-up, the state of the 8254 is undefined.

The Mode, count value, and output of all Counters
are undefined.

How each Counter operates is determined when it is
programmed. Each Counter must be programmed
before it can be used. Unused counters need not be

programmed.

Programming the 8254

Counters are programmed by writing a Control Word
and then an initial count.

The Control Words are written into the Control Word
Register, which is selected when Aj,Ag = 11. The
Control Word itself specifies which Counter is being
programmed.

1 ADDRESS BUS (16 {
A1 Ao
Y CONTROL BUS )
. OR |TOW
2 DATA BUS (®) —
y v JV Yy v
A A T o-D7 R6 WR
a2s4
COUNTER COUNTER COUNTER
] 1 2
'QUT GATE CLK 'OUT GATE CLK' OUT GATE CLK_
: 231164-6

Figure 6. 8254 System interface

6-29

AT-DIO-32F User Manual D6 © National Instruments Corporation



Appendix D

© National Instruments Corporation

Intel Data Sheet

lnter 8254
Control Word Format _
Al Ap=11 CS=0 RD=1 WR=20
Dg Ds Dy D3 D Dy Do
[sct]sco|rw1 | rwo | M2 | M1 Mo | BCD |
SC—Setect Counter M—Mode )
sC1- SCo M2 M1 Mo
0 0 Select Counter 0 0 0 0 Mode 0
0 1 Select Counter.1 0 0 1 Mode 1
1 0 Select Counter 2 X 1 0 Mode 2
1 1 Read-Back Command X 1 1 Mode 3
. (see Read Qperabons) 1 0 0 Mode 4
. 1 0 1 Mode 5
RW--Read/Write -
RW1 RWO. BCD
0- | O .|Counter Latch Command (see Read
Operations) 0 Binary Counter 16-bits
0 | 1 |Read/Write least significant byte only 1 Binary Coded Decimal (BCD) Counter
4 Deca
0 |Read/Write most significant byte only ( des)
1 1 |Read/Write least significant byte first,
then most significant byte
NOTE:
Don't care bits (X) should be 0 to insure compatibility with future intel products.

Figure 7. Control Word Format

By. contrast, initial counts are written into the Coun-
ters, not the Control Word Register. The A¢,Ag in-
puts are used to. select the Counter to be written
into. The format of the initial count is determined by
the Control Word used.

Write Operations

The programming procedure for the 8254 is very
flexible. Only two conventions need to be remem-
bered: .

1) For each Counter, the Control Word must be writ-
ten before the initial count is written.

2) The initial count must follow the count format
specified in the Control Word (least significant
byte only, most significant byte only, or least sig-
nificant byte and then most significant byte).

Since the Control Word Register and the three
Counters have separate addresses (selected by the
A4,Ag inputs), and each Control Word specifies the
Counter it applies to (SCO,SC1 bits), no special in-
struction sequence is required. Any programming
sequence that follows the conventions in Figure 7 is
acceptable.

A new initial count may be written to a Counter at
any time without affecting the Counter's pro-
grammed Mode in any way. Counting will be affected
as described in the Mode definitions. The new count
must follow the programmed count format.

If a Counter is programmed to read/write two-byte
counts, the following precaution applies: A program
must not transfer control between writing the first
and second byte to another routine which also writes
into that same Counter. Otherwise, the Counter will
be loaded with an incorrect count.

AT-DIO-32F User Manual
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Ay A A1 Ao
Control Word—Counter 0 1 T Control Word—Counter 2 1 1
LSB of count—Counter 0 0 0 Control Word—Counter 1 1 1
MSB of count—Counter 0 0 0 Control Word—Counter 0 1 1
Control Word—Counter 1 1 1 LSB of count—Counter 2 1 0
LSB of count—Counter 1 .0 1 MSB. of count—Counter 2 1 0
MSB of count—Counter 1 1] 1 LSB of count—Counter 1 . -0 1
Control Word—Counter 2 1 1 MSB of count—Counter 1 0 1
LSB of count—Counter 2 1 0 LSB of count—Counter 0 o o
MSB.of count—Counter 2 . 1 0 MSB of count—Counter O 0 0
Ar. Ag R AT Ag

Control Word—Counter 0 1 -1 Control Word—Counter 1 1 1
Control Word—Counter 1 1 1 Control Word—Counter 0 1 1
Control Word—Counter 2 1 1T L.SB of count—Counter 1 0 1
LSB of count—Counter 2 1 0 Control Word—Counter 2 1 1
LSB of count—Counter 1 o 1 LSB of count—Counter 0 0 0
LSB of count—Counter Q. o 0 MSB of count—Counter 1 0 1
MSB of count—Counter 0 . 0 0 LSB of count—Counter 2 1 0
MSB of count—Counter 1 0 1 MSB of count—Counter 0 0 0
MSB of count—Counter 2 1 0 MSB of count—Counter 2 1 0

NOTE: e

In all four examples, all Counters are programmed to read/write two-byte counts. These. are only four of many possible

programming sequences.

. Figure 8. A Few Possibie Programming Sequences
Read Operations A Ag = 11;CS = 0;RD = ;WR =0

It is often desirable to read the value of.a Counter
without disturbing the count in progress. This is easi-
ly done in the 8254. : i

There are three possible methods- for reading the
counters: a simple read operation, the Counter
Latch Command, and the Read-Back Command.
Each is explained below. The first method is to per-
form a simple read operation. To read the Counter,
which is selected with the A1, AO inputs, the CLK
input of the selected Counter must be inhibited by

using either the GATE input or external logic. Other- -

wise, the count may be in the process of changing
when it is read, giving an undefined result.

COUNTER LATCH COMMAND

. The second method uses the “Counter Latch Com-
mand”. Like a Control Word, this command is written
to the Control Word Register, which is- selected
when A,Ag = 11. Also like a Control Word, the
SCO0, SC1 bits select one of the three Counters, but
two other bits, D5 and D4, distinguish this command
from a Control Word."

AT-DIO-32F User Manual
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Dy Dg Ds

Dy D3 D2 Dy Do

ISC1|.SCOLO|0|XYXJX‘1.X!

SC1,S€0—specify counter to be latched

SC1 SCO _Counter
0 0 0
0 1 1
1 0 2
1 1 | Read-Back Command

D5,D4—00 designates Counter Latch Command

X—don’t care

‘| Don't care bits (X) should be 0 to insure compatibifity
with future intel products.

