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. Abstract . v

A LOW COST TOUCH K_'EVBOABD CRT TERMINAL

A_CRTstermlnal has become the most- 1mportant computer ‘
perlpheral. Belng totally electronlc, thls 1nstrument has e L
lower fallure rate ‘as compared to ‘the prlntlng termlnals llkeﬁ
?teleprlnter and saveu on statlonery. The microcomputer has_
;taken“a central_plaee in all types of instrumentation where
it se;ves the need for all types of oontrols'qnd data
acquisition. The CRT terminal is utilized for the purpose
.of data/program entry and dmta presentatlon. The modern —
LSI'S have made realisation of advanced features in the CRT
terminals a simple affair. ‘The cost of these terminals has
talso gone down in the recent past. However, the price of a
CRT terminal is still guite high in the Indian market. The
need for a large number of CRT terminals has inspired the
Eauthors to design a functional CRT te rmlnal at a low-coet
A CRT terminal based on the components ea511y avallablo 1n
the 1oca1 market; and that uses an ordlnary TV recelver-as
-vthe display dev1ce, has been descrlbod in this document. It-
has been an ondeqvour of . thL authors that thls document
should serve as the base meterlal for the ba81c understandlng
of the CRT termlnals, as well as, have sufficient detalls to

&
:

enable an average reader to fabricate his own.
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;Inventiognof mlcroprooessors has r@volutlenallzbd ﬁhnfi‘,

‘g;field pf computers and electronlos.~ Small computens havo W

VQVbeen avanlable to the average user at a oost_of a8 low as

Ihe‘e used am average TV reeelvenﬁasAtho dlsplay

thls product 1s on the decllne in the west and manuﬁaoturosf ‘
have shifted thelr attention to oostller products.’ Indlaﬂ |
seene is very bleak even now and a few personal computers
which are avallable in the Indian market cost anywhnre

'u&bOVe m )iOOO/WQ

The FHT Loz nihals arc not very differc nt in ;ntk*nal ’
01r§u1try from peyoonal Qomputﬁrs X tholl cost should

tth~p=fo;e Lp Just the sum of tbe cost of & TV and a pprsonal

:qcomputer barring the ones w1th advanced ff-fux '8

E a " l@.-w'i'ﬁ’!@..st fu;ns:tiofrial;.s R te r'mi,nal ol n’i'?‘ﬁ e

'_fto Rs 35 ooo/— ‘

termlnal of average performance would be aoceptable. Keeping
tkhis area in mind a cost effeotlve CRT terminal has beeh

designed ard which 15 desortped in the follow1ng pages.-



2. Design

The block diagrém of theatouch switéh términal has been
‘given in Fig.1. The CRT terminal- consists of‘tgree major.parts;

1. Keyboard,

2. Display

3. Control
The keybqard should have about 60 keys for slpha-numeric and
cqhtrol characters and is, due to the mechanical ﬁature of
keyQSWitches, to the most failure prone section. A hew touch
switchﬁtype keyboard has been deéigned which relies on the skin
resistance of the operators fingers for the contact closure and
thus does not have any moving part at all. The deéign bf the
keyboard»has been described adequate1y elseWhere1,_

The Display: Ordinary 12" TV veceiver is the most cost effective

display device available today and, if the video signal is
connected directly to the video amplifier, it can displayléh‘to
80 characters per‘line,A Quite a fewltypés of wvideo display
generator ICs are available in the market, but ﬁhey are still
very costly, costing around Rs.200/-. A désign published
earlier® has been chosen for the display controller which has
the advantage of_usiﬁg readily available medium scale integrated
circuits. Howevér9 it limits the programmability of the present
design to 40 x 24 or 80 x 2% format of alpha-numeric characters.

| !
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Control: A 8085A based microcomputer has been ﬁéed for this
control function. Keyboard and band rate selection switches
are connected to ports and the video display board i1s conne-

cted to the microprocessor bus.

-3+ Video Display Generator

The popular format for alpha-numeric displays is of 24
rows of 40 or 80 columns. Here it is worth noticing that
Athe coverage text on Quartorsize paper (regular sunlit bond
paper) consists of about 24 ~ 26 rows of 60-64 characters.:
The terminal described here can display 24 rows of 40 or 80
columns. |

- The video display generator has been designed to inter-
face to TV receivers conforming to CCIR-B standard. Salient

features of the system relevant to the design have been given'

‘belows
Horizontal scan frequency 15625 Hz
Frame Rate o 50 Hz
No. of lines per field - 625
Active line period 52}1sec
Horizontal sync pulse width - | 4 sec

It may be noted that the above standard\utilizesvinter—
inced scanning and therefore each frame consistg of only

312.5 1ines,_ However, the video display_intepface has been



 designed for noninterlaced operatioﬁ and each frame consists
of}32o linés,b The number chosen here 1s very close to that

used ianV broadcasting and anj slight deviation in vertical |
scan frequency“will be taken care.of by synchronigation ' %

circuits in the TV receivers. o o

During thé vertical retrace quite a few horizontal iineg '
are blanked and the avcrage TV receiver has ‘some overscan to;
take -care éf”component mismatch in production and, or degra-
dation with time. Therefore the actual number of lines scan
on the TV cQuld only bé about 500-550. In case of non-inter -
laced display the number of lines is accordingly about 250.
Similarly some margin hés to be left on both the sides and
therefore active horizontal scan period is less than #8}1500.
Here a figuré of %0 matches very well to our proposed formats
of 40/80 column'diSplay. And in such a case each character =

would occupy 1 or 0.5}1860. respectively..

