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HP 82166 A 16 BIT INPUT / OUTPUT BOARD

Interfacing extern measurement and
control hardware to HP-41 handheld
computer by using the HP 82166A
IL-Converter.

Burning Zeprom-Modules

Building Double X-Memory Modules

HP-41 hardware modification extern
interrupt circuit

Data Transfer / Upload from HP-41
handheld computer to PC
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General Information :

Most people use the HP 82166 A IL-Converter to adapt a standard parallel
printer to HP Interface Loop. But you can use the powerful IL-Converter to
connect electronic hardware to the Interface Loop, controlled by the HP-41
handheld computer. I developed an Input/Output Board for the HP 82166 A IL-
Converter, designed as a mainboard with four 16 bit extension slots.

HP-41 Interface Loop Controller :

Best HP-41 IL-Controller is the powerful CX model with intern X-Functions, X-
Memory and Time-Module. Additionally you need HP 82160 IL-Module and
EXT I/O-Module to control the Interface Loop. Instead of you can use the
Development-Module. For maximum performance you can complete the handheld
with the German CCD-Module. Hard- and software of I/O-Board are developed
to work optimal in combination with other Loop-Devices like Cassette Drive,
Thermal Printer or Video Interface. For that reason you can configurate extensive
IL-Systems.

EXT I/0-Module and Development-Module :

For controlling I/O-Board with HP-41 you must alter some internal status register
of the HP 82166 A IL-Converter. Therefore you need the EXT I/O-Module or
alternatively the Development-Module. For EXT I/O-Module 695 Bytes (= 100
Registers) of software are used by the HP-41 programmed to control I/O-Board,
or 811 Bytes (= 116 Registers) of software for Development-Module.

I/0-Board Software for EXT I/O-Module :

Controlling the I/O-Board with HP-41 CX and EXT I/O-Module is easier and
faster than with Development-Module ! The I/O-Module uses the ALPHA-
Register to transfer data to IL-Converter. Avoiding problems with loss of leading
null bytes in ALPHA-Register, /O-Module generally works with leading dummy
byte D. For controlling the I/O-Board with HP-41 CX and EXT I/O-Module, 24
commands are provided for power up/down, initialisation, addressing, manual
service request, interrupt, clear, 16-bit I/O-transfer by ALPHA-Register and by
X-Register and 8 bit I/O-transfer by X-Register. For 8 bit I/O-transfer the
software provided needs the X-Memory Module for storage.

I/0-Board Software for Development-Module :

Controlling I/O-Board with HP-41 CX and Development-Module is more
complex and slower than with /O-Module ! The Development-Module generates

Christoph Klug Hildesheim, © 1997 1.01
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a Buffer to transfer data to IL-Converter. An advantageous feature of the
Development-Module is the INTR-routine, which starts HP-41 automatically
from an active MSRQ-signal ! For controlling the I/O-Board with HP-41 CX and
Development-Module, 22 commands are provided for power up/down,
addressing + initialisation, manual service request, interrupt, clear, 16-bit I/O-
transfer by X-Register and by ALPHA-Register, 8 bit I/O-transfer by X-Register.

I/0O-Board and Time-Module :

You can use Time Module commands to automatic control I/O-Board. For
example power up the system using an alarm function and start some activities
like measurement, storing data in main memory or cassette drive, then set new
time alarm and put the I/O-Board to sleep waiting for next cycle.

I/0-Board and CCD-Module :

For controlling I/O-Board you do not require the german CCD-Module, but this
helpful module expands HP-41 with 100 powerful commands programmed in
machine-language. Some are fantastic for use with I/O-Board and make work
easy : Synthetic programming, binary-functions for logic bit operations, matrix-
functions for data collection applications.

I/0-Board and Zeprom-Module :

The Zeprom-Module is a EPROM housed in a HP-41 plug in modul case,
produced by Zengrange (London) who also produced the well known HP-41
Zenrom-Module. Permanent storing complete I/O-Board control command set
inside Zeprom is done by adapting module to small plug in burning converter tool
and using corresponding Programer-Rom software. Using Zeprom-Module, HP-
41 main memory is complete free for other program applications and I/O-Board
software is protected against memory lost. 51 commands controlling I/O-Board
plus 12 utility functions now belonging to CAT 2 and assigned to three User
keyboards, which selected by softkeys. Zeprom-Module sum up extension
modules and I/O-Board software in only one HP-41 plug in port.

