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ABSTRACT

This thesis describes the implementation of a general-purpose, microprocessor-based

Data Logger.

The Hardware allows analog data acquisition from one to thirty two channels with 12

bit resolution and at a data throughput of up to 2KHz.

The data is logged directly to a Buffer memory and from there, at the end of each

109, it is dumped to an integral cassette data recorder. The recorded data can be
transfered from the logger to a desk-top computer, via the IEEE 488 port, for further

processing and display.

All log parameters are user selectable by means of menu prompted keyboard entry

and a Real-Time clock (RTC) provides date and time information automatically.
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l. INTRODUCTION

As part of an ongoing data gathering exercise situated in Durban, a requirement arose

for a self-activating, stand-alone, Data Logger.

A system specification for the logger was drawn up and a survey of commercially

available equipment established that none would meet the particular needs of this

application. It was therefore decided to build a data logger that would meet the

specifications; the design and development of which forms the basis of this thesis.

The main objective of this thesis is to provide a comprehensive document on the Data

Logger that will enable the potential user to understand its theory of operation,

design limitations and operating instructions. Enough information is included to allow

repairs and modifications to be carried out when required.
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2. DESIGN CRITERIA

The following prominent criteria were taken into consideration during the design
stage of the Data Logger.

1. The design should be based on the Intel 8085 microprocessor family as it is well

supported at the Institute for Maritime Technology (lMT) with regard to

development system, high-level language (PL/M) and in circuit emulator.

2. The logger should be designed on a modular basis to allow for future expansion or

modification and to be easily adaptable to other IMT requirements.

3. The Data Logger should be of a general-purpose, as opposed to dedicated, design

to ensure flexibility in operating role.

LI. In keeping with the modular concept it was decided that the system should be

implemented using the S.A.Bus standard.

The S.A.Bus is a South African microprocessor bus standard that was first

formulated in 1978 and has the following objectives.

l. Uniform card size and edge connectors.

2. Interchangeability of system modules between various organizations.

3. Standard bus Line assignment.
LI. Access to relevant information concerning system modules.

It also has the following advantages.

l. The S.A. bus favours the 8085 microprocessor family.

2. Most boards are fully buffered and only require a single +5V supply.

3. There are at least two commercial concerns that support the S.A. bus with a

selection of off-the-shelf boards.

5. The design should incorporate the M.F .E. Digital Cassette Tape Transport which

was available at IMT.
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6. A tape read-back unit would be required to recover the logged date from the

digital cassettes. It was decided that this function should be incorporated into

the Data Logger. Because the required Data Logger would be remotely sited and

in continuous use, a second identical instrument should be constructed which

would fulfil several useful roles:

1. A back up system for the remotely sited unit.
2. A unit on which to develop or modify the system hardware/software.

3. A useful instrument for general-purpose data logging at IMT.

4. A tape read-back unit.

7. Because at least two units were required it was decided to make use of printed

circuit boards (p.c.b's) for all in-house electronics.

8. The system was required to be easy to operate and therefore the design should

incorporate a menu-driven operating system with an interactive intelligent

display to facilitate entry of system log parameters.

9. A real-time read out of selected data was also required. This was to be

implemented in two ways:

1. A read out of a single logged channel to be displayed on an integral display

should be provided.

2. An interface should be provided to allow data to be displayed on a HP-85

computer in real-time.

10. Battery back up of system parameters as well as clock/calander data should be

incorporated so that in the event of a mains power interruption the system could

perform a warm-start.
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The function of the Data Logger is to sample analog signals at a pre-determined scan

rate; convert the analog signals to digital data and store this data in a buffer

memory. This process is initiated by certain trigger conditions being met and when

the required number of scans has been completed the data is dumped from the buffer
onto digital cassette tape.

The logger also has a data retrieval or play back mode to allow data stored on tape to
be transfered, via the IEEE 488 port, to a computer for processing.

The Data Logger comprises of nine functional blocks (Fig 1):

REAL-TJ:ME
CLOCK

LC.D.
DISPLAY

KEYBOARD

DATA
ACQUISITION

DATA LOGGER FUNCTIONAL BLOCK DIAGRAM

CONTROLER

IEEE-488
INTERFACE

FIG. 1

BUFFER
MEMORY

POWER
SUPPLY

DIGITAL
CASSETTE
RECORDER
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3.1. Keyboard:

The Keyboard is part of the user/instrument interface and consists of 16 keys which
can be divided into three groups.

1. Numeric keys:

There are ten keys which allow the numbers 0 - 9 to be entered as variables.

2. Control keys:

There are three control keys:

1. [<-] and [~] which allow the cursor position on the display to be shifted left or

right or parameters to be decremented or incremented Le. channel number.

2. [E] allows the selected parameters to be entered into the program.

3. Soft-keys

There are three soft-keys that have functions which are uniquely defined by the

current program and change under program control. The actual function that a

particular soft-key will perform al any time is labelled on the lower line of the

display.

3.2. Display

The intelligent Liquid Crystal Display (L.C.D.) provides the other half of the

user/instrument interface. The device can display two lines of sixteen characters

each. Data is usually displayed on the top line with the soft key labels on the lower

line.

3.3. Real-Time Clock

The real-time clock (Rl C) provides the date and time data for the log. It also

provides an alarm clock type interrupt for triggering a log and a periodic interrupt

which governs the logger scan rate.
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The scan rate is user selectable via the keyboard by entering a number between I and
15. This represents scan rates from 30,517 lJ. sec to 500 m sec with the scan rate

doubling as the number is decremented by one. (15 = SOOmsec, III = 250m sec etc.)

The maximum scan rate is governed by the data acquisition hardware and software,

and in practice is limited to scan rate 10 (1S,62Sm sec). This means that each of 32
channels can be scanned once every IS,62Sm sec and the data for one selected

channel displayed on the LCD. The clock chip also provides 50 bytes of battery

backed up RAM which is used to store the log parameters. This enables the logger to

recover from a mains power interruption with all the log parameters intact and with

the correct date and time.

3.11. Data Acquisition

The Data Acquisition board is capable of servicing 32 analog signals on a multiplexed

basis.

When a log is initiated each channel, starting with channel fil, is connected in turn

via a Sample and Hold amplifier (S & H amp.) to the Anolog to Digital Converter

(AID). The AID converter takes 35 '}.I. sees to convert the analog signal to a 12 bit

digital word. These 12 bits are stored in the Buffer memory as two consecutive 8 bit

bytes. (First 8 msb's, then li Isb's with 4 trailing zeros.)

The Multiplexer (MUX) is then incremented, by one, to the next channel and the

process repeated until all the selected channels have been serviced. The program

then waits for a scan interrupt from the RTC to begin the next scan. The program

keeps scanning until the required number of scans to complete the log is achieved.
The maximum number of scans is governed by the buffer memory size, which is 16K

in this instance. and can be determined by

Number of scans( )max < 163811-:-(2 x Number of channels).
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3.5. Buffer Memory

The buffer memory consists of 16k x 8 bit CMOS static RAM. It is used as a means

of buffering the data before transferring the log onto digital cassette. This is

necessary to increase the storage capacity of the tape as well as making the logger

independent of the Digital Cassette transports data transfer rate.

3.6. IEEE-488 Interface

The IEEE-488 interface provides a convenient means of linking the logger to a
computer or other instrumentation. Specifically, it can be used to allow the logged

data for one pre-selected channel to be displayed on a HP85 computer in real-time.

It is also used to transport the data from the digital cassette to the HP85 or HP9816

for processing. (see Appendix E)

For Data Format see Appendix F

3.7. Digital Cassette Recorder

The Digital Cassette recorder is used for the mass storage of logged data. It has

three modes of operation selectable from the keyboard:

1. Record Mode

This is the default mode and is selected whenever it is required to save data on the

cassette tape. In this mode the logged data stored in the Buffer memory is dumped

to tape at the end of each log. This data is preceded by header data which contains

the following information. Date, Time, Scan Rate, Number of channels, Number of

Scans. The header and data combined, form one record.
(see Appendix F)

2. Play Mode

This mode allows data to be retrieved from the data cassette. When this mode is

initially selected the cassette is rewound and then positioned at the beginning of the

first record (record /I 1). The program then allows the operator to select any record

either by using the [+- l, [-+1 keys to increment or decrement the record number or via

the [ENTER] soft-key. When the desired record number is displayed the [READ]
soft-key allows the program to find the record and read it into the Buffer memory.

If the IEEE. ON mode has been selected then data will be read out of the Buffer to the

IE:.E.E-488bus under IEEE listener control.
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This mode ensures that no data dump takes place at the end of a log and the data is
therefore lost.

3.8. Power Supply

This unit converts 220V AC mains to +SV @ 3A, ±lSV@ 85mA and -SV@ SOOmA.

Because of the battery back-up feature a power-cut of several hours can be tolerated
although the Data Logger will not be operational during this time.

3.9. Controller

The controller manages all the above functions using the software to determine the

course of events.

( STAm )

I

S
"B

/ SET MODE ~
I
I

FIG. 2

SIMPI..IFIED DATA LOGGER FLOW DI.A.GRAlL

LOG MODE

/
/
/
/

TEST MODEYES

YES ErI'ERNAL
TRIG. MODE

AI.ARl.!
TRIG. MOD

DISPLAY
DATE & TIME
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Fig 2 shows a simplified flow diagram of the Data Logger program.

The program first initializes all the hardware modules. It then enters the loop MAIN

which checks to see whether a soft-key depression or external trigger contact closure
has occurred. If so the program will change mode to service the particular need
before returning to the beginning of MAIN. These modes are:

1. Set Mode

This mode allows either Date and Time, or Log Parameters to be set. The log

parameters include:

1. IEEE mode selection

2. TAPE mode selection

3. Trigger mode selection

4. Scan Rate

5. Number of Channels
6. Number of Scans

{ON or OFF}

{Record, Play or OFF}

{Alarm, Manual or External}

2. Log Mode

The response to this selection depends on the Trigger mode selected above:

1. Alarm Mode

In this mode the selected log START TIME is displayed when the [LOG-A]
soft-key is depressed.

2. Manual Mode

The [LOG-M] soft-key starts a log immediately.

3. External Mode
In this mode, if [LOG-X] is depressed, the user is asked if he wishes to

override the external mode and if the response is yes, a log is started.

3. Test Mode

This mode allows either the IEEE lnterface or the Data Acquisition board to be
tested.
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1. IEEE - Test

If selected all the values from 0 - 255 are output consecutively to the IEEE

bus. An intelligent listener on the bus could use this data to ascertain

whether the IEEE interface is functioning correctly or not.
(see Appendix E)

2. Data acquisition Test

This function allows the Data Logger to be used as a digital volt meter. It
enables input signals to be monitored or set up as each channel is

individually selectable via the keyboard and displayed on the LCD.

4. External Trigger Mode

If either key [El or the external trigger contacts are made a log is started. The

contacts are connected in parallel with key [El and must be closed for least 100m

sec to be accepted as valid.

If the Alarm Trigger mode has been selected then the alarm flag is checked and

if it is set then a log is started. Lastly the current date and time are output to

the LCD display before the program loops back to the beginning of MAIN. This

loop is executed ad infinitum.
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4. SYSTEM SPECIFICA TIONS

If Number of input channels: 1 to 32.

If Scan Rate: 2 scans I sec minimum

64 scans I sec maximum (see text)

~ Number of Scans: 1 to 9999

tt Log Activation: External contact CX)

Manual CM)
Alarm CA)

Analog input: ±5V bipolar (lOVp to p)

Resolution: 12 bit AID (2,44 mV per bit)

Data Buffer: 16k (expandable to 40k)

Data Storage: Integral M.F .E. Digital Cassette Recorder

(676k bytes both sides)

Data Replay: Transfer from Digital recorder to IEEE-4SS interface port.

Date and Time: F rom battery backed up Real-Time Clock.

Operator Interface: 16 Key matrix keyboard.

2 line by 16 character intelligent alphanumeric liquid crystal display.

Power Supply: 220V A.C.

If These parameters are set via the keyboard.
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5. SYSTEM SOFTWARE

At the outset of the project a choice had to be made between Assembler and PL/M as

the medium for software development. The high-level language PL/M was chosen
because it encourages and in fact enforces good software engineering practices like
structured programming, modular program design and top-down design

implementation. It also improves programmer productivity and is more reliable,

maintainable and portable than Assembler. It can also serve as documentation

because it is easy and logical to follow.

Assembler, on the other hand, has few of these advantages but could make more

efficient use of the hardware capabilities and perhaps reduce code size. It requires

the programmer to have above average programming skills and experience.

The Data Logger system software comprises of 9 PL/M modules:

KEYBOARD MODULE

2 DISPLA Y MODULE

3 RE.AL TIME CLOCK MODULE

4 DACQ MODULE

5 IE.EE 488 MODULE

6 TAPE MODULE

7 BIN ASCn ASCn BIN MODULE

8 SET LOG PARAMETER MODULE

9 OATA LOGGER MODULE (The main module)

Each module is a collection of procedures with closely related program functions.

Le. DISPLA Y MODULE holds all the procedures pertaining to the control of the

display hardware.

The first 6 modules hold utility programs which are specific to the hardware they

service and they will therefore be discussed along with the hardware under the

heading Theory of Operation.

The last 3 modules will be discussed below.
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5.1. BIN$ASCII$ASCIl$BIN MODULE:

This module consists of two procedures used to convert an ASCII string to a binary

word and visa versa.

BIN$TO$ASCII: Public

Converts a 16 bit binary word to four ASCII numeric characters and returns to the

calling program with them in the string variable CHAR.

USE: CALL BIN$ TO $ASCn (READING, SIZE).

Where READING is a 16 bit binary word and SIZE is 0 TO 4.

If SIZE=2 then the string CHAR is left justified as follows: 0023 becomes 2323.

ASCII$ TO$BIN: Public

In this procedure the number of ASCII numeric characters indicated by SIZE are
converted to a 16 bit binary word and stored in the variable BIN$DA TA. This value

can be accessed by the calling program.

Use CALL ASCIl$TO$BIN (ASCIl$ADDRESS, SIZE)

where ASCIl$ADDRESS holds the starting address of an ASCII

string and SIZE is the number of characters to be

converted. (limits 1 - 4)

5.2. SET $ LOG $ PARAMETERS $ MODULE:

This module allows the log parameters to be entered into the program via menu

prompted interactive keyboard entry.

LOG$PARAM$2:

Outputs the first two characters of the string CHAR to the LCD and positions the

cursor beneath the most significant digit (m.s.d.)

LOG$PARAM $4:

Same as LOG$PARAM$2 but for 4 characters.
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ALARM$DISP:

Sets up the LCD to display the Alarm time.

X$ OVERRIDE:

This procedure sets up the LCD to display a question and a menu for the external

trigger override function.

LOG$TRIG:

Is entered whenever the [LOG-?] soft key is depressed. It responds differently

depending on which choice of trigger mode has previously been selected. Le. depends

on the value of the variable TRIG$TYPE.

If the Alarm mode was selected the actual alarm time is displayed on the LCD until

either the alarm interrupt occurs or the [EXIT] soft-key is depressed.

If the External trigger mode was selected then the procedure X$OVERRIDE is

called. This displays "X-TRIG OVERRIDE?" on line 1 and "NO YES EXIT" on line 2

of the LCD. Depending on the operators response, either a log will be initiated or the
program will return to the calling program.

If the Manual trigger was selected then a log is initiated.

CHAN$DISP$SELECT:

Allows the channel to be displayed or output to the IEEE port to be selected.

SET$LOG$PARAME TERS:

Supplies the prompts and menus that allow the log parameters to be entered into the

program. In order, they are:

1 Number of channels.

2 Scan Rate.

3 Number of Scans.
Lj Channel to be displayed.

5 Trigger mode.
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5.3. DATA$LOGGER$MODULE:

This is the main module and consists of the following procedures:

TEST:

Outputs the message "TEST MODE" and the menu D-ACQ IEEE EXIT". It then waits
for one of the soft-keys to be depressed before calling the required procedure or

exiting.

For "D-ACQ" response see

For "IEE.E" response see

DACQ$TEST in DACQ$MODULE.

IEEE$488$TEST in IEEE$488$MODULE.

SET$LOGGER$MODE:

Allows the IEEE MODE to be set ON or OFF and the TAPE MODE to RECORD,

PLAY or OFF.

It also calls the procedure SET$LOG$PARAMETERS before returning to the calling

program.

SET$MODE:

Allows the user to set either the RTC time and date or the log parameters and calls

the procedures SET$DATE$TIMF or SET$LOG$MODE respectively before returning
to the calling program.

MAIN:

This is the main procedure and does the following:

Firstly it checks to see if TAPE$MODE$FLAG is set to PLAY (1). If it is then a call

to the procedure 1APE$PLAY is made which allows the logger to act as a data

cassette replay unit. (see TAPE$MODULE further). If not, then a check is made to

see if anyone of the three soft-keys has been depressed or if the external contact,

which is connected in parallel with the [E) key, has been made (KEY = 0 to 3). The

following responses are made to each key.
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[SET] - The set mode is entered by a call to the SET$MODE procedure.

[LOG-M] - The log mode is entered via a call to the LOG$TRIG procedure.

[TEST] - The test mode is entered by a call to the TEST procedure.

[E] or External contact - The logger will enter the log mode via the LOG$SCAN

procedure

Note: All the above will return to the beginning of MAIN on completion. (see
Figute 2)

Next, the main logger menu will be output to the display. "SET LOG-M TEST". In

the LOC-M message the M indicates that the manual trigger option has been selected

and will change to A for Alarm and X for external.

If the Alarm trigger mode has been selected a check is made to see if an alarm

interrupt has occurred. (RST$55$FLAG set). If it has, then a call to LOG$SCAN is

made. If the TAPE$MODE$F LAG is not off (2) then a check is made to see if the

TAPE$ERROR$FLAG has been set. If it has, then a call is made to the TAPE$

ERROR procedure. The Real-Time clock is then interrogated by a call to

RTC$DATA. This returns the current date and time in the two strings RTC$DATE

and RTC$T IME. The day of month is output to line 1 of the display and then the

month word. 1his is after the month number has been converted into a 3 character

month word via the look-up-table, DATE$MES. The time is then output to the

display.

Lastly the 8085 interrupt register is read to determine whether either RST7.5

(keyboard interrupt) or RST 5.5 CRTC interrupt) has occurred. If the former then the

keyboard register is read into the variable KEY and if the latter then RST$55$FLAG

is set to OFF-r-l. The Program then loops back to the beginning of MAIN.
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6. THEORY OF OPERA nON

Because the system was designed on a modular basis the theory of operation of each
module making up the system will be discussed under the following headings:

lMT 8085 C.P .U. board.

2 IMT OATA ACQUISITION board.

3 lMT MFE TAPE board.

li IMT lEEE-488 INTERF ACE board.
5 Microcom 32K Memory board.

6 Data Logger P.S.U.

The discussion will encompas both the hardware and, were applicable, the software

modules pertaining to each board.

It should be noted that, with the exception of the 32k memory board, all the above

hardware was designed and developed inhouse specifically so that the Data Logger

could be implemented.

6.1. IMT 8085 C.P .U. board

6.1.1. General

The IMT 8085 C.P.U. board is in fact a S.A. bus compatable single-board computer.

The design was conceived when it was realize that although IMT had a comprehensive

8085 microprocessor development system there was no easy and cheap solution for

the implementation of small microprocessor controllers or systems. It was designed

to be S.A. bus compatable so that the use of off-the-shelf boards would allow for

system expansion if necessary, Le. memory, input/output. data acquisition etc.

This single-board computer will enable many microprocessor applications to be

tackled that would previously not have been viable due to the design tasks and their

related cost and time requirements. It wiU also enable the designer to concentrate

on the application of the computer rather than the hardware implementation details.
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6.1.2. Features:

The IM1 8085 C.P .U. board has the following features:

On board, battery backed up, CMOS Real-Time Clock.

50 bytes of battery backed up CMOS static RAM.
Single +5V supply @ 300mA

2k or 4k (link selectable) JEDEC EPROM socket (2716 or 2732 type)

2k CMOS static RAM in JEDEC socket (6116 type)

Two 8 bit 110 ports, one 6 bit port and a 14 bit counter/timer as well as 256

bytes of static RAM. (8155)

14 Pin header for strobed input keyboard (up to 8 data lines)

14 Pin header for intelligent Liquid Crystal Alphanuerics display (Densitron
lMA2C16DC type)

Power ON and Manual Reset.

Board designed to be S.A. Bus compatable.

All bus signals are buffered and will load the external S.A. Bus by a maximum of
one lS TTL load.

6.1.3. Hardware:

The two prime design goals were:

To be S.A. bus compatable.

To be a complete stand-alone single board computer.

The design meets both these requirements.

With Reference to the 8085 CPU Board circuit diagram (Appendix G) the circuitry

will be discussed in detaiL

The 8085 (IC3) is the heart of the circuitry and is run at an input clock frequency of

4,19430 MHz. This signal is derived from either the MC 146818 Real-time clock chip

(TC 15) or by directly applying the crystal to the Xl' X2 inputs of the 8085. The
board will function at higher frequencies (say 6MHz) but the Intelligent display could

not be used without modification as it requires a minimum 450 n sec pulse on 'E' for

correct operation. (see data sheet for wait state modification). The following S.A.

Bus output control lines are implemented by buffering and/or inverting the standard

8085 control signals: ClK, RESET, HOLDA, INTA and SYNC.
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Ml is achieved by buffering (SLSD) and is active for an opeode fetch or INTA.

OW, IR, MW and MR are derived from the 8085 signals WR, RD and lO/M being

decoded by a 74lS42 (IC 9). The RD and WR lines have 4k7 pull-up resistors on them

to prevent spurious signals from being generated when the microprocessor is in the

hold state.

The hold state is initiated by the S.A. bus HOLD line being taken low and indicates to
the 8085 that another device is requesting the use of the address and data busses.
e.g. for DMA. When the 8085 is ready to relinquish control it outputs the HOLDA

signal. This signal together with RESET OUT and ClK (OUT) from the 8085 is used

by a 74lS711 (lC 4) to implement a control signal for putting IC's 5, 6, 7 and 8 into the

high impedance state. These IC's are buffers for the data, address and some control

lines and are re-activated when HOLDA from the Bus is taken high.

IC 8 de multiplexes the low order address lines from the 8085 multiplexed

address/data bus and buffers them onto the S.A. Bus.

IC 6 is a bidirectional three state buffer and is used to control data flow to and from

the S.A. Bus. Pin 1 of IC h is the direction control pin and is normally held high

allowing data to flow from the board to the S.A. Bus. The circuitry in the dashed

block (lC 17 and IC 13) controls this line and will only allow data to be read from the

S.A. Bus for memory addresses 4000H and above and 1/0 addresses 40H and above.

Le. external memory must be mapped above 4000H and external 1/0 above 40H. This

circuitry was included because the first l6k of the microprocessor address space is

absolutly decoded into 2k blocks by IC 12. The first two blocks are anded together by

ICs 13 and 17 tu form a contiguous 4k block for the 2732 type EPROM. Although use

is not made of the full 16k it simplifies the design and still leaves room for 118kof

external memory and 192 1/0 locations. (See System Memory and 1/0 Maps. FIG 3

and FIG 4)
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s.i.e. Memory:

Two 28 pin JEDEC compatible sockets are provided. one each for RAM and EPROM.

The address decoding allows for 2k or Llkof on board EPROM of the 2716 or 2732 type
(link selectable) and 2k of CMOS static RAM of the 6116 or 5516 type. By cutting

the track to pin 23 of IC 11 (RAM) and connecting pin 23 to +5V the RAM socket can

be used for an extra 2k of EPROM (2716) if required.

6.1.5. Parallel I/O:

The board makes use of an Intel 8155 RAM/lO/TIMER which has 22 programmable

parallel 1/0 lines Le. two 8 bit and one 6 bit port. These lines are defined by a

software write to the 8155 command/status register. A further two lines are
available for the programmable timer function.

1/0 8155
ADDRESS SELECTION

18H Internal command / Status Register

19H PORT A 8 bit

lAH PORT B 8 bit

IBH PORT C 6 bit

lCH Low order timer count 8 bit

IDH High order timer count 6 bit
+2 mode bits

8155 1/0 addressing scheme

The timer is basically a lLl-bit down counter but has four different modes of

operation allowing the following to be generated under software control.
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A single square wave or programmable pulse.

A continuous square wave.
A single pulse on terminal count (rate generator)

A continuous pulse train or programmable strobe.

There are also 256 byts of static RAM available starting at address IBOOH.

6.1.6. Display:

6.1.6.1. Hardware

An intelligent 2 line by 16 character dot matrix, alphanumeric, L.C.D. display by the

Densitron Corporation is used to implement the display function. It interfaces
directly with the BOB5bus lines, with a minimum of hardware being required for the

strobe enable tEtpin. This signal is derived by the circuitry of IC 14 which combines

OW, OR and CE to produce a positive going pulse conforming to the enable pulse

requirements. Note: This pulse length may not be less than 450n sec for correct
operation therefore the BOB5input clock frequency should not be greater than 5MHz.

i.e. system clock < 2,5MHz.

The display module has an on board CMOS microprocessor which takes care of all the

display update, refresh and control functions.

The top line (line 1) of the display is generally used to display the relevant data and

the bottom line (line 2) is used for soft-key function display.

The voltage divider R6, VRI is used to adjust the viewing angle of the display.

The display connects to the board via a 14 pin ribbon-cable header.

6.1.6.2. Software:

Associated with the display hardware is a PL/M software monitor module,
DISPLA Y$MODULE. This module has five Public procedures and two Public variables

which can be accessed by any external program to facilitate using the display.
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LCO$INI1: Public

Initializes the display as follows:

8 bit word length.
Two line display.

Cursor ON.
Increment cursor position on entry.

Clear display.

C$OUT: Public

Outputs one character to the LCD at the current cursor position.

Use: CALL C$OUT ('X')

where X is the ASCII character to be output.
or CALL C$OUT (OF 3H)

where the hexidecimal value of the character to be output is used. (see data sheet in

Appendix 0 for font table).

MENU: Public

Outputs three soft-key labels of 5 characters each to line 2 of the display.

Use: CAL.L MENU (.X, .Y, .Z)

where .X, .Y and .Z are the starting address locations of 3 separate 5 character
strings X, Y and Z.

Note: Character 5 of Z is not displayed because it is off screen.

TEXT$OUT: Public

Outputs a string of characters starting at the current cursor position.

Use: CALL TEXT$OUT (.M, S)

where .M is the address of the first character in the message Mand S is the size or

number of characters to be displayed.
OR CALL TEXT$OUT (.M, LEN (M»

This will display the entire string M.
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INST$OUT: Public

Outputs one instruction to the display instruction register.

Use: CALL INST$OUT (1)

where I is an instruction code from the instruction set below.

Instruction set:

Clear display = 01H
Home = 02H
Blink Cursor = OFH

Cursor ON = OEH
Cursor OFF = OCH
HOME2 = COH

Shift cursor left = lOH

Shift cursor right = 14H
Shift display left = 18H
Shift display right = lCH
DISPLAY OFf = 08H
(see data sheet further)

The two Public variables are:

CHAR: This is a 16 character temporary storage location:

POSITION: This variable holds the current cursor position at all times.

L.CD$BUSY:

Is used within the module to determine when the display microprocessor is busy. Le.

processing an instruction. The procedure is called whenever a character or

instruction is sent to the display module. The procedure returns to the calling

program only once the busy flag is cleared. Before it returns it enters the new cursor

position into POSl TION.

Lastly. the display data and instruction registers are mapped to 110 locations 31H

and 30H respectively.
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6.1.7. Keyboard:

6.1.7.1. General

The keyboard is a 16 key x - y matrix type.

The keys have the following functions:

Ten have the standard numeric functions 0 through 9.

Three have the dedicated functions:

1. Left shift or decrement [.-].

This key allows the cursor to be shifted one position to the left or a number to be

decremented by one for each key depression. Which of the two functions it performs

depends on the current program.

2. Right shift or increment [-+].

This key performs the same as above but in the opposite direction.

3. Enter [E]

This key allows a variable to be entered into the program once it has been correctly

keyed in.

The last three keys are soft-keys.

These keys change roles from time to time under software control. Their designated

function at anyone time is displayed in the lower line of the L.C.D. as a label of

maximum 5 character length. The keys are colour coded for ease of association with

the labels which have matching colours on the L.C.D. bezel.

This function allows a great deal of flexibility in the system/operator interface,

especially with regard to the input and selection of parameters, and enhances the

menu programming facility.
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6.1. 7.2. Hardware:

The keyboard has associated with it a circuit called Matrix Keyboard Encoder which

was designed by Mr S Koster. This circuitry resides on a P.C. board which is mounted

on the back of the keyboard and is connected directly to the C.P .U. bus lines via a
ribbon cable. There are four data lines which convey the 16 possible key values to

the C.P .U. (Allowance has been made on the CPU board for 8 bit data.) Of the
remaining four lines two are used for +5V and ground, one for keyboard output enable

and the last for the Data Available signal which is connected to RST 7.5 on the 8085.

The circuitry uses a 74C922 16 key encoder chip which has the following built in

functions:

On chip scanning.

2 Key roll over.

Keybounce elimination.

Tristate outputs.

Last key register.

When a valid keyboard entry has been made a Data Available signal is generated.

This signal stays high until the key is released and is used to generate a positive going

pulse on RST 7.5 of the 8085. It also enables an oscillator which drives circuitry to

cause a Beep sound for user feedback.

6.1. 7.3. Software:

The software drivers for the keyboard circuitry are found in KEYBOARD$MODULE.

This module has four Public procedures to facilitate its use.

KEY$INI1: Public

Sets up the RST 7.5 jump vector and the interrupt mask. It also enables the RST 7.5

interrupt.
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Closely associated with this procedure is a procedure called RST$75.

RST$75: is an interrupt routine and is invoked when the Data Available strobe (RST

7.5 interrupt) is received from the keyboard encoder circuitry by the 8085 . The

procedure returns with the depressed key value in KEY (0 - F Hex) and an ASCII

value in KEY$ASCII which is generated by a look-up table. An interrupt flag

(FLAG l) is set and the program control is returned to where it left off.

KEY$ENTRY: Public

Waits for a key depression to occur which is indicated by FLAGI being set. Once this

happens FLAG 1 is reset and the procedure returns to the calling program with the

keys value in KEY.

KEY$IN: Public

Allows a string of up to 16 characters (usually numeric) to be assembled in the

external variable CHAR which are usually displayed on the LCD for feed back. It
also allows the cursor to be shifted right or left for editing purposes.

This procedure will only return once [El is received. At this point a correctly entered

string of numerals will be available in CHAR and a count variable (1) will hold the

number of characters entered.

6.1.8. Real-Time Clock:

6.1.8.1. General:

The time-of-day clock with calander function was implemented using a single CMOS

chip (MC 146818). It has the following main features:

Battery back-up for the clock functions as well as for SO bytes of static RAM.

This RAM is used for all variables and input parameters that need to be

protected from power-cuts.

A Programmable periodic interrupt mode.

An alarm interrupt mode.
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See data sheets in Appendix 0 further.

The clock is set via menu-prompted keyboard entry.

6.1.8.2. Hardware:

The clock chip interfaces directly with the CPU bus lines. The clock out (pin 21)

which is derived from the 4 MHz crystal is used as the microprocessor clock input.

