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Preface

This manual provides instructions and reference information for use with the Model 5312B
Quadrature Encoder Board from ACS-Tech80 Inc. The purpose of this manual isto answer basic
application questions you may have when working with this card.

ACS-Tech80 assumes that the user of this system possesses some fundamental knowledge of
programming and computer systems operation. Such knowledge is required to successfully set
up and operate the model 5312B.

ACS-Tech80 will be eager to assist you with setup and application problems pertaining to the
model 5312B that are not addressed in this manual. We recommend that you consult documents
provided by the manufacturer concerning questions relating to PCs and compilers.

ACS-Tech80 manufactures and markets board—Ievel products and systems for a wide variety of

applications involving industrial 1/0O, link, or interface between a digital computer subsystem and
the system.
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About this Manual Set
Quality Control

ACS-Tech80 manufactures quality and versatile products, and we want our documentation to
reflect that same quality. We take great pains to publish manuals that are informative and well
organized. We also strive to make our documentation easy to understand for the novice as well
as the expert.

If you have comments or suggestions about how to make this (or other) manuals easier to
understand or if you find an error or an omission, please email us at support@acs-tech80.com.
Y ou will receive a complimentary updated manual.

Conventions

Procedural

ACS-Tech80 uses various conventions throughout this and all other manuals. You should
become familiar with these conventions as they are used to draw attention to items of importance
and items that will generally assist you in understanding a particular area.

When referring to pin numbering, pin 1 is always associated with a square solder pad on the
actual component footprint.

Notational
A forward dash (/) preceding a signa name denotes an active LOW signal. This is a standard
Intel convention.

Caret brackets (<>) denote keystrokes. For instance <Enter> represents carriage—return—
with—line—feed keystroke, and <Esc> represents an escape keystroke.

Driver routine declarations are shown for C and BASIC (where applicable).

Hungarian notation is used for software parameters. In other words, the parameter type is
denoted by a one or two letter small case prefix:

c | character, signed or unsigned.
s | short integer, signed

w | short integer, unsigned
I long integer, signed

dw | long integer, unsigned

For example, wBoardAddr would be an unsigned short integer parameter.

An additional p prefix before the type prefix indicates that the parameter is being passed by
reference instead of by value. (A pointer to the variable is being passed instead of the variable
itself.)

For example, pwErr would be an unsigned short integer parameter passed by reference.
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This notation is aso used in BASIC athough no distinction between signed and unsigned
variables exists.

In BASIC, al parameters also have atype suffix:

$ character, signed or unsigned
% integer, signed or unsigned
& long integer, signed or unsigned

Routine names are printed in bold plain font when they appear outside of function declarations,
e.g., ReadStatus.

Parameter names are printed in italics when they appear outside of function declarations, e.g.
sControls.

Congtants are defined with all caps, eg., ALL_AXES. Underscores () must be replaced by
periods (.) for use with BASIC.

Combinational logic and hexadecimal notation is in C convention in many cases. For example,
the hexadecimal number 7Ch is shown as Ox7C.

C relational operators for OR and AND functions—“| |” and “&&”—are used to minimize the
confusion associated with grammar.

WA R N | N G This type of box is used to indicate

that an action must be done with great

g care. Otherwise personal injury or
significant equipment damage may result.

N O T E This type of box is used to indicate
N important information needed to
perform an action or information that is
) nice-to-know.

C A U T I O N This type of box is used to indicate
that an action may cause minor
equipment damage or the loss of data if
not performed carefully.
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How This Book |s Organized

Front Section

A TOC (Table of Contents) lists all the sections, appendices, and attachments in the manual set.
In addition, the TOC lists al figures, tables, and sample code where applicable.

Section 1
| ntroduction and | nstallation

This section offers a general overview of the 5312B and provides the information you will need
to get the 5312B and running.

Section 2
Operation and Programming

This section gives a detailed discussion on the 5312B and a theory of operation for the encoder
chipset. It also covers talking to the 5312B and programming the chipset and registers at a low
level.

Section 3

I nterrupt control

This section discusses how to program the onboard 8259A Programmable Interrupt Controller
(PIC).

Appendix A

PC I/O and Interrupt M apping

This appendix breaks down PC /O and interrupt space by address and function.
Appendix B

Tech Bulletins and Application Notes

This appendix offers pertinent bulletins and notes to assist in your application development.
Appendix C

Revision History

This appendix keeps a running log of all top level assembly revision changes during the life of
the board.

Appendix D
Circuit Diagrams

Circuit diagrams for the 5312B.
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Before Installing the Model 5312B

Unpacking and Inspection

Each model 5312B card is carefully sealed in a static protected bag, surrounded by bubble wrap,
packed in anti—static Styrofoam peanuts or some other shock absorbing medium, and shipped in
a sturdy cardboard carton. We quality check each shipment for integrity and content.

Inspect the shipping carton for any signs of damage. If you find visible damage, contact Tech 80
immediately.

Check the contents, and verify the contents with the packing list attached to the outside of the
shipping carton. If you find any discrepancies, contact ACS-Tech80 immediately.

CAUTlON SAVE YOUR SHIPPING CARTON!
' -+ For warranty service, you should send- -

_your model 5312 to the factory in the
S onglnal packmg matenals ‘ :

Electrostatic Discharge (ESD)

ESD damage is the leading cause of (electrical) infant mortality failures in electronic equipment
using integrated circuits. The most susceptible technologies include MOS and high speed DSP
processors, due to their submicron internal construction. The 5312B contains ESD sensitive
components.

The basics of electrostatic buildup are smple. An electrostatic charge is built up between two
devices much like the charge built between two plates of a capacitor. One body is charged to
some potential like one plate of a capacitor (5312B card); another body is charged to another
potential (perhaps your body or the chasss of the PC). In the middle, an insulator gap (a
dielectric such as air) prevents the two sides from equalizing the charge. In the event the two
sides come in physical contact, they will violently equalize in the form of an electric spark
between them.

A static potential of many thousands of volts can be generated by walking over some distance
from your workbench to the computer chassis simply due to physics principle of conservation of
charge. Whatever you touch is also at the same potential. If the board you hold is the first thing
to come in contact with the PC chassis (or some other medium), the board will equalize to the
other potential through the paths of least resstance—by punching through p/n junctions and
submicron insulation layers between conductive and semiconductive paths in the integrated
circuits.
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Adhering to the following simple 3M® guidelines easily prevents damage due to ESD:

e Handle all static-sensitive components at a Static Safeguarded work area (see figure 1.1
for an example).

A Static Safe area is any area that is capable of controlling static charge on
conductive materials, people, and non-conductive materials.

e Trangport and store al static—sensitive components in Static Shielding containers or
packages.
A Static Shield must be capable of protecting from static discharge as well as static
fields.

Manufacturers such as 3M®" offer a complete line of UL® approved grounding systems. Table 1
lists an assortment of 3M® products and part numbers.

Table 1.0 3M® Grounding System Components.

The following items comprise a typical workstation.

Component Part Number
Table Mat 2x4 feet 8020
Floor Mat 4x5 feet 8200
Grounding Cord 3040
Wrist Strap/Table Mat Grounding System 3048
Adjustable Wrist Strap 2214

Note: Call 800-328-1368 for ordering information and for a
complete list of products.

13M? is a registered trademark of Minnesota Mining and Manufacturing.
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TABLE MAT

1 Mohm“

EARTH
GROUND

N -
Figurel A typical ESD workstation.

The resistors are necessary to safely limit the current in the event that you should cross a live
electrical source.

Development Kit

Accessories included in the development kit enable you to get your application up and running
with a minimum of difficulty. The following is a brief summary of the contents. In addition to
the manual set, you get...

e Driver/Demo Software

Drivers written in C, Pascal, and BASIC to streamline program writing, and a profile utility
program to set up register values for given profile parameters.

e Designing With M otion Handbook (9009)
A definitive reference book on motion control.

e Cable (CAB5312-4-36)
A cable to connect 3 axes to terminal board TB50ON-S.

e Terminal Board (TB50N-S)

A terminal board that connects the 5312B to the outside world through convenient screw-on
terminals.
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Basic Tools and Test Equipment
To properly develop, check out, and troubleshoot this system, as with any system, you must have
the proper tools and equipment.

The first tools you will use are the Model 5312B Hardware Guide (this document) and the Model
5312B Software Guide. Read the manuals thoroughly, and you will find answers to the bulk of
your questions before you have to call Technical Support.

