
MICROPROCESSOR BASED SET POINT 
GENERATOR 

A DISSERTATION 

submitted in partialfuFfilment of the 
requirements for the award of the degree 

of 

MASTER OF ENGINEERING 

in 
ELECTRICAL ENGINEERING 

(System Engineering and Operations Research) 

CHECYED 
By 	 1995 

SHIV KUMAR SINGH 

1Lt5 

cri  

\ 	. 

DEPARTMENT OF ELECTRICAL ENGINEERING 
UNIVERSITY OF ROORKEE 
ROORKEE-247 667 (INDIA) 

February, 1985 



D DJC47D TO tlY 1i2OTHf 

l3NY26NDR4 

LW~N I?S,.... 



Cc ri T,9/- JCA T 

CU .ed that the d eicatirn e,v t2ed 'i"l i copjcoce s.~o~t 

Bayed Set ! oth Cene zto'r.' which .ins being 6ubmi t ed by Sh.i_v Kuma t SincA 

. in pa) &Lze 	--4-&eni ox Wie awcv d of  o 9za Deqiae of Maw 	of nqineinz  

in jrc ith 6n Cne.P-V  (Sl o em 6nCineex nq 9 OpeAa1 	eaea c/l) o f C' 

Un i ve,& 	%?ooAhce, Zoon/zee , La a necorud oo A aderct'a own wonh ccuvued 

out by him undeA mi u v.i_alon and gu :.dance. The ma Jt embodied in 

this dLaoeithrUon has no been 6ubm ed f ort he awwtd oo arty o the1c Decgnee 

o L D.i p Loma. 

1 fi io iz /ur tliec to cet4 that he has woAhed ?on a pe k i od off 

abou aeven and ha4 mvrrtJia wm ,lu.4t 1984 o l5idi Tebnuam 1985 /ort 

pnepat~lruf th i.,a di oaei ation a thLo (InLveit.oi4t. 

' 	f 	. 

Dated : 	
(m • K, ? 	) un lza 

6.2ec#ici ccc e 6n ee~u /De yr ric , 
Un.ive .i j o R000hee, RooAce 247667 (i.2) 



ACK T0VVEDC  MENT 

I would like to express my heartfelt gratitude to 
honourable and generous Mr. M.K. Vasantha, Reader, Depart-
ment of Electrical Engineering, University of Roorkee, 
Roorkee for his unflagging, ungrudging and insightfull 
guidance at different stages of my work, specially when 
initiating me into the world of microprocessor. His 
unbiased support and gesture to handle the Micro Development 
System and other costly related equipments freely, led me 
to encounter and solve numberous problems related with the 
practical work. 

Mr Vasantha's overwhelming personality has swept 
me for good. I will try to take leaf out of every aspect 
of his life which is so encouraging, so enlightening and 
so heartening. 

I am also grateful to Prof. A.K. Pant, DT J.D.Sharma 
and Dr Hari Qn Gupta, Department of Electrical Engineering 
for their enthusiastic favour and immence help at various 
proceed ings. 

I am extremely grateful to Mr Jageosh, Rajeev and 
Narosh for making this dissertation possible. Special 
thanks are c?ue to Mr. J.P.Sherma and Mr. Rajendra Singh 
for giving me ample support in building up the experimental 
set—up. 

Further, I attribute to the encouragement, help 
and guidance received by my parents. 

(SHIV KUMAR SIN GH ) 



0 

?LB J'CBCT 

With the advancement of digital computer technology 

the microprocessor based systems are being used in nearly 

all the w=~.lks of life. Their usage is wide spread, from 

house—hold gadgets to sophisticated missiles. Advent of 

microprocessor based system in the field of operation 

research is not new. The main objectives of this disserta- 

tion is to acquire the complete understanding of the Micro 

Development System and to develop the SET POINT GENERATOR. 

Microprocessor based Set Point Generator was a 

natural choise of the practical system selected for deve-

lopment because of necessity of testing the reliability 

of equipments and components in Environmental Test Chamber 

before actually using them. The Department of Electrical 

Engineering has acquired the Environmental Test Chamber 

recently where the Set Point Generator are through 

hardwired logic. 

The basic unit used was an Intel's 8085; based, 

AM02 Mich-) Development System, it brief descripti-)n of 

Micro Development System. is given in Chapter — 1. Chapter -

2 deals the digital to analog conversion along with DAC-08 
Card. 

Chapter — 3 deals with SET POINT GENERATOR character-

istics and its field of application. Finally Soft Ware 

Development is given in Chapter — 4 along with all necessary 

subroutines. Experimentations, Description, Conclusion and 

Suggestions are given in last Chapter — 5. 

.. . 
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CHAPTER - 1 

(E TTING ACQUAIN TEE) 1I, TH AM02 MICRO 

DEVELOPMENT SYSTEM (VMDS - 85) 

1.1 INTRODUCTION 

AM02, (VMDS) marketed by VINYTICS, NEW DELHI, is 

a MICRO DEVELOPMENT SYSTEM based on the Intel's most popular 

microprocessor, the 8085A. This system formed the basis of 

all the work carried out in this dissertation. It is, 

therefore, necessary to gain an insight into the various 

functional aspects of the system before proceeding further 

with the discussion .of the dissertation work. 

The pin configuration and functional block diagram 

of the 8085A up is given at Appendix A.Fig.1.1 shows a 

block diagram ropra sentatinn of VMDS-85. The circuit diagrams 

for Micro Deevelopmont System are shown in Fig.1.2 and Fig.1.3. 

V17T-85 is used as a Serial Communication Device. Its details 

are written in section 1.7. 

1 ,2 GENERAL DESCRIPTION OF VMDS-85 

The Microprocessor Training Kits available in India 

are sufficient to make the user aware of microproc.::ssor_. 

But these microprocessor training kits are too primitive f..r 

the dcve1 pm nt of any sizable application program. In 

order to develop any application program, the user requires 

a Development System. It can be very effectively used for 

developing any size of application program as well as a 

target system. 
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The VMDS based on 8085A, is housed in a 19" card 

cage, having CPU card, RAM card, ERROM card, all based on 

INTERNATIONAL STANDARD BUS, The STD Bus. As the system is 

based on STD Bus, it can be easily expanded to support any of 

other cards like Memory card, Opto isolated input card and 

relay output card, Digital I/D and Timer card etc. It entire' y 

depends upon the user's demands. Condition is that, card 

must be based on International Standard Bus so that it may 

easily be interfaced with CPU through STD Bus. In this 

dissertation, DIGITAL TO ANALOG CONVERTER based on DAC-08, 

card is used, which is designed also over STD Bus. Its detailo  

are placed in chapter -- 2. 

AM02 consists of Monitor Group, Assembler Croup, 

De—assembler Group, Relocation Group, PROM program Group, 

Misc. and Menu Group. With this powerful system software, 

one can develop, debug, and modify the program for any target 

s ys tem. 

The system can be used to develop any real time 

software and relocate the entire program to make it work for 

other memory. This relocated program can be directly burned 

into EPRGVI, which can be used with the required hardware to  

make a complete target system. The powerful Documentati«n 

Commands help the user to get well documented programs from 

the the development system. 



F 

' rrt 5v 7C 

Y[- 

''. i.. 	.}• - 	. 7C 51 7L 

t l 

f -

.. 7;. .. 
_UCZ S1 7L 

~a Gf f :C St 7. 
7l o7i 51 7C 

Jc_ it: 
' 

b7r 51 71 
9L C iSZe 

N 5ti9 

YC Ll 9lCi 
 yth 

L CF A$+ 0N9 'ON' 15 

rr

T eRfE 	~Ifl J~ 	 ~ 

h 	 ` 

AI~  
Itl 	 A10. 	11+ 

 

. ~  C7dtl  ~•  f 

Gt f 	r 	9JdV  ate  OISV  ~  a 
73dY 

1lWI511 	 "-~ 7~dtl 01111 --GOSV 
' EJdY t° ~t9d0 

N px t~da S-1 	tSYv 

98db 	f'! l 	tSYV 

y-•' 7Q 	M ~~'' 	78dv 
N 	E9dd St l(,'3YY 

Q  e  =8dl 

. 	 a 	 inddi 	7° 	#'d4E~ 

a  evda Li 
i Cvdv Qb ~. __,n 	

ZVdtl 	 . 

„ 	 yJ 

~. 	 ~V"'n.winGu •. 	o v 
Nu'u'UUU UU 	W.. 	rt' 

V 	 ~ti 	

M
BSM 

tx 	 a 

_ 	 N 

~' n _ 6d 	I ¢ 	 d thNS 	tnom 

IILIIL 

!
!: !  'd 	 u 	 y  

+ 

	

- 	- 

V~v 	V 

f 	 . - 	 ltl 	n 	` tey 

I 	 co 	coo 

	

.x 	 ~ 

iThftiui II 
LJ 	

; ` 	 31 ~l 
"1 TT` 1 -r  

DC 

-- f 	'  

.— mk.- i. .• 	 '' 
 

4 



1-5 

1.3 SYSTEM SPECIFICATION 

CPU 	8 Bit Microprocessor, the 8085k. 

MEMRY Can be expanded upto 64 K byte. 

RAM 16 K byte (8 Nos. of CMC RAM. 6116), 

ROM 	16 K byte loaded with powerful moniter. 

I/O LINES 24 Programable input/output lines can he 
incorporated in the CPU card. 

INTERFACE ' TTY (20 mA current loop) . 
CRT (20 mA or RS-232-C interface). 

BUS 	STD Bus. All addresses, data and control 
signals (Tm compatible) available at edge 
connector. 

POWER 	230 V, +/-- 10/., 50 Hz. 
SUPPLY 
REQUIRE-
MEN T 

OPERATING 0 to 50 degree centigrade. 
TEMP. 

SLOTS 	6 slots capacity, out of these three are 

reserved for CPU, RAM, and EPROM. And 
others three are left to expand the system 
facility. 

1.4 SYSTEM CAPABILITIES 

The capabilities of the system are listed as 

follows, 

1. The moniter group can input/modify a program or 

data, introduce a Break point, restore a break 

point, Executive a program/subroutine with a 

symbolic name or address, Memory compare, Fill 

and block move the memory, Tape read/write etc. 

0 
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2:, The relocate group can modify code/address with 

or without printout, Relocate and link the program, 

Relocate the multiprogram, Reverse relocate, insert; 

and delete with relocation etc. 

3. In the documentation group, the program can be 

documented by taking a listing of ASCII/Hexdata_, 

or by listing the program in assembly language 

on VW/TTY with or without comments. 

4;: The assembler group allows entry of a program in 

assembly. It allows relocation of program with cr 

without labels. Labels can be entered, modified, 

removed and listed the independent of program 

entry, 

5. Pseudo commands like Data ASCII, Data Byte, Data 

word, Data storage, Eng of assembly, End inter-

mediate, Go back in program to cancle N number of 

instruction, help in the entry of an assembly 

language program. 

6. The optional PROM programer can programme most 

popular 'NMOS (except 2708, 17+08) PROM', list 

its data, verify Blank check etc, 

7. The MENU helps the user to select a particular 

group and then enter a specific command within 

the group. 

Note:- All the 69 commands of various groups are placed 

in Appendix--C. 
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1.5 HARDWARE DESCRPTI(N 

1.5.1 SYSTEM CCNFIGURATICN 

The system is based on three cares and has 

a power supply module. Al]. these are inhoused in a 19'" card 

cage. All these cards and card cage are based on International 

STD Bus. 

The three cares are namely a-microcomputer 

card, a RAM card and an EPRG card. Three more slots are 

provided in the card cage to expand the entire system into 

the required, configuration. The block diagram of the system 

is shown in Fig~1.1. In this dissertation one of these slots 

is being used by Digital to Analog converter card, which is 

designed on the international STD Bus so that it may easily 

be interfaced with the system. 

1.5.2 SPECIFICATICJN OF THE CARDS 

The hardware specification of each card is 

given below, 

1.5.2.1 CPU CARD 

Ckt. diagram of GPU card is sh own in Figg.1.2t. 

it mainly consists of -- 

I. 8085A at 6.144 MHz clock frequency, microprocessor. 

2. 4 K byte EPROM (2716) starting location from 0000 

onwards, The first three byte are reserved for 

monitor program i, o . 0000-00002. In place of 4 K 

byte (2732) of EPRQVI chip can also be placed, whose 

location would be from 0000 to 1FFF. 
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3. A socket is provided for 24 I/O lines through 8255 

The user_ selectable area is from 00-1C. 

4:, 4 K byte of CMOS RAM based on 6116, Area allotted 

to RAM is from FOO FFFF. 

5a All address fl data and control signals are buffered 

and available at the STD bus controller. 

6 	The back edge connector has 2 programmable Input/ 

Output lines with RST 5.5, RST 6.5, RST 7.5 and 

SIU, SCD available. 

7, The decoding is done in such a fashion that no 

external memory will be selected if the addresses 

are common between internal and external memory. 

Layout of the CPU card is shown in Fig.1.4. 

1.5.2.1 RAM CARD 

(It,  s ckt, diagram is shown in Fig.l-,3) 

1. Based on the STD bus. It can support eithor 6116 

(2K byte CMOS RAM) or 2716 (2K byte EPROM) selec -c-

able through jumper in slot of 8K byte. 

2e This card can be allotted any memory area from 

0000-FFFF just by changing the connections in 

connection adopter. The connections are incorporated 

to RAM from 0000-FFFF. 

3. All address, data and control bus buffered. 
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No. PORTAN RESS PORT NAME REMARkS 
00 PORT A 
61 PORT 
02 POKT C 
6 3 CONTROL WORA OPS' ION a. 

z. 04 PoRT 	A 
o6 PORT r~ 

07 CONTROL, WORD. 
3. 08 PoR'T 	A 

09 P0RT tb 
OA 
pfd 

p oRT c 
CON Y ROL WORD OPT~o~ ~ 

4 p c POK'T A 
01 p©RT 1 

• 
0 E 
OF 

PoR-T C 
COt4TROL WORD 

OPTION 4 

5. t0 PORT A 
PORT c? 

~2 
~- 

 

PORT C 0 PT1oN 5 
OL 	 OR 

6, 14 PORT A 

PGT C 
17 CONTROL row 0 PTtO S4 	C 

7 j 8  
PoRyc~ 

IA po KT c, , 
f~ tit'' 	bLt 	o+ OP 'noN7 

g .0 PORT A 
!.~ PORT c~ 

iF CONTROL WORD 0 Ta't~ 

TAccLE T- i , OPT169 FOR 8a 55 PORT ADDRESS ON VCP- &5 CA 



PIN NO. I DESCRIP"fION I PIN NO 
i. 	I 	PA 3 	23. 
2, 	PA 4 	24. 
3. NOT USED 	25. 
4. RST 7. s 	Z6. 

NO•r USED 	. Z7. 
6. SOTS 	Z9. 
7. PAZ. 	2.9. 
8. PAS 	30. 
9. PA. 	3i. 
to. 	PA6 	:. 
t. 	PA  

13. NOT USO 	36 
14. NOT USED 	36. . 
5 	NOT USED 	37, 

• 16. 	NOT UsE3 	38. 
i7. 	NOT UsiD 	'39. 
W. 	N0'' USED 	40,. 

13. 	NOT UsE) 	41. 
Zo  

L zz. 	Pcq. 	_ 

DE SCR1 PT ON 
PCO 
PCL. 

VGA. 
PC 2, 
PPs7 
PC3 
Pbb 

BO 
Prb1 
P c~z► 
Pr 4 
~PC6 
P63 
Pc.7 
RST 6'S 
NOT USED 
rtoT USED 
Nc V U.EI 
NOT - UlED 
u OT UsEt 
RsT. 5 S 

PIN ASSIGNMENT OF THS. 	F PIN !EIC-TE CONNECTOR 

ON THE VCP-95 CARD. 

TAbLE , T-12 
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4. The back PCD connector has output for TTY (20 mA 

current loop) and RS-233—C connection and SID, SOD 

comming from CPU card. 

1.5.2.3. EPROM CARD 

1. This card is identical to RAM card, except that the 

Jumpers are connected far 2716 to be incorporated. 

The connection in connection adapter are connected 

to select the memory from 0000-BFFF. Layout of the 

VMR is shown in Fig.1.5. 

1.5.2.4 POWER PACK UNIT 

1. Easily detachable unit. 

2. Rated, for 5V/2.5A, +12V/250 mA, 30/25/100 mA load 

and line regulation better than 

3. Power supply back pannel connections and power 

supply front panel connections are shown in Fig.1.7. 

4. Circuit Diagram of power supply PS—III is shown in 

Fig.1.8. 

1.5.3 CARD DISCRIPTICN 

1.5.3.1 CPU CARD (VCP-85) 

VCP-85 is a microcomputer card based on the 

8085 microprocessor. The card is configured around the 

Internationally accepted STD Bus. 