Figure 9. Counter Latching Command Format
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The selected Counter’s output Iétch (OL) tatches the

count at the time the Counter Latch Command is
received. This count is held in the latch until it is read
by the CPU (or until the Counter is reprogrammed).
The count is then unlatched automatically and the
OL returns to “following” the counting element (CE).
This allows reading the contents of the Counters
“on the fly” without affecting counting in progress.
Muttiple Counter Latch Commands may be used to
latch more than one Counter. Each latched Coun-
ter's OL holds its count until it is read. Counter Latch
Commands do not affect the programmed Mode of
the Counter in any way-

If a Counter is fatched and then, some time later,
latched again before the count is read, the second
Counter Latch Command is ignored. The count read
will be the count at the time the first Counter Latch
Command was issued.

With either method, the couﬁt must be read accord-
ing to the programmed format; specifically, if the
Counter is programmed for two byte counts, two

bytes must be read. The two bytes do not have tobe -

read one right after the other; read or write or pro-
gramming operations of other Counters may be in-
serted between them.

" Another feature of the 8254 is that reads and writes
of the same Counter may be interleaved; for exam-
ple, if the Counter is programmed for two byte
counts, the following sequence is valid.

1) Read least significant byte.

2) Write new least significant byte.

3) Read most significant byte.

4) Write new most significant byte.

If a Counter is programmed to read/write two-byte
counts, the following precaution applies: A program
must not- transfer control between reading the first
and second byte to another routine which also reads
from that same Counter. Otherwise, an incormect
count will be read.

READ-BACK COMMAND

The third method uses the Read-Back Command.
This command allows the user to- check the count
value, programmed Mode, and current states of the
OUT pin and Null Count flag of the selected coun-
ter(s).

The command is written into the Control Word Reg-
ister and has the format shown in Figure 10. The
command applies to the counters ‘selected by set-
ting their corresponding bits D3, D2, D1 = 1

© National Instruments Corporation

AO,A1=11 CS D=1 WR=

Dy Dg Ds D¢ Dy D2 Dy Dy
[ 1| 1 |counT|sTATUS|oNT2{ONT 1 [ONT O] 0 |

0

Ds: 0 = Latch count of seiected counter(s)

Dg4: 0 = Latch status of selected counters(s)
D3: 1 = Select Counter 2

Da: 1 = Select Counter 1

D4: 1 = Select Counter 0

Do: Reserved for future expansion; Mustbeo

Figure 19. Read-Back Command Format

The read-back command may be used to latch multi-

le counter output latches (OL) by setting the
%UNT bit D5 = 0 and selecting the desired coun-
ter(s). This singie command is functionally equiva-
lent to several counter latch commands, one for
each counter latched. Each counter’s latched count
is held until it is read (or the counter is repro-
grammed). The counter is automatically unlatched
when read, but other counters remain latched until
they are read. If multiple count read-back commands
are issued to the same counter without reading the
count, all but the first are ignored; .i.e., the count
which will be read is the count at the time the first
read-back command was issued.

- The read-back command may also be used to latch

status information of selected counter(s) by setting
STATUS bit D4 = 0. Status must be latched to be
read; status of a counter is accessed by a read from
that counter.

The counter status format is shown in Figure 11. Bits
D5 through DO contain the counter’s programmed
Mode exactly as written in the last Mode Control
Word. OUTPUT bit D7 contains the current state of
the OUT pin. This allows the user to monitor the
counter's output via software, possibly eliminating
some hardware from a system.

Do
BCD|

D; Dg

Null
ommeount
D, 1=OUTPinist
De

Ds Dy D3 D2 Dy

M2 MO

RW1| RW0O M1

0 =OUTPinis 0

1 = Null Count
0 = Count available for reading

Ds-Dg Counter programmed mode (see Figure
7

Figure 11. Status Byte
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NULL COUNT bit: D6 indicates when the last count
written to the counter register (CR) has been loaded
into the counting element (CE). The exact time this
happens depends on the Mode of the counter and is
described in the Mode Definitions, but until the count
is loaded into the counting element (CE), it can’t be
read from the counter. If the count is latched or read
before this time, the count value will not reflect the
new count just written. The operation of Null Count
is shown in Figure 12. :

This Action Causes

A. Write to the cantrol word register;(1) Nuil Count = 1
B. Write to the count register (CR);(@  Nuil Count = 1
C. New Count is loaded into Null Count = 0

CE (CR — CE);
NOTE: .
1. Only the counter specified by the control word will
have its Null Count set to 1. Null count bits of other
counters are unaffected.
2. It the counter is programmed for two-byte counts
(least significant byte then most significant byte) Null
Count goes to 1 when the second byte is written.

COUNT and STATUS bits D5,D4 = 0. This is func-
tionally the same as issuing two separate read-back
commands at once, and the above discussions ap-
ply here also. Specifically, if muiltiple count and/or
status read-back commands are issued to the same
counter(s) without any intervening reads, all but the
first are ignored. This is illustrated in Figure 13.

If both count and status of a counter are latched, the
first read operation of that counter will return latched
status, regardless of which was latched first. The
next one or two reads (depending on whether the
counter is programmed for one or two type counts)
return latched count. Subsequent reads return un-
latched count.

3
o
>

Write into Counter 0

Wirite into Counter 1

Write into Counter 2

Write Control Word

Figure 12. Null Count Operation

If multiple status latch operations of the counter(s)
are performed without reading the status, all but the
first are ignored; i.e., the status that will be read is
the status of the counter at the time the first status
read-back command was issued.

Both count and status of the selected counter(s)
may be latched simultaneously by setting both

Read from Counter O

Read from Counter 1

Read from Counter 2

No-Operation (3-State)

X|ojojojo|=ala)~s]|=

No-Operation (3-State)

ol=|lo|o|o|o|e|o|o]|e|d
-~>(---h—*oooo§|

X|x|+|ols]o|=|o]s|ol|®

Xi{X|=|=[Qjo|=]|=]|O|O

1 No-Operation (3-State)

Figure 14. Read/Write Operations Summary

Command
D; Dg Ds Dy D3 D2 D1 Do

Description Result

Counter 0

1i11]/]0]0]0}| 0] 1| 0 |Readbackcountand status of Count and status latched

for Counter 0

111}11]0]0]| 1] 0| 0 |Readbackstatus of Counter 1 Status latched for Counter 1

111{1{0|1] 1] 0| 0 |Readback status of Counters 2, 1 | Status latched for Counter

2, but not Counter 1

1|1{0|1]1]0]| 0| 0 |ReadbackcountofCounter2 Count latched for Counter 2

Counter 1

111100} 0]| 1} 0| 0 |Readbackcountand status of Count latched for Counter 1,

but not status

111]1]0]0] 0} 1| 0 |Readback status of Counter 1 Command ignored, status-

already latched for Counter 1

Figure 13. Read-Back Command Example
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Mode Definitions

The following are defined for use in descnbmg the
operation of the 8254.