In addition to the manuals, you should have some basic tools and equipment at your disposal.
They include:

e Calculator

A Texas Instrument TI-35 or equivalent calculator that will convert decimal and hexadecimal
back and forth and perform unit conversion, is a must.

e BasicHand Tools

Have available, a complete set of common hand tools commensurate with your application.
Vendors such as Jensen or Techni—Tool offer a wide range of complete tool kits to cover
virtually every need.

e Oscilloscope

A good quaity 10 MHz. oscilloscope is invaluable for red-time system tuning and
troubleshooting. Tektronix and Hewlett Packard offer a wide choice to cover every application
and price range.

e Multimeter

A Fluke 25 or equivalent digital multimeter is relatively inexpensive and will become one of the
most used tools in your tool box.

e Logic Probe

Any logic probe on the market, 1 MHz. or faster, is adequate. A logic probe is extremely useful
for troubleshooting system interrupt, encoder, limit, and 1/O problems, and it is inexpensive.

e Modd 9011 Motion Simulator

The 9011, manufactured by Tech 80, offers a convenient and safe way to test system software
without the need to connect to real hardware. See appendix G.

To supplement the above list, test equipment for testing and troubleshooting might include:
e Tach Generator

Often times you will need to know the velocity in real time of an axis for the purpose of tuning
or troubleshooting. A StroboTac or a portable tach generator that you can fix on to the shaft of an
axisis a useful tool.

e Frequency Counter

For accurate measurement of encoder counts or counting other pulse trains, a frequency counter
is very useful.
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1 Introduction and Installation
1.1 Description

The 5312B Quadrature Encoder card is PC Bus compatible. It provides inputs and decoding for
up to four incremental quadrature encoders depending on the model purchased. You may aso
use the card as a high-speed pulse counter (up/down and pulse/direction) for general counting
applications. Figure 1.1 on the next page shows a functional block diagram.

NOTE This manual is model independent. For
models not using all encoder ports,
disregard the appropriate upper axes.
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Figure1.1 Functional block diagram for the 5312B

For each encoder circuit, Phase A (Phase 0), Phase B (Phase 90), and Index pulse inputs are
provided. Jumper options on board alow you to configure the inputs as single-ended TTL or
differential (the recommended connection method). Individual connectors for each encoder
provide power (+5V) and ground for the encoder if needed.

Y ou can aso use the 5312B as pulse counter for up to 4 independent events, or you can cascade
the counters to provide high-speed pulse counting over an extended count range.

A 4-stage digital filter conditions inputs. The filter clock is one of five jumper-selectable
sampling frequencies ranging up to 10 MHz. Selecting the lowest frequency compatible with the
highest expected input rate will maximize noise immunity. The maximum input rate per phase in
quadrature decode mode is approximately 333 kHz. The maximum input rate in count mode is
approximately 1.25 MHz. Sample clock frequency selection is described in detail in section 2.

The conditioned inputs are applied to a 24-bit counter provided for each encoder. You can use
the counters for quadrature decoding, pulse and direction input counting, or as a pulse input
up/down counter. Count output is available for the PC Bus in binary or binary coded decimal
(BCD) form. The count value may be latched on command, latched on an index pulse, or latched
with a new count value when an index pulse occurs.

The 5312B is capable of generating interrupts. Maskable interrupts may come from a valid index
pulse, counter overflow / underflow, or on count value match with a preset compare value.
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1.2 Technical Specifications

Voltage Requirements:

4- axis:1.5A(typical), 2.0 A (maximum)

3- axis1.25A(typical), 1.75A (maximum

2- axis. 1.0A(typical), 1.5A (maximum)

1- axis: 0.9A(typical), 1.25A (maximum)

Compatibility:

PC/IXT/AT

Single-ended or Differential

Incremental Encoders

1t0 12 VDC TO GROUND

TTL or CMOS Signal Sources

Operating Range

0 to 70 degrees Celsius

Mating Connectors

9-pinDsub  Ansley 609-9p

Amphenol

841-17-DEFR-BO9P

Card Dimensions

13.3x4.2x0.5 inches

Model 5312B Hardware Guide - Document version no. 1.30
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1.3 Setting the Jumpers

s N
CAUTION Always remove power from the PC and any
externa system devices before removing any
connection on the 5312. Failure to do so may
result in permanent damage to the card and
WILL void any warranty.
\ J

Jumper options on the 5312B offer a great deal of flexibility in system operation. These options
are grouped into 4 areas according to functions—encoder inputs, card functions, interrupt action,
and card addressing.

All cards are shipped with most jumpers installed for a given configuration. All factory default
jumpers are indicated throughout this manual in the appropriate tables with a “1” symbol.
However, due to possible rough handling during shipment, there is no assurance that al jumpers
will be in the indicated position.

NOTE Default jumper settings shown are those
for the 4-axis version of the M5312. For
default settings on other versions, see table
1.13 at the end of the section 1.

Check and properly configure all boards beforeinstalling.

Jumper locations are shown in figure 1.2. We strongly recommend, however, once you
determine the proper jumper settings, that you replace al jumpers with more reliable wire-
wrapped connections. This is particularly important when exposing the card to an industrial
environment where vibration, dust, oil, or other contaminants may be present.

1.3.1 Base Addressing
Jumper W19 determines the upper nibble (4 bits) of the card base address according to Table
1.1

Table 1.1 W19, Base Address Select (upper nibble)

W19 Base Address
1-2) 2xxh
(2-3) 3xdi

T Default jumper setting.
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Set hex switches SW1 and 5W2 to determine the lower 8 bits of the address. Switch 5W2
represents the most significant nibble (MSN), and SW1 represents the least significant
nibble (LSN). Since the 5312B occupies two adjacent I/O ports, only the even settings of the
L SN switch are used.

WAD WAD wa2
WA7 WAG Wl Wl
WAS W4 224
wWxs
Wit
wr
1B
Bwm
18wea
1w waa
WX
1 [¥<<] %]
o4 woR

Figure 1.2 Jumper locationsfor the 5312B.

Model 5312B Hardware Guide - Document version no. 1.30 23



1.3.2 Indirect Addressing

To conserve 1/0 space on the PC Bus, the 5312B is indirectly addressed (see table 1.2). This
alows the card to occupy only two direct 1/0O ports by using one for indirect addressing
(even or lower) and the other for data (the odd or greater of the two ports). The sequence for
writing to any indirect port isto first write the indirect port address to the address port. The
desired data can then be written to the data port. This indirect port will remain addressed
until the indirect address port is again written. For example, to write the initialization bytes
MCR, ICR, OCCR, and QR to the command port of axis 1 assuming the card is strapped to
300h as the base address:

24

1)

2)
3)
4.)

5).

Write the indirect address for the axis A command port (01h) to the indirect
address port (300h).

Write the first byte (Master Control Register) to the data port (301h).
Write the second byte (Input Control Register) to the data port (301h).
Write the third byte (Output/Counter Control Register) to the data port (301h).

Write the last byte (Quadrature Encoder) to the data port (301h).

NOTE The C function libraries on the
software diskette make this sequence
transparent to the user.
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Table 1.2 5312B 1/0 Map

Axis Address When Written When Read
1 00 Write to preset register (PR) and | Read OL (output latch) and
increment register address increment register address
counter. counter.
01 Write to command register. Read OSR (output status
register).
2 02 Write to PR and increment Read OL and increment

register address counter.
03 Write to command register.

3 04 Write to PR and increment
register address counter.

05 Write to command register.

4 06 Write to PR and increment
register address counter.

register address counter.
Read OSR.

Read OL and increment
register address counter.

Read OSR.

Read OL and increment
register address counter.

07 Write to command register. Read OSR.
Global 08 Global writeto all four PRs. Invalid
09 qubal writeto all four command | Invalid
registers.
PIC 0A Low Port Low Port
0B High Port High Port
Model 5312B Hardware Guide - Document version no. 1.30
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1.3.3 Termination Resistors

If differential input is used, give consideration to terminating the cable lines connecting the
signal to the card. Cable length and signal frequency determines how critical the termination
factor is. Since the needed termination resistor value is determined by cable type, sockets are
provided for easy insertion and removal of termination resistors. Unless otherwise specified
by the encoder manufacturer, one-quarter watt carbon film resistors of a standard EIA value
closest to one half the characteristic impedance of the cable are adequate (see cable
manufacturers specification for values). Termination resistors apply a load to the signal
source, so make sure that the source can supply enough drive capability to compensate for
this condition.

Figure 1.3 shows the termination resistor locations for both single-ended and differential.
Table 1.3 shows the termination resistor assignments for each signal in differential mode.
The inputs should be terminated in the characteristic impedance of the input line.