This card provides (as already mentioned in 

section 1.5.2.1). 
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UPPER MEMORY BLOCK 

IC NO. 	START  W& RDJR 
15. 	 iiooO 
14. 	.SAS 	+' o&oo 
43 	 +3.000 
12,. 	SAS 	t i800 

Note: 	u e. 	tet ieo Iow, Cohrec i.o t 

LOWER MEMORY BLOCK 
IC N. STARTING SKESS 

I1. RAS 	+ 0000 
!o. 13AS 	+ 0800 

9 , BAS 

	

+1000 
8, PAS 	+ L800 

TAbLE ,T-1:3, 5TARTING ADDRESS OF INDJUIVuAL ICS 
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4K bytes of CMOS RAM using 6116. 

2, 44K/8 . bytes of EPROM using 2716/2732. 

3. 24 programmable I/O lines using 8255. 

4. Buffered data, address, and control lines. 

The memory map for the VCP-85 is as follows - 

S .NO., 	 I ADTDRESSES  RAM/RCM REMARKS 

i ' 	0000 -Or F. EPRCM  
2 , 100O-•u FFF RAM/RCM Area for  
3. F000-'FFFF . RAM expention 

The programmable I/O's provided in the card are I/C mapped. 

The port addresses for the 8255 on VCP-85 are user selectable. 

Using , umpe Is ; the user can select any one of the eight 

possible port addresses sets given in Table, T-1.1. 

The jumper position on the card are shown in Fig.1..6B.. 

Al2. the markable and untharkable interrupts have been pulled 

down hr 	K re.r;?.ctances. The NMI (Trap) and INTR are buffered 

and brought out on the STD bus at pin no, and respectably as 

per the convent-;.on where as the 7.5, 6.5, and 5.5 interrupts 

are brought out on pin edge connector. 

The details of the 44 pin dodge connector are given 
in Table T-1,2 Layout of the VCP-85 card is shown in Fig.1.4. 

1.5.3.2 16K BYTE MEMORY CARD (VMR-85) 

The VMR-85 card is also based on the 

international standard bus. This card can be configured as 
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16'; byte RQvt card (using 6116) or 16 K byte CMOSRAM (using 

6116) or ''K byte of RAM plus 8K byte RCM by changing the 

J umpor connection as shown in Fig.1.6A. 

In VMR-85, the upper and lower memory block 

can be defined with different memory address of upper am 

lowe-;r memory blocks can be done by changing the jumper 

position in the connection adopter at the IC position 5 of 

Fig:1r.5r. The base addresses of various memory block selected 

by the connection adopter are shown in the Fig.1.6A. 

The starting address of the individual ICs 

in a block would be as given in Table T-1.3. 
0 

The VMR-85 card can be easily utilised for 

secondary storage in a $ bit system where memory to be used 

in more than 64K byte. The jumper position shown in the 

Fig4i -5 is to be cut if the VMR-85 card is to be through 

memory expansion lines. 

1.6 SYSTEM SOFTWARE 

The VMDS-85 has a powerful system software which 

includes system monitor commands, assembler, relocation, 

documentation and PROM Programming Software. The system 

is not based on floppy disc drive. The assembler and other 

system software is resident in the system memory. It is a 

single line double pass assembler i.e. it decodes each line 

and puts its proper machine code in the operating RAM area. 

User is allowed to give a symbolic name (address lebel) 
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to any instruction. To separate labels are maintained in 

the system to store the symbolic names. 

The system software communicates with the user 

through SID and SOD lines. A RS-232--C and 20 mA current loop 

interfaces are provided on the memory card. Its connectors 

diagrams are shown in Fig.l.9. The CRT terminal or Toletypr--

writer is to be connected, in Asynchronous ASCII, one start bit 

two stop bit and parity off format. 

The system can communicate with the terminal at a 

baud rate from 75 to 9600 baudsi The system itself finds out 

the baud rate of the device with which it is communicating. 

After pressing RESET, the baud rate recognizer of the system 

waits for a character to arrive from which it decides the 

baud rate (the least significant bit of this first character 

inputted should be high eg the character like A,C,E,ESC, Cr. 

etc.) . his is required in order to measure the time period! 

of the start bit, from which the VMD& calculates the baud rate 

In order to change the baud rate RESET the system and. enter 

the first character. 

The system gives a message of AM02 with a prompt 

sign of t  . t  on a starting of a next line. Thus ' ,' signifies 

that the system is waiting for valid command to be Inputted 

Thecommand recognisor does comparing the entered 

commands alphabet with a stored table. Because all the EPROM 

available in the market (except 1702) have logic 1 in all bits 
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when unprogrammed. Comparison is cone till a match or FF is 

encountered. It match is not found and FF is encounted than 

the system display an error indicated by * and a '.' (Prompt 

sign) on a next line to wait for a valid command. 

This type of recogniser is not limited by any 

number, but by the memory area left for command. Each command 

occupies five memory location out of which two are required 

for command name and three location for jump to service -routine. 

The command table is alloted RAM area from 8600 to 8FFF, such 

that about 100 commandss can be incorporated in the system. 

Each command consists of two alphabets. The two characters 

are sufficient for the clarity. Command racognise.r takes in 

last two alphebets before carriage return. This allo<his user 

to correct any error made in entry. 

The system is interactive, that is it asks the type 

of information to be inputted. As you input a valid command 

the prompting message are displayed to ask for right type of 

input information. As the command is executing the appropriate 

information is displayed or a ' .' is displayed on a fresh 

line signifying that the system is ready to accept a new 

command. 

AM02 has total of 69 commands, since it is very 

difficult to remember the symbolic names of all the commands, 

MENU command has been developed to display the command groups 

and the commands in a particular group. The user can enter 
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directly into a particular command through the MENU. Al). 

the commands are placed in Appendix-C. 

The memory of the system can be expanded completely 

upto 64K bytes. The memory is configured into lower and 

upper slot of 32K bytes, each the upper 32K byte slot is 

used by the system in which the firmware lies from 8000 

to BFFF and from C000 to FFFF is the area allotted to RANI. 

The monitor uses the RAM area of E000 to FFFF. The C000 

to DFFF RAM area is left for further expansion but user 

can develop his program in this area. The F000 to F7 FF 

RAM area is allocated to operand labels and F800-FFFF 

area to address labels. As each label takes 8 location 

(`Iwo location for label address and six location for label 

name) . The total number of labels for. each o-f these two 

groups can be a maximum of 255. The Fc00 and F800 have 

information of no. of operand and address label respectively 

in their label table. The maximum of 210 address label can 

be accommodated while entering the program. The remaining 

space is left for the undefined operand label after 

getting the definition. 

The resident fireware is deviled into seven 

gr -'up, listed below:- 

1. Monitor. 

2• Relocate object program. 

3. Documentation. 

4. PRAM 
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5. Assembler. 

6. Auxiliary storage (to be announced). 

7. Miscellaneous.  

VALID DEL IME TERS : 

The coma (,) , carriage return (CR), Space (}~) 

are the valid delimeters. Tha comma and blank act as an 

intermediate delimeter for a command. CR is a terminator for 

any entry in a program, whereas ESC acts as a terminator 

for any command. 'ESC' is a delimeter to make the system 

return back to the monitor and wait for a new command to 

be inputted. 

Vhenever any symbolic name is inputted, the name 

is searched for in the address label table for a match. 

If search is successful, the action required is take, 

else 'SEARCH FAILED message is printed. 

1.7 DATA TERMINAL (VDT-85):  

i.(.1 SYSTEM IN TRODUCTIa 

VDT-85 is a interactive terminal designed with 

operator convenience. It has got a full 12" diagonal non 

glare CRT screen with capability of displaying full 24 

lines of 80 character. The characters are formulated 

using a TV raster scan technique with 5x7 dot matrix 

character window to provide a legible crisp and clear display. 

VDT-85 provides a detachable keyboard which 

transmit ASCII standard code on a serial link. The keyboard 
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uses echan .t;al switches under software control to provide 

~; dei- .aa' 	 It has numeric keypad, edit'_:ey ~r d tI C:~.' 	C~.1 ..~.ar7,;iE? COdf3S n 

function key pad, cw cr control keypad etch The effective 

keyboard dos•lgn provides a three wire communication between 

the 

 

and the d~ splay unit 

The terminal interact with computer systems through 

EIA-RS-232O 2QmA current loop interface at baud rate that 

are pog_ smmablee its connector diagram are shown in 

rir,aT(A). The baud rate, bit structure Half/full duplex. 

parrI.ty e ic0 are selectable by the keyboard. The top line 

(2i is ?in) displays the mode of the terminal. The ESC 

command provides efficient management and editing such as 

cursor address, insert/delete characters or line, mode of 

trs ii ss ion, -Co character/line/page, intenity control and 

a ttr e bu ce S 

The optional parallel printer port and Aux.Rs2 '2-- 

°pc :r.'' Kaci .it1_es the Interfacing of hard copy printers  

this dissertation, multi.—channel recorder is used, 

it de to i_ . s are placed in Append ix-A ) , magnetic storage 

devices or cha .i.:.:j c: terminals. 

? T% SYSTEM SPECIFICATICN 

Display Unit 	 12" nonglare screen 

Screen Capacity 	25 lines x 80 characters including 
status line) . 
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Character Display 	5x7 dot matrix light character 
with :'ark background or dark 
characters with light background. 

Character Set 	96 ASCII characters with lower cash. 

Refresh Rate 	50 Hz. 

Bit Structure 	Data: 5,6,7, or 8 bits. 

Start: 1 bit. 

Stop: 1, 1.5 or 2 bits. 
Parity: 1 bit. 

Parity 	Odd/even or no parity. 

Baud rate 	75, 110, 150, 300, 600, 1200, 2400;  

4800, 9600, 19.2 K (Software 

selectable). 

Transmit/Receive mode 	Half/Full duplex. 

Visual Attributes 	Normal, Blinking, Reverse Video, 
Underline and Reduced intensity. 

Memory 	 Multi page memory (upto 4 pages) 

Keyboard 	 111 keys keyboard communicate with 
the display unit through three wi. 
transmission. 

Cursor Movement 	Cursor up, cursor down, cursor home 
cursoright, cursor left, cursor 
right up, cursor right down, curse:L 

left up, cursor left down. 

Cursor Addressing 	Director cursor addressing. 

Display Movements 	Roll up/Roll down. 

Next page/Previous page. 
Row swap. 
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TRANSMIT/ERASE 	 a) Entire memory (all four pages). 

b) The current displayed page. 

c) The line on which the cursor is 
located. 

d) The character on which the cursor 

is located. 

e) From cursor position to end of rage 

f) From .start of page to current cursor:: 
position. 

g) From cursor position to end of s..:^~ 

h) From start of line to current 
cursor position., 

i) P1 characters from current cursor 

position. 

Tabulation 	 Tab set/Clear facility. 

User Definable Keys 	10 keys FO to F9 

Escape Sequences 	Full cursor Control, Memory erase, 
Tab facility Editing functions, 
provided through escape sequence. 

Interfaces 	 RS-232--C, 2QnA current loop, Printei 
interface (Optional). Aux RS232C 
(Optional).(Optional). 

Power input 
	23QJ, ± 10/, 50 Hz 

Power Consumption 
	60 Watts, nominal 

Operating Temperature 	0 to 45000 
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1.7.3 TAMIL IARISATICN WITH VDT-85 

Vinytics' VDT-85 has got a detachable keyboards 

The keyboard is connected to the monitor through a cable 

at the back panel of the monitor. Fig.l.9 shows the details 

of the various connectors and switches at the back panel. 

In a normal mode, the terminal communicates with the 

computer either through RS-232C (Port Main) or 2QnA current 

loop. Either of this can be selected by a switch provided 

at the back panel. 

On the right hand side of the monitor three 

controls are provided namely :- 

1] Intensity Control. 

2] Mains cN/OFF Switch. 

3] Switch for selecting LINE or LOCAL mode of 

operation. 

A reset switch has been provided on the left 

hand side of the keyboard. This switch resets the system 

to the power on stage. 
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CHAPTER — 2 

DIGITAL TO ANALOG 	VFRTLF. 

2.1 INTRODUCTION 

The data in a microprocessor is in digital form. 

This differs from the outside world where data is in analog 

(continuous) form. After a CPU has processed data, it is 

often necessary to convert the digital answer into an analog 

voltage or current. This conversion requires a digital to 

analog (D/A) converter. 

2.2 A BASIC D/A CQ VERTER 

The op—amp summing circuit can be used to build 

a U,'A converter by selecting input resistors that are 

weighted in binary progression. Figure 2.1 gives the -idea. 

V (REF) is an accurate reference voltage and the resistors 

are precision resistors to get accurate input current. The 

switches can be open or closed. When all . switches are 

open, all input currents are zero and the output current 

is 

2.2.1. ALL BITS HIGH 

When all switches are closed, the input currents 

a re 

V~RRL V(REF) Y( EF I3 	' V2RF Z 	 ' 	 1 2 z o 8R 

»The output current with all switches closed is the sum 

of all input currents and equals 

(1 + .5 + ,25 + .125) 	... [2.1] 
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I = 1.875 V R~ 

By opening and closing switches we can produce 16 different 

output currents from 0 to 1.875 V 	/R. (REF ) 

2.3 THE LADDER METHOD 

One way t-) get around the problems of a binF.ry 

weighted resistors is to use a ladder circuit Figuro-2.2(a) 

is an example of R--2R ladder commonly used in integrated 

D/A convertors. 

Only two resistance values are needed. This 

eliminates the range problem. Furthermore, since the 

resistors are on the same chip, they have almost identical 

characteristics, this minimizes the tolerance problem. In 

other words, as the number of bits increases, an integrated 

ladder can divide the current much more accurately than 

a binary weighted circuit. 

2.3.1 LAMER PROPERTIES 

An R--2R ladder does something interesting to the 

impedance at different points in the circuit. To begin 
n 

with, the tw•~ resistors at nod: D in Fig.2.2(a±) are in 

parallel and may be reduced t0 an equivalent resistance 

R, shown in Fig.2.2(b) . Now, to the right of node C we 

have R in series with R, a total of 2R. Since node C has 

2R is in parallel with 2R, the circuit reduces to Fig.2.2(c). 
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Looking into the 'eft side of node B (Fig»2a2(c) 

2R. is in parallel with 2R. Therefore, the circuit reduces 

to Figs 2,2(d) s: Again . 2R is in parallel with 2R, so the 

ci-cuit reduces to the single R shown in Fig, 2,2(e), 

Fig,22(f) summarizes ladder impedances. Looking 

into the left '`'gide of a node, we always have an equivalent 

resistance of R. - Just to the right of each node, we always 

see a resistance )f 2R, This impedance phenomenon is the 

key to aria lyzing modern D/A converter because they use the 

ladders instead of weighted rosistors. 

2.5, 2 BBINAR"1 DIVISION OF CURRENT 

Figure 23 shows h w a ladder can divide the 

current into binary levels, The typical D/A convertor has 

a reference current set by the user. Here, the reference 

current is 2 rnA The bottom of each 2R resistor is grounded 

in either switch position, When a switch is to the right, 

the current through a 2R resistor flows to the upper 

ground when a switch is to the loft, the lower ground 

sinks the current With all the switches to the right, as 

shown in Fig.23, TOUT is zoro6 

Here is how the ladder divides the 2 mL of 

reference current. Just to the right of node A, an 

equivalent resistance of 2R is seen. Therefore, the 2 m<-, 

of input current divides equally at node A. Simil~:.rly, 

at node B. 2R is in parallel with 2R, again, the current 
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divides equally into 0.5-mA branch currents. This process 

continues through the ladder, so that we wind up with the 

uppe- grounds sinking 1, 0.5, 0.25, and 0,125 A. 

2 ,- 3.3. OTHER S14ITCH POS IT IQ\ 

-,,hen we move the switches, we do not change the 

way the current divides at the nodes. It still divides 

equally at each node. But when a switch is to the left, it 

steers the current into the lower ground. Bits D3  to Do  

control the transistorized switches. 

I OUT 	(D3+ 2-1D2+  2--2D1± 23D0) (REF)F 	... X2.2] 

Therefore, the output current of a 4-bit ladder is from 

0 to 15/16 '(REF). 

2.3.4 MORE BITS 

A similar analysis is applied to longer ladders. 

The output current is 

-1  T OUT 	(Dn-1+ 2Dn_2+.......+ 21-n  D0) - F1  .. [2.3] 

For. instance, an 8-bit ladder produces a maximum output 

current of 255/256 '(REF)'  The LSB increment is 1/255 I (RE F). 

2.3.5 STEER CURRENT 

Current steering is seemed more complicated than 

necessary, but there is good reason for it. The currents 

throughout the ladder remain constant all that changes 
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are the ground points. Constant current implies constant 

VO 1. tage , which means that stray capacitance in the ladder  

has little effect. In other words, exponential charge and 

discharge associated with a change in voltage are not 

roce_- ed; This reduces the settling time. For this reason, 

IC ccnverters often use the current steering approach 

shown in Fig.2.3. 

2 , A. 'Ti ~E DIC CHIPS 

There are many comma:cially available D/.y converter.. 