Extern Interrupt :

Inside HP-41 case you can mount a small hardware extension circuit for
switching handheld computer from sleep-modus to run-modus by extern interrupt
signal. As responseto extern event HP-41 starts automatic control of I/O-Board.
Because interrupt circuit workes with an opto-coupler element there is no risc for
damanging HP-41 ! During a running program extern interrupt signal can not
switch off handheld computer.

Christoph Klug Hildesheim, © 1997 1.02
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HP-41 and PC :

Normally I/O-Board data proccessing is done completely by HP-41. But it is
possible to transfer HP-41 data-files to PC. Use a HP-IL <> PC Interface Card
and Link Plus or Trans41 software. Link Plus only runs on 286/16 MHz PC’s and
on slow 386SX/25 MHz PC’s and emulates two Cassette Drives, a Video
Display, a Printer, and a Dos file. Trans41 runs on modern PC’s and emulates a
Printer, a Cassette Drive and a Dos file. Collect data by HP-41 and I/O-Board in
the field. Now transfer HP-41 data-files to PC in a DOS file. Than import data to
EXCEL or other powerful software packages.

1/0-Board Hardware Feature List :

The board uses a basic application for handshake timing from Gary Friedmann,
described in his book "Control The World With HP-IL". Some more helpful
circuits added to the board to improve I/O performance. You find hardware
solutions for port addressing, Power On reset, MSRQ (Manual Service Request),
Clear function, Power Up/Down function, MSRQ Lock when Power Down and a
Reference Voltage. Power supply is external : A special 6V DC-supply unit with
optional solar powered rechargeable cell for modular applications. Output
voltages are +5V and + 15V for digital- and analog circuits. Stand by current of
DC-supply (Power Down) is lower than 10 pA !

I/0-Board Port Configuration :

The I/O-Board supports four 16 Bit slots. Every slot is divided into two 8 Bit
ports A and B. All slots are connected by a common bus with power supply,
handshake lines and data lines. The logic of I/O-Board hardware maximally
addresses two 16 Bit input modules and two 16 Bit output modules plugged in at
same time ! Address setting is done by jumpers on the modules, not by slot
position. Inserted 8 Bit modules need additional software addressing. The slot
architecture of the board, hardware and software addressing allows some port
configurations for digital and analog input/output.

I/0-Board Plug In Modules :

I/O-Board uses 8 bit or 16 bit add-on modules. On next page is the list of the
basic modules for completing motherboard hardware. Furthermore some special
modules exist like analog filter modules and rms measurement modules or a
computer controlled oscillator module. The modular hardware concept of the I/O-
Board makes it possible to configurate the interface system with I/O ports to
every task you want. You can also develop special modules for your own
applications and hardware projects. The I[/O-Board is a good basic IL-Device to
implement your ideas quickly !

Christoph Klug Hildesheim, © 1998 1.03
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O 8 Bit digital input modules and opto isolated input modules.

O 8 Bit digital output modules, opto isolated output modules and open
collector output modules.

O 8 Bit analog digital converter modules and 8 Bit digital analog converter
modules.

O 12 Bit analog digital converter modules and 12 Bit digital analog
converter modules.

0O 16 Bit counter modules.

0 Quad Multiplexer modules.

O Transfer modules for data exchange between two I/O-Boards.

0 Diagnose modules and Test modules.

The IL-Messlab :

With the same basic circuit architecture used by I/O-Board I developed a small
Euro-Board for the use in 19 Inch Rack Systems.

As an example for this I build the IL-Messlab system, a HP-41 controlled
measurement unit, with programmable Power Supply, Function Generator,
Frequency Counter, Digital Voltmeter and Interface Extension Port.

The measurement system is controlled by 60 software functions available on 5
user keyboards. The 4 kByte programm is written in User Code and stored in an
Eramco RSU (128 kByte rambox in cardreader case). Same programm is burned
in a small 16 kByte Zeprom-Module, together with copys of I/O-Module and
CCD-Module.

The IL-Messlab is an impressing example to realize measurement and controlling
with the small HP-41 computer system and HP 82166 A IL-Converter !

Quality Tests :

Correct and bugfree function of software and interface hardware have been tested
with some HP-41 Controllers, some IL-Converters, and eight samples of the I/O-
Board which I have built ! Measurement tools and software programs for testing
mother board hardware and plug in module circuits exist.