CLK Pulse: arising edge, then a falling edge, in
that order, of a Counter’s CLK in-
put.

Trigger: a rising edge of a Counter’s GATE

* input:

Counter loading: the transfer of a count from the CR
to the CE (refer to the “Functional
Description”)

MODE 0: INTERRUPT ON TERMINAL COUNT

Mode 0 is typically used for event counting. After the
Control Word is written, QUT is initially low, and wiil
remain low until the Counter reaches zero. QUT then
goes high and remains high untit a new count or a
new Mode 0 Control Word is written into the Coun-
ter.

GATE = 1 enables counting; GATE = 0 disables
counting. GATE has no effect on OUT.

After the Control Word and initial count are written to
a Counter, the initial count will be loaded on the next
CLK puise. This CLK pulse does not decrement the
count, so for an initial count of N, OUT does not go
high until N + 1 CLK puises after the initial count is
written.

i a new count is written to the Counter, it will be

loaded on the next CLK pulse and counting will con-

tinue from the new count. Ifatwo-byteoountnswnt

ten, the following happens:

1) Writing the first byte disables counting. OUT is set
low immediately (no clock puise required)

2) Writing the second byte allows the new count to
be loaded on the next CLK pulse. )

This allows the counting sequence to be synchroniz-
ed by software. Again, OUT does not go high until
N+ 1 CLK pulses after the new count of N is written.

If an initial count is written while GATE = 0, it will
still be loaded on the next CLK pulse. When GATE
goes high, OUT will go high N CLK puises later; no
CLK pulse is needed to load the Counter as this has
already been done.

MODE 1: HARDWARE RETRIGGERABLE
ONE-SHOT

OUT will be initially hig'h. OUT will go low on the CLK
pulse following a trigger to begin the one-shot puise,
and will remain low until the Counter reaches zero.

D-11

OUT will then go high and remain high until the CLK
pulse after the next trigger.

After writing the Control Word and initial count, the
Counter is armed. A frigger results in loading the
Counter and setting OUT low on the next CLK puise,
thus starting the one-shot pulse. An initial count of N
will result in a one-shot pulse N CLK cycles in dura-
tion. The one-shot is retriggerable, hence OUT will
remain low for N CLK pulses after any trigger. The
one-shot puise can be repeated without rewriting the
same count into the counter. GATE has no effect on
OUT.

If a new count is written to the Counter during a one-
shot pulse, the current one-shot is not affected un-
less the counter is retriggered. in that case, the
Counter is loaded with the new count and the one-
shot puise continues until the new count expires.

MODE 2: RATE GENERATOR

This Mode functions like a divide-by-N counter. It is
typically used to generate a Real Time Clock inter-
rupt. OUT will initially be high. When the initial count
has decremented to 1, OUT goes low for one CLK
pulse. OUT then goes high again, the Counter re-
loads the initial count and the process is repeated.
Mode 2 is periodic; the same sequence is repeated
indefinitely. For an initial count of N, the sequence
repeats every N CLK cycles.

GATE = 1 enables counting; GATE = O disables
counting. If GATE goes low during an output pulse,
OUT is set high immediately. A trigger reloads the
Counter with the initial count on the next CLK pulse;
OUT goes low N CLK puises after the trigger. Thus
the GATE input can be used to synchronize the
Counter.

After writing a Control Word and initial count, the
Counter will be loaded on the next CLK pulse. OUT
goes low N CLK Pulses after the initial count is writ-
ten. This allows the Counter to be synchronized by
software aiso.

Writing a new count while counting does not affect
the current counting sequence. If a trigger is re-
ceived after writing a new count but before the end
of the current period, the Counter will be loaded with
the new count on the next CLK pulse and counting
will continue from the new count. Otherwise, the
new count will be loaded at the end of the current
counting cycle. In mode 2, a COUNT of 1 is illegal.

MODE 3: SQUARE WAVE MODE

Mode 3 is typically used for Baud rate generation.
Mode 3 is similar to Mode 2 except for the duty cycle

" of OUT. OUT will initially be high. When half the

AT-DIO-32F User Manual
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CW=10 L(SBs4d

" wh

« UUUUYUYUUU Uy
GATE

Celwininl2lslelele mIT]

CW=10 LSB=3

|
|

[wiwlwliwfsizlelsls

o 7]
231164-7

NOTE:

The following conventions apply to all mode timing diagrams:

1. Counters are programmed for binary (not BCD) counting and for reading/writing least significant byte (LSB) only.

2. The counter is atways selected (CS always low).

3. CW stands for “Control Word”; CW = 10 means a control word of 10 HEX is written to the counter.

4. LSB stands for “‘Least Significant Byte” of count.

5. Nuubmsbdowdiagramsarecvaalues.Thelmrmmb«Sﬂnlsasts’gmﬁamm.Theuppermmberisthe

mstsigniﬁwnbyte.Sincem:wm«ismogammedmmad/mﬁeLSBmw.mmﬂgﬁﬁambytembemad.
N stands for an undefined count.
Vertical lines show transitions between count values.

Figure 15. Mode 0
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CW=12 (S8=3
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231164-8

Figure 16. Mode 1

initial count has expired, OUT goes low for the re-
mainder of the count. Mode 3 is periodic; the se-
quence above is repeated indefinitely. An initial
count of N results in a square wave with a period of
N CLK cycles.

GATE = 1 enables counting; GATE = 0 disables
counting. if GATE goes low while OUT is low, OUT is
set high immediately; no CLK pulse is required. A
trigger reloads the Counter with the initial count on
the next CLK pulse. Thus the GATE input can be
used to synchronize the Counter.

D-13

After- writing a Control Word and initial count, the
Counter will be loaded on the next CLK puise. This
allows the Counter to be synchronized by software
also.

Writing 2 new count while counting does not- affect
the current counting sequence. If a trigger is re-
ceived after writing a new count but before the end
of the cumrent half-cycle of the square wave, the
Counter will be loaded with the new count on the
next CLK puise and counting will continue from the
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CW=14 (SB=3
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CW=14 LSB=3
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CLK

GATE
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L

o

CWsa14 LSB=4
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our |

NOTE:

NAOOHEHERHN

A GATE transition shouid not occur one clock prior to terminal count.

231164-9

Figure 17. Mode 2

new count. Otherwise, the new count will be loaded
at the end of the current half-cycle.

Mode 3 is implemented as follows:

Even counts: OUT is initially high. The initial count is
loaded on one CLK puise and then is decremented
by two on succeeding CLK pulses. When the count
expires OUT changes value and the Counter is re-
loaded with the initial count. The above process is
repeated indefinitely.