The J.cast expensive have resolution of 8 to 12 bits. The 

most expensive have resolutions of 16 to 18 bits. Almost 

all Are monotonic with loss than + 1/2 LSB error at each 

output level Our card is based on DAC 0800 chip. This is 

8--bit DAC This inexpensive and wider used 8-bit D/.'. 

converter contains a reference current seurco, an R-2R 

ladder, and eight transistor switches to steer the binary 

currents The typical applications of DAC-08 are given 

from Fig0 2.6 to Fig. 2.12. And its Block Diagram and 

Equiva:!ent Circuit are given in Fig.2.4. 

2.4,1 GENERAL DESCRIPTION OF DAC 0800 

The DAC 08 is a monolithic 8-bit high speed current 

output digital--to-analog convertor (DAC) featuring typical 

settling times of 100 ns. When used as a multiplying DAG 

monotonic performarm over a 40 to 1 references current 

range is possible. The DAC 08 also features high compliance 



Block i ia"tyram 

Equivalent i:ircuit 

FiGuR~, - 2•4 Dec.-°& 



2-9 

complementary current outputs to allow differential output 

voltage of 20 Vp—p with simple resistor loads as shown in 

Fig.2.6. The reference to full scale current matching 

of better than + LSB eliminates the need for full scall 

trims in most applications while the nonlinearities of 

better than + d.1/ over temperature minimizes system error 

accummulations. 

The noise immune inputs of the DAC 08 will accept 

TTL levels with the logic threshold pin, VLC, pin 1 

grounded. Simple adjustments of the VLC  potential allow 

direct interface to all logic families. The performance 

and characteristics of the device are essentially unchanged 

over the full + 4.5 V to ± 18 V power supply range, power 

dissipation is only 33 mW with + 5 V supplies and is in-

dependent of the logic input states. The DAC O80 .. is 

directly replacement for the DAC 08. 

The top view of DAC-08 is shown in Fig.2,5. 

2.4.2. FEATURES 

1. Fast settling output current 

2. Full scale error 

3. Nonlinearity over temperature 

4. Full scale current drift 

5. High output compliance 

6. Complementary current outputs 

7. Interface directly with TTL, MMS, PMOS 
and other rs 

100 ns 

+ 1 LSB 

± 0.1/ 

+ 10 ppr /'°C 

—1OV to +18\J 

8. 2 quadrant wide range multiplying capability. 
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9. Wide power supply range 	 ±4,5V to ±1BV 

10. Low power consumption 	 33 mW at + 5v' 

11, L )w Cost 

2.4<<3 ABSOLUTE MAXIMUM RATINGS 

In Supply voltage 	 +18V or 36 

2. Power Dissipation 	 50d mW 

3. Reference input Differential Voltage 
(V14  to V15 ) 	 V to V+  

4. 'Reference Input Common—Mode Range 	_ 
(v1  ' to V15) 	 V to V}  

5,, Reference Input current 	 5 mA 

6 Logic Inputs 	 V to V plus 36V 

Th Storage Temperature 	 —65°C to +150°C 

II : Lead Temperature (Soldering,l0 seconds) 300°C 

2.4.4. OERATING CG1DITIS 

TEMPERATURE (TA) 	 MIN 	MAX UNITS 

DAC 0800L , LMDAC08 	 --55 	+125 ' °C 

2.5 DIGITAL TO ANALOG CARD 

The card is based on Digital to Analog converter 

chip DAC-0800 whose conies ction diagram is shown in Fig.2.5 

and its block diagram and equivalent circuit are shown 

in Fig.2.6. The salient feature of the card are 

1] Dual channel latched digital to Analog Converter 

2] 24 Programmable Input/Output lines 

3 ] I/O Mapped 

4] Programmed address decoding through 2716 EPROM. 
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2.5.1 CIRCUIT DE SC IFTI 

The card consists of bidirectional data bus buffer 

74LS245« The direction of bus is controlled through DBE 

( Data Bus Enable) . The address and control signals are 

buffered through 74L5244. The data MY a particular channel 

is latched through octal transparent latch, the 74LS373 

the latch signals for both the channels generated through 

PROM based decoding technique. 

The data lines of DAC-0800 are connected to 74LS373. 

To give the output current of tho range 0-2 mA, the reference 

current should be 2 mA. 

IFS 

 

(RE F) x  256 

Ic+ Ia  = IFS  for all logic states. 

For fixed references: 

V (REF) = +12V, 	R(REF) = 6 K  , R  = R(EF) 

The output is available in the form of the current which 

can be converted into the equivalent voltage by connecting 

the RWT and ROUT  resistance. The maximum range depends 

upon V1  and V2  voltages. The V1  and V2  voltages can be 

monnected through jumpers to +5V, +12V or external voltage. 

(In our card V1  and V2  voltage are connected thr-ugh 

jumpers to +5V) Refer Fig.2.13 fr position of jumpers and 

placing of ROUT 1t ROU-' ., RCUT 2 and R .17 



N N0. !ETAiL PIN N0, DST.6 L 

Z. 22, Pc 6 
3.  Z% . 	PC 
4.  24 PA7 
s. Z15 PA6 
6.  
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io PBS 50 ?At 
Si. E f4 31 PAO 
12 j3 3 -iL- 68 NOV USED 

1'3 ' 62, 39 

15 

 
T Cup ZN 

21O xcvR 2X 
~6 Pc3 Q RL 
!7 Pcz 4 Y, 

pc 1 44  
4-S NOT USED 

PC4 46 - ~ . NOTUSED 

IASi,~ ~`r'~,►3 	DETAILS OF THE -  ~4 ?tN Coro, 
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The card is I/O mapped and can be selected from 

any port address defined from OD-FF. This is achieved. by 

PROM decoding technique. The port address lines A0 to i'.7 

are connected to EPROM 2716 and the output lines, 00, 0l ;  

02, 03 are conrc .t.od to chip solocts of DAC-0800-1, DAC-

0800--2, 8255 and card select line respectively. To select 

any I/O device the particular output line should be low 

alongwith the card solect line (03) at the desired port 

address location. The following table shows how to arrive 

at a code no. to select the desired 1/0 devices. 

07 06 05 04 03 02 01 

1 1 1 1 0 1 0 
(Csl) 

1 1 1 1 0 O I 
(CS2)  

00 	Code Device Selected 

0 	F6 DAC-0800-i 
(CSO) with CSO 

1 	F5 DAC-0800-2 
with CS1 

1 	F3 8255 
with CS2 

The 	sired port address can be any number from CO-FE. 

These codes are programmed in EPROM 2716. The four port 

addresses are required for programming 8255, so the four 

port addresses should have the 	code F3.  The programmed 

EPROM is for. 

CSO at 48 (DAC-0800-1) 

0S1 at 49 (DAC-0800-2) 

CS2 at 4A (Port C of 8255) 

CS2 at 4B (Control line) 
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CS2 at 4C (Port A of 8255) 

CS2 at 4D (Port B of 8255) 

Refer Fig. 2.13 for selecting V(REF)  (For both the channe". 

and R (REF) .1, R1, R (REF) ,2 , R2' 

The I/O lines of the PPI and the output of the DAC channe?. 

are available at the 64 pins connector. The details of hc 

connector is given in Table 204, 

o s n 

a 
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CHAPTER — 3 

SET POINT GENERATOR 

3.1 INTRODUCTION 

Set Point Generator generates the cycle as, shown 

in Fig..3.i... Thi's cycle may be of temperature, pressure, 

humidity.-, etc.. as per test. To find out the reliability 

of equipments and components, environmental tests are 

necessary.. The object of this is to determine the effects 

(thermal, mechanical, chemical, electrical otc.) produced 

on equipments and components as a result of exposure to 

environment conditions experienced at the surface of earth. 

3..2 APPLICATION FIELD OF SET POINT GENERATOR 

1. Environmental Test Chamber (Temperature, Humidity, 

Pressure, Vacuum, Cooling etc.). 

2. Control, of Furnace and oven operation. 

3. Heat treatment of metals (Annealing, Hardening, 

Tempering etc.). 

4. Cyclic change in voltage and current. 

5. And where the parameter are being changed in a 

cyclic order (with the help of respective sensor 

or transducer). 

3.3 DURATION OF CYCLE 

Generally tests are done over 2.4 hours dui tion 

of cycle (complete). This cycle may be taken 	less or 
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more duration of time. This Set Point Generator may 

generate one complete cycle in minimum of 4 minutes to 

maximum of many days (16 days approximately). Here this 

wave form is taken for Environmental Test Chamber. 

3.4 GETTING ACQUAINTED WITH ENVIRWMENTAL TEST CHAMBER 

The Environffe ntal Test Chamber is designed and 

fabricated to conduct the dry heat test, accelerated damp 

heat test, cool test and pressure tests. 

The chamber is doubled walled constructed with 

200 mm thick glass wool insulated with vapour barrier all 

over the chamber. The interior work space is argon arc w gilded 

to with stand all temperature. 

To avoid the any damage during the pressure test 

the whole work space is reinforced by M.S. flats. 

single front opening doubled walled door with interior. 

lined (stainless steel) is provided. At the centre of the 

door a 30 cms dia 2 pane toughened glass with low voltage 

heater is provided. Heavy duty stainless steel wheel type 

8 N.os, of hinges are provided to the, door for positive 

locking and to maintain the specified vacuum inside the 

work space. Double sylicone rubber gasket i.e. one on the 

chamber and other on the door are provided for leak proof-

ness. At the left hand side of the chamber one 25 mm dia 

post hole is provided for external connection. For uniform 

conditions of temperature and humidity inside the work 
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space 12" dia 17 N's. f blades stainless stool fan with 

1425 RPM, 3 phase inducti-mn motor is provided. 

All the refrigeration system is housed below the 

working space on trolley with grills for air ventilation. 

Over temperature safety thermostat is provided to shut 

off the chamber in case of overshoots of temperature more 

than set value. The work space temperature is monitored 

by PT-100 sensor and maintained by rate programmers. 

3.4.1 SPECIFICATIQV . 

1. - Temperature range 

2. Temperature Tolerance 

'3. 	Humidity Range 

4. Humidity Tolerance 

5. Work Space 

6. Temperature Control 

7, 	Temperature Sensors 

8. Temperature Gradient 

9. Temperature Recorder  

: -40°C TO 200°C 

• +3'C 

20/RHTO25/RH 

:+'3/RH 

: 5C0 MW x 750 MMH x 650 1_ 

By solid state Digital 
Rate Programmer for 
dry bulb and wet bulb 
temperature. 

PT-ICC Duplex Protea F ' 

+ 20C At any set pol. 
inside the work space.. 

i) Pressure k 'i w 
atmospheric by 
vacuum pump an.' 
switch and indica-
ting gauge. 

ii) Pressure ab')ve 
atmosphere by 
pressure switch 
which is connected 
to air compressor 
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10. Temperature Recorders 

11. Power Requirement 

By solid state strip 
chart recorder. 

415 Volts, 50 C/S, 
3 phase neutral, 
15 amps/phase <"k.C. 

supply. 

3.5 WAVE FORM OF SET POINT GENERATOR 

3.5.1 SETTLING TIME 

As shown in Fig. 3,1, 0A is represented as 

settling time. This time is set for 15 minutes or 30 

minutes,  in our particular wave shape. Initial value is 

taken as a room temperature. If given initial value is 

slightly different from room temperature than in settling 

time of 15 minutes or 30 minutes, temperature is adjusted. 

NOTE:— Value given to the terminal by the user for 

settling time is such that, it (Set Point 

Generator) would accept either 15 or 30 minutes. 

If value given is 30 or more than 30, would be 

taken as 30 minutes by the generator'. If the 

value given is less than 30, would be taken as 

15 minutes by the Set Point Generator. 

3.5.2 INITIAL VALUE 

This value is room temperature value. After taking 

room temperature, this value is given. If this value is 

slightly different from room temperature than it would 

be adjusted in settling time of 15 minutes or 30 minutes. 
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3.5.3 FINAL VALUE 

This value is taken higher than initial value. 

Generally as 40°C or 55°C, otherwise Set Point Generator 

dces not accept and 'Not acceptable enter again' error 

message comes up over the terminal. This value may be 

taken upto 640C as our requirement is upto 55°C. If we 

give more than it, error message will be printed up. 

3.5.4 RISE TIME 

This value is given in hours and minutl,s separately 

So rise time may be in fraction of hours also. Terminal 

asks separately the hours and minutes values in decimal. 

It raises the temperature from initial value to final 

value at the rate of as user have given through the ASCII 

Keyboard of system. It is represented by AB in Fig.3.l. 

-3.5.5 FINAL CONSTANT TIME 

This is the duration over which equipments or 

compo;: nts are kept constantly at final value temperature. 

This may be given in hours and minutes separately. This 

is shown in Fig.:3.1. as BC. 

3.5.6 FALL TIME 

After attaining final constant duration, 

temperature is reduced upto the initial value (room 

temperature) . The rate of falling may be taken different 

from rate of rising. This value is also given in hours 

and minutes separately according to the user requirement. 

This duration is shown as CD in Fig. 3.1. 
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3.5.7 LOVER CCNSTANT TIME 

This constant time is taken same as it have been 

taken in the FINAL CONSTANT TINE '  Value may be changed 

in hours and minutes separately. This period is shown 

in Fig. 3.1 as DE. 

One complete cycle time is the sum of Rise time + 

Final constant time + Fall time + Lower constant time. 

It may be of 24 hours or less (or more) than 24 hours in 

duration. After completing one cycle, it will generate • 
another cycle of the same shape till the system resets. 

This wave shape can be realized over multimeter 

or multichannel recorders. 

C 
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CHAP TER — 4 

SOFTWARE DEVELOPMENT 
4.1 SUBROUTINES 

4.1-«1 FUNCTION NAME : CI (CHARACTER IN) 

INPUT 	: N Q\! E 

OUTPUT 	: 8 BIT CHARACTER RECEIVED IN REG.A, PARITY 
UNMASKED 

CALLS 	: DELAY 

DESTROYS 	: A, FLAGS 

DE SCRIP TION 	: Interrupt one disabled in this routine. 
CI waits until a character has been entered 
at the terminal and then return the character 

via the Reg. A; to the calling routine. 

CALLING ADDRESS:814F 

LEBEL ADDRESS CCN TEN TS 	MNEMCRICS i D 	CG'v!1%1ENTS 
__________________L OPER,~VD5 

814F 	F3 	 DI 	 DISABLED INTERRUPT 
8150 	E5 	 PUSH H 	 SAVE (HL ) 
8151 	D5 	 PUSH D 	 SAVE (DE) 
8152 	C5 	PUSH B 	SAVE (BC) 

8153 	2A 85 E0 	LHLD 	E0851 LOAD (DE) FOR DELAY 
8156 EB 	 XCHG 	J DELAY 
8157 	20 	 RIM 	 CHECK SID 
8158 	17 	 R/L 	 IF SID IS HIGH 
8159 	DA 57 81 	JC 	8157 GO TO CHECK NEXT 
815C 	CD► CO 81 	CALL 	81CO CALL DELAY 
815F 	01 08 00 	LXI B 	0008 (C)=NO.OF BITS 
8162 	2A 87 r0 	LHLD 	E087 LOAD (DE) FOR 
8165 EB 	 XCHG 	 DELAY 
8166 	CD CO 81 	CALL 	81CO CALL DELAY 
8169 	20 	 RIM 	 GET SID 
816A. 	17 	 RAL 	 CY = SID 
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L,EBEL ADP}$$ 	NNT$ 	MNMflIC$ AND I CQv1MNTS 
OPERANDS 

• 

8~0 Is MGI A,13 TRANSnRno () ro ( 
816c" io RAR mov C\ To MSB OF (A) 
81610 47 MGI B,A SAVE (A) 	IN 	(B) 
8162 OD OCR C DECREMENT COUNT 
816F C2 62 81 JNZ 8162 	IF NOT ZERO,CQ'TINUE 
8172 2A 87 90 LHL 71 LOAD (D) FQR  
8175 ~B XcH j DETAY 
8176 CD Co 8, CALL 81C0 	CALL DELAY 
8179 78 MOJ A,B TRANSFER INTO (A) 

FROM (B) 
817A C. POP B RESTCR 	(Be) 
817B DI POP 0 RE- STORE 	(Dc) 
817C El POP H RESTORE (HL) 
8170 C9 RET RETURN 

.2. FWCN N&JE : Co (CHARACTER our) 
It 

INPUT 

OUTPUT 

REG.0 HAS CHARACTER TO OUTPUT CN 10 DEVICE 

RG,C CCNTAIN THE CHARACTER IS OUTPUT TO 
I/O DEVICE. 