Table 1.3 Termination Resistors in Differential Mode

Signd Axis 1 AXis 2 Axis 3 Axis4
Phase A R1, R2 R7, R8 R18, R19 R24, R25
Phase B R3,R4 | R9, R10 R20, R21 R26, R27

Index R5, R6 | R11, R12 R22, R23 R28, R29

When single-ended encoder inputs are used, the logic level of the input signal is determined
by comparison with a reference voltage on the card. A pair of resistors selected and inserted
by the user sets this reference, and they form a voltage divider network that establishes the
center point for the input Hysteresis band.

Resistor assignments in a single-ended mode are shown in table 1.4

Table 1.4 Termination Resistors in Single-Ended Mode

Typical Value | Axis1 AXxis 2 Axis 3 Axis4
220 Ohms R14 R15 R17 R31
150 Ohms R14 R16 R30 R32

The 5312B features encoder input indicators that are useful when determining proper encoder
operation and connection. Only three of the four LEDs in each package are used. Figure 1.4
shows the location of LEDs on the outboard edge of the card as you view down from the top. An
LED is on when its corresponding input signal is LOW.
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Figure 1.3 Encoder termination resstor locations
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Figure1.4 LED locationson the card edge.
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1.3.4 Selecting an Index Option

The following are the available jumper options that direct the function of the encoder index
pulse. The first two options work in conjunction with bits D4 and D5 respectively of the Input
Control Register (ICR). Table 1.5 shows the jumper configuration for selecting an index option.

Index Actionto /ABGT (ABGate) or /RCTR (Reset Counter):

ICR B4 = 0: A valid index level will reset the counter.

ICR B4 =1: Avdidindex level will gate phase A and B inputs to the counter.

Index Actionto /LCTR (Load Counter) or /LLTC (Load output Latch).

ICR BS=0: A validindex level will load the contents of the preset register into the counter.
ICR B5=1: Avdidindex level will load the contents of the counter into the Output Latch.
Active Low Index Polarity.

Select this option if the encoder provides an active LOW index pulse.
Active High Index Polarity.
Select this option if the encoder provides an active HIGH index pulse.

Correct strapping for each axis is detailed in table 1.6 below. The following tables also provide
the necessary jumpering information for operating the encoder.

/ NOTE If Index is not used, remove jumpers W17, \
W22, and W29. Failure to do so will result
inincorrect encoder operation. If Index is
used, We recommend that you check for
correct encoder operation with the jumpers
removed, then with the jumpers installed.

- /
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Table 1.5 Index Option Selections.

Operation Axis1 AXxis 2 Axis 3 Axis4
Index Action W24(2-3) W17(2-3) W22(2-3) W29(2-3)
/ABGT-/RCTRT
(AB Gate-Reset Counter)
Index Action W24(1-2)t | W17(1-2)t | W22(1-2)T | W29(1-2)t
/LCTR-/LLTCY
(Load Counter-Load Latch)
Active LOW Index Polarity W13(2-3)t W16(2-3)+ W51(2-3)t W50(2-3)t
Active HIGH Index Polarity W1 3(1-2) W16(1-2) 1% W51(1-2) W50(1-2)

NOTE: A forward dlash preceding a signal name denotes an active LOW signal.

T Default jumper setting.

¥ For axis 2, strap (1-2) for active LOW, (2-3) for active HIGH
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Table 1.6 Jumper Selection for Differential/Single-Ended Operation
AXxis Operating Mode Jumpers Strapping

1 Differentia W1, W3, W5 none
W2,W4,W6 (1-2)

Single-Ended W1,W3, W5 (1-2)t

W2, W4, W6 (2-3)T

2 Differentiad W7, W9, W11 none
W8, W10, W12 (1-2)

Single-Ended W7, W9, W1l (1-2)t

W8, W10, W12 (2-3)T

3 Differentiad W38, W40, W42 none
W39, W41, W43 (1-2)

Single-Ended W38, W40, W42 (1-2)F

W39, W41, W43 (2-3)T

4 Differentiad W44, W46, W48 none
W45, W47, W49 (1-2)

Single-Ended W44, W46, W48 (1-2)t

W45, W47, W49 (2-3)T

T Default jumper setting.
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1.3.5 Selecting the Card Configuration
The following tables provide the necessary jumpering information for selecting card function.

Sample Clock Frequency Jumpering

Jumper W23 (table 1.7) is used to select the sample clock frequency used by the digital filters.
For more information, see section 2.

Table 1.7 Sample Clock Frequency Jumper Settings
Sample Clock Frequency (MHz.) w23
0.625 (9-10)T
1.250 (7-8)
2.500 (5-6)
5.000 (3-4)
10.00 (1-2)

T Default jumper setting.

Counter Cascading

If you need to extend the counting range of the 5312B, you can cascade the counters according to
table 1.8.

Table 1.8 Cascading the Counters
Operation Jumper Strapping

Cascade Axis 1 to Axis 2 w28, W25 (2-3)
No Cascading Axis 1to Axis?2 W28, W25 a-2t
Cascade Axis 2 to Axis 3 w27, W31 (2-3)
No Cascading Axis 2 to Axis 3 W27, W31 (1-2)t
Cascade Axis 3to Axis4 W33, W37 (2-3)
No Cascading Axis 3 to Axis4 W33, W37 (1-2)t

T Default jumper setting.
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1.3.6 Interrupt Selection
Enabling and Disabling PIC Interrupts

Table 1.9 provides the necessary information for enabling and disabling Programmable I nterrupt
Control (PIC) interrupts. For further information on interrupt selection, refer to section 2.

Table 1.9 Jumpering for Disabling/Enabling Borrow Interrupts

Operation Axisl | Axis2 | Axis3 | Axis4 Strapping
Disablet /BWT (borrow) W26 W32 W35 W36 (1-2)
output to the PIC
Enable /BWT output to W26 W32 W35 W36 (2-3)t
the PIC

A forward dlash (/) preceding a signal name denotes an active LOW signal

T Default jumper setting.
¥ Disable /BW to use comparator mode

PC Bus Interrupts
W18 selects the PC Bus interrupt request line used for interrupt operation as shown in table 1.10.

Table 1.10 Selecting an Interrupt
W18 Interrupt Hardware Interrupt Interrupt
Request Line Number
(1-2) IRQ2 Unusedt OAh
34t IRQ3 Unused 0Bh
(5-6) IRQ4 Serial Port 0Ch
(7-8) IRQ5 Unused 0ODh
(9-10) IRQ6 Diskette Port OEh
(11-12) IRQ7 Parallel Printer Port OFh

T = Default jumper setting.
¥ = Unused on XT only, not available on AT
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1.3.7 Wait States

A wait state is a period of time requested by a peripheral device to pause the host computer
during a read or write operation. A device pauses the host to ensure that valid data are passed.
Each wait state is equal to 1 clock cycle. Without wait states on the host, faster PCs will
terminate an operation before the peripheral card can fully and reliably gate the data in from or
out to the PC bus. As shipped, the card is jumpered for 2 wait states, athough some slower PCs
may be able to use the card with less than 2. Jumpers W34 and W30 determine the number of

wait states as shown in table 1.11.

Table 1.11 Generating Wait States
Wait State W34 W30
None none none
1 none installed
2 installed None T
Invalid Installed Installed

T Default jumper setting.
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1.4 Installation

The 5312B is designed to operate in a PC backplane or on a motherboard. You may install the
board into any 8-bit dlot in the PC according to the PC manufacturer’s instructions. If you use
more than 2 of the 4 available axes, an additional expansion dot is required. Connect ribbon
cables as required from J3 and J4 to the additional back plate.

Give congderation to power and ground connections to ensure reliable system operation.
Encoder connections are made to the card through up to 4 9-pin, Dsub connectors. Board
connections are located according to figure 1.5.

The pin assignments for these connectors are shown in section 1.4.2.

Properly phase the encoder according to manufacturer’sinstructions.

AXIS 2 AXIS 1
2 || 2

Figure 1.5 Connector locationson the board
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1.4.1 Power Considerations

The Mode 5312B requires +5V from the PC Bus. The typical current load is 1A with a
maximum of 1.5A depending on the number of axes used. In addition, +5V is available at J1, J2,
J3, and M for any externa devices that need +5V. The total current load must be considered
when determining how much power is required for the system.

1.4.2 Connector Pinouts

Table 1.12 lists the pin assignments for J1 to J4. The view shown of the connector is looking into
the board from the backpanel. Figure 1.5 shows the connector locations on the board. Ribbon
cables connect axes 3 and 4 from the 10—pin unshrouded headers to chassis I/O dots on the
backpanel. The pinout on the backpanel connectorsisthe same as for axes 1 and 2.