An on-board Ni-CAD battery provides the 3, 6 V required for battery back-up. To

implement a glitch free change over from +5V to battery it was found necessary to

include a comparator circuit which isolates the CE line on the RTC chip as power
fails. This circuit is set to operate when the +5V rail falls below 4,8V. When the +5V

rail falls below 3,6V the battery takes over via a diode switch. This circuitry is hard

wired into the system. (IC's 18 and 19)

6.1.B.3. Software

REAL$TlME$CLOCK$MODULE contains the software drivers for the above

hardware. They are:

RTC$INIT: Public

Initializes the RST 5.5 jump vector and sets the interrupt mask on the BOBS. It also

sets the initial Periodic interrupt rate at D,S sec and leaves it in the disabled state.

RST$ss: Public

Is entered via the RST 5.5 interrupt and sets RST$55$FLAG before returning to

where the program left off. The flag is used to indicated that an interrupt on the

RST 5.5 line has occurred.

SET$DATE$TIME: Public

Puts the RTC chip in the set mode and allows the date and time or the alarm time to

be set. The above is accomplished via menu-prompted keyboard entry and once

completed the RTC chip is put into the run mode and the display is cleared before

returning to the calling program.
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The procedure RTC$INIT$DA TA is used by the above to convert ASCII characters

into packed BCD which in turn is used to load the relevant RTC registers with the

new data.

RTC$DAl A: Public

This procedure waits for the RTC internal update cycle to be completed before it

reads the data registers and converts them to two 6 character ASCII strings.

RTC$DATE and RTC$TIME..

Their format is:

RTC$DATE:

RTC$TIME.:

DD MM VV

HH MM SS

This data is used to output to the LCD or used whenever current date and time data

are required.

6.1. 9. Specifications:

1. System Clock:- 2.09715 MHz

2. Memory:

On Board: 2k or 4k bytes EPROM; start address OH (2716 or 2732)

2k bytes static RAM; start address 1000H (6116 type)

256 bytes static RAM; start address 1800H (8155)
50 bytes battery backed up static RAM; start address 2000H (MC

146818).
Expansion: 48k bytes. ROM or RAM starting at 4000H.

3. Input/Output:

Parallel: 22 programmable 1/0 lines.

Serial: The SID and SOD pins can be used for serial 1/0.
Expansion: 192 1/0 locations available starting at 40H
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4. Interrupts

8085
NAME

I
I
I PRIORITV
I

USE REST ART ADDRESS

TRAP
RST 7.5
RST 6.5
RST 5.5
INTR

I
I 1
I 2
I 3
I 4
I 5
I

S.A. BUS NMI
Keyboard interrupt
Not used
RTe interrupt __
S.A. BUS INTR

24H
3eH
34H
2eH

I Depends on external circuitry
I I

5. Timers: Time of day clock/calander (Me 146818)

Periodic interrupt generator on RST 5.5 (Me 146818)

Alarm clock interrupt on RST 5.5 (Me 146818)

14 bit general purpose timer (8155)

6. Electrical:

Requires 5V de at 300mA for completely populated board.

6.2. IMT Data Acquisition Board

6.2.1. General:

This board was designed with the following basic requirements in mind.

1. S.A. Bus compatibility.

2. 12 bit resolution.

3. 32 multiplexed analog input channels.
4. Data through put of at least 64 samples/sec.

The AD 574A. Analog to Digital (A/D) converter by Analog Devices was chosen to

implement this board. It is a J 2 bit (or 8 bit) successive-approximation A/D

converter that can easily be interfaced to the S.A. bus. It is configured as a bipolar

input device with the following input voltage ranges: -5 to +5V or -10 to +10V which

are link selectable.
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6.2.2. Data Throughput:

For a successive approximation AID the input signal is required to remain constant
during the conversion time. This implies that it must not change by more than half a

least significant bit (LSB) during this time.

The maximum input frequency (f ) for a given precision (n bits) is given by:max

finbitmax = Ref. 4 Page 15
2lT X 2 n x Sampling time

Sampling time for the ADs74 is:

12 bit conversion:- 3slJ. sec
8 bit conversion:- 24lJ. sec

f / l Zbit =max 12 -62lT x 2 x 35 x 10

= 1,Il Hz

similarly f I 8bitmax = 25.9 Hz

Because these Figures are rather low a Sample and Hold (S&H) amplifier (AD sA2) is

included in the design to improve them. f of the system is now governed by themax
S&H aperture jitter Figure which is lsn sec for the AD 582.

Now f max I n bit = Ref. 3 Page 14-34
2lT x 2n x Aperture jitter

f max I 12 bit = 12 -92lT x 12 x 15 x 10

= 2.590 kHz

and f 18 bitmax
= 41.446 KHz but in practice it is limited to the reciprocal of

the sum of AID conversion time (8 bit = 24lJ. sec) added to

the S&H acquisition time (6lJ. sec)
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. fiS bit =max (2Lj + 6) x 10-6
= 33,33 KHz

If the sampling time is not referenced to an absolute time then the f is again themax
reciprocal of the sum of the conversion time (35).l sec for 12 bit) plus the acquisition

time of the S&H amp (25).l sec for 12 bit)

1
Le. fmax I 12 bit = 6

(25 + 25) x 10-

= 16,67 KHz

Throughput for the Data acquisition board, using overlapped multiplexing is therefore:

12 bit resolution: - 60).l sec.

S bit resolution: - 30).l sec.

6.2.3. Printed Circuit layout and Power supply requirements:

The layout of a 12 bit data acquisition board is fairly critical if full use is to be made

of the available resolution. Consider that if the AID is configured for a 10V input

voltage range then one bit represents 10V divided by 212 or 2,44mV. This means that
any noise signals (and power supply ripple) must be kept well below this value if 12 bit

accuracy is to be achieved.

Some points to consider during P.C. layout are:

Separate digital and analog circuits by "ground" tracks.

2 Reduce edge connector contact resistance effect by using parallel connections.

3 Use thick track and run separate ground lines for each DC supply.
Lj De-couple DC supplies at the input to the PCB as well as at each IC. Use a

combination of low value ceramic and high value tantalum bead capacitors to

achieve this. Le. O,l).lF ceramic in parallel with 47).lF tantalum.

5 Use ground guard's on sensitive input lines.

6 Leave as much ground plane on the the PCB as possible.

7 Connect all unused IC pins to ground.
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8 Connect the analog and digital grounds together locally on the board Le. at AID

converter.

9 Site AID and S&H as close as possible physically.

10 If unavoidable, analog and digital lines should cross at 90° to minimise

interference.

A design for a low noise ±15V tracking regulator supply was found in the National

Semiconductor Linear Databook (Ref. 13 Page 1-45) which gave the required
regulation and output ripple Figures. This design uses an opamp in a feedback
configuration to improved the output ripple.

6.2.2. Hardware:

With reference to the IMT Data Acquisition board circuit diagram (Appendix G). IC 1

buffers most of the incoming lines from the S.A. bus. IC 2 buffers the rest and

decodes the board address (absolutely). The board occupies eight consecutive port
locations (SOH to 5h-i) and the OIL switch 51 and pull-up resistors select the actual

board start address.

IC4 (c and d) decode the chip select (CS) line to the A/D converter (lC5). IC3 (c) has

a similar function for IC6 (8255). IC3 (a and b) control the chip enable CG) of IC7

(74LS245). This ensures that the bi-directional data lines are only selected when ((IR- -OR OW) AND board select from IC2) is true. The DIR pin of IC7 is controlled by OW.

The analog signals of the Data Acquisition board are multiplexed to the S&H amp by

two Multiplexer (MUX) chips (lC9 and 10). The channel to be sampled is selected by

IC6 (Port B) under software control. IC4(a) ensures that only one of the MUX IC's is

operative at any time.

lC8 is the Sample and Hold (S&H) amplifier.

The sample/hold mode is selected automatically by the status (STS) output of the

A/D. When the A/D is triggered, by a software command, the conversion cycle

begins by taking the STS line high which puts the S&H amp into the hold mode. It

remains in the hold mode until the AID has completed it's conversion. STS is then

taken low which allows the S&H amp to revert to the sample or track mode.
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Provision has been made all the PCB to accomodate different size hold capacitors

(C2) and there are also two 8 bit, software configurable, digital input/output ports

available for digital data acquisition. (Port A and Port C of ICb).

Analog input connection to the board is made either by the on board terminal blocks

or via the 34 way ribbon cable header (P3).

To calibrate the board VRl and VR3 can either be set to 500 (midway) or can be

adjusted as per the procedure "Bipolar Operation" on Page 7 of the AD574 Circuit
Details (Appendix D). VR3 is used as an offset nul pot for the S&H amp. (lC8).

b.2.3. Software

The software module DACQ$MODULE has been written to facilitate the use of the

Data Acquisition board. It has the following procedures:

D$ACQ$INlT: Public

Initializes the on-board 8255 (ICb) with all its ports set to the output mode.

MUX$35:

Is used to ensure that the A/D converter has a full 35 micro seconds in which to

complete a 12 bit conversion before being read. It also increments the channel

pointer, CHAN, and outputs this new value to Port B of ICb which selects the new.
MUX channel. The MUX increment is done during this time to speed up system

throughout by "overlapping" some of the system settling times and is allowed because

the S/H amp is always in the "Hold" mode before this procedure is called.

The procedure returns to the calling program after 3511 sec with the MUX switch

incremented by one.

LOG$DISPLA Y$PROCEDURE:

This procedure configures the display to output "CHAN.#" on line 1 and a soft-key

menu on line 2 which depends on whether the TEST flag is set or not

TE.ST = 0 EXIT"

TEST = 1 .. ENTRY EXIT"



- 42 -

This flag is supplied by the calling program.

LOG$DA TA$NORMALlZE:

Normalizes the lZ-bit data (DATA$HI and OATA$LO) for a selected channel, to a

value in the range 0 - WOOD. The value is stored in the 16 bit variable AD$DA TA
after the LSB has been rounded up and represents rnilli Volts.

If the IEEE$MODE$FLAG is set then AD$DA TA is output (high byte first) to the

lEEE-488 port provided that the IEEE listener indicates via the NRFD line that it is

ready for data (NRFD=l) and that the Data ready buffer (ORB) line is low.

AD$DA TA is then converted first to a bipolar (O-SOOOmV)value and then this binary

value is converted to four ASCII numerals with sign and output to the LCD with "mV"
appended.

LOG$SCAN:

This is the main procedure and is called when the Data Logger is triggered.

First the buffer pointer (BUFF$POINT), which points to the next location in the

Buffer memory to be filled, is initialized to zero and then the MUX switch is set to

channel /Il.

1he periodic interrupt function from the Real-Time clock is set to the selected scan

rate and enabled.

The current value of Date and Time is read from the RTC to be used in the Data

Header.

A wait loop is then entered until the periodic interrupt occurs. When this happens the

AID conversion cycle is started by a dummy outpul to Port SOH. The time delay

procedure (MUX$3S) is called and when it returns, two bytes of data are read into

tempory storage arrays (OAT A$HI and OATA$LO) and then transfered to the Buffer

memory (high byte first). BUFF$POINT is then incremented by two. Note that the

MUX switch is incremented by one during the MUX$3S call.

When the required number of channels has been converted the MUX switch is reset to

channel /Il and LOG$DA TA$NORMALlZE is called. This procedure displays the value

of the analog channel initially selected, on the LCD in millivolts.
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If the required number of scans has not yet been met the program loops back to wait

for the next periodic interrupt, otherwise the interrupt is disabled.

If the TAPE$MODE$F LAG is set, a tape dump of all the logged data, preceded by the

Data Header (DATE, TIME, etc) is made to the Digital Tape recorder.

If the ALARM TRIGGER mode was active then the alarm is re-enabled before

returning to the calling program.

D$ACQ$TEST: Public

Allows a specific, selected channel to be displayed and output to the IEEE port. The

data is updated as fast as the software can run.

The selection of the channel to be displayed depends on the value in DISP. This value
can be modified while the program is running by using the [(-], [~] or [ENTRY] Keys.

The procedure will run until either the [EXIT] key is pressed or the Data Logger is

reset.

6.3. IMT M.F.E. Tape Board:

6.3.1. General:

The Mass storage media chosen for the Data Logger was Digital Cassette. This

choice was made for two reasons:

A data logger typically has to operate in a harsh environment and therefore

floppy disk storage, for instance, would not perform satisfactorily. A digital

cassette (same format as the common audio cassette) is robust and will survive

transportation fairly well.

2 Two M.F .E. digital cassette tape transports were available.

The MFE 450B tape transport has the following features:

Robust design and good environmental characteristics.

High data reliability is achieved by using an optically encoded clock to regulate
-7the transport motor speed. (better than 1 x 10 error rate.)

Transport reliability is indicated by the 15,000 Hours MTBF Figure.
Storage capacity is 676k bytes using both sides of a 300 foot cassette at 800 BPI.
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6.3.2. Hardware:

The MFE 450B type transport was fitted with the MFE 414 parallel option which

made interfacing it to the S.A. Bus a fairly simple task. This circuitry is called the

IMT MFE Tape Interface and will be discussed with reference to the circuit diagram
(see Appendix G).

ICI is used to buffer the board from the S A Bus. IC2 is a 6 bit binary comparator

which is employed as an address decoder. The board takes up four consecutive (fully

decoded) input/output locations with the start address being set up on SI (selected to

start at 44H for Data Logger).

When the 1/0 address and switch value match, IC2 (pin 9) is allowed to be pulled high

by a 4k7, resistor. (lRl pin 7) which causes the CS line on IC4 (pin 6) to be taken low

by the inverter IC3 (c).

The data lines of IC4 (8255) are buffered from the SA Bus via a 74LS245 (lC5)

bi-directional buffer. The direction of data flow is controlled by the SA Bus OW
- -line. IC5 chip enable (G) is only low (enabled) when IC2 (pin 9) is high AND OW OR

IR are active (low). At all other times IC5 is in the high impedance state.

IC4 Port A and Port B are used for data input and output respectively (from the tape

recorder's point of view). Port C is used for controlling the tape drive via the control
lines CE.I to CE7. The Port C line along with Rl, R2 and Tl was designed to drive a

LED to be used as a tape transport motion or busy indicator but was not

implemented. All the above lines as well as the power lines required by the tape

drive were terminated in a 40 way ribbon cable header on the board (P2).

The power required by the tape transport comes -from the Data Logger P.S.U. via P3

except for the -12V which is generated on board by a DC to DC converter (CB 3811).

6.3.3. Software:

The procedures used to control the tape transport are to be found in TAPE$MODULE:

TAPE$INIT: Public

Initializes the 8255 on the M.F .E. Tape Board to the required configuration. (Port A

= output, Port B = input and Port C = output)
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TAPE$STROBE$OUT:

Is used to strobe a control line (CE 1 - CE7) from high to low and back to high.

USE: CALL TAPE$STROBE$OUl (CE4)

This would reset the EDT flag in the tape transport.

TAPE$STROBE$IN:

Strobes data into a variable T$DA TA.

USE: CALL TAPE$STROBE.$IN (CE6)

This would cause the USRT status register to be read into T$DA TA.

DELAY:

Produces a delay of approximately 1 milli second.

USE: CALL DELAY (25)

This would cause the program to be delayed by 25m sec before proceeding.

POR T$A$OUT:

Outputs data to the tape transport USRT.

USE: CALL PORT$A$OUT (CONTROL, DATA)

This outputs DATA to the control register designated by CONTROL.

TBMT

This procedure waits for the transmit buffer of the USRT to be empty before

returning to the calling program. This is achieved by repeatedly reading the USRT's
status register until the TBMT bit is high.
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RDA:

Reads the USRT status register repeatedly until the Receive Data Available flag is

set. It then returns to the calling program.

TAPE$ERROR$MES:

Outputs a message to the L.C.D. which depends on the error condition prevailing at

the time. The error condition is determined by reading the USRT status register and

the message could be one of the following:

1 "END OF TAPE!"

2 "WRITE PROTECTED!"

3 "LOAD CASSETTE!"

These messages allow the user to quickly determine why the program has aborted.

REWIND:

Checks whether a cassette is loaded and if so rewinds it to the beginning. It then

pauses for 360 m sec, as required by the cassette machanics, before returning to the

calling program.

POSIT ION$T APE:

Allows the tape to be positioned at the beginning of a particular record which is

denoted by the value in RECORD.

GET$OFF$LEADER:

Positions the tape head just after the clear lead-in tape (if called from

TAPE$WRlTE$INIT) or just before record 111 (if called from TAPE$READ$INIT).

RECORD$DISPLA Y

Displays the next record to be read or written to, on the LCD.

TAPE$BLOCK$DUMP: Public

Dumps a block of data, preceded by a Data header onto tape. The header contains:
Date, Time, Scan Rate, Number of Channels, Number of Scans (high byte), Number of

Scans (low byte). The size of the block is determined by:
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Block size = (No. of Chans x No of Scans x 2) + 16 bytes.

Le. for 27 channels and 240 scans

Block size = (27 x 240 x 2) +16
= 12,976 bytes.

:. Tape capacity in records is approximately = 676,000 .;-Block size.

Using the above Figures for Block size:

Tape capacity =' 52 records.

The procedure checks for tape errors at all times during and before the dump process

and sets the TAPE$ERROR$FLAG if necessary. After all the data has been dumped

onto tape an inter-record gap is generated and the variable RECORD is incremented
before the procedure returns.

If the procedure is called from TAPE$WRlTE$INIT then RECORD = 0 and a dummy

block of 256 bytes is initially dumped onto tape. This block is never read but is

required by the transport logic for error free operation. Because a USR T is used in

the tape drive electronics a SYNC word (AAH) is required at the beginning and end of

each record and is provided for in the procedure.

TAPE$BLOCK$READ:

This procedure positions the tape head before the selected record and then reads the

header data into the Buffer memory. This data is also used to calculate the amount

of data to be read into the Buffer memory. Tape errors are monitored throughout the

procedure and the RECORD counter is incremented before returning to the calling

program.

RECORD$SELEC T:

Allows any record (limit 1 to 99) to be selected via the keyboard and its number to be

displayed on the LCD prior to reading it.

The program allows for incrementing or decrementing the record number by one for

each depression of the [-+] or [~] keys respectively. Any record number can be entered

via the [ENTRY] soft key.
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TAPE.$READ$INIT:

Ensures that a cassette is loaded and then rewinds the tape and positions the tape

head at the beginning for record Ill.

BUFF$TO$IEEE$DUMP:

Dumps the data header and then the log data from the Buffer memory to the

1EEE.-488 port. The data will not be output unless the IEEE listener indicates that it

is ready to receive data (NRFD = 1).

TAPE$PLAY: Public

Checks keyboard entries to determine whether:

. A record is to be read.

. The present record number is to be incremented or decremented.
The program is to exit or returned to the calling program.

TAPE$WRITE$INIl :

Initializes the data cassette in the transport by rewinding it, getting off the clear

leader and executing a dummy dump. The procedure returns to the calling program

with the tape head positioned in front of Record # 1 and with the variable RECORD =

1.

TAPE$ERROR: Public

This procedure calls TAPE$ERROR$MES which outputs the relevant error message to

the LCD and then waits for a response from the user. The user must respond by

removing and/or inserting a cassette depending on the prompt displayed.

TAPE.$WRITE$INIT is then called and the TAPE$ERROR$FLAG reset before

returning to the calling program.
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6.4. IMT IEEE-4BB Board

6.4.1. General:

This board was designed and developed by Mr G de Waal to primarily interface a

discreet logic circuit to the IEEE -4BB Bus. For this application the Fairchild 96LS4BB

LSI circuit was ideally suited as it required no other intelligent hardware to
implement.

The writer was involved with the project during the development stage and suggested

extending the circuitry to include S.A. Bus compatibility. He also undertook to

design the extra circuitry required. As the suggestion was not in conflict with the

original design goals and would make the final board more versitlle, it was decided to
incorporate it.

Mr de Waal left IMT before being able to document his work and this was left to the

writer, hence the inclusion of this material in this document.

The Board implements the IEEE-4BB bus Talk, Listen and TALK/LISTEN modes (but

not the controller mode) and either interfaces to the S.A. Bus as a fully buffered 1/0

peripheral with minimal software overhead requirements or to discreet logic in a

stand-alone configuration (Talk mode only). It does not cater for the Extended

Address mode or Parallel Pole mode.

6.4.2. Hardware:

The GPIB or IEEE-4BB bus is an internationally recognized bus standard for

instrumentation interface which defines mechanical, electrical and functional

specifications. It is organized as a byte-serial, bit-parallel communications structure

with 16 active bus lines which can be divided into 3 functional groups:

B Data lines (DID to DIOB)which require negative logic signals.

3 handshake lines for data transfer (NRFD, NDAC and DAV).

5 control lines (ATN, REN, EOl, IFC and SRQ).

With reference to the IMT IEEE-4BB board circuit diagram (Appendix G).
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The handshake and control lines are implemented by 1Cl (96LS488)) and conform to

the IEEE-488 standard of 1980. The data lines are buffered by lC3 or lC4

C/4ALS24S). These are bi-directional bus driver/receivers and capable of sinking
48mA which complies with the IEEE-488 bus specifications.

The 96LS488 can be operated in 14 different modes selectable by D.l.L. switch SW2.

Table 1 (page 9) of the 96LS488 data sheet (Appendix D) defines these modes. (Note

that the extended address option is not available.)

.The IEEE device address is set up by D.l.L. switch SW1 (1 to 5). This allows selection

of any of the 31 address codes or unlisten. (see table 2 on page 10 of the 96LS488

data sheet). The remaining switches of SW1 (6 to 8) are used to connect inverted
"strobe output" signals to their "ready input" signals. This allows the required

handshakes to be automatically generated if the peripheral electronics cannot supply

them.

The 96LS488 clock is derived from a crystal and Rl, C4 and CS or the RC network

Rl, CS. (See data sheet, in Appendix 0, page 12 fig 6). The crystal option should be

chosen if precise timing is required otherwise the RC oscillator is adaquate. Both
should produce a lOMHz clock frequency which gives correct source handshake delays.

A "power-on" reset function is provided by R6 and C7 which are connected to the

master reset pin (MR) of the 96LS488.

There is space on the board (P2) for 3 LED's which are driven by the following

96LS488 status lines:

R/L; this diode is on when the device is in the Remote mode.

LAD; this diode is on when the 96LS488 is addressed to listen.

TAD; this diode is on when the 96LS488 is addressed to talk.

Also on P2 are two points to be connected to a "remote/local" switch which requests

a return to local input (RTL = 0) when depressed.

In the stand alone configuration IC4 buffers the signal lines from IC's 5 and 6 to the

010 bus lines. IC's 5 and 6 are 8 line to 4 line switches and allow the 96LS488 to

select either a data or status read from the external electronics by means of the

D/S/E line. Only the IEEE TALK mode is implemented with this hardware

configuration.
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In the stand alone configuration only 1C's 1 to 6 but excluding IC3 are used. The

board is connected to the external electronics via P3.

In the 5 A Bus configuration only 1C 1 (and its peripheral components) and 1C3 are

required of the above mentioned circuitry. (Le. not lC's 2, 4, 5 and 6).

1C3 allows for bi-directional data transfer and buffers the data to and from the 8255

(lC9). The direction pin of 1C3 is controlled by DRB (from the 96LS488) gated with

Port C2 (l C9). 1C 12 is used to buffer the board from the 5 A Bus. 1C Il is a 6 bit

binary comparator which _is employed as an address decoder. The board takes up four

consecutive (fully decoded) input/output locations with the start address being set up

on SW3. (Selected to start at 60H for the IMl Data Logger).

When the 1/0 address and switch values match, 1C Il (pin 9) is allowed to be pulled

high by a 4k7 resistor (lR2 pin 7) which causes the CS line on 1C9 (pin 6) to be taken

low by the inverter lC13c. The data lines of lC9 (8255) are buffered from the 5 A

Bus via a 74LS245 (lC 10) bi-directional buffer. The direction of data flow is- -controlled by the SA Bus OW line. IC 10 chip enable (G) is only low (enabled) when

lCll (pin 9) is high AND OW OR IR are active (law). At all other times IC 10 is in

the high impedance state.

lC9 is a Programmable Peripheral Interface (PPI) and has three 8 bit ports.

In this application 1C9 Port A was configured in mode 2 (bi-directional 1/0 with

handshakes) to simplify software design. To work correctly in this mode a hardware

modification had to be made because the TXST or STST signals from the 96LS488
were not compatible with the ACKA requirements of 1C9. The track was cut

between 1C8 pin 10 and 1C9 pin 11 and the IEEE bus line, DAV (lCl pin 28), was

connected to 1C9 pin 11.

A further modification was made by connecting, the IEEE bus line, NRFD (l Cl pin

26) to lC9 pin 23 (PB5). This line is used to test whether the IEEE bus is clear for

data exchange (by the 5 A Bus).

Port B is used to input status data from the 96LS488 to the 5 A Bus and the

remainder of the Port Clines (PCO and PC2) are used as output "bit" ports.

Most of the 8255 port lines connect directly to the 96LS488 but the handshake lines

require invertiny for proper operation. This is accomplished by 1C's 7 and 8. The
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signal from PC7 (OBF) is gated with DISIE from the 96LS488 by lC7 (a, b and c) to

produce either a TXRDY or STRDY signal for 1C 1.

Port C2 is used to control the chip enable pin (G) of 1C3. This signal is gated with

ORB from 1C 1 by 1C8 (a and d) to control the direction pin (DIR) of 1C3.

6.4.3. Software:

The software drivers for this board are to be found in IEEE$488$MODULE:

IEEE$488$INT: Public

Initializes Port A of IC9 to mode 2 and enables IC3 via Port C2.

lE.EE$488$T EST: Public

Outputs 0 to 255 as data to the IEEE-488 bus. It is used by an external computer (Le.

HP85) to determine if the interconnection between itself and the DATA LOGGER has

been correctly made and is functional.

After the board has been initialized by IEEE$488$INIT it is treated as a bi-directional

liD port situated at (the selected start address) 60H. All hand shaking between

96LS488 (lCl) and the 8255 (lC9) is automatic and the 96LS488 or NRFD status can

be read from Port B (location 6lH.)

Status Data: Port B

PBO = LAD from 96LS488
PB 1 = CLR from 96LS488

PB2 = RQS from 96LS488

PB3 = ORB from 96LS488
PB4 = DISIE from 96LS488

PBS = NRFD from IEEE-BUS

To use: Establish whether the IEEE-488 bus is ready to receive data by waiting for

ORB (from Port B) to equal 0 and then output a byte of data to Port A.

In the IMT Data Logger the IEEE-488 board is only used for outputting data to the

IEEE-Bus. This occurs in the LOG$DA TA$NORMALlZE and BUFF$TO$IEEE$DUMP

procedures.
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6.5. Microcom 32k Memory board

The Buffer and Program Memory requirements for the Data Logger were met by
using an "off-the-shelf" 32k byte S A Bus Memory board from Microcom (see
Appendix G).

This board can accomodate a mixture of 2716 EPROM's and 6116 CMOS static RAM

and is therefore very useful in this application.

The board start address was chosen to be 8000H which is the start address of the

Buffer RAM. The Buffer RAM is 16k bytes long and extends from 8000H - BFFFH.

The CPU restarts at OH buL is immediately vectored to the program located at
COOOH. The program is approximately 8k long and therefore extends from COOOH-

DFFFH.

6.6. Data Lager P.S.U.

The power requirements for the Data Logger circuitry are as follows:

+5V at 3A - Tape drive and logic.

-5V at 500mA - Tape drive.

±15V at 35mA - low noise for Data Acquisition board.

The +5V is supplied by an OLV15 (UGLY) power supply with the power transistor

re-located to an external heat sink.

The -5V and ±15V requirements are supplied by the Data Logger P .S.U. board

circuitry (see Appendix G).
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7. OPERATING INSTRUCTIONS:

The Data Logger is set-up and controlled by the user by means of the 16 key

keyboard. (See System description 3.1)

The program displays either an explicit prompt like "Set Channel to be Displayed" or

"Load Cassette" and then waits for the user to respond, or a menu like "SET LOG-M

TEST" from which the user may select his choice via soft-key entry. The keyboard

and display functions are illustrated below (Fig 5).

01 MAR. 13: 00: 00
MENU-- *SET •• LOG-t,l.TEST

/ //,,~~[EJ
SOFT KEYS

-;-

[JJ L2J [3] rn
ffiJrn:J[7][[]

SHIFT LEFT
0[]][]][2JOR -

DECREMENT KEY
Jf

DATA OR PROllPT

ENTRY KEY

SHIFT RIGHT
OR

INCREMENT KEY

KEYBOARD & DISPLAY FUNCTIONS

FIG 5

The IEEE-4SS interface connector, External Trigger connector block and the Data

Acquisition connector along with the 220V mains plug, fuses and on/off switch are all

located on the Data Logger back pannel. (Fig 6)

The pin allocation for the Data Acquisition connector is tabulated below (Fig 7). The

DATA LOGGER IEEE-4SS address is set at 10 (see Appendix G for switch settings).
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BACK PANEL

FIG 6

CHANNEL
DEE

CONNECTOR PIN CHANNEL
DEE

CONNECTOR PIN

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
GND

20
21
22
23
24
25
26
27

1
2
3
4
5
6
7
8

36

17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
GND

28
29
30
31
32
33
34
35
9

10
11
12
13
14
15
16
17

OAT A ACQUISITION CONNECTOR PIN ALLOCAnON

FIG 7
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To operate the Data Logger in the log mode the following sequence of steps should be

taken.

Initial Power up (7.1)

2 Set Date and Time (7.2)

3 Set Logger Parameters (7.3)

4 Data Acquisition Test and Calibration (7.4) if required.

5 lEEE-488 Port Test (7.5) if required.
6 Cassette loading in record mode (7.6), referring to Tape Transport Prompts (7.7)

when necessary.

To operate in the Data Playback mode, Initial Power up (7.1) and then Data Playback
(7.8) should be followed.

7.1. Initial Power up

On initial power up and switch on the Main menu and a very mixed up date and time

should be displayed on the LCD.

?? ??? ??:??:??

main menu SET LOG-? TEST

Note: The ?'s represent random characters at this stage.

If the above display is not in evidence then the mains switch should be switched off

and then on once more. If the Main menu is still not displayed then the instrument is

faulty.

7.2. Set Date and Time

To set the required date and time into the Data Logger the following steps must be

followed, From the main menu push [SET] to get

"SET MODE"

TIME LOG EXIT

push [TIME] for

SET DATE

DDMMVV
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Key in the required date in the format displayed using the [~] or [~] keys to edit any

incorrectly keyed value.

For example: 1st March 19B6 is keyed in as

[0], [1], [0], [3], [B], [6].

When you are satisfied that the date is correct push [E] to get

SET TIME

HHMMSS

The required time, in 24 hour clock format, is now keyed in.

example: Ipm is keyed in as [1], [3], [0], [0], [0], [0].

Wait for your time reference to reach the set value before pushing [E]. The program

now returns to the main display.

Using the values in the above examples the display would look as follows:

OlMAR. 13:00:00

SET LOG-? TEST

With the time updating each second.

7.3. Set Logger Parameters:

Starting with main display push [SET] to get

"SET MODE"

TlME LOG EXIT

Push [LOG] for

IEEE MODE SET

OFF ON
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[OFF] = Program does not output data to the IEEE-488 port.

[ON] = Program outputs the "Channel to be Displayed" data (see below) to the
IEEE-488 port.