6-37
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Odd counts: OUT is initially high. The initial count
minus one (an even number) is loaded on one CLK
puise and then is decremented by two on succeed-
ing CLK pulses. One CLK pulse aftsr the count ex-
pires, OUT goes low and the Counter is reloaded
with the initial count minus one. Succeeding CLK
puises decrement the count by two. When the count
expires, OUT goes high again and the Counter is
reloaded with the initial count minus one. The above
process is repeated indefinitely. So for odd counts,
OUT will be high for (N + 1)/2 counts and low for
(N — 1)/2 counts. -

© National Instruments Corporation
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NOTE:
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Figure 18. Mode 3
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MODE 4: SOFTWARE TRIGGERED STROBE

OUT will be initially high. When: the initial count ex-
pires, OUT will go low for one CLK puise and then
go high again. The counting sequencs is “triggered”
by writing the initial count.

GATE = 1 enables counting; GATE = 0 disables
counting. GATE has no effect on OUT.

After writing a Control Word and‘initial count, the

Counter will be loaded on the next CLK pulse. This
CLK pulse does not decrement the count, so for an

-~

initial count of N, OUT does not strobe low until N +
1 CLK pulses after the initial count is written.

If a new count .is written during counting, it will be
loaded on the next CLK pulse and counting will con-

" tinue from the new count. If a two-byte count is writ-

ten, the following happens:
1) Writing the first byte has no effect on countmg.

2) Writing the second byte allows the new count to
be loaded on the next CLK pulse.

This allows the sequence to be “retriggered” by
software. OUT strobes low N + 1 CLK puises after
the new count of N is written.

CW=18 LS8=3

GATE

om:]

CW=18 LSBa3

Iwfw|winle]e

[Pl lRIR]IR]

om__[

BERENERERRAR

‘ololo]o]n
11 2 1 0 | FF

231164-11
Figure 19. Mode 4
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MODE 5: HARDWARE TRIGGERED STROBE
(RETRIGGERABLE)

OUT will initialty be high. Counting is triggered by a
rising edge of GATE. When the initial count has ex-
pired, OUT will go low for one CLK pulse and then

go high again.

After writing the Control Word and initial count, the
counter will not be loaded until the CLK puise after a
frigger. This CLK pulse does not decrement the
count, so for an initial count of N, OUT does not
strobe low untit N + 1 CLK pulses after a trigger.

A trigger results in the Counter being loaded with the
initial count on the next CLK pulse. The counting
sequence is retriggerable. OUT will not strobe low
for N + 1 CLK puises after any trigger. GATE has
no effect on OUT.

If a new count is written during counting, the current
counting sequence will not be affected. If a trigger
occurs after the new count is written but before the
current count expires, the Counter will be loaded
with the new count on the next CLK pulse and
counting will continue from there.

CWeiA LS8a23

————————

GATE H

e

o ]
[l lwlnfnls]

CW=1A LSB=3.

[

RN R AR

« N U UUuUUg
| B/ .

o ] |
[nlw [wwlwlnlslelelelele]e]
a-“C:W-1Al.88n3 LS8=5

oae __ """ yo__— AV
"
IviwlinlwlwlslalslolmleElsle]
231164-12
Figure 20. Mode 5
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Signal Low
Status Or Going Rising High
Modes Low
0 Disables —_—— Enables’
Counting Counting
1 —_ 1) Initiates -
Counting
2) Resets Output
after Next
Clock
2 1) Disables
Counting Initiates Enables
2) Sets Output Counting Counting
Immediateiy
High
3 1) Disables
Counting Initiates Enables
2) Sets Output Counting Counting
immediately
High
4 Disables —_—— Enables
Counting Counting
5 —_— Initiates ——
Counting

Figure 21. Gate Pin Operations Summary

NOTE:

Min
Count

Max
Count

OphON=0O

-t NN s
OO0O0O0O0O0

0 is equivalent to 216 for binary counting and 104
BCD counting.

Figure 22. Minimum and Maximum Initial Counts

AT-DIO-32F User Manual
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Operation Common to All Modes

PROGRAMMING

When a Control Word is written to a Counter, all
Control Logic is immediately reset and OUT goes to
a known initial state; no CLK pulses are required for
this.

GATE

The GATE input is always sampled on the rising
edge of CLK. In Modes 0, 2, 3, and 4 the GATE input
is level sensitive, and the logic level is sampied on
the rising edge of CLK. In Modes 1, 2, 3, and 5 the
GATE input is rising-edge sensitive. In these Modes,
a rising edge of GATE (trigger) sets an edge-sensi-
tive flip-fiop in the Counter. This flip-flop is then sam-
pled on the next rising edge of CLK; the fiip-flop is
reset immediately after it is sampled. In this way, a
trigger will be detected no matter when it occurs—a
high logic level does not have to be maintained until
the next rising edge of CLK. Note that in Modes 2
and 3, the GATE input is both.edge- and level-sensi-
tive. In Modes 2 and 3, if a CLK source other than
the system clock is used, GATE should be pulsed
immediately following WR of a new count value.

COUNTER

New counts are loaded and Counters are decre-
mented on the falling edge of CLK.

The largest possible initial count is 0; this is equiva-
lent to 216 for binary counting and 104 for BCD
counting.

The Counter does not stop when it reaches zero. In
Modes 0, 1, 4, and 5 the Counter “wraps around” to
the highest count, either FFFF hex for binary count-
ing or 9999 for BCD counting, and continues count-
ing. Modes 2 and 3 are periodic; the Counter reloads
itself with the initial count and continues counting
from there. :
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ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias ...... 0°Cto 70°C
Storage Temperature .......... —65°C to +150°C
Voltage on Any Pin with '
Respectto Ground.............. -0.5Vto +7v
Power Dissipation ...............cccoevnennn.. 1w

*Notice: Stresses above those listed under “Abso-
lute Maximum Ratings” may cause permanent dam-
age to the device. This is a strass rating only and
functional operation of the device at these or any
other conditions above those indicated in the opera-
tional sections of this specification is not implied. £x-
posure to absolute maximurm rating conditions for
extended periods may affect device reliability.