Ribbon Cable Connector

9 7 5 3 1

O|O0O O] 0O O
Oj]O0 O] 0 O

10 8 6 4 2

DB-9 Connector

5 l
0000
9 $
Table 1.12 Connector J1-J4 Pin Assignments.
Ribbon | Pin | Single-Ended Differential
1 1 Ground /Phase A +
3 2 +5V +5V
5 3 Ground [Phase BT
7 4 +5V +5V
9 5 Ground /Index T
2 6 Phase A Phase A
4 7 Phase B Phase B
6 8 Ground Ground
8 9 I ndex I ndex

T A forward dlash (/) preceding a signal name denotes
an active LOW signal.
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Table 1.13 Default Jumper settings For All Board Versions.

Jumper 4-Axis 3-Axis 2-Axis 1-Axis
w1 (1-2) (1-2) (1-2) (1-2)
W2 (2-3) (2-3) (2-3) (2-3)
W3 (1-2) (1-2) (1-2) (1-2)
w4 (2-3) (2-3) (2-3) (2-3)
W5 (1-2) (1-2) (1-2) (1-2)
W6 (2-3) (2-3) (2-3) (2-3)
w7 (1-2) (1-2) (1-2) none
w8 (2-3) (2-3) (2-3) none
W9 1-2) 1-2) (1-2) none
W10 (2-3) (2-3) (2-3) none
Wil (1-2) (1-2) (1-2) none
W12 (2-3) (2-3) (2-3) none
W13 (2-3) (2-3) (2-3) (2-3)
W16 (1-2) (1-2) (1-2) none
w17 (1-2) (1-2) (1-2) none
w18 (3-4) (3-4) (3-4) (3-4)
W19 (1-2) (1-2) (1-2) (1-2)
w22 (1-2) (1-2) none none
w23 (9-10) (9-10) (9-10) (9-10)
w24 (1-2) (1-2) (1-2) (1-2)
W25 1-2) (1-2) (1-2) none
W26 (2-3) (2-3) (2-3) (2-3)
w27 (1-2) (1-2) none none
W28 (1-2) (1-2) (1-2) none
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Table 1.13 Default Jumper settings For All Board Versions (Continued.)

Jumper 4-Axis 3-Axis 2-Axis 1-Axis
W29 1-2) none none none
W30 none none none none
w3l 1-2) (1-2) none none
W32 (2-3) (2-3) (2-3) none
W33 1-2) none none none
w34 (1-2) (1-2) (1-2) (1-2)
W35 (2-3) (2-3) none none
W36 (2-3) none none none
w37 (1-2) none none none
W38 1-2) (1-2) none none
W39 (2-3) (2-3) none none
W40 (1-2) (1-2) none none
w4l (2-3) (2-3) none none
w42 (1-2) (1-2) none none
W43 (2-3) (2-3) none none
W44 (1-2) none none none
W45 (2-3) none none none
W46 (1-2) none none none
w47 (2-3) none none none
w48 (1-2) none none none
W49 (2-3) none none none
W50 (2-3) none none none
W51 (2-3) (2-3) none none
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2 Operation and Programming

2.1 Theory of Operation

The Model 5312B can be configured for up to 4 independent 24-bit multimode counters
depending on the model purchased. All models are PC/XT/AT compatible. For applications
requiring more than 24 bits of count range, the counters can be cascaded together to form various
24-bit counter configurations. For example, you can cascade counters to obtain one 48-bit
counter, a 24-bit counter and a 72-bit counter, or even one 96-bit counter.

Each counter is capable of numerous modes. Examples include:
e A/B quadrature with a maximum input frequency of .333 MHz,
e Up/down count with a maximum input frequency of 1.25 MHz,
e Count/direction with a maximum input frequency of 1.25 MHz,
¢ Divide by n mode with a maximum input frequency of 1.25 MHz.

All three inputs to each counter—Phase A, Phase B, and Index—can be connected single-ended
TTL or differentia for greater noise immunity. The 5312B provides sockets in differential mode
to alow you to easily insert termination resistors. The input lines do not need to be terminated,
but for best noise immunity terminate them at the characteristic impedance of the input line.
Each input is tied through a buffer to an LED which is turned on when the respective input is
LOW.

Each input is digitaly filtered (see section 2.2.10) using a sample clock rate that can be
optimized for your signal input rate. The index input can be used to generate an interrupt or any
one of the following:

¢ Resetting the counter
e Enabling the gate for phase A and B inputs
e Transferring the 24-bit count value to the count latch

The counter can generate an interrupt on an overflow /underflow or on a compare match
condition between the counter and the preset register.

An 8259 Programmable Interrupt Controller (PIC) handles interrupts, and the PIC can be polled
to determine the cause of the interrupt.

Multiple 8-bit reads and writes handle the PC Bus interface to each counter. The 24-bit vaue is
read or written, LSB first (little endian).
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2.2 Programming

Programming the 5312B requires that you read and write the board multimode counter. By
understanding the functions of al registers and knowing how to access them, you will be able to
issue commands to the board. The following is a discussion of each register.

2.2.1 Writing the Preset Register (PR)
To load the PR:

1) Reset the PR and the Output Latch address counter by writing 01h to the Command
Register (see below).

2.) Write the three bytes that will comprise the 24-bit value of the PR by writing the LSB
first and the MSB last.

2.2.2 Reading the Output Latch Register (OL)

Toread the OL:

1) Reset the PR and OL address counter by writing 01h to the Command Register (see
below).

2.) Read the three bytes that comprise the 24-bit value in the OL by reading the LSB first
and the MSB last.
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2.2.3 Writing the Command Register (CR)
The CR is used to configure the counter for its various modes of operation. The following format

is used for the command byte:

B7 | B6 | BS | B4 (B3| B2 BI | BO

N N\ —
I MOOE

REGISTER SELECT (TABLE 21

Table 2.1 Register Select

B7 B6 Register

0 0 |Master Control Register (MCR)

0 1 |Input Control Register (ICR)

1 0 |Output/Counter Control Register (OCCR)
1 1 |Quadrature Register (OR)
Mode bit selection for each control register is explained below.
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2.2.4 Master Control Register (MCR)

|87 |86 |Bs|84a[83]B2]8I 80|

~_ 7
| I_. 1 ADDRESS COUNTER
l: LOADS OUTPUT LATCH WITH 24-BIT COUNTER VALUE

L RESETS BORROW TOGGLE F/F
CARRY TOGGLE F/F
SIGN REGISTER

l: LOADS 24-BIT COUNTER WITH PRESET REGISTER VALUE
l: RESETS COMPARE TOGGLE F/F

l: MASTER RESET
PRESETS ALL PRESET REGISTERS TO 1
RESETS 24-BIT COUNTER
OUTPUT LATCH
OUTPUT STATUS REGISTER
ALL CONTROL RECISTERS EXCEPT MCR

2. SEE TABLE 21

When enabling a value transfer from the PR to the counter (B3), the borrow toggle, the carry
toggle, and the compare toggle flip-flops may be atered. You should read these values
immediately after transfer and watch for a change in the desired status bit.

Note that a master reset overrides B1 and B3.
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2.2.5 Input Control Register (ICR)
|B7[85[Bs|s4|33[52[3|[BJ
' l_ B SETS PHASE A AS UP-COUNT. PHASE B AS DOWN-COUNT
. SETS PHASE A AS COUNT, PHASE B AS OIRECTION
1. INCREMENTS 24-BIT COUNTER

l: DECREMENTS 24-BIT COUNTER

2: DISABLES PHASE A/B
1 ENABLES PHASE A/B

@ SETS ABGT/RCTR AS COUNTER RESET
1. SETS ABGT/RCTR AS PHASE A/B B‘JAB_E/DISABLE GATE

@ SETS LLTC/LCTR AS EXTERNAL LOAD COMMAND FOR 24-BIT COUNTER
L SETS LLTC/LCTR AS EXTERNAL LOAD COMMAND FOR OUTPUT LATCH

Bi: SEE TABLE 21

When configured as up/down count mode (B0=0), the state of the unused input must be HIGH.
In 6ther words, Phase A must be HIGH when Phase B is clocked LOW for input count, and
Phase B must be HIGH when Phase A is clocked LOW for input count. Both phases are HIGH
when no counts are input. It isillegal for both phasesto be LOW at the same time.

In order to increment or decrement (by 1) the 24-bit counter by writing to the ICR, Phase A and
Phase B signals must be HIGH at the same time.