AYS x 7'matriXAis adequate to display all the.printable;

ASCIT characters and hence it has been chosen for our displaf:
. i
!

i

Each character occﬁpies 6 x 10 pixed space on thevscreen, out
of which one pixel gap is utilized for inter charaéter'gap ‘
and 3 lines are blénkéd out between each character to improvef"
readébility.of text. Total 240 scan lines'are used for the

display and 40 lines are blanked out before and after the



v@rtlcpl sync to take care of overscan. The display structure
has been shown in Flg 2. In some TVs even this much margin

may not be suff1c1ert resulting in flrst or the last llne of
characters going out of screen. In that case the Vprtlcal
scan current can be reduced a little. This is usﬁally a

©preset pot in TV's and can be accassed after opening the back.

As each character is formed by six horizontal elements,
the basic dot clock frequency ié 6 MHz for 40 column display
‘and 12 MHz for 80 column display. This would generaté a
v1deo signal of 3 and 6 MHz bandwidth respectlvely Video
bandwidth of an average TV receiver is about 3% MHz and
40 column display would pose no problem. However, v1deo-
'signal would have to be fed to the grid of theipicture ﬁubé
through. seprrate amplifier for 80 column dlSplay If we use
thp.seconds of the horizontal scan a dot clock of 8 MHz
would provide a display format of 64 x 2% which is quite 0K
for mbst of word processor applications for the reason
stated earlier. 80 column option can be implemented by
following the instructions given in ﬂpbrndix A,

The circuit of the video display generator is slightly
complex qnd therefore it has been 3p11t into the following
two functlonal parts 3 : .

A. Sync and'Address genefator

. B. Display RAM, charactpr generator and
microcorputer bus interface.



A. Sync and-Address Geﬁerator 

'The circuit diagfam:of.this partrhas been giVeﬁ in Fig.5.
Dot clock frequency of 6 MHZ has been generated with the
‘popular NAND gate oscillator. This clock is fed to a'divide
by 6 counter, realised by a part of 7492. The three outputs
of this counter are fed to a 3 input NAND gets to generate
the load pulse for the paréllel to serial converter. This
~pul%e train is the character clock (1MHz) and it is in turn
fed to a 6 bit binnary counter consisting 'of 3 bit parts of
‘tw5 ?493 ICs. Thé ﬁutputs of this counter chain are fed to
a decoder circuit realiséd by NAND gates and inverters to
generate .the horizontal sync and‘horizontal blanking signals.
The final output of this chain is at the horizontal scan rate
(15, 625 KHz) and it is.divided by 320 with the help of one
decade and one 5 bit binary counter to generate the frame
rate of about 50 Hz at the output. The outputs of the'binarj |
counter in the vertical count down chain arc decoded to
_generate the vertical blanking and vertical sync signals.
~The various wave forms of the circuit have been given in
' Fig.3 & 4. An interesting possibility is the use of 6.144 MHz
dot clock, infwhich case the frame rate becomes exactly 50 Hz
and the resulting display is aimost flicker free. The
horizontal and vertical sync pulses aré fed to an exclusive

OR gate to generate the composite sync. The video signal



e
obtained at the serial output of parallel to serial convértér
74165 and the composite sync signals aré combined in a tran-
sistgr mixe? tovgeneraté a Composife video signal. _This
Signal’can be.cqnﬂected to the video iﬁput of a domestic
TV réceiver. | |

A six bit counter chain which is also driven by character
clock is‘enabled during the line scan period with the help of
horizontal blanking signai; and generates the low order
addresées AO through A5 for the display RAM. The outputslof
first 3 bits of the decade counters 7490 act as the line’
counter for character generator and the DY output is used
for interline blanking. The 5 bit outputs of the binary
counter in the vertical count down chain act as the high order
addrusqes A6 through A11 It is worth noting that the vwrlous
Video Display G@ncrﬂtors available 1in the market do the job
descrlbed above. Their advantages are the programmability of

the format.

B. Display RAM, character gcnerator and microprocesscor bus
interface:

The circuit diagram of this part has 'been given in
Fig.é. The diéplay RAM stores the data to be displayed on
the screen. It is accessed by the address generator
described abové mostlof the time and by the microprocessor
through the bus during the time when data is being read/

written into it. The outputs of character counter and the
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rov counter are total 11 ‘and therefore a dlsplqy BAM of 2Kx8
is_needed. Statlc RAM type 6116 has been used for this
.burpose. The address lines generated by character and row
countefs aud thé address lines ﬁb*A11 of the micrbprocessor
-~ bus are multlplexod wzth the help of three QUAD-~ WO to ONE
nultiplexer type 74IS157. Two data bus buffers type 8216
have been used to interface the RAM output lines to the
‘microprocessor data bus. The RAM has been:assigned avuemofy
space starting at FOOO(H) and can be read/written by the |
u“microprOCBSSOr. Normally the display RAM is Continuhusly _
accesséd by the dispiay generator and its outputs RO-D6 are
fed tO-thé'address lines A3—A9 of the characters generator

~ which itself 4is a 2716 EPROM. 7 data lines are sufficient

" as the total number of displayable characters are about

‘%’96 only. Address llnes AQ-A2 of the character genoratqr

are driven by the line counter output LO, " and L2 The N
- output DO-D5 of the character generator are fed to the SlX:
inputs. A to F of 8 input parallel to serial shift reglster

type 74165 whose serial output at pin 7 is the video signal.

A 3 to 8 decoder type 74IB138 has been used for address
selection of display RAM. It is g-?ated by MW + MR signals
and its output 08 has been used to enablc 8216. The same-
output isvinverted to generate control signal for the address
multipieker type 74+LS157. 55. MW signal contfols the outputs
of 6116 and data direction of 8216. The eluborate decoding
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1s needed to aVﬂld 1nteract10n of I/0 ﬂeVJCes with display RAN
The video display generator circuit has been accommodated on a
~double sided printed circuit board. The artwork layout has
“been given in Fig.12. The list of components has been given

in Appendix-B.