1I/0-Board Manual :

The English language manual for I/O-Board includes circuit descriptions, circuit
diagrams and software documentation for HP-41 CX including barcode plots. The
manual is a rich source for users, who want to use the IL-Converter in their own
electronic equipment, and for those, who want to learn step by step something

Christoph Klug Hildesheim, © 1997 1.04
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about interface technology (read and write bytes to external hardware devices,
voltage conversation to the analog area). Test programs included for checking
hardware functions. Some practical tips for building, installing and starting with
I/O-Board complete the manual, including advanced programming tips and
reference lists.

Furthermore manual includes a program for printing HP-41 barcodes on HP
DeskJet 500 printer. This needs an HP-41 with HP-IL module, Extended
Functions (on a plug-in module or built into an HP-41CX), a CCD-Module plus
an HP 82166A IL-Converter to connect the DeskJet 500, or an HP-IL PC
interface card to print the barcodes to a printer connected to a PC.

The manual is written for use with I/O-Board, but the manual can be read on ist
own for the details and programs it gives. Describing the advanced development,
manual continues Gary Friedman'’s book “Control The World With HP-IL".

Source of Equipment :

The HP 82166 A IL-Converter is the key part for [/O-Board. Some kits for
building this unit including IL-Terminal, IL-Transformer and IL-Chip exist.
Printed circuit boards exist for the I/O-Board but presently with only single-sided
layout. You must make a lot of additional connections in wire wrapping or
soldering technique. That is easy for electronic professionals. For people who
have no complex measurement equipment I can align some critical components.
Electronic novices can get a completely finished and tested version of I/0-Board
including DC Power Supply. Building plug in modules for I/O-Board is not
complex and can done by newcomers to electronic construction.

Conclusion :

Today the HP-41 is a nostalgic handheld computer. With added accessories like
plug in expansion modules you can bypass hardware limitations of the system.
Using the IL-Converter and I/O-Board you open up the interesting field of
controlling and developing external hardware. Now you can realize measurement
and control from your HP-41, a task normally done with larger systems.
Interfacing the handheld to modern PC you can also use modern software tools to
analyse the data.

For more informations about HP-41, HP 82166A IL-Converter, Input/Output
Board and belonging manual write to :

Christoph Klug Kornerstrafie 47 B 31141 Hildesheim Germany
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I/0-Board Schematic Diagram :
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Port Addressing :

The I/O-Board supports four 16 bit slots. Every slot is divided into two 8 bit ports
A and B. All slots are connected by a common bus with power supply, handshake
lines and data lines. The slots are mechanically coded to prevent reversed plug in
of modules.

l Power Supply |

| Slot 4 Byte B | Slot4 ByteA |
| Slot 3 Byte B | | Slot 3 Byte A |
| Slot 2 Byte B || Slot 2 Byte A |
| Slot 1 Byte B | | Slot 1 Byte A |

| HP82166 A IL-Converter |

For the I/O-Board generally exist 8 bit and 16 bit Input Modules and Output
Modules. A 16 bit module can alternatively be replaced by two 8 bit modules.

The logic of I/O-Board hardware maximally addresses two 16 bit Input Modules
and two 16 bit Output Modules plug in at same time ! Address setting is done by
jumpers on the modules, not by slot position. Inserted 8 bit modules need
additional software addressing.

Slot architecture of board and used hardware- and software addressing allows
some port configurations for digital and analog input / output.

Christoph Klug Hildesheim, © 1996 .07
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Configuration of HP-41 CX IL-Controller :

FP A
FL

CONVERTER

22/ xco d [STo | [&ELN FSo7\
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I/0-Board HP-41 Software
for
I/0-Module and Development-Module

The I/O-Board and HP 82166 A IL-Converter are connected to HP-41 handheld
computer by HP 82160 A IL-Module. For controlling /O-Board with HP-41 you
must alter some statusregister of the HP 82166 A IL-Converter. Therefore you
need the /O-Module or alternatively the Development-Module. For both HP-41
expansion modules you find software descriptions and documentation on the
following pages.