D.C. CHARACTERISTICS T, = 0°C 10 70°C, Vg = 5V £10%

Symbol Parameter Min Max Units * Test Conditions
ViL Input Low Voltage -0.5 0.8 v
ViH input High Voltage 20 Vcg +0.5V v
VoL Output Low.Voitage 0.45 \ lop =20mA -
VoH Output High Voltage 24 Y lon = —400 fA
W Input Load Current 10 RA ViN = Ve to OV
loFL Output Float Leakage +10 BA VouTt = Ve 10 0.45V
lcc Ve Supply Current 170 mA
Cin Input Capacitance: 10 pF fo = 1 MHz
Civo 1/0O Capacitance 20 pF Unmeasured pins
returned to Vgg(4)
A.C. CHARACTERISTICS T = ¢°Cto 70°C, Vg = 5V £10%, GND = OV
Bus Parameters(1)
READ CYCLE
Symbol P : 8254-5 8254 8254-2 Unit
Min Max Min Max Min Max
taR Address Stable Before RD | 45 45 30 ns
tsR TS Stable Before RD | ] 0 0 ns
tpa Address Hold Time After RD 1 0 0 0 ns
taR RD Pulse Width 150 150 95 ns
tap Data Delay fromRD | 120 120 85 ns
tap Data Delay from Address 220 220 185 ns
tor RD 1 to Data Fioating 5 %0 5 20 5 65 ns
trv Command Recovery Time 200 200 165 ns
NOTE:
1. AC timings measured at Vouy = 20V, VoL =-0.8V.
6-42
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A.C. CHARACTERISTICS T4 = 0°Cto 70°C, V¢ = 5V +10%, GND = 0V (Continued)

WRITE CYCLE
Symbol Parameter 8254-5 8254 8254-2 Unit
‘ Min | Max | Min | Max | Min | Max
taw Address Stable Before WR | 0 0 0 ns
tsw CS Stable Before WR 0 ' 0 0 ns
twa Address Hold Time After WR | ] 0 0 ns
tww WR Pulse Width 150 150 95 ns
tow Data Setup Time Before WR T 120 120 95 ns ~
twp Data Hold Time After WR T 0 ] 0 ns
tRv Command Recovery Time 200 200 165 ns
CLOCK AND GATE .
Symbol parameter 8254-5 8254 8254-2 Unit
Min Max Min Max Min Max

toLk Clock Period : 200 | DC | 125 | DC | 100 | DC | ns
towH High Pulse Width 60(3) 60(3) 30(3) ns
tewi Low Pulse Width 60(3) ’ 60(3) 503) ns
ta Clock Rise Time 25 25 25 ns
te Clock Fall Time 25 25 25 ns
tew Gate Width High 50 50 1 80 ns
taL Gate Width Low 50 50. ' 50 ns
tgs Gate Setup Time to CLK T 50 50 40 ns
tGH Gate Setup Time After CLK T | 5002 50(2) : 50(2 ns
top Output Delay from CLK | 150 150 100 ns
tonG Output Delay from Gate 4 120 120 ' 100 | ns
twe CLK Delay for Loading | 0 55 0 55 0 55 ns
twg Gate Delay for Sampling -5 50 -5 50 -5 40 | ns
two OUT Delay from Mode Write 260 260 240 ns
toL CLK Set Up for Count Latch —40 45 -40 45 —40 40 ns

NOTES: -
2. In Modes 1 andsu'iggersarasampiedoneachﬁsingcloekedge.AsewndUiggervdmin120ns(70nsforﬂw8254—2)of
the rising clock edge may not be detected.

3. Low-going glitches that violate teww, tpwL May cause errors requiring counter reprogramming.

4. Sampled, not 100% tested. To = 25°C.

5. If CLK present at TWC min then Count equais N+2 CLK pulses, TWC max equals Count N+ 1 CLK puise. TWC min to
TWC max, count will be either N+ 1 or N+ 2 CLK puises. .

6. In Modes 1 and 5, if GATE is present when writing a new Count value, at TWG min Counter will not be triggered, at TWG
max Counter will be triggered. :
7. lfCLKpresentwhenwriﬁngaCoumerLatchorReadBackCommand,atTCLninCLKwillbereﬂeciedincwntva!uq
latched, at TCL max CLK will not be reflected in the count value-latched.
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WAVEFORMS

WRITE

S Y —] tya [—

s N i,

N

tsw
DATA BUS y VALID K
- b
tow - f e two— i

wh N 7

231164-13
READ:
'\
Ao X X
un —  f—tna
os \ J
—.i tsp pe—
5 A /
—pn] R (= =0 tOF
tap
DATA BUS e cos s cf e oo e ey s s eome ane: VALID PR p—
23116414
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WAVEFORMS (Continued)

RECOVERY

\___/_, I

23116416
*Last byte of count being written.
A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT
248 y
T 20 30

, >< > msnomrs< u>< » 3%5

o4s . . 1Cx = 150 pF

231164-17 - I

A.C. Testing: inputs are driven at 2.4V for a Logic “1" and 0.45V s

for a Logic “0.” Timing measurements are made at 2.0V for a -

Logic 1™ and 0.8V for a Logic “0". 231164-18

C = 150 pF
Cy. Includes Jig Capacitance

D-22 © National Instruments Corporation
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Customer Communication

For your convenience, this appendix contains formsto help you gather the information necessary
to help us solve technical problems you might have as well as aform you can use to comment on
the product documentation. Filling out a copy of the Technical Support Form before contacting
National Instruments helps us help you better and faster.

National Instruments provides comprehensive technical assistance around the world. Inthe U.S.
and Canada, applications engineers are available Monday through Friday from 8:00 am. to
6:00 p.m. (central time). In other countries, contact the nearest branch office. Y ou may fax

guestions to us at any time.

Corporate Headquarters

(512) 795-8248

Technical support fax: (800) 328-2203
(512) 794-5678

Branch Offices Phone Number
Australia (03) 8799422
Austria (0662) 435986
Belgium 02/757.00.20
Denmark 4576 26 00
Finland (90) 527 2321
France (1) 48142400
Germany 089/741 31 30
Italy 02/48301892
Japan (03) 3788-1921
Mexico 95 800 010 0793
Netherlands 03480-33466
Norway 32-848400
Singapore 2265886

Spain (91) 640 0085
Sweden 08-73049 70
Switzerland 056/20 51 51
Taiwan 02 377 1200
U.K. 0635 523545

© National Instruments Corporation E-1

Fax Number
(03) 8799179
(0662) 437010-19
02/757.03.11
45767111

(90) 502 2930
(1) 48142414
089/714 60 35
02/48301915
(03) 3788-1923
95 800 010 0793
03480-30673
32-848600
2265887

(91) 640 0533
08-73043 70
056/20 51 55

02 737 4644
0635 523154
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Technical Support Form

Photocopy this form and update it each time you make changes to your software or hardware, and use the completed
copy of thisform as areference for your current configuration. Completing this form accurately before contacting
National Instruments for technical support helps our applications engineers answer your questions more efficiently.

If you are using any National Instruments hardware or software products related to this problem, include the
configuration forms from their user manuals. Include additional pagesif necessary.