%,  The Control Unit

A-microcomputer based.on the popular microprocsssor 8085A
has bcen used for the control of the terminal. The printed
circuit board of this unit is also of the same size as that of
Video Display Generator, about 6" x 4" and these are inter-~ |
connected to each other with the help of 44 line:bus.v The bus
signals have been given in the Appendix-C. A D.1" pitch
Ll pin.connectbr has beén utilized for I/0 sand hardware
interrupt lines. The signals on this connector have heen

listed in Apprndix-D.

The microecomputer operates at & clock frequency of 6.144 MHz
and has facilities of two serial I/0, two 8 bit amd one six bit
parallel I/0 port, 4 programmable timers and 4.25K RAM and
4/8K EPROM. Multi-function cireuit type 8155 has heen used
for parallel I/0, 14 bit timer and 256 byte RAM. Three

. and 8251
tlmers and serlal I/O have been 1mplombnted by 8253Lrespect1vely.
8212 latch has been used for separating dats and address lines

“and two 7418138 ICts have been utilized for address decnding

and generation of Separate Memory and I/0 Read/Write signals



| | 1
from the TO/M, WR & RD 51gnals avallable on BOBSA (Fig.8).
Ready, S0 ﬁnd S1 91gnals are not used very often, therefore
they have not beeh brought out on,the bus. ‘However, there
are 4 uncmﬂmitted lines on the bus cbnnector which can bhe
utlllzed for such 91gnnls. Memory and I/0 mep of the systems
has been given in the Fig.7. The circuit diagram of the
mlorocpmputer boar& has been given in Figs.5 & 6. There is
‘provision for two EPROM type 2716 in the two 24 pin sockets
on the left and 2SRAMS type 6116 on the remaining twowsockets.
This microcomputer can be utilized for any other control
applicatioﬁs as suchiand EPROM type 2732 can be substituted
in plaée.ofr2716 after making the modifications given in
AppendiX~E | The PCB artwork of the microcmmputer and the
1ist of components have been given in Fig. 13 and Appendlx-F

respectlvely.

| 5. Interface Detaiis

" As stated earlier, the terminal can operate in one of
the three modés; local= line and intelligent. 1In tbe 1ast
mode it can be used as an 8085A based small mlcrocomputcr
for program development. These modes are selected by two .
D/P swifcheg which are connected to C4+ and C% lineé of Pork-C.
The band rate for the printer can be controllad by another set
of D/P switches connected to BO & B1 lines of port-B. The

}keybO@rd is connected to port-fA, and baund rate of terminal can
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be conﬁroiled,by separate D/P switches connceted to C0-C2 lines
of Port-C. The baupd rate clock is generated internally in the
timer of 8155. Timer 8253_has.not been used in the system and
it can be utilized for any other pufpose. Similarly the
hardware interrupt lines RST 5.5, RST 6.5, RST 7.5 amd TRAP,
serial input line SID and interrupt line are also free. These
have been terminated on thevoonnector by 15K to avoid any

malfunection.

6.  Other Mlscallanoous Hardware Details

The v1dbo display generator board and the mlcrocomputpr
boards have b@en interconnected through 2 back plane printed
board and the whole assembly is housed in a card frame. A
conveﬁfional power suﬁply has been used for feeding the various
voltages to the system. TTL /RS232C level conversionbis done
with the help of discrete devices. The unused interrupt lines
have been terminated to ground through 15K resistofs. The
power supply and TTL/RSQBéC converter circuits have been
accomriodated oﬁ a separate printed board. All the hardware
has been accommodated in a small enclosureof 360 x W% x 110 m
size (W=x D x H), The various controls and cnnncctnrs have
been located on the rear panel, The keyboard which is a
fibreglass printed circuit board has‘been mounted with &
gentle slope for ease of operation. The circuit diagram of
the power supply and level converters have been given in
Fig 15. The enclosure dimensions and location »f various

parts have been shown in Fig.16.
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After each;power‘on or reSet operatiOn the initialization
of‘the ports_and band rate clock takes.place. The program tests
the mode seleCtion switches at 003F and branches to 0050 for line
-mode, OOBvaor,local,mode ahd O3FA'for intelligent mode. The
‘program'frem O3FA to OYFF is similar to SDK~85 monitor programn.
The stack has been changed to 20AD and the ’CI’ (Character IN)
5ﬁd Co! (Characrer ouT) Sub-reutines have been replaced by
keyboard read and character display routines. Keyboard read
routine provideefa delay and brénches to a keyboard flag test
progra@ to check for ahy Pharaeter preseht It loops on itself
in the qaennce of characters but if character is present 1t
| returns to celler with charecter in A, before returnlng to
caller it teStS’lf CRTL 'N' or CRTL 107 have been preqsed In
~case of former the contents of screen are prlnted through the
printer port. While the latter branches back to intelligent
mode. As this keyboard input subroutine is used for all the.
operations; CRTi N1 ahd CRTL 0! are effeetive in all nmodes
of ope r%tlong | - |
thrqcter diquﬂy routine aecepts an ASCII'char?cter
‘from C ﬁnd teets for contrnl character (00~ 1F) or dlsplayuble
_ character (20 - 7F) Appronrlatlon action is: taken accordlngly.

The bulk of dlsplay program is located from O1OO O1FF,

,,
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SOD 11ne haq been utlllzed Ior driving the printer 3ort
TThe subroutlne for chﬁracter out is located at 00C7 (H) whlle
the prlntcr program is located at 0087(H) which copies the -
display information.