2.2.6 Output/Counter Control Register (OCCR)

B7 | B6|B5|B4{B3|B2]|BI |BO

\ NN | 2 SETS COUNTER TO BINARY CODE
1 SETS COUNTER TO BCD CODE

: SETS 24-BIT COUNTER TO ON-RECYCLE MOOE

L SETS 24-8IT COUNTER TO DIVIDE-BY-n MODE

1 SETS 24-8IT COUNTER TO 24-HOUR CLOCK MODE
SEE TABLE 22

13 SEE TABLE 21
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Table 2.2 Output/Counter Control Modes.

B5 B4 Mode

0 0 | Enable active LOW carry pulse, active LOW
borrow on /CY and /BW, respectively

0 1 | Enable carry toggle flip-flop, borrow toggle flip-
flop on/CY and /BW, respectively

1 0 | Enable active HIGH carry and borrow pulse on
/CY and /BW, respectively

1 1 | Enable comparator output on flip-flop and pulse
on /BW

A forward dlash (/) preceding a signal name denotes

an active LOW signal.

On-recycle mode (B1) counts for only one cycle beginning with a counter reset or load
command. It ends with the generation of a carry or a borrow. The counter is then inhibited until a
new reset or load command is issued.

In divide-by-n mode (B2), the counter is reloaded with the Preset Register value every time the
counter overflows or underflows. This feature is only valid in quadrature mode.

The 24-hour clock mode overrides both binary and BCD modes.

2.2.7 Quadrature Register (OR)

B7 | B6B5| B4 | B3| B2]|BI|BO
AN A\ VAN /S

[ SEE TABLE 23

DONT CARE

1. SEE TABLE 21
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Table 2.3 Quadrature Register Modes
B1 BO Mode
0 0 | Disables Quadrature Mode
0 1 | 1x Quadrature Mode
1 0 | 2x Quadrature Mode
1 1 | 4x Quadrature Mode

2.2.8 Output Status Register (OSR)

44

B7

B6 | B5| B4 | B3| B2]|BI|BO

~——— 7
BORROW TOGGLE F/F [BWT)
CARRY TOGGLE F/F ICYT)

BO:
B1:
B2:

B3:

B4:

B5-B7:

COMPARE TOGGLE F/F ICOMPT)
SIGN REGISTER

UP/00WN INDICATOR

DONT CARE

BWT - Thisflip-flop changes state when the 24-bit counter underflows.
CYT - Thisflip-flop changes state when the 24-bit counter overflows,

COMPT - This flip-flop changes state when the 24-bit counter matches PR
bits (0-2).

Sign Register - This register bit is set when the 24-bit counter underflows
indicating that a borrow has taken place. It is cleared when the 24-bit counter
overflows indicating a carry. It is adso reset whenever the 24-bit counter is
reset.

Up/Down - This bit set in quadrature mode indicates that the counter is
operating in up-count mode. When clear, this bit indicates that the counter is
in down-count mode. When not in quadrature mode, this bit is always set.

Don't care.
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2.2.9 Typical Programming Examples
Example 1

Parameters:

Quadrature mode.
Index latches count in OL.
BCD output.

Steps.
1.) Initialize the Counter
Write the following bytes to the CR:

Byte Register Description
35h MCR Reset

68h ICR Setsthe/LCTR - LLTC input to
latch the 24-bit counter value at the index
and enables Phases A and B.

8lh OCCR Enables active LOW /CY and /BW
and sets the counter to BCD mode.
C3h OR Enables quadrature decode mode.

2.) Read the Counter.
Write the following byte to the CR:
Byte Register Description

03h MCR Resets the PR and OL address counter and loads the OL with the 24-hit

counter value.

3) Read the three bytes of data in the OL register (reading the LSB first and the MSB last) to

obtain the 24-hit counter value.
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Example 2
Parameters:

Count and direction mode.
Reset counter on index.
Binary output.

Steps.

1)) Initialize the Counter.

Write the following bytes to the CR:
Byte Registers Description

35h MCR Reset

49h ICR Sets Phase A as count input and Phase B as direction input, enables Phases
A and B, and sets/ABGT and /RCTR as the counter reset.

80h 0CC Enables active LOW /CY /and /BW and sets the counter to BCD mode.

CoOh OR Disables quadrature decode mode.

2.) Read the Counter.
Write the following bytes to the CR:
Byte Register Description

03h MCR Resets the PR and OL address counter and loads the OL with the 24-bit
counter value.

3) Read the three bytes of data in the OL register (reading the LSB first and the MSB last) to
obtain the 24-bit counter value.
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Example 3
Parameters:

Valueto be loaded in Counter: 654321h.
Steps.

1.) Reset the PR address.

Byte Register Description

0lh MCR Reset PR address.
2.) Write the value to the PR.

Byte Register Description

21h  Data LSB

43h Data LSB+1

65h Data MSB

3.) Transfer PR to counter.

Byte Register Description
os8h MCR Transfer PR to counter.

2.2.10 Selecting A Sample Clock Frequency

Each input line on the 5312B consists of a differential receiver pair followed by a 4-stage digital
filter. This digita filter is shown in smplified form in figure 2.1, section 2.2.10. An input signal
level must be a valid HIGH for four sample clock cycles or a valid LOW for four sample clock
cycles before the filter output will change to the level of the input. This action prevents noise
pulses of a duration shorter than (sample clock period)/4 from affecting the filter output signal.

To ensure that all valid input signals are transferred to the filter output, the sample clock period
should be approximately one eighth the width of the narrowest positive or negative input pulse.
In other words, the sample clock frequency should be eight times the input frequency assuming a
50 percent duty cycle input signal.

One side effect of the digital filter is a 4-sample period delay from the time a signal arrives at the
input of the filter to the time it exits. For example, at the lowest sample clock frequency—625
KHz—the filter delay is approximately 8 microseconds. At the maximum recommended input
pulse rate for this sample clock frequency, this is approximately 13 microseconds (assuming a 50
percent duty cycle).

Thus, the filter delay is approximately 60 percent of the minimum period input signal.

If delays of this length are unacceptable, a higher frequency sample clock may be used with the
loss of some noise immunity.

For example, if you select a sample clock rate of 1.25 MHz, the filter delay is approximately 4
microseconds or one third of the input signal period. However, the noise immunity of the filter is
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degraded when compared with that obtained at a clock frequency of 625 KHz. When using a
clock period of 1.6 microseconds (1/0.625 MHz), intermittent noise pulses of greater than 6.4
microseconds will pass through the filter. Using a clock period of 0.8 microseconds (1/2.5 MHz),
intermittent noise pulses of greater than 3.2 microseconds will pass through the filter.

Sample clock frequency selection is a trade-off between noise immunity and delay. For jumper

options, see Section 1.
> J | DELAYED PHASE

Vo
I
V'

\'f
|
V

(

PHASE E
SAMPLE CLOCK 17

Figure 2.1 Example of a 4-stage signal conditioning filter.

A side effect of using a digital filter is a 4-sample propagation delay.
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3 Interrupt Control

3.1 Description of Interrupt Control

The 5312B uses an 8259A Programmable Interrupt Controller (PIC) to handle the interrupt
sources on the board, and must be programmed prior to operation. Each axis can generate two
interrupts: the first is a carry/borrow, signaling that an overflow or underflow has occurred, and
the second interrupt is caused when avalid index pulse has occurred.

The PIC may only be used in a nonvectored mode (polled). When a board-level interrupt is
generated, the PIC must be polled to determine which interrupt was triggered. The PIC may be
disabled by removing jumper W8.

Only the features of the 8259A PIC that are used by 5312B are discussed below. For complete
information on the 8259A PIC refer to the Peripheral Components Manual or the Microsystem
Components Handbook, Vol 1, published by Intel.

Figure 3.1 shows a functional block diagram of the 8259A PIC. On the 5312B, the PIC is
connected directly to the PC Bus through jumper W14.

TRTX INT

————| CONTROL LogGIC

T T —!
b7-bO orfeR {‘ T l L Ja—— AXIS A EOM
s Al v IN PRIORITY INTERRUPT [ ﬁ:g s E&
SERVICE RESOLVER REQUEST = <= AXIS B EOM
REGISTER REGISTER f~e—— AXIS 8 EXT
(1SR} (IRR) ft———
[s——— AXIS € EXT
- —: =g
READ/WR1ITE
W LOGIC s @
A — et }
« - r INTERRUPT MASK REGISTER (IMR] I
CASQ —s——®=1  CASCADE_BUFFER/
CAS| —a—=! COMPARITOR L
CAS2 el
IP/EN TS NTERNAL BUS

Figure 3.1 PIC block level diagram.

