A159IRTIIU

v v

CENTRONICS PARALLEL MONITOR

oy
wwdyad  quna

v o w o
HIHAUYY ﬂigﬂTWU‘ﬁHiﬁu

$u don T2l R A%

wypsifisd. 0 3 8 3 5 3
eudunniida. 1. 94343(43)

Y

Ty a d o [ 1 : s A v A
Wggniinusatuiifudnmilesnsinnaumdngarligangammnssumaaiiusa
MAIPUNAUABATINATIN

o 4
AL ININTTUAIAAT
Qs =2 Yy v o
go1ruma 11 TagNIZIBINANIAUNTITAIANTTLN

UnsAnun 2539

038303



CENTRONICS PARALLEL MONITOR

MR.WIBOON SUKPHOL
MR.SOMCHAI PRAPAPHUNNURAT

Project Report Submitted in Partial Fulfillment of the Requirements
For the Bachelor’s Degree
Department of Industrial Technology
Faculty of Engineering
King Mongkut’s Institute of Technology Ladkrablang
1996



o < 4 @ o 4
WadoUTayatinus (ATBIATINIVT YR NUVUNDINUUIY

CENTRONICS PARALLEL MONITOR

a o
Ty we3yad FUHA
o @
WIBAUY szaniuyian
MAIN MANAYANINATIN
P a a
919156311 919158 Inena ant lomana

a 4 Y G Y 9 4
ANLIINTTUAIEAT A0 1UmA Tu lagnIza9unUNRUNYITAIANTTLN
wvaq Y o a a - c:l o 1 £ < o
ay N A W udSguwusadull Wud aunilaveamsanyiaiunangas

q

QATINNI TUR AT TN

Az sUMIAaULTyaniinus

PR
19158N5 N7

..............................................

ATIUMT

..............................................

AIIUMI

..............................................

ATIUNT

..............................................



Project Report CENTRONICS PARALLEL MONITOR

By Mr.WIBOON SUKPHOL
MR.SOMCHAI PRAPAPHUNNURAT

Department of Industrial Technology

Advisor Mr.PAISARN SITHIYOPASAKUL

Accepted by the Faculty of Engineering, King Mongkut’s Institute of

Technology, Ladkrablang in partial Fulfillment of the Requirement for the Bachelor’s

Degree.

Project Report Comittee

.......................................... Chairman

( )

.......................................... Committee

( )

.......................................... Committee

( )

.......................................... Committee

( )



Y] a a 4 VY o
WadeSayantinus 1ATINTITUTYRIUVUNDTNYUIY

CENTRONICS PARALLEL MONITOR

a o
1ag wgiyad quwa
WHANIY dszaniuySan
P ] a A
9191386M1/3nwN 919158 lwea anslemana
unfinge

. R, ) d ] .
1A5991 1nTeensmdvdaanauunesnau Wumsesiionseglnyeln
y & A4 9q¥e  w & ] 1y
aiviue lyd mumsasivaeunsdeaisdeyaluszuunsadsyauuy
y ]
vy Tagodenugiumsds uazsudeyaseviiuniedlulnsneuiiuneidn
a A a o9 L Qs dy [ VY- | < a &
YARANUIATBIRUN Joyands uazSuilvzuaauilusiadan uazignyuaduea
° Qs 1 {a 4 1 1 o3
g ransasuitwumslumsdidoyaiidaiuludededoya uasidhums

WauuaTealontlszdnsnnas 1 lusuaa



Project Report CENTRONICS PARALLEL MONITOR

By Mr.WIBOON SUKPHOL
Mr.SOMCHAI PRAPAPHUNNURAT

Advisor Mr.PAISARN SITHIYOPASAKUL

Abstract

The project CENTRONICS PARALLEL MONITOR is the utility tools for
testing and monitoring parallel data communication, such as centronics port. This
tools operate from the basic of data communication between personnel computer and
printer through centronics port. The data transmitt in ASCII code and Hexadecimal
code can recoginze the procedure of there communication protocal and translate to

display data communications status.
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WesNAILNY
in 0 -STROBE | LOW = normal; HIGH = Output fo data
N1 - LF/CR LOW = normal; HIGH = auto line feed after
i 2 - LOW = initialize printer; HIGH-normal
INITIALIZE
in 3 SLIN LOW = deselect printer; HIGH = Select printer
iin 4 LOW = printer interrupt disabled;HIGH = enabled
1n 5-7 Unused
wesnanIuL
1N 0-2 UNUSED Unused
in 3 -ERROR LOW = printer error;HIGH = no error
in 4 SLCT LOW = printer not on-online;HIGH=printer on-line
in 5 PE LOW = printer has paper;HIGH = out of paper
iné -ACK LOW = printer acknowledges data sent;
HIGH=normal
n 7 BUSY LOW = printer bulsy
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Aagun 2.5

51 2.5 _uansauseanenaszlysunsuliily LPT1 w5e LPT2
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SIGNAL PIN OF DB-25
| sTRoEE 1]
<+ Data Bit 0 2
<+ Data Bit 1 3
+ Data Bit 2 4
<t DataBit3 S
¢+ DataBit4 6
+DataBit5s 7
+ Data Bit 6 8
+ Data Bit 7 9| COMPUTER
- Acknowledge 1 0'
+ Busy 11
+ P End (out of paperi 2>
+.Select 1 37
- Aufo Feed 14
“Error_ 1 5'
=—1mtlallze Pointer 16
_ ~Select Input 17
- Ground 18-25'

e/

o 4
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Parallel Monitor

3.2 wHannIsNINIY
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CP-Z84C11
PARALLEL I/O
CONTROLLER

COMPUTER

@@ﬁ>|m

SWITCH

| NI

=
G

ROMBIOS

K DATA BUS )i

|

|

|

|

!

E

E Z84C11
i s

| :

: |

| PROGRAM :

: _":_’\ LCD DISPLAY
i X

i |

I

319 3.1 _vdenlaezunsy ( Block Diagram)
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3.3 CP-Z84Cl11 PARALLEL I/O CONTROLLER

vesa cp-zeacil ifluvedaiild cPU zsac1 veauSim lwannunidhidiglss

vosa Suitalla 10 WinnziEss Gy zsac11 1swsumeinaasanqveslsasmdidoiu
An

- z8ac11 iludity z80 nuuFuea Sud 10 Mhz

- 78430 1§11 780 CTC uuFuOA 51t 10 Mbz

- CGC 1lu Clock Generator Control Circuit

- WDT 11424995 Watch Dog Timer

- Power on Reset (11112495 Reset CPU 1l Voit Vee #1091 2.2 V

- 40 bit parallel port 1114 port 8 bit $1UU 5 port 19471 119 11N 6/10 Mhz
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IEI 1PES
CLKITRG3 — PE6
CLK/TRG2 ) PE7/WDTOUT
CLK/TRG1 I Vss
CLK/TRGO —1PBO

D7 751 PB1

D6 IPB2

D5 —1PB3

D4 ] PB4

D3 10 70 PB5

D2 IPB6

D1 1 PB7

Do Z84011 —1PAD

/INT —IPA1

EV 15 Z284C11 IPA2

IHALT 65[1PA3
IMREQ 100-PIN QFP —IPA4
NIORQ ] —1PAS
JRD ] —1PA6
IWR ] 20 I PA7
IBUSACK ] 60[JPCO
IWAIT T I PCH
/BUSREQ ] 1pC2
IRESET [ —1PC3
M1 {25 —1PC4
IRFSH ] 55[1PC5
Voc ] IPC6
Vss [ PC7
A0 —ICLK
A1 30 51 Vee
31 35 40 45 50
gt uuud
Nnvmmhwm‘c_:eggegg ‘1’-’3:&)
<<<<<<<<<<<<<<2255§>
X X

517 3.3 sraziaay loF TNy

038353
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Z80BUS 40PIN

O

Z80 CIC 10 PIN GND +5V
L1 | .

CLCD 20 PIN

) RAM 8000H-FFFFH

64/256 :I

) ROM 0000H-TEFFH [ ]

27256 HALT O

J6
J2 3
z84C1110 | 0 .]

72 1/0 Z80B 34 PIN 72 1/0 Z80A 34 PIN

| EEPROM| |

J5 BN EEPROM
J1 C M rAM ON/OFF
| | J7 M cD CHAR/GRAPH

POWER RS232 PORT
O M

PORT KEY 4*4

O

51 3.4 yB3A CP-Z84C11 Parallel /O Controller
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3.4 Wenvulaezunsuvesding 2s4C11

CLK EV
Clock A15-0
‘ ,| Generator ~ <:>
XTAL2¢—| O Co
(7] ntrol
2 Circuit <:> D7-0
2
5 — |
XTALI—> © 5
o [
r K~ 280 CPY | =
Internal 8
‘—p»1 Counter —
Start Up >
—>
/RESET¢—¥> Power-on Reset Circuit g
m
©
o
8
ZC/TO0-2¢— = | |
Wait State
Generator >/WAIT
Z80 CTC K=>
Port A PA7-0
Port B <::> PB7-0
CLK/TRGO-3—*> Port C <:> PC7-0
PortD [K—> PD7-0
Watch Dog TimerK— ) PortE K= PE6-0
7'y < i PE7//WDTOUT
) MU

T

3 Ilﬁ 3.5 Z84C11 Function Block Diagram



3.5 SPECIFIACTION

CPU
MEMORY

EEPROM
PORT
PRINTER PORT
SERIAL PORT
LCD PORT
KEYBOARD
CTC PORT
CONTROLLER(Z80CTC)
CLOCK RATE
POWER SUPPLY
CONNECTOR

ETT)

Port)

PORT)

BOARD)

22

ZILOG Z84C11-10 CMOS TYPE
27256 (32 KBYTE)
6264 /62256 (32 KBYTE)
93C46 (1 KBIT)
PA, PB, PC, PD, PE /O PORT 40 BIT
1 PORT
1 CHANNEL RS232
1 LCD MODULE (DOT OR GRAPHIC)
1 PORT (8 BIT)
4 CHANNEL COUNTER TIMER

10 MHz

COMSUMPTION 5V DC & TERMINAL 5V DC

1 40 PIN EXPANSION HEADER-STRIP (Z80BUS)

2 34 PIN EXPANSION HEADER-STRIP (7210780

1 20 PIN EXPANSION HEADER-STRIP (Printer

1 20 PIN EXPANSION HEADER-STRIP (LCD

1 10 PIN EXPANSION HEADER-STRIP (Z80 CTC)
1 10 PIN EXPANSION HEADER-STRIP (KEY

1 4 PIN EXPANSION (RS 232)

1 2PIN JUMPER (WATCH DOG)
1 2PIN JUMPER (RESET SW)

1 6 PIN JUMPER (TX, RX, INT)

1 4PIN JUMPER (MS1, MS2)
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1 2 PIN JUMPER (ON/OFF BAT)

1 3 PIN JUMPER (6264 / 62256)

1 3 PIN JUMPER (DOT/GRAHIC)

1 2 PIN JUMPER (RESET 40 PIN Z80 BUS)
LED : 1 POWERRED LED

1 HALT GREEN LED

PCB SIZE : 122X9CM

s J g ya P o s o oA
veia CP-zg4c11 uuesanlddiy zsaci1 vuudfglsziwesa Suiinnmiss 10
ad
UNSLITIY
=1 J 4 =21 S Ao 9 9 v a 9
WIUNUDIA CP-Z84C11 nNAB Uaiﬂwwwgﬁlu Z80 WIDUAIYWITANWYPWUIUIN

wsld'

mingdmsudhneld zso um'auuazﬁ’mmi%mmmmmqaqijilu‘é‘ﬂﬂszmawa"lé'sam%‘a
$u wlewtauesa cp-zg4ci 5§aﬁ1u1in¢iai°1’famﬁuqﬂﬂmf 1%U LCD , Printer , Keyboard ,
EEPROM l@daiiazsiags

HONNINTBIA CP-Z84C11 HassofesIufy ET-DEBUGGER z84C11 ylfaunsawann
S2UY Z84C11 A5 WAVIATE PC HILNA RS-232 Port 18 Tasaunsodedu , 4 Run Single

Step, ﬂf’h Register , Load File 2INIAT89 PC : %5911 One line asm , dasm vlﬁsl'ﬁgll'w
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2
72102808 34 PIN 7210Z80A 34 PIN

1

1

CTC10PIN

2

2
INPUT PARALLEL 20 PIN PRINTER PORT 10 PIN

1

{ ¢
Ui 3.5 swazpeavineuninges




25

72102808 34 PIN 7210Z80A 34 PIN
00 1 D10 1
D20 | | D30
D40 | D50
D60 D70
DO1 9 10 D11 2 10_ACKO
D29 | D31 BUSY 0 11 |12
D41 D51
D61 D71
STROB1__21 22 INIT1
BUSY1 23 5V
SELECTO | END
GND
CTC 10 PIN
- STROBO 1
INPUT PARALLEL 20 PIN PRINTER PORT 20 PIN
STROBEO 1| GND STROBE 1 1 | | INIT1
D00 NG D01 | NC
D10 GND D11 GND
D20 GND D21 GND
D30 GND D31 GND
D40 GND D41 GND
D50 GND D51 GND
D60 GND D61 GND
D70 , ACK 0 D71 , GND
BUSY 0 SELECT 0 BUSY 1 GND




3.6 MEMORY MAP ADDRESS

0000H

7FFFH
8000H

9FFFH
A000H

FDFFH
FEOOH

FE27H
FE28H

FEFFH
FFOOH

FFFFH

ROM

SYSTEM
CALL

BUFFER
DISPLAY

INDEX AND
VARIABLE

SPACE

26
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1/O port CP-Z84C11

CTC CHO 10H
CTC CH1 11H
CTC CH2 12H
CTC CH3 13H

PORT D DATA 30H
PORT D DIR 34H

PORT E DATA 40H
PORT E DIR 44H

PORT A DATA 50H

PORT B DATA 51H

PORT C DATA 52H
PORT A DIR 54H
PORT B DIR 55H
PORT C DIR 56H

PORT LCD 80H-9FH

SCRP EEH
WCR,MWBR EFH
WDTMR FOH
WDTCR FtH

3.7 MSHININ HazmMsIva

Hdunsozl LCD uamsanuzysinsdsdoyn lnsussinuuszuaaunudfanIuy
[ b4 ] 14
younsosluvnziug damuisiaanzuaadoyaveunsesluvmziuqusURyIN
iievimsanses 90 LCD 9suaad START Aoiludaiusmsisudumsiam in

3 ¥ 1 é a’ = o
uum?m%zuﬂmamumwxxflummﬁmwa DISPLAY “ﬁﬂ%&'tlﬂ'ﬂﬂlﬂuiﬂﬁuﬁ)’dﬂ N13924A7
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¥
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( Start }

y

address 6000H

define variable

A

set input port
set ouput port

clear data in RAM
clear data in buffer of
display

initial LCD

emulate printer
ready

y

call interrupt
mode

set control
code interrupt

clear LCD
display

A
set variable
RAM_in
RAM_out

29



!

display
Character
on LCD

4

display char "ASCII"
code on LCD

display char
"STEP"
on LCD

l main 1

! No
> |n=OUt?/ @
’ Yes

y

Clear Send_PE

Sent printer
ready drop
busy

y

Delay <

No Yes
Send PE=0




main

main 3

clear variable NHEX

A\

load data in to register
D

call sub program
DSP_LEFT

main 1

31
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ASCII
main 5 @%

old HEX character ,

eck ASCII or HEX frof
ASC_HEX

decrease variable

RAM_out 1
theck HEX of old
character or not
No NHEX=1?
Last HEX
Yes
translate ASCIl to
HEX
clear variable NHEX
bring HEX in NDHEX Y
to register D 4 . save next HEX to
load register D with NDEX
80H
y
clear variable EHEX : 4
set variable NHEX
set variable EHEX

Display character
"HEX" on LCD
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sub rjoutine
DSP_LEFT

=

y

Save register

A

Scan key

check depress ke
depress key "Step
depress key"Con'

>._

Display "HEX"
code on LCD

y

=) .
AU register

D)

DSP_L3
set variable
ASC_HEX=1 depress key "HEX
NHEX=0

No

depress key
"ASCIlI"
es
Display "ASCII"
code on LCD

y

-~ .
iU register

y

=




depress
key"Display”

depress key "Print"

Yes

clear variable
PRT_DIS=0

set variable
PRT_DIS=1

Display character
“Display”
on LCD

Display character
"Print”
on LCD

34

DSP_L8

DSP_L8



DSP_L1 continue

Continue or Step

DSP_L2

set variable
<> CON_T=1

wait key

DSP_L8
depress key
llStep"

Display
character"Step"
on LCD

DSP_L6



display

%) DSP_L3

variable CON_T=2

y
Display character
"Continue"
onLCD

y

save register

y

shift data in buffer

display data on
LCD

y

delay time for
looking data

Display

display or print

print data

y
Display
character"Print"
on LCD

y

RAM_OUT=RAM_OUT
+1

=
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Sub routine (a9 usIONH UMY WING S

| Terminator }

A

save register

B=39

y

load last address of
buffer on HL

y

bring data in HL to
register A

transfer data between
register A and register
B

y

decrease HL

B=0

-
A1 register

end
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Sub routine WR_DSP

( Start )

save register

HL=address buffer
(DSP_BUF)

y

position for display on
LCD

4

check status LCD

display value

& ' .
fuA register

end
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Sub routine Print

‘ start )

save register

bring data

toreg A

fromreg D

transmitt data
to port B in reg
A

4

delay time

transmitt
strobe to port
C

y

delay time

y

receive status
from port C

No

- ' .
fuA register

=

39



Sub routine CLR_RAM

( Start )

’

save register

HL=first ADDRESS of
RAM

DE= next ADRESS

y

clear data at HL

>

y

shift data at HL to data
at DE

No

Yes

fusn register

A 4

=

I'd o q . .
Wunisueas INsmn15911914Y09A584 Centronics Parallel Monitor

3.9 Centronics Subroutine



Disable interrupt

!

Save register

|

/ Up Busy /

Yes

Send_PE=1

No

Count character

!

/ Receive data /

high FDFFH

Not high

”

Load low of RAM

Delay

.

/ Sent ACK- /

I

Delay

/ Sent ACK+ /

Set END_PE=1

Count_Char=F700H

L

/ Sent busy and
PE

/ / Drop Busy /

y

Clear count_Char

Pop register

Enable interrupt
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4.0 DOT MATRIX LCD MODULE

DOT MATRIX LCD MODULE tjseenl#dd
1. CHARACTER LCD MODULE
2. GRAPHIC LCD MODULE
3. SEGMENT DISPLAY TYPE LCD MODULE
TavTuusazuuueeldnnlseaouingq ua @iy
1. DOT MATRIX LCD iludnaasmalvismeuninludnvasmsdauasdadateady
wesireduidufnszanussyndn
2. DRIVER ifuiudaanasindanuauandunin LeD SniinilsTavdiesfition
1411 LCD MODULE 191 HD44100H, MSM5259
3. CONTROLLER #ludfudeyannginssinousnuunzianisniugy LCD
MODULE I¥inaiuuaasnaniee wu nisavsenm, msineaasnys Wudu Taetives I1c #
fiowl¥fufie HD4478 Fa9z19 vy CHARACTER LCD MODULE Hudulnajuaz wed
IC HD61830 9% 191ty GRAPHIC LCD MODULE
lunsanmmsiauuas 19 Lep MODULE 1hlilseiniaes fustausarni
i$119luduves CONTROLLER léffisanaudinaz Tavuin LD MODULE luusazusym
u¥29:14§7 CONTROLLER filndnmsninmumiionq suiludaulvaguazlu Lep
MODULE Lm'azﬂJmﬂi‘im'sué’hé’ny5n%'aﬁm:rumsﬁ'ﬂﬁﬁm‘?ﬂmsﬁmmmmﬁmﬁuﬁy@ﬂm
I1C filounniigasmitefidICONTROLLER LCD fifteiwed HD44780 Tavpalitwumsyiau
voash1dinas1gnI¥iU CONTROLLER LCD #buq #av lufifesdnn 1 wef
HD44780
HD44780 1fu'led LsI @milsldarugy Lep lasugaswalugildasnysnie
Fudnusisneg Aussamnsase ldnuuuy 4 dnwwse 8 inAld Tasdusimeuny 4 in oz

aol¥auii DB,
d' L4 )

v ¥ [ 1 4
-DB, iy Tasdoyansausniidaiu HD44780 sxfetiudeya 4 In vu uasdeyaiidasion

1 4
o o a
wwiludoya 4 dnan



_Block diagram of HD44700 interior

D e N cL
Vee Address Timing generstion 3 Cl.'.
GNO counter (AC) circuit "
osc,. .« - - : - ]
osc, ezl e
o= 2 7
R —
® T RS Diwolsy dote = 4
AS ———— £ =v AAM H 16 : '8 .
RN ] g - (DD RAM) P § Sl A eee COM, ~COM,,
s L7 80n8 blts 2z E ;
€ 3 mitE; ¢
4 E P - 2 U v
D8, ~D8,~—*—4 O |, zl } 5 _J
s i, T s 3¢
08, ~08, ~—i—n! = { { i = L— )
% - -
__J 5 F Chasacter Choescter _é <
geoersior generoloe Y 40 = 40
ROM ROM 5 St € fl——s SEG, ~SEG,.
{CG RAMY (CG RAM) g s g
512 birs 1200 bins 0, ?= €
i, 2RI S
Power supply | v S H
lor liquid
crystel - z'—"
dipley drive | e Parstisilssrlal Gote COnvoraton l ‘ g
- 40-Dit shils register I,__' o
v' [ ::’:‘:"‘hl Gete — warial dats}
TIKING DIAGRAM .
} ]
bl )
RS.R/W >£ vy w
I ty A ty ot )]
et Vit
.. w
_
E —3{ te 1, " = ey
I
e Yt
Input Doto >t“’~ o K
. Lo, o
: o 55
Output Doato o) =
‘e = e

TIMING CHARACTERISTICS FOR ALL COMPATIBLE CONTROLLER CHIPS,

TROUERS OWS [sausmc| Hiaot] samvo | pson | o RECOUIENDED o =
PARAME TERS KSO066 [HO44780f LC798S HA |SEDI278 [usue222| Tumng NOTE :
Enable Cyde Tme [ tC{mn) | 1000 | 1000 1000 500 | 667 1000 ERLN INIIA D
Encdie Puise Wdth
Hoh Levd w(mn) | 450 450 350 220 280 30 . 23
tow lovd So .o f W (min) | 430- fas0.. [ 450 - 220 | 280 40 S OWEN
€ Aoise Trme ¥ {mex) | 25 25 25 25 75 25 a3
Efoh Time - U {mad) | 25 25 75 25 25 25 nS v
Set—up Teme 18 {mn) | 140 140 140 40 140 140 X3
Deiw Sci—vp Teme | B {min} | 155 | 195 195 %0 | 180 1% a5 | > HODULL INITIALIZATON DOLS NOT
AFFECT BY USING }D44100,
Date Odoy Tme | 1D (mas) | 320 | 320 320 120 | 220 370 "5] OR KS006S. OR LC7930
Adress Had Tme | WA (mex) | 10 10 10 10 10 10 aS] OR KSH3250, OR MSM3829,
Hoid Terve i OR MSK3260 DRIVER CHIPS,
rout Dote H{min) 1 0 10 10 10 10 10 L3
Oulpwt Dota o(mn) | 20 20 20 20 20 20 23

Uil 3.6 uansvdentnezunsuuas Inisislaezunsuyes HD44780
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151811715078 LCD MODULE (HD44780 111 CONTROLLER) {hfuszuu lulas1d

nawgduuudegii 3.7

 ADOR VK 21161,
<—_—:>R2M AQ— Ri
Al —R/W
78| oATA” RAM™
HCT138 0o~ Do~
A13 A YO ggm D7
A14|— B V1R
A15 c . e
- MREQ 0 Y3 sgmen

: Exomple of interfocihg to 288 MPU running ot 2 Mz
: AB Is connected to RS of module
H where AB = 1 : Instruction reglister Is sclecled
where A9 = 8 : Dota register is selecled
: Al i3 connected to R/W of module
where Al = 8 : Module in Write mode
where Al = 1 : Module in Reod mode

WRINST  EQU  6QBOH  :write® instruction
WROATA EQU  6BBIH  :write dota .
RDBUSY EQU  6882H  :reod busy

Address Function Read/Witte?

8000H | Write Comrmend 10 LCD | Yrite Ondy
8001H | Wite DutatoLCO | Wrho Onty
200ZH | Reed Statve homLCD | Mesd Ordy
80034 | Resd Dats homtCO | Resd Ony

8004
5 0 Ho Access
pee . FFFFH y
- Yoy
-3
ql 22 1 —
. - ,;
L I S, e ]
—_ 3 B [
- Ve » Ve Vg Pormor
& food = =
e 819 lj_ -lj. =
s B s = = -
-y s 2 .
wasr ot an iu‘;
av N o
[ bl - s Bofst
= | o | x
Hour * . 1} ar a L
~Lra a ——tf o s -
Alrss ° e e “
v oo . =t
Ay : ]
-4y
—
3n R =" i =Py
-t rene wenr
1 x Y
4 4 —in  =de
o - -
.
—T
- - s =22
” ”" ” "
- - - -

sUfi 3.7 msAe LCD MODULE ihhiuszuyTulnsneuiiunes



HDssIe b

n.:D_

Connecting directly to the B bit MPU bus line

HDéo 9

YMA

L0

Asr

Ao

Exsmple of interfacing to the HDEBOS

HDss O

Ae=Ay

Cy

C

e of interfacing to the HDE301

HDes o1

Fuo

~Puo

LCM e
PAy coM,~ o+ | -
col,,
rA, aw Connacied
HDssroo te LCD
ra. .
B0, =~ bt
HOs 1) sxd,,
[ 4 Tt 1) hd DB, ~DBy
Flo. 4 Exormpis of lntertocs to HDSIROO waing PIA (HDSSB21] .
LCM
3 cou, )
/ € ~COMy ¢ [
'
HOSS L2 Consecind
RS te LCD
MY seo, 0
oa~os, E%1
(¥aY
% CON e
: e r
o8.~ps, SO (—v—
Connegied
1
c noYpy wLCD
%
RS JEU ——7’—-
ek
l/w
M
rs L COoN, e
Rw ~CON,»
4 Ce ted
se700 ennecte
Hp 1o LCD
DB8,~DB, [
3E0y |m—plme
~SEO.,




@1519A189 HD44780
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M Instructions
Cade Inecotion Thua
- bman)
Itrocon Descripdes
Grben kp o
XS | W [ Dby | DB | DBs ] DB [ DBs | DBy | DBy | DB oot In 290 21100
[+ 993 Clerrs enaire display and scus DO
D [} [ ] o o o 1 L] ® o ] AM ok conter. 164 me
i Scts DO RAM sddrem 0 n sddress
Retern § counter. Abe reterm display beiag
Home [} ] [} [ o o [ ® ' * shified 1o oviginal posiiton, DD .64 ms
RAM comrats remaia enchanged,
Scta cwrsor avowe diructioa and
. Ewtry specifies phift of displey. There
Mede Set -0 [} 0 [ ] ] -3 ¢ H vo s ot TRupo § durlag . LN
hd data writs and rend.
Doylay Scts ONSOFF of cotire dhpley (DL
(o o ¢ e [} [ ° (4 [ ] ] C 3 cursor ON/OFF (C), and biink of Ops
Cowtrel cwnor povition chanaer (B) ve
Conver o Mova cunsor and shifts duplsy
Display ° [] [) ° 0 T K7 o I 7 A I ¢ | without changing DD RAM g1
Seih contenty
f Scts interfacx dats lenpth {OLL
s [} [ [ [ 1 oL N F d 9 rumber of display finas (L) and 40pt
charscter font (F)
Scts CG RAM sddrous, CG RAM
St CG RAM [ o 0 H ACG data is scot and reccived fler 1his Ops
Més ¢
setting.
Scts DD RAM addrers DD RAM
SaoxAMl o | o | ADD Lota i senk and recrived alies this O
b serting.
Rend Reads Bury Nag (BF) iadicating
nternal opcratios B being
:", ,"", N LN L 33 perlormed and reads sddros — Ons
COvmT Comlaia
Virhe Drin .
0 CCor § 0 Write Dsts :IAv::MHQDOlAMGCO P
DO RAM
Resd Dote
trom CG or ' 1 Resd Datn Reads dota frorme DD RAM or CO O
DD RAM o
:g-l:l-m-nt DD RAM: Dopley dsts RAM Exrcution Ghae
H ::: Decrrment CC BAM: Chardexs procrster chasges whes
2 Accmpasics fiopley shik IAM Freqocncy changer
SC=1: Diopley shik . Acc: OG RAM sdiros Crsmple
SC=8: Carsor move Ave DO RAM Addroc Whea ky of foac
w:’:::::“ﬂl Corropeeds 0 corver sddrese | W20 HE
DL=1: 8 bte, DL 4 ¥its J\‘Cl:n'».-u.:z: Pyivpiteleg ax et
N =j:18ec N=0: ) fme e
F =1:5%18 dots, F~& SXT dets
4 BF =82 Can sceept tustroctien

* Ne clfect
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HANHIN 1.

g

Yoyauein CP-Z84C11



i’ax_:anae POARD CP-Z84C11
cry

ZR4C11  mawin ZIL0G  amiihi HIGH SPEED OPERATION TasiWidon
2 fu @0 RN TRIWA 6 Mz, wavh RUN 10 MEz  haadeian i cpu 7 RUN 10 MHz
Pt umdidnae ZTi06  auifheom aos M RunIzusdwnlumedian sET Biaglu stop
MODE axfuniausiiing 50 UA  ¥pdanagiowiianas CPU Siap  feulfs RUN 10 MHz Raow
tftsnan SET W RN iSinerSaidnfili@e 5 iz Tunsdmly RaM w30 ROM T ACCESS
TIME Tantiia POWER ON uf? CPU 3= RUN 19 5 Miz irmamaw Suthaas1iat 11
¥an3 RUN 10 Mz fidwnan SET 18¥a0Tusunta TkUAmTay CPU aztihs PACKAGE
uyy 100 PIN QFP

CP-284C11 PARALLEL I/0 CONTROLLER

=
180BUS 4@SIN IR2CT7 1OPIK  GLCD 20PN POWER
i ) GND +5S
/ : |
'.' 3 \ ¥
: —_ }
Oy L jaaa T 1O
/] RAM 800QH-7TFEH
t455e JS mm . BaT ON/OFF
S X v | 1 !L l Jimm — | RaAM &2/256
: JT rmm ! Leo cuarscrarn
' ROK 000QH-IFFFR
272%¢€
wair Q
J2 J6 m RS232 PORY
Ak - 5 pouer O S
!_JQ Z84C:1-10 e
| PORT KEY 4s¢

=Ry S\
. . PRINTER PORT

O | ] [ ) 10

H

i

!
RN

3¢PIN J2I16G28¢ EEFROM K 32PN 7210780



MEMORY
CP-Z84C11 ﬂ1u11nqduﬁvsga1u5115§¢§a 64 KBYTE Tasunai i
SOCKET 1 EPROM  #W7nld EPROM mune 32 KBYTE  Wias:fuiuad

1

27256 - IMAATWA N TUA N ADDRESS 0000H H¢ ADDRESS

TFFTH
SOCXFT 2 RAM

w170 14 RAM ue 8-32 KBYTE 1 lag i vad

6264 M3p 62256 MMIIBAIW3LININ ADDRESS BOOOH B

FFFFH

a9y :-
v

[ OJO
62256

Tes SET dwmis JPER Tuntdwmsiuadlad

J1

O[O O]

6264

v
VUIPAIWIY RAN A2ulit T9@ W I0Re BATTERY 3.6V ¥ BACKUP Fanavae
v

. o : P a vy
M &S

PORT

CP-7RAC11  3n PORT e 40 BIT 170 wia 5 PORT Sasiu o

7 1, ~ ° « o
& PORT u3stih PorRT Tudia cpu 1anqz§awuuuaaaaanuﬂﬂozu o

i

3

ﬁ N

4PIN 7210280

h

N R |
72
34PIN 7210280

b

PORT n
PORT B
PORT C

PORT D
PORT E

PORT  Teiananutiazagiihi CONNECTOR 34 PIN (7210280) #winsiadoul¥ify
glh1éﬁﬁuﬁ¥ué10qnaen10 Am @ununn 1du e ET-SSRAC , ue ET-AD 1 Bubu



CHANNEL  PORT ADDRESS
PORT A DATA PORT 50
FORT B DATA PORT 53
FORT C DATA PORT 52
PORT D DATA PORT 30
PORT E DATA PORT 40
GIANNFL  CONTROL  PORT ADDRESS
PORT A DATA DIRECTION REGISTER 64
PORT B DATA DIRECTION REGISTER 55
PORT C DATA DIRECTION REGISTER 66
PORT D DATA DIRECTION REGISTER 34
PORT E DATA DIRECTION REGISTER 44

PORT

T X x = o=

fo R o< - A o]

v mnIaRe 1l PORT nae Zaacii vie INPUT. w33 ouTPuT §Tadd9= BIT @9 BIT lap

v » -
D177 SET A189anm PORT DATA DIRECTION REGISTER

021 BIT Tlenihe 1 * FRa M

PORT DATA D24 BIT shrnihi OUTPUT PORT (Hn SET PORT tautfh: OUTPUT PORT : A3

a’m:;ﬁugua’) uaeinsWasns Bt INPUT PORT & SET dnoan® PORT DATA DIRECTION

REGISTER iihus " 0 ™

D7-D0 Data Bus
Output Butier
4 Ppat
Oda :K Data Post _D_ ‘ :,'f;
—ﬁ/ Directon — J Register
Regioer  (—o b /] 1

Input Control Logic

EENENENE
M mn

Figure 10. Pont Direction Registet



ZB0 BUS
-y v - - -

CP-ZB4C11 3=uATungNaTe lBne Z80 BUS  lasiiansyivaieuiy CPU Z80
40 PIN 1t 31dwnToaensisvata liity davons PORT 8255 lanlas ¥ upda 7210280
(e TFetiewaAntiineIn CPU Z84C11 ISIAUI9RT POWER ON RESET ‘huieguli bidwik
¥aell1937 POWER ON RESET @sannsusn tfu CPU twsdauq  exifulini1n likadouiiy
280 BUS B R , C daazjué”m‘rnzﬁ'\'lﬁ CPU Z84C11 ﬁm‘ﬂmw RESET ®apataan i
wade CP-z8ac11 it JRPER TumaiBanbiliva RESET 3nnpinisuen i CRY Tank

nMaea R , € T RESET PTN nimuanfi Winae JUMPER RESET 88N

z808US D r ] -
gié - é ‘2; p—— 23:‘.0 N
2i3 —G s € p—— 23
L o e 9%
LY — g1 12 f——r A%
fa  —q i1 12 p— 42 |
b —Jig 16 f— 82
0f —a 17 ieb— 82
T —d 12 20 Ay )
= |
7 b il
gc'\ —Qq 25 26 E>__ §§SH | :]
o1 J22 53 B Reser
INT T4 22 30 p— B;:Ro
Ny 932132 D0 us
——433 35 f— HALl
:g‘ég —d 35 3¢ b BUSAKX []
1oRa T 937 38 D WR 3
—Jd32 a0 p— RO L P |H|.
HEADER 20X2
E JUMPER
RESET
. ®
S L
cre
3 . . - - -
CP-7RAC11 3wi1931 ZRAC30 (780 CTC) waiamiivag idiIsuFamiiles vaia
-
. o .
CP-Z84C1] 3=map" 139 mpae CIC asnuan CONNECTOR 10 PIN uideT a1 INT Baw

CTC trzaaifunn INT a9 280 TuiiTastfhann WIRED-OR 1Iou¥asTusiuXs 1Az oA
pas cTC luadeitaz vdlawhy z8o cre i ly



CLK/TRGO
CLK/TRG1
CLK/TRG2
CLK/TRC3

+5V

D——
5 CLK
GND

TC
b 208
c/T7@2

Dsta cPU g
: > 21 L rrupt
BUS Interna! Bus e B

3 >
KT cueme

Counter/

A Timer

V1 Logi
L]
/RESET

Figure 3. CTC Block Diagram

CTC

CH O
CH 1
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Timing in an Interrupt-Based
System with the z80®cTC

AYAEE

Application Note

in many computer systems, sn accurate time

counts or single-event time delays can also

INTRODUCT 108
base !s needed so that critically t!med be Implemented under program controf. This
events do not go awry. Use of a counter or application note describes both contlauocus
timer to monitor tlime-dependent activitles Is time~-Interval operations and slagle-tntervel
essentlal In such systems. ln an Iaterrupt- count operstlons using the 280 CTC in & 280
driven system, the 280 CTC can provide system,
regular program time Intervals. Single-event
HARDWARE In the example used here, the hardwers con-— 60Hz pulses; the other Is connected to a
CONF | GURAT 1 OK sists of a 180 CPU with 4K bytes of MM, 4K transmlt clock {Ine on The SI0. One of the
bytes of ROM, a Z8OA Si0, and o 280A CTC. counter/tImer outputs Is connected to the S10
There ere tvo external Inputs to the CTC: one transmit and recelve clock Input, 2s shown In
Is derived from the sc power Ilne to provide Figure 1.
4K 4K
RAM ROM
ADDRESS 16
7
DATA 8
CONTROL 7
7
Z80OA
cPU €70, AxTxCA
*5v CLKITAIGS TxC8
s10
4K cTC > RxC8
re4{CLKITRIG 1
ITid cLK iNT CcLx iNt
cLK 1 B
SCILLATOR
I AS-232C
INTERFACE
L
S0 H: TTL
PULSES
Figure 1, Z80A System Block Dlsgram
This application