Note: The program will hang up in the Log or TEST -DACQ modes if no IEEE listener

is connected to the Data Logger and [ON] is selected.

Upon selection of [OFF] or [ON] you get

TAPE MODE SET
REC PLAY OFF

[REC] = Program records data on cassette at the end of each log.

[PLAY] = Program enters the Tape Play-Back mode.

[OFF] = Program does not record data.

Upon selection of [REC] or [OFF] you get:

SET

NO OF CHANS: 1?

Key in the required number of channels to be logged (limits 1-32), e.g. 9 is entered as

[0], [9] and then [E] to get

SET

SCAN RATE: 1?

Key in one of the codes tabulated below.

I code I scan rate I code I scan rate
I I I I
I I I I
I 15 I 500m sec I 12 162,5m sec
I 14 I 250m sec I Il I3l,25m sec
I 13 I 125m sec I 10 115,62Sm sec
I I I I

e.g. If code 15 was used each selected channel would be scanned once every SOOmsec.
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Key in [E] to get

SET
NO OF SCANS: ????

Key in the required number of scans for the log (limits 1-9999). e.g. 240 is keyed in

as [0], [2], [4], [0] and then [E] to get

SET CHAN. TO BE

DISPLAYED: il??

The real-time logged data of the channel selected here is displayed on the LCD and

(if the IEEE mode is "ON") is output to the lEEE-488 bus during the log.

Key in the required channel number (two digits) and then [E] to get.

SET TRIGGER
ALARM EXT MAN

This procedure allows the user to select one of three alternative ways to trigger a log:

1. [ALARM] When the [ALARM] key is pushed the program displays:

SET TIME ALARM
HHMMSS

Key in the required log start time (24 hour clock) and then push [E] to return to the

main display which will look as follows.

OlMAR. 13:00:00

SET LOG-A TEST

[LOG-A] can be used to display the ALARM time as follows:

LOG STAR 1SAT

12:34 EXIT

Push [E.XT] to return to the main display.

Note: A log is started at the Alarm time and every 24 hours thereafter.
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2. [EXIT] - This key is pushed to select the external trigger mode. Once it has

been selected the program returns to the main display as follows:

Ol MAR 13:00:00

SET LOG-X TEST

The program now allows a log to start every time the external contact points are

shorted together.

[LOG-X] can be used to manually override the external trigger from the following

display:

X-TRIG OVERRIDE?

NO YES EXIT

[NO] or [EXIT] allow the program to return to the main display.
[YES] starts a log and returns to the main display upon completion.

3. [MAN] - When this key is selected the program returns to the main display.

Ol MAR 13:00:00

SET LOG-M TEST

In this mode a log is started every time [LOG-M] is pushed.

7.4. Data Acquisition Test and Calibration: Ensure that nothing is connected to the

Data Acquisition port. From the main display select [TEST] to get

"TEST MODE"

D-ACQ IEEE EXIT

Push [D-ACQ] to get

CHAN ti ?? -5000mV

ENTRY EXIT

Note: If instead of -5000mV the display is blank, then the IEEE mode is ON and no

lEEf listener is connected to the IEEE port. Either the IEEE mode must be

switched off (use [EXIT] and then 7.3 above) or an IEEE listener must be

provided.
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Select channell by either using the [E-], [ ....] or [ENTRV] keys. If [ENTRV] is pushed

then the following will be displayed.

SET CHAN. TO BE

DISPLA VED: « rr

The key sequence [0], Illand then [E] will result in the following display.

CHAN II Ol -5000mV

ENTRV EXIT

If a known voltage (between ± 5V) is now applied between the CH 1 and ground pins

(see Fig 7) on the Data Acquisitions connector this voltage should be displayed (±3mV)

on the LCD in place of -5000mV.

Any channel can be selected and the above process repeated to ensure that all the

Data Acquisition electronics are working correctly.

If the displayed voltages are incorrect follow the calibration procedure set out below:

Data Acquisition board Calibration:

1. Select Test Mode: [D-ACQ], CHAN It 01.

2. The display should read -5000mV with the input open circuit (no connection to

the Data Acquisition connector).

3. Short Cl-i 1 input to Analog input ground. (pin 20 to pin 17 of Data Acquisition

connector). Display should now read approximately OOOOmV.

LI. Check -iSV rail for -i5,OOOV using a high input impedance DVM (FLUKE 8502A

or similar.) and analoq ground as reference. Adjust VR1 on the P .S.U. board if

necessary.
5. Connect the DVM between analog ground and the "link" between S&H and AID on

the Data Acquisition board.

6. Adjust the S&H pot. (VR3) for OOOOmVon the DVM.

7. Remove short on input and attach a stable, adjustable DC voltage source

between CH 1 input and analog ground (pin 20 and 17 resp.)

8. Set input voltage to -Ll9988V and adjust VR2 for a transition on the Data Logger

LCD from -Ll998 to -SOOOmV.

9. Set input voltage to +Ll99SSV and adjust VRI for a transition on the LCD from

Ll99L1to Ll997mV.
10. Do some random checks with various input voltage for confidence.
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Note: The resolution of the AID converter is 2,44mV per bit for the Data Logger.

To Return to the main display push [EXIT].

7.5. 1EEE-488 Port Test

From the main display push [TEST] to get

"TEST MODE"
D-ACQ IEEE EXIT

Push [IEEE]. This program immediately outputs from 0 - 255 to the IEEE-488 port

before returning to the main display. This test can be used to establish whether the
Data Logger I IEEE -488 computer link is correctly made. (see Appendix E)

7.6. Cassette loading in Record Mode

If a cassette is being loaded for the first time or if "LOAD CASSETTE" is not at

present being displayed then the following procedure must be used to load and

initialize a cassette.

Follow the Set Logger Parameters procedure (7.3) until

TAPE MODE SET

REC PLAY OFF

With no cassette in the tape transport push [PLAY]. "LOAD CASSE. rTE" will now be

displayed.

Insert a Data cassette (with record tabs intact).

TAPE INITIALIZE

IN PROGRESS

Will now be displayed until initiallization is complete and then the program will

return to the main display to await the first log trigger.
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7.7. Tape Transport Prompts:

In the record mode the program will attempt to dump data from the Buffer memory

to tape at the end of each log. If a tape transport error occurs at this point one of
the following tape error messages will be displayed:

"END OF TAPE!" - requires the operator to remove the tape at which time

"LOAD CASSETTE!" will be displayed.

"LOAD CASSETTE!" - requires the operator to insert a tape (either new or side

B of current tape) into the tape drive.

TAPE INIT lALIZE

IN PROGRESS

will now be displayed until lnltlallization is complete and

then the program will return to the main display to await

the next log trigger.

"WRITE PROTECTED!" - requires the operator to replace the write protect tab or

replace the tape before the program will continue. When

the tape is removed from the tape transport "LOAD

CASSE TTE!" will be displayed.

7.8. Data Playback

The Data Logger must be connected to a computer (HP85 or HP98l6) via the

IE.EE-488 port for data playback. The computer program must be waiting to receive

the data before the [READ] key is pushed (see below) to initiate the data transfer

sequence.

To select the Tape playback mode the Set Logger Parameters procedure (7.3) should

be followed:
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From the main display select [SET], [LOG], [ON] to get

TAPE MODE SET

REC PLAY OFF

Insert the pre-recorded Data Cassette and push [PLA Y]

TAPE INITIALIZE

IN PROGRESS

will now be displayed until the tape is rewound and then

NEXT RECORD 1101

READ ENTER EXIT

is displayed.

The record number can be incremented or decremented by the [(-], [-+] or [ENTER]

KEYS.

When the desired record is displayed as the "Next Record" push [READ]. The data

header and then the data will be output to the IEEE-488 port. Once the data transfer

is complete the Record number is incremented by one and the display reverts to

NEXT RECORD 1102

READ ENTER EXIT

The [EXIT] key returns you to the main display.
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8. SERVICING

The Data Logger requires a minimal amounL of servicing. This is limited to tape head
cleaning at regular intervals (see MFE Manual) and recalibration of the data

acquisition circuitry when deemed necessary. (see section 7.4).
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9. SOFTWARE PROBLEMS AND ENHANCEMENTS

9.1. Problems

Initially, when the Data Logger was put into service a problem was discovered with
the software (version V1.1). The problem was that the program would randomly

"hang-up" as a log was triggered. This seemed to be caused by the external trigger
interrupt occurring while the program was processing an "IF" statement. The actual

cause was never found but would appear to be a peculiarity of the PL/M compiler.

The software was modified (Version V1.2) to get round this problem by masking out

all interrupts during the sensitive part of the program. This is the current software

version used in the IMT General Purpose Data Logger.

9.2. Enhancements

In the particular application for which the IMT Data Logger was originaUy designed

the external log trigger was provided by a microwave doppler-shift movement

detector. This device sometimes produced false triggers which resulted in large

amounts of unwanted "data" being logged.

To overcome this problem the software was modified to include a qualify routine to

determine whether the external trigger coincided with a signal before dumping to
tape. (Version V1.3).

This was achieved by aUowing all external triggers to initiate a log and then

performing a "qualifying" test on the data in the Buffer memory.

The data of a pre-selected channel is passed through a software low-pass filter

(see 9.3) and then the filtered minimum and maximum signal values are determined.

The difference between maximum and minimum is then compared to a preset

threshold value and only if the threshold value is exceeded is the data dumped to tape.

The above enhancement worked well but, because the external trigger device was

range and velocity sensitive, the log trigger was sometimes too early and at other
times too late to start a log. This resulted in the wanted signal being truncated. To

overcome this problem it was decided to do away with the external trigger device and
to design a software threshold trigger which would use the actual data signal to

initiate a log. (Version V1.4).
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The operation of the software trigger is similar to that of a digital oscilloscope with
provision being made for selecting the threshold level (in mV) as well as the

pre-trigger length (in samples) from the keyboard.

The software trigger is implemented by allowing the data logger to be continuously in

the log mode. The logged data is stored in a revolving buffer memory which is set up

to be a specific size determined by the number of scans and the number of channels
selected. Data is stored in consecutive memory locations starting at the beginning of

the buffer. A buffer-pointer is used to keep track of the next location to be filled

and when the buffer is completely full the buffer-pointer is reset to O.

It can be seen that this method allows the buffer to always contain "history" data

equal to one complete log after one initial log period has been completed.

The pre-trigger function allows a selectable amount of this "history" data to be

included at the beginning of a log so that the log data contains the complete signal
and not only that portion after the threshold trigger has occurred.

A test is done at the end of each scan to determine if the pre-selected threshold on

the specified channel has been reached. If it has, then a log is started with the

pre-trigger data included at the beginning.

The trigger reference voltage, in this case, is not fixed but is a filtered version of the

ambient background signal on the specified channel. A dynamic reference was chosen

because the input signal d.c. level drifts due to its sensitive electronics and other

background physical effects. To allow for this variation, but stiU have a constant

threshold level, a software filter was designed to smooth the reference voltage.

9.3. Software Filter Design~

The filter is a first order Recursive low-pass filter of the form

yen) = ax(n) + by(n - 1)
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or diagramatically

I• a
~

+
x(n) df y(n)j

b z' 1-

The general transfer function for the above is:

H(z) = a
- 11 - bz

For a - 3dB cut off frequency = fa

and sampling interval = T

b = e-2lT fa T for b < 1 ........ (l)

let <.0>0 = 2lT fa and due to the Sampling Theorem fa .$ 2~

or <.0>01 < rr

substituting in (l)
-<.o>oT

b = e

Note: for unity gain a + b = 1

For a required fa of 1 x lO-3Hz with T = 500 msec.

b = 0,9969
a = 0,0031

but to simplify the software arithmetic the following values for a and b were chosen

b = 0,99; a = 0,01

-3
Working back fa = 1.39 x 10 Hz
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1 his simplification allowed l6 bit integer arithmetic to be used and gave satisfactory

results.

Briefly. the filter allows 1% of the most recent input signal to be summed with 99%

of the history signal to provide a filtered output. The output takes up the value of
the slowly changing d.c. offsets but filters ouL rapid fluctuations due to signal or
noise.
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10. CONCLUSION

A General Purpose Data Logger has been successfully designed, developed and built

that meets the original system requirements. In several aspects it is more

sophisticated than the original requirement called for but this increases its flexibility

in its general purpose role.

Two Data Loggers have been in service for over a year, with one in continuous twenty

four hour use. They have proved to be extremely reliable with only one component
failure occurring during this time even though the remote unit is sited in a very
hostile environment.

The operation of the remote instrument has been successfully undertaken by

non-technical personnel who are required to change the cassette tapes when

necessary and to occasionally reset the logger after a long power cut or an excessive
power line surge or glitch.

The time and effort spent on designing modular electronics and software has been
justified by the fact that, to date, six further projects have made use of the BOBS

CPU board and at least half of these have also used the IEEE-4BB and/or Data
Acquisition boards. These projects would most probably not have been undertaken if

not for the availability and built in flexibility of the hardware/software.

The experience and knowledge gained by undertaking this project cannot be

quantified but will, I am sure, contribute significantly towards future IMT project

goals.
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APPENDIX B

Software Version V1.3

Program listings

Note: Only those modules which differ from Version V1.2 are included.
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APPENDIX C

Software Version V1.lI
Program listings

Note: Only those modules which differ from Version V1.2 are included.
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APPENDIX D

DATA SHEETS

1. Keyboard encoder 74C922

2. Densitron Dot Matrix Display LMA IC24-DC

3. Real-Time Clock MC146818

4. l2-bit AID Converter AD 574A

5. Sample and Hold AD582

6. 16 Channel Multiplexer AD7506

7. GPIB (IEEE-488) Circuit 96LS488
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·(:~c:·~: -::.=:;; J C!;;i.;; ,-:;:3
DENSITRON CORPORATION

XV DRIUER RND CONTROLLER

~ RND V DRIUERS RND LSI CONTROLLER
~,

LMA(B) 1C40DC

LMA(B) 2C40DC

FEATURES:
·SIX MODELS -16X1, 16X2, 24X1,
24X2, 40X1, 40X2 ARE AVAILABLE

·SV, 2mA, SINGLE POWER SUPPLY

• EASY READABILITY, DOT MATRIX CHARACTERS
WITH CURSOR

·SUNLIGHT AND NIGHT READABILITY
WITH E-L BACKLIGHT

.WIDE, ADJUSTABLE VIEWING ANGLE

• EXTREMELY SMALL AND LIGHT WEIGHT
.TTL AND SV CMOS COMPATIBLE
.INTERFACE DIRECTLYTO ANY
4 OR S-BIT DATABUS .

• "POWERFUL" INSTRUCTIONS SAVE
LINES OF CODING

• DISPLAY "BLANK," "WINK" OR
"WINK LIMITED AREA"

• FULLY ASCII COMPATIBLE
·192-CHARACTER GENERATOR ROM
(96 Alphanumerics/Symbols, 64 Kata Kana,
32 Euro/Greek/Symbols)

·S-USER PROGRAMMABLE RAM LOCATIONS
FOR CUSTOM SYMBOLS

-SO-CHARACTER MEMORY ALLOWS EASY
"SCROLLING" OR GENERAL PURPOSE
STORAGE

-CURSOR "WINK," "REVERSE VIDEO," OR OFF
·AUTOMATIC DISPLAY SHIFT-SIMPLE
TRANSMISSION OF "STRINGS",

- CAN SCROLL LEFT, RIGHT OR ALTERNATE
WITH ENTIRE LINE REPLACEMENT

·SX7 OR SX10FORMATS, DISPLAYS "TRUE"
LOWER CASE DESCENDERS



APPLICATIONS
• TELECOMMUNICATIONS
• MEDICAL INSTRUMENTS
• HAND-HELD TERMINALS
• ELECTRONIC TYPEWRITERS
• POS TERMINALS
• TEST INSTRUMENTS
• LIGHT METERS
• CHEMICAL ANALYZERS
• WORD PROCESSORS
• NAVIGATION EQUIPMENT

GENERAL DESCRIPTION:

TYPICAL MODULE BLOCK DIAGRAM

r---;:;o 44 7BO CONTROLLER I
---'~

LCD PANEL
R/W---_

RS----.<

D80~1

DB7 '-v--_)i
I

I HD .... 'OO
COLUMN

, DRIVERSERiAl OATA
AND CLOCK

-------------------------~

These intelligent, compact modules are complete display systems with minimum external requirements.
Their cost effectiveness, versatility and simplicity now make information display easy.

The modules' low power is due to an exceptional, on-board, flat-pack CMOS microprocessor and driver.
Operation is this simple: connect to any 4 or 8-bit data bus (or a single memory chip), switch one control line,
and apply a single, non-critical "enable" pulse. Instantly the desired character appears on the lCD. Shifting is
automatic.

The modules' compactness is impressive. The 16-charaoter display requires just 3% x 1 x 1/2 inch. Mounting
is simple and only 14 connections join the display. Electro-luminescent backlighting, integral to the display, is
a low cost option. Holding frame is brushed stainless steel.

The display is virtually burden-free to the host processor. Internal registers store up to 80 characters and all
display update and refresh is internal. Software is greatly eased by powerful, single step instructions which
eliminate many lines of conventional graphics code.

Featured are a single, low power 5V supply, compatibility with TIL or 5V CMOS, and direct interface to 4 or 8-
bit processors. A 192-character font provides 32 special codes, abbreviations and symbols. A further
enhancement is an 8-character, fully user programmable, custom character capability. A uniquely customized,
field-changeable, specialized graphic representation is now possible.

The simplicity and convenience of the module's operation means that now, for the first time, only the
designer's imagination will be challenged. Display applications are truly limitless.

Available upon request are a series of broad based application notes to speed your system implementation.
Our staff of experienced engineers are eager to assist and provide comprehensive technical support. We
welcome your call.

ORDERING INFORMATION
Charecle,.. per Line X Modul. wllh Module with (EL Lamp Part Num~r Applicable DC I ACRetl.cllve Polarizer Tran.llecllve PolarizerNumber ol Lin .. wllhoul EL Lamp and EL Lamp :_pag.15) Inverter: _ page 16

16x 1 LMA1C16·DC LMB1C16·DCL ( ELS 16)
24x 1 LMA1C24·DC LMB1C24·DCL ( ELS 24 )
40x 1 LMA1C40·DC LMB1C40·DCL ( ELS 40) DAS 5V3

·16 X 2 LMA2C16·DC LMB2C16·DCL ( ELS 16)
24x2 LMA2C24-DC LMB2C24·DCL ( ELS 24 ) .

40x2 LMA2C40·DC LMB2C4D-DCL ( ELS 40)



MECHANICAL DIMENSIONS
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TYPICAL MODULE MOUNTING

Transparent protection plate

Mounting Plate·

~~r--7J-\---'(

\
Module

PART NO. A B C D E F G H J K L M
LMA(B)1C16-DC 85.0 80.0 2.5 73.5 59.4 63.5 2.05 13.25 36.0 31.0 2.5 28.5

LMA(B)1C24-DC 118.0 113.0 2.5 108.5 89.4 93.5 2.05 13.25 36.0 31.0 2.5 28.5

LMA(B) 1C40-DC 182.0 175.0 3.5 163.5 149.4 154.5 2.85 16.30 33.5 26.5 3.5 32.5

LMA(B)2C16-DC
,.

85.0 80.0 2.5 73.5 59.4 63.5 2.05 13.25 36.0 31.0 2.5 28.5

LMA(B)2C24-DC 118.0 113.0 2.5 108.5 89.4 93.5 2.05 13.25 36.0 31.0 2.5 28.5
LMA(B)2C40-DC 182.0 175.0 3.5 163.5 149.4 154.5 2.85 16.30 33.5 26.5 3.5 32.5

PART NO. N P a R s T U V W x y

LMA(B)1C16-DC 7.88 8.7 13.65 15.8 10.1 9.3 1.4 4.7 2.5 1.6 20.0

LMA(B)1C24·DC 7.88 8.7 13.65 15.8 10.1 9.3 1.4 4.7 2.5 1.6 20.0

LMA(B)1C40·DC 7.00 8.7 13.25 15.8 8.5 9.3 1.4 4.7 3.5 1.6 22.5
LMA(B)2C16-DC'" 7.88 12.3 11.85 15.8 10.1 9.3 1.4 4.7 2.5 1.6 20.0

LMA(B)2C24·DC 7.88 12.3 11.85 15.8 10.1 9.3 1.4 4.7 2.5 1.6 20.0

LMA(B)2C40-DC 7.00 12.3 10.60 15.8 8.5 9.3 1.4 4.7 3.5 1.6 22.5
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ELECTRO-OPTICAL CHARACTERISTICS vOO= 5.0 ± 0.2SV, Ta = 25°C

ITEM SYMBOL CONDITION MIN. TYP. MAX. UNIT

Input "'High" Voltage VIH 2.2 - Vee V.
Input "Low" Voltage VIL -0.3 - 0.6 V

Output "High" Voltage VOH -IOH = 0.20SmA 2A - - V

Output "Low" Voltage VOL lOL= 1.6mA - - OA V

Power Supply Current 100 VOO= S.OV - O.S 2.0 mA

1 Line Module Ta = DoC 4.2 4.3 4A V
Drive Voltage I VOD- VEE Ta = 2S'C 3.8 3.9 4.0 V(1/8 Duty)
Sx7 Font + Cursor Ta=SO°C 3A 3.S 3.6 V

1 Line Module Ta = O·C 4.S 4.6 4.7 V
Drive Voltage

VOD- VEE Ta = 2SoC 4.1 4.2 4.3 V(1/11 Duty)
Sx10 Font + Cursor Ta=SO°C 3.6 3.7 3.8 V

2 Line Module Ta = O°C 4.8 4.9 S.O V
Drive Voltage

VOD- VEE Ta = 2SoC 4.3 4A 4.S V(1/16 Duty)
Sx? Font + Cursor Ta=SO°C 3.8 3.9 4.0 V

Viewing Angle ¢1 -p2 K = 1A 20 - - deg.

Contrast Ratio. K ¢ = 20·, e = 0° 3 - -
Rise Time t, ¢ = 20° - 1S0 2S0 ms

Fall Time tf ti = 20° - 1S0 2S0 ms

POWER SUPPLY

SV LCD MODULE

PIN FUNCTION

PIN NAME I/O FUNCTION

Vss Ground: OV

VOD +SV

VEE Power supply tor LC driving

Signal to select registers
RS I "0": Instruction register (tor write)

Busy tlag: address counter (tor read)
"1 ": Data register (tor read and write)

Signal to select read (R) and write (W)
R/W I "0": write MPU -LCD Module

"1": read MPU-LCD Module

E I Operation start signal tor data read or write

DBO Data bus of lower order 4 lines having bidirectional tri-state.
'""'-" I/O Used tor data transter between the MPU and the module.
DB3 These tour are not used during 4-bit operation

DB4 Data bus ot higher order 4 lines having bidirectional tri-state.
~ I/O Used tor data transter between the MPU and the module.
DB7 DB7 can be used as a BUSY lIag.

NOTE: In the module, the data can be sent in either 4-bit 2 sequence operation ot 8-bit single-operation so that it can
interface to both 4 and 8 bit MPU's.

(1) When interface data is 4 bits long, data is transferred using only lines DB4 - DB? and DBO- DB3 are not used.
Data transfer between the module and the MPU is complete when the 4-bit data is transferred twice. Data of the
higher order 4 bits (the contents of DB4 - DB7 when the interface data is 8 bits long) is transferred first, and the
lower order 4 bits (the contents of DBO- DB3 when the interface data is 8 bits long) follows.

(2) When the Interface data is 8 bits long, data is transferred using a1l8 data lines of DBO- DB7.
4



ABSOLUTE MAXIMUM RATINGS
ITEM SYMBOL MIN. MAX. UNIT

Logic circuit power supply voltage VOD - Vss 0 7.0 V

LC driver circuit supply voltage VOD - VEE 0 13.5 V

Input voltage VI Vss VOD V

Operating temperature ta 0 50 cC

Storage temperature tstg -20 70 °C

PIN CONNECTION

PIN NO. SIGNAL LEVEL

1 Vss GROUND

2 VOO + 5.0V

3 vee - +07V
4 RS L = INST. H = CHAR

5 RIW L= W. H = R

6 E ..I1.. LATCH ON FALL

7 DBO

6 DB1

9 DB2

10 DB3 POSITIVE

11 DB4 LOGIC

12 DBS

13 DB6

14 DB7

(Top View)

Display Pattern (SINGLE LINE) ~ ..o 0

DODDDODD[JCJDGe '00000000000000000000OODOC00000oCJooD
tOD'-t----'-
J '5

DIMENSIONS IN MM

Definition of optical response

Definition of contrast' K'
IOO~--------~--------B,

K _ ~

B,

o \
I-----------_.~
: DOT VIEWING
: AREA
L _

14 •• 13
12 •• 11
10 •• 9
8 •• 7
6 •• 5
4 •• 3
2 •• ,

\
o

(TWO LINES) ~I~I
I,~ I

" '".
'"I

I
I

j

I'
Ii!

: 0

:il I I I ~
'"

I

~
J 15

065

J '5

Definition of angle ¢and e

x'

y (9 zOO)
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TIMING CHARACTERISTICS

WRITE OPERATION

ITEM SYMBOL MIN. TYP. MAX. UNIT

Enable Cycle Time teye E 1.0 - - ,...s
Enable Pulse Width PW E 450 - - ns

Enable Rise/Fail Time tEr. tEt - - 25 ns

Address Set-up Time tAS 140 - - ns

Address Hold Time tAH 10 - - ns

Data Start-up Time tosw 195 - - ns

Data Hold Time tH 10 - - ns

READ OPERATION

ITEM SYMBOL MIN. TYP. MAX. UNIT

Enable Cycle Time teye E 1.0 - - 1'-s

Enable Pulse Width PW E 450· -- - ns

Enable Rise/Fall Time tEr. tEt - - 25 ns

Address Set-up Time tAS 140 - - ns

Address Hold Time tAH 10 - - ns

Data Delay Time tOOR - - 320 ns

Data Hold Time tDHR 20 - I - ns

RESET FUNCTION
The module automatically performs initialization (reset)
when power is turned on (using internal reset circuit).
The following instructions are executed in Initialization:

NOTE: When the above power supply condition is not
satisfied, the internal reset circuit does not
ope-rate normally. In this case, perform the
needed initialization by sending instructions from
the MPU after turning the power ON. When initial-
ization by the internal reset circuit is not per-
formed normally, whether the interface data is 4
bits long or 8 bits long is not clear. Therefore
designate 8-bit data length by sending the func-
tion set instruction twice and then perform the
required initialization.

(1) Clear display
The busy flag is kept in the busy state (BF = 1) until
initialization ends. The time is 15ms.

(2) Function set DL = 1: 8 bits wide
interface data

N = 0 : 1-llne display
F=O : 5x7 dot

character font
(3) Display ON/OFF control 0 = 0 : Display OFF

C = 0 : Cursor OFF
B=O : Blink OFF

(4) Entry mode set. _._ I/O = 1: +1 (increment)
S = 0 : No shift

(5) DO RAM is selected
Because Initialization may not be performed completely
depending on the rise time of the power supply when it is
turned on, pay attention to the following time relation-
Ship.

, 'v

O.lms~ t"", ~ lOms !oFF ;::lms

tOFF stipulates the time of power OFF for power supply
instantaneous dip or when power supply repeats ON and
OFF.

RS R/W DB7 DB6 DBS DB4 DB3 DB2 DB1DBO
o 0 0 0 1 1
o 0 0 0 1 1
When this instruction is sent, the module enters
the 8-bit data length mode without fail.
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INSTRUCTIONS
Code Execution Time

Instruction Description (when le'k or
RS RfW DB7 DB6 DBS DB4 DB3 DB2 DB1 DBO lose is 250 Hz)

I

i ! I
Clears all display and returns

Clear Display 0 0 0 0 0 0

1
0 0 0 1 the cursor to the home oos.non 82 "'S '" 1.64ms

I I I (Address 0)

i
I Returns the cursor to the home

position (Address 0). Also returns the
Return Home 0 0 0 0 0 0 0 0 1 display being shifted to the onglnal 40 uS '" 1.6ms

I
position. DD RAM contents remain

I unchanged.
I I

I I I

I 0 I
I ! I Sets the cursor move direction and

Entry
, I specifies or not to shift the display

Mode Set 0 0 0 0 0 I 0 1 i I/D t S I These operations are periormed 40 "'s

I I ! dunng data wnte and read

Display

I D I I I Sets ON/OFF of all display (D). Cursor
ONIOFF 0 0 0 0 0 0 1 C

I
B ON/OFF (C), and blink of cursor 40 "'s

Control ! _l postnon character (B).

Cursor or i SIC I RIL i I
Moves the cursor and shifts

0 0 0 0 0

I
1 I the display without changing 40 "'sDisplay Shift I I , DD RM contents

I , ----- j--'

I I ! I Sets miertace data length (DL).
Function Set 0 0 0 0 1 DL N F I I number ot display lines IL). 40 uS

I
I i I I and character font (F).I I --

Set CG RAM I Sets the CG RAM address
0 0 0 1 AcG I CG RAM data IS sent and 40 «s

Address received after trus semnq.

Set DD RAM
Sets the DD RAM address

0 0 1 AOD DD RAM data IS sent and 40 "'sAddress received after trus sernnq.

J
--

Read Reads Busy ftag (BF) Indicating
Busy Flag· 0 1 BF AC Internal operation is being periormed 40 "'s
& Address and reads address counter contents

Write Data

I
Writes data Into DD F;AMto CG or 1 0 Write Data 40 "'s

DD RAM or CG RAM

Read Data

I
Reads data from DD RAMto CG or 1 1 Read Data
or CG RAM 40 "'s

DD RAM

liD z 1: Increment I/D
- 0 Decrement

I
DD RAM: Display data RAM ExecutIOn time

S - 1: Accompanies display snift CG RAM: Character generator RAM changes when
SIC - 1: Disptay shift SIC z 0 Cursor move AcG: CG RAM address frequency changes.
RIL .1: Shift to the right Apo· DD RAM address (Example)
RIL - 0: Shift to the left Corresponds to cursor When fep or tese is
DL - 1: e bits DL - O. 4 bits address. 270 KHz:
N - 1: 2 lines N - 0: 1 Ii~e AC: Address counter used for 250F - 1: S x 10 dots F - 0: 5 x 7 dots both of DD and CG RAM 40,,5 x 270 : 37",s
BF - 1: Internally operating address.
BF • 0: Can accept instruenon

·Don't care

MODULE BLOCK DIAGRAMS
16X1 AND 16X2r-------------------------,IN:

E--__;.I---I I
I
I
I
I
I
I
I

24X1 AND 24X2
j-- -- - -- -- - -- ------ - --- - - - ----- ï

I '

E --+--lRIW==+=1RS
oBO ~ oB7 /'-- ........'-l

Voo
VEE
Vss

I~-------------------------------

E---i-~
AIW----t---l

OBO AS
"- 087

VOD_I
VEE I

VSS-: I~----------------------------------~

40X1 AND 40X2--------------------------------~; I

I
I

N = 16 FOR TWO
LINE DISPLAYS

N = 11 FOR SINGLE
LINE DISPLAY
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INSTRUCTION DESCRIPTION
·OUTlINE
Two registers of the HD447S0, the Instruction Register
(IR) and the Data Register (DR) only can be controlled
by MPU directly. Control information is temporarily
stored in these registers, prior to internal operation
start, to allow interface to various types of MPUs which
operate in different speeds from H044 7S0 internal
operation or to allow interface to peripheral controllCs.
The HD447S0 internal operation is determined by
signals sent from the MPU, these signals including
register selection signals (RS), readiwrite signals (R/W)
and data bus signals (DBo- DB,), are called instructions
in this paragraph. Table on page 10 shows the instrue-
tions and the execution time of the instructions. Details
are explained in the following sections. The instructions
can be divided into the following 4 types:
(1) Instructions that designate the HD447S0 functions

such as display format, data length, etc.
(2) Instructions that give internal RAM addresses.
(3) Instructions that perform data transfer with internal

RAM.
(4) Other instructions
In the normal use, instructions of category (3), which
sends display data, is used most frequently. However,
since the HD447S0 internal RAM addresses are con-
figured to be automatically incremented (or decre-
mented) by + 1 after each data write, MPU proqram
lead is lessened. Especially, display shift is performed
concurrently with display data write, and this enables
the user to develop systems with minimum time and
maximum efficiency of programming. When an instruc-
tion is being executed (during internal operation), the
busy flag DB, is active high. This must be monitored
when high speed operation i~.planned (=50 KHz).