The 5312B uses an Intel 8259A and is directly connected to the PC Bus through jumper W14.
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3.1.1 Interrupt Request Register (IRR), In-Service Register (ISR)
The interrupts at the interrupt request input lines (IRO-IR5) are handled by the IRR and the ISR.
The IRR is used to store the interrupts requesting service, and the ISR is used to store the
interrupts being serviced. Interrupts and IRR/I SR bits correspond to the format below.

INTERRUPT REQUEST REGISTER
IR7 | IR6 | IRS | IR4 [IR3 | IR2 [ IRI|IRO

‘ L AXIS | CARRY/BORROW

[ AXIS 2 CARRY/BORROW
AXIS 3 CARRY/BORROW

AXIS 4 CARRY/BORROW

AXIS 1 INDEX

AXIS 2 INDEX

AXIS 3 INDEX

AXIS 4 INDEX

3.1.2 Priority Resolver (PR)

The Priority Resolver (PR) block determines the priority of the bits set in the IRR. The highest
priority bit is selected and strobed into the corresponding ISR bit at the time of the poll
command.

3.1.3 Interrupt Mask Register (IMR)

The Interrupt Mask Register stores the bits that determine the interrupt lines to be masked. The
IMR operates on the IRR. Masking a higher priority input will not affect the interrupt request
lines of lower priority. Masking disables the interrupt for the masked input.

3.1.4 Interrupt Output (INT)

The Interrupt Output (INT) signal indicates that the PIC has an interrupt request pending. This
signal can be routed to PC Bus interrupt IRQ2 through IRQ7 (IRQ2 default) via W8. The poll
command causes interrupt status to be placed on the bus during the next read of the PIC.
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3.2 PIC Operation

3.2.1 Interrupt Sequence, 80x86/80x88 Mode
The sequence of events during an interrupt when using an 80x86/80x88 CPU is as follows:

1) One or more of the interrupt request lines (IRO-IR7) are raised high setting the
corresponding IRR hit(s).

2.) The PIC evauates these requests and sends an interrupt request to the CPU provided that
jumper W8 isinstalled.

3) The interrupt is acknowledged by your program interrupt service routine by writing a poll
command (OCW3) to the PIC.

4) The CPU reads the PIC to obtain the priority level as shown below. After the read, the
high ISR bit is set, and the corresponding IRR bit is reset.

5) The previous step completes the interrupt cycle. In the Automatic End-Of-Interrupt
(AEOI) mode, the ISR hit is reset on the read following the poll command. Otherwise,
the ISR bit remains set until an appropriate End-Of-Interrupt (EOI) command is issued.

NOTE If no lines are HIGH at step 4 of the sequence (i.e., the IR line went HIGH to

generate an interrupt request but then went away before it was acknowledged), the PIC will issue
an interrupt level 7. This causes the call address or the vector byte to look as if IR7 generated an
interrupt request occurred or a noise spike tripped the request line.

OPERATING MODE

D71 0O o 0 O |D2} DI} DO

N

/
L INTERRUPT CODE
(SEE TABLE 3.1)

I: INTERRUPT HAS OCCURED
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Table 3.1 Interrupt Code.

D2 D1 DO Interrupt Request
O 0 O IRQO

0O 0 1 IRQ1

O 1 O IRQ2

0O 1 1 IRQ3

1 0 O IRQ4

1 0 1 IRQ5

1 1 O IRQ6

1 1 1 IRQ7

The interrupt code returns the highest priority interrupt
and sets the corresponding I SR bit.

3.2.2 End-of-Interrupt Command

After the priority level is read, the ISR bit must be reset. This is done with EOl command from
the host PC, or it can be done automatically in the AEOI mode. There are two forms of the EOI
command—Specific and Non-Specific. A Non-Specific EOl command resets the highest ISR bit
of those that were set, and a Specific EOl command can be issued to reset a specified | SR hit.

3.2.3 Completing an Interrupt

Y ou have to provide an interrupt routine to trap IR7 interrupt glitches that appear as interrupt 7
requests. In the AEOI mode, the ISR hit for the interrupt being serviced is reset automatically at
the interrupt return in your interrupt routine.

3.3 Operating Modes

3.3.1 Fully Nested Mode

This is the default mode entered after initialization unless another mode is programmed. In this
mode, interrupt requests are ordered in priority from O through 7 with O being the highest
priority. When a poll command is received and the priority level is read, the highest priority
request is placed on the data bus. The corresponding bit inthe ISR is also set. It stays set until the
CPU issues an EOlI command, or, if in AEOI mode, until the priority level is read. While the ISR
bit is set, al further interrupts of equal or lower priority are inhibited. Interrupts of higher
priority will issue an interrupt request (which will be acknowledged only if the PC has unmasked
the interrupt).

3.3.2 Special Mask Mode

This mode is similar to the fully nested mode except that when a bit in the ISR is set, it only
inhibits interrupt requests at that level. All other unmasked interrupt requests (lower as well as
higher) are enabled.
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3.3.3 Specific Rotation (Specific Priority)

The default priority of interrupts is IRO (highest) through IR7 (lowest). This can be changed
using the set priority command. This command specifies one input as having the lowest priority
and fixing all other priorities. For example, if IR2 is specified as having the lowest priority, the
priority of interrupts will be: IR3 (highest), IR4, IR5, IR6, IR7, IR0, IR1, IR2 (lowest).

3.3.4 Automatic Rotation (Equal Priority)
In this mode, a device, after being serviced, recelves the lowest priority. Such a device
requesting an interrupt would have to wait until all other devices have been serviced.

3.3.5 Non-Vectored Mode (Poll Command)

The PIC must be polled for interrupt status. To do this, the poll command is written to the PIC,
and then the status is read. The PIC treats the read pulse as an INTA pulse. The interrupt is
frozen from the write to the read.
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3.4 PIC Programming
The PIC accepts two types of command words from the CPU—Initialization Command Words
(ICW) and Operationa Command Words (OCW).

3.4.1 Initialization Command Words (ICW)

1CW I

(1C4-0)

YES
(1C4-1)

I Cw4

READY TO ACCEPT
INTERRUPT REQUESTS

Figure 3.2 PIC initialization sequence.

Bit D4 set assumes the next word issued will be |CWA4.
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Before normal operation can begin, the PIC must be brought to a starting point by a sequence of
three bytes. Figure 3.2 shows the initiaization sequence. Whenever a command is written to the
PIC low port with bit D4 = 1, it is interpreted as ICW1. Register ICW1 starts the initialization
sequence during which the following automatically occur:

1) The IMR is cleared.

2.) IR7 is assigned the lowest priority.

3.) The slave mode addressis set to 7.

4.) Specia Mask Mode is cleared.

5.) Status Read is set to IRR.

6.) If IC4 =0, then al functions selected in ICW4 are set.

ICW2 is not used by the 5312B. However, a value must be written to it to properly initialize the
PIC. Any value may be written since the value will have no effect on PIC operation.

ICW3 isnot used by the 5312B.
Writing to the ICW4 completes the initialization sequence.
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3.4.2 ICW1 Format and Description

ICWI (WRITTEN TO THE PIiC LOW PORT)
D7 D6 D5 D4 D3 D2 DI DO

A7 | A6 | AS | O JADI|SGL|IC4
L i: ICW4 NEEDED
N 0: I1CW4 NOT NEEDED
L |: SINGLE
0: CASCADE MODE
| . CALL ADDRESS INTERVAL 4

0: CALL ADDRESS INTERVAL 8

A7-AS OF INTERRUPT VECTOR
ADDRESS (8080/8085 MODE ONL

ICW4 (WRITTEN TO THE PIC HIGH PORT)
D7 D6 D5 D4 D3 D2 DI DO

o o o]0 0 | O JAEOIUPM

—

I: 808678088 MODE
0: 8080/8085 MODE

I AUTO EOQI
O: NORMAL EOI

Figure 3.3 PIC ICW format.

Y ou write ICW1 to the PIC low port and ICW4 to the PIC high port depending on how you
initialize.

Figure 3.3 shows the format for ICW1 and ICWA4. Set the bits for the 5312B to the PIC low port
in the following manner:

D5-D7 (A7-A5). May be set or cleared. This bit has no impact on the operation of the 5312B.

D2 (ADI): May be set or cleared. This bit has no impact on the operation of the 5312B.

D1 (SGL): Set thisbit.