CALLS 

DES IROYS 

DESCRIPTICN  

A, FLAGS 

CO sends its input argument to I/O device, 
Interrupt arQ disabled, 

CALLING ArnRE$S:'187 

IEBEL ADDRE53rCa\1 TEN TS TiETIo 
OPERANDS 

- 	 -. - 	 - 	 *!__1- - 	•...- -w--,------ 

8187 	F3 	 DI 	 DISABLE INTERRUPT 
8188 	P5 	 PUSH H 	 SAVE (1-r,L) 
8189 	05 	 PUSH D 	SAVE (0,) 



4-5 

LEBEL ADDRESS I C(3NTENTS 	MNEMONICS AND t CCMIVIENTS 
OPERAND" 

-- 	..e1.MC~. 	¢r.wl.osrwrs'.oy.sM.-Y. ~. -r.uae...aFamJ areowYUar..c,..h...¢a,.'JYYJeo..n...w~vt~.¢n.ewMMrs.rrwelew....:.r~..... 	' 

818A 	C5 	 PUH B 	 ;SAVE (B,G) 
8188 	3E CO 	MVI A 	CO 	KEEP CQ,H INTO (A) 
818D 	06 07 	MV  B 	0 	- KEEP 07 H INTO (B, 
818F  30  SIM  SOD = 1 

8190 	2A 87 E0 	LHLD 	 0871 LOAD (DE) FOR 
8193 	BE 	 XC;H G 	J DELAY 
8194 	CD CO 81 	CALL 	BI CO CALL DELAY 
8197 	79 	 MCV AC 	GET (C) IN (A) 
8198 	1F 	 RAR 	 CY = LSB 
8199 	4F 	 Mw r,,A 	SAVE (A) IN (C) 
819`1 	3E 80 	MVI T; 	80 	MSB = CY 
8190 	1F 	 RAR 	 j BIT A6 = 1 
819D 	EE 80 	;:RI 	80 	COMPLEMENT MSB 
819F 	05 	 DCR B 	 TB CREMENT CGJNTT 
81AO 	F2 8F 81 	JP 	 IF(B) > O, CONTINUE 
81A3 	3E 40 	MVI A 	40 	~ S'S? = 0 
8115 30 	 SIM 	 J 
81A6 	2A 87 EO 	LHLD 	E087 L0AD (HL) WITH COJ T DELAY 
81A9 	29 	 DAD H 	 MULTIPLY (HL) BY c. 
81M 	29 	 DAD H 	 MULTIPLY (HL) BY 2 
81?:B 	EB 	 XCH G  
81AC 	CD CO 81 	CALL 	81,CC CALL... DELAY 
81AF 	Cl 	 POP 3 	 RESTORE B,C 
81BO 	Dl 	 POP D 	 FIESTCORE D,E 
81B1 	E1 	 POP H 	 RESTAE H,L 
8182 C9 	 RET 	 RETURN 

1,,3.FUNCTION NAME : DEL:.Y 

INPUT 	 REG. DE—SIXTEEN BIT INTEGER DENOTING NUMBER 
OF TIMES TO LOOP 

OUTPUT 	: NONE 
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CALLS 	 : NG' E 

DESTROYS 	: A, D, E FLAGS 

DESCRIPTION 	: Delay does not return to caller until 
input argument is counted down to zero. 
For one count the delay is 7.680 µ sec. 

The delay equation is (24N+7)x320 n sec. 
1~)here N is the count in Reg. DE. This 
does not include the time for initializing 
the count and calling the routine. 

CALLING ADDRESS: 81CO 

L E13EL ADDRESS CCN TENTS FMNEMCNICS AND 	COMEN TS 
OPERANDS 

8100 	lB 	DCX D 

81C1 	7A 	 MO! A, D 

81C2 	B3 	ORA E 

81C3 	C2 CO 81 	JNZ 

8106 	C9 	 RE T 

DECREMENT COUNT 
TRANSFERRED (D) 
CONTENT INTO A 
GRED WITH (E) 

81C0 NOT ZERO JUMP TO 
DECREMENT 
OTHERWISE RE TURN 

•1•4. FUNCTION NAME : CNVBN (CONVERT BINARY 

INPUT 	 : INPUT IN REG.C. THE ASCII CHARACTER FCR 
0-9 OR A-F. 

OUTPUT 	: OUTPUT IN RE G.A THE HEX FROM 0-F 

CALLS 	 : NONE 

DESTROYS 	: A, FLAGS 

DESCRIPTION 	: Converts the ASCII representation of hex 
into its corresponding Binary Value. It 
does not checks for validity,of-its input. 

CALLING ADDRESS: 817E 
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L E BEL (ADDRESS  I CON TENTS 
	

MNEMONICS AND COMMENTS 
OPERANDS 

817E 79 MCN A,:C TRANSFERRE 	ASCII 
INTO (A) 

817F D6 30 SUI 	30 SUBTRACT 30, FROM (' 
8181 FE OA CPI 	OA COMPARE WITH- OA H- 

8183 F8 RM RETURN IF MINUS 
8184 D6 07 SUI 	07 OTHERWISE SUB1RA CT 0 
8186 C9 RET AND THAN -RETURN 

4.1.5. FUNCTION NAME : MLPNT 

INPUT 	: THE POINTER OF THE BLANK TO BE PRINTED IN 
REG. HL THE CWNTS IS DEFINED BY REG.B 

OUTPUT 	: CHARACTER IS OUTPUT TO I/O DEVICE 

CALLS 	: CO 

DESTROYS 	: A,B,C,H,L FLAGS 

DESCRIPTION 	: The block of ASCII masked parity character 
pointed by HL is printed upto the nth position 
')here as n is defined by Reg.B. 

CALLING ADDRESS:82F5 

• LEBEL ADDRESS CONTENTS 	MNEMONICS AND 
________ I 	OPERANDS 

COMMEN TS 

82F5 4E MGI C,M CONTENTS OF ME1-IIO Y 
POINTER TRANS FE 2 1E. Tj 
INTO (C) 

82F6 CD 87 81 CALL 	8187 CALL CHARACTER OUT 
SUBROUTINE 

02F9 23 INX H INCREMENT MEMORY 
POINTER 

82FA 05 DCR B DECREMENT COUNT 
82FB C2 F5 82 JNZ 	82F5 IF COUNT IS NOT ZERO, 

CO' ANOTHER 
82FE C9 RET OTHERWISE RETURN 
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.1.6 e  FUN CTI CN NAME :. DIVSN (DIVISION 16 ' I T/16 BIT) 

INPUT 	 : DE REGISTER PAIR CONTAINS 16—BIT DIVIDEND 
BC REGISTER PAIR CCNTAINS 16—BIT DiVISCR 
REGISTER A IS USED AS 16 BIT COUNTER 

OUTPUT 	: QUOTIENT IN HL PAIR 
REMAINDER IN DE PAIR 

CALLS 	 : N CNE 

DESTROYS 	: AF, D, E , H, L 

DESCRIPTION 	: Address D100 H stores the counter 

CALLING ADDRESS: C350 

LEBEL ADDRESS CCN TENTS I MNEMONICS MND COMMENTS 
OPERANDS 

DIVSN :C350 
C351 

C352 
C353 

C354 

C356 

0357 

C358 

0359 

LPI: C35B 

C35E 

C35F 
C360 
C361 
C362 
C363 
C364 
C365 

C366  

D5 
C5 

EB 

48 

0600 

AF 

67 

6F 
3E 10 

3200 D1 
7B 
17 
5F 
7A 
17 
57 
7D 
8D 
6F 

PUSH D 
PUSH B 
XCH G 
MOV C,B 
MVI B 00 
XRA A 
MW H,A 
MO! L,A 
MVI A10H 

STA D1 CO 
MO! A,E 
RAL 
MO✓  E,A 
MGI A, D 
RAL 
MOV D,A 
MO! A IL 
ADCL 
MCV L „A 

SAVE (DE) 
SAVE (BC) 
(DE) = (HL) 

CLEAR (B) 
CLEAR(A)AND FLAGS 
(H) =00 
(L) =00 
ACCUMULATOR CONTAINS 
10 H CWN TER 
M(ADDR) = CQJNTER 
SHIFT THE 16 BIT 
DATA IN(DE)PAIR 
LEFT G'1E BIT 
THROUGH CARRY 

HL 4 HL+HL+CY 
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LEBEL ADDRESS CM TENTS 	MNEMONICS AND COMMENTS 
OPERANDS 

C367 7C MGI A,H 
C368 80 • ADC H 
C369 67 MGI H,,; 
C361% 7D MCN AL HL (- HL - BC 
C36B 91 SUB C 
C36C 6F MOJ L,A 
C36D 7C MOV A,H 
C36E 98 SBB B 
C?6F 67 MCV H,A 
C370 D2 7A 03 JNC LP2 
C373 7D MCN A,L CY = 1, HL 4 HL±BC 
C374 81 ADD C 
C375 6F MD! L,1, 
C376 7C MG/ A,H 
C377 88 ADC B 
0378 67 MC'! H,1'-4 
C37 9 37 S TC SET CY .= 1 9  

LP2: 	C37A 3F CMC 
C37B 3A CO Dl L DA D100 A 	M (,?,IX?R ) 
C37E 3D DCR A A 	''- 	A 	-- 1 
C37F 02 5B 03 JNZ LP1 A 	0 , JUMP TO 
C382 EB XCHG A = O;  DE ' EL 
C383 7D MCU A,L 
C384 8D „DC L 
C385 6F MOV L,A 
C386 7C MCN A ,H 
C387 8C ADC H 
C388 67 MC'! H,A 
C389 7D MGI A,L 
C38A Cl POP B RESTORE (BC) 
C38B D1 POP D REST^RE (DE) 
0380 09 RET RETURN 



FIG- 4•5 ; FLOW CHAT FOR MULTIPLICATION by 60 



4-13 

FUNCTION CTION NAME 	: MUL TGO (MUL TIPL ICATICN BY ; •O) 

INPUT 	 : MUL TI PL I CAN D IN TO (A) , COU; T IN TO (D) 

OUTPUT 	 : HL HOLD ACCUMULATED PRODUCT 

CALLS 	 : NONE 

DESTROYS 	: H, L,A 

DESCRIPTION 	: Hours are multiplied by 60 to convert into 

minutes. 	 t  

CALLING ADDRESS : C1AO 

MNEMONICS AND 	COMMENTS 
OPE PLAN DS 

LMBEL ADDRESS CONTENTS 

MUL T60:CIAO C5 
C1A1 D5 
ClA2 6F 

C]. A3 
	

A F 
Cl A4 67 

CiA5 29 

Cl A6 29 
C1d"7 
	

44 
C1A8 4D 
C1A9 16 OF 

Cl AB AF 
C1AC 67 
ClAD 6F 

LOOP: CIAE 09 
ClAF 15 

C1BO C2 AE Cl 

ClB3 
	

D1 
C1B4 Cl 
ClB5 C9 

PUSH B 

PUSH D 

MOV L,A 

XRA A 

MOV H,A 
DAD H 
DAD H 
MOV B,H 
MOV C,L 
MVI D OFH 

XRA A 
MOV H , A; 

MOV L,A 

DAD B 
DCR D 
JNZ LOOP 

POP D 

POP B 
RE T 

SAVE (BC) 
SAVE (DE) 

SAVE MULTIPLICAND 
IN (L) 

1 CLEAR (H) 

1 (HL) = (HL )*4 

(BC) = (HL) 

COUNTER FCR 15D 
OPERATIONS 

CLEAR (H) 

AND (L ) 

(HL) = (HL)+(BC) 
DECREMEN T CCUN TER 

IF NOT ZERO; CCN TINT '--' 
RESTORE (DE) 

r 



I S-rAP.-T 	 4--14 
IAV E (r, LL .-

C~,c) 

RAD RST 
KEY ( ci) 

ii 1>ISP`AY IT 

M CRT C0) 

G,ET 1 )NPRY 
E,cto►VALem 	u 

TAKE IT AcS H►4ktR 

SAVE IN(j) 

V,EV ( cI) 

'D\s?LAY IT 01 
CRS C O 

~ET BINARY 
EQu►VLEUr cHv 

ADD IT TO (N) To c e 
2- 41'T NV4 S 

C01JVERT INTO NE7, 
COOI MA NT (ib'" 

STO RP- IT LOG., 
TEMP (:4-4VV1 

pelt u RN 

FLOW CHART FOR ^ CHARACIE 1. 1GT` 
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.1.3 FUN CTI CN NAME : Cl2D (CHARACTER IN TWO DIGIT) 

INPUT 	 : NCNE 

OUTPUT 	: BINARY NO. IN LCC. C44F CCRRESPCSIDING TO 
TWO KEYS PRESSED BY USER 

CALLS 	: BCDBIN , CO, CI, CNVBN 

DESTROY 	: A, 

DESCRIPTICN 	: Two Digits are given thrcugh ASCII Key 
board as information. And are sent to 
required location after conversion. 

CALLSING ADDRESS: CIBE 

LE BEL1 WRE TSS 	CC\I TENTS MNEM(\I ICS AND TCa4MEN TS 
.-..r,.... 	®.., _~~c._~.~.... OPERANDS 	..~y 

Cl2D: 	Cl BE E5 PUSH H SAVE 	(HL) 
C1BF C5 PUSH B SAVE 	(BC) 
Cl CO CD 4F 81 CALL 	814FH GET ASCII CODE OF 

FIRST PRESSED KEY 
C1C3 4F MOV C, A DISPL i Y CHARACTER 
C1C4 CD 87 81 CALL 	8187H JON CRT 
C1C7 CD 7E 81 CALL 	817EH 1 GE T. BIN.;_RY EQUIV/J 	 •,1"_ 
C1CA 07 RLC (EXCHANGE THE POSI- 
ClCB 07 RLC TION OF LOV'JcR AND 
C1CC 07 RLC HIGHER NIDBLE 
C:1CD 07 RL C J. 
C10E 47 MOV B,A SAVE IN (B) 
C1CF CD 4F 81 CALL 	814FH GET ASCII COBE OF 

SECOND PRESSED KEY. 
C1D2 4F MOV C,A'; DISPLAY CN CRT 
Cl D3 Cl) 87 81 CALL 8187H 
CID6 CI) 7E 81 CALL 817EH GET BINARY EQUIVALENT 
C1D9 BO CRA B GRED (A) WITH (B) 
Cl DA 5F MOV E,A SAVE IN 	(E) 
C1DB AF XRA A CLEAR D 
C1 DC 57 MOV D, A 
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LEBEL. ADDRESS CONTENTS T;;i- 
___ 

	AND ~COA/LMENTS ~TM~M~ M~ 
OPERANDS 

C1DD 00 
C1DE •CD E9 Cl CALL 	C1E 9H CONVERT INTO HEX 
CIE1 Cl POP B RESTORE 	(BC) 
C1E2 7D MOV A,L STORE HEXA EG,U r'- 
ClE3 32 4F C4 STA 	C44FH JIN LO 	C44FH 

• CIE6 El POP H RESTORE 	(H) 
C1E7 C9 RET RETURN 

1.9 FUNCTI CN NAME 	: BCDBIN 

INPUT 	 BCD DATA IN D.E . REGISTER PAIR 

OUTPUT 
 : BIN DATA IN H.L.  REGIS TER PAIR 

CALL S 
	

NGIE 

DESTROYS 	: H,L,A,B,D,E, 

DESCRIPTION 	: In converts 4 digit BCD NO. in (DE) into 
corresponding binary NC. in (HL). 

CALLING ADDRESS : C1E9 

LEBEL [ARET CCN TENTS 	MNEMONICS AND 	COMMENTS 
J 	_______________ 

OPERANDS 

BC4?BIN:C1E9 06 10 	MVI B 1OH 	SET COUNTER FCR 
OPERATIONS 

L OP: 	C1E B 	7A • 	 M(7J A,D 
C1E C 1 F 	 RAR 

• C1ED 	57 	 MOJ D,A 
C1EE 	7B 	 ISIOV A,E 	 DIVIDE BY 2 
ClEF 1 F 	 RAR 
C1FO 5F 	 MW E ,A 
C1F1 	7C 	 MO.! A,H 	 DIV IDE (HL) BY 2 
Cl F2 1 F 	 RAR 	 AND TAKE REMAIN DER 
C1F3 	67 	 MO.! H,A 	JOF (DE) /2, . 