The disassembled monitor program from 0004 to 03F9 and
keyboard IN and character diqnlqy routines l“thbﬂ from
0590 to O05E9 have been given in ﬂpﬁrndix I. The r»st of th@
program is similar to the monitor prvgrﬁm of SDK 85 kit

Addresses of various subroutines has been glven in Table-I v
8. Qggratlgg

'After every reset operation and after power on the micro-
progéssbr scans phe C4 C5 lines of port C., anﬁ sele¢ts the
modé'és given in appendix E. Baud rate of the RS232C interface
is also set during this sequence according to DIP switch
position at Port GO, Cqi & C, and after each change in.baud
rate the terminal needs to be reset for this resson. Print.
of screen dlsnlay can be obtained by CONTROL-N, i. €. touching
VCRTL' & Ty Logether° Printer baud rate is chosen according
to switch position at port BO, Bl every time COVTROL N is
touched In any mode of operatlon Intelligent mode can be
reached by touching 'CRTL' & 'O togethera In this mode monitor
takes over and displays PLT-AS—RNM-85,'CR—LF and a prompt 'Yx1,
Now it takes all commands of 8DK-85 monitor, provided of course

that it is already in the EPROM.
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DIP switches, reset sWitch9 printéf port which is also
A RSQ32C_interfa¢erandFthe main RS232C ihﬁerface port has been
1ocated in,the back plate. an-off switch 1s élso locaﬁed on
this plate. | o
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LPPENDICES -

Change for 80 column display

List of components for Viden Display Generator

Microcomputer Bus Signals.

Microcomputer port connector details

Use of 2732 in place of 2716 in microcomputer
List of components for 8085A based microcomputer
List of components for power supply

Programs

Hexdump of character generator & keyboard encoder
BEPROMS.



SOFTWARE CHANGES

8.No.  Location © New Contents (HEX)
1. 0092 o L 1E50
2, 0OA7 | 013000
3. 0138 | BE5T
., 0134 | FES0
5. 0146 013000
6. 014G | | FEFC
7. 0158 2180F0
8. 0158 . _VA | 018008
9. 016C | .. 2180FB
10. 018E - 2180¥B
1. 0191 | o 015000 |
12, 0143 | . meso
13, 0180 , o 118000
1y, 01E6 1180FF

JES
T

0380 01000C



APPENDIX B

List of component s for Video Display Generator.

Iten Qty.
1, 7400 2 Input NAND CGate . . Four
2 7410 3 Input NAND Gate . One
3 7425 4 Input NOR Gate - One
L hes 2 Input Exclusive or Gate .. One
5. 7490 DECADE Counter | .. One
6 7492 DIVIDE BY TWELVE COUNTER .o Oné
7 7493 b BIT BINARY COUNTER . Five
8. 74 1LS138 3 To 8 LINE DEC(DER/MULTIPLEXER ce One
9 74157 QUAD 2 To 1 Line DATA Selector/
Multiplexer .« . Three
10. 74165  Parallel LOAD 8 BIT Shift
Register with complementary _
outputs _ .o One
11. 6116 STATIC RAM .o One/Two
12, 2716 16K EPROM ' .. One
13. 8216  Data Bus Bufferes .. Two
14, | 2 N 9{1 Transisor X One
15. 6. 144 MHZ Crystal | .. One
16. 560 OHMS 1/4% Watt Resistance e Three
17. 1K OHMS 1/%4" Watt Resistance | ,.. Three
" 18. R S - .. One
19. 10K 5, 4, ys .. One

20y 100 Microfared Capacitor 16 W.V. ‘e One



U oW no

O OV »® 3 o

;
11
12
13
14
i
16
17
18
19
20
21
22 |
COMP ONENT

NOTE:

APPENDIX C

PIN CONNECTIONS OF 80854 MAIN BOARD

GND (Bottom most)-.
Do
D1

D2

INTR

RESET OUT
+5V (Toprmost )
SIDE

1 GND

2 A0

3 A

LoooA2

5 A3

6

7 A5

8- A6

9 17
10 A8
11 A9
12 A0
13 A1
4 A2
15 ﬂjB
16 A1k
17 A15
18  CLOCK OUT
19 HIDA
20  HOLD

21  RESET (BUTTON)
22 +5V
PATTERN (SOLDFR) SIDE

CONNECTCR PIN TO PIN SPACING 0.156"



APPENDTX D

Microcomputer Port Connector Details

- A 44 pin double sided connectof with O.1ﬁ‘distande
between the pin centers has been used for 1/0 port, Timer
and Interrupt lines. Pins on the pattern side of the PCB
have been used for I/0 port lines (TLBLE II). PAQ to PAY
lines are terrinated on a 9 pin maie ‘D' connector. Conne-

ctions to this connector have been given below:

Table I

Port line Pins of 'D' Connector
PA7 | 1
Pp6.
PAS
PAL
PA3
PA2
P
PAD
GND

RN TN R . NG S = SR

This port is interfaced to keyboard.

Lines PBO and PB1 of Port B are used for controlling the BAUD

RATE of Printer and small DIP switch has been connected to

these lines inside the chasis for this.purpose.

