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Abstract

A parallel mode CRT interfacing technique has been suggested for a microcomputer system. The
number of components and the I/O speed were improved significantly by this technique. As an applic-
ation of this technique, a prototype program develoment sytsem was designed and tested experimenta-
Ily for the usefulness in prototype program developmenting.

1. B % ing 7o 2 hardware, softwareflJjli a8l = AN 79
EEECTE ¥isbel fugdeldm,  WIUE AHIT) 7k

CRT terminal-g- X# i{Hi%e] terminale] v} mini, o2 [R3 systemo 2 microprocessor® o] L35k
microcomputer systeme] A #EFE R vko] FH= systemS- I ARMoz Pl programfy
i gleb bad —gel 7% CRT terminal-& {i%IF B s 8}7] 2% prototype program development

AW Jrdg EMekedl B A/ Jrisel BEE system & MR, BFEEskgl ek

2 WMo R FHE(cE w24 interfacert g8 A3

AP datafiRe] WAL 2% WAL Aol ok 5. #FIE CRTAMH Hx
#HFM CRTAMTIS 2% ANWE @IATLE

FIATIL 2 v el MAONE WFHNE @bl 1) CRT terminaloy 8t £52

Moz o g7 LESeh, ®E3) microproces- 19604 d A2 smREEE 24 TTY7F Quotron Syst-

soroll 4 CRTHZE 2 {#i%%«d] microprocessoref] 4 I rembo] =41x Bl TTY: fE#i{ksle computer
FiA&l datas @y o 2, CRTE [ 4] micro proces- systeme] BEKEEE 2 vko] (i Hs ¢l el Lo 7% TTY

sorz {HRT Wy datal WHIW datam wbFOl o) (Mgo A BE e displays} ATRESH CRT
ok ehe WA Zgel b 2T AN datas] B terminale] AfMEla we DB
£ Ha softwarefi@rl glw, AWML MEZ % systemol]q fHE o))

ol x] = gk el ek CRT terminal-e #§AE, MG 2 s oo
el =R X e A = microprocessor2} CRT A ] =bel FEKS B%0] AAESLA Rk Ao 2 o

J1 B Aol A W a2 AT dhE interfac- g 1g) g,

FAl ol

« FOR GEARE BT LR 7lo]skell F#l Al datak latch® Esle] memoryol
Dept. of Electronics Engineering, Korea Univ. frksl =, memory?] datal- display controlfffe] #i
BWFHT : 19775F 8 A 16H ol #13] 4 characterBA4: ol A LFEIwl e 4

Ja— 9 —_—



112 19774 107 BT THEEEE 1% 448

1o

I—Tkmswrrm - computer
]

KEY harac|
board L—vl.zn:h Memm/ ter Shiftreg 4 CRT
’ 1 I gen
A
Reciver display control

{from Computer

O 1 CRT SR AR R {ZJL‘F_
Fig.1. CRT terminal block diagram

o v o] M-S shift registerddl A wWFIFGHE 1k
ol 4=, A B I EMeL Yol W zsled CRTel |
Jr7ket

2]35lol receiverifiel transmitter

w ksl R

shimelel AHJ1S
ok ol =el o] #5-- hardwareffijel 4
= pjwﬂoz )\7'75,1 data’= L FIH dataz WF]
!ﬁuﬁu dataz BFslel ok ek
'ijj‘ﬂwﬁ\—‘:‘ FIVEH I el ok de w5
=43 bit (frame bit) & wul=l= [l
- ]. A *’] AT BERfe] Sred Alwr.

st 5

2+4 microprecessor & CRTE-
ﬂﬂﬁf'i‘:z]l oo}k, 2| microprocessor.‘l]
CRTH#TIN & 218 (30l el 7]
HE A -‘%E— microprocessorel] {fiﬁi A g
Pslx] feakan Eorbs kAl Rk HlEA hardwareE
A7) system& fEIRE-T gleh
S BTEe] A 3= terminal 2 4 ¢
sl7)H 04 3)e]
1. microcomputer
wel A e