ENTER 

INITIALIZE SOFTWq~ 
COUNTER FOR N0, OF 
f31TS .~N Pet NUMBER 

DIVIDE TME (3c3 O. 
GST CORRECT 

QUOTIENT IN f3C9 

S'ET LEF1 tio~T 
OF D No T 0 z 

ROTATE RIGHT 
glN NO . eY I err PtND 

TAY . THE REMAINtE 
OF PREVIOUS 

OPERAM% AS LEFT 
MOST  t rr 

xo  CONvERS  YEs 

KEIv Rpt 

Fi& 4 	 CD To VSINAK~ Cotowsiog 
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LE BEL ~~DDIR. SS CG\1TENTS 	iMNEMCNICS AND Tcc  
_ _-___ __._    

Cl F4 

CIF5 
C1F6 

Cl F7 

Cl F8 
Cl FB 

CONT: Cl FC 
Cl FD 

C1FF 

C200 
C202 

C205 

C256 

C258 

N OCHG1:0209 

C2Q4 

C20C 

C20F 

C210 
C212 

N OCHG2:C213 
C214 

C216 

C219 

C21A 
C2AC 
C21D 

7D 

1F 

6F 

05 

C2 FC C1 

C9 

7A 

E6 7F 
57 
E6 08 
CA 09 02 

7A 

DE 03 

57 

7B 

E6 800 
CA 13 02 

7B 

DE 3,0 
5F 

7B 

E6 08 
CA EB Cl 
7B 

DE 103 

5F 

C3 EB Cl 

MGI A,L 
R1R 

MOV L,A 
DCR B 

JNZ CONT 
RET 

MOV A,D 
ANI 7FH 
MG/ D,,; 
ANI 08H 
JZ NOCHG1 
MOV A, D 
SBI 03H 

MOV D,A 

IMG/ A,E 
ANI 80H 
JZ N0CHG2 
MCV .A,E 
SBI 30H 
MOV E,A 
MOV A,E 
ANI 08H 
JZ LOP 
MOV' A,E 
SBI -03H 
MOV F.,( 
JMP LOP 

DIV IDE (HL) BY 2 
AND TAKE REMAIN DE -' 
OF (DE) /2 
DECREMENT COUNTER 
IF ZERO; RE TURN TO 

J CALL ING PROGRAM 

IF (D) CONTAINS 
ILLEGAL BCD.' CODE 
THEN CORRECT IT 

IF (E) CONTAINS 
ILLEG,IJL, BCD CODE 
THEN CORRECT IT. 

CON TINUE 



S U (T R A cZ Dwts%oR 
FRO PARTIAL 

RE.MAMDER 

• 

 

IS CARRY FLA  3 

Yes 

RESTORE PARITVIL 
REMAIN DER 

ROTATE COt~f31NfD 

BARRY AND Ifrt 

PARTIAL. REMAIHD4:Q 
• I PLfr 	LEPT 

80 

YEt 

RETU R 

FT GL- 4 	IOW CtPRT FOR DN(SION C t ?1T/8 PIT ) 
MNTtf 131T IS jN CARRY 
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.1.10. FUNCTION NA1,1E 	: 'DIVSN ( DIVISION 16 BIT/8 BIT) 

INPUT 	 : AB HOLD THE DIVIDEND - M.S. BYTE IN A 
C HOLD THE DIVISOR. D IS USED AS 
TEMPORARY RE GISTER 
E HOLDS A CUNT OF THE NUMBER 

OUTPUT 	 : THE QUOTIENT IS HELD IN THE.. B REGISTER 
(ANI} HENCE REPLACES THE L.S.  BYTE OF THE 
DIVIDEND) WITH THE Ivi.S. (NINTH) BIT IN 
THE CARRY. 

CALLS 	 : NQ\IE 

DESTROYS 	: A,B,C,H,L 

DESCRIPTION 	: This subroutine could be used as it is 
very short in size. But some time result 
may overflow because quotient is hold in 
8 bit (M.S. Ninth bit is in the carry) only. 

CALLING ADDRESS : 0450 

L E BEL ADDRESS CCN TENTS 	MNEMCN ICS ANiT1  COMMENTS 
L ____ 

OPERANDS J___ 
DIVSN: C450 D5 PUSH D 

C451 7C MOV .A,H 

C4.52 48 MGI C, B 

C-453 45 MOV B,L  
C454 1E 09 MVI E 	09H (E) 	- 9 

LOOP1: 0456 91 SUB C (A) 	+E- 	(A~) 	-- 	(C) 
C457 3F CMC COMPL, ;3MENT CY 
C458 DA 5E 03 JC LOOP2 CY = 1 2 
C45B 81 	_ ADT'± C N0: (A) 	- 	(,&.)+(C) 

C45C 37 STC SET CARRY 
C45D 3F ' CMC COMPLEMENT CY 

LOOP2: C45E 57 MOV D,A SAVE A 
C45F 78 MOV A,B 1MWE CY(QUOTIENT BIT) 
C460 17 RAL INTO L.S.BIT POSITIQV 

OF B AND M.S.BIT OF 
C461 47 MOI B , A JB INTO CY. 
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LE BEL 	 DRESS CCI TENTS 	MNEMCJNICS AND TMNTS 
J ____________ OPERANDS _J 

C462 	7A 	 MOI A, D 	 RES TORE A 
C463 	17 	 RAL 	 MOVE CY INTO A 
C464 	1D 	 DCR E 	 (E) - (E)- L 
C465 	02 56 03 	JNZ LOOPS. 	COUNT ZERO? NO: 

REPEAT 
0468 	78 	 MOV A, B 	 GET INTO A', 
C469 	Dl 	 POP D 	 RESTORE 
C46A C9 	 RET 

1 11  o  FUNCTICN NAME : DEL15S AND DLP25S 

INPUT 	 : NQIE 

OUTPUT 	: NCNE 

CALLS 	 : DELAY 

DESTROYS 	: H ,D,E 

DESCRIPTICN 	: Subroutine of 15 secs Delay and subroutine 
of 0.25 sec delay. 

CALLING ADDRESS: C3?O and 0340 respectively 

LEBEL ADDRESS CONTENTS 	MNEMONICS AND 	COMMENTS 
OPERANDS 

	

DEL15S:C330 	26 01 	MVI H 1EH 

	

RPT: 0332 	11 4C FE 	LXI D EF4CH 

	

0335 	CD CO 81 	CALL 81CO 

	

C338 	25 	 DCR H  

GET COUN T 30D IN (H) 
FCR 0.5 SEC. DELAY 
[FE4CH = 651001 
CALL DELAY 
DECREMENT COUNT 



LESEL )ADDRESS! CONTENTS 

C339 	C2 32 C3 

C33C 	C9 

4-22 

MNEMONICS AND 	COMMENTS 
OPERANDS 

JNZ RPT 	 IF COUNT NOT ZEROL. 
JUMP TO RPT 

RET 	 OTHERWISE RETURN 

	

DLP25S:C340 	11 26 7F 
	

LXI D 7F26H 
	

COUNT FOR 0.25 SEC 
DELAY 

	

C343 	CD CO 81 
	

CALL 8100 
	

CALL DELAY 

	

C346 	C9 
	

RE T 

	

MNTSND:C347 	11 1E 02 	LXID 021EH 

	

C34,'A 	CD CO 81 
	

CALL 8100 

	

C34D 	09 
	

RE T  

COUNT FOR DEMONSTRA-
TING IN' SECONDS AND 
MINUTES. 
CALL DELAY 



r —~ 

cotJi4~_| L__-J 
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2 	 INITI ,LIZATION 

•LEBEL iADDRESS I CONTENTS 

C015 31 FF CF 

C018 21 00 C5 

CO1B CE OC MVI C 	OCH 

GETINF:CO1D 06 18 MVI.B 	18H 

NEXT: 	COIF C5 PUSH B 
CO20 4E MCI! C,M 
0021 • CD 87 81 CALL 	8187H 
CO24 Cl POP B 
CO25 23 INX H 
CO26 05 4 DRB 
0027 C2 1F CO JNZ 	NEXT 
CO2A CD BE Cl CALL 	CIBEH 

CO2D 79 M(V A,C 
002E FE OC CPI 	OCH 
C030 CAA 6D CO JZ 	TIN 
C033 FE OB CPI OBH 
C035 CA 84 CO JZ 	TFNL 

C038 FE 09 CPI 	09H 
CO3A; CA 70 C4 JZ 	SE TL E 
CO3D 00 00 00 NOP NOP NOP 
CO1 O 00 0000 NOP NOP 
C042 FE 08 CPI 	06H 
C,044 CA A8 CO JZ 	R TMH 
C047 FE 07 CPI 	07H 
C049 CA B7 CC) JZ 	RTMM 

COMMENTS 

IN ITI/L IZE STACK 
P0 IN TER 
STARTING Aa TRESS OF 
ME SSA GE 
NO.OF INFORMATION 	0 

REQUIRED 
NO. OF  CHARACTER TO 
BE CUTPUTED' 
SAVE (BC) 
DISPLAY CHARACTER 
AS POINTED BY (HL) 
RESTORE (BC] 

(HL) = (+i 
DECREMENT DE CRE ME N T COUNTER 
IF NOT ZERO;CcNTINUE 
READ TWO KE` 
PRESSED(Cl 2D 

IF (C) = OCH 
THEN GO TO TEMP. 
INITIAL (TIN) 
IF (C)= OBH; THEN 
GO TO TEMP.FINAL 
(TFNL) 
IF (C)= 09H; THEN 
GO TO SE TTL IN G TIME 

IF (C)= 08H THEN 
GO TO R TMH 
IF (C) = 07H THEN GO 
TO RISE TIME IN 

MINUTES 

MNEMONICS AND 
OPERANDS 

LXI SP CFFFH 

LXI H C500H 



C04C 
C04E 

C051 
C053 

C056 
C058 
C05B 
C05D 
C060 

C062 

FE 06 

CA E2 CO 

FE 05 

CA F4 CO 

FE 04 

CA OC Cl 

FE 03 
CA 1B Cl 
FE 02 
CA 46 Cl 

CPI 06H 

JZ FVTMH 

CPI 05H 

JZ FitTMM 

CPI 04H 
J7_ FTMH 
CPI 03H 
JZ FTMM 
CPI 02H 
JZ LV TMH 

} IF 	(C)= 06H; GO TO 
FINAL VALUE TIME I_ ,  
HQJR.S 	(FV M H )' 
IF (C)= 05H; GO TO 
FINAL VALUE TINE IN 
MINUTES (FVTMM) . 

IF (C) = 04H; GO TO 
FALL TIME IN HWRS 

T IF (C)= 03H; GO TO 
FALL TIME IN MINUTES 

JIF (C)= 02H; GO TO 
LOVER VALUE TIME IN 
HOURS 

IF 	(C) = OiI-i; 	GO TO 

]LOVER VALUE TIME IN 
MINUTES OTHERWISE 

GO TO WAVE FROM 
PROGRAM 

GET T1O KEYS PRESSF 
VALUES IN (p1) 
COMPARE WI TH 64 
DECIMAL 

1> b4, THEN GO TO 
ERROR SUBROUTINE 
MULTIPLY , BY 2 
MULTIPLY BY 2 
STORE TO L OC C440H 
GO TO TAKE ANOTHER 
VALUE 

LEBEL (ADDRESS I CQ'ITENTS MNE MO' ICS AND 
OPERANDS 

COMMENTS 

C065 FE 01 
C067 CA 58 Cl 

CO6A C3 25 C2 

TIN: 	C06D OD 
C06E 3A 4F 04 

0071 	FE 40 

C073 CA 74 Cl JZ ERR 
C076 D2 74 Cl JNC ERR 
C079 01 ' RLC 
C07A 07 RLC 
C07B 32 40 C4 STA u440 
C07E 03 1D CO JMP GETINF 

COB]. 00 NOP 
C082 00 NOP 
C083 00 NOP 

CPI 	01 
JZ 	L.V TMM 

J MP 

DRC 

LDA 	C 44FH 

CPI 	40 H 
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L E BEL, P' DGRE SS CON TENTS 	MNEMONICS AND 	COMMENTS 
OPERANDS 

TFNL: 0084 	OD 	 DCR C 	 DECREMENT NO.OF 
INFORMATION REQUIRED 

0(85 	3;"z 4F 04 	LDA 	C44FH 	TEMPORARY L OCA T I C`?~ 
C088 	FE 41 	CPS 41 H 	 COMPARE ?ITH 65D 
C081 	C"a 74 Cl 	JZ 	ERR 	IF > 65D,GO TO ERPWR 
C08D 	D2 74 Cl 	JNC 	ERR 	JSUBROUTINE 
C090 	07 	 RLC 	 MULTIPLY BY 2 
C091 	07 	 RLC 	 MULTIPLY BY 2 
C092 	57 	 MOV D,A 	 S-,VE IN (:J) t~EGL 

0093 	3A 40 C4 	LD,^, 	C44CH 	LOAD INITIAL VALUE 
C096 	57 	 MCN E , A, 	 IN I TIAL VALUE IN E 

RE GR, 
C(. 97 	7A 	 MOV A,D 	 FINAL VALUE IN 

`ACCUMUL A TOR 
C098 	BB 	 CMP E 	 COMPARE FINAL VALUE 

WITH INITIAL 
C099 	CA 74 Cl 	JZ 	ERR 	IF FINAL IS LESS, 

ERROR MESSAGE 
0090 	DA 74 Cl 	JC 	ERR 	IF FINAL EQUALS, 

ERRCR MESSAGE 
C09F 	32 41 C4 	STA 	C441H 	OTHER?fdISE ST(R' 

FINAL VALUE 
COA2 00 	 NOP 

CO A3 	OD 	 DCR C 	 RE DUCE N ON OF IN FF 
MATICN 

COA4 	03 1 D CO 	JMP 	COl DH 	GO TO TAKE AN OTHER 
IN FCRM ;TICK 

00A7 00 	 NOP 

RTMH: COA8 	OD 	 DCR C 	 DECREMENT NO. OF 
INFORMATION REQUIRED 

COA9 	3A 4F 04 	LDA 	C44FH 	LOAD FROM TEMP. 
COAG 	E5 	 PUSH H 	 SAVE (HL) 
COAD 	CD AO Cl. 	CALL 	C1AOH 	MULTIPLY BY 60 

LOBO 	22 44 04 	SHL D 	C444H 	STORE TEMPORARY 

COB3 	El 	 POP H 	 RESTORE H,L 
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L E BEL ADORE S S CCN TENTS 
	

MNEMCNICS AND 
	

COMMMIEN TS 
OPERANDS 

COB4 	C3 1 D CO 	JMP 	GE TIN F GET NEXT IN FORMATIO?\ 

RTMM: 	COB7 OD DCR .0 

COBS 3A 4F C4 L D;\ 	C44FH 
COBB E5 PUSH H 
•COBC :r5 PUSH B 
COBD 2A 44 C4 LHLD 	C444H 

COLO 	4F 
	

MCN C,A  

COCl AF 11 
COC2 47 MCN B,A 
COC3 09 DAD B 

CCC4 CD 80 C4 CALL GUN~'A60 

COC7 3A 40 C4 •L DA C440H 
COCA 47 MOV B ,A 
COCB 3A 41 C4 LDA C441H 
COCE 90 SUB B 
COCF 4F MCN C,,'► 

CODO AF XRA A 
COD1 47 MOV B,A 
COD2 Cl) 50 C3 CALL DIVSN 
CODS 00 N CP 
CODE 29 DAD H 
COD7 29 DAD H 
COD8 22 44 C4 SHLD C444H 
CODC Cl POP B 
CORD. El POP H 

RE DUCE ONE IN FCRM--
A T I O\1 
LOAD FROM TEMP. 
SAVE (H,L) .RECR,PAIR 
SAVE (B,C) REG PAIR. 
LOAD TEMPORARY CCN-
TENT OF MINUTES 
FROM H,L  
TRANSFER MINUTES 
INTO C FROM ACCUMU-
LATOR 
ZERO IN ACCUMULATOR 
TRANSFER INTO B 
ADD BC 1/11 Th HL . HL 
CN TENTS TOTAL MINUT-. 
MULTIPLY WITH 60 TO i 
MAKE SEC(ND 
LOAD IN ITIAL V. ;L' 
TRANSFER INTO B 
LOAD FINAL VALUE (TF) 
A = TF- TO 
TRANSFER INTO C FF. Uv 
A 
CLE*R B 

N'r IN DE RESUL T, IN H,L 
Dr IN BC 

MULTIPLY BY 2 
MULTIPLY BY 2 
STORE (H ,L )CON TENTS 
RESTORE B,C 
RESTORE H,L 
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LE BEL kAE RE SS CCW TENTS MNEMONICS AND 
OPERANDS 	COMMENTS 

CODE C3 10 CO JMP GE TIN F GO TO GET ANOTHER  

• CCE 1 00 NCP INFORMATION 

FV TMH: COE2 . OD DCR C RE DUCE N O'.&OF IN FC 	A- 
i. TI N RE QU IRE D 

CUE 3 3A 4F C4 L DA C44FH LOAD HC.JR VALUE 
TEMPORARILY OILY 

• COE6 E5 PUSH H Jcl SAVE 	(H,L) 
00E7 CD AC Cl CALL C1AOH CONVERT HOURS INTO 

MINUTE MULTIPLYING 
BY 60, 

COEA 22 46 C4 SHL D C446H STORE MINUTES TEI'i- 
PORARILY. 