• CLEAR DISPLAY
RS R/W DB,

Writes space code "20" (hexadecimal) into all the DO
RAM addresses. The cursor returns to Address 0 (Add=
"SO") and display, if it has been shifted, returns to the
original position. In other words, display disappears
and the cursor goes to the left edge of the display (the
first line if 2lines are displayed).

• RETURN HOME
RS R/W DB, DBa

Code I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 1 I * I
'(Don', Carel

Returns the cursor to Address 0 (ADD= "SO'') and dis-
play, If it has been shifted, to the original position. The
DO RAM contents remain unchanged.

• ENTRY MODE SET
RS R/W DB, DBa

Code I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 1 Ivo I s I
lID: Increments (liD = 1) or decrements (lID = 0) the DO

RAM address by one upon writing into or reading
from the DO RAM a character code. The cursor
moves to the right when incremented by one. The
same applies to writing and reading of CG RAM.

S: Shifts the entire display to either the right or the
left when S is 1; to the left wnen lID = 1 and to the
right when liD = O.Therefore, the cursor looks as if _
it stood still with the display only moved. Display
is not shifted when reading from the DO RAM. Dis-
play is not shifted when S = O.

• DISPLAY ONIOFF CONTROL
RS R/W DB, DBa

Code

0: Display is turned ON when 0 = 1 and OFF when
0=0. When display is turned off due to 0 = 0, the
display data remains in the DO RAM and it can be
displayed immediately by setting 0 = 1.

C: The cursor is displayed when C = 1 and not dis-
played when C = O. Even if the cursor disappears,
function of lID, etc. does not change during display
data write. The cursor is displayed using 5 dots in
the Sth lines when the 5 x 7 dot character font is
selected and in the 11th line when 5 x 10 dot char-
acter font is selected.

B: The character residing at the cursor position blinks
when B = 1.The blink is done by switching between
all the black dots and display characters at .0.4
second interval. The cursor and the blink can be
set concurrently.

~I
Cursor-_

5x7 Dot 5x10 Dot
Character Font Character Font

(a) Cursor Display
Example

Alternative Display

(b) Blink Display
Example

• CURSOR OR DISPLAY SHIFT

RS R/W DB, DBa

Code I 0 I 0 I 0 I 0 I 0 I 1 I SIC I RJL I * I * I
'(Don', Carel

Shifts the cursor position or display to the right and the
left without writing or reading the display data, This
function is used for correction or search of display.
SIC RIL
o 0 Shifts the cursor position to the left. (AC is

decremented by one.)
Shifts the cursor position to the right. (AC is
incremented by one.)

o Shifts the entire display to the left, The corsor
follows the display shift.
Shifts the entire display to the right. The
cursor follows the display shift.

o

9



• FUNCTION SET
RS R/W OB,

·IOon't Carel

DL: Sets interface data length. Data is sent or received
in 8 bit length (DB7 - DBo) when DL = 1 and 4 bit
length (DB7 - DB4) when DL = O. When 4 bit length
is selected, data musi be sent or received twice.

N: Sets number of display lines.
F: Sets character font.

N F No. of Character Duty RemarksDisplay Lines Font Facotr

0 0 1 5 x 7 dots 1/8

o I 1 1 5x10dots 1/11 I
Cannot display

1 * 2 5x7 dots 1/16
2 lines with
5x 10 dot
character font.

• (Don't Care)

• SET CG RAM ADDRESS
RS R/W OB, OBo

Code I 0 I 0 I 0 I ' I A I A I A

Higher Order
- Bits

A I A I A I
lower Order __

Bits

Sets the CG RAM address in a binary number of
AAAAAA to the address counter, and data is written
or read from the MPU related to the CG RAM after this.

• SET DO RAM ADDRESS
RS R/W OB, 0Bo

Code I 0 I 0 I I AN I A I A I A I A I A I A I
_ Higher Order lower Order _

Bits Bits

Sets the DO RAM address in a binary number of
ANAAAAAA to the address counter, and data is written
or read from the MPU related to the DO RAM after this.
However, when N =0 (t-tine display), ANAAAAAA is
"00"-"4F" (hexadecimal). When N = 1 (2·line display),
ANAAAAAA is "00" - "27" (hexadecimal) for the first
line, and "40" - "67" (hexadecimal) for the second line .

• READ BUSY FLAG AND ADDRESS
RS R/W OB, OBo

Code I 0 I ' I BP I A I A I A I A I A

lower Order
Bits -

_Higher Order
Bits

Reads Susy Flag (BF) that indicates the system is inter-
nally operating on an instruction received before. When
SF = 1, it indicates that internal operation is going on
and the next instruction is hot accepted until BF is set
to "0." Check the SF status before the next write opera-
tion. At the same time, this value of the address counter
expressed in a binary number of AAAAAA. The address
counter is used by both of CG and DO RAM address,
and its value is determined by the previous instruction.
Address contents are those of CG RAM and DO RAM
previously shown.

10

• WRITE DATATO CG OR DO RAM
RS R/W OB, 080

Code I I 0 I 0 I 0 I 0 I 0 0

_Higher Order
Bits

o I 0 I 0 I
lower Order__

Bits

Writes binary 8 bit data 00000000 to the CG or the
DORAM. Whether the CG or the DO RAM is to be written
is determined by the previous designation (CG RAM
address setting or DD RAM address setting). After
write, the address is automatically incremented or
decremented by one according to entry mode. Display
shift also follows the entry mode. -

• READ DATA FROM CG OR DO RAM
RS R/W DB- OBo

Code I, I ' I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I
_Higher Order

B,ts
lower Order_

S,ts

Reads binary 8 bit data DDDDDDDD from the CG or the
DO RAM. Whether the CG RAM or the DO RAM is to be
read is determined by the previous designation. Prior to
inputting this read instruction, either the CG RAM
address set instruction or the DO RAM address set
instrucu:., .uust be executed. If it is not done, the first
read data becomes invalid, and data of the next address
is read normally from the second read. After read, the
address is automatically incremented or decremented
by one according to the entry mode. However, display
shift is not performed regardless of entry mode types.



RELATION BETWEEN CG RAM ADDRESSES AND CHARACTER CODES
(DO RAM) AND CHARACTER PATTERNS (CG RAM DATA)
• FOR 5 x 7 DOT CHARACTER PATTERNS

Character Codes (DO RAM Data) CG RAM Address

o

o
o

o 1 I 0 0 0 1
o ~ 1 0 1 ~
o 1 1 1 1 ,
o 0 0 1 I 0 0
o 1 1 1 1 1

: ~ ~4J~ ~

7 654 3 2 1 0
~ Higher Order Bits
Lower Order Bits ...

5 432 1
~ Higher Order Bits
Lower Order Bits ...

Character Patterns (CG RAM Data)

7 6 5 4 3 2 1 0
... Higher Order Bits
Lower Order Bits ...

o
o

o 1 , 1 , 0
o , I 0 0 0 1
* 1 000 ,

: JJr' 1 iitl ~
o 0 0 I ,
o 0 0 0 0 ~

Cursor
Position

o 0 0 0 • 000

o 000 0 001

o

010
010
o I 1

o 0 0 I ,
, I 0
, I 0
1 ,
, I 1

o
1
o
1
o,
o
1

o
o
o

o
o
o
o

Character
Pattern
Example (1)

o 0
o I c
o I ,
o I i
, I 0
, I 0
1 i 1, ,

o,
o,
o

o
o
o

Character
Pattern
Example (2)o o 1

o

I :
o

b~~~~~~~~F1~~~~O~I~O~~~~:::::::::=-::_I~-~::_ ~~
, I 0 0 ! 0

1 I 0 1 0

1 I 1 0 il 00
, I' ,

o o o o o

"Don't Care
* 0

* 0
o 0

Note1: Character code bits 0 - 2 correspond to CG RAM address bits 3 - 5 (3 bits: 8 types).
2: CG RAM address bits 0 - 2 designate character pattern line position. The 8th line is the cursor position and dis-

play is performed in logical OR with cursor.
3: Character pattern row positions correspond to CG RAM data bits 0-4, as shown in the figure (Bit 4 being at the

left end). Since CG RAM data bits 5 - 7 are not used for display, they can be:used as general data RAM.
4: CG RAM character patterns are selected when character code bits 4-7 are all "0." However, since character

code bit 3 is a don't care bit, "R" display in the character pattern example, for example, are selected by character
code "00" (hexadecimal) or "08" (hexadecimal).

5: "1" for CG RAM data corresponds to selection for display and "0" for non-selection.

• FOR 5 x 10 DOT CHARACTER PATTERNS
Character Codes (DO RAM Data) CG RAM Address Character Patterns (CG RAM Data)

7 6 5 4 3 2 1 0

I
'3 4 3 2 , 0 7 6 5 4 3 2 1 0

~ Higher Order Bits ~ Higher Order Bits ~ Higher Order Bits
Lower Order Bits ... Lcwer Order Bits ... Lower Order Bits ...

I 0 0 0 0 0 0 0 0 0 0 0 0
I 0 0 0 1 0 0 0 000 0 0
10 0 t 0 0 · • 1l 0 I' , 0
10 0 1 1 0 · • 1 If 0

0 1

I ~ 1 0 0 • 0 0 , 0 0 0 0
0 0 0 0 • 0 0 0 0 0 , 0 , 0 0 • , 0 0 0 ,

I 0 , , 0 0 · · , t , , 0
I 0

, , , 0 0 • WO 0 0 0, 0 0 0 0 0 0 0 0 0 0
I I' 0 0 , 0 0 · 0 0 0 0

I 1 0 , 0 0 · 0 o 0 0 0 0
1 0 1 ., · • 0 • • 0 • •

11 1 0 0 · • * • 0 · · 0

I' 1 0 , 0 · 0 0 • 0 • ·I' 1 1 1 0 · • • 0 • 0 •
I 0 0 0 0 0 0 0

~

10 0 0 ,
~~I

o 0 00. 1 1 • , 1 I , 0 0 1 · 0 •
I , 0 , 0 · • •
I 1 0 , , 0 · 0 • • 0 • •
1 , 0 0 0 • 0 • 0 0 • •I, , 0 , 0 • 0 0 0 • • •I, , , 0 • • • • • • · •

I 1 , , 1 • • • • • • • •

Character
Pattern
Example

Cursor
Position

"Don't Care

Note1: Character code bits 1, 2 correspond to CG RAM address bits 4, 5 (2 bits: 4 types).
2: CG RAM address bits 0- 3 designate character pattern line position, The 11th line is the cursor position and

display is performed in logical OR with cursor.
Since the 12th -16th lines are not used for display, they can be used as general data RAM.

3: Character pattern row positions are the same as the positions for 5 x 7 dot character patterns.
4: CG RAM character patterns are selected when character code bits 4-7 are all "0." However, since character

code bit 0 and 3 are don't care bits, "P" display in the character pattern example, for example, are selected by
character code "00," "01," "08" and "09" (hexadecimal).

5: "1" for CG RAM data corresponds to selection for display and "0" for non-selectlon. ,,



INTERFACING WITH MICROPROCESSORS

Write instruction
execution

___ (RS=OL _

Module executes
code instruction.

Yes:Busy Module still executing the last instruction.

Module has finished the last instruction.

Write data
execution

___ l.!3§_=1) _
Write DDRAM or
CGRAM data into

Module.

Read instruction
execution

___ ~S=1) _
Read out DDRAM or
CGRAM data from

Module.

Note • In this flowchart, Read and Write instructions cor-
respond with external RAM reference instruction
or I/O instruction.

INTERFACE WITH HMCS 40

P~----------------~
i

PAl 1"-----------------..:: ww
P~~---------------~RS

~
I
I

PioF' ~Dr
PBJ ---------- v IDB7

~~I I~~

INTERFACE WITH 68BOO/PIA

I~ -.
IQW
I ~/ ~

D~7 ~ D~7

U
LCD t<ODULE

(Busy Flag appea, on DB7 - 68BOO
- - - - - - - when 'RJW is 'High' and 'AS'I. ·low.') The 68BOO is a high speed version of the 6800. The 02

signal is too narrow to properly drive the LCD module,
A simple interface is the insertion of the 6821 PIA
between the CPU and module. This widens the pulse
sufficiently.

TIMING CHART

r ,--
, I \

02-- \--- ~

VMA ----1

RM ~X~_W~Ae_,~~~__~·~
DBO-DB7 - - - - - - - ---

12

LCD MODULE

• By providing sufficient instruction execution time,
it is unnecessary to monitor the" Busy line."

INTERFACE WITH 6800

AI. est
A'J f--

I eso

l-==~"AD RSO
P~

§!lW RIV IRtW
VMA I PA' R/W

¢2 E PA2

PBO

oeo ./ OBO I
? I

pB)

087 DB7

LCD MODULE

-6800
• LCD module is treated as I/O or RAM device,
• As Ao is connected to RS. Therefore Ao's level con-
trols the instruction reqisteror the data register,

• The address of the module as I/O device in the address
area of the 6800 are:
Write function
Write CGRAMIDDRAM data
Read Busy flag/address
Read CGRAM/DDRAM data

# 'FXX0' (R/W=O)
# 'FXX1' (R/W=O)
# 'FXX0' (R/W = 1)
# 'FXX1' (R/W= 1)

Note: The lead bit 'F' may be 'C', 'D', or 'E'



INTERFACE WITH 8048 (8049)

,80.81-
ALE , 7.LS373

I ~

DBa :----tIl ' 0 'O~: --------__" AS

I ! 50~ I
I I i SO'_____' , DBa

I i 70L____! ~~'DB, '-----'---n~ 80~.• I -&!L=
I luB,

LCD MODUL:

~1,NG
~r-------

DA.T,. FlOA. TlNO

INTERFACE WITH 808SA

LCD MODULE

CLK

T, TWAtT. ra

• The module is treated as external RAM.
• As the 8048 doesn't have an equivalent signal to R/W,
this signal is made from RD and WR.

• 'NAND' of RD and WR is regarded as 'E' signal. Set-up-
time between the leading edge of R/W and the leading
edge of 'E' signal should be min. 140nsec, where the
leading edge of R/W should precede that of 'E' signal.
To keep this set-up-time (min. 140nsec.), the value of 'C'
and 'R' should be determined.

• In addressing of the module as external RAM in the
address area of 8048, the address on data bus (DBO-
DB?) are latched by ALE signal at the execution of ex-
temal RAM reference instruction (MOVXA, @ Rr: MOVX
@ Rr, A). In this case, Ao corresponds to RS of the
module, and 'AND' of A4-A? and 'OR' signal of RD,
WR has chip select function.

Write function
Write CGRAMIDDRAM data
Read busy flag/address
Read CGRAMIDDRAM data

# 'F.0"'(R/W = 0)
#'F1'(R/W=0)
# 'F.0"'(R/W= 1)
# 'F1' (R/W= 1)

• LCD module is treated as I/O or RAM device.
• RD, WR signal of the 8085A are min. 400nsec. and in-
sufficient to meet the needs of the 'E' signal of the
module, min. 450nsec. RD, WR pulse width should be
widened with providing TWAITcycle.

• The address of the module as I/O device in the address
area of the 8085A are:

Write function
Write CGRAMIDDRAM data
Read busy flag/address
Read CGRAMIDDRAM data

# 'EX' (R/W = 0)
#'FX'(R/W=O)
# 'EX' (R/W= 1)
# 'FX' (R/W = 1)

13



INTERFACE WITH Z-80

~----{>:------------~
A7 _

A6

A5------ __

~--------------------~:RS
o 10&

J_(,~ ~o~,-

, WAITr- +5 I
~~ L___ __ '

LCD MODULE

INTERFACE WITH NSC 800
CMOS MICRO

ACI:J-7 '-- _
I

ml -{»-- - - -- E

~ RS
A13~

Al' ~-'--RiWI~:~ ,

,
1 1

LCD MODULE

INTERFACE WITH
HUGHES/RCA 1802 CMOS MICRO

I
BUp 0 ,--------------------' D~

BUS 7 IDB7

o ,------------------.1 RS

i
I
I

14

• The module is treated as 110 device.
• ~ 110 cycle, 1 WAIT STATE (TW) is automatically insert-
ed, and OR signal (E) of RD, WR can be sufficient min.
450nsec.
When the module is treated as RAM device, 1 WAIT
STATE(TW) should be provided with WAIT signal.

• The method of making RIW, 'E' signal of the module
from RD,WR is same as that of 8048.

• The address of the module as 110 device in the address
area of the Z-80 are:

Write function
Write CGRAMIODRAM data
Read busy flagladdress
Read CGRAIODRAM data

# 'EX' (R/W = 0)
# 'FX' (R/W = 0)
# 'EX' (R/W = 1)
# 'FX' (R/W= 1)

<P
AO--A7

lORD
RD

00-07

WAIT

-~~~~
A

...L."
----- --- -_r--c --- 1---
---- --- -- -

00-07

INTERFACE WITH NSC 8073
TINY BASIC MICROINTERPRETER-_

00-07:-' -------""400-07

Aa ------------------', RS

NWDS "'-lW
. I

NRDS~ ~ e-, _ IE'~I~ -&.., i
, I

330"'- ~ I 1

l000p1~

LCD MODULE

INTERFACE WITH MOTOROLA
HIGH PERFORMANCE 6809

I I
00'-------------------" DEll
d7 I I Dir,

! I
~ I~

E"'" r-----t-----------i E

RiWf-------+----------i RiW

u(M READY)
6809

© DENSITRON CORPORATION TOKYO JAPAN 1983



Ordering Number:
ELS16 for LMB1C16-DC, LMB2C16-DC
ELS24 for LMB1C24-DC, LMB2C24-DC
ELS40 for LMB1C40-DC, LMB2C40-DC

E-L backlighting is provided as a standard option. The blue-green lamp has 50cd/m2 (14fL) of initial
brightness and a half-life of 7,500 hours under a constant voltace/frequency condition of 100V/400Hz.
Constant power DC to AC inverters are commercially available which will extend the half-life. The lamp
color can be shifted to green, yellow or light red by the addition of a filter. However, once the lamp is put
behind the LCD display, the brightness observed by the viewer is reduced to approximately 15% of what
the lamp emits resulting in about 7 .5cd/m2 (2fL) which is more than sufficient for normal night time viewing
and may need to be reduced for almost completely dark ambients.

~
(/)
(/)
U!
Z
l-
J:
Cl
ei:
CD

I

,.JH
20 I v::::.- 1---800 ~'

's
, -z-: ...- !-400 Mt

'0
/'/ /'

~ V I
5 60HI. '/ --:
J

/, / L

2
lj /'
I

~1

V
II I

JC 50 60 1(1 80 90 100 110120

VOL TS (Vrms)

og
1
t.z0
w
0:;
cta
°

.
I I

I !I
1

_;.--

_----- ->KL.L,
2

,
v~~

- - ~ }OOV·eoHI

-20-10 0 10 20 30.0 50 &0 10 80

DEGREES ("C)

2,
Cf)
Cf)

U!
Z
l-
J:
Cl
ei:
CD

s

//
~ _f-:--

I
lQOv·4('()Hz

0
I

I

V~
5

~V>-1 ,oo.~".

-20 -10 0 10 20 30 4() 50 60 70 80

DEGREES ( Cl

NANOMETERS

A
B ' c I

? I l
IIi- J ~

I
G F E - j'ill -K~

~c===================~==r-
L

I, ,

VOLTS (Vrms)

--~CiO' J:l~

1 .6Q C eo-, RH

I HOURS

ELS'S ELS24 ELS40
A MAX 75.00 MAX 107.00 MAX 167.00

B MIN 65.00 I MIN 97.00 MIN 157.00

C Mf.X 6,00 MAX 6.50 MAX 8.00

D MAX 2.50 MAX 2.50 MAX 2.50

E MIN 15.80 I MIN 15.80 MIN 15.80

F MIN 18.30 MIN 17.30 MIN 18.00

G '0 20.00:g 7 21 .50:~ ~20.00-0'

H 6.50=1.0 6.501:1.0 8.20=1.0

I 500 5.00 5.00

J 2 x 0.75' 2 x 0.75' 2 x 0.75'

K 10.00=1.0 6.00=1.0 16.00::tl.0

L MAX 1.30 MAX 1.30 MAX 1.30
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DENSITRON CORPORATION

Ordering Number: DAS5V3

This inverter is a compact encapsulated module used to generate the AC drive signal necessary to excite
the E-L lamp, It should be operated from your unregulated DC line due to generated switching noise and
will draw relatively low input currents, '

• MAXIMUM RATINGS:
Input Voltage: 6,0 VDC
Storage Ternp.: -20 to +70°C

• OPERATING RANGE:
Input Voltage: 2,5 to 5,5 VDC
Ambient Ternp.: -10 to +60°C

• MATERIALS:

Case: ABS Resin
Fill: Epoxy Compound
Color: Black or Grey

• TYPICAL OPERATING CONDITIONS:
Input Voltage: 5,0 VDC

16x1 24x1 40x1
Lame Load ___Q[_£_ or2 or 2 Units
Input Current 29 31 35 mA
Output Voltage 84 91 82 VRMS
Output Free. 525 500 415 Hz
Lamp Brightness 74 (2;) 53 (15) 45 (13) cc/rn" (ft-L)

Overvoltage Input Current: 60 MA Max

• OPERATION OF INVERTER FROM LARGER INPUT VOLTAGES WITH VARIABLE LAMP DIMMING
V'N,

ZENER
1N4733

E-L LAMP

OP AMP
';' LM 358 V. NOT USED IF DIMMING NOT REOUIRED

• DIMENSIONAL OUTLINE AND PINOUT:

VIN

9,OVDC
12,OVDC
24,OVDC
28,OVDC

Rz
220 -"- ,% w
360 -"- ,'14 W

1K .r«: ,'12 W

1,2K .r«: ,1 W

~--3-rlO.7

'.JE..L-1~:_ -!.J..G
~._.e

DIMS IN MM

- - ..~

/.fF-.;sDC DENSITRON CORPORATION
Daln,.Hasegawa Bldg_ 4·F.
'-12-4, Hamamatsucho, Mlnato·ku. Tokyo PO 801l 28184, Sunnyude, Pretori.l 0132 • ASA
105 Japan Cable: "DENTROROSE" Tokyo 51A Old .ftrltOl'll Road. Hlnwl.,. Hou.
Phone: (03) 437·3721 Telex: No. J26914 Tel, '0111-.3015'10 '_I

T.... 42.. 719 SA

ELECTRONIC COMPONENT SUPPLIEnS

© DENSITRON CORPORATION TOKYO JAPAN 1983 CATALOG No lCDl8303309C
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rtlANALOG
WDEVICES

Fast, Complete 12-Bit AID Converter
with Microprocessor Interface

FEATURES
Complete 12-Bit AID Converter with Reference

and Clock
Full 8- or 16-Bit Microprocessor Bus Interface
250ns Bus Access Time
Guaranteed Linearity Over Temperature

o to + 70°C - AD574AJ, AK, AL
- 55°C to + 125°C - AD574AS, AT, AU

No Missing Codes Over Temperature
Fast Successive Approximation Conversion - 25J.l.s
Buried Zener Reference for Long-Term Stability
and Low Gain T.C. 10ppmfOCmax AD574AL

12.5ppm/oC max AD574AU
Low Profile 28-Pin Ceramic DIP
Low Power: 390mW
Low Cost

PRODUCT DESCRIPTION
The AD574A is a complete Il-bit successive-approximation
analog-to-digital converter with 3-state output buffer circuitry
for direct interface to an 8-, J2-or l ó-bit microprocessor bus.
The ADS74A design is implemented with two LSI chips each
containing both analog and digital circuitry, resulting in the
maximum performance and flexibility at the lowest cost.

One chip is [he high performance ADS6SA 12-bit DAe and
voltage reference. It contains the high speed current output
switching circuitry, laser-trimmed thin film resistor network,
low T. C. buried zcner reference and the precision input scaling
and bipolar offset resistors. This chip is laser-trimmed al the
wafer stage (L WT) to adjust ladder network linearity, voltage
reference tolerance and temperature coefficient, and the calibration
accuracy of input scaling and bipolar offset resistors,

The second chip uses the proven LCI (linear-compatible integrated
injection logic) process to provide the low-power I2L successive-
approximation register, converter control circuitry, clock, bus
interface, and the high performance latching comparator. The
precision, low-drift comparator is adjusted for initial input offset
error at the wafer stage by the "zener-zap" technique which
trims the comparator input stage to 1/10 LSB typical error. This
form of trimming, while cumbersome for complex ladder networks,
is an attractive alternative to thin film resistor trimming for a
simple offset adjustment and eliminates the need for thin film
processing for this portion of the circuitry.

The ADS74A is available in six different grades. The ADS74A],
AK, and AL grades are specified for operation over the 0 to
....70°C temperature range. The ADS74AS, AT, and AU are
specified for the - 55°C 10 + 125°C range. All grades are packaged
in a low-profile, 0.600 inch wide, 28-pin hermetically-sealed
ceramic DIP.

Information furnished by Analog Devices is believed to be accurate
and reliable. However. no responsibility is assumed by Analog Devices
for its use; nor for any infringements of patents or other rights of third
Parties which may result from its use. No license is granted by implica-
tion Or otherwise under any patent or patent rights of Analog Devices.

PRODUCT HIGHLIGHTS
1. The ADS74A interfaces to most popular microprocessors

with an 8-, 12-, or 16-bit bus without external buffers or
peripheral interface controllers. Multiple-mode three-state
output buffers connect directly to the data bus while the read
and convert commands are taken from the control bus, The
12-bits of output data can be read either as one 12-bit word
or as two 8-bit bytes (one with 8 data bits, the other with 4
data bits and 4 trailing zeros).

2. The precision, laser-trimmed' scaling and bipolar offset resistors
provide four calibrated ranges; 0 to + 10 and 0 to -'-20 volts
unipolar, or - 5 10 + 5 and - 10 to + 10 volts bipolar. Typical
bipolar offset and full scale calibration of :: 0, 1% can be
trimmed to zero with one external component each.

3. The internal buried zener reference is trimmed (0 10.00 volts
with 1% maximum error and l Sppm/'C typical T,e. The
reference is available externally and can drive up to l.Sml\
beyond that required for the reference and bipolar offset
resistors.

4, The two-chip construction renders the ADS74A inherently
more reliable than hybrid multi-chip designs. All three military
grades have guaranteed linearity error over the full - 55°C to
+ 125°C and are especially recommended for high performance
needs in harsh environments. These units are available pro-
cessed to MIL-STD-883B, Level B.

P.O. Box 280;
Tel:617/329-4700
Telex: 924491

Norwood, Massachusetts 02062 U.S.A.
Twx: 710/394-6577

Cables: ANALOG NORWOODMASS



SPECIFICATIONS (typical @ +2~oe wit~ yee = +15V or +12V, VLOGle = +5V, VEE = -15V or -12V,
unless otherwise specified)

DC AND TRANSFER ACCURACY SPECIFICATIONS

MODEL

RESOLUTION (max)

LINEARITY ERROR
25°C (max)

Tmin to Tmax (max)

DIFFERENTIAL LINEARITY ERROR
(Minimum resolution for which no
missing codes are guaranteed)

25°C
Tmin to Tmax

UNIPOLAR OFFSET (max) (Adjustable to zero)

BIPOLAR OFFSET (max) (Adjustable to zero)

FULL SCALE CALIBRATION ERROR
(with fixed son resistor from REF OUT te REF IN)
(Adjustable to zero) 2SoC (max)
Tmin to Tmax (Without Initial Adjustment)

(With Initial Adjustment)

TEMPERATURE RANGE

TEMPERATURE COEFFICIENTS (Using internal reference)
Guaranteed max change
Tmin to Tmax

Unipolar Offset

Bipolar Offset

Full Scale Calibration

POWER SUPPLY REJECTION
Max change in Full Scale Calibration

+ 13.SV<Vcc<+ 16.SV or + llAV';;VCC"+ 12.6V
+4,SV<VLOGIC<+S,SV
-16,SV<VEE<-13.5V or -12.6V<VEE<-IIAV

ANALOG INPUTS
Input Ranges

Bipolar

Unipolar

Input Impedance
io Volt Span
20 Volt Span

POWER SUPPLIES
Operating Range

VLOGIC
Vce
VEE

Operating Current

ILOGIC
lee
VEE

POWER DISSIPATION

INTERNAL REFERENCE VOLTAGE
Ou tpu t Current (available for external loads)
(External load should not change during conversion)

NOTES
ITh. reference should be buffered for operation on "12V supplies.
Specifications subject to chang. without notice.

ADS74Aj AD574AK UNITSAD574AL

12 12 Bits12

:tI
:tI

LSB
LSB

:t 1/2
:t 1/2

:t 1/2
! 1/2

II 12 12 Bits
II 12 12 Bits

:t2 :t2 :t2 LSB

:tla :!:ot :!:ot LSB

0.25 0.25 0.25 % of F.S.
0.47 0.37 0.30 % of F.S.
0.22 0.12 0.05 % of F.S.

o to ...70 °c

:t2 ::1 ::1 LSB
(10) (5) (5) (ppmf'C)
1:2 :!:I :tI LSB
(10) (5) ( 5) (ppm/oCl
:t9 :t5 :t2 LSB
(50) (27) (10) (ppmtCl

±2 :tI :tI LSB
:!:l/Z :: 1I~ :!:1/2 LSB
:t2 ::1 ::1 LSB

-5 to .-5 Volts
-10 tO ...10 Volrs
o to +10 Volts
o to +20 Volts

Sk (3k min. 7k max) n
lOk (6k min. Hk max) n

+4.5 to +S.S Volts
+11.4 to +16.S Volts
-11.4 to -16.5 Volts

30 typ. 40 max rnA
2 typ. S max rnA

18 typ. 30 max rnA

390 typ. 72S max mW

10.00 to.I (max) Volts
1.5 max! rnA
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DC AND TRANSFER ACCURACY SPECIFICATIONS

MODEL

RESOLUTION (max)

LINEARITY ERROR
25° C (max)
-25°C to +8SoC (max)
-55°C to +125cC (max)

DIFFERENTIAL LINEARITY ERROR
(Minimum resolution for which no
missing codes are guaranteed)

25°C
Tmin to Tm",

t.::-.JIPOLAR OFFSET (max) (Adjustable to zero)

BIPOLAR Ol-'FSET (max) (Adjustable to zero)

FULL SCALE CALIBRATION ERROR
(·...-ith fixed Son resistor from REF IN to REF OUT)
(Adjustable to zero) 25°C (max)
Tmin to Tm", (Wrth ou t Initial Adjustment)

(With lrunal Adjustment)

TEMPERATURE RANGE

TE.'v\PERATL'RE COEFFICIE:-.JTS (using intern al reference)
Guaranteed max change
Tmin ra Tmax

Unipolar Offset

Bipolar Offset

Full Scale Calibration

POWER SUPPLY RE] ECTION
Max change in Full Scale Calibration

+13.5V·;;;VCC<+!6.5V or +11 AV<;;;VCC';;;+12.6V

+4.5V';;;VLOGIC'+5.5V
-16.5V';;VEE';;-13.5V or -12.6V';;VEE';;-1:.4V

ANALOG INPUTS
Input Ranges

Bipolar

Unipolar

Input Impedance
lO Volt Span
20 Voir Span

POWER SUPPLIES
Operating Range

VLOGIC
VCC
VEE

Operating Current

ILOGIC
Icc
lEE

POWER DISSIPATION

INTERNAL REFERENCE VOLTAGE
Output Current (available for external loads)
(External load should not change during conversion)

NOTES
I Th. reference should b. buffered for operanon on ~12V supplies.
Specifications subject tO chang. without notie e.