A HE

of CRTe #ngs Hif
microprocessor-s {#sr 2ol o]
systems] AN JIEE 244 CRT
-3, BNE CRTIOE =
s Jjkel vk

terminalol]

hardwaresi

2) iFF)EY interfacersst

W FIR interface T ALY BEol @b
yiel 7l Wl de] 29 19] receiver sl transmitter 7}
Sl Al ¢ 5n datalBee] MERe)l bl mm WTE
A BT 4 ek CRTEIEE

2 ¢} 7ol [ffhnA 7] 2 24 microproc-

: data®]

multiplexers}

counter& 7.1

essors] el kel A AJe] iWAEsl:  —if CRT
[t i F‘Tﬁ‘és}—u]»,
[ 710 microprocessorg] datas} 7o) ¢ datarlh

data’= multiplexer }(mpxl1) 2 RS

ol aL o] -

m——y
XKEY Fhurac -
ter |+ ikt CRT
board gen g
#p ]
data bus- display
a® control
control

d8 2. ¥78 CRT g%
Fig.2. Parallel mode CRT Block diagram

o= microprocessor?] data{j«j=l microprocessor:
o] HEEY R B T datals TR 4 9ulh
Zreldl Flele] (k9 M 1=} microprocessord] @
W7D Akololl & MRl -9 RHZEZF 41 7] =v
7b el s AL #ak ¢
»} 7]e] strobe{Z%%% microprocessors]
AJyell HEffs
A I
Bl A 7ol & FREeyd ASEE
cessorgl Atukd REAA 7io] & F2] CRT memory
ol fislel 9l
ol F-7Fz]¢] data-Z multiplexer 2(mpx2) 2 £}
data A JjF CRT
accesssl7| 2|8l address?] #ES $135}4
multiplexer3(inpx3)-& countero]] &
accessZ R

o] ¥ data
el AelE TS
pauserl halt
ol - data®] WfE 1@ ¢ Yk

od gl Bk

- data¢} micropro.

9] datal CRTJ} microprocssors)

T 4 9,

.

. dataz

=, counteri= CRT memory¥
memory-E-
U kias S,
€} accessof
ghet,

olel gk LFIF CRT A7 Hkel4 CRT memory
¢ data Higmel a4 Mg
2 ool Tolu i 50k byte/sec(instructionF TR
o2 )7k Hrggsleh

display controliel] f#g-

microprocessor$]

3. BIRRER
CRT A7) el K3k AHJIzk LED= f)) ]

BESHA] RS microcomputer system<] bleckX = .

35} 2ok

i —Lﬁ, —
[N} : .
i “u”

& ﬁu'{cr contiol
m— aecos D butie:

a8 3. T4 Asd TEE
System block diagram

Fig.3,

s

microprocesori= Z:f% system®] T
frol uEr Mm-S el

FJ ‘o
B
4&17'
i
m%



ehe] 22 74FH

memoryl microprocessory} fr¥ program-g-
gl WEE Q9 WAk £4F s T 2
) datag fyEEshas HJiskc). bufferi= microproce-
ssorsh IR ALo] o) (GBS SSEA AL ek decoder i
of| 4 = microproessore]l 4 [HJ1%l HIEERE & T

=y

—

“p

(CRT

[ I
KEY _-_‘—I emory h hlp oF Mo
MPX l,ATCL b
board l "RT lQEM f
PX

o) ¥HHE CRT ARHHX 113

AR el LED buffe
ik datas) fyRR ddec] ek

interfacedl HAfafAval

o] e dube

= LEDHI &
CRT ul mlcroprocessorg}

blockz = % 4 9} 7t}
CRT#= microprocessor ¥--& joje] £sfA CRT

TV Reed

o

data bus

Buffer

#p  farerface

C
X 1 M
L i‘r o
el s BT
pmeebd cOUBLET

contral |[HYM

control l cantrot !