PBO PB1 BAUD RATE SET
0 | 0 110
1 0 300
0 1 | 600

1 1 1200



3. PORT C (23) is used for BAUD rate and Mode selection of the

terminal:

BAUD RATE SELECTION

co ¢l c2 03 Baud Rate
o 0 o x 110
1 0 0 x 300
0 1 0 X 6OQ
1 1 0 x 1200
0 0 1 X 2400
1 o 1 x . k4800
1 1 0 - X 9600

MODE _SELECTION

ch o . MODE

0 0 - LOCAL

1 0 LINE

0 1 INTELLIGENT

1 1 ‘ DO



| TABLE II
MICROCOMPUTER I/0 SIGNALS

Component side | Pattern side
1(top) CIK 2 (8253) 1 (Top) PC5
2 oUT 2 2  pak
3 GATE-2 3 BC3
L . SmD 4 PC2
5 CIK (8085 )/TTMER-TNB155 5 e
6 SID 6 PCO

7 PBY

7 CLK 1 (8253) 8 PB6
TRAP 9 PBS

9 " TIMER OUT (8155) 10 PB+

10 GATE-1 (8253) 11 PR3

11 RST 7.5 | EE PB2

12 RST 6.5 13 PBI

13 oUT 0 (8253) o PBO

o RSTS-5 15 PA7

15 OUT 1 (8253) 16 PA6

16 GATE O 17 PAS

17 CIK 0 18 PAL

18 GND 19 PA3

19 TXD 20 PA2

20 TXC 21 PA1

21 RXD

22 (BOTTOM) EXG ' 22 (BOTTOM) PAO

Connector type 225-805-22H (Amphetronix)



. APPENDIX E
USE OF 2732 EPROM IN PLACE‘OF 2716 IN MICROCOMPUTER
Cut pattern from X to XX.

INSTALL TWO:DIODES IN 4148 in place of JUMPERS
J1 J2

. JOIN P-P from bottom of the PCB

INSTALL DIODE IN 4148 st D3 and D4
JOIN XX point to Y point

. Remove Jumber J3

Now first two sockets can accommodate 2732 in place of 2716,

Their locations will be 0000 - OFFFand 1000 - 1FFF.
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APPENDIX F

Iist of components for 8085A based microcomputer

80854
8155

8212
82514
8253
2716
6116

74 18138

99

Single chip 8 Bit‘N—channel microprocessor

2048 BIT Static MOS Ram with I/0 PORTS and
TIMER. : =

8 Bit INPUT/OUTPUT Port

Programmable communication interface
Programmable INTERVAL TIMER

16K UV Brasable PROM

STATIC CMOS RAM-

3 to 8 LINE DECODERS/MULTIPLEXERS.
CRYSTAL 6.144 MHZ

DICE IN 91k

. RESISTANCE 3K 1/h4 Watt

51K 99 79

Capacitor 10MED 10V

Capacitor 1 MED10V

Capacitor 0.1 pF 25 V

RO AC B A

~



LIST OF COMPONENTS FOR POWER SUPPLY AND RS 232C  INTERFACE

10

NI ¢ RN BN NEEN R

10.
11.
12,
13.
1k,
15.
16.
17.
18.

APPENDIX-G

STEP DOWN‘TRANSFQRMER PRIMARY 230 Volts
with two Secondaries i. 0-10V @ 2 AMPs
ii. 0-20V @ 100 mA

. Rectifire diodes type 1N 4001

Al. Blectrolyte 5000 PF.
16/25 Volts -

—do- 1000 JIF 16/25 volts
=d o= 100)IF 16 volts
- MC 7805 CK Three Terminal Regulator for
7905 99 99 -
7815 39 59 79
7915 5y - ’ 99

Heat Sinks for MC 7805 CK
NPN Transister 2 N 2222
PNP ), 2 N 2906
DICDE ,, CD 32/22
Resistors 1K 1/# Watt

5y 2.2K 4, 99

vy 27K 4, .

- 10K ), -

ys 220K ,, ’s

+5 volts’
_5 -
+15 ),
_15 29

NOF s WUl o w



gooa
Doos
0808

.- B00B-
pooc

00oF

0010

-aofq
0014
017

0018

0018

001E

001F

0020

0021

0024

0028

002C

0030

0034

0038

003c

BO3F
0041
0043
0046
0048
004A
g04Db

0050
08052
0054

00587 .

0059
005A
005D

0060
0061
0063
0065
- D068
. 0069
0068

31A020
C36003

C22EF20

BT ,
22F220
F3
£ES

22ED20

210000
39 §
22F420°;
21 ED20.
F9

€5

D5
GC3FA03
C3AE20
C3C220
C3B520
C3cs20
CaCs20
23cB20
C3CE20

" BRANCH'

DB23

£620

£20800

0823 .
610
€£25000 -

"~ C3B400

'LINE MODE!

DBO1
E602
CASCOOD
DBOO
4F
CDC405
C36C00

APPENDIX H

LXI SP,20A0
IMP 0360
SHLD 20gF -

POPH

SHLD 20F2

 PUSH PSW: -

poP H
SHLD 20ED

LXI H.0000

DAD 5P

~ SHLD 20F4
LXI H, 206D

SPHL

" PUSH B

PUSH D
IMP 03FA
JMP 20AE
IMP20C2

JMP 2085
JMP 20C5
JMp 20C8
JMp 20CB

 JMP 20CE

IN 23
ANI 20
JNZ 0008
IN 23
ANI 10
JINZ 0050
JMP 00B4

IN 01
ANI 02

‘JZ 0osC

IN 00
MOV C, A

CALL 05C4
JMP QO6C

'CO' CHARACTER. OUT

F5
DBO1
E604
CA6100

R

D300

PUSH PSW
INO1
ANI 04

- JZ 0061
POP P5W
0uT 00

RET

INTIALIZE STACK POINTER
JUMP TO REMAINING PART OF
INIT. ROUTINE, SAVE H,L

~ GATE USER PC
© T BAVE -

SAVE FF'S & A

CLEAR H,L
HATE STACK POINTER

SAVE 5P

SET SP TO SAVE 8C & DE
SAVE BC

5AVE DE

JUMP TO START OF TTY MONITGR
TRAP,

RST 5.0

RST 5.5

RST 6.0
“"RST 6.5

RST 7.0

RST 7.5

TEST PORT C LINES C4 & C5

AND JUMP TO
MONITOR IF EITHER IS 1.