AD5ï4AS AD574AT AD574AU UNITS

12 12 12 Bits

±1 ±1/2 ±1/2 LSB
=1 ± 1/2 ±112 LSB
±1 ±I ::1 LSB

II 12 12 Bits
Il 12 12 Bits

±2 ±2 ±2 LSB

1:10 ±4 ±4 LSB

0.25 0.25 0.25 % of F.S.
0.75 0.5 0.37 % of F.S.
0.5 0.25 0.12 % of F.S.

-55 to +125 °c

±2 ±I ±1 LSB
(5 ) (2.5) (2.5) (ppm/oC)
±4 ±2 ±1 LSB
(lO) (5 ) (2.5) (ppm/C)
120 1:10 ±5 LSB
(50) (25 ) (12.5) (ppm/C)

±2 ±1 ::1 LSB
± 1/2 :t 1/2 :tl/2 LSB
±2 :tI ::1 LSB

-5 to +5 Volts
-10to+10 Volts
o to +10 Volts
o to +20 Volts

5k (3k rmn. 7k max) n
lOk (6k min, 14k max) n

+4.5 to +5.5 Volts
+11.4 to +16.5 Volts
-11.4 to -16.5 Volts

30 typ. 40 max rnA
2 typ, 5 max mA

18 typ, 30 max rnA

390 typ. 725 max mW

10.00 ±0.1 (max) Volts
1.5max' mA
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DIGITAL CHARACTERISTICS! (All grades, T min t" T max)

Min Typ ,\1ax

Logic Inputs- I,CE, CS. R C.:\()
Voltages

Logic vl " - 2.0\' -'- 5.5\'
Logic "0" - 0.5\' -'-0.8\'

Current - 50iJ.:\ -'- 50iJ.";
Capacitance SpF

Lagie Ourputs mB 11-DBO, STS)
Logic "0" -'- 0.4\' IS!~K ~ 1.6mA
Logic "1" 2.4\' L';Ol'l{cE -s 500iJ.:\
Leakage ~When in high-Z stare: -40iJ.A -'-40iJ..-\ DB11-DBOOnly
Capacitance 5pF

IDetailed Timing Specificauons appear in the Digita] Interface Seerion.
! 12 S Input is ~ TTI.-êomrJtlhk and must be hard-wired to \" I ,,,.I'- or DIGIT.-\1. CO.\I.\\O\:.

DATA MODE SELfCT
12/'

CI1I~ SELECT

B
Ivn AOOfllESS!

SHOAT CVCLE "'.Al"OICON v tAT
Alf

CHI' (NAILf

CE

-10'0' AH(III(NC[

0,,;o11"l

> DATA

"':UT'UT~AlF OUT

ANALOG COMMON

AC

A"tA1NCE INPuT

Alf IN

10\0'PAN IN'Ul,-
lO'V SPAN t"''VT,ov~

)
DIGITAL CQtrotMON

oe

AD574A Block Diagram and Pin Configuration

ABSOLUTE MAXIMUM RATINGS
(Specifications apply to all grades. except where noted)

Vee to Digital Common ..
V!;E to Digital Common ..
V 1.(x.;!C to Digital Common
Analog Common 10 Digital Common
Control Inputs lCE, CS, A,» 12,&, R C) to

Digital Common. -O.5V to VUX;!':
Analog Inputs (REF IN, BIP OFF, IOV1,,) to

Analog Common .

Ora -'-16.5\'
Ora - 16.5V

o lO -'- 7\'
= 1\'

-'- 0.5\'

:: 16.5\'

AD574A PACKAGE OUTLINE
Dimensions shown in inches and [mm '.

g:~:::l~]~,:~~~i~
r----- 142 13. 071 I S~":N".G __L

t ~ -_i_ .L- ~~F90.".eo.czT ~ ~~
o0.' ~ ~ :--o.J T(2'6) eo.oro

Il-, I I 11.27}_IL 0 OIO'0 00:J
--:. ~ ~ 11(0.254 :0.051

o o~~,;~.007 0 ~ ~~iOO3 0 ~ 12.54' . ~o 6 (15.24) .

LEAD NO 1 IOENTIFIED BY DOT

20V I" to Arialog Common
REF OUT Indefinite short to common

Momentary short to Vee
100'C
150°C

1000m\'('
300'C, io sec.

- 65°C to -'- ISO·C
WC\Y/

Chip Temperature (J, K, L grades)
(S. T, U grades)

Power Dissipation . . . . . .
Lead Temperature, Soldering
Storage Temperature
Thermal Resistance, I1J.-\

AD574A ORDERING GUIDE

Resolution Max
Linearity Error No Missing Codes Full Scale

Model Temp. Range Max (T min to T max) (T min to T max) 1'.C_ (ppm/°C)
ADS74A]D o to + 70·C = 1LSB II Bits 50.0
ADS74AKD o to + 70·C ::: 1/2LSB 12 Bits 27.0
ADS74ALD Oto + 70·C = 1/2LSB 12 Bits 10.0
AD574ASD - 5S·C to + 12S·C = ILSB II Bits 50.0
ADS74ASD/883B - 55°C to + 125°C :::ILSB I I Bits 50.0
AD574ATD - 55·C to + 125·C =ILSB 12 Bits 25.0
ADS74ATD/883B - 55°C to + 125°C ::: ILSB 12Bits 25.0
AD574AUD - 5S·C to + 125·C ::: ILSB 12 Bits 12.5
ADS74AUD/883B - 55°C to + 125°C = ILSB 12 Bits 12.5
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THE AD574A OFFERS GUARANTEED MAXIMUM LINEARITY ERROR OVER THE FULL OPERATING
TEMPERATURE RANGE

DEFINITIONS OF SPECIFICATIONS

LI:\EARITY ERROR
Linearity error refers to the deviation of each individual code
from a line drawn from "zero through "full scale". The point
used as "zero" occurs '/:LSB l1.22m\' for 10 volt span ' before
the first code transition (all zeros to only the LSB "on"), "Full
scale" is defined as a level l'/:LSB bevond the last code transition
(to all ones I. The deviation of a code from the true straight line
is measured from the middle of each particular code.

The AD57·L\K. :\L. :\T, and AC grades are guaranteed for
maximum nonlinearity of = 'I:LSB, For these grades, this means
that an analog value which falls exactly in the center of a given
code width will result in the correct digital output code. Values
nearer the upper or lower transition of the code width may
produce the next upper or lower digital output code. The AD574AJ
and AS grades are guaranteed to = 1LS B max error . For these
grades, an analog value which ialls within a given code width
will result in either the correct code for that region or either
adjacent one.

Note that the linearity error is not user-adjustable.

DIFFEREl\"TL\L LI~EARITY ERROR (NO ,'vUSSING
CODES~
A specification which guarantees no missing codes requires that
every code combination appear in il monotonic increasing sequence
as the analog input level is increased. Thus every code must
have a finite width. For the AD574AK, AL, AT, and ..U; grades,
which guarantee no missing codes to l2-bit resolution, all 4096
codes must be present over the entire operating temperature
ranges. The AD574A] and AS grades guarantee no missing
codes to II-bit resolution over temperature; this means that all
code combinations of the upper Il bits must be present; in
practice very few of the l2-bit codes are missing.

uNIPOLAR OFFSET
The first transition should occur at a level '/ILSB above analog
common. Unipolar offset is defined as the deviation of the actual
transition from that point. This offset can be adjusted as discussed
on the following tWOpages. The unipolar offset temperature
coefficient specifies the maximum change of the transition point
over temperature, with or without external adjustment.

BIPOLAR OFFSET
Similarly, in the bipolar mode. the major carry transition (0 III
1111 1111 to 1000 0000 0000) should occur for an analog value
'/:LSB below analog common. The bipolar offset error and
temperature coefficient specify the initial deviation and maximum
change in the error over temperature.

QC:\:\"TIZATIO:\" C:\"CERTAI:\"TY
Analog-to-digital converters exhibit an inherent quantization
uncertainty of = '/:LSB. This uncertainty is a fundamental
characteristic of the quantization process and cannot be reduced
for a converter of given resolution.

LEFT-JUSTIFIED D:\TA
The data format used in the AD574A is left-justified. This
means that the data represents tl:!e analog input as a fraction of
full-scale, ranging from 0 to i8§g. This implies a binary point
to the left of the MSB.

FULL SCALE CALIBRATION ERROR
The last transition (from 111111111110 to 1111 1111 1111)
should occur for an analog value I l/2LSB below the nominal
full scale (9.9963 volts for 10.000 volts full scale). The full scale
calibration error is the deviation of the actual level at the last
transition from the ideal level. This error, which is typically
0.05 to 0.1% of full scale, can be trimmed out as shown in
Figures 3 and 4. The full scale calibration error over temperature
is given with and without the initial error trimmed out. The
temperature coefficients for each grade indicate the maximum
change in the full scale gain from the initial value using the
internallO volt reference.

TE.'v\PERATCRE COEFFICIEl\"TS
The temperature coefficients ior full-scale calibration. unipolar
offset, and bipolar offset specify the maximum change from the
initial (25°C) value to the value at T min or T rThIX'

POWER SUPPLY RE]ECTIOl\'
The standard specifications for the AD574A assume use of
..j. 5.00 and :t 15.00 or ::: 12.00 volt supplies. The only effect of
power supply error on the performance of the device will be a
small change in the full scale calibration. This will result in a
linear change in all lower order codes. The specifications show
the maximum change in calibration from the initial value with
the supplies at the various limits.

CODE WIDTH
A fundamental quantity for AiD converter specifications is the
code width. This is defined as the range of analog input values
for which a given digital output code will occur. The nominal
value of a code width is equivalent to I least significant bit
(LSB) of the full scale range or 2.44mV out of 10 volts for a 12-
bit ADC.
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CIRCUIT OPERATION
The ADS74A is a complete l2-bit AiD converter which requires
no external components to provide the complete successive-ap-
proximation analog-to-digital conversion function. A block dia-
gram of the ADS74A is shown in Figure 1. The device consists
of two chips, one containing the precision l Zvbit DAC with
voltage reference, the other containing the comparator, successive-
approximation register, clock, output buffers and control cir-
cuitry .