Name

Company

Address

Fax (___) Phone (___ )

Computer brand Model Processor

Operating system

Speed MHz RAM MB Display adapter
Mouse yes no Other adaptersinstalled
Hard disk capacity MB Brand
Instruments used
National Instruments hardware product model Revision

Configuration

National Instruments software product Version

Configuration

The problemis

List any error messages

The following steps will reproduce the problem



http://www.natinst.com/documentation/daq/

AT-DIO-32F Hardwar e and Software
Configuration Form

Record the settings and revisions of your hardware and software on the line to the right of each item. Completea
new copy of thisform each time you revise your software or hardware configuration, and use thisform asa
reference for your current configuration. Completing this form accurately before contacting National Instruments
for technical support helps our applications engineers answer your questions more efficiently.

National Instruments Products

. Base I/O Address of AT-DIO-32F
(Factory Setting: hex 240)

. DMA Channels of AT-DIO-32F
(Factory Setting: 5 and 6)

. Interrupt Levels of AT-DIO-32F
(Factory Setting: 11 and 12)

. RTSI Clock Setting
(Factory Setting: disconnect
board from RTSI clock)

. NI-DAQ or LabWindows Version

. Handshaking Mode

Other Products

. Computer Make and Model

. Microprocessor

. Clock Fregquency

. Type of Video Board Installed

. DOS Version

. Programming Language

. Programming Language Version

. Other Boardsin System

. Base |/O Address of Other Boards

. DMA Channels of Other Boards

. Interrupt Level of Other Boards
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Documentation Comment Form

National Instruments encourages you to comment on the documentation supplied with our products. This
information helps us provide quality productsto meet your needs.

Titlee  AT-DIO-32F User Manual
Edition Date: April 1995

Part Number: 320147-01

Please comment on the compl eteness, clarity, and organization of the manual.

If you find errors in the manual, please record the page numbers and describe the errors.

Thank you for your help.
Name

Title

Company

Address

Phone  ( )

Mail to: Technical Publications
National Instruments Corporation
6504 Bridge Point Parkway, MS 53-02
Austin, TX 78730-5039

Fax to:

Technical Publications

National Instruments Corporation
MS 53-02

(512) 794-5678
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Glossary

Prefix M eaning Value

p- pico- 1012
n- nano- 10
- micro- 106
m- milli- 103
K- kilo- 103
M- mega- 106

° degrees

% percent

A amperes

AC alternating current

AWG American Wire Gauge

BCD binary-coded decimal

C Celsius

D/A digital-to-analog

daB decibels

DC direct current

DMA direct memory access

F Farads

hex hexadecimal

Hz hertz

in. inches

INTR* Interrupt signal

/O input/output

lout output current

LSB least significant bit

m meters

MB megabytes of memory

MSB most significant bit

RAM random-access memory

RTSI Real-Time System Integration

S seconds

Vv volts

vVDC volts direct current

Ve positive voltage supply

Vin voltsin

w walts

© National Instruments Corporation Glossary-1
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Numbers

0 bit, 4-17, 4-35

16-bit communications. See AT-DIO-32F to

AT-DIO-32F 16-bit communications.
32-bit transfers, 4-48

A

ACK signal, 2-17
ACK1 bit, 4-17
ACK1lsignd, 2-14
ACK2 bit, 4-17
ACK2signal, 2-15
address decoder, 3-2
address switch settings. See base 1/0
address.
application notes
AT-DIO-32F and I/0O module racks, C-
10 to C-11
AT-DIO-32F to AT-DIO-32F 16-hit
communications
cabling, C-5
sending and receiving files, C-5
to C-10
printer communications
cabling, C-7
sending files to printers, C-8 to C-4
AT-DIO-32F. See also theory of operation.
block diagram, 3-1
contents of kits, 1-2
installation, 2-2
overview, xi, 1-1
parts locator diagram, 2-3
unpacking, 1-5
AT-DIO-32F and I/0O module racks, C-10
toC-11
AT-DIO-32F to AT-DIO-32F 16-hit
communications
cabling, C-5
sending and receiving files, C-5to C-10

© National Instruments Corporation

B

base 1/0 address
avoiding device conflicts, 2-4

configuration, 2-4 to 2-5
default addresses, 2-4
default settings for National Instruments
products, 2-6
example switch settings, 2-5
factory settings (chart), 2-2
switch settings with base I/O address and
base 1/0 address space, 2-7
BCD hit, 4-36
BCDSEL hit, 4-34
bus. See RTSI bus.
bus transceivers, 3-2

C

cabling
AT-DIO-32F and I/0O module racks, C-
10 to C-11
building printer cables, C-7
cablefor AT-DIO-32F to AT-DIO-32F
16-bit communications, C-5
cable termination accessory
(CB-50), 2-20
interfacing with other devices, 2-23
CFG1 Register
description, 4-5to 4-7, B-2
register map, 4-2
CFG2 Register, B-2
description, 4-8 to 4-10
register map, 4-2
CFG3 Register
description, 4-11 to 4-13, B-2
register map, 4-2
CFG4 Register
description, 4-14 to 4-15, B-2
register map, 4-2
channel controal circuitry, 3-2
CNT2EN bit, 4-13
CNTIHSEN bit, 4-13
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CNT1SRC bit, 4-12

CNTZ2EN bit, 4-13

CNT2HSEN bit, 4-13

CNT2SRC bit, 4-12

CNTINT bit, 4-16

CNTINTCLR Register
description, 4-18, B-3
register map, 4-2

CNTINTEN bit, 4-12

CNTINTENZ bit, 4-13

CNTR<3..0> hit, 4-35

CNTR1B<7..0> bit, 4-30

CNTR2B<7..0> hit, 4-31

CNTR3B<7..0> bit, 4-32

CNTR1 Register (REQL generator)
description, 4-30, B-4
register map, 4-2

CNTR2 Register (REQ2 generator)
description, 4-31, B-4
register map, 4-2

CNTR3 Register (timebase generator)
description, 4-32, B-5
register map, 4-2

CNTRCMD Register
description, 4-33 to 4-36, B-5
register map, 4-2

CNTRSEL<1..0> hit, 4-33, 4-35

compatibility with 1/0O applications and

devices, 1-1to 1-2

configuration
base |/O address selection, 2-4 to 2-7
AT businterface, 2-1
DMA channel selection, 2-7 to 2-9
interrupt selection, 2-9to 2-10
RTSI bus clock selection, 2-10to 2-11