LINE MODE IF C4 IS 1
ELSE LOCAL MODE

STATUS FLAG OF 8251

IF ND CHARACTER

JUMP TO KEY BOARD

ELSE

DISPLAY THE CHARACTER T8 SCREEN

THEN JUMP TO KEY BOARD

SAVE STATUS
FLAG FOR INPUT 8251

WAIT IF BUFFER FULL
ELSE - |

“TRANSMIT CHARACTER



0066

006F
©oor2
0075,

0078
0078
007€
0081

0084

0087

0088
0089

008A

008D
0090
0092
0094
p0g6
0099
0098
- 009E
009F
00A2
D0A3
00A4
00A7
00AA
OOAB
00AC
O0AF
00Bg

008
ODBg

0084
ooB7
BOBsg
00BB

00BE
0oco
00c2
00C4

CD7201
CDE105
DAS000

110010
-CDF105

CDE105

DA5000

CDeooo

- £35000

"PRINT!

ES

D5

C5
CDEEOO
2100GF0
1618
1E50
OEDA
CDC700
DEGD
Chcroo
4E
ChC700
23

1D :
C29E00
083000
09

15 :
C29200
c1

b

'LOCAL?

CD3S005

L 4F
CDC405

C3B400

'DATA FOR PRINTER BAUD RATE'

2301 .
6000
3600

1900

o LIVKEY BOARD'

' CALL 0172

CALL 05F
Jc 0050

- LXI D,1000
CALL 05F1

CALL 05m

. JC 0050

CALL 0060
JMP 0050

PUSH H
PUSH D
PUSH B

CALL DOEE |

LXI H.Fooo
MVI D,18
MVI E,50
MVI C,0A
CALL 0oC?
MVI C,00
CALL 00C7
MOV C, M
CALL DOC?
INX H

DCR E

INZ 009E
LXI B,0030
DAD B

DCR D

" JNZ 0092

PoOP B
POP D
POP H
RET

CALL 0590
Mav c, A

CALL 05C4
JMP 00B4

INX o H

LXI B,006D
MVI M,00
DAD D

BLANK CURSOR

IS5 THERE CHARACTER AT KEY BOARD
IF NUNE LOOP BACK TO LINE MODE
ELSE

DELAY

READ KLY BOARD AGRIN

IF NO CHARACTER LOOP BACK

IF YES TRANSMIT IT

"JUMP TOLINE MODE AGAIN

SAVE REGISTER

" SET "PRINT BAUD!

POINT TO SCREEN BEGINNING
NO OF LINES 24

NO OF CHARACTER PER LINE 80
IDR!

PRINT ouUT

YLFI

PRINT OUT

SCREEN CHARACTER

PRINT OUT

NEXT CHARACTER

FULL LINE QUVER 7

IF NO PRINT NEXT -GHARACTER
POINT TO NEXT LINE

24 LINES OVER ?

IF NO GO TO NEXT LINE
ELSE J0B IS DONE

GET CHARACTER FROM KEY BOARD

QISPLAY IT :
REPEAT THE PROCESS

110 BAUD RATE

300 BAUD RATE
600 BAUD RATE

1200 BAUD RATE



. 00C7
0ocs
aon®
00CA
uoce
00CE
0uCk
00D2
0uD5
aane -
0any
ocD8
goDA
¢ops
8oDD
DODE
00®]
00EH3
OOE4
OCE7
DOEA

QO0EB
00EC
OOED

- ODEE
00F0 -
00F2
00F3
0OF6
00F7
00F8
00F9
0OFA
OUFB
0CFC
OCFF

0100
0102
0108
0107
010A
010C
010F
0111
0114

D5
BECO

U PRINT OUT ¢

F3
G5

(1607
30
110202
CDEAQT?
79

1F

4F
3ES0
1F
EEBO
ab

F2c EO

3E40

30
110403
CDEAQGT .
D1 ‘

1
FB .
co

' PRINT

DB22
E603
87
21BEQS
85 -
6F

7E

23

66
6F -
223120
C9

DI

PUSH B
PUSH D

Myl A,CO

MVI B,07

SIM

LXI D.0202 -

CALL O7EA
MOV A,C

RAR
MoV
MyI
RAR
XRI 80

C;A
Ag@g

-~ DCR B

JP 0CgE
MUI A, 40
sIM

LXI D,0304
CALL O7EA

- PORP D

PoP B8
EI
RET
BAUD !

IN 22

"ANI 03

ADD A

LXI H,00BE
ADD L

MOV Ly A
MOV A, M
INX H

MOV H,y M
MOV L,A
SHLD 2081
RET

'DISPLAY TEST!

FE20

-D23001

FEOGD -
CASFO1
FEOA
CAAADT
FEOS
CABBO1
FEDB

INE 0130
CPI 0D

37 019F.