BIT QUT"UTS

DIGITAL
COMMON

lOV ... SVCC£SSIVE
A.'I"RQXtMATtON

FlEGISTER
IS.a.Rl

~~~g~-t-'--~...J
.~~~::-+"--w...-+_'"

ANALOG CHIP

DIGITAL TO ANALOC
CONVERliER I"OMS'" CHIP)

"'HOUl
110.00\'1

Figure 1. Block Diagram of AD574A 12-Bit A-to-D Converter

'X/hen the control section is commanded to initiate a conversion
(as described later), it then enables the clock and resets the
successive-approximation register (SAR) to all zeros. Once a
conversion cycle has begun, it cannot be stopped ur re-started
and data is not available from the Output buffers. The SAR,
timed by the clock. will then sequence: through the conversion
cycle and return an end-of-convert flag to the control section.
The control section will then disable the clock, bring the ourput
status nag low, and enable control functions to allow data read
functions bv external command.

During the conversion cycle. the internal 12-bit current output
DAC is sequenced by the SAR from the most-significant-bit
(MSB) to least-significant-bit (lSB) to provide an output current
which accurately balances the input signal current through the
Skn (or 10k!l) inpur resistor. The comparator determines whether
the addition of each successively-weighted bit current causes the
DAC current sum to be greater or less than the input current; if
the sum is less, the hit is left on; if more, the bit is turned off.
After testing all the bits, the SAR contains a l2-bit binary code
which accurately represents the input signal to wirhin z; VzlSB.

The temperature-compensated buried Zener reference provides
the primary voltage reference to the DAC and guarantees excellent
stability with both time and temperature. The reference is trimmed
to 10.00 votts z; 1%; it can supply up to l.SmA to an external
load in addition to that required to drive the reference input
resistor (O.SmA) and bipolar offset resistor (lmA) when the
ADS74A is powered frorn c; ISV supplies. If the AD574A is
used witb z 12V supplies, or if external current must be supplied
over the full temperature range, an external buffer amplifier is
recommended. Any external load on the ADSi4A reference
must remain constant during conversion. The thin film application
resistors are trimmed to match the full scale output current of
the DAC. There are two Sk!l input scaling resistors to allow
either a 10 volt or 20volt span. The lOk!! bipolar offset resistor

is grounded for unipolar operation or connected to the 10 volt
reference for bipolar operation.

DRIVING THE AD574A ANALOG INPUT
The AD574A is a successive-approximation type analog-to-digital
converter. During the conversion cvclc, the ADC input current
is modulated bv the DAC rest current al approxirnatclv a 500kHz
rate. Thus it is important lO recognize that the signal source
driving the ADS74A must be capable of holding a constant
OUlpUI voltage under dynamicallv-changing load conditions.

AD574A

I,,,, IS MODuLATED 8Y
C""NGES IN TEST CURRENT
AMPLlflEFI PULSE LOAD
RESPONSE LIMITED BV
OI"EN lDOP OUTPUT IMPEDANCE

ANALOG COMMOIIi

Figure2. OpAmp-AD574A Interface

The closed loop output impedance of an op amp is equal to the
open loop output impedance (usually a few hundred ohms)
divided by the loop gain at the frequency of interest. It is often
assumed that the loop gain of a follower-connected op amp is
sufficiently high to reduce the closed loop output impedance [0

a negligibly small value. particularlv if the signal is low frequencv.
However, the amplifier driving an ADS74A must either have
sufficient loop gain at 500kHz to reduce the closedloop Output
impedance to a low value or have low open loop output
impedance.

This can be accomplished either by using a wideband op amp or
by placing a discrete-transistor or integrated buffer inside the
amplifier's feedback loop.

SUPPLY DECOUPLING AND lAYOUT
CONSIDERATIONS
It is critically important that the ADS74A power supplies be
filtered, well-regulated, and free from high frequency noise. use
of noisy supplies will cause unstable output codes to be generated.
Switching power supplies are not recommended for circuits
attempting to achieve 12-bit accuracy unless great care is u cd
in filtering any switching spikes present in the output. Remember
that a few millivolts of noise represents several counts of error
in a l2-bil ADC.

Decoupling capacitors should be used on all power supply pins;
the + 5V supply dccoupling capacitor should be connected
directly from pin 1 to pin 15 (digital common) and the + Vee
and - VEl: pins should be decoupled directly to analog common
(pin 9). A suitable decoupling capacitor is a 4?f.LF tantalum type
in parallel with a 0 .11LF disc ceramic type.

Circuit layout should attempt to locate the AD574A, associated
analog input circuitry, and interconnections as far as possible
from logic circuitry. For this reason, the use of wire-wrap circuit
construction is not recommended. Careful printed-circuit con-
struction is preferred.
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UNIPOLAR RANGE CONNECTIONS FOR THE AD574A
The AD57-1A contains all the active components required to
perform a complete 12-bit A:D conversion. Thus, for most
situations, all that is nccessarv is connection of the power supplies
\ + 5, .._12 - 15 and - 12. - 15 volts), the analog input. and the
conversion initiation command, as discussed on the next page.
Analog input connections and calibration are casilv accomplished;
the unipolar operating mode is shown in Figure -I.

OFFSET
Rl

2 12is STS 28

3 ëS HIGH BITS

• .00
24·27

S RIC MIDDLE BITS
20·231001<

-12-'5V~""21+'5V
GAIN

6 CE
AD574A LOWBITS

16·12
lOOk

roon

o TO .lOV
ANALOG c-----~ 13 10V'N

INPUTS 14 20VIN

o TO .20V

s
-lSV 7

-15v 11

9 ANA COM DIG COM 15

Figure 3. Unipolar Input Connections

All of the thin film application resistors of the ADS74A are
trimmed for absolute calibration. Therefore, in many applications,
no calibration trimming will be required. The absolute accuracy
for each grade is given in the specification tables. For example,
if no trims are used, the ADS74AK guarantees :=2LSB max
zero offset error and :=0.2S% (IOLSB) max full scale error.
(Typical full scale error is :=2LSB.) If the offset trim is not
required, pin 12 can be connected directly to pin 9; the two
resistors and trimmer for pin 12 are then not needed. If the full
scale trim is not needed, a son ::!: 1% metal film resistor should
be connected between pin 8 and pin 10.

The analog input is connected between pin 13 and pin 9 for a 0
to + 10V input range, between 14 and pin 9 for a 0 to + 20V
input range. The ADS74A easily accommodates an input signal
beyond the supplies. For the l O volt span input, the LSB has a
nominal value of 2.44mV, for the 20 volt span, 4.88mV. If a
10.24V range is desired (nominal 2.SmV/bit), the gain trimmer
(R2) should be replaced by a son resistor, and a 200n trimmer
inserted in series with the analog input to pin 13 (for a full scale
range of 20.48V (SmV/bit), use a soon trimmer into pin 14).
The gain trim described below is now done with these trimmers.
The nominal input impedance into pin 13 is Skfl , and 10kn
into pin 14.

UNIPOLAR CALI BRATION
The ADS74A is intended to have a nominal 1fzLSB offset so that
the exact analog input for a given code will be in the middle of
that code (halfway between the transitions to the codes above

and below it). Thus, when properly calibrated, the first transition
(from 0000 0000 0000 to 0000 0000 0001) will occur for an
input level of + 1/2LSB (I.22mV for IDV range). .

If pin 12 is connected to pin 9, the unit typically will behave in
this manner, within specifications. If the offset trim (RI) is
used, it should be trimmed as above, although a different offset
can be set for a particular system requirement. This circuit will
give approximately := 1SmV of offset trim range.

The full scale trim is done by applying a signal 1 1/2LSB below
the nominal full scale (9.9963 for a IDV range). Trim R2 to give
the last transition (1111 1111 III 0 to 1111 1111 1111).

BIPOLAR OPERATION
The connections for bipolar ranges are shown in Figure 4. Again,
as for the unipolar ranges, if the offset and gain specifications
are sufficient, one or both of the trimmers shown can be replaced
by a son := 1% fixed resistor. The analog input is applied as for
the unipolar ranges. Bipolar calibration is similar to unipolar
calibration. First, a signal l/zLSB above negative full scale
(-4.9988V for the :=SV range) is applied and RI is trimmed to
give the first transition (0000 0000 0000 to 0000 0000 0001).
Then a signal IljzLSB below positive full scale (+ 4.9963V for
the :!: SV range) is applied and Rl trimmed to give the last
transition (1111 1111 III 0 to 1111 1111 1111).

2 12/8 STS 28

3 ëS HIGH BITS

4 .00
24·27

S RIC MIDDLE BITS
2().23

6 CE
LOW BITS

AD574A 16-19
GAIN '0 REF IN

8 REF OUT

OFFSET 12 BIP OFF
·SV 1

.SV
ANALOG 13 lOVIN ·1SV 7
INPUTS

,. 20VIN -15V 11
110V

~
9 ANA COM

Figure 4. Bipolar Input Connections

GROUNDING CONSIDERATIONS
The analog common at pin 9 is the ground re'ference point for
the internal reference and is thus the "high quality" ground for
the ADS74A; it should be connected directly to the analog
reference point of the system. In order to achieve all of the high
accuracy performance available from the ADS74A in an environ-
ment of high digital noise content, it is required that the analog
and digital commons be connected together at the package. In
some situations, the digital common at pin 15 can be connected
to the most convenient ground reference point; analog power
return is preferred.
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CONVERSION START/DATA READ
CONTROL LOGIC
The ADS74A contains on-chip logic [0 provide conversion initi-
ation and data read operations from signals commonly available
In microprocessor systems. Figure 5 shows the internal logic
circuitry of the ADS74A.

"fOlE 1 W~l.N ST A~T CON ....ERT GOlS LOW THE [DC I(ND OF CONV(~$IONI $101'11"1.5 GO LOW
EOCI RETURNS MIGH AnED: AN I·BIT CONVI:R$IOI'II CYCLE I$C')"""L£1£. AND Eoe12
IIIEltIR"'S HICM WMP~ "lI. 1, BITS HAVE iJEEN CONVERTff> THi. i.OC SIC ...... LS .. RE v EN!
DATA FJiQM BEINC A[AO OU~ING CONI/EliSIONS

"K)n.2 Il/fiS NOT A T':'L COMPATIblE II~"UT A~O SHOULD ALWAV$ 8£ WIIUO DIRECTLY TO
veeete OR 01Q11"'L COMMOri

Figure 5. AD574A Control Logic

The control signals CE. CS, and R/C cararol the operation of
the converter. The state of RiC when CE and CS are both asserted
determines whether a data read (RIC = 1) or a convert (R/C =
0) is in progress. The register control inputs Ao and 12/8 control
conversion length and data format. The Ao line is usually tied
to the least significant bit of the 'address bus. If a conversion is
started with Ao low, a full 12-bit conversion cycle is initiated. If
Ao is high during a convert start, a shorter 8-bit conversion
cycle results. During data read operations, Aa determines whether
the three-state buffers containing the 8 .\l1SB5of the conversion
result (An = 0) or the -I LSBs (Ao = 1) are enabled. The IZ/8
pin determines whether the OUtput data is [0 be organized as
two 8-bit words (IZiS tied to DIGITAL COMMON) or a single
lZ-bit word (12/8 tied to VLOGIC). The 12/8 pin is not TTL-
compatible and must be hard-wired to either VLOGIC or DIGI-
TAL COMMON. III the 8-bit mode, the byte addressed when
Ao is high contains the 4 LSBs from the conversion followed by
four trailing zeroes. This organization allows the data lines to be
overlapped for direct interface to 8-bit buses without the need
for external three-state buffers.

It is not recommended that Ao change state during a data read
operation. Asymmetrical enable and disable times of the three-state
buffers could cause internal bus contention resulting in potential
damage to the ADS74A.

An output signal, STS, indicates the status of the converter.
STS goes high at the beginning of a conversion and returns low
when the conversion cycle is complete.

CE es R/ë 12/8 Ao Operation

0 X X X X None
X I X X X None

0 0 X 0 Initiate 12-Bit Conversion
0 0 X I Initiate 8-Bit Conversion

0 Pin I X Enable I2-Bit Parallel Output

0 Pin 15 0 Enable 8 Most Significant Bits
0 Pin IS Enable 4LSBs + 4 Trailing Zeroes

Table 1. AD574A Truth Table

TIMING
The AD574A is easily interfaced to a wide variety of micropro-
cessors and other digital svstems. Discussion of the timing re-
quirements of the A0574A control signals will provide the
system designer with useful insight into the operation of the de-
vice.

Figure 6 shows a complete timing diagram for the AD574A con-
vert start operation. R C should be low before both CE and CS
are asserted; if RC is high, a read operation will momentarily
occur, possibly resulting in system bus contention. Either CE or
CS may be used to initiate a conversion. As shown in Figure 6,

Cs ~ {sse 1
MSC

• I/

AO \SAC~tHAC3

Figure 6. Convert Starr Timing

CE is used. If CS is used to trigger conversion or if the specified
set-up times are not met, appropriately longer pulses are necessary
(to provide at least ZOOnswhen RIC, CE, and CS are all valid).
Note that CE includes one less propagation delay than CS and is
therefore the faster input.

Once a conversion is staned and the STS line goes high, conven
stan commands will be ignored until the conversion cycle is
complete. The output data buffers cannot be enabled during
conversion.

CONVERT START TIMING - FULL CONTROL MODE

Symbol Parameter Min Typ Max Units

lo!-o<: STS Delay from CE 300 ns
tHEe CE Pulse Width 300 ns
t ...sc: CS to CE Setup 300 ns
1'I'K CS Low During CE High 200 ns
tSRC RJë to CE Setup 250 ns
tH)\(' R/ë Low During CE High 200 ns
(SAC Ao to CE Setup 0 ns
tHA. Ao Valid During CE High 300 ns
te Conversion Time

8-Bit Cycle ro 24 ~s
12·Bit Cycle 15 35 us

Figure 7 shows the timing for data read operations. The ADS74A
differs from the original ADS74 design in that the three-state
output buffers feature faster access time and shorter data latency

CE

~
ëS

R/ë

~Ao

Figure 7. Read Cycle Timing
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times. This speed improvement simplifies the interface to faster
microprocessors. During data read operations. access time is
measured from the point where CE and R C both are high '.as-
suming CS is already low If CS is used to enable the device,
access time i, extended by lOOns.

In the 8-bit bus interface mode' 12 S input wired to DIGIT.\L
CO.\L\10~ ', the address bit. .\(). must be stable ar least 150ns
prior to CE going high and must remain stable during the entire
read cvcle. If Al) is allowed to change, damage ra the .\D5i4:\
output buffer. may result.
READ TIMING - FULL CONTROL MODE
Symbol Parameter Min Typ Max Units

tnn
,

Access Time' from CE 210 250 ns
lllo Data v alid after CE Low 25 ns
(Hl.

z Output Float Dela\' 110 150 ns
l ....SR CS to CE Setup 150 ns
(iRK Re toCE Setup 0 ns
l"lAR A., to CE Setup 150 ns

lll";R CS v alid After CE Law SO ns
l}-lRR Re High :\fterCE Low 0 ns
1" \R A" Valid After CE law SO ns

1[!)1) I~ measured wnh the JU3J circuu ol Ergure 8 and defined as the time: required fur an
outpur IQ I.:fl)SSOA\' or ~.4\·

~ till rs dcfined oI~ the: urne required lor the data lines toch:ln~cO.5\·wht:n 1I'30c..1 wuh the
ctrcurt ot F1~'.IrI:~

-sv

DBN o_~...!3-k --I":-'OO-PF ~ 3k

DBN~

l'OOoF

a. High-Z to Logic 7 b. High-ZtoLogicO

Figure 8. Load Circuit for Access Time Test

DBN 0-"'1.,.-3" -1"'---'J'OPF

-sv

~ 3k

DBN~

J'OPF

a. Logic 7 to High-Z b. Logic 0 to High-Z

Figure 9. Load Circuit for Output Float Delay Test

"STAND-ALONE" OPERATION
The ADS74A can be used in a "stand-alone" mode, which is
useful in systems with dedicated input ports available and thus
not requiring full bus interface capability.

In this mode, CE and 12/8 are wired high, CS and An are wired
low, and conversion is controlled by RiC. The three-state buffers
are enabled when RiC is high and a conversion starts when RfC
goes low. This gives rise to two possible control signals-a high
pulse or a low pulse. Operation with a low pulse is shown in
Figure 10. In this case, the outputs are forced into the high-

.,e-tJ
l,o'~r---------

'-----
-j ~ f----"'---j-i. ~'H'

rL:{Dr----,H:;.:tG..:.H ..;:..,----<~DA"VAL'O

STS

OI"·OBO

Figure 10. Low Pulse for Ric - Outputs EnabledAfter
Conversion

impedance state in response to the falling edge of RC and return
to valid logic levels after the conversion cvcle is completed. The
STS line goes high SOOnsafter R'C goes low and returns low
300ns after data is valid.

If conversion is initiated by a high pulse as shown in Figure Il,
the data lines are enabled during the time when RiC is high.
The falling edge of R C starts the next conversion and the data
lines return to three-state (and remain three-state) until the next
high pulse of R C.

.,f-Ji _
mi'·'·I,o'l~-----'L

~~ 1-----"'----;'
OB"-OBO~ l@

I r--'~===1
Figure 77. Low Pulse for Re - Outputs Enabled While R 'C
High, Otherwise High-Z

MIGH-Z

STAND-ALONE MODE TIMING

Symbol Parameter Min Typ Max Units

tHRL Low RiC Pulse \X1idth 350 ns
tos STS Delay from RIC sao ns
tHDR Data Valid After RiC Low 25 ns
tHL Output Float Delay 110 150 ns
tHS STS Delay After Data ValiJ 300 1000 ns
tHRH High RIC Pulse Width 250 ns
tDOR Data Access Time 250 ns

INTERFACING THE AD574A TO MICROPROCESSORS
The control logic of the AD5i4A makes direct connection [0

most microprocessor system buses possible. While it is Impossible
to describe the details of the interface connections for every
microprocessor type. several representative examples will be
described here.

GENERAL AID CONVERTER INTERFACE
CONSIDERA TIONS
Analog-to-digital converters, like any 110 device, may be interfaced
[0 microprocessors by several methods. These methods include
(but are not limited to) direct memory access, isolated or ac-
cumulator yo, and memory-mapped ItO. Direct memory access
(DMA) is the fastest, since conversions occur automatically and
data updates into memory are transparent to the processor.
DMA logic is very processor-dependent and makes use of dedicated
specialized hardware.

Memory-mapped and accumulator 110 are more often used and
somewhat easier to understand. Memory-mapped lJO assigns
the 110 device to one or more locations in the memory space of
the microprocessor. This technique has the advantage that the
full range of memory reference instructions may be used to
operate on the data. The potential disadvantages include limiting
the memory space available for program and data memory,
somewhat more complex address decoding and more difficult
isolation of device select pulses for system debugging. Many
processors offer only memory-mapped ItO.

Accumulator 110 uses a set of control signals which are distinct
and different from the memory control signals. These comrol
signals, combined with the address bus, serve to define a totally
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separate I/O address space. This architecture is simpler from a
hardware standpoint, since address decoding requirements are
less severe and distinct I/O read and write pulses are more easily
located for system debugging purposes. However, processors
using accumulator I/O generally can only send data to an output
device from the accumulator. This can make the software more
cumbersome, since processor-controlled transfers of I/O device
data to a memory location cannot be accomplished in a single
instruction.

A typical AID converter interface routine involves several opera-
tions. First, a write to the ADC address initiates a conversion.
The processor must then wait for the conversion cycle to complete,
since most integrated circuit ADCs take longer than one instruction
cycle to complete a conversion. Valid data can, of course, only
be read after the conversion is complete. The AD574A provides
an output signal (STS) which indicates when a conversion is in
progress. This signal can be polled by the processor by reading
it through an external three-state buffer (or other input port).
The STS signal can also be used to generate an interrupt upon
completion of conversion, if the system timing requirements are
critical (bear in mind that the maximum conversion time of the
AD574A is only 35 microseconds) and the processor has other
tasks to perform during the ADC conversion cycle. Another
possible time-out method is to assume that the ADC will take
35 microseconds to convert, and insert a sufficient number of
"do-nothing" instructions to ensure that 35 microseconds of
processor time is consumed.

Once it is established that the converter is done with its cycle,
the data can be read. In the case of an ADC of 8-bit resolution
(or less), a single data read operation is sufficient. In the case of
converters with more data bits than are available on the bus, a
choice of data formats is required, and multiple read operations
are needed. The AD574A includes internal logic to permit direct
interface to S-bit or ló-bit data buses, selected by connection of
the 12/8 input. In ló-bit bus applications (12/8 high) the data
lines (DB 11 through DBO) may be connected to either the 12
most significant or 12 least significant bits of the data bus. The
remaining four bits should be masked in software. The interface
to an 8-bit data bus (l2/S low) is done in a left-justified format.
The even address (AD low) contains the 8MSBs (DB II through
DB4). The odd address (AD high) contains the 4LSBs (DB3
through DBO) in the upper half of the byte, followed by four
trailing zeroes, thus eliminating bit masking instructions.

07 00

XXXO(EV!NAOORI" DB" I 0810 08. 08. 017 08. OB5 0 ...
IMSB)

X)(X1Ioo0,,00RI; OB3 I 082 011 080
(LSB)

Figure 72. AD574A Data Format forB-Bit Bus

It is not possible to rearrange the AD574A data lines for right-jus-
tified 8-bit bus interface.

The AD574A three-state buffers feature access times and data
latency times comparable to presently-available memory devices.
Therefore, the AD574A can interface directly to many processor
buses without the need for wait states or external data buffers.

SPECIFIC PROCESSOR INTERF ACE EXAMPLES
6800/6502- Type Systems
The control signals and bus architecture of the 6800 series and
6502 series microprocessors are very similar. In each, the state
of the RIW signal at the rising edge of the e2 (or equivalent)
clock establishes whether a memory read or write is in progress.
The memory address being exercised is signaled by decoding
the address bits to (usually) an active low signal.

This control structure is directly compatible with the AD574A.
The R/W line can be used for RiC, the active-low decoded base
address (the AD574A occupies two memory locations) is applied
to CS, and IJ2 is used for CE. The least -significant address line
ties to the AD574A :\0 input.

In this interface, the processor can write to one address (AD
low) to start a full l2-bit conversion or another address (AD
high) to start a short 8-bit conversion. The contents of the data
bus are meaningless during these writes. After sufficient time
has passed for the conversion to complete, the processor can
read the data in the two memory locations occupied by the
AD574A. The even location (AD low) contains the eight MSBs
and the odd location contains the four LSBs and four trailing
zeroes.

The AD574A may be used directly with 6800 series processors
running at clock speeds up to 1.5MHz.

.. 00
OR
6502

AD574A

Figure 73. AD574A-6BOO/6502/nterface Connections

8085A Interface
The 8085A microprocessor uses a multiplexed address/data bus.
At the beginning of a machine cycle, this bus contains the low
byte of the address being exercised, The ALE output signal is
available to strobe a latch to hold the low address byte. For the
rest of the machine cycle, this bus carries data to or from the
CPU.

The 8085A can use either accumulator I/O or memory-mapping
for IlO devices. The system RD and WR are gated with 10:'.\1
to provide distinct IlO read and write signals and memory read
and write signals. The control signals required for the AD574A
are easily derived from the 808SA control bus. CS is taken from
an address decoder on the high-order address bits. RIC can be
taken from WR (either I/O write or memory write), AD is tied
to the LSB of the address bus, and CE is taken from the output
of a NAND gate driven from RD and WR. All bus access and
float delay requirements are met for direct bus interface for
8085A clock rates up to 3MHz.
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In 808SA systems running at high clock frequencies some external
circuitry is required. First, the ADS74A delay from CE going
low to the data lines going into three-state will cause a bus
conflict when the 808SA sends out the low byte of the next
instruction address. This conflict will occur if the ADS74A data
outputs are tied directly to the 8085:\ bus. In systems where
bus transceivers (e.g .. 74LS24S, 8286, erc.) are used to separate
the address and data lines. the conflict is eliminated. The trans-
ceivers are disabled at the end of the read cycle and thus isolate
the ADS74A from the 808SA bus. Since most systems incorporate
such buffers, this does not add to system complexity.

A second consideration when interfacing to higher speed 808SA
systems is the width of the convert start pulse. The WR pulse
from a SMHz 808SA is only guaranteed to be 230 nanoseconds
wide and is thus not long enough to initiate a conversion. There
are two solutions to this problem. One possibility is to use a
dual Dvtype flip-flop connected as shown in Figure IS to insert
a single wait state in read and write operations directed towards
the ADS74A. Another solution is to substitute the earlier-occurring
S I and SO OUtputs from 808SA for RD and WR in the circuit of
Figure 14 to generate the required control signals. It is important
that bus transceivers be employed if S I and SO are used for
control signals since these signals remain active longer than RD
and WR, enabling the ADS74A output buffers in read operations
for too long, causing potential bus conflicts.

ADDRESS
BUS

r----------,
I 'oilS,.

TOaol5A
AUOYIN,.UT

Figure 15. Wait State Generator for 5MHz BOB5AInterface
Z-80 System Interface
The l-80 series of S-bit microprocessors, like the 80SSA, offers
both memory-mapped and accumulator 110 capability. While
the SOSSA only includes two instructions for accumulator IlO
(IN and OUT), the l-SO IlO instruction set is considerably
more extensive.

The control signals available on the l-SO include MREQ, 10RQ,
RD, and WR. The RD and WR signals indicate direction of
data flow while MREQ and IORQ determine whether the read
or write cycle in progress is a memory or IlO cycle. During IlO
reads and writes, only S address lines are active (as in the SOSSA).
An interesting feature of the l-SO is that IlO read and write
cycles are automatically extended by one clock cycle (one wait
state is inserted) and are thus slower. The l-80 control signal
connections to the ADS74A are identical to the 80SSA
connections.

The ADS74A can be interfaced to l-SO series processors with
clock speeds up to 2.SMHz in the memory address space using
the MWR and MRD signals. At higher clock rates (4 and 6MHz),
the memory write pulse is not wide enough to properly start a
conversion. The extra wait state added during I/O write operations
will extend this pulse to a suitable 'width at clock rates up to
6MHz so that accumulator 110 is possible.

INTERFACING THE AD574A TO THE APPLE II
COMPUTER
The ADS74A can be used to provide a low-cost precision analog
input port for the Apple II microcomputer without the need for
additional power supplies or extensive digital interface logic.
The ADS74A can be mounted on a hobby card designed to plug
into an Apple II 1,0 slot.

Hardware
All required supply voltages and control signals are available on
the Apple's peripheral connectors. Each connector contains, on
pin 41, a DE\lCE SELECT output which is active when the
address bus holds a hexadecimal address between COnO and
COnF, where n is equal to the slot number plus S. This signal
can be connected to pin 3 (CS) of the ADS74A. The !POclock
on pin 40 of the peripheral connector can be used for the ADS74A
CE input (pin 6). The ADS74A R:C input (pin'S) can be driven
directly by the R/W output available on peripheral connector
pin 18. Pin 2 of the peripheral connector, AO, connects directly
to the ADS 74A pin 4. The connections between the peripheral
connector and the !\DS74A are shown in Figure 16.

07
.,

27 DS1'

06
., 2608'0

05" 25 oei
06 ., 24

088

0'" 23 DB?

02 47 22 Dh

0' ..
21

DBS

DO "9 20 OB"

OMA IN

~
~ OB'

APPLE II ~"ERIPHERAl OMA OUT OB2 A('574A.
CONNECTOR

~
17DS1INT IN

INT OUT
,

16 DBa

'loO
foO ti CE

bTvïëE smëT'" CS
RIW li 5Rë
A. 2 ....

... 5V 25 , VLOGIC

"'12\1 5(1 7 vee

-uv 33 " Vn
OND 26 15

DCOM

12.ï ACOM

2 JJ IANAl
OMITTED

OG CIRCUITRV
FOR CLARITY)

Figure 16. AD574A Connections to Apple /I Peripheral
Connector

The Apple II represents a relatively hostile electrical environment
to the ADS74A. The high frequency clocks radiate a large amount
of noise which can be inadvertently coupled into analog signal
lines. Furthermore, the switching power supply in the Apple is
noisy, and this noise will often pollute the analog signals. It is
possible, however, by judicious bypassing, decoupling, and
ground management, to achieve a data acquisition system with
only occasional flicker. A suggested grounding and decoupling
scheme is shown in Figure 17.

It is recommended that any signal preamplification used in such
a system be physically located outside the Apple cabinet. A full-
scale signal range is less susceptible to electromagnetically coupled
interference than a smaller signal range would be. Thus, the
preferred method is to deliver a buffered, high-level signal to

the ADS74A through a shielded cable. The:!: SV or :!: 10V

-11-



range is suggested. Full-scale and offset trims, if desired, are
performed as shown on page ï.

APPLE
PERIPHERAL
CONNECTOR

-12YQ--___lr\-+t---{

ANALOG
INPUT

Figure 17. Recommended Grounding Procedure

Software
In this discussion, the ADS74A is assumed to be located in I/O
slot 2 of the Apple II and be the only device in that slot. The
ADS74A thus occupies the sixteen locations from $COAOthrough
$COAF, even though only two locations are actually
required.

It is possible to operate the AD57-iA from either machine language
or a high-level language. In machine language, the converter is
started by writing data to either $COAO or $COAI, using a STA
instruction. Writing to $COAOwill start a full !2-bit conversion
cycle; writing to $COAI starts an 8-bit cycle. Accumulator contents
arc unimportant during convert start operations. It is then nec-
essary to wait for the ADS7-iA to finish converting before at-
tempting to read the data. This can be accomplished by loading
the accumulator with the value 02 and calling the WAIT subroutine
located at $FCA8 in the Apple Monitor.

When data is read, it can be read only 8 bits at a time, as explained
on page 10. The sample subroutine below starting at location
$4000 performs the control for the ADS74A and returns the
result in RAM. locations $0300 and $0301.

4000
4002
4005
4008
400B
400E
4012
4015

A902
80AOCO
20A8 FC
AOAOCO
800003
AOA1 CO
800103
60

LOA
STA
JSR
LOA
STA
LOA
STA
RTS

#$02
SCOAO
$FCA8
SCOAO
S0300
SCOA1
S0301

Figure 18. Assembly-LanguageAD574A Control Subroutine

Programs written in Applesoft Basic can also operate the ADS74A.
Conversion is started by POKEing into location 49312 decimal
for a l2-bit conversion (or location 49313 for an 8-bit conversion).
Basic executes slowly enough that no delay routines are needed.
The output of the ADS74A is read by PEEKing into those
locations. In order to compute the actual analog voltage, it is
necessary to establish the proper weighting for the two bytes read.

The Basic subroutine shown in Figure 19 will accomplish this
arithmetic. This routine assumes a ::!: SV analog signal range
and returns the value of actual analog signal voltage in the
variable V.

100 POKE (49312)
110 A = PEEK (49312): B = PEEK (49313): C = 256
120 A = (A + B/Cl/C
130 V = A*10-5
140 RETURN

Figure 19. Applesott ll Basic Subroutine for AD574A Cantrol

-12-
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F=AIRCHILD
A Schlumberger Company

96LS488
General Purpose
Interface Bus (GPIB) Circuit

Digital Integrated Circuits

The 96lS488 is a TIL lSI circuit containing all of the
logic necessary to interface Talk, Listen and Talk/Listen
type instruments and system components in accordance
with the IEEE-488 standard for programmable instru-
mentation. All outputs that drive the IEEE-488 bus are
guaranteed to sink 48 mA, and all bus inputs have
Schmitt triggers and bus terminating networks. All pins
that interface to the instrument logic are LSTIL
compatible.

The 96LS488 has programming inputs that determine
whether it is to be a talker, listener or both, single or
dual address, high or low speed, etc., according to the
instrument and system requirements. It operates with a
minimum of external support logic and readily interfaces
with most microprocessors. It operates from a single
5.0 V supply and-a 10 MHz single phase clock and is
capable of operating the bus handshake at the full
1 MHz data rate. It offers a variety of handshaking and
status connectionsto the instrument logic for versatility
and ease of design.

• SINGLE 5.0 V SUPPLY
• COMPLETE SOURCE AND ACCEPTOR HANDSHAKE

LOGIC
• SAME OR SEPARATE TALK AND LISTEN ADDRESS
• SECONDARY ADDRESS CAPABILITY
• TALK ONLY OR LISTEN ONLY CAPABILITY
• SOURCE HANDSHAKE DELAY PROGRAMMABLE

FOR LOW OR HIGH SPEED
• SERIAL POLL CAPABILITY
• PARALLEL POLL CAPABILITY
• SYNC TRIGGER AND DEVICE CLEAR OUTPUTS
• IMPLEMENTS REMOTE/LOCAL FUNCTION
• ON-CHIP CLOCK OSCILLATOR
• SERVICE REQUEST INTERRUPT FACILITY
• ALL BUS 110 SIGNALS COMPLY WITH THE

IEEE-488 (1980) AND IEC-625-1 INPUT THRESHOLD,
TERMINATION AND OUTPUT SPECIFICATIONS

• ALL INSTRUMENT INTERFACE SIGNALS ARE LSTIL
COMPATIBLE

• GPIB PINS PRESENT NO ELECTRICAL LOAD WHEN
DEVICE IS POWERED OFF

Logic Symbol

19 34 36 30 29 35 37 10 25

!
CP

XTAL

Mo
M,
M,

96LS488M,
A,

A,

A3

A.

AS

ASEL

>
Cl>
c:

IIII f II

11

12

13

OIO.0---14

OIOs0---15

010.0---16

OIO, 0---17

00. 0---18

ATN 0---21

REN 0---39

IFC0---40

EOI0---20

OAV0---25

NRFO 0---26

NOAC0---27

SRO 0---22

44 45 32 31 ·1 3 33 23

Connection Diagram
48·Pin DIP

vee = Pin 2
Gnd = Pi" 24

M,
Vee
RTL
"!IlL
A,
A-

A,

A.

A!

1ST
i5ië,
lm:i,
OiO,
t5R5.
t5R55
OiO.
OiO,
00.

15/SiE
~

ÁTFl

~
ROS
GNO

(Top View)

M2
M,