DO (1C4): If ICW4 is needed, set this bit. ICW4 is needed if the CPU is an 80x86/80x88 or if
AEOI mode is desired.
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3.4.3 ICW4 Format and Description

ICW4, written to the PIC high port, is read only if D4 of ICW1 is set. Set the data bits in the

following manner:

DO (UPM): Set this bit for operation in 8086 or 8088 mode. Clear this bit for operation in 8080

or 8085 mode.
D1 (AEOI): Set thisbit for AEOI mode, and clear it for normal EOI.
3.4.4 Operation Command Words (OCW)

These are the words that command the PIC to operate in various interrupt modes. The OCW can

be written to the PIC anytime after initialization. Figure 3.4 shows the format for OCW.

oCWl (WRITTEN TO THE PIC HIGH PORT)
D7 D8 D5 D4 D3I. D2 DI [»1+]

[MzHe[us[re [M3 [ 2] mi | mo|

INTERRUPT HASK
1: MASK
0: MASK CLE.ARED

ocw2 (WRITTEN TO THE PIC LOW PORT)
o7 D6 DS D4 D3I D2 DI DO

[Wsc]eoiJ e T o JrzfLiJuo]

1
|
L2] Ly JLro] TR LEVEL
o|lo ]e o
o|lo |1 1
of{1 lo 2
ol 1 |1 3
ilo jo 3
1]loe ]: s
i1 fo 8
HEEE 7
H | sy eol FUNCT |ON ACTION
olo] 1 N-SPECIFIC EOI COMMAND END OF INTERRUPT
o|1]| 1 |-SPECIFIC EOI COMMAND END OF INTERRUPT
Y |8 | & | ROTATE OGN NON-SFECIFIC Eo1 AUTOMAY IC ROTATION
i |o] o | ROTATE IN AUTOMATIC EGI HODE (SET) | AUTOMATIC ROTATION
o [0]| © | ROTATE IN AUTOMATIC Eoi MODE (CLEAR)| AUTOMATIC ROTATION
1 [1| 1 |-ROTATE ON SPECIFIC EOI COMMAND SPECIFIC ROTATION
i [1| o|-sSET PRIORITY CoMMAND SPECIFIC ROTATION
o|i| o ]| No oPERATION
OCW3 (WRITTEN TO THE PIC LOW PORT)
b7 D6 D5 D4 D3 D2 DI DO
[0 Ese{ssu] o [ + [ » [ re]ris|
RR| RIS READ REGISTER COMMAND
of x | wo AcTi
| 3 | REASSTA’Rarr on mexT WD PuLsE
[ READ IS RGTR ON NEXT RD PULSE
1: POLL COMMAND
0: MO POLL COMHAND

Tl ON
R SE IPECIAL H.ASK

EStM | s | SPECIAL MASK MODE
X
[
[ SET PECIAL

Figure 3.4 PIC OCW format. Writetothe OCW at any time after initialization.
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3.4.5 OCW1 Format and Description

Written to the PIC high port, OCWL1 sets and clears the mask bits in the Interrupt Mask Register
(IMR). M7-MO represent the eight mask hits for IR7-1R0, respectively. M = 1 means that the
input is masked (inhibited), while M = 0 means that the input is enabled. Since the PIC does not
use IR6 and IR7, set M6 and M7. Reading OCWL1 through the PIC high Port returns the
interrupts that are masked.

3.4.6 OCW2 Format and Description
The bitsin OCW?2, written to the PIC low port, are defined as follows:

D7 (R): Used to control al PIC rotation operations. If R is set, a form of priority rotation will be
executed depending on the operation selected.

D6 (SL): Used to select a specific level for a given operation. If set, LO-L2 are enabled, and the
operation selected will be executed on the specified interrupt level.

D5 (EOI): Used for al EOl commands (except AEOI). If set, aform of EOI will be executed.

DO0-D2 (L0O-L2): Designates an interrupt level (0-7) to be acted upon for the operation selected
by the EOI, SL, and R bits. LO-L2 are enabled or disabled by the SL hit.

All the possible operations by OCW2 are shown in Figure 3.6. A brief description of each is
given below.

3.4.7 OCW2 Commands
Non-Specific EOl Command: Of the ISR bits that are set, the one with the highest priority is
Cleared.

Specific EOI Command: The ISR bit specified by LO-L2 is cleared.

Rotate on Non-Specific EOl Command: Same as Non-Specific EOI, except that when an ISR
bit is cleared, its corresponding IR is assigned the lowest priority.

Rotate in AEOI: Same as Rotate on Non-Specific EOI command, except that priority rotation is
done automatically after the last INTA pulse. Setting the bit enters this mode, and clearing the bit
exits this mode.

Rotate on Specific EOI: Same as Specific EOI, except that after the specified I SR hit is cleared,
its corresponding IR is assigned the lowest priority.

Set Priority Command: The specified bit is assigned the lowest priority.
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3.4.8 OCW3 Format and Description
The bitsin OCW3, written to the PIC low port, are defined according to the following:

D6 (ESMM): Enable Special Mask Mode. When set, it enables the SMM bit (see below) to set
or reset the Special Mask Mode. When ESMM s cleared, the SMM hit becomes adon’t care.

D5 (SMM): Specid Mask Mode. If ESMM and SMM are set, the PIC will enter the Special
Mask mode. If ESMM is set and SMM is cleared, then, the PIC will revert to normal mask mode.

ESMM SMM Mode
1 0 Special Mask Mode
1 0 Normal Mask Mode

D2 (P): Polled Mode. If set, the next read of the PIC low port will return the highest priority
level requesting the interrupt if an interrupt has occurred. See Figure 3.3.

D1 (RR): Read Register. If set, the next read of the PIC low port will return IR and ISR status,
depending on the RIS bit (see below). If RR is cleared, the RIS bit becomesadon’t care.

NOTE If P=1and RR = 1, the poll command will
override the read register command.
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DO (RIS): If P=0, RR =1, and RIS = 0, then the next read of the PIC low port will return the

IRR status. If P=0, RR =1, and RIS = 1, then the next read of the PIC low port will return the
TSR status.

P RR | RIS | Next Read of Low Port

0 1 0 | ReturnlIR Status
1 | Return SR Status

NOTE After issuing a poll command, do not read the Mark
Register (PIC high port) before reading the poll
status (PIC low port)
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Appendix A - PC I/O and Interrupt Mapping

PC

I/O Map

Table A.1 shows how the PC is typically mapped. Obvioudly, this list does not include every possible
type of board available. You should check the boards in your system to be certain which addresses are

used.
Table A.1 PC 1/O Map
Address # of Bytes PC XT AT
100h to 1EFh 240 Write Only Open Open
1FOhto 1F8h 9 Write Only Open Fixed Disk
1F9h to 1FFh 7 Write Only Open Open
200h to 20Fh 16 Game Controller Game Controller Game Controller
210hto 217h 8 Open Expansion Unit Open
218hto 2IEh 7 Open Open Open
21Fh 1 Open Reserved Open
220h to 257h 56 Open
258h to 25Fh 8 Intel Above Board
260h to 277h 24 Open
278h to 27Fh 8 LPT2
280h to 2AFh 48 Open
2B0h to 2DFh 48 Alternate EGA
2EOh 1 Open
2E1h 1 GPIB
2E2hto 2E3h 2 Data Acquisition
2E4hto 2F7h 20 Open
2F8h to 2FFh 8 CcomM2
300h to 31Fh 32 Prototype Area
320h to 32Fh 16 Fixed Disk | Fixed Disk | Open
330h to 347h 24 Open
348h to 357h 16 DCA 3270
358h to 35Fh 8 Open
360h to 36Fh 16 PC Network
370hto 377h 8 Open
378h to 37Fh 8 LPT1
380h to 38Fh 16 SDLC; Binary Synchronous Communications
390h to 393h 4 Cluster
394h to 39Fh 12 Open
3A0hto 3AFh 16 Binary Synchronous Communications
3B0Oh to 3BFh 16 Monochrome Display Adapter
3CO0h to 3CFh 16 Enhanced Graphics Adapter
3D0h to 3DFh 16 Color Graphics Adapter
3EOh to 3EFh 16 Open
3FOhto 3F7h 8 Diskette Controller
3F8h to 3FFh 8 COM1
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PC Interrupt Map

Table A.2 shows how interrupts are typically mapped in a PC. Check the boards in the PC to
determine exactly which interrupts are being used. The printer ports LPT1 and LPT2 have
interrupts available to them, but under normal operation these interrupts are not used.