CPI DA
JZ D1AA
CPI 09
JZ 0188
CPI 08

DISABLE INTERRUPTS

_SAVE

START BITS MASK

. NO OF BITS ,
'TRANSMIT. THRU S0D

LOAD D FDR BIT TIME DELAY
CALL BIT TIME

TAKE BITS

GATE LSB

PUT BACK

SHIFTED ENABLE BIT
SHIFT IN DATA FROM CARRY BIT
INVERT. IT -
COUNT BITS

IF MORE BITS REPEAT
ELSE SEND STOP BITS

WAIT FOR FAKE PARITY
+ 3 BITS

B0, A1 LINES

ADD DATA
POINT TO DATA FOR PRINTER BAUD

GENERATE DATA IN H,L

STORE AT 2081

IS DATA PRINTABLE (ABOVE 20H )
IF YES DISPLAY, ELSE BRANCH
CR

LF

TAB

BACK SPACE dgome—m



0116
0119
0118
011E
0120
0123
0125
0128
012A
042D

0130
0131
0132
0135
0136
0137
0138

013A

013C
013F
0142
0143
0144

0145
0146
0149

0144

0148

014C"

014E

0151

0152
0153

0154
0155
0158
0158
015E
015F
0160
0161
0162
0163
0164
0165

‘0168

v78

CAF1O1
FEOB - .
CAEDQT.
FEOC

_CAD6O1
"FE1E

CACDOT -
FEIB
CAFBO1
co

"DISPLAY !

F5
5.
2ABB20
77

23

70
E65F
FES0 .
C 64501
228820
ET

F1

C9

"NEXT LINE!

c5

- 013000

09
C1

7C
FEFC
CC5201
9

' SCROL!

C5
D5

-E5

1100F0
2180F0
018008
7E
12

13

23

08

B1
C25£01
CDBED1

JZ 01F1
CPI 0B
JZ 01E0
CRI. OC .
JZ 01D6

‘CPI 1E

JZ 0160

" CPI 1B

JZ 0178

PUSH PSU

‘RUSH H
" “LHLD 2088

MoV M,A
INX H
MOV A,L
ANI BF
CPI 50
CZ 0145
SHLD20 BB
POP H
POP PSW
RET

PUSH B
LXI B,0030
DAD B

POP B8

MOV A, H

CPI FC:
CZ 0152
RET

PUSH B
PUSH D
PUSH H

LXI D,FO0D
LXI H,FOBO
LXI B,0880
mov AsM -
S5TAX D
INX- D

INX H

DCX B

U 4,8
ORA €

INZ O15E
CALL 018E

up “T
RIGHT oy
HOME

ESG.

‘CURSOR ADDRESS

DISPLAY CHARACTER
NEXT

ARE 80 GHARACTERS OVER
GO NEXT LINE
STORE NEW ADDRESS

ADD 48°TO ADDRESS
POINTER

WAS IT 24TH LINE
IF SO GALL "SCROLL!

FIRST LINE
SECONR LINE

LAST LINE DISPLACEMENT
COPY "SECOND LINE '
TO FIRST LINE

CONTINUE TILL 24TH LINE

CONTINUE COPYING IF NOT OVER
BLANK 24TH LINE



. 0168B.

016C
0q6F

01.70:
0171

0172
0173
0174
0175
0178
0179
D174
01760
017F
0182
0183
0184
0187
018A
0188
018G
018D

018E
0191

0194
0196
0197
0198
0199
0494
0498
D19E

019F
01A0
01A3
0145
01A8

0149

(-
2180FB
D
0y

Co

- 'CURSOR!

F5

E5

D5
2RB820
7E

Fg

3685F
11FF3F
CDFq05
F1

77

11FF3F

CBF135
01
g
F1
o

' BLANK!

2180FB
015000
3E20
77

23

0B
78
B1

-£29401

C9

'CR’

F5

308820

£680
3208820

F1

Co

POP H

LXI H,FE80

POP D
POP B
RET ~

PUSH PsU
PUSH H
PUSH D
LHLD 2088
MOV A, M
PUSH PSW
MVI M,5F .
LXI D, 3FFF
CALL D5F1
POP PSU
MOV M, A

LXI D,3FFF

CALL 05F1
POP D -
PORP H ..
POP PSUW
RET

LXI H,FB80
LXI B,0050
MVI A,20
MOV M, A
INX H

DCX B

MOV A, B
ORA C

INZ 0194
RET

PUSH PSW.
LDA 2088
ANI 80
STA 20B8
POP PSUu
RET

POINT TO 24TH LINE

SAVE

CURSOR ADDRESS
SAVE CHARACTER

DISPLAY UNDER LINE
WAIT

GET BACK OLD CHARACTER
DISPLAY

WAIT

RESTORE

LAST LINE ,
80 CHARACTERS
BLANK {SPACE )

BLANK WHOLE LINE

ALL CHARACTERS OVER ?
IF YES ALL DONE

CURSOR ADDRESS
GO LEFT END
STORE NEW ADDRESS



D1AA
01AB
014C

~01AD

01B0O
01 B3
01B4
0187

0188
01BC
01BF
01co

01C2

01C4
01C5
01c8
01C9

01€D
01CE

.01

0104
0105

0106
0107
01DA
0108
01DE
010F

01E0
01e1
01E2

01E3.

0186
01E9
O1EA
01ED
01EE
01EF
01F0

'LF oL

F5
E5
D&
ZABBZD
118000
19
CL4B01
C3EAD1

*TAB !

ES
2AB820
70
€608
E6F8
6F
228820
[y
Co

' HOME ¢

ES
2100F0
228820
E1

co

" RIGHT !

ES
2ABB20
23
22B820
E1
9

1 Upl

F5
£S5

D5
2AD820
1180FF
19
228820

D1

E1

F1

c9

PUSH PsUW
PUSH H

~PUSH D+

LHLD 2088
LXI D,0080
DAD D
CALL 0148
JMP 01 EA

PUsH H

+ LHLD- 2088

MOV A, L
ADI 08
ANI FB

- MOV L,A

SHLD 20D8
POP H
RET

PUSH H.
LXI H, FrAg
SHLD 2088

POP H

RET

" PUSH H

LHLD 20B8
INX H
SHLD 2088
POP H

RET

PUSH PSW
PUSH H
PUSH D
LHLD .2088 .