Here is a short list of byte consumption of the I/O-Module control software stored
in HP-41 main memory :

$1/0 204 Bytes 30 Register

$IN1X 136 Bytes 20 Register

SIN1A 355 Bytes 51 Register
2 I/O-Module 695 Bytes 100 Register

And now a short list of byte consumption of the Development-Module control
software stored in HP-41 main memory :

DI/O 398 Bytes 57 Register
DOUTI 413 Bytes 59 Register
2 Development-Module 811 Bytes 116 Register

Christoph Klug Hildesheim, © 1996 11.02
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1/0-Board Software for HP-41 CX IL-Controller
and
I/0-Module :

Controlling I/O-Board with HP-41 CX and I/O-Module is easier and faster than
with Development-Module ! The I/O-Module uses the ALPHA-Register to
transfer data to IL-Converter. Avoiding problems with loss of leading null bytes
in ALPHA-Register, I/O-Module generally works with leading dummy byte D .

For controlling the /O-Board with HP-41 CX and I/O-Module, 24 commands are
given to you for power up/down, initialisation, addressing, manual service
request, interrupt, clear, 16-bit I/O-transfer by ALPHA-Register and by X-
Register and 8 bit I/O-transfer by X-Register.

For 8 bit I/O-transfer given software needs the X-Memory Module for storage.
Alternatively, if you have not X-Memory or HP-41 CX model, you can alter the
programm to use Main Memory.

See complete I/O-Board function list and explanations on following sides !
Common sign of these commands is the leading $ character. HP-41 Barcodes of
the presented programm listings you find in appendix.

Some example software routines are added for testing LED-Module, Counter-
Module, ADC-Module, DAC-Module and for controlling I/O-Board with Time-
Module commands.

The following corresponding commands DDL, LAD, UNL, DDT, TAD, UNT of
1/O-Module and Development-Module work in a different way ! Insert a module
which contains needed functions to lower HP-41 port, or remove the module
which is not needed when entering code in programm-modus or assign the
USER-keyboard. Alternatively use definite XROM-numbers. In this case you can
use both modules together with your HP-41, when programming is finished.

Christoph Klug Hildesheim, © 1996 11.03
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Input / Output-Board Control Functions :

$1/0 Initiate HP 82166 A IL Converter with
default values : Strobed .Output, positive
Data-Logic, negative Handshake-Logic,
100 us DAVO Timeintervall, 16 bit
bidirectional Databus, and DAVO Timeout
Disable.

Address I/O-Board as active Loop Device.
Use this selection as pre-function in combi-
nation with other /O-Board functions when
more Loop Devices exist.

g
<
g
c
e

Switch I/O-Board to Power On modus.

lg]
é“

Switch I/O-Board to Stand By Modus.

SIN1 Read two bytes from Input Port 1 to
ALPHA-Register.

S$IN2 Read two bytes from Input Port 2 to
ALPHA-Register.

SOUT1 Write two bytes from ALPHA-Register
to Output Port 1.

$SOUT2 Write two bytes from ALPHA-Register
to Output Port 2.

SIN1X Read 16 bit word from Input Port 1 as
decimal number to X-Register.

SIN2X Read 16 bit word fom Input Port 2 as
decimal number to X-Register.

SOUT1X | Writes decimal number from X-Register
as 16 bit word to Output Port 1.

SOUT2X | Writes decimal number from X-Register
as 16 bit word to Output Port 2.

Christoph Klug Hildesheim, © 1996 11.04
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Input / Output-Board Control Functions :

SIN1A

SIN1B

SIN2A

SIN2B

SOUTIA

SOUT1B

SOUT2A

$OUT2B

SCRFL

SMSRQ

SINTR

@]
=
=
=
=
<

Read byte A from Input Port 1 as
decimal number to X-Register.

Read byte B from Input Port 1 as
decimal number to X-Register.

Read byte A from Input Port 2 as
decimal number to X-Register.

Read byte B from Input Port 2 als
decimal number to X-Register.

Write decimal number from X-Register as
byte A to Output Port 1.

Write decimal number from X-Register as
byte B to Output Port 1.

Write decimal number from X-Register as
byte A to Output Port 2.

Write decimal number from X-Register as
byte B to Output Port 2.

Create X-Memory Datafile used by soft-
ware addressing of 8 bit Ports A und B.

Start Manual - Service - Request routine
of I/O-Board.

Interrupt routine activated by active Manual

Service Request. Alter programm for your
own demands.

Send Clear command to I/O-Board modules
and to the other Loop Devices.