Configuration and Status Register Group
CFG1 Register, 4-5to 4-7, B-2
CFG2 Register, 4-8 to 4-10, B-2
CFG3 Register, 4-11 to 4-13, B-2
CFG4 Register, 4-14 to 4-15, B-2
CNTINTCLR Register, 4-18, B-3
DMACLR1 Register, 4-19, B-3
DMACLR2 Register, 4-20, B-3
overview, 4-4
register map, 4-2
STAT Register, 4-16 to 4-17, B-3
theory of operation, 3-2

COUNT* bhit, 4-35

Counter 1 and Counter 2

AT-DIO-32F User Manual
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pattern generation, 4-50 to 4-52
Counter 3
pattern generation, 4-49 to 4-50
programming example, 4-47
Counter Register Group
CNTR1 Register (REQL generator),
4-30, B-4
CNTR2 Register (REQ2 generator),
4-31, B-4
CNTR3 Register (timebase generator),
4-32, B-5
CNTRCMD Register, 4-33 to 4-36, B-5
overview, 4-29
register map, 4-2
counters, onboard. See onboard counters.
customer communication, xii

D

data latches and drivers, 3-2 to 3-3
data-settling delay. See handshaking.
DATA signal, 2-18
DBLBUFA hit, 4-6
DBLBUFB bit, 4-11
DBLBUFC bit, 4-9
DBLBUFD hit, 4-15
DBLDMA bit, 4-12
digital 1/0 connector, 3-4
Digital 1/0 Port Register Group
overview, 4-21
Port A Register, 4-22, B-3
Port B Register, 4-23, B-3
Port C Register, 4-24, B-4
Port D Register, 4-25, B-4
register map, 4-2
DIOAO through DIOA7 signals, 2-14
DIOAEN hit, 4-6
DIOBO through DIOB7 signals, 2-14
DIOBEN bit, 4-6
DIOCO through DIOCY signals, 2-15
DIOCEN bit, 4-9
DIODO through DIOD7 signals, 2-15
DIODEN hit, 4-9
DMA channel
configuration, 2-7 to 2-9
default settings (chart), 2-2
default settings for National Instruments
products, 2-6
jumper settings, 2-8 to 2-9
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theory of operation, 3-10
DMA terminal count
Group 1 DMA terminal count
example, 4-46
Group 2 DMA terminal count
example, 4-47
DMA transfers, 4-48. See also interrupt
handling.
DMACH bhit, 4-16
DMACLR1 Register
description, 4-19, B-3
register map, 4-2
DMACLR2 Register
description, 4-20, B-3
register map, 4-2
DMAENL1 bit, 4-5
DMAEN?2 bit, 4-8
DMATC1 bit, 4-17
DMATC2 bit, 4-17
documentation
conventions used in the manual, xii
related documentation, xii
Don't Care bit. See X (Don't Care) bit.
DRDY signal, 2-17
DRDY1 hit, 4-17
DRDY 1 programming example, 4-45
DRDY 2 bit, 4-17
DRDY 2 programming example, 4-46

E

EDGE1 hit, 4-6
EDGE2 hit, 4-9
electrical specifications
I/O signal rating, 2-16
input signal, 2-16, A-1
output signal, 2-16, A-1
€l ectrostatic damage, prevention of, 1-5
equipment, optional, 1-4
external signal, for pattern generation, 4-53

G

GND signal, 2-15
GO signdl, 2-16

© National Instruments Corporation
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H

handshaking

data latches and drivers, 3-2 to 3-3

data-settling delay, 4-43

input data latch, 4-44

leading edge mode, 3-5 to 3-6,

4-40to 4-41

level mode, 3-5, 4-39

overview, 4-37 to 4-38

programmed 1/O transfers, 4-43 to 4-44

theory of operation, 3-4 to 3-10

trailing edge mode, 3-9 to 3-10, 4-42
hardware configuration. See configuration.
hardware installation, 2-12

IN1 bit, 4-16
IN1signal, 2-14
IN2 bit, 4-17
IN2 signal, 2-15
input data latch, 4-44
input signal specifications, 2-16, A-1
installation
procedure for, 2-12
unpacking the AT-DIO-32F, 1-5
Intel 8254 programmable interval timer
absolute maximum ratings, D-19
A.C. characteristics, D-19 to D-20
block diagram, D-2
clock and gate, D-20
control word format, D-7
control word register, D-4
counter latch command, D-8
counters, D-4 to D-6, D-18
block diagram of, D-5
D.C. characteristics, D-19
functional description of, D-3 to D-6
gate programming, D-18
mode definitions
Mode O (interrupt on terminal
count), D-11
Mode 1 (hardware retriggerable
one-shot), D-11
Mode 2 (rate generator), D-11
Mode 3 (square wave mode),
D-11to D-15
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Mode 4 (software triggered
strobe), D-16

Mode 5 (hardware triggered strobe,

retriggerable), D-17
null count operation, D-10

operational description of, D-6 to D-18

pin description for, D-3
programming, D-6 to D-18
read-back command, D-9 to D-10
read operations, D-8 to D-9
read-write logic, D-4
square wave mode, D-11 to D-15
system interface, D-6
waveforms, D-21 to D-22
write operations, D-7
INTENL1 bit, 4-5
INTENZ bit, 4-8
interface compatibility, 1-1 to 1-2
interrupt control circuitry, 3-10
interrupt handling
condition and status (chart), 4-45
control circuitry, 3-10
Counter 3, 4-47 to 4-48
DRDY 1 example, 4-45
DRDY 2 example, 4-46
Group 1 DMA terminal count
example, 4-46
Group 2 DMA terminal count
example, 4-47
overview, 4-44
interrupt level
configuration, 2-9 to 2-10
default jumper settings, 2-9
default settings (chart), 2-2

default settings for National Instruments

products, 2-6
INVACK1 bit, 4-6
INVACK2 hit, 4-9
INVRQL1 bit, 4-6
INVRQ?2 hit, 4-9
[/O channel control circuitry, 3-2
[/O connector
electrical specifications
input signal, 2-16, A-1
output signal, 2-16, A-1
pin descriptions, 2-13, B-1
theory of operation, 3-4
I/O signal rating, 2-16
I/O transfers, programmed, 4-43 to 4-44

AT-DIO-32F User Manual

J

jumper and switch settings

K

base |/O address and base 1/0 address
space (chart), 2-7

base |/O address selection, 2-4 to 2-7

default settings, 2-1

default settings for National Instruments
products, 2-6

DMA channel, 2-7 to 2-9

factory settings for (chart), 2-2

interrupts, 2-9 to 2-10

RTSI busclock, 2-11

kit contents, 1-2

L

LabWindows software, 1-3

leading edge mode. See handshaking.
level mode. See handshaking.
LPULSE1 hit, 4-14