08 4. CRT ql¥]s]

oz BYE

Fig.4. CRT Interface block diagram

memoryel] gl data® NHkERITRA K TV
Wil bR 327 A= 1657 ARl 51259 displayRIAE
&= 27l e datad IR ¢ el slaed
AR FE displayslr] $8F memory access:
gisplay controlffiell o # 4 fT=w] characterft/k i}
9] #i#9= CRT memory M /i)
| a4 ASCIL 645057 % o1 4 d)vhel =
ey

interface{fiol] A &= counter2} multiplexer&-

—if e

display coutroliify
datag [\

s}
o] display controlif¢] microprocessoro]
&Kl A H ¥RES)} 3, multiplexer{s] {&s}4] micro-
processord] HiJjzl 7le] o )& SR4Bebe, multip-
lexer 2¢] {34 CRT memory data?] A izl 7]0]
data®] AJ3& #¥BIlcl, =8k multiplexer 33} inter-
face control¥{f% [inele]l CRTEIES —-Fidmst
data A HiJjel TIRERE AMY) a4 CRTE fHEjgh
1=

4. Prototype program development
systemo 2 Aie| fER

gl 4] FHtk systeme] MEA e 4 K #geel A& v
A fifHe] WA vl e)E rERE B4 HME = comm-
andg jiAko R shed programslébe =h el 414

2 # A% 4 9= program® A vl

Fik 512 byte?] data® s ¢ commande] {fsl] 4
AN #Hisld memoryd] iy
3} bytent$)¢] A U memory datad] HF7 Zelm

A% 4~ 3l& command

R o

ksl program-g- §i7elr] $1%k command§ vh4l f

¥Ee) command®- 59, interrupt vector& wupwd )
o} CRT load debug programO] oyl v} programX
WEFEL hEske

ALdEE 9 ovhg resetd)7® programo} ] &

1 7o) B rrERa U

3f vlx]

28 ¥ e] % commandi=
Bl ek,

1) command $E
program

resetA] 7] command
JUi programe]
command
Rt W A ol
programé I GEHAA
command®] AJJ <4
% SEeet

Flejol  fk3l R
comm and data% inte-
latchell 4 %}
#comm andg]
& ©hx)

rfacei{;¢]
o] el
codes} [L#she]
= command program

o] branchgbe}. =Rk -

& command coder} %
a8 5 slo)uy 0 me

w AlEE

Fig.5. Key Command deci-
sion program flowchart

o) &~ o] program-$- ¥
fastet.
mand %

18 5 = com-

program2]



114 197747 104 ®WTFL
flow charte]©}.
2) 7|0] command
i) Load command
L7]ol & 24 Hfrs): commands]r}. mic-

roprocessor% Apeksl Rl A dial sl 1651
Jel el 240 1 byted] datam u}Fof s
IRfe 2 B 7] &
ol = load¥d data® ik 512byterlx] 7] o]e
fIGSH /‘1 # =4 9l1, Load command@ fIy5slzl
Al Ezl datas BIEE 4 glch
vlelE F2m  ADDIEsb Ui a
datas fym® 1A(F address®] A 1S rlclelvl. #H(E
address®] AJJ-2 7lelgkel {fall 4l 164 4 digitz A
J)A 71cl. address datayl AJj=El"l  BEHRi¢ dataE-
2 digit¥) ¢e]Eel 24 1 bytes] dataz EEfeste] A
JJxl adress®¥] Byl Zlvh. olw 16x1<-7} oyl data
7 AfjEw EEDDIEX TS {iheln o datarh [y
= addressE HJj4 7] . command H|%F program o,
& gobrieh,
data®] Jiyife)
2 digite}
el 2
HyA 7] 2,

data-&-

memoryO‘] programe] ©},

B2l

Fvbe address® Gk AlAA vhd
24 1 bytez Haste] g 21 eh
el I

Fusl
whxjere 2 datar]l frksl addresss

data$-

4

&_A.D’J,(-F' 5
i
{ tats ADDRE /\)‘J/

S M

DATA AN

DATA KR

ADDRESS: tn

IF last byte?
yes

ADDRESSH; 1
#E PROG

03] 6. Load 7]0)® 3 Z 2o AlFE

Fig.6. Load command program flowchart

Bk 145 4%
-9 FHHue) addressF 167 4 digit® HJ7A17] 2 comm
and 2y programo & F-opzbr}.
Bi#iie] data® glel Esl WL datark Qe
o2 Tifis)wl akake] datasjelell b wlgke] Slel
Zakslel, 17 6-2 Load command programe] flow

charte] v},
i1) Alter ccmmard

A7 05 =S JEMsl = commando]x F]o] A
J3ol 4kaR A dREEl addresse] AEYE 167 2 digitz
oAz R Ase geoldl &4 W
commande] v}, A¥|e]E Ew o]o] ADD g7t
HiJys 7 address A1 2o] Bl deffiol Sof 7k,
7le] AJj2.z 167 4 digite] datal AJIA71H é‘ﬁﬁ
| addresss] 72 ASCII codem upF-o] HiJJAIZ)
v, ole] n}E- data® Flolel {kal A s1E A AUrh l

i
w) 7]e]& # el error datayk AJIE A% S

i
o

o

o] & rrroz4 F5o|4 command #jE programeo
= wob 4 slek, ®
Sel friTel vl
t}3 commandE JE
Msk7) 9lete] CR,LF )

A pr o =
ME programo 2 & fEY DATA & i )

7R DATA A 5

spzbel. 2@ 7
Alter command pro-
gram®] flowchario]
=5

iii) Go to command

Grlel e rRBnR

4 $if75 = command
o] tl,

DATA 9 =@

yes
ik program$- Ify

el R 9 e 28 7. 7)oy
commande] =, G7] Fig.7. Alter command
o] & Ew ADDIER program flowchart
5 M4l 3L branchdt  address$] data A S 7]
clal ok, Floldl {ksl A addressd A FA7]= uncond’
itional branch instruction$- 3FE= buffer memory
Al ek

D]—u command ¢ program¥{7e] datapi)j-2 &7

sl CR,LFEHE HHAA cursors u}%%:: A A

memor YQ] l/.JJE
frel AHge ol
Rt Load

commandel] %3] A] fiy

=

Z 2w A



vpolm A el ¥HIH CRT AWMNHA 115

3

Braich Inatructiood HER

memnry A HG

W PR, ADDRERS 1 0;

<:_-l-m%!1 DATA B 1 b
B T

w@% Bsch Insrrecting MY

8l 8. Go to 7ol ¥ =g AlFE
Fig.8. Go to command program flowchart
#lel] &7tk & branch instruction$ F{TshE 24
18} = Fiwel programg T 4 gk
1% 8¢ Go to command program®} flowcharto] o
iv) Foreward command
F#lol 3 =2w 24y s = commande]=, Load
commandel] {fs] A Rrifix) program & datad]
FhIe) Gafrskd el
Forward command® 2} #FHie] memorys] o] H

R dm, 994
Jimvk FolelE rEd Aled commandd] R
2] addressr} 1641 4 digitz [BJ1s] 3 ool A 2 %
el Pygge] 1671 2 digitz HiJyxleh
olo] buffer?] address-& i )is] 7 vt

lo

EREA &

Hele] CR,LFEHE A7
@f command#4Z programo g &
ADDRESSA! CODTR o} ztr}. 28 9%& Forward

ADDRFSS 1371 command®] flowcharto] o},
v) Berak point command
B7o] & R o H JEHE =
commande} = Go to command
ol feel A JREEEE Ryl program
o higell A EATE hikAlYI =
=24 program FEFR-2- 18 co-

ADDRESS of I

e PROG

PFig.9. Foreward mmande]tl. B7le]E& F2d
d v b -

oo ADDs gk M=,  break

flowchart point® ZEd address AL

7l ebale}. ele] 7ol fkahA 4 digite] datag AT
A7)® Yals Fo) halt instructiond  FF#EA 7] 2
th& command®- fEEE7] $18te] CR,LFEHE HH
AZieh. 2% 108
¢} flowcharto] =},

Break point command program

f
AT
]
€ i ADDRESS AN D
{

Halt Instruction §
A %" ADDRESSH| WER

l
< {/E2Y DATA 1 h >

8! 10. Break point 7jo]® ¥ A F %

Fig.10. Break poini command program flowchart

BBl A 3838k & command®] {{{Tol
F15l formatg 1Y 113 7ok,

= — 1

R A H

o =T U RS ]

Fig.11. command output format

5. BE H w

A PRl A = olu Y

microprocessor o] A

instructione] v+ HI#{EH% 7 minicomputere] CPU$L
7} & Abgl Signetics 26502 fffjelgl, memory

of A Signetic 2650 Fithell = Signetic @ihE wol
R sk et

microprocessor& {fifllste] RSl systeme]] A
hardwares} softwareslo] o] [RF o} 3} A HIE
3 MRS = =l & Pl A AR 2 hardware
E HEsE Fo] m softwared KR HFAHT A& H
Hz gk

Signetics 2650%] instructionel] ¥sl] A FAESl1, ©F
£ systemol| 4 {# 15 program, interface [EIf& 2 #%
ES st o HE®HHHIOE ko 2 3td A



116 19774 108 ETFILBEHE F145 458

A AR
Fig.12. The system of microprocess and
CRT terminal

aE 12, 248 systems]

ekl o) [E§%, program W KBS HEAlsld m, ele]

hardware?] =zl FHFstel  F0 REEgel CRTep

interfaced v} <+ 9lgivh
fEA= program-& RAMe| )l debug® #hdA
mhEolel, 145 program-%: PROM writerd =h&o]

825129 chipel]l programzl«l RAMzl iz Ay
el wle} —IF S BIEstg . ROM-2 500 byte
a1e)e] programe] =}, RAM-L 1K bytes] c}.

FERE i system Riel A =2 AF

o

I1E 123

el

6. & W

ai

FE CRT AN Ty J7ate] & Atk o e
wheb vl R 9.6k blt/ sec7hz] (7] Foll whob WL
BPLTTRE) AHITge)] WEESkx Rk, o HIES \'/ll’“J
CRT A ) Ji&-& AM fk 50k byte/sec7hz] (

/N8 programpEBl NFRH 20p sec) WfEStT MU=
130 byte/sec‘//}z | FEskgd el e CRTINEES)

strobefSuke] FEE® qldbe] 6m sect] delayf MR
Bk el

# commandi= Prsdl 2 Flere o
Load commandd] {#3F data A JJ-& firk 230 byte/sec
(BEERRERY 4.4m sec)7hx] Aol wfEshel vl WLFIA

CRT AMiAJi&el HEffle 24 program development

program

System®] 5 f&¥i4] command KTk AhEE 7oy
e ARl A% oA datash sl AE P2
m2d Phabs errorsh WS gl o=,  HIAN
CRTiEI}K 8] strobefgite]l FR&goe 2 ¢ 3 datay} of
0.5% ¢l9lo} ¢]= CRTRY Loz gl 4 3l
chan R

BlEsk 2be 5ol AL s
CRT7} microprocessoratd] AMHh #EE e (il
2 A8 EpE, hardwaresh softwarem]cﬂ A CHR
gl HART e v, M
development system->- microprocessor$- *Jmfj syst-
em-3 R {EebA] = = program [HEE L4 [
E o A eh=dl HREA @:Fd%l o] 2] 7} gl DP-

CRT 7\-‘L")J FHAE

o 242 prototype program

B2EXR
1. Mitchel T. Gray:

minal application software/hardware trade offs”
Computer 75. 10. 53~55p
Copper and whiting:

“Microprocessor in CRT ter-

o

“Microprocessor in CRT

terminal” Computer 74.8. p48~50

Theson: “Display dont trouble 8bit
microprocessor” Electronic Desigr 76.5.29. p68~
69

4. Hilburn and Julich:

cessors” Pentice-Hall Inc. p317~321

[9°]

. Roger

“Microcomputiers/Micropro-

Adam Osborne:

[%3]

“An Introductior to microcomp
uter” Synbex pll7~128

6. William Davidow: “Coming ierger of hardware

.29, p91~G5

7. “Signetics 2650 microprocessor manual”Signetics

corp. 1975

“Signetics data manual™ siguetics corp. 76.
“Micro 68 user manual” EPA lnc.

DST 358"

and software” Electrorics 75.5

© o

10. “Digital system trainer Feedback
Instruments Limited

11. ED Colle: “TV-typewriter [”
75.2. p27~30

12. “TTL application manual with data book” Texas

Radjo-Electronics

Instruments Asia Limited pl~3