Christoph Klug Hildesheim, © 1996
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HP-41 CX Software :

Initial and address IL-Converter
Manual Service Request and Interupt
16 bit I/O transfer by Alpha-Register

| svo | | s170 | | sMSRQ | | SINTR |

| sin1 | | siN2 | | soutt | | souT2 |

Synthetic text in program line 05 = 068, 064, 000, 020, 000

O1*LBL "$I/O" 37 CLX

02 "HP82166A" 38 RTN

03 FINDID 39*%LBL "$OUT1"
04 SELECT 40 TRIGGER

05 "DEoos" 41 2

06 LAD 42 OUTAN

07 0 43 CLX

08 DDL 44 RTN

09 4 45*LBL "$OUT2"
10 OUTAN 46 TRIGGER

11 UNL 47 TRIGGER

12 ADRON 48 2

13*LBL "S$I~O" 49 OUTAN

14 "HP82166A" 50 CLX

15 FINDID 51 RTN

16 SELECT 52*%LBL "$MSRQ"
17 MANIO 53 CLX

18 SF 17 54 X<>F

19 CLA 55 INSTAT

20 CLX 56 FS? 06

21 RTN 57 GTO "$INTR"
22*LBL "$IN1" 58 X<>Y

23 TRIGGER 59 X<>F

24 X<> X 60 "SYS OK"

25 X<> X 61 ASTO X

26 TRIGGER 62 CLA

27 2 63 RTN

28 INAN 64*LBL "S$INTR"
29 CLX 65 X<>Y

30 RTN 66 X<>F

31*LBL "$IN2" 67 "$ MSRQ"

32 TRIGGER 68 ASTO X

33 TRIGGER 69 CLA

34 TRIGGER 70 RTN

35 2 71 END

36 INAN

Christoph Klug Hildesheim, © 1996

11.06



HP 82166 A 16 BIT INPUT / OUTPUT BOARD

HP-41 CX Software :

16 bit I/O transfer by X-Register

| sinix | | siN2X | [ souTixX | | sOoUT2X |

01*LBL "S$IN1X"

XEQ "$IN1"
ATOXR
ATOXR

256

*

+

CLA

RTN

10*LBL "S$IN2X"

XEQ "S$IN2"
ATOXR
ATOXR

256

*

+
CLA
RTN

19*LBL "S$OUT1X"

ENTER"
ENTER"
256

/

INT
ENTER”
ENTER"
256

*

ST- Z

RDN

"D"

XTOA

RDN

XTOA

XEQ “"$ouTi"
RTN

37*LBL "$OUT2X"

ENTER®
ENTER*
256

/

INT
ENTER”
ENTER*
256

*

ST- 2
RDN
IID"
XTOA
RDN
XTOA
XEQ "s$ouT2"
END

Christoph Klug Hildesheim, © 1996
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HP-41 CX Software :
8 bit I/O transfer by X-Register

| siN1A | | sINiB | | sIN2A | | SIN2B |

| soutia | | souTiB | | souT2A | | sOUT:2B |

01*LBL "S$IN1A" 48 TRIGGER 95*LBL "$OUT2A"
02 “$I/0-FL" 49 TRIGGER 96 "S$I/O-FL"
03 4 50 TRIGGER 97 2

04 SEEKPTA 51 2 98 SEEKPTA
05 TRIGGER 52 INAN 99 X<>Y

06 X<> X 53 ATOXR 100 SAVEX

07 X<> X 54 SAVEX 101 2

08 TRIGGER 55 CLA 102 SEEKPT

09 2 56 RTN 103 "p"