LPULSE2 hit, 4-14

LRESET1 hit, 4-6

LRESET?2 hit, 4-9

M

Mode 0 programming, 4-38

Mode 1 programming, 4-38 to 4-39
MODE<2..0> bit, 4-36

MODESEL <2..0> hit, 4-34

module racks, connecting, C-10to C-11

N

NI-DAQ for

DOS/Windows/LabWindows, 1-3

NULL bit, 4-36
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O

onboard counters
pattern generation, 4-49 to 4-52
theory of operation, 3-3
operating environment specifications, A-2
optional equipment, 1-4
optional software
LabWindows, 1-3
OUT bhit, 4-36
OUTL1 bit, 4-7
OUT1signd, 2-14
OUT2 bit, 4-10
OUT2signal, 2-14
output signal specifications, 2-16, A-1

P

parts locator diagram, 2-3
pattern generation
using external signal, 4-53
using onboard counters, 4-49 to 4-52
Counter 3, 4-49 to 4-50
Counters 1 and 2, 4-50 to 4-52
PC 1/O channel control circuitry, 3-2
physical specifications, A-2
pin description
compatibility, 1-1
for Intel 8254 programmable interval
timer, D-3
[/O connector, 2-13, B-1

port registers. See Digital 1/O Port Register

Group.
power requirement specifications, A-2
printer communications
building acable, C-1
sending files to printers, C-2 to C-4

programmable interval timer. See Intel 8254

programmable interval timer.
programming. See also application notes,
registers.

32-bit transfers, 4-48

considerations, 4-37

data-settling delay, 4-43

DMA transfers, 4-48

handshaking modes, 4-39 to 4-42

input data latch, 4-44

interrupt handling, 4-44 to 4-47
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[/O transfers, 4-43to 4-44
Mode 0, 4-37
Mode 1, 4-38 to 4-39
pattern generation
using external signals, 4-53
using onboard counters, 4-49 to 4-52
RTSI businterface, 4-53 to 4-55
RTSI bus switch, 4-54 to 4-55
PUL SE1 bit, 4-6
PUL SE2 bit, 4-9

R

RD signal, 2-17
Read-Back command, 4-35, B-5
read handshake timing. See handshaking.
read and write timing, 2-19 to 2-20
registers
Configuration and Status Register
Group, 4-4104-20
CFG1 Register, 4-5t0 4-7, B-2
CFG2 Register, 4-8 to 4-10, B-2
CFG3 Register, 4-11 to 4-13, B-2
CFG4 Register, 4-14 to 4-15, B-2
CNTINTCLR Register, 4-18, B-3
DMACLR1 Register, 4-19, B-3
DMACLR2 Register, 4-20, B-3
overview, 4-4
STAT Register, 4-16 to 4-17, B-3
Counter Register Group
CNTR1 Register (REQL generator),
4-30, B-4
CNTR2 Register (REQ2 generator),
4-31, B-4
CNTR3 Register (timebase
generator), 4-32, B-5
CNTRCMD Register, 4-33to
4-36, B-5
overview, 4-29
description, 4-3
Digital 1/0 Port Register Group
overview, 4-21
Port A Register, 4-22, B-3
Port B Register, 4-23, B-3
Port C Register, 4-24, B-4
Port D Register, 4-25, B-4
Read-Back command, B-5, D-9 to D-10
register map, 4-1 to 4-2
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RTSI Bus Register Group
overview, 4-26
RTSISHFT Register, 4-27, B-4
RTSISTRB Register, 4-28, B-4
sizesof, 4-3
status byte, B-5
REQ signal, 2-17
REQ1 bit, 4-17
REQ1 signal, 2-14
REQ?2 hit, 4-17
REQ2 signal, 2-14
REVC hit, 4-15

RTSI bus clock configuration, 2-10 to 2-11

RTSI businterface
default settings (chart), 2-2
programming, 4-53 to 4-55
theory of operation, 3-9
RTSI Bus Register Group
overview, 4-26
register map, 4-2
RTSISHFT Register, 4-27, B-4
RTSISTRB Register, 4-28, B-4
RTSI bus switch, programming
control patterns, 4-54
initializing, 4-55
overview, 4-53
switch signal connections, 4-54
RTSISHFT Register, 4-27, B-4
RTSISTRB Register, 4-28, B-4
RW<1..0> bit, 4-36
RWSEL <1..0> bit, 4-33t0 4-34

S

SETACKL1 bit, 4-7

SETACK2 hit, 4-10

signal connections
descriptions of, 2-14 to 2-15
[/O connector pin description, 2-13
RTSI bus switch, 4-54

signals
input specifications, 2-16, A-1
output specifications, 2-16, A-1
timing signals, 2-16 to 2-18

specifications
[/O connector electrical

specifications, 2-16
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Intel 8254 programmable interval timer,
D-19to D-20
I/O connector electrical specifications
input signal, A-1
output signal, A-1
operating environment, A-2
physical, A-2
power requirements, A-2
storage environment, A-2
timing specifications, 2-16 to 2-18
transfer rates, A-1
STAT Register
description, 4-16to 4-17, B-3
register map, 4-2
STATUS* hit, 4-35
status byte, 4-36, B-5
storage environment specifications, A-2
support, technical, vii
switch control patterns, RTSI, 4-54
switch settings. See jumper
and switch settings.

T

TCINTEN1 bit, 4-13
TDELAY signal, 2-17
technical support, xii
theory of operation
address decoder, 3-2
AT-DIO-32F block diagram, 3-1
bus transceivers, 3-2
configuration and status registers, 3-2
data latches and drivers, 3-2 to 3-3
digital 1/0 connector, 3-4
DMA control circuitry, 3-10
handshaking circuitry, 3-4 to 3-10
leading edge mode, 3-7 to 3-8
level mode, 3-5to 3-6
trailing edge mode, 3-9to 3-10
interrupt control circuitry, 3-10
onboard counters, 3-3
PC 1/0 channel control circuitry, 3-2
RTSI businterface, 3-11
timing specifications
read and write timing, 2-19 to 2-20
signalsfor, 2-16 to 2-18
T1S<2..0> hit, 4-5
trailing edge mode. See handshaking.
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TRANS32 bit, 4-12, 4-16
transfers
32-hit, 4-48
DMA, 4-48
programmed 1/O transfers, 4-43 to 4-44
rate specifications, A-1
TS2<2..0> bit, 4-8

U

unpacking the AT-DIO-32F, 1-5

w

WR signadl, 2-17

write handshake timing. See handshaking.
write timing, 2-19 to 2-20

WRITEA bit, 4-12

WRITEB hit, 4-11

WRITEC hit, 4-12

WRITED bit, 4-11

X

X (Don't Care) bit, 4-6, 4-9, 4-16, 4-17
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