COED El POP H RESTORE H 
• COEE C3 10 CO JMP' COIDH TAKE ANOTHER INFOR- 

MATION. 
CCF1 00 NOP 

COF2 CO NOP 
• COF3 00 NCP 

FVTNIM :, COF4 OD DCR C REDUCE NO OF INFORM- 
ATICN REQUIRED 

COF5 3A 4F C4 LDA C44FH LOAD MINUTES INTO 
ArCUMUL; :TOR 

COF8 E 5 PUSH H SAVE (H ,L) 
COF9 CS PUSH B SAVE (B,C) 
COFA 2A 46 C4 LHLD C446H LOAD HR3*60 INTO 

• COFD 4F MO \1 C,A TRANSFER INTO C F. 	.' 
COFE AF XRA A CLEAR B 

• CUFF 47 MOV, B ,A 

C100 .09 DAD B (H,L) 	= 	(H,L)+(B,c) 
• CI 01 29 DAD H MUL TIPL Y BY 2 

• C102. 29- . 	... DAD H MULTIPLY BY 2 
C1003 22 46 C4 SHL D 	• C446H 	• STORE THE (HL )CON TENT" 
C106 Cl • POP B RESTGF3.E 	(B) 
C1€7 El POP H RESTORE 	(H) 
C108 C3 1D CO JMP C01DH GET ANOTHER INFORM{- 

TICN 
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LE BEL ,EDRESS CONTENTSMNEMONICS AND 	nI!~IENTS  
OPERANDS 

Cl OB 	CX) 	 NOP 
FTMH: Cl CC 	OD 	 DCIS C 	 DECREMENT NO OF 1 

FMI MA',TICNS ,,EQU IR. .3 
C1 3 

 
3A 4F 04 	LD,'. 	C44FH 	LOAD FROM TEMP 

0110 	E5 	 PUSH H 	 SAVE (H,L) 
Cl l l 	CD '%C Cl 	CALL 	C1ACH . 	MULTIPLY BY 60D 
0114 	22 48 04 	SHLD 	.C448H 	S TORE (H,L) 
C117 	Cl 	 POP H 	 RESTORE (H ,L) 
C118 	C3. 1D CO 	JMP 	CC1DH 	GO TO GET NEXT 

INFORMATION 

F TMM C11 B . CD 	 DC; i C 	 DECREMENT NO OF IN - 
F0RM;kTION REQ11IRBD 

C11C 	3A 4F 04 	LDA 	. C44FH 	LOAD FROM TEMPO 
C11F 	E5 	 PUSH H 	 SAVE (H,L) 
C120 	CZ5 	 PUSH :B 	 SAVE (B,C) 
C121 	2A 48 C4 	LHLD 	C448H 	GET HRS* 60 IN (HL 'I 
0121. 	4F 	MOV C, jib 

0125 	AF 	 Xi; ; A 	 _ 
(H,L) 

C126 	47 	: 	MOt1 B,,", 
 

C127  09  DAD B 

C128 	CD 80 04 	CALL 	GUN;'.60 MUL TIPLY BY 60D 
C12B 	3A 40 C4 	LDA 	C440H 
C12B 	47 	 MCV B,A 
C12F 	3A 41 C4 	LDA 	C441H 	_ 
C132 	90- 	SUB B 	 (e) 	(TF+T) 

C133 	4F 	 MCN C,,, 
C134 	AF 	XR'', A 	

...~ 
C;R (B) 

0135 	7 . 	MOV  

C136 	CD 50 :C3 . CALL 	C350H 	GET DUKj.TION OF EACH 
STEP IN MINS 

C139 00 	NOP 



C13A 
C13B 
C13C 
C13F 
C140 
C141 
C142 

• C145 
C146 

L. V TMH: C148 

C149 

• C14C 
C14D 

• C150 
C153 
C154 

C157 

LVTMM: C15A 
C15B 

Cl 5E 
Cl 5F 
C160 
C163 
C16 4 
C165 
C166 
C167 
C.168 

29 
29 
22 48 C4 
00 
Gl 
E1 
C3 1D CO 

Go 

0000 
OD 

3A 4F C4 

E5 
CD A0 Cl 
22 4A C4 
El 
C. 1D CO 

00 00 00 

CD 
3A 4F C4 

E5 . 
C5 
2A 4A 04 
4F 
AF 
47 

09 
29 
29 

l 
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L E BEL j "'%DC,RESS j CCN TENTS MNEMONICS AND 
OPERANDS 

DAD H 
DADH 
SHL D C448H 
NOP 
POP B 
PCP H 
JMP CO1DH 

NOP 
'NOP NCP 
DCR C 

LDA C44FH 

PUSH H 
GALL Cl,A :̀CH 
SHL D C44t,H 
POP H 
J MP COI DH 

NOP NOP NOP 

DCR C 
LDA C44FH 

PUSH H 
PUSH B 
LHLD C44PH 
MG/ C,A. 
XF 	► 	JAS 

MO/1 B,A 
DAD B 
DAD H 
D; '►D H 

COMNEN TS 

]MULTIPLY BY 4 

STORE (H , L ) 

RESTORE REGS. 

GO TO GET NEXT 
INFORMATION 

DECREMENT NO OF IN --
FcRMATIcN REQUIRED 
(A)=HRS IN LOWER 

VALUE TIME 
S,WE (H ,L ) 
MULTIPLY BY 60D 
STORE HOURS*60 
RES TORE (H ,L ) 
GO TO GET NEXT 
INFO MATION 

(."1) =MIN S IN L 0!tER 
VALUE • TIME 

SAVE REGS 

(H,L)= HRS*60 

(H ,L )=HRS*60'-MINS 

MULTIPLY BY 4 
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LE BEL ADDRESS CU\JTE_NTS 	MNEMG'IICS AND 	CG'I MEN TS 
OPERANDS 

0169 	' °'' 22 4A 04 
C16C C1 
Ci6D E1 

C16E 03 25 C2 

SHL D 	C44AH 
POP B 
POP H 

J MP 	C225H 

STORE (H ,L ) 

RESTORE REGS, 

GO TO NEXT INFORM-
ATI0N 

ERR: 

NEC: 

C171 

C174 
C175 

C176 

Q179 

C17B 
0170 

C17D 

C120 

Cl 21 
C122 
C125 
C126 

C127 
C128 
C129 

C12B 
Cl 2C 

C12F 

C131 
0132 

00 00 00 

E5 
C5 

21 0A C6 

06 1C 

00 
4E 
CD 87 81 

23 
05 
C2 7B Cl 
Cl.  
El 

cc 
7D 
DE 18 
6F 
D2 1D-CO 
C6 FF 

6F 
25 

NOP NOP NOP 
PUSH H 
PUSH B 

LXI H C601H 
MVI B 1C 
NOP 

MOT C,M 
CALL 8187H 
INX H 

DCR B 
JNZ C17BH 
POP B 
POPH 

INR C 
MCV A,L 
531 18H 
MOV L,,%. 
JNC CO1DH 
ADI FF 
MOV L , A 
DCRH 

SAVE RE GS. 

DISPLAY ERROR 
MESSAGE CN CRT 

RESTO E REGS. 

M:\KE NECESSARY 
CORRECTIQ\ TO GET 
CORRECT INFCRMATION 

Cl 33 
	

C3 1DCO 
	J MP 	CO1DH 

	
GO TO GET INFORM;°:TI CN 



4-32 

1:1EBEL ADDRESS r CCN TENTS 	MNEMCN ICS ""ND COMMENTS 

J ____ 0PER,"'NDS 

SETLE : , C470 	OD 	DCR C 	 DECREMENT NO OF IN- 
1' 	 FORMATICN REQUIRED 

C471 	CI} BE Cl 	CALL Cl2D (C1B6H) (A) =SE TTL ING TIME 
C474 	32 42 C4 	STA ; 	C442H STORE SETTLING TIME 
C477 	C3 1D CO 	•JMP 	CO1DH GO TC' GET NEXT 

INFORMATION 

GUNA,60:C480 	00 	NOP 
C481 CO 	NOP 
C482 	29 	1 	DAD H 	 MULTIPLY BY 4 
C483 	29 	DAD H 

C484 	06 CE 	MVI B,, OE 	COPY (H,L) INTO (D,E ) 
C486 	54 	MW D H 
C487 	6B 	MW E ,L 	TO (H ,L) TO GET 
C488 	19 	D,.%D D 	 (H ,L) 15D IN (H ,L ) 
C489 	05 	DCR B 
C48.A 	C2 88 C4 	JNZ 	0488 

C48D 00 	NOP 
C48E 00 	NOP 
C48F 	C9 	RET 	 RETURN TO CALL IN G 

PRO CRAM 

WAVEFORM  GENERATION PROGR."'JA 

LEBEL .,DDRESS JCcNTENTS 	MNEM€NICS AND 	COMIMENTS 
OPE tiANDS 

	

W1`:VFCM:C225 	AF 	XRT: A 	 CLEAR (A) 

	

C226 	32 4C C4 	STA 	C44CH 	CLEAR FL G1 

	

C229 	32 4D C4 	STA 	C44DH 	CLEAR FL G2 
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LEBEL ADDRESS CONTENTS  MNEMONICS AND  COMMENTS 
OPERANDS 

C22C 32 4E 04 	STA 	C44EH 	CLEAR FLG3 
C22F 3A 40 04  LDA  C440H  LOAD INITIAL VALUF 

IN (A) 

C232 D3 48  OUT  48H.  OUTPUT TO DAC 

STLTM: 02.34 OE 3C  MVI C  3CH  (C)= 60D 

C236  3A 42 C4  LDA  C442H  GET SETTLING TI.JME 

C239 FE 1E 	CPI 	.1EH 	< 30, GO TO DELP 
C23B DA 41 C2 	JM/JC DELP 
C23E  79  MOV A I C 	 1(0 )= (C)',,2 

•C23F 07 	 RLC 
C240 4F  MOV C,A 

DELP: 0241 CD 30 C3  CALL  DEL15S CALL 15 SECOND DELAY 

C244 OD  DCR C  DECREMENT COUNT 

C245 02 41 C2 	JNZ 	DELP  SETTLING TIME OVER? 
0248 	3A 40 C4  LDA  C.4<;0H  YES: (A)=INITIAL VALUE 

VALOUT:C2.4B D3 48  OUT  48H  OUTPUT TO DAC 

C24D F5  PUSH  PSW  SAVE VALUE 

C24E 3A 4C C4  LDA  C44CH  IF FLG1 IS ZERO, 
C251 B7  ORA A  GO TO CHANG 

C252 CA 5B C2. 	JZ 	CHANG 

0255 	03 C/=A C2 	JMvMP 	CONST 	OTHERWISE CONSTANT 
C258 00 00 00 	NOP NOP NOP 

CHANG: 0258 3A 4D C4  LDA  C44DH  CHECK FLAG2 

C25E B7 	 ORA A 	 IF IT IS ZERO 
C25F CA 65 C2 	JZ 	RISE 	JUMP TO RISE 
C262 03 97 C2  JPJ`dD  FALL 	OTHERWISE FALL 

RISE: 0265 2f, 44 C4  LHLD  C444H  COUNT CORRESPONDING 
TO RISE TIME 

C268 44  MOV B,H  SAVE (H) IN (B) 

C269  4D  MOV C,L  SAVE (L) IN (C) 
C26A  79  MOV A,C  GET (C) IN (A) 



CRT2: 0276 
C2.77 
C278 

C27B 

C27D 
C27E 

CRTCMP: 0281 
C282 

C283 

C286 

C287 

C28A 
C28B 
C28D 

C290 

C293 

C294 

FALL: 0297 
C29A 
C29B 
C29C 

C29D 

C29E 

78 

B7 

CA 81 02 
OE FF 

05 

C3 6F 02 

F1 

3C 

21 41 C4 
BE 

C2 4B 02 

F5 

3E OF 

32 4D 04 

32 4C C4 

Fl 

03 4B 02 

2A 48 04 
44 

4D 

79 

B7 

CA A8 02 
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LEBEL IADDRESS CONTENTS 	MNEMONICS AND 	CoiVil RENTS 
OPERANDS 

ORA A i IF IT IS ZERO , JUv,P 
JZ CRT2 JTO CRT2 

CALL DLP25S CALL DELAY OF 0. 
SECONDS 

DCR C DECREMENT COUNT 
JNZ CRT 1 IF COUNT >0, JUMP 

TO CRT1 

MOV A , B GET 	(B) 	IN (A) 
ORA A IF (A) IS ZERO JUMP 
JZ CRTCMP TO CRTCIMMMP 
JVNI C FFH (BC) = BC - 1 
DCR B 

JMtP GRT 1 JUMP TO CRT 1 

POP PSW RESTORE VALUE 
INR A INCREMENT STEP 
LXI H 04 41H (A) < TF , JUMP TO 
CMP 1~r1 VALOUT 
JNZ VALOUT 

PUSH PSW SAVE VALUE 
I'MIVI A, OFH • FLG2 
STA C44DH 
STA C44CH SET FLG1 
POP PSW RESTORE VALUE 

JMP VALOUT JUMP TO VALOUT 

LHLD C448H GET COUNT CORRESPON~ 
MOV B ,H DING TO FALL TIME 
MOV C,L  IN 	(BC) 
MOV ;,,C GET LOWER BYTE IN (A) 
ORA A h F ZERO, JUMP TO 

JZ CFT2 JCFT2 

C26B B7 

 

C26C 
 

C,", 76 02 

	

CRT1: C26F 
	

CD 40 03 

C272 OD 

C273 C2 6F 02 
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LEBEL ADDRESS CONTENTS 	1':EMMONICS AND s T COi'E—.NTS  

CFT 10 C2Al CD 40 03 	CALL 	DLP25S CALL 0.25 SECOND 
DE LAY 

C2A4 OD DCR C DECREP'JiE.NT 	LOW ,,i~. 
BYT E 

C2A5 C2 Al C2 JNZ CFT1 IF 	NOT 	ZERO 9 CONTI. '.-J . 

CFT2o 	C2;'AB 78 MOV !s yB CHECK HIGHER BYTE 
C2A9 B7 ORA A JOF FALL TIME 
C2A1'i CA B3 C2 JZ OFT CMP IF ZERO, JUMP TO 

CFTCiv7P%FALL TIT,.2E 
COMPLETE. 

C2AD OE FF MUNI C FFH (BC )= (BC)—1 
C2AF 05 DCR B 

C2BO 03 Al 02 JNIP OFT]. CONTINUE 

CFTCNP_:, C2B3 Fl POP PSW RESTORE VALUE 
C2B414 3D DCR A DECREMENT IT BY 1 
C2B5 21 40 04 LXI H C440H 1 IF ;">>TO, JUMt? TO 
C2B8 BE CMP M VALOUT 
C2B9 C2 4B 02 JNZ VALOUT 
C2BC F5 PUSH PSW ;AVE (A) 
C2BD AF XRA A CLEAR 
C2BE 32 4D C4 STA C44DH I FLG2 
C2C1 3E OF MVI A OFH SET FLG1 
0203 32 4C 04 ST,', C44CH 
0206 Fl POP PSW RESTORE VALUE 

C2C7 C3 4B C2 JMP VALOUT CONTINUE 

CONST: C2CA 3A 4E 04 LDA C44EH TEST FLG3 
C2CD B7 ORA A IF IT IS ZERO 

C2CE CA D4 02 JZ CFVL JUMP CORRESPONDING 
FINAL VALUE CONSTANT 

C2D1 C3 00 C3 TMP CLVL OTHERWISE CORRLESPOIN1- 
DING LOWER VALUE 
CONSTANT 
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LEBEJIADDRESST CONTENTS 	MNEMONICS AND 	COMMENT3 

L L _____ 

OPERANDS 

CFVL: C2D4 2A 46 C4  LHLD  C446H  GET COUNT CORRES- 

C2D7 44 	 MOV B ,H 	 PONDING TO FINAL 
C2D8 4D 	 MOV C , L 	 VALUE IN (BC) 
C2D9 	79 	 MDV A , C 	 GET LO'•~JER BYTE OF 

COUNT IN (A) 

C2DA B7  ORA A  IF ZERO,GO TO CFV2 

C2DB CA E5 02 	JZ 	CFV2 

CFV1: C2DE CD 30 C3 	CALL 	DEL15S CALL 0.25S DELAY 
C2E1 OD  DCR C  DECREMENT LOWER BYTE, 

C2E2 C2 DE 02  JNZ  CFV1  IF NOT ZERO,CONTINUE 

CFV2: C2E5 78 	 MOV A,B 	 CHECK HIGHER BYTE 
C2E6 B7  ORA A  OF FINAL VALUE COUNT, 

IF ZERO, GO TO CFC!,.1P, 
C2E7 CA FO 02 	JZ 	CFCMP 	FINAL VALUE TIME 

COMPLETED 
C2EA OE FF  MVI C  FFH  (BC)= (3c)®1 

C2EC 05  DCR B 

C2ED 	03 DE C2 	Ji\fP 	CFV1 	CONTINUE 

CFCMP: C2FO 

C2F 1 

C2F4 

C2F 6 
C2F9 

C2F; A 
C2FD 

AF 

32 4C C4 

3E OF 

32 4E C4 

F1 

C3 4B 02 
00 00 00 

XR1 { ASA 

STA 	C44CH 
MVI A OFH 
STA 	C44EH 
POP 	PSW 
JMP 	V1ALOUT 
NOP NOP NOP 

CLEAR FLlGl 

SET FLG3 

RESTORE VALUE 

JUMP TO VALOUT 

CLVL: C300 2A 4A C4 
C303 44 

0304 4D 

C305 79 

C306 B7 

C307 CA 11 C3  

LHLD 	C44AH 	GET COUNT CORRES- 
MOV B ,H 	PONDING TO LOWER 
MOV C , L 	VALUE DURAT ION IN 

(BC) 
MOV A,C 	GET LOWER BYTE IN (;") 
ORA A 	1 IF ZERO, JUMP TO 
JZ CLV2 JCLV2 



LEBEL ADDRESS CONTENTS 

CLV1: C30A CD 30 03 

C30D 
030 E 

CLV2e 0311 
C312 
0313 

OD 

C2 OA 03 

78 
B7 
CA 1C C3 

C316 
C318 
C319 

CLCMP: C31C 
C31D 
C 320 
C323 
C324 
C327 

OE FF 
05 
C3 OA 03 

AF 
32 4C 04 
32 4E C4 
Fl 

C3 4B C2 
00 00 00 

-,-37 

MNEMONICS AND 
	

CO :Wt%iE NTS 
OPERANDS 

CALL DEL15S CALL 15 SECONDS 
DELAY 

DCR C DECREMENT LOWER B':::' E 
JNZ CLV1 IF NOT ZERO,CONTINUE 

MOV A,B CHECK HIGHER BYTE OF 
on:. f", LOWER VALUE TIME ,IF 
JZ CLCMP ZERO JUMP TO CLOMP, 

jTIME CO1v1PLETED 
MVI C FFH  
DCR B j(BC)=  (B0)--1 

JMP CLV1 CONTINUE 

XRA 	' CLEAR FLG1 
STl. C44CH 
ST"" C44EH CLEAR FLG3 
POP PSW.'J RESTORE JALUE 
JMP V,`,LOUT CONT INU E 
NOP NOP NOP 
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CHAPTER -- 5 

EXPERIMEI\ITATICN DISCUSSIONS CONCLUSICNS 
AND SUCESTICNS 

5.1 EXPERIMEN TATICN. DISCUSSIONS AND CC\iCLUSICN : 

The details softi,vare developed for the SET POINT 

GENERATOR has been discussed in Chapter --4i The hardware 

software interrection is then tested using .PMO2 MICRO 

DEVELOPMENT SYSTEM a •The block diagram of a experimental 

set up is shown in Fig.5e1. 