LXI D,FF80:
“DAD.'D :

SHLD 2088
BCP D

POP H

POP PSu
RET

- CURSOR ADDRESS

AOD 126

TEST IF LAST LINE (LL)
'STORE AND RETURN

CURSOR ADDRESS

INCREMENT BY 8
3 LOW BITS 'O

STORE NEW ADDRESS

CURSOR ADDRESS
LEFT UPPER CORNER

CURSOR ADORESS
INCREMENT BY ONE AND

-STDRE

CUISDR ADDRESS

SUBTHACT 80 IN 2 S DDMPEMENT

AND
STURE’



01.F1
01F2

‘01F5
01F6

D1FY

01FA

C01FR

01FD

0344
0346
0348
0348
034C
034D
034E

0350
0352
0354
03586
0358
035A
035C

0360
0363
0364
0366
0367
0368
0364
036C
036E
0370
0372
0394
0376
0379
037C
037F
0382
0385

228820

23

'LEFT !

5
2ABB20
28

E1
C9

tESC '

0E24
G3C405

UMAIN BAUD

0823
E6O7
215003
87

85

6F

C9

PUSH H

.LHLD 2088
DCX H
~ SHLD 2088

POP H -
RET.

VI Cy24 -
(NP 05C4

-

IN 23
ANI 07
LXI H,0350
ADD A
ADD L

MOV L,A

RET

" MAIN BAUD TABLE f

1440
2840
5040
A040
4041
8042
D146

' INITIALS
CD44073

7E

D324

7€

- D325,

SEFO
D320
3ECE
D301
3E05
D301
2100F0
228820
01000C
CDI401
CD7201
C33F00

9600
4800
2400
%200
600
300

CALL 0344
MOV A, M
ouT 24

CINX H

MoV A,M
OUT 25

MVI A, FO
ouT 20

MVI A,CE
ouT 01
MVI, A, 05
ouT 01

LXI H,Fo00
SHLD 2008
LXI B,0C00
CALL 0194
CALL 0172
IMP 0O3F

BAUD
BAUD
BAUD
BAUD
BAUD
BAUD
110 BAUD

"CURSCR ADDRESS

DECREMENT
AND STORE..

vy
DISPLAY IT

€0, C1, C2 POSITION

POINT TO 'MAIN BAUD TABLE!
POINT TO DESIRED BAUD RATE
DATA

POINT TD MAIN BAUD RATE
DATA
LOW COUNT

- FOR 8155

HIGH COUNT |
START TIMER ALL PORTS
INPUT PORT

"INITIALISE 8251 FOR

8 BIT'DATA NO PARITY

2 BIT sTOP

STARTING ADDHESS FUR SCREEN
STORE

WHOLE PAGE

CALL DOLANK

CALL CURSUOR BLANK

GO TGO BRANCH



0590
0591

0594
0597

0594
0580
05A0
05A3
05A6
05A7

05A8
05A9
05AA
D5AC
DBAF
0580

0582

0585
0586

05C4 -

05C5
05C7
O5CA

~ O5E1
05E3
05E4

05E5  ©

05E6
05E8

IEII

D5

CD7201
CDE105

DA9105
110010
CDF105
CDE105
DA9105
D1

C9

' TEST KEY

F5
F5
FEOE
CC8700
N
"< “FEOF

- CAFAO3 .

1
co

ICDI

T 719

oo EBT7F

! CDooo1
' Co

' KEY BOARD !

D @21
07
D8
OF

CDA8O5

9

- PUSH D -

CALL 0172

CALL Q5E1 ~
JE 059

LXI D,1000
CALL" O5F1
CALL 05E7
JC 0591
POP D

RET

PUSH PsW

" PUSH psu

EPI OE

_ CZ 0087

POP PSW
CPI OF
JZ 03FA

POP PSUW

RET

MOV A,C

CANI 7F

CALL 0100
RET .

~

IN 21

RLC

RC

RRC

CALL 05A8
RET

CURSOR ADDRESS

CHECK KEY BDARD
NO CHARACTER CHECK AGAIN
DELAY KEY DEBOUNCE

CHECK KEY BOARD -
NO CHARACTER CHECK AGAIN
ELSE DONE '

- BISPLAY CHARACTER IN C

CHARACTER IN A
GO AND BDISPLAY

READ KEY BOARD PORT
TEST BIT 7, SHIFT IT

IN CARRY & RESTORE BYTE
CALL 'TEST KEY!
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( BIT TIME ) -

THIS SUBROUTINE IS CALLED BY 'PRINT OUT', IT TAKES TWd BYTE
DELAY. DATA FROM LOCATIONS 2081 & 20B2 LOADS IN H,L. IT ALSD TAKES
A MULTIPLIUS N FROM E REGISTER. CONTEWNTS OF H, L ARE ADDED N + 1
TIMES AND TRANSFERRED TO D E. NOW IT CALLS YDELAY' TO PHOVIDE
TIME DELAY. ‘

O7EA E5 PUSH H

0768 - 2RB120  LHLD 2081 DELAY DATA IN H, L
07EE 29 DAD H DOUBLE IT

07EF 10 DCRE

07F0) C2EED7 INZ G7EE ADD N + 1 TIMES
0773 EB . XCHG Hy L TG B, E

07F4 £l POP H RESTORE H

07f5 COF105 CALL O5F1 DELAY

07F8 co RET

CONTENTS OFF 20B1 & 20B2 FOR VARIOUS BIT RATES

2301 FOR ' 110 "BAUD
6D00 FOR 300 BAUD
3600  FCR 600 BAUD
1900 FOR 1200 BAUD

0BOO  FOR 2400 BAUD