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LAO

TAli
XTAL

~
MR
~
1mi
ASEL

STROY

TXROV.

STST

TXST

Dm!
-ern
TRTC
RXST

RXROY

DAv
NDAC

NRFO
RSV
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96LS488

Input Loading/Fan·Out

Pin Names
96LS (U.L.)* *
HIGH/LOWDescription

A,-As
ATN
CP
IFC
1ST

Mo- M3
MR
REN
RSV
RTL
RXRDY
STRDY
TXRDY
DAV

008

EOI
NDAC

NRFD

ASEL
CLR
D/S/E

ORB
LAD
ROS
RXST
R/L
SRO
STST
TAD
TXST
TRIG
XTAL

Address Inputs
Attention Input (Active LOW)
Clock Input (Active Falling Edge)
Interface Clear Input (Active LOW)
Instrument Status Input
Mode Control Inputs
Master Reset Input (Active LOW)
Remote Enable Input (Active LOW)
Request Service Input (Active LOW)
Return to Local Input (Active LOW)
Receiver Ready Input (Active HIGH)
Status Ready Input (Active HIGH)
Transmitter Ready Input (Active HIGH)
Data Valid Input (Active LOW)

as Output (Active LOW)
. Data Inputs

as Outputs (Active LOW)
Data Output (Active LOW)
End or Identify Input (Active LOW)
Not Data Accepted Input (Active LOW)

as Output (Active LOW)
Not Ready for Data Input

as Output (Active LOW)
Address Select Output
Device Clear Output (Active LOW)
Data/Status Output (Active LOW)
End·ot·String Output (Active HIGH)

Bus Drive Enable Output (Active LOW)
Listen Address Status Output (Active LOW)
Requested Service Status Output (Active LOW)
Receiver Strobe Output (Active HIGH)
Remote/Local Output
Service Request Output (Active LOW)
Status Strobe Output (Active HIGH
Talk Address Status Output (Active LOW)
Transmitter Strobe Output (Active HIGH)
Device Trigger Output (Active LOW)
Crystal Output

0.5/0.25
T'/1.4
0.5/0.25
1'/1.4
0.5/0.25
0.5/0.25
0.5/0.25
1'/1.4
0.5/0.25
0.5/0.25
0.5/0.25
0.5/0.25
0.5/0.25
1'/1.4
130/30
1'/1.4
ï'/30
1'/30
1'/1.4
1':1.4
1'/30
1'/1.4
1'/30
10/5.0 (2.5)
10/5.0 (2.5)
10/5.0 (2.5)
10/5.0 (2.5)

10/5.0 (2.5)
10/5.0 (2.5)
130/30
10/5.0 (2.5)
10/5.0 (2.5)
1'/30
10/5.0 (2.5)
10/5.0 (2.5)
10/5.0 (2.5)
10/5.0 (2.5)
10/5.0 (2.5)

'T = Resistive Termination per IEEE·488 Standard.

"Unit Load (U.L.l definitions
LOW Stale: '.6 mA = , U.L.
HIGH Stale: 40,.A = , U.L.

Where Iwo sets of outpul LOW loading tacters are shown, Ihe one in
parentheses applies over the Military Vee and lemperature ranges.
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96LS488

GPIS Protocol
A full description and specification of the GPIB system
is published in the IEEE document 'IEEE Standard Inter-
face for Programmable Instrumentation" IEEE Std 488-
1978 and is used as the reference in this description.

The standard is a 16-wire interface that can transmit
byte serial data at rates of up to 1 megabyte/second.
Using this standard up to 15 individual devices (instru-
ments or system components) may be interconnected in
a star or linear network, with a maximum cable length of
20 m and automatically controlled or programmed. Data
may be exchanged between instruments or between a
controller and instruments. The use of a bus extender or
a controller which can handle a number of separate
instrument buses allows more than 15 instruments to be
used in a system:

Talkers- These instruments can only transmit data
(when addressed), e.g., a timer or counter.

Listeners- These instruments can only receive
information, e.g., a programmable power supply or
a printer.

Talker/Listeners-These instruments can receive
data or functional instructions and later transmit
data, e.g., a programmable DVM or multichannel
aid converter.

Controller-A device that is able to generate con-
trol instructions for instruments on the bus, e.g., a
mini-computer or programmable calculator.

The 96LS488 is designed for use in any of the first three
types of devices.

The 16-wlre bus is organized as 3 funC!iOnaJ....9roups
(Figure 1). The 8-line Data bus, 0101-0107, DOs, Is used
to transfer commands in bit parallel/byte serial form
from Talkers to Listeners. The 3-line Data Byte Transfer
Control bus, NRFD, NDAC and DAV, Implements a data
handshake which ensures that information transfer pro-
ceeds as fast as the device will allow but no faster than
the slowest device currently addressed as active
(Figure 2). The 5-line General Interface Management bus
ATN, REN, EOI, IFC and SRO is principally used by the
Controller.

In its simplest configuration the GPIB can consist of
only two instruments, a Talker and a Listener; in its most
complex configuration up to 961 instruments could be
controlled by one or more mini-computers. A bus con-
troller dictates the role of each device by making the
ATN line LOW and sending Talk and/or Listen Addresses

on the bus data lines. Those devices with matching
addresses are activated accordingly. Device addresses
are set by switches or PC board jumpers. In single
address mode each device has a 5-bit address allowing
up to 31 different addresses (one code is used as an
unaddress command). In extended address mode each
device has a 10·bit address, allowing up to 961 different
addresses and the Controller must send two bytes in
order to activate a device.

In the configuration shown in Figure 1 a sequence to
initiate a data transfer from device A to device 0 would
proceed as follows:

Controller sends ATN (attention) command;
whenever the ATN line goes LOW, devices using
the Data bus immediately stop all operations. The
Controller keeps the ATN line LOW during the
remainder of this sequence.

Controller sends UNL (uniisten) command; this
instruction disables any devices that are in Listen
mode.

Controller sends Talk Address command to device
A; this instruction puts device A into Talk mode
and disables any other devices that had been in
that mode.

Controller sends Listen Address command to
device 0, putting it in Listen mode.

When the Controller stops sending ATN, the bus will be
released for data transfer functions and device A will
begin transmitting to device D.

The SRO line allows any device to interrupt the Con-
troller and request service. The Controller can identify
the interrupting devices by conducting a Serial Poll. To
do this it issues an Unlisten (UNL) command followed by
a Serial Poll Enable (SPE) command and then the Talk
Address of each device in turn. The interrupting device
will optionally drive 0107 LOW. Alternatively the Con-
troller can conduct a Parallel Poll by making both EOI
and ATN LOW. Devices will then return one bit of status
on a OIO line previously assigned via a Parallel Poll
Enable (PPE) command.

The REN line allows the Controller to put all Listen
addressed instruments into remote control mode, while
the IFC line allows the Controller to initialize the system.
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Fig_ 2 Source and Acceptor Handshake Logic
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96LS488 Functional Block Diagram

CP TXST TXRDY RXST RXRDY ORBm e/SIE STRDY 1ST
RSv STST II tT

• 1 • I J • 1
~ R

SH AH 'r or TE I. or I.E SR RI. DC OT PP,

/).. 1 l r l ft ft ft 1 7).

I I 0
A,-Asq

ASEI.

~O:M3q

MESSAGE CODING
AND DECODING

MR

V lf V
HANDSHAKE

SIGNAI.S RECEIVERS DRIVERS

< ft ft ROsT S.&.WIRE INTERFACE BUS

Functions Implemented by the 96LS488

Acceptor Handshake (AH)
Controls the acquisition of addresses, interface corn-
mands and data bytes irom the bus. The AH passes data
bytes to the instrument logic via a 2·wire handshake
(RXST, RXRDY) and a status output (LAD).

Source Handshake (SH)
Controls the passing of data bytes and status tritor-
mation from the instrument to the bus. The SH communi-
cates with the instrument via a 2·wire handshake (TXST,
TXRDY) and a status output (TAD). It has two operating
speeds, selectable via the Mo-M3 inputs. Low speed is
used with open collector data drivers and gives a
settling delay of 2.0 p.S.High speed is used with 3·state
bus drivers and gives a settling delay of 1.1 p.s·for the
first byte sent and 0.5 p'S for the subsequent bytes (clock
frequency 10 MHz).

Listener, Extended Listener (L or LE)
Either the single or extended address L function can be
selected by the Mo-M3 inputs. The 96LS488 flags the

listener addressed status via the LAD output. The listen
address is defined by the A,-As inputs and, where the
extended address feature is used, the ASEL output con-
trois an external multiplexer to select the primary or
secondary address as required.

Talker, Extended Talker (T OR TE)
Either the single or extended address T function can be
selected. The T function employes the Mo-M3 and A,-As
inputs in the same manner as the L function. The
96LS488 flags the talker addressed status via the TAD
output. The T function also incorporates the Serial Poll
Function.

Talker/Listener, Extended Talker/Listener
For instruments with both talk and listen capabilities,
the 96LS488 implements both the Tand L functions. In
this mode, the "Untalk if My Listen Address" and
"Unlisten if My Talk Address" feature is standard. Where
the single address mode is selected, different Talk and
Listen addresses can be used. In the extended address
mode, the Talk and Listen addresses must be identical.

6
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Device Trigger, Device Clear (OT, DC)
These functions generate a pulse on the Trigger or Clear
output upon receipt of the relevant bus command.

Remote Local (RL)
The complete RL function is implemented, including the
Local Lock-Out feature.

Talk Only, Listen Only
The 96LS488 can operate in either of these two modes
via the Mo-M3 input code selection.

Service Request (SR)
The 96LS488 initiates an SR on receipt of the RSV input
and returns its status on the ROS line when serial
polled. The ROS output can be used to drive the 0107
bus line directly.

Parallel Poll (PP)
The Controller assigns, via the PPE command, one of the
eight data lines for use as the Parallel Poll Response
output. When the Controller Issues the lOY command,
the 96LS488 compares the state of the 1ST input with the
state defined by the last PPE command. If the com-
parison is True, the previously assigned OIO line is
driven LOW by the 96LS488.

Pin Functions

488 Bus Signals
All bus Inputs have Schmitt trigger buffers, and all bus
outputs can sink 48 mA. Each bus signal is terminated
with a resistive load and meets the de load character-
istics specified in section 3.5.3 of the IEEE Std 488 -
1978 specification.

--010,-0107 (Data Input/Output)- These are used as
Inputs to receive addresses and interface commands.
They are used as outputs, along with DOs to provide
Parallel Poll response.

A'fN (Attentlon)- This is an Input from the GPIB Con-
troller. When ATN is LOW the 96LS488 interprets the
data on 010,-0107 lines as commands or addresses. If
the 96LS488 is interrupted by ATN while sending data, it
will relinquish control of the Data and Management lines
within 200 ns.

DAV (Data Valid)-A bidirectional signal with a a-state
output driver, DAV is part of the handshake system and
is driven LOW by current talker when a valid data byte,
command or address is on the GPIB. DAV is treated as
an input when the 96LS488 is addressed to Listen, or is
receiving ATN. It is an output when the 96LS488 is
addressed to Talk and ATN is HIGH.

NRFO (Not Ready for' Oata)-A bidirectional signal with
an open-collector output driver, NRFO is part of the
handshake system and is driven LOW to indicate that an
instrument is not ready to receive data. The 96LS488
drives NRFO HIGH when addressed as a Listener and
the instrument is ready to accept a data byte or when
ATN is LOW and the 96LS488 is ready to accept an
address or interface command. NRFO is treated as an
input when the 96LS488 is addressed to Talk.

NOAC (Not Data Accepted)-A bidirectional signal with
an open-collector output driver, NOAC is part of the
handshake system and is pulled LOW to indicate that a
device has not yet accepted a data byte. NOAC is
treated as an input when the 96LS488 is addressed to
Talk. It is an output and is driven LOW when the 96LS488
is addressed to Listen and the instrument has not
accepted a data byte or when receiving ATN and the
96LS488 has not accepted an address or interface
command.

SRO (Service Request)- This is an open-collector output
driven LOW when the instrument requests service (via
RSV) from the Controlter.

ROS (Requested Service)-A 48 mA 3-state output, en-
abled during a Serial Poll response and driven LOW if
the 96LS488 initiated an SRO, ROS can be directly con-
nected to 0107 in applications where it is the only status
information to be sent.

EOI (End or Identify)- This is an input from the GPIB
Controller used to elicit a Parallel Poll response, or from
the current active talker to indicate the End-of-string
(END) message.

REN (Remote Enable)- This is an input driven by the
Controller. The Controller drives it LOW when it needs to
remotely program an instrument.

IFC (Interface Clear)- This is an input from the Con-
troller, driven LOW to clear the interface logic. (See
Figure 18.)

Instrument Interface and Auxiliary Pins
Instrument Logic Signals-All instrument logic signals
are standard low-power Schottky compatible.

CP (10 MHz Clock)-Used to clock internal-state flip-
flops and is divided down internally to generate the SH
data settling delay. All output changes are synchronous
with the negative clock edge. The CP input can be driven
by an external oscillator or used in conjurlction with
XTAL output, as an RC or a crystal oscillator. (See
Figure 6.)
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XTAL (Crystal)-Used to connect a crystal or external RC
timing components for the on-chip oscillator. (See
Figure 6.)

MR (Active-LOW Master Reset)-Initializes all internal
latches and is completely asynchronous. After a reset,
all outputs to the GPIB are passive HIGH and ROS is in
the high-Z state: RIL, TRIG, CLR, ORB, ASEL, TAD and
LAD are HIGH; iS/SiE, RXST, STST and TXST are LOW.

Mo-M3 (Mode Control Inputs)-Define 1 of 14 possible
operating modes for the 96LS488. Mo-M3 are HIGH-true
inputs.

A,-A5 (Device Address Inputs)-Define the instrument
address and originate from switches, PC jumpers or
software-loaded re9ister. Where different Talk and Listen
addresses are required or when the secondary address
feature is used, these inputs must be externally
multiplexed, using the ASEL output to control the multi-
plexer. A,-A5 are HIGH-true inputs (H = 1, L = 0) and
thus have the opposite polarity of the 010,-0105
accresses.

ASEL (Address Select Output)-Selects, via an external
multiplexer, the Ta 'kiListen or primarylsecondary address
input, depending 011 the operating mode selected; LOW
for Talk or primary address; HIGH for Listen or second-
ary address. (See Figure 11.)

LAD, TAD (Address Status Outputsj=-Iudlcate the Listen-
Address or Talk-Address status respectively. They are
also activated in the Talk-Only and Listen-Only modes.
The outputs are active-LOW to facilitate driving LED
indicator lamps. (See Figures 7, 10.)

RXST (Receiver Strobe Output)-Forms part of the hand-
shake logic to pass data bytes to the instrument. When
addressed to Listen, the 96LS488 takes RXST HIGH
when a valid data byte is on the bus and holds it HIGH
until the instrument signals (via the RXRDY input) that it
has processed the byte. RXST may be inverted and con-
nected to RXRDY, in which case the 96LS488 will receive
data bytes from the bus at a data rate determined solely
by the bus handshake. (See Figure 8.)

TXST (Transmit Strobe Output)-Forms part of the hand-
shake logic to pass data bytes from the instrument to
the bus. When addressed to Talk, the 96LS488 takes
TXST HIGH to signal the instrument that the bus has
accepted the data. TXST does not go LOW again until
the instrument has acknowledged that the byte has been
accepted (via the TXRDY INPUT). TXST may be inverted
and connected to TXRDY, in which case the 96LS488 willo

transmit data bytes to the bus at a data rate determined
solely by the bus handshake. (See Figure 9.)

STST (Status Strobe Output)-Forms part of the hand-
shake logic to pass a status byte from the instrument to
the bus during a Serial Poll sequence. It operates in con-
junction with the STRDY input in the same way as the
TXST and TXRDY signals. STST may be inverted and con-
nected to STRDY, in which case the status byte will be
repeated as long as the 96LS488 is addressed to Talk.
(See Figure 16.)

RXRDY (Receiver Ready Input)-Forms part of the hand-
shake logic controlling the passing of data from the bus
to the instrument. RXRDY is driven HIGH when the
instrument is ready to receive a data byte and LOW to
acknow·ledge receipt of a data byte. (See Figure 8.)

TXRDY (Transmitter Ready Input)-Forms part of the
handshake logic controlling the passing of data from the
instrument to the bus. When the 96LS488 is addressed to
Talk, TXRDY is driven HIGH when the instrument has a
data byte to send and LOW to acknowledge that the byte
has been accepted by the bus. (See Figure 9.)

STRDY (Status Ready Input)-Forms part of the hand-
shake logic controlling the passing of a status byte to
the bus during a Serial Poll sequence. It operates in a
similar fashion to TXRDY. (See Figure 16.)

RSV (Request Service Input)-Is pulled LOW by the
instrument to request service and initiate an SRO inter-
rupt to the controller. This interrupt will be cleared if
RSV goes HIGH before it is serviced, but once the SRO
is serviced, RSV must, after exiting SPAS, go HIGH then
LOW to initiate another service request. (See Figure 16.)

CLR (Clear Output)-Issues a negative pulse when the
96LS488 receives a Device Clear (DC) command, or when
it is addressed to Listen and receives a Selected Device
Clear. The CLR Output will stay LOW during Accept Data
State (ACDS) or until ATN goes HIGH. (See Figure 13.)

TRIG (Trigger Output)-Issues a negative pulse when the
96LS488 is addressed to Listen and receives a OT com-
mand. The TRIG output will stay LOW during ACDS or
until ATN goes HIGH. (See Figure 13.)

ORB (Drive Bus Output)- Taken LOW to enable an
external data bus driver when the 96LS488 is addressed
to Talk and is in the Talker Active State. ORB will go
LOW one clock period after ATN goes HIGH, and will go
HIGH asynchronously within 200 ns (typically 70 ns) after
ATN goes LOW. (See Figures 9, 10, 11.) ORB can also be
used to tell the instrument logic to fetch the first byte.
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Ras (Requested Service Output)-A 48 mA 3-state out-
put, enabled during a Serial Poll response and driven
LOW if the 96LS488 initiated an SRa. RaS can be
directly connected to 0107 in applications where it is the
only status information to be sent. (See Figures 4, 5, 16.)

D/S/E (Data/Status or END Output)-Valid during the Talk
Addressed state and indicates to the instrument logic
whether the information to be sent via the bus is to be
data or status (LOW for data, HIGH for status). A status
byte is sent only in response to a Serial Poll, and, in this
case, D/S/E may be used to control a multiplexer to
select data or status as the source to the bus data
drivers. (See Figures 4, 5, 16.) Valid during the Listener
Active State (LACS) to indicate that the current talker is
sending the END message; a HIGH output indicates that
the END message is true.

R/L (Remote/Local Output)-Goes LOW when the Con-
troller puts the instrument into Remote mode via the
REN command. (See Figures 14, 15.)

RTL (Return to Local Input)- Taken LOW to request
return of the instrument to local control. RTL will set RIL
HIGH unless the Controller has put the 96LS488 into
Local Lock-out state. (See Figure 14.)

1ST(Instrument Status Input)-Used by the Parallel Poll
logic, 1ST is compared with the logic state defined by
0104 during the last PPE command. If 1ST is In the
defined state, the 96LS488 will make an affirmative
response to the next lOY message by making the
assigned OIO line LOW. Note that 1ST is a HIGH-true
input while 0104 is LOW-true. (See Figure ir.,

Operating Modes

The 96LS488 has 14 operating modes, defined by a4-tit
input code Mo-M3 which would normally be selected by
switches or PC board jumpers.

Tab/e 1 defines the input codes and operating modes.

Table 1

Mode Inputs Operating Mode Function

Mo M, M2 M3

L L L L Off Line The device cannot take part in any
GPIB operations

L L L H TON (LOW Speed)1 The device goes directly to the talk addressed
state and can source data to the bus

L L H L LON The device goes directly to the listen addressed
state and can receive data from the bus

L L H H TON (HIGH Speed)1 As for TON (LOW Speed)
L H L L T (LOW Speed)' Talker Only, single address mode
L H L H TE (LOW Speed)1 Talker Only, extended address mode
L H H L T (HIGH Speed)' Talker Only, single address mode
L H H H TE (HIGH Speed)1 Talker Only, extended address mode
H L L L L Listener Only, single address mode
H L L H LE Listener Only, extended address mode
H H L L T/L (LOW Speed)1, 2 Talker/Listener, dual address mode
H H L H TE/LE (LOW Speed)' Talker/Listener, extended address mode
H H H L TIL (HIGH Speed)". 2 Talker/Listener, dual address mode
H H H H TE/LE (HIGH Speed)' Talker/Listener, extended address mode

Not ••
t. The LOW speed talker option is selected where open-collector data

drivers are used. The delay from putting valid data on the GPIB to
DAV going true Is 2.0 ~s. The HIGH speed option Is selected where
3·state drivers are used. The settling delay (data to DAV) Is 1.1~s for
the first byte sent after a LOW to HIGH transition of ATN and 500 ns
for subsequent bytes.

2. For dual address Talker/Listener modes the Talk and Listen
addresses can be different.

9
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Table 2

DOs 0107 0106 0105 0104 0103 0102 OIO,

- A,X H l A5 A4 A3 A2 Primary listen Address
X H l l l l l l Unlisten- A,X l H As A4 A3 A2 Primary Talk Address
X l H l l l l l Untalk

Ss
-

S3 S2 S,X l l S4 Secondary Address

Addresssing Modes

Where extended addressing or different Talk and listen
addresses are required, the address codes must be
externally multiplexed, using ASEl. (See Figure 3.) In the
extended address modes, ASEl is lOW for the primary
address and HIGH for the secondary address. (See
Figure 11.) In the dual address modes, ASEl is HIGH for
the listen address and lOW for the Talk address.

In single address mode the 96lS488 ~ill go into the
addressed state on receipt of the primary address. In
extended address mode it w!11go to the addressed state
on receipt of its secondary address if, and only if, it has
received its primary address. If a device is addressed 10

Talk and receives its listen address it will un-address as

Fig_ 3 Address Multiplexer

a Talker and go to listener addressed state, and vice
versa. A Talker Addressed device will un-address if it
receives a non-matching talk address. The 96lS488
indicates its address status on the TAD, LAD and D/S/E
outputs. (See Table 3.)

Table 3
Status Codes

TAD LAD D/S/E State

H H l Off Line
H L L Addressed to listen (LADS:I
L H L Addressed to Talk (TAOS)
L H H Serial Poll Mode (SPM)
H L H Receiving END Message (LACS)

~-.,_vcc

I------------;A'

I------------;Ju Ml ....

~---------__;Ju
~---------~~

I
I
IL _J

1FEJ21L _ _j

-e- MOD!.llECT

-e- L__ _J
IECONDA"Y
AOO"III
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Status Response then the ROS output can drive the bus directly (Figure 4).
ltthe instrument provides status information this can be
multiplexed to the bus using D/S/E (Figure 5). After the
bus handshake, the instrument can send a second
status byte by making STRDY LOW then HIGH again,
which starts the handshake. This sequence can be
repeated to send additional bytes, as long as ATN re-
mains HIGH. (Figure 16.)

In Serial Poll Active State (SPAS) the instrument is
requested to return a status byte, via the usual hand-
shake, to the Controller. Seven bits are defined by the in-
strument. Bit 7 denotes the Request Service Status
(ROS) and is provided by the 96LS488 on the ROS output.
If the instrument provides no status, other than ROS,

Fig. 4 Status Bit Driven Direct by ROS

HANDSHAKE HANDSHAKE B.JTXRDY --<l DATA
REGISTER

TXST -
a

"~S48e STRDY <»
STST

r-<= E
DATA
DRIVER

DOa 0107 DIOa 0105 OIO. 0103 0102 OIO, ROS 15/SIE ORB

I )' ~I-

DATA l _[STATUS
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Fig. 5 Status Byte Multiplexing
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Clock Input

The CP and XTAL inputs allow the 96LS488 either to
accept external clock pulses or to generate its own
clock. (See Figure 6.)

Fig. 6 Clock Timing Component Connections

a

(a) An external clock can drive CP. The XTAL pin may
be used as an inverted buffered version of the
external clock.

XTAL ------'

b
(b) The Schmitt-trigger buffer-inverter between the CP

and XTAL pins can be used as a relaxation
oscillator by connecting an RC network to provide
feedback. The frequency of oscillation is variable
up to 10M Hz. XTAL may be used to clock exter-
nal circuits provided it is buffered.

150 n

XTAL150PFr
(c) The CP and XTAL pins will form a stable crystal

oscillator by connecting a 10 MHz crystal and an c
RC network to provide positive feedback. XTAL
may be used to clock external circuits provided it
is buffered.
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Timing Sequences d. and a tcp later takes NRFD HIGH, indicating that
the 96LS488 is ready for data

e. After a delay TCDAV(L) (determined by the Con-
troller logic) the Controller takes DAV LOW

f. Within (tcp + tPHL) the 96LS488 takes NRFD LOW
and

g. 3 clock periods later NDAC goes HIGH, indicating
that the 96LS488 has accepted the data

h. followed by LAD indicating listen addressed
status

i. After a Controller dependent delay, TCDAV(H), the
DAV line goes HIGH and

j. within (tcp + tpHL) the 96LS488 takes NDAC LOW
k. A tcp later the 96LS488 allows NRFD to go HIGH.

NRFD stays HIGH until the Controller takes ATN
HIGH, unless a further command is sent over the
GPIB when a similar handshake sequence takes
place

I. ATN goes HIGH followed by
m. NRFD going LOW within (tcp + tPHL). This occurs

if the instrument is not ready to receive data
(RXRDY LOW). If RXRDY is HIGH, NRFD will stay
HIGH allowing a data transfer to take place

A 10 MHz clock frequency is recommended to give the
correct Source Handshake delays. The 96LS488 can be
clocked at a slower rate if the GPIB is not running at its
maximum data rate of 1M byte. The lowest clock
frequency allowable is dependent on the GPIB speed.

Regardless of clock frequency, the 96LS488 will respond
to ATN within 200 ns by disabling NRFD, NDAC and DAV
while forcing DRB HIGH to disable the data drivers. In
Parallel Poll sequences the relevant DIO line will be
enabled or disabled within 200 ns of an IDY transition.

Since the internal logic of the 96LS488 is synchronous
wilh the CP input, while in general all inputs are asyn-
chronous, the precise timing of all responses to external
signats is subject to a maximum uncertainty equal to
one clock period. This is illustrated in the following tlrn-
in£1diagrams, where some delays are defined as tcp + tx
(i.e., clock period + propagation delay).

Lis.ten Address Sequence (See Figure 7)
a. Controller takes ATN line LOW followed by
b. putting the Listen address on the GPIB .
c. Within (tcp + tpHL) the 96LS488 takes NRFD and

NDAC LOW

FlU. 7 Timing Diagram for Listen Address Sequence

• te., + IPHL..j

No .. : A~N, OIO BUI I DAV dri.en by controller
NFO, NDAC Dri •• n by 98LS488
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Data Transfer from Bus to Listener (See Figure 8)
Assuming the instrument logic responds to RXST within
one clock period. (See Figure 8a.)
a The instrument signals it is ready to receive a

byte by taking RXRDY HIGH (keeping RXRDY
LOW constitutes an "NRFD hold").

b. Provided the 96LS488 is in the listen Addressed
State (LADS), NRFD is taken HIGH within (tcp +
tPHL)

c. When the current Talker sees the NRFD line HIGH
it takes DAV LOW after a settling delay TIDAV(L).

d. The 96LS488 takes RXST HIGH within (tcp + tPLH)
to inform the instrument that the GPIB data is
valle and takes NRFD LOW

e. Assuming the instrument responds by pulsing
RXRDY LOW within one cloc:k period (tPRX < tcp)
then RXST will remain HIGH only for one clock

f. At the same time as RXST returns LOW, NDAC is
taken HIGH to inform the Talker that data has
been accepted

g. After a delay TIDAV(H) determined by the Talker
the DAV line goes HIGH .

h. Within (tcp + tpHL) NDAC goes LOW
i. Followed by NRFD going HIGH one clock later

Not.
In applications where the bus data can be latched by the RXST rising
edge and handshaking Is not necessary, RXFIDY can be driven by RXST
via a" Inverter.

Fig. 8 Timing Diagram, Data Transfer from Bus to Listener

(I)

BUI Oltl Vilid

IPW-.J I-....------

Assuming the instrument logic is slow and requires more
than one clock period to process a data byte. (See
Figure 8b.)

The timing sequence is identical to Figure 8a until RXST
goes HIGH

a. After RXST goes HIGH the instrument delays tpRx
(> 1 clock cycle) before taking RXRDY LOW

b. RXST will remain HIGH and NDAC will remain
LOW during this period, causing the bus data to
be maintained valid

c. RXST goes LOW, and NDAC goes HIGH within (tcp
+ tpHL) of RXRDY

d. After a delay TIDAV(H) the Talker takes DAV
HIGH

e. Within (tcp + tpHL) NDAC goes LOW
f. Assuming the instrument is not ready (i.e., is

holding RXRDY LOW) the 96LS488 holds NRFD
LOW preventing another data transfer from
starting

g. Within (tcp + tPLH) of RXRDY going HIGH, NRFD
goes HIGH and the next data transfer cycle can
start .

(b)

.. BUI Dali Valid ~

RXROY

RXST RXST

DAv DAV

NiiFo NiiFo

LNiiAc NiiAë
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Data Transfer from Talker to GPIB (See Figure 9)
a. ATN goes HIGH after completion of a Talk

address sequence; TAD (not shown) is already
LOW.

b. Within (tcp + tpHL) ORB goes LOW to enable the
bus drivers

c. At a time determined by the. instrument logic,
TXRDY goes HIGH

d. If NRFD is already HIGH, the 96LS488 drives DAV
LOW after delay T1 (11 x tcp + tpHL in high or 20
x tcp + tPHL in low speed). If NRFD is LOW, DAV
will stay HIGH until ~D goes HIGH (assuming
T1 has expired). The DAV LOW period cor-
responds to the Source Transfer State (STRS).

e. The Listener(s) respond by eventually taking
NDAC HIGH

f. Within (tcp + tpLH) 96LS488 takes DAV HIGH and
TXST HIGH to inform the instrument that the data
has been accepted and a new byte can be
presented.

g. The instr.ument takes TXRDY LOW and holds it
there until it has provided a new byte, h or h'. The
minimum time TXRDY must be LOW is tpwL

Fig. 9 Timing Diagram Data Transfer from Talker to Bus

h. If TXRDY pulses LOW within tcp of TXST, TXST(H)
will be a minimum of tcp wide. Otherwise TXST
goes LOW within (tcp + tpHW of TXRDY,j. After
the first byte is sent, T1 drops from 11 x tcp to
5 x tcp in high speed mode.

i. If TXRDY is HIGH before NRFD, DAV goes LOW
within T2 of NRFD going HIGH (5 x tcOlin high
speed or 20 x tcp in low speed)

If TXRDY does not go HIGH until h' (after NRFD goes
HIGH) DAV goes LOW T3 later,i'. (T3 = 6 x tcp in HIGH
and 21 x tcp in low speed).

If the Talk sequence is interrupted by ATN, while the
instrument is generating a new byte, (between f and h),
ORB will go HIGH within 200 ns and the DAV line will be
relinquished. ORB will return LOW and the sequence will
continue within (tcp + tpLH) of ATN going HIGH. If the
_96LS488 is in high speed mode the first data byte sent
will have a delay T1 = 11 x tcp.

Note

In order to get the source handshake delays specified in IEEE Stad 488 -
1978, tcp must be 100 ns (fClock = 10 MHz).

S"blo

TNDAC(H)

\'-- f

'~2On.---
t.... --i r-- I • T3

____________~----------------~r--l[--------lDl
te. I· ·1

N'RFB. NOAC are driven by the current listener(s) DAV Is driven by 96LS488.
T1 = 11 x tcp + tPHL In high speed. 20 x tcp + tPHL in low speed
T2 zo 5 x tcp + tPH~ In high speed. 20 x tcp + tPHL In low speed
T3 zo 6 x tcp + tPHL In high speed, 21 x tcp + tPHL in low speed
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Talk Address Sequence (See Figure 10)
This is similar to the Listen address sequence.

Fig. 10 Talk Address Sequence

DIOBUS XXXXXXXXXXX~ V_O_lid__TO_lk__A_dd_~_I_" XXXXXXXXXXXXXXX~~~~~~~~~~~~~~

-
lep + t'HL

4 x lep + t'LH

~/SIE (II ond only II th. LS438 II In SPMS, I.... on SPE hOI be.n rec.I •• dl

Fig. 11 Timing Diagram for Secondary Address Sequence

iiTë BUS VALID SECONDARY ADDRESS

t.LH

ASEL

A,-A~
(muIoutput)

(It .ddr .... received WI' • talk add,.. •• )
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Fig. 12 Timing Diagram for 96LS488 Receiving Bus Commands

DIOBUS ~~ B_u.__c_om_m__.n_d .J~

t:-
Int.rn81 St.l. Ch.ng. (•. g.• PUCS-PACS. LOCS-LWLS)

NDl.
Internal state changes do not necessarily change any 96LS488 outputs.

Fig. 13 Timing Diagram for Device Clear and Device Trigger Commands

OIO BUS GET, OCL or SOC Comm.nd

2 x lep + IPLH-+_--.-j

lep + IPHL

lep + IJoHL

,---,,
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Fig. 14 Timing Diagram for Remote/Local Logic
(Starting in LOCAL State)

OIO BUS X@ V.lld LI••• n Add' ... 0' LLO Comm.nd ®

NRFO

DAV

ÏÏJL

1IIote
lf LLO has been sent, RTL will not cause Ril to chanqe.

Fig. 15 Timing Diagram for Remote/Local Logic
(Starting in REMOTE State)

:g GTL Comm.ndOIO aus

RËN ~(L~O~W~) __

RiL

1a
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Serial Poll Sequence (See Figure 16)
a. The Controller has sent the Unlisten (UNL) and

Serial Poll Enable (SPE) commands, generally in
response to a LOW signal on SRO, and places a
Talk address on the GPIB. The 96LS488 is sending
the Service Requst (SRO) message, which was
caused by the instrument logic making RSV LOW.

b. The 96LS488 allows NRFD to float passive HIGH
to initiate normal handshake routine.

c. The Controller forces DAV LOW. Since ATN is
also LOW, the 96LS488 receives the GPIB informa-
tion as the message My Talk Address (MTA)

d. NRFD is active, acknowledging that the device is
receiving a data byte

e. The 96LS488 enters HIe Talker Addressed State at
time (4 x tcp + tPHL) after DAV was forced LOW

f. 15/S/E goes HIGH at time (4 x leo + tpLH) after
DAV was forced LOW. This indicates that the
96LS488 is in the Serial Poll Mode.

g. NDAC is allowed to float passive HIGH, indicating
that the command data byte has been received

h. The Controller takes DAV HIGH
i. NDAC is pulled LOW, showing that the 96LS488 is

ready for a new handshake cycle
j. The Controller allows the bus to float

k. The Controller releases ATN. Because the
96LS488 is in the Serial Poll Mode, it now enters
the Serial Poll Active State (SPAS), which prevails