Necessary data inputs are then inputed as discussed 

in Chapter — 3. One sample inputs given are as follows:— 

IN I TI AL VALUE (A) 	 _ 

FIN.` VALUE (B) 	 _ 

SET TIME OA IN 15/30 MINUTES = 

RISE TIME (1B) IN HOURS 	= 

AND IN MINUTES 

FINAL CONST. TIME (BC) IN HOURS= 

AND IN MINUTES 	= 

FALL TIME (CD) IN HOURS 	= 

AND IN MINUTES 	= 

LOWER TIME CONST. (DE) IN HOURS. _ 

AND IN MINUTES 	= 

As soon as last two digits are given, program starts to 

execute. 
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PRINTeP (CV-1&o 

FIG-5-1, EXPERIMENTAL SETUP 	-- 
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Sample output printed out in digital multichannel 

recorder is showing in the Appendix—D. 

In this duration we have inputed the necessary 

parameters through ASCII Key board of CRT (VDT-85); 

however in an industrial unit these parameters should be 

inputed by means of BCD thumbwheel switches through 8255 

PPI Chips and multiplexer. Because of the nonavailability 

of thumbwheel switches this portion could not be implemented. 

5.2 FURTHER SUGGESTION: 

This Set Point G2 nerator is for single channel. 

It may be made of multichannel also. Besides, many other 

shapes of cycl9 may be generated by SET POINT GENERATOR. 

Time delay has been simulated through software, 

however if microprocessor has some useful work to perform 

during the time delay period like multi loop feed back 

control of the Environmental Test Chamber then hardware 

interrupt control for time delay using 8253 timer chip 

should be incorporated. 

0 
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APPENDIX  — A 
INTEL 8085A : A BRIEF DESCRIPTION 

A.1 SPECIAL FEATURES 

8085A is a single chip, N—Channel 

Central processing unit, having following features. 

1. Single +5V supply. 
2. 1.00/ software compatibility with 8080A. 
3. 1.3 us instruction cycle. 
4. On chip clockenerator (with external crystal, 

LC or RC network). 

5. On chip system controller, advanced cycle status 
information available for large system control. 

6. Four vectored interrupt inputs (one is non—maskable) 
plus an 8080A compatible interrupt. 

7. Serial IN./OUT ports. 
8. Decimal, binary and double precision arithematic. 
9. Direct addressing. capability to 64K bytes of memory. 

A.2 FUNCTIONAL BLOCK DIAGRAM AND PINOUT DIAGRAM 

Functional block diagram of internal architecture. of 
8080A is shown in Fig.A—l. The pin configuration of 8080A 
and logic representation are shown in Fig.A-2 and Fig.A-3 
respectively. 
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," ;PPENDIX—B 

PCB F.DM COTJN CTOR CCNNFCTIQ' S 

The PCB edge corms ctor is as per STD BUS. 

The STD BUS pin out is organised into four functional 

groups :— 

# Dual Power Buses 	: Pins 1-6 and 53-56. 
Data Bus 	 ;.Pins 7-14 

* ,ddr-ss Bus 	 Pins 15-30 
• Control Bus 	 Pins 31-52, 

The organisation and pinouts are shown in Table B--1 
and B--2. This table lists the mnemonic function and signal 

flow direction (referenced to the processor card in control 

of the Bus) for ach pin of the STD BUS. The STD BUS is 

further defined as requiring a. 56—pin (dual 28) card edge 

connector, with 0.125 in. Pin contez. Connectors arc on a 

spacing intorval of 0-5 in centers minimum; and they 

accept the standard 4, 5x6.5x0, 062 in card. 

TABLE B—i : STD BUS PINOUTS WITH SIGNAL FLO!") 
REFERENCED .TO THE PROCESSOR C.,%11D 

CCMPcNENT SIDE 

PIN 	N 4EMCNIC SIC IAL 	DESCRIPTICN 

LOGIC 1 +5VDC In Logic Power (bussed) 
POWER 3 GND In Logic Ground (bussed) 
BUS 5 VBB In Logic Bias 1 (-5V) 

Di'Xt 7 D3 In/Out Low—Order D<ato Bus 
BUS 9 E2 In/Out Low—Order Date Bus 

11 Dl In/Out Low -Order Data Bus 
13 DO In/Out Low—Order Data Bus 



P7 MNEM+CNIC SIGNAL DESCRIPTION 

ADDRESS 	15 A7 Out L ow—Order Add t,,Ciss Bus 
BUS 	17 A6 Out Low—Order Address Bus 

19 A5 Out Low—Order Address Bus 
21 j%4 Out Low—Ordor ,%ddro s s Bus 
23 A3 Out Low—Order Address Bus 
25 ,',2 Out Low—Order Address Bus 
27 Al Out Low—Order Addr ,ss Bus 
29 ,`,0 Out Low—Order Address Bus 
31 ii i* Out Write to Memory or I/O 
33 ICRQ* Out I/O Address Select 
35 10EXP In/Out I/O Expansion 
37 REFRESH* Out Refresh Timing 
39 STATUSI* Out CPU Status 

CG TT.OL 	41 BUSA'LK* Out Bus Acknowledge 
BUS 	43 INT;1K* Out Interrupt Acknowledge 

45 WAITR0* 	. In "fait RegL st 
47 1zYSRESET* Out System Reset 
49 CL.~C,CK* Out Clock Pr!~ce s sor 
51 PCO Out Priority Chin Out 

,~tJXTT.T 	53 ADX In AUX Ground (Bussed) 
ARY 	55 
POR 	 .'.UX+V 	In 	AUX Positive (+3.2V DC) 

BUS 

a 



TABLE B•-2: STD BUS PIN CUTS WITH SIGNAL 
FLO1 REFEPLENCED TO THE 
PROCESSORCRD 

C~, I ..R.. C, U. I 	T S IDE E 

PI'S MNEMONIC Si GAL DESCRIPTION 
x01,11 

LOGIC  2  ±-5VDC In Logic Power (Bussed) 
PO"kER 4 CHID In Logic Ground. 	(Bussed) 
BUS 6 VB8 2 In Logic Bias 	2(-5V) 

u\T.,; S. D7 In/Out lligh-Order Data Bus 
BUS 10 D6 In/Out High-Order Data Bus 

12 D5 In/Out High-Order D-t 	Bus 
14 D4 In/Out High-Order Data Bus 

ADDRESS 16 A15 Out High-Order Address Bus 
BUS 18 A14 Out High-Order Address Bus 

20 .til? Out High-Order 	ddrc: ss Bus 
22 Al2 Out High-Order Ad,clross Bus 
24 i11 Out High-Order Adc'.ross Bus 
26 Al0 Out High-Order Ad ..r„ss Bus 
28 ,19 Out Hirth-Orclor Address Bus 
30 Out High-Order Address Bus 

CU4Ilrcu. 32 RD Out Read Memory or I/O 
BUS 34 MEMRQ* Out Memory Address Select 

36 MEMEX* In/Out Memory expansion 
38 MCSYNC* Out CPU Machine Cycle Sync. 
40 STATUSO' Out CPU Status 
42 BUSRQ* In BUS request 
44 INTRQ* In Interrupt request 
46 NMIRQ In Nonmaskable 	.ntcrrupt. 
48 PFRESET* In Push-Button Reset 
50 CN TR L* In AUX Timing 
52 PCI In Priority Chain 	n 



PIN MNEMENIC SIC\IAL DESCRIPTICTI 
FLOW 

AUXILI- 54 	AUXG' D In 	AUX Ground (Bussed) 
ARY 	56 	AUX-V 	In 	AUX Negative (-12V DC) 
POVER 
BUS 

~18 119 S 
B.1 	STD BUS 

	,. 	... 	,.1 , . ,..~. 
O 

STD means simple-to-debug, simple-to-develop and 

swift-to-deliver. It is also an abbreviation for the word 

standard, as it is the microprocessor system bus adopted 

as a standard by Pro-Log, MOSTEC and others. 

The bus has four sections : power distribution, 

an eight-bit bidirectional Data Bus, a 16-bit Address Bus 

and a Control Bus. All data and address lines are tri-

state buffered. Control lines include controls for memory 

and I/O bus access, interrupts, and lines for CPU actions. 

Power consists of +5 volts for logic and +12 volts for 

auxiliary power. 

B.2 PO1R DISTRIBUTION : 

The STD Bus contains a logic power Bus, Data Bus, 

Address Bus, Control Bus and Analog Power Bus. The 

principle logic Power Supply is +5 volts. "duo bused pin 

pairs are provided at one card edge to allow both ample 

contact area and sufficient width. At the opposite end of 

the connector, single opposed pins supply +12 volts. This 



supplies the twenty-four volts likely to be needed for 

analog interface and industrial controls. Next in from 

the card edge, at each end, are bused ground lines. Pins 

three and four are bused to provide logic ground and pins 

fifty-three and fifty-four are bused to provide auxiliary 

ground. A second logic voltage (-5 volts DC) is provided 

at pins five and six. This source could provide a substrate 

voltage for dynamic memories. 

B.3  D4 \ Tl► BUS : 

All compatible functions are grouped together 

on the Bus connectors. The data bus is bidirectional and 

uses pins 7 and 14. Data lines are interfaced using tri-

state buffer drivers. 

B.4 ADDRESS BUS : 

The next sixteen pins, pins 15 through 30, 

provide a sixteen lines address bus. The lower order 

sight address lines are odd numbered pins and the higher 

address lines are on even numbered pins. A with the Data 

Bus, all connections to tethe Address Bus are through 

tri-state buffer drivers. 

B.5  CcN TROL BUS : 

Pins 31 and 32 provide write and read commands 

respectively. These signals are ANDed with the memory 

request on pin 34 to address memory or the I/O request 



B-n 
on pin 33 to address Input or Output. Pins 35 and 36 

provide and I/O and memory expansion capability. Expansion 

may be implemented in line as a 17th bit to be decoded or 

each memory card. A processor card on board port with an 

output latch could be used to select the upper or lower bank 

of memory. The I/O expansion line allows a subroutine using 

absolute I/O port addresses t" be applied to more than 

one set of I/O devices by simply swapping banks. Pin 37 

provides refresh timing information for dynamix memories. 

The Z80 microprocessor has a refresh register on the CPU 

chip; in other systems, the refresh address counter would 

be implemented separately on the processor card or other 

auxiliary card. 

Pins 42 and 41 provide a bus request and bus 

acknowledge allowing secondary controllers access to data 

and address buses. The set of signals is necessary for 

implementation Of direct memory access (DMA) operations 

and facilities multi—processing. 

Pins 44 and 43, interrupt request and interrupt 

acknowledge, provide a means for implementing a fixed 

priority interrupt scheme such as. the 8G80 microprocessor 

set. 

Used with the non—masking interrupt signals 

(Pin 46). One level of priority interrupt is provided. 

Vectoring (e.g., by placing an 8080 Restart instructions 
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on pin 33 to address Input or Output. Pins 35 and 36 

provide and I/O and memory expansion capability. Expansion 

:nay be implemented in line as a 17th bit to be decoded o_: 

each memory card. A processor card on board port with an 

output latch could be used to. select the upper - or lower bank 

of memory. The I/O expansion line allows a subroutine using 

absolute I/O port addresses to be applied to more than 

one set of I/O devices by simply swapping banks. Pin 37 

provides refresh timing information for dynamix memories. 

The Z80 microprocessor has a refresh register on the CPU 

chip; in other systems, the refresh address counter would 

be implemented separately on the processor card or other 
auxiliary card. 

Pins 42 and 41 provide a bus request and bus 

acknowledge allowing secondary controllers access to data 

and address buses. The set of signals is necessary for 

implementation cf direct memory access (DMA) operations 

and facilities multi—processing. 

Pins 44 and 43, interrupt request and interrupt 

acknowledge, provide a means for implementing a fixed 

priority interrupt scheme such as the 8Gr~O microprocessor. 
sot. 

Used with the non—masking interrupt signals 

(Pin 46). One level of priority interrupt is provided, 

Vectoring (e.g., by placing an 8080 Restart instructions 



on the data bus at interrupt acknowledge time) would he 

required for further interrupt expansion. The non— 

ma.sk^ble interrupt also provides for a power fa it u' o 

interrupt. Pins 51 and 52 used in conjunction, provide 

for a daisy—chain. Priority is established by physically 

positioning the highest priority card to the right of the 

next highest and so on. Priority i/0 operations, interrupt 

driven applications and possible implementation of multi-

processors are served by these two lines. 

Machine Cycle Syno. pin 38 is a three state active 

low processor output signal that occurs once during each 

processor machine cycle. A machine cycle is defined as the 

sequence that involves addressing, data tr,.nsfer and 

execution. Machine Cycle sync. defines th0 beginning of 

the machine cycle. The exact nature and timing of this 

signal is microprocessor dependent. Status 1, pin 39, end 

status 0, pin 40, provide timing information related to 

speci:.l machine cycle operations. '''here specificn1ly avail-

able, status is considered to be a signal to identify 

instruction fetch. Wait Request, pin 45, is an active 

low input line to the processor that suspends processor 

operations as long as it remains during the wait. The wait, 

request allows aslow acess time devices to be used on the 

same bus as a faster processor. 

System Reset, Pin 47, provides a debounced reset 



System Reset, Pin 479, provides a debounces' reset 

signal to all cards in the system requiring initial. system 

re—setting. Pin 48, Push Sutton Reset, allows the source 

of the reset condition to be other than the processor 

card; it provides an active low input line to the system 

reset circuit. Pin 49 provides a buffered processor dock 

signal used for system synchornisation or as a general 

clock source. Pin 50 provides a circuit for 	auxiliary 

clock timing. It may be a multiple of the processor clock 

signal or a real time clock signal. It allows slow speed 

devices to use a common clock. 
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r 	 } 

SOFT'VARE DEMAND DESCRIPTION 

I 	MONITOR COMMAND GROUP 

1.1 	Break Point Command - BP 

FORMAT : 	BP CR 
BREAK .ADR/NAME XXXX CR 
PROG. SDR/NAME XXXX J6 AF JS BC $ DB $ HL 

or 	 PROG AUR/N.\ME XXXX CR. 