62

Table A.2 PC Interrupt Map
IRQ PC XT AT
IRQ2 Reserved Reserved IRQ9
EGA Display Adapter
PC Network
IRQ3 COM2
PC Network
Binary Synchronous Communications
Cluster
SLDC
IRQ4 COM1
Binary Synchronous Communications
SDLC
IRQ5 | Fixed Disk | Fixed Disk LPT2
IRQ6 Foppy Disk
IRQ7 LPT1
Cluster
IRQ10 Not available Not available Open
IRQ11 Not available Not available Open
IRQ12 Not available Not available Open
IRQ14 Not available Not available Fixed Disk
IRQ15 Not available Not available Open
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Appendix B - Tech Bulletins and Application Notes
Timer Application in Velocity Mode

The 7166 counter chip used on the 5312B board will count quadrature inputs down to 208
nanoseconds or 4.8MHz. However, counting is actually limited to 10MHz / 8 or 1.25MHz per
channel. This yields a maximum quadrature count rate of 2.5MHz and an up/down (or count and
direction) rate of 10MHz.

To use the 5312B in a timer application, position information has to occur at prescribed and
precise time intervals.

We will assume a resolution of n counts per unit of dimension, and axes 0 to 2 will be used to
count absolute dimension information. Axis 3 will be used as an interval timer. In this mode, axis
3 will capture the counts of axes 0 to 2 and also will generate an interrupt to the host computer.
When the interrupt occurs, the host CPU will need to store data from axes 0 to 2 to RAM or
perform other calculations (such as velocity).

Timer accuracy can be set in 0.1 microsecond increments. Since capturing the counts are
triggered by hardware, the software only has to respond to the time interval interrupts, allowing
the host processor to do other housekeeping while in between the interrupt calls.

Setting up Axis 3 as an Interval Timer
1)  Removejumpers W17, W24, W22, W26, W29, W33, W36, W37, W44, W46, and W48,

2.) Jumper (2-3) on W45, W47, and W49.

3) Jumper WSO isadon’t care.

4.) Wirewrap W36 (3) to W22 (1) to W24 (1) to W17 (1) to W36 (2).
5) Wirewrap W23 (7) to W33 (2).

6.) Wirewrap W37 (2) to W19 (1). If axis 3 counts in the wrong direction, remove the
wirewrap from W19 (1) and attach it to W19(3).

Only 1 LCTR pull-up resistor can be driven by the borrow output of a 7166 chip. If you need to
trigger more than one axis, remove the excess pull-up resistor legs from their respective
connections. (Refer to the 5312B schematic for pull-up resistor numbers attached to the wires
going to W24 and W17.)

Thiswill to maintaina TTL current level in the 7166 borrow output under 4mA.

Set axis 3 as a pulse and direction counter in the divide by n mode. Preset axis 3 counter with the
correct number of counts for the time interval desired using the appropriate sample clock
frequency (10MHz for this example). By wirewrapping the sample clock, W23 (3), to axis 2
channel A counter input, W33 (2), each count input will trigger every 0.1 microseconds.
Therefore, to set the timer interval to 2 milliseconds, preset the counter to 19,999.
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Set:  MC =35h, ICR =48h, OCCR = 84h, QR = COh

2.0x10°

g 1=19.9%9
AX

Subtracting 1 from the count is necessary because the counter triggers on the rollover or borrow
pulse (transition from 0 to FFFFFFh). Although this only yields an error of 100 nanoseconds, if
not corrected, error accumulation eventually becomes significant. It’s better be as precise as

possible.

Once the hardware is configured, the software does the rest. Software provides the driver
routines to collect the data and set up interrupts with the least possible effort.
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Appendix C - Outputs & Pinouts

TERMINAL BOARD (TB50N-S)

28
29
30
31

19
20
21

10
11
12

3

+5V

22
23
24

13
14
15
16
17
18

32
33

6

GRD
+ 5V

25

7

35

26
27

36

BOARD OUTPUTS

‘Channel 1‘Channe| Z‘Channel B‘Channel 4

28
29
30
31

19
20
21

10
11

2

+ 5V

12
13
14
15
16
17
18

22
23

4

+ 5V

32

33

24
25

8 26 35
27

GRD

36

PINOUT CROSS WIRING

TERMINAL
BOARD

‘ 5312B ‘

2

+ 5V

+5V

A+

B+

8

GRD
| +
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Appendix E - 5312B Schematics

Schematic Diagram Drawing Number: 400094
Artwork Drawing Number: 800056
Assembly Revision Number: 4Axis. 900255/L; 3Axis. 900256/K; 2Axis. 900257/,

1 Axis: 900258/
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FigureD.1 5312B Schematic Sheet 1 of 5, L eft Half of sheet
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Figure D.2 5312B Schematic Sheet 1 of 5, Right Half of sheet
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Figure D.3 5312B Schematic Sheet 2 of 5, L eft Half of sheet

4 3
U7-A SN74LS@4
UIB-A SN74LS32
D
+5
BOARD PORT |9
DECODING
= 8 1 6 |2
a7 8 o
05 48 2 5 ¥
Py — —4c
2 el 3 e 87 3o a L2 IPA7
ﬂ s 12 n 8D6 4 20 20 5 IPAG
* IPAS
SO aps 7 20 L8 [
N
5 =5 | ops 8 n 9 1PA
5 > ———JS ) , - & BD3 13 o sa 1PA3
e ool 2], N BD2 " | ep : sa 45 IPAZ
3], N a e Vi 5 70 8 PA
m ~ UIB-B SN74LS32 LI s 42 IFA8
-3
H
e s s|2|3l4fels 7[
RPZ ASIPSA coM
1 478 OHMS
C - =
' 18
DR F O
2 8 a8
pa PA 9 3 A Bl = p——
ot [ Pae AZw 82
4 18 8p2
~
vz [ PA7 SN ENC a03
3 [ Pas At T B4
- ) S 14 8D+
ps [ PAS = AS & 85 = P
ps [ Pa 4 AB n 88
a8 12 BDB
e [ Pa3 A7 87
SLEA vV 2] .0 as 1! BD7
D7 PA 2 A
LI D Y o 42 Ll
P24l 20 42 o2
D5 _Tlap 0 aa 48 805
=
D278l @ 4a 2 o7
s 13 ] ¥ o 2 BD6
z
EXEEETS P S BD4
3 RXIE 1 A3
3 7], w .5 [® 803 __ Rxis
D18 =2 18 D1
N ).} sa Ax17 ' A3
oc [
B8 " B
3 : BT
@ ] ! e 19
- - 2 o1 K. BD7
2 b 1 e 806
n n 3 12 o2
— B8DS
o v BTow ‘lm @ 03 7 N2
5 5 55 BRSTDAV 5w 5 oul® N
e N s 5 s L ebz
5 X o 8Dz
o~ 7 o N—2
) o 6 1 801
o a3 was 1020 8] g 06 N
3 < w3e SOR 4 T2 s 074" \_fne
z 8
N
& pETOW
S I 1277 13 [ ca L2
o 2 U7-E SN74LS@4 L
; [ =
© 35
E _
l 2 U2+ oscl
R AL Y Yy
s @ MHZ |3 SAMPLE 4.5 ct
o Az vz —
s _
A8 | PA 31 Az ¥ Y3 2 | 2
) M
morone iz e ne G ve o8 N
"oias T ovsy? ENT a, al ‘e @ 5wz
Bl G ovef’ 7 ene@ O L3 Se @ 25 w2
15 = 5 9 S flha 7 8
A7 3 v7 L> 3 q ® ® 25 MHZ [ omaw une
- S— o c 1 THIRD ANGLE
” ] 3 1t s ¢
cik [ re za A8 v8 A Zay, ® ® 625 MZ | " emosection
4
6T ©Z B w23 3
a Sic 3Srcol’s Ky
L4
6] p Y
——— <
cLR
10 cH ADY | PA 1@ 3
! REF
' A3 AX14
45 cr BRSTDRY DO NOT SCALE DR
ALL mEBHTE To MANE

72 Model 5312B Hardware Guide - Document version no. 1.30



Figure D.4 5312B Schematic Sheet 2 of 5, Right Half of sheet
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FigureD.5 5312B Schematic Sheet 3 of 5, L eft Half of sheet
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Figure D.6 5312B Schematic Sheet 3 of 5, Right Half of sheet
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Figure D.7 5312B Schematic Sheet 4 of 5, L eft Half of sheet
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Figure D.8 5312B Schematic Sheet 4 of 5, Right Half of sheet
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Figure D.9 5312B Schematic Sheet 5 of 5, L eft Half of sheet
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Figure D.10 5312B Schematic Sheet 5 of 5, Right Half of sheet
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