until the Controller makes ATN LOW again.

I. ORB goes active LOW, allowing the instrument to
place its status byte on the bus. ORB goes LOW
at time (tcp + tPHL) after ATN goes HIGH

m. When the 96LS488 enters SPAS, SRO goes HIGH
at time tpLH after ATN goes HIGH

n. The instrument indicates that a status byte is
ready by taking STRDY HIGH. This may occur
earlier than shown, without affecting any of the
foregoing

o. ORB enables the 3-stale outpul ROS when in.
SPAS. ROS goes LOW at time (tcp + tpZL) after
ATN is released

p. The Controller has laken NRFD HIGH,
acknowledging that it is ready for the status byte

q. The 96LS488 takes DAV LOW after the time inter-
val T" which starts either at the rising edge of
STRDY or the falling edge of ORB, whichever
occurs later. The DAV LOW period corresponds to
the Source Transfer State (STRS).

r. The Controller takes NRFD LOW

s. The instrument may release RSV at any time after
the 96LS488 enters SPAS

t. The Controller takes NDAC HIGH, acknowledging
that it has received the status byte

u. The 96LS488 releases DAV at time (tcp + tPLH)
after NDAC goes HIGH

v. STST goes HIGH at time (tcp + tpLH) after NDAC
goes HIGH. This tells the instrument that the
status byte has been accepted. The instrument
takes STRDY LOW to indicate that the data is no
longer valid and to allow STST to go LOW again
one tcp after STRDY goes LOW

w. The Controller takes NDAC LOW once more after
DAV goes HIGH

x. The data on the bus is no longer valle. If the ATN
line remains HIGH, the instrument can provide
another status byte by making STRDY HIGH to
indicate valid data and to start the handshake

y. At the completion of the Serial Poll of this instru-
ment, the Controller assumes control of the bus
by forcing ATN LOW

z. ORB goes HIGH at time tpLH after ATN goes LOW.
This places the bus drivers of this instrument in
the high-impedance (3-state output) or off (open-
collector outputs) state

aa. Since ORB is no longer valid, the ROS output
reverts lo its high-impedance stale

bb. NRFD goes HIGH, indicating that devices are
ready to receive a command from the bus

cc. Th'e Controller forces DAV LOW to show that it
has placed a control byte on the bus

dd. NRFD goes LOW to acknowledge DAV
ee. NDAC goes HIGH when devices all acknowledge

acceptance of the command byte
ff. The 96LS488 has received the Other Talk Address

(OTA) command and reverts to its unaddressed
state. TAD goes HIGH at time (4 x tcp + tPLH)
after DAV went LOW

gg. DAV is set HIGH by the Controller
hh. Because the 96LS488 has been unaddressed it is

no longer in the Serial Poll Active State (SPAS).
The D/S/E output goes LOW at time (4 x tcp +
tPHL) after DAV went HIGH. The 96LS488 is still in
the Serial Poll Mode State (SPMS), however, and
will return to SPAS (D/S/E HIGH, STST and STRDY
valid) if subsequently addressed to talk. The
96LS488 enters the Serial Poll Idle State (SPIS)
when the Controller either issues the Serial Poll
Disable (SPD) command or makes IFC LOW.
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Fig. 16 Timing Diagram for Serial Poll Sequence
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Parallel Poll Sequence (See Figure 17)
a. The Controller sends the instrument's listen

address
b. Then Controller issues the Parallel Poll Configure

command: this enables the 96LS488 to receive a
subsequent PPE command.

c. The Controller issues the Parallel Poll Enable
command. Bits 0,-03 of the command byte deter-
mine which data output (010]) will be valid when
the lOY command Is sent. Bit 54 of the command
is compared with 1ST(Instrument Status) during
the lOY command.

d. The Controller issues the Unlisten command. The
96LS488 will now not respond to further PPE corn-
mands, allowing the Controller to configure other
Instruments.

e. The Instrument Status bit (1ST) is set by the
instrument before an IDENTIFY command is
received. 1STmust be in a stable state when lOY
is received so the setup and hold times must be
observed (ts 1STand th 1ST).

f. During the lOY command the Controller releases
the data lines 010,-0107, DOs. The assigned data
line OIO] will be taken active LOW by the 96LS488

. if 1STcompares with bit 04 of the PPE command.
g. The lOY message is received (IDY = EOI • ATN).

At this time the Instrument Status bit 1ST is
latched in the 96LS488, and the output data DIOj
is true if 1STcompares with bit 04 of the PPE
command. DIOj is LOW if 04 was LOW and 1ST
was HIGH, or if 54 was HIGH and 1STwas LOW.
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h. The 96LS488 enables data bit DIOj after a delay
tpHL from the time EOI goes active LOW. DIOj
remains valid while lOY is active. Note that this
is an asynchronous message sent and is not
governed by the handshake protocol.

i. 1STmay be altered not less than time th 1STafter
lOY is active. Because 1ST is latched by lOY it will
not affect the status byte sent during this lOY
routine.

j. lOY is false and the 96LS488 stops sending a
status byte. Outputs DI01~DI07, DOs again float
passive HIGH.

k. The status bit DIOj floats passive HIGH at a time
not greater than tpLH after lOY goes FALSE.

I. The Controller can now place information on the
data bus.

Fig. 17 Timing Diagram for Parallel Poll Sequence

H

m. Once the 96LS488 has been configured via steps
a-c, the Controller can examine 1STat any time by
issuing the lOY command. To change the 01-04
assignment of a particular 96LS488, the Controller
must address it to listen, issue the PPC com-
mand, then the Parallel Poll Disable (PPD) com-
mand (which clears the 51-04 latches), then the
PPE command with the revised 151-04 assignment.
The 01-04 assignment will also be cleared by the
universal Parallel Poll Unconfigure (PPU) com-
mand or by MR, but not by IFC. PPU, MR or the
MLA/PPC/PPD sequence puts the 96LS488 in the
Parallel Poll Idle State (PPIS) and it will not
respond to lOY until it is subsequently recon-
figured.
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Fig. 18 IFC Timing Diagram

ORB

- I-Icp + IPlH

- IPlH-- IPHl f-

- lep + IPlH t-

- lep + tPHl t-

- IPlH I_
f- IPlH ~

- tPHl f-
t-

D/SIE

TXST/STST

NRFD

NDAC

RXST

Absolute Maximum Ratings
(above which the useful life may be impaired)
Storage Temperature - 65 DC to + 150 DC
Temperature (Ambient) Under Bias - 55 DC to + 125·C
v cc Pin Potential to Ground Pin - 0.5 V to + 7.0 V
"Input Voltage (de) - 0.5 V to + 15 V
"Input Current (de) - 30 mA to + 5.0 mA
Voltage Applied to Outputs - 0.5 V to + 5.5 V

(Output HIGH)
Output Current (de) (Output LOW) + 50 mA
·Either Input Voltage limit or Input Current limit is sufficient to protect
the Inputs.
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DC Characteristics

Symbol Parameter Min Max Unit Vee Condition

Input HIGH Voltage Recognized as a HIGH
VIH All Inputs 2.0 V Signal Over Recommended

Vee and TA Range

Input LOW Voltage DM 0.7 Recognized as a LOW
Vil All Inputs DC 0.8 V Signal Over Recommended

Vee and TA Range

VT+-VT- Hysteresis Voltage 0.4 V All Bus Inputs

VeD Input Clamp Diode Voltage 1.2 V Min liN = -18 mA

Output HIGH Voltage 2.5 V Min IOH = -5.2 mA
ROS, DAV

OIO, - 0107, DOs, 2.5· 3.7 V Min
Open-Collector Bus Pins

VOH SRO, NRFO, NOAC IOH = 0 mA

RIL, OlSlE, RXST, TXST,
STST, CLR, TRIG, ORB, 2.5 V Min IOH= -0.4 mA
ASEL,XTAL, LAD, TAD

Output LOW Voltage
OIO, - 0107, DOs, SRO, 0.5 V Min lOL = 48 mA

VOL ROS, 'NRFO, NOAC, DAV

All Other Outputs
OM, DC 0.4 V Min lOL = 4.0 mA

DC 0.5 V Min lOL = 8.0 mA

0.5 U.L. 20 IIH = 40 JJ.A Multiplied by
IIH Input HIGH Current 1.0 U.L. 40 p.A Max Input HIGH U.L. Shown on

n U.L. n(40) Data Sheet; VIN = 2.7 V

0.25 U.L. - 0.4 III = -1.6 mA Multiplied
III Input LOW Current 0.5 U.L. -0.8 mA Max by Input LOW U.L. Shown

n U.L. n( -1.6) on Data Sheet; VIN = 0.4 V

IpOFS Leakage Into GPIB Pins In 100 p.A 0 VIN = 2.5 V
Powered-off State

IOZH
3-State Output OFF 40 p.A Max VOUT = 2.4 VCurrent HIGH

IOZl
3-State Output OFF -40 JJ.A Max VOUT = 0.4 V
Current LOW

Ice Power Supply Current . 250 mA Max Any 3 Bus Outputs
in LOW State

-Typical Value for ICC is '80 mA.
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AC Characteristics Vee = 5.0 V, TA = + 25·C

Symbol Parameter Min Typ Max Unit Fig. No. Condition

For correct timing for
fmax Maximum Clock Frequency 12 15 MHz SH or AH, CP must be

10 MHz.

tpLH Propagation Delay 150 ns 7,8,10,11
CL = 300 pF, RL = 200 ntpHL CP to NRFD 90 ns 12, 13, 14

tpLH
Propagation Delay

150 ns 11 CL = 300 pF, RL = 200 nATN to NRFD

tpLH Propagation Delay 150 ns 7,8,10,11
CL = 300 pF, RL = 200 ntpHL CP to NDAC 90 ns 12,13,14

tpLH
Propagation Delay

150 ns 10,12,13 CL = 300 pF, RL = 200 nATN to NDAC

tpLH Propagation Delay 100 ns
9 CL = 300 pF, RL = 200 n

tPHL CP to DAV 90 ns

tpLZ Output Disable Time 100 ns
9 CL = 300 pF, RL = 200 n

tpHZ ATN to DAV 100 ns

tpZL Output Enable Time 100 ns
9 CL = 300 pF, RL = 200 o

tpZH CP to DAV 100 ns

tpLZ Output Disable Time 100 ns
CL = 300 pF, RL = 200 n

tpHZ CP to DAV 100 ns

tpLH
Propagation Del~

180 ns 18 CL = 300 pF, RL = 200 nIFC to NRFD or NDAC

tpHL
Propagation Delay

160 ns 18 CL = 15 pF
IFC to RXST

tpHL Propagation Delay, IFC to D/S/E 100 ns 18 CL = 15 pF

tpLH Propagation Delay 150 ns
7, 8, 10 CL = 15 pF

tpHL CP to LAD or TAD 150 ns

tpLH Propagation Delay 60 ns
CL = 15 pF

tPHL Mo- M3 to LAD or TAD 60 ns

tpLH Propagation Delay 75 ns
8, 9 CL = 15 pF

tPHL CP to RXST, TXST or STST 75 ns

tpLH Propagation Delay 85 ns
9, 11 CL = 15 pF

tPHL CP to ORB 85 ns

t LH Propagation Delay, ATN to ORB 70 ns 9 CL = 15 pF

tPLH Propagation Delay 130 ns
13 CL = 15 pF

tPHL - -- --CP to TRIG or CLR 130 ns

tPLH Propagation Delay 25 ns
11 CL = 15 pF

tPHL DAV to ASEL 25 ns
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AC Characteristics Vee = 5.0 V, TA = + 25·C (Cont'd)

Symbol Parameter Min Typ Max Unit Fig. No. Condition

tPHL
Propagation Delay, MR to

100 ns CL = 15 pFRXST, TXST, STST, D/S/E

tPLH
Propagation Delay

50 ns CL = 15 pFMR to LAD, TAD or RIL

Propagation Delay, MR to
tpLH NRFD, NDAC, DAV, 100 ns CL = 300 pF, RL = 200 n

010,-0107, DOe or SRO

tpLH Propagation Delay 15 ns
6

CL = 15 pF, CP driven
tPHL CP to XTAL 15 ns from ext. oscillator

tpu"!
Propagation Delay, CP to RIL

150 ns
14, 15 CL = 15 pFtpHL 150 ns

tpLH Propagation Delay, RTL to RIL 150 ns 14 CL = 15 pF

tPLH Propagation Delay, REN to RIL 45 ns 14 CL = 15 pF

tpLH
Propagation Delay, CP to D/S/E

140 ns
16 CL = 15 pFtpHL 140 ns

tpLH
Propagation Delay, RSV to SRO

90 ns
CL = 300 pF, RL = 200 ntpHL 30 ns

tpLH Propagation Delay. ATN to Sfi.O 150 ns 16 CL = 300 pF, RL = 200 n
tpZL

Output Enable Time, CP to ROS
100 ns

16 CL = 300 pF, RL = 200 ntpZH 100 ns

tpLZ Output Disable Time 85 ns
16 CL = 300 pF, RL = 200 ntPHZ ATN to ROS 85 ns

tpLH Propagation Delay 110 ns
17 CL = 300 pF, RL = 200 ntpHL EOI to 010,-0107, DOe 50 ns

tpLH Propag~tion Delay 30 ns
CL = 15 pFtpHL EOI to D/S/E 30 ns
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AC Operating Requirements Vee = 5.0 V, TA = + 25°C

Symbol Parameter Min Typ Max Unit Fig. No. Condition

ts (L) Setup Time, HIGH or LOW 20 ns
17ts (H) 1ST to EOI . 20 ns

1h (L) Hold Time, HIGH or LOW 5.0 ns
17th (H) 1ST to EOI 5.0 ns

Device about to enter
ts (L) Setup Time, RSV to ATN -50 ns SPAS on next L to H ATN

transition.

Device about to enter
th (L) Hold Time, RSV to ATN -50 ns SPAS on next L to H ATN

transition.

ts (H) Setup Time, HIGH or LOW 100 ns
11ts (L) 0101-0107 to DAV 100 ns

th (H) Hold Time, HIGH or LOW 0 ns
111h (L) 0101-0107 to DAV 0 ns

tm (H) Delay in external address mux 100 ns
11tm (L) from ASEL to valid address 100 ns

tw (H)
CP Pulse Width

30 ns
tw (L) 30 ns

1w (L)
Pulse Width

20 8,9,16
RXRDY,TXRDYorSTRDY

ns

1w (L) MR Pulse Width 50 ns

1w (L) RTL Pulse Width 60 ns 14
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Ordering Information

Order Code Package Temperature·

96LS488DC
96LS488DM

Ceramic DIP
Ceramic DIP

Commercial
Military

-C O'C to + 70'C
M -SS'Cto+12S'C

Package Outlines

48-Pin Side-brazed Package
o 760 R TYP

T
.620 r15.74
.eoo (15.75)

j_

f_.03 , \

24 1 t ic r: ,.500 R MAX
.508 (12.90) SQ. .600 (15.24)

(12.') .502 (\2.75) .sso (\4 731

1 I
25 48 ~

I-------------~~: ,(~~~;-------------I

_JL .020<.51'. li .011 I.~' I

--t-L._.1S0 406,
.125 (3,18) [--.e75 'H.15, MAX---j

Notes
All dimensions In inches bold and millimeters In parentheses
Pin material is nickel, gold·plated xovar or ailoy 42
Cap Is kovar Oráiloy 42
Base is ceramic
Cavity size Is .310 )( .310 (7.874 x 7.874)
Package weight Is 7.7 grams

27



(-1

APPENDIX E

DAT A PROCESSING BY HP85 COMPUTER
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The IMT General Purpose Data Logger was designed to be able to output data, via the

IEEE.-488 port, to an external computer for data processing or display purposes.

In this instance the HP85 desk top computer was chosen because it is small, portable

and has an integral CRT Display. Printer and Data Cassette as well as an optional
IEEE-488 (HPIB) interface.

Two programs have been written (in Basic) which are controlled by menu prompted
function keys:

Test (Autost):

This program is automatically loaded and run if the program tape is inserted before

the HP85 is switched on. The program displays the following "header" for 3 seconds:

~*~*t*~**t******t**~~*~**t**tt*t* I.M T DATA LOGGER ~*~t*~~*****t*t*****~~****t**~***~. t·

tPROGPAM NAME·TESTCAutost) *
t *t8Y·MIKE GARDENER *:t :;I."
t01SCRIPTION:THIS PROGRAM TESTSt
*THE IMT LOGGER/HP85 IEEE 488 ~
tINTERFACE OR ALLOWS THE HP85 *
:tTO PLOT REAL TIME DATA [SCOPEJt
* *tDATE:02/01./85 *t****~~~**t********~~~**********

and then the select option menu and description
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::;EL ECT I:,P T !Ot~ I

:r ttl t t ::j:: l J: ttl :f.l
TEST: HP85/DATA LOGGER lEEE-488
INTERCONECTION TEST
SCOPE: DISPLAYS PL07 CF REAL

i I f'1E [IA T A

READ: LOADS 'IMTLOG' PROGRAM
.::[IA TAR EA [I t F'L Cl T ::.*****t******t****tt*tt*tt***~**

::;CDF'E PERD

At this point the operator should ensure that the Data Logger is connected to the

HP85 HPIB interface cable and is powered up.

TEST: [K 1]

When selected the CRT will display:

IEEE TEST MODE

WAIliNG FOR DATA!

The Data Logger IEEE-488 port test procedure (7.5) should now be followed which

will result in either

~~7~a6r~6at~v ~t8Q6A~AaOóOG[~2£t
! Il #:r :~lo;: ' .:: ;. ~ + .' - [1 1 :2 3 4 5 6 7 t:SI : .: <.= :':.'-::'

@A8COEFGHIJKLMNOPQRSTUVWXYZ[,]A-
-abcdefghlJ~lmnopqrSlUVWXYZn:~:~
,,(,'7N'-"f:;r~41:rTh L' -rIAn,:':'Aó eii IYlhflIJI{.);·2 £;;i

, Il #$:.;~;.' 0: ):1' + ,- / Ol 2 :-:4 ~5F.7 )::y: : <' - "> r:'
,.. Btl C [lEF I"HI. It.LMN [I f' GIRSTil~.IkJXyZ[ "..] .1 ••

'abrdpfqhijklmnnpsr~tuywxyZfi:+:t

I EEE TEST Pfif:::;:
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being displayed for 2 seconds before reverting to the "Select Option" display.

OR

IEEE TE::::::1 FA I LUPE I ! !
IEEE TE:3T FA I LUPE! ! I

IEEE TE::;1 FA I LUPE! ! I

This display is accompanied by a beep sound and both the message and beep are

repeated until the operator aborts the program.

If the test fails then the Data Logger / HP85 interconnection is suspect. Locate and

rectify the cause and repeat TES1 to make sure that it is now correct.

SCOPE: [K2]

This routine allows a pre-selected Data Logger channel to be displayed on the HP85

CR T in real-time. The axes and labels are initially set up and then

WAITING FOR DATA!

is displayed.

If a log is now initiated or the Data Acquisition 1est procedure (7.4) is followed then
the real-time data will be plotted onto the CRT.
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L _

.~~5 '",'
':;CAt·'s : ::::.::j (1 RAT E: 1 C_::, c: H A ,.j . : #

Note: 1. This program is limited to a maximum scan rate of 125 msec and will only

display the first 240 points.

2. The Data Logger IEEE MODE must be ON.

3. In the Data Acquisition Test mode the scan rate is governed by the speed

at which the HP85 can receive and process the data Le. scan rate is

maximum for this configuration.

READ: [K4]

This option will load and run the second program, "IMTLOG", and display the

following header for 3 seconds.

~***t**t**t***t*f*tt****t*t*****~ I.M.T DATA ~OGGEP t******t*tt**t*t*ttt*t**t********
t i:
tPROGRAM NAME:IMTLOG t

* *tBY:MIKE GARDENER *
* *tDISCRIPTION:THIS PROGRAM READSt
*AND PLOTS DATA TRANSFERED FROMt
*THE I.M.T. DATA LOGGER RECORD t
~8Y RECORD. (240 SCANS MAX.) t
t **DATE:03./(11/85 *tt*t**t~*tt*****t*************t*
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and then

:=;E t_ EeT (IF'T I C"H I

:* l:t: l;t::t·;;-::t: :~:l:t lt t l'
YD-CF'Y: HARD COF'V OF PLOT
F'LOT: ~LOTS DATA vs TIME FOR A

SIHGLE (SELECT8SLE) CHANNEL
T~FR-D: TRANSFERS DATA FROM 1MT

LOGGER TO HF':::5
T-DUMF': DUMPS DATA TQ HP TAPE

T-READ: READS DATA FROM HF' TAPE
-------------------------------
HD-CF"ï' PLOT

T-READ
T-[lUt'1F' T::-::FP-D

This is an option select description and menu for five new functions:

TXFR-D: [K4]

This function allows data to be transfered from the Data Logger to the HPB5.

WAITING FOR DATA FROM LOGGER

is displayed until data is received.

The Data Logger DATA PLAYBACK procedure (7.B) with IEEE Mode ON. should now

be followed.

After selecting the record to be read the [READ] key will initiate the Data Logger
cassette read and IEEE data transfer. The HPB5 will indicate the transfer status by
displaying

TRANSFER OF DATA IN PROGRESS
Press [CONT] TO CONTINUE
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Otherwise

TRANSFER OF DATA COMPLETE

is displayed for 2 seconds before the returning to the "Select Option" display.

PLOT: [K2]

This routine allows a channel to be selected (limits 1 - 27) when

SELECT CHAN TO BE PLOTTED:

1 TO 27

is displayed. The desired number should be keyed in and then [END LINE]. The
program now plots this channels data onto the CR T.

[I ft TE' 1 ~5" lj :::::'":::5 TIriE: 14: 02: ~32~
+3'1,1'

0',," '

--5 \/
:::C n q ::;:: ;::4 (1 F'A 1 E: 1 5 C H ft tl ' : #
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After the plot is complete the program returns to the "Select Option" display.

HD-CPY [Kl]

Allows a CRT dump to the integral HP85 printer of the last PLOT.

T-DUMP [K3]

Allows the data transfered by TXFR-D to be dumped to the HP85 data tape. It first

prompts:

INSERT HP DATA TAPE, PRESS [CONT]

and then ENTER FILE NAME

at which point a 6 character (max) file name should be entered. After the data is

recorded the program returns to the "Select Option" display.

T-READ [K7]

Reads back data from a HP85 data tape which has previously been recorded by

l-DUMP.

INSER T HP DATAT APE, PRESS [CONT]

is displayed and then EN1ER FILE NAME.

The file name used in T-DUMP must be entered which allows the data to be read

back into the HP85 memory.

The program then returns to the "Select Option" display.
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HP85 COMPUTER

PROGRAM LIST INGS
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10 DISP ·*.;l~tt~*~~l*.*t..J!llll~~i't.l.t~'
20 DISP " I.M.T DATA LOBGER I'
30 DISP '.*;••t ••••• ~.I.J••••••• *I.'••'.t·
40 DISP .J .'
50 DISP "PROGRAM NAME:TESTIAutDstl l'
60 DISP ·r "
70 DISP 'HY:MIKE GARDENER ~.
80 DISF H' I'
90 DISP 'IDISCRIPT!ON:THIS PROGRAM TESTS~·
100 DISP 'ITHE IMT LOGGER!HP85 IEEE 488 .'
110 DISP ·'INTERFACE OR ALLOWS THE HP85 ••
120 DISP 'ITO PLOT REAL TIME DATA [SCOPEl"
130 DISP ".
140 D!SP 'JDATE:02!OI!B5
150 DISP •••~llll"""I.t*tl""'~'f"'fl'
160 WAIT 3000
170 OPTION BASE 1
180 ON KEY~ 1.'TEST' GOTO 530
190 ON KEY~ 2!·SCOPE" GOTO 330
200 ON KEY# 4,'READ· GOTO 760
210 CLEAR
220 KEY LABEL
230 DISP "
240 DISP •

SELECT OPT! ON I •

mHUfHHH'
250 DISP "TEST: HP85!DATA LOGGER IEEE-488 INTERCONECTION TEST'
260 DISP i DISP 'SCOPE: DISPLAYS PLOT OF REAL TI~E DATA'
~70 DISP i DISP "READ: LOADS 'IMTL06' PROGRAM (DATA READ & PLOTI"
280 DISP ·~*"~**~'*t.t**tt*"*f"t**'~tt'
290 GOTO 290
300 i ,~I'~'*f"""'ll**"""310 I , SCOPE ,
320 : ~'*,~~I,.*.""f'*"'*'"
330 GCLEAR
340 SCALE -30.250.-500.10500
350 XAXIS 5000.10.0.240
360 YAXIS 0.1000,0.10000
370 MOVE -30,10000 @ LABEL "+5v"
380 MOVE -20,5000 ~ LABEL ·Ov·
390 MOYE -30.0 a LABEL "-5v"
400 CLEAR
410 DISP ·WAITING FOR DATAl"
420 ENTER 710 USING "I,~· : A
430 MOVE O.A
440 FOR 1=1 TO 239
450 ENTER 710 USING ·~.W' : A
460 DRAW I,A
470 NEXT I
480 WA lT 2000
490 GOTO 210
500 : """'r~*I",,r*,••••*.
510 : , IEEE TEST •
520 : "" •••••• 1" ••• ', ••••• ,
530 DIM AH264J
540 IOBLIFFER Ai
550 J1.B=O
560 CLEAR
510 DISP "IEEE TEST MODE"
580 DISP ~ DISP
590 DISp· WAITING ~OR DATA:'



E-ll

600 BEEP
610 TRANSFER 710 TO AS FHS
620 CLEAR
630 DISP AS
640 FOR 1=1 TO 256
650 A=NU"iAS[IJI+A
660 B=B+I-l
670 NEXT I
680 BEEP
690 D!SP i DISP
700 IF A=B THEN DISP "IEEE TEST PASS' i WAIT 2000 i GOTD 210
710 IF A(\B THEN DISP 'IEEE TEST FAILURE' I I' a BEEP
720 GOTO 710
730 I "*",,t"l*,tJtl""'"740 I , READ
750 I """,t""., ••" ••••••
760 CHAIN "!MTLOG"
770 END
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2(i L'ISP '1 I.M.T. DATA lOGGER
30 DISP ".*~~t~*~.t~t~*J*~;l~ttl*lttll~lf"
40 ~ISP ot "
50 DISP ".PROGRAM NAME: IMTLOG fH
60 DISP Ht l'
7(1 DISP "By:tiIKE GARDENER f"
80 DISP "t I'
90 DISP 'IDISCRIPTION:THIS PROGRAM READSf'
1000ISP "AND PLOTS DATA TRANSFERED FROMI'
IlO DISP "lTHE I.M.T. DATA LOGGER RECORD ,.
120 DISP 'tBY RECORD. [240 SCANS MAX.) t'
130 DISP "t 'H
140 DISP 'IDATE:03fOI!85 lf
150 DISP ·fl"tIJl,~I"'I'II'I'lltl'I""*·
160 lolAn 3000
170 DIM A$[24J.BS[13000J.DS[6J.IS[6J.XS[6J
180 ON KEY' 1. 'HD-CPY' GOTO 870
190 ON KEY~ 2,"PLOT' GOlD 540
200 ON KEY~ 3. 'T-DUMP' GOTO 910
210 ON KEY# 4,"TXFR-D" GOlD 350
220 ON ~EYf 7."T-READ' GOlD 1030
230 CLEAR
240 rEY LABEL
250 DISP " SELECT OPTION!"
260 DISP , *'t'llll'III'I'
270 DISP "HD-CPY: HARD COPY OF PLOT"
280 DISP ~ DISP 'PLOT: PLOTS DATA YS TIME FOR A SIN6LE (SELECTABLE) CHANN~L

290 DISP ~ D!SP 'TXFR-D: TRANSFERS DATA FROM IMT
291 DISP ~ DISP 'T-DUMP: DUMPS DATA TO HP TAPE'
292 DISP ~ DISP 'T-READ: READS DATA FROM HP TAPE"
310 GOTO 310
320 I *Jtl~fl'l'~f""'~'l'lllf
330 ! , TRANSFER ,
340 ! l"l"'l'l'l,•••••'tl"l'
350 IOBUFFER A$
360 10BUFFER B$
370 CLEAR i DISP 'WAITING FOR DATA FROM LOGGER'
380 TRANSFER 710 TO A$ FHS
390 BEEP I FIRST TXFR COMPLETE
400 CLEAR a DISP 'TRANSFER OF DATA IN PROGRESS'
410 D$=A$[1.6l
420 T$=A$[7.12l
430 R=NUMIA$[13l)
440 [=NUMIA$[14J)
450 S=NUMIA$[15J)l256+NUMIA$[16l)
460 IF C()27 THEN GOTO 800
470 Bl=OS'2
480 TRANSFER 710 TO B$ FHS : COUNT Bl
490 CLEAR i DISP 'TRANSFER OF DATA CO"PlETE' ~ BEEP ~ ~AIT 2000

LOGSER TO HP85'

500 GOTO 230
510 I """"'ll"t'II'J"llr.,
520 ! , PLOT I
530 I •••• ,.'."'al"t.l.l.l.~.
540 CLEAR
550 DISP "SELECT CHAN TO BE PLOTTED:"
560 DISP 'I TO':C
570 INPUT Dl
580 SClEAR
5QO SCALE -30.250.-1000.11000
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600 XAIIS 5000.10.0.240
610 YAXIS 0.1000.0.10000
620 MOVE -30.9750 i LABEL '+5y'
630 MOUE -20.5000 i LABEL HOy"
640 MOYE -30.0 a LABEL "-5v"
650 MOUE -20.10500 i LABEL "DATE:'.DS[I.21."!",DS[3,Al,'j'.DS[5.6]
660 MOYE l2O~1(l50(i;~LABEL "T!ME:·.T$[!.2J.f!:'~T$[3,4L":',TH5.6J
670 MOUE -30,-750 i LABEL 'SCANS:".S
680 MOVE 70.-750 ~ LABEL "RATE:",R
690 MOUE 150.-750 a LABEL "CHAN.:I"~DI
7(10 MOVE 0.0
710 B2=DH2-1
720 FOR !=I TO S
730 A=NUMIBS[B2l)1256+NUMIBS[B2+1])
740 A=!NTIA/!6tIOOOO/40951
750 DRAW I.A
770 B2=82+C'2
780 NEXT I
790 WAIT 2000 a GOTD 230
800 CLEAR a DISP "TAPE READ ERRORI I'
810 PAUSE
820 DISP a DISP 'PRESS [CONTl TO CONTINUE'
830 GOTO 230
840 ! •••••••••••••••• 1••••••• 1
850 I • HARD COpy •
860 ! •• l•••••l.l•••t. ••••• l.~.;
870 GRAPH i COPY a GOTO 230
880 I ~•• l•••••••l••••••••••••l
890 I' HP TAPE DU~P I

900 ! *.*'.*••*f~f••*.Jf' ••••*.
910 CLEAR ~ DISP 'INSERT HP DATA TAPE. PRESS [CONTl'
920 PAUSE
930 DISP 'ENTER FILE NAME"
940 INPUT X~[1.6]
950 CREATE X$.I. 13056
960 ASSI6Nt 1 TO ~$
970 PRINT~ 1 ; A$,B$
980 ASSI6N# 1 TO t
Q90 GOTO 230
1000 I * •• ***** •••• **•• **.*****,
1010 !. HP TAPE READ •
1020 ! *l~*'l"l*f'**""""'"1030 CLEAR ~ DISP 'INSERT HP DATA TAPE.PRESS [CONT]"
1040 PAUSE
1050 DISP 'ENTER FILE NAME'
1060 INPUT X'[!,6J
1070 Assr6N~ 1 TO IS
1080 READ# 1 : AS.BS
1090 ASSIGN# I TO •
1 !OO D$=A$[1.6]
1110 T$=A$[7.121
1120 R=NUMIA$[13])
1130 C=NUMIA$[14J)
1140 S=NUMIA$[15l).256+NUMIAS[161)
1150 IF C(}27 THEN GOTO·BOO
IlóO GOTO 230
1170 END
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APPENDIX F

TAPE. HEADER and OAT A FORMAT
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TAPE HEADER & DATA FORMAT.

DATE TIME SCA.~ RATE
[6 ASCII CHARS] [6 ASCII CHARS [1 byte]

NO of CRANS No of SCANS
[1 byte] [high byte]

CHAN #2 DATA CHAN #2 DATA
SCAN #1 SCAN #1

[high byte] [low byte]

No of SCANS
[low byte]

CHAN #1 DATA CHAN #1 DATA
SCAN #1 I SCAN #1

[high byte] [low byte]

CHAN #X DATA CHAN #1 DATA CHAN #1 DATA
SCAN #1 SCAN #2 SCAN #2

[low byte] [high byte] [low byte]

CHAN #X DATA
SCAN #Y
[low byte]

NOTE: X is determined by No of CRANS selected.
Y is determined by No of SCANS selected.

DATE = 6 ASCII characters in DDMMYYformat.

TIME = 6 ASCII characters in RRMMSS format.

SCAN RATE = 1 binary byte [limits 1-15J

No of CRANS = 1 binary. byte [limits 1-32J

No of SCANS = 2 binary bytes '[limits 1-9999J

DATA [high byte] - 8 rnsb's

DATA [low byte] - 4 lsb's & 4 trailing zeros
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Component Lists, Component Overlays
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8085 C.P .U. Board

Parts List

RI lOk I- Watt 5%il

R2 5k6 I- Watt 5%il

R3 10M 1- Watt 5%il

Ril Ik I4" Watt 5%

R5 3k3
I4" Watt 5%

R6 15k
I4" Watt 5%

VRI 5k 20 Turn

IRI Isx4k7 Type 1615

Cl O,I uF Tantalum

C2 22pF Ceramic

C3 22pF "
C4 snF ..
Cs-I7 O,OI .....F "

Dl IN4148

02,3 OA91

04 3V Zenner 400mW

XTAL 4.194304 MHz

Ni Cad 3,6V 100mA hr

P2,3 4x7 Molex 0, I" Wafer

P4 2x 13 Molex 0,1" Wafer

PI DIN 41612 64 Pole Connector (A+C, 90°)



IC l,S 74Ls244

lC2 74Ls14

lC3 8085

lC4 74Ls74

lC6 76Ls245

lC7,8 74Ls373

lC9 74Ls42

lCW 2716 or 2732 EPROM

IC 11 6116 CMOS RAM

lCl2 8205

lC13,14 74LsOO

IC 15 146818

lC16 8155

lCl7 74Ls02

lC18 LM3130

lCl9 MC4066
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LlxLlMatrix Keyboard Encoder

Parts List

Rl Llk7
1- Watt 5%4

R2 bBk
1'4 Watt 5%

R3 330k
1"4 Watt 5%

R4 Ik
1"4 Watt 5%

R5 B20k 1"4 Watt 5%

Cl 1511F IbV Tantalum

C2 0, 111F polycarbonate

C3 1,011F IbV Tantalum

CLI 0,4711F polycarbonate

CS bBOpF ceramic

Cb 0,04711F polycarbonate

Tl 2N2222

51 1xB Molex socket

PI 2x7 Molex 0, It. Wafer

BO Mini Speaker (Kobishi)

ICI 74C922

IC2 7555 (CMOS)

Llx4 Matrix Keyboard
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SABUS 32 k Static Memory Module-140/3

• 32 k memory addressable to 1 megabyte
• Interlaced RAM and EPROM in 2 kintervals
• Switch selectable page address
• Switch selectable 16 or 20-bit address option
• Switch selectable card address 0-32 kor 32-64 k
• Write protect switches for each of four 8 k blocks
• Low or high data byte option for 8- and 16-bit CPUs
• Single 5 V supply

Circuit description *
All the bus signals used on the card are
buffered and place a maximum of one low-
power Schottky TTL load on the buses.

Pege address selection
1 megabyte in 64 k pages
The most significant four bits of address
(AB 16 to AB 19) go to one of the inputs of
four exclusive OR-gates (lC22). The
switches G, H, I end K select one of 16
64 k pages of memory. When AB 16 to
AB 19 contain the address selected on the
switches, the open collector outputs of the
XOR-gates will all be high. The wired AND
of all these outputs goes to switch E. This
switch allows the selection of 16 or 20
bits of addressable memory. The pull-up
resistor R6 will maintain a logic high when
the switch is open. This line is the page-
enable line and goes to pins 10 of IC16, 9,
12,13 ofJC17 and 6 of IC'9. Switches
G, H. I and K correspond to AB' 6, AB' 7,
AB18 and AB 19 respectively. When
switch E is open the page
switches are irrelevant.

Cerd eddress selection
32 k at 0-32 kor 32-64 k
The card address is selected by switch F
on pin 13 of IC2'. When the switch is
closed tha output of IC2' pin " is low
when AB' 5 is low; when switch F is open
pin" will be low when AB' 5 is high. This
line partly enables ICs '9 and 20.

Chip select lines
One of , 6 2 k chips
The AB 14 line, when low, enables pin 4 of
IC,9 and, when high, pin 60f IC20. The 4
to '6 line decoder, ICs '9 and 20, dacode
address buses " to '4 to one of 16 ac-
tive low chip select lines. ICO is the lowest
and IC' 5 is the highest addressable
memory device.

Memory address
o to 2 k
Address buses 0 to 10 go through buffers
directly to the eddress pins of eech of the
, 6 memories In the errey.

Memory devices
The 32 k memory array may consist of a
random mixture of RAM and EPROM. The
EPROMs are of Intel type 2716 or TI
~h 1n. 'tllll "AM "'HV I", Iliinoill lVI'''
6116, Toshlbe 5516 or OKI 2128.

Memory reed
The output enable pins of the memory
devices will go active low when the card is
correctly addressed during a memory read
cycle. The active low memory read line is
buffered and inverted by IC16 pin 5; pins 3
and 4 are held high by the output of IC17
pin 6. The read line is qualified by the card
address selection. This line (pin 8 IC16)
controls the direction of the bidirectional
data buffer.

Memory write
The active low memory write line (MW) is
buffered and inverted by IC17 pin 1; pin 2
is held high by pin 6 of IC17. The memory
write signal is again inverted by IC 18.
Each output of the four NAND gates is con-
nected to an 8 k block of memory. The out-
puts are controlled by f.our dual in line
switches, acccessible at the card panel.
These switches A to 0 are the memory
write protect switches. When open, the
switches allow the memory write line on
V pprwR (pin 21 of the memory devices) to
become active low during a memory write
cycle. In all other cases Vppwill remain at a
logical high level.

The specifications ara that V ppmust be
low prior to V cc going low. Somehow the
data sheets led to the popular belief that
V ppmay never be low. For the unbelievers,
the write protect switch may be used -
writing to an EPROM with V ppbeing low Is
not harmful to the device.

Det« buffers
The data may be placed on the low or high
byte of the data buses by installing a
74LS245 in either socket IC25 or IC26.
When IC25 is installed the data will appear
on DB 0 to 7, and when IC26 Is installed
the data will go to DB 8 to 15. If both ICs
ara Installed, identical 8·bit data will ap-
pear on the low end high bytes. The direc-
tion of the data path is always from the
bus to the memory card, only a memory
read operation will direct the data towards
the data bus. The bidirectional data buffer
will go into "tri-steta' when either MEMDIS
is low or the pege eddress is Incorrect.

Using two 32 k memory modules with
the same address, but one with e low dete
byte buffer end the other with a high deta
byte buffer, the combination will form a
, n hit """"nrv of J;? k.
• The circuit dIagram Is overtoet

Originator: ISCOR

Options summery
A, B, C and 0 switches
Write protect for RAM in 8 k blocks
closed = write protected.

E switch
AB16-AB19 disable
open 16·bit address
closed = 20·bit address.

F switch
Card address selectien
closed = 0 to 32 k
open 32 to 64 k.

G, H, / and K switches
Page address selection

G = AB16
H = AB17
I = AB18
K = AB19•

High date byte
Install only IC26 in buffer sockets.

Low data byte
Install only IC25 in buffer sockets.

Hexedeclmel chip add res. teble

ICO
IC1
IC2
IC3
IC4
IC5
IC6
IC7
IC8
IC9
IC10
IC11
IC12
IC'3
IC14
IC15

o to 7FF
800 to FFF

1000 to 17FF
1800 to 1FFF
2000 to 27FF
2800 to 2FFF
3000 to 37FF
3800 to 38FF
4000 to 47FF
4800 to 4FFF
5000 to 57FF
5800 to 5FFF
6000 to 67FF
6800 to 6FFF
7000 to 77FF
7700 to 7FFF

Component list
IC 0 to 15 Memory devices
EPROM Intel 2716, TI 2516
RAM Hitachi 6116, Toshiba

5516,OKI2128
74LS10
74LSOO
74LS138
74LS86
74LS136
74LS244
74LS245

IC 16
IC 17, 18
IC 19,20
IC 21
IC 22
IC 23, 24
IC 25, 26
R1 to R5 2,2 kQ All resistors

are 0,25 W
470 Q

R7 to R10 2,2 kQ
All decoupling cepacitors 22 ",F 16 V
Switches
A to 0 4 OIL meke/breek
E.F :2 OIL milke/breAk
o to K " UIL IlInktlllll811k
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Data Logger P .S.U.

Parts List

560 1Rl "4 Watt 5%

R2 Ik 1"4 Watt 5%

R3,4 lOk 1- Watt 1%4

VRI 5k 20 Turn

C 1,5,7 0,1 'J.LFPolycarbonate

C8 lO'J.LFCeramic
C2,4,6 470'J.LF25V Electrolytic

C3,8,1O lO'J.LF35V Tantalum

Dl,2 IN4006

BRl,2 lA

TI 2x9,5V ® 290 mA secondary, 220V primary. Type 4892.

T.? 2xl7V ® 85 mA secondary, 220V primary. Type 4295.

lCI LM 301
IC2 LM7915CT

lC3 LM 340Tl5 or LM 7815 CT
IC4 LM 7905 CT.
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Rl

R2,6

R3-5

CI-3

C4,5

C6
C7,15
C8-14

IEEE 488 Interface Board

Parts List

2k7 1- Watt 5%
4
1
.!. Watt 5%
4
1"4 Watt 5%

lOk

270k

O,01lJ.F polycarbonate

33pF ceramic

O,OllJ.F polycarbonate
lOlJ.F 35V Tantalum
O,OllJ.Fpolycarbonate

2x13 Molex 0,1" WaferPI

P2

P3
P4 DIN 4161264 Pole connector (A+C, 90°)

lRI 15xlk Type1615
lR2 15x4k7 Type 1615

XTAL 10,000 MHz

SWl,3 8 Pole D.I.L. switch

SW2 4 Pole D.I.L. switch

IC 1 96LS488
lC2 74LS04

1C3,4, 10 74LS245

lCS,6 74LSlS7
lC7,8 74LS02

lC9 8255
IC 11 DM8136

IC 12 74LS241

IC 13 74LSOO
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IEEE ADDRESS

5 4 3 2 1
A5 A4 A3 AZ Al
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I /", IEEE MODE SELECT

r I SET FOR
TALKER/USTNER MODE
ON = '1'
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SA BUS ADDRESS
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SET FOR 60H
ON = '0'

TITLE:
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MFE Tape Interface Board

Parts List

RI 27k 1"4 Watt 5%

R2 3000 I"4 Watt 5%

IRl,2 15 x 4k7 Type 1615

Cl lOllF 16V Tantalum

C2-6 O,OlllF Ceramic

TI 2N2907

PI DIN 4161264 Pole connector (A+C, 80°)
P~ 2x20 Molex 0,1" Wafer

P3 10 Pole Stocko Pin Housing. Horizontal mounting.

SI 8 Pole D.l.L. switch

DC to DC convertor (5V to -12V) CB 3811

lCl 74LS241
lC2 DM 8136

lC3 74LSOO
lC4 8255
lC5 74LS245
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32 Channel Data Acquisition Board

Parts List

RI,2 Ik 1- Watt 5%4

VRI,2 1000 20 turn
VR3 lOk 20 turn

IRI ISx4k7 Type 1615

Cl lOlJ.F Tantalum

C2 1000pF Polystyrene

C3,4 O,IlJ.F Polycarbonate

CS-lO O,OIlJ.F Ceramic

PI DIN 41612 64 Pole connector
(A+C, 90°)

P2 Molex 0,1" Wafer
P3 34 way, 3m, Ribbon cable connector

51 8 Pole D.l.L. switch

IC 1 74L5241

lC2 DM1836
lC3,4 74L500
lCS ADS74

lC6 8255
lC7 74L524S
lC8 ADS82
lC9,1O AD5760 or IH6116
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