1.2 	Break Point Restore — BR : 

FORMAT - : 	'BR' Cly 

1.3 Move Memory Commands — MM : 

FORMAT AT AM CR 
MFM ADR 	'START ING'  , 'ENDING' CR 
TOP ADH. X X X X 	CR  
BOT ADR X X X X. 	C 
MEM DR NNNN 	NNNN 

.4 memory Compare Command NIC 

FORMAT : MC CRI 
MEM ADR 
01 'STARTING',  ' ENDINc:' , C3 
0.2 'STARTING' CA 
DONE if successfuly 
"'SDA (?NT ENT 	ADR CONTENT 
(First Block) 	(Second Block) Cil/ESCL 



C-2 
1.5 Memory Fill  T 

FORMAT MF C~ 
i\4EM ADi' XXXX, XXXX CR 
FILL JJI T H XX Ci . 
DONE IF SUCCESSFUL 
I},Dh; CONTENT (if unsuccessful) Cis/ESC 

	

1.6 	Go to user program command — CO 

FO FMAT : 	CO Cil 
PROG ADR/NAME XXXX J6 / CR 

1.7 Input and substitute command — IP 

FORMAT : IP CR 
RAM ADR ' ST:',i TI NG ADR' CR 
NNNN XXXXXX $ NN — XX NN—XXXX 

NNNN — XXXXXX CI-i 
NNNN 	NN—XXXXXX 	Nt,IN;s—Y.:'. J6 NNNNNN — XX 

	

1.8 	Input Data—ID 

FO 1 iAT : 	ID CR 
RAM ADR STARTING ADi. Ci: 
NNNN NN — }ANN — jSNN --.$NN — CR 
NNNN NN—$NN —$NN —$NN—$iN1N—$ 
NN — 0 NN — CI; 
NNNN 0 NN — XX $ NN — XX ESC 

	

1.9 	Go to subroutine command — GS : 

FORMAT  : GS CR 
SUBR ADR/NAME 'XXXX $ AF—XXXX $ BC—XXXX $ 
DE—XXXX $ HL—XXXX CFt 

o r 	SJBR ADR/NAME 'XXXX' CR. 
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1.10 Tape write — TWWW 

FO1vvV,i : 	T W C 
NO OF BLOCKS X On. 
BLOCK PDR 
01 XXXX, XXXX Cry 
02 XXXX, XXXX Cit 

1.11 j:ead from Tape — TR 

FORMAT : TR CR 

Offset adr XXXX CR 

1.12 Display Pr2ram — DP 

• FOR ,4AT : 	DP CR 
PROG ADR 'Starting Adr' , 'End Adr' CR 
NNNN XX CR 
NNNN XX XX XX CR 	Binary expansion 
NNNN XX XX ESC 

	

2. 	PROGRAM RELOCATION COi vlANDS 

	

2.1 	RL — Relocate the Pro ram : 

FORMAT : 	RL CA 
POG ADR ' STARTING ADR', ' ENDING ADR' CA 
iELO C ADR 'XXXX' CA 
RELOC ADR 'NNNN', 'NN NN' 

	

2.2 	RE — Relocate external program commands 

FOPJvIAT : 	RE. CR 

PROG 'STARTING', 'ENDING' Cd 
RAM ADA 'XXX Cd 
REV RRELOC TO NNNN, NNNN. 
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2.3 RR - Relocate  Reverse Command 

FORMAT : 	Rid CR 
POG ADR 'STARTING',  'ENDING' CR 
REV RELOC TO 'XXXX' Ci; 
REV RELOC TO NNNN, NNNN 

2.4 ST - Shift Command 	: 

FORMAT : 	ST CR 
PRO  ADR 'ST A RTI NG  ADl-i', 'ENDING ADR' C;i. 
SHIFT ADd 'FIRST  ADd' , ' Si COND iiDi ' C i 
P RO G ADR NNNN, NNNN 

2,5 	RK - Relocate and  link command 	: 

FORMAT : 	itiK CRI 
NO OF BLOCK X Cif 
BLOCK ADR 
01 $ ' ST ART ' , 'END.' CI' 

 

02 $ 'START', 'END' Cit 
RAM ADR XXXX CR 
PdOG ADR NNNN, NNNN 
BLOCK ADR 
X 	'NNNN',  NN NN 

2.6  BM - Relocate Multiprogram command 

FORMAT : 	IIM Cii 
NO OF BLOCKS 'X' CR 
BLOCK ADd 
01 'START', 'END' CR 
02 'START', ' ENDt , Cit 
RELOC ADd 
01 'XXXX' Cil 
02 'XXXX' CR 
BLOCK ADR 
X b jd NNNN, NNNN 
X $ NNNN, NNNN 
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2.7 CA R- Code modification ^Lith add resscrini commandand 
2.8 	CM - Code modification 

• 
FORMAT : 	C,^, Ca (or CSM CR) 

PiLCG ADR 'STARTING',  ' ENDIN'NG' Cit 
OLD CODE XX ,Y XX XX CR. 
NEW CODE XX J5 XX XX CR. 
NNNN (Adr print for CA Only) 

2.9 Mie, -- Modify adi. command OR 

2.10 MP - MModif Cdr. and Print Command 

FG I PN 	T 	Iv2!', Ca 	(o r MP CR) 
ROG AD. 	' ST:, iTING' , 	t EM;)ING' 	CR 

CODE XX, XX, -----, XX Cis 
OLS) ADIi XXXX, XXXX CR R 
N EW ADR XXXX, Cit 

NEW A.iR NNNN NNNN 

;~~~~t FOUR i~«' QONLY 

3• 	DE ASSEMBLEIL ~)1,0 it;dVii J:.CUMEN\ ';TION GR OU 

3.1 	LS— List Command without comments) : 

F;  IAT 	L S CF 
USER NNAE 'Programmer's name' CR 

RC  NI'JviE 'Pro gram name' CSI 
IN 'Inputs to program' CR 
CUT 'Outputs from program' Cit 

3.2 LA — List ASC—II data : 

FOi:M„T 	LA Ci? 	,`,GE 	?. 
DATA/LINE 'X' CP► 
ASCII DATA ADR 'STARTING' , ' ENDING CR 
J 1\,, U 	'JI VLl.. 	J.  

LIST 	)F: 'ST Ri T IN G'  
1";~)it CODE 'F CIHAii MCTEii CHi xt. ,,CTER 
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3.3 	LD - List Data Command : 

F0 , 4AT : 	LD CR 
DATA',/LINE 'X CR 
DATA ADR ' STARTING', ' EJ?DING1  CR 

• PROD NAME 'PROGRAt 	TI,;:.; E' CR 
LIST ADR 'ST ;",RTIINN?C1  CR 

3.4 CVComment Ent l on VDU 

POF v1AT : 	CV CR 
P ROG ADR 'STARTING ' , 'ENDING CR 
LIST ;', R X).AX CR 

3.5 CT - Comment En try  on TTY 

FORMAT : 	CT CR 
PROG f,DR ' ST :̀ ,RTI NNJG' , 'ENDING' OR 
LI ST ADR XXXX CR 

The information is displayed in following format : 

",DR * CODE * COAMM NT ENTRY 

	

3.6 	LC - List with Comments : 

This command is similar. to LS command in all respect, 
except that it prints the comments which were entered 
through CV/CT command. 

3.7 LV - ListPROGON VDU : 

FOR v,U,T : 	LV CR 
PROG ADR 'STARTING', ' LN: ING' CR 
LIST '-,Di 'STARTING' CR 
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3..8 AV — List AS CII Data Command 

FORMAT 	AV CR 

DATA/LINE 'X' CR 
ASCII DATA', ADR '.START ING r , r SND IN,G- ! CR 
ADR CHARA',CT EP► -- 	LYES CH,ACT ER 

3,9 DV — List Data on VDU 

FORMAT 	DV CR 
DATA/LINE 'Xt, CA 
DATA ADR ' STARTING1 , 'ENDING  CR 

4. PROM PROGR^1 MING GROUP : 

4.1 PE — PROM Empty Test Command : 

FOBMAT_ 	PR CR 
•DONE if successful 

ADR CONT ENT (if unsuccessfuly/waits 
for further. check) . 

4.2 PL — List PROM Command' 	 • 

FORMAT 	: PL CR 
ROM ADR 'STARTING',  'ENDING' CR 

4.3 PM — PROM and Memory Compare Command : 

FORMAT 	: PM CR 
1AE.M ADR 'STARTING', 'ENDING', CIS 
ROM ADR ' XXXX' CR 
DONE if successful 
ADR CONT ENT 	 ADA CONT ENT 
(of the PROM)  (of the memory) 



4.4 PIS - PROM read into R,./Jvi Command : 

FORMAT 	: PR CR 
ROM ADR ' STt,PTI NG' , 'ENDING' CR 
RAM ADR 'XXXX' CR 
END ADR NNNN 

4.5 PT - PROM Test Command : 

FORMAT 	PT CR 
ROM ADR 'STARTING', TENDING? CR 
MIP WITH 'XX' CR 
DONE if successful 
ADR CONTENT if unsuccessful CR. 

4.6 PP - PROM Programming 

FORMAT 	: 	PP Cry 
PROGRAMMING NNNN CR 
MEM ADR 'STARTING', 'ENDING' CR 
ROM ADR 'XXXX' CR 
DONE if successful 
,ADR CONT ENT 	 ADR CONTENT 
(of PROM) 	 (of MEM) 

5. ASSEMBLER GROUP : 

5.1 AS Assemble P ROG (NEWj 

ASSEMBLER 

FORMAT AS Ca 
M ADR XXXX 

NNNN Mnemonic S g1-Operand label. A-adr label C. 
NNNN 



NNNN END $ 
PRUG ADR  NNNN  NNNN 
DEFINE OPERAND LABEL 
(LABEL) XXXX_CR 
LIBEL)  XXXX CR 

LABEL  ADR NNNN.  NNNN 
NO OF  LABEL  NN 

5.2 RG- Restart 	: 

FORMAT : RG CFS 

MM ADR XXXX $ 

NNNN Mnemonic $ 0- operand label $ 1-adr.label $ 

5.3 AI- Assembler Intermediate 

While entering a long program, if you want to inter-

mediately stop the entry of program this can be achieved 

by giving ENDI pseudo command. The system will not 
ask for any definition of the operand labels. When you 

want to restart the entry of program, from the place 

(address) you have left, the Al Command should be used. 

5.4 LD - Label D i spa  : 

FORMAT : LD CR 
LABEL NO XX CR 
The following is the format displayed 

NO LABEL ADR 
NN NNNNNN NNNN CR 
NN NNNNNN NNNN ESC 

C-9 
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,5.5 Label Information-LX 

FORMAT : 	LX CI 
LABEL ADR NNNN NNNN 
NO OF LABEL NN 

5.6 LN - Label Number and Address 

FORMAT : 	LN Cil 
L!,BEL N1"RE - X::XX,J: CR 
;;dr No. 
NNNN NN. 
LABEL NINE ESC. 

5.7 LM- Label Modify : 

FORMAT : 	LM CR 
LABEL NO -- XX CR 
NO LABEL A1DR 
XX XXXXXX XXXX CR 
LABEL NO -- ESC 

5.8 LE : Label Equate 

FORMAT : 	LE CR 
LAB EL NO XX CIS 
NO LABEL ADI3 
NN XXXXXX XXXX CR 
NN XXXXXX XXXX 

5.9 	LR, -Label Remove : 

FORMAT : 	Lii CR 
LABEL NO XX Cii  



5.10 LL — List Label : 

FO iWd : 	LL CR 
Label No XX CR 	 PAGE XXCR 
N0. OF LABEL XX CR 
CR 
LABEL NO XX Ca 
NO OF LABEL Cis 
LABEL NO XX CR 

5.11 LP — Label Program  : 

FORMAT 	LP CR 
PROG ADR 'STARTING',  'EN ING' 'ADR' CR 
PROG NAME XXXX CR 
SUB 1* NAME XXXX Oil  

5.12 XR — Cross Ref. : 

FORMAT : 	XR CIS 
Pi*OG AD 11. 'STARTING' , 'END I NG  I CR 
LABEL NAME/ADR XXXX Cis 
NNNNNN NNNN 

5.13 XL — Lab41 Cross Ref. List 

FORMAT : 	XL CR 
PAGE XXCPi 

PROG ADR 'STARTING',  'ENO' CRR 
NNNNNN NNNN 

NNNN NNNN ------- NNNN 

NNNNNN NNNN 
NNNN NNNN -------- NNNN 



C-1 2 

NNNN 
	

NNNN 
NNNN NNNN — — — NNNN 
NNNN NNNN — — — NNNN. 

(till the end of the address label table), 

5.14 ilA-- Relocate  the Assembled Pro ram : 

FORMAT : 	RA CR 
POG ti PI (STARTING) , (ENDING) CR. 
RELOC /`SJR XXXX on 
RELOC ADR NNNN, NNNN 

5.15 AReverse Relocate Assembled Pro_grram : 

FORMAT : 	,,R CR 
RC 	i (ST,",PJING), (ENDING) CR 

REV RRELOC TO XXXX CR 

REV RELOC TO NNNN, NNNN 

5.16 SA — Shift the Assembled Program : 

FORMAT : 	SA CR 
PROG 	 (STARTING), (ENDING) CR 
SHIFT A )R (FROM) (TO) CR 
P ZOG AD1  t NNNN, NNNN 

5.17 ER — Relocate External Assembled Program : 

FORMAT : 	ER CR 
PROG ADR ' STARTING', ' EI\E I JG' CR 
RFLOC ^J)R XXXX CR 	_ 

REV iHELOC TO NNNN, NNNN 
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6. 	PSEUDO 0QMIv \,NDS 

	

6.1 	DA 	Data ASCII : 

FO[WAT : 	NNNN DA 	STRING OF l,SCII CH',R;,CTERS 
esc. SA - Address Labe]. 

6.2 DB = DataoByte 

FORMAT 	NNNN DB XX, XX, XX, XX, 	A - Address 
label Jb 

6.3 DS - Data Storage 

FORMAT : 	DS XX 	A -- Address Label 

6.4 DW - Data Word 

FOflMAT : 	NNNN DW j5 XXXX, XXXX, XXXX, $ L, - Address 
label 

	

6.5 	END - End of Assembly  

FORMAT : 	NNNNt  END $ 
' :OG IDR (STARTING).,  (ENDING) 
DEFNINING OPERAND LABEL 

(OPLABEL)XXXX CR 
(OPL; ABEL )XXXX Ca. 

(DPLABEL) XXXX CR 
LABEL ADR NNNN, NNNN 
NO OF LABEL NN 
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6.6 	GB - Back in the Program : 

FOPMAT : 	NN NN GB ~6 
itAM ADR XXXX }6 
NNNN 

6.7 ENDI -End of Assembly Intermediate : 

FO?ivM4'\T : 	NNNN ENDI $  
PROG ADR NNNN, NNNN 
OPERAND LABEL AREA NNNN,, NNNN 
ADR LABEL NNNN, NNNN 

NO OF LABEL NN. 

	

7. 	MISCELLANEOUS COMMANDS : 

	

7.1 	DH - Decimal to hex conversion : 

FORMATT : 	D - XXXXX H - NNNN D - 

7.2 HA - Hex arithmatic command 

FOflMAT :  A XXXX B XXXX $ A+B = NNNN 

A-B - NNNN. 

7.3 HD - Hex to decimal conversion command : 

FORMAT :  H - XXXX D- NNNN H - 

7.4 QHH - Octal to hex conversion : 

FORMAT : 	A - XXXX 	H -- NNNN 0 - 
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APPENDIX—D 

MUL TI—CH;'uNNEL RECORDER 

D-1 IN TRODUCTION 

The TR2721A Multi—Channel Digital Recorder is a 

compact, multi—purpose, high performance data recorder, 

It measures temperatures, DC voltages, or 

converter outputs of up to 12 channels (24 channels with 

channel extender) at a preset time interval and rocords 

the measured results on a built—in thermal printer. The 

measurement time and channel number are printed along 

with the measured result. 

D-2 FEATURES 

[i] Easy—to—use handy type 

The TR2721A is a handy type that can be easily 

carried anywhere. Simple panel design permits 

immediate use even by beginners. 

[2] ny desired channel can be monitored. 

Monitor function permits repeated measurement 

of any desired channel without regard to the 

last channel. This function is extremely 

effective in temperature distribution measure-

mont; especially temperature monitoring of 

important points. 

[3] Ten standard ranges, including percentage (/) 

scaling JIS T(cC), J(IC), E(CRC), K(C„), /ND 
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R(PR) thermocouple temperature measure lent, plus 

+200 mV, ±2 V, and 1 V to 5 V DC voltage me asure-

ment are available. 

Scaling function c~peble of displaying and 

printing 1 .V to 5 V convertor outputs (4 mA to 

20 mA by inserting a 250 resistance) as per-

centage (0 to 10(/) is convenient in measuring 

process amount in the industrial instrumentation 

f i ld. 

[4] Temperature and voltage, difference measuring function 

Difference function measures the temperature of DC 

voltage difference between each measurement channel 

and input channel 01. This function is extremely 

effective when performed for a temperature rise test 

( temp✓  rature difference from room temperature) of 

electric=al home appliances such as refrigerators, 

televisions, stereo sets, etc., temperature 

difference measurement between the inlet end outlet 

of air conditioners and thermal converters, and 

in voltage difference measurement of electronic 

parts and, circuits relative to a reference value. 

Simultaneous displayin4. and printing of tho result 

eliminates troublesome data recording. 

[5] Trend printing mode indic.at; s changes in the data 

of each channel with time at a glance 
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The TR2721A has a NORMS , printing mode convenient 

in checking the value and distribution of tempera-

tures and voltages from channel 01 to a preset 

last chann^ l and a TREND printing mode that 

indicates the changes in each measurement point 

with time. 

The printed result can be directly use(' as 

supplemental data 
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