10 INAN 57*LBL "$OUT1A" 104 GETX

11 ATOXR 58 "$I/O-FL" 105 XTOA

12 ATOXR 59 0 106 GETX

13 SAVEX 60 SEEKPTA 107 XTOA

14 CLA 61 X<>Y 108 TRIGGER
15 RTN 62 SAVEX 109 TRIGGER
16*LBL "S$IN1B" 63 0 110 2

17 "$I/0-FL" 64 SEEKPT 111 OUTAN

18 5 65 "D" 112 CLA

19 SEEKPTA 66 GETX 113 CLX

20 TRIGGER 67 XTOA 114 RTN

21 X<> X 68 GETX 115*LBL "$OUT2B"
22 X<> X 69 XTOA 116 "$I/O-FL"
23 TRIGGER 70 TRIGGER 117 3

24 2 71 2 118 SEEKPTA
25 INAN 72 OUTAN 119 X<>Y

26 ATOXR 73 CLA 120 SAVEX

27 SAVEX 74 CLX 121 2

28 CLA 75 RTN 122 SEEKPT

29 RTN 76*LBL "$OUT1B" 123 "p"
30*%LBL "$IN2A" 77 "$I/O-FL" 124 GETX

31 "$I/O-FL" 78 1 125 XTOA

32 6 79 SEEKPTA 126 GETX

33 SEEKPTA 80 X<>Y 127 XTOA

34 TRIGGER 81 SAVEX 128 TRIGGER
35 TRIGGER 82 0 129 TRIGGER
36 TRIGGER 83 SEEKPT 130 2

37 2 84 "D" 131 OUTAN

38 INAN 85 GETX 132 CLA

39 ATOXR 86 XTOA 133 CLX

40 ATOXR 87 GETX 134 RTN

41 SAVEX 88 XTOA 135*LBL "$CRFL"
42 CLA 89 TRIGGER 136 "$I/O-FL"
43 RTN 90 2 137 8

44*LBL "$IN2B" 91 QOUTAN 138 CRFLD

45 "$I/0-FL" 92 CLA 139 END

46 7 93 CLX

47 SEEKPTA 94 RTN
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Test Software LED-Module :

Following HP-41 CX software flashes all LED’s of LED-Module, one after
another. Two TRIGGER commands first address Output Port 2. Then complete
16 bit-stream in programm line 04 and 05 is sent out by OUTAN. SLIGHT is an
example for possible bit-stream data output with I/O-Board.

Synthetic text in programm line 04 = 068, 001, 001, 002, 002, 004, 004, 008,
008, 016, 016, 032, 032, 064, 064,
Synthetic text in programm line 05 = APPEND 128, 128,

01*LBL "SLIGHT"

02 TRIGGER

03 TRIGGER

04 "DOOOOOOOOS® @Q"
05 u*@eu

06 16

07 OUTAN

08 END

Software for Counter-Module :

With following short HP-41 CX software the 16 bit Counter-Module works as
frequency-counter in the audio range from 20 Hz ...20 KHz. The CLRDEV
command resets counter to zero. Value in programm line 04 depends on the
internal clock frequency of used HP-41 IL-Controller. Determine your correct
value using a reference frequency-counter.

01*LBL "$COUNT"
02 CLRDEV

03 XEQ "SIN1X"
04 2,295

05 /

06 END
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Test Software for DAC and ADC :

Following HP-41CX software is used to generate an increasing voltage with
digital analog converter. SDAC is a 16 bit counter routine. To prevent IL-
Controller from low battery failure Flag 49 is tested and powers down system.

01%LBL "$DAC"

02
03
04

0
STO 00
STO 01

05*%LBL 00

06
07
08
09
10
11
12
13
14
15

IIDII

RCL 00

XTOA

RCL 01

XTOA

XEQ "s$ouTi"
FS? 49
PWRDN

FS? 49

OFF

16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

1
ST+ 01
256
RCL 01
X#Y?
GTO 00

STO 01

ST+ 00
256
RCL 00
X#Y?
GTO 00
END

Following HP-41 CX software is used for testing I/O-Ports, especially digital
analog converter and analog digital converter. Connect both units in analog area
together and test correct datatransfer with SADC programm. Transmitted output
value and received input value are displayed at same time.

01*LBL "$ADC"

02
03
04
05

FIX 4

"START WERT=?2"

PROMPT
STO 00

06*LBL Ol

07
08
09
10
11

RCL 00

XEQ "$OUT1X"
XEQ "S$IN1X"
10000

/

RCL 00
PSE

ST+ 00
FS? 49
PWRDN
FS? 49
OFF

GTO 01
END
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I/0-Board and Time-Module :

Following HP-41 CX software program is an example for controlling the I/O-
Board by Time-Module commands. The SSAMP routine checks the correct
switch function of Power Up / Down hardware from I/O-Board. $SAMP collects
101 Samples of input datas and stores them in HP-41 main memory. The whole
process cyclus is controled by a 30 second time interval. $SSAMP need SIZE
102. Synthetic text in programm line 04 = 068, 000, 000. 2 = SHIFT ENTER in
programm line 24.

01*%LBL "$SAMP" 22 0,003

02 PWRUP 23 HMS+

03 XEQ "S$I/O" 24 "AASSAMPM
04 "Das" 25 XYZALM

05 XEQ "$ouTi" 26 1

06 XEQ "souT2" 27 ST+ 00

07 101 28 XEQ "S$IN1"
08 RCL 00 29 ATOXR

09 X=Y? 30 ATOXR

10 PWRDN 31 256

11 X=Y? 32 *

12 OFF 33 +

13 FS? 49 34 STO IND 00
14 PWRDN 35 "Dzz"

15 FS? 49 36 XEQ "SOUT1"™
16 OFF 37 XEQ "s$ouT2"
17 CLX 38 RCL 00

18 ENTER” 39 PSE

19 ENTER" 40 PWRDN

20 DATE 41 OFF

21 TIME 42 END

$DATA is a routine to analyze the main memory contents generated by $SAMP.
The programm compares the 101 collected input data words with reference value.
Equal values document a stable function of Power Up / Down hardware.

01*LBL "$DATA" 11 X<>Y

02 0 12 X=Y?

03 STO 00 13 GTO 01
04 "WERT=?" 14 FIX O
05 PROMPT 15 "WERT="
06*LBL 01 16 ARCL 00
07 1 17 "}DEF"
08 ST+ 00 18 AVIEW
09 X<>Y 19 GTO 01
10 RCL IND 00 20 .END.
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1/0-Board Software for HP-41 CX IL-Controller
and
Development-Module :

Controlling I/O-Board with HP-41 CX and Development-Module is more
complex and slower than with I/O-Module ! The Development-Module generates
a Buffer to transfer data to IL-Converter. An advantage feature of Development-
Module is the INTR-routine, which starts HP-41 automatically by an active
MSRQ-signal !

For controlling the I/O-Board with HP-41 CX and Development-Module, 22
commands are given to you for power up/down, addressing + initialisation,
manual service request, interrupt, clear, 16-bit I/O-transfer by X-Register and by
ALPHA-Register, 8 bit I/O-transfer by X-Register.

See complete I/O-Board function list and explanations on following sides !
Common sign of these commands is the leading D character. HP-41 Barcodes of
the presented programm listings you find in appendix.

As example software a routine is given for testing LED-Module. The commands
DIN1, DIN2 and DOUT1, DOUT2 are added to Development-Module function
list to get the full compatibility with presented I/O-Module functions $IN1, $IN2
and $OUT1, SOUT2, which use the ALPHA-Register.

The commands SF33 and CF33 are special Development-Modul functions. Do
not enter the standard HP-41 commands SF_33 and CF_33 to alter status of Flag
33 in your programms !

The following corresponding commands DDL, LAD, UNL, DDT, TAD, UNT of
I/0O-Module and Development-Module work in a different way ! Insert a module
which contains needed functions to lower HP-41 port, or remove the module
which is not needed when entering code in programm-modus, or assign the
USER-keyboard. Alternatively use definite XROM-numbers. In this case you can
use both modules together with your HP-41, when programming is finished.
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Following diagram shows the contents of Buffer used for I/O-transfer by
Development-Module :

00 DOUTIA
01 DOUTI1B
02 DOUT2A
03 DOUT2B
04 DIN1A
05 DIN1B
06 DIN2A
07 DIN2B
08

09

10

11

12

13

Use the CCD-Module to copy complete Buffer to X-Memory. You can store and
recall some difference I/O Buffer in X-Memory.
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DI/O Initiate HP 82166 A IL Converter with

default values: Strobed Output, positive
Data-Logic, negative Handshake-Logic, 100
us DAVO Timeintervall, 16 bit bidirectional
Databus, and DAVO Timeout Dissable.

Switch I/O-Board to Power On modus.
Switch 1/0O-Board to Stand By modus.

DIN1X Addresses I/O-Board as active Loop Device

Read 16 bit word from InputPort1 as
decimal number to X-Register.

DIN2X Addresses I/O-Board as active Loop Device

Read 16 bit word from InputPort2 as
decimal number to X-Register..

DOUT1X| Addresses /O-Board as active Loop Device

Writes decimal number from X-Register
as 16 bit word to Output Port 1.

DOUT2X| Addresses /O-Board as active Loop Device

Writes decimal number from X-Register
as 16 bit word to Output Port 2.

DCLR Addresses I/O-Board as active Loop Device
Send Clear command to I/O-Board modules.

DMSRQ Start Manual - Service - Request routine
of I/O-Board.

la-] a-]
5| |2
=) =
Z =

INTR Interrupt routine activated by active Manual

Service Request. Alter programm for your
own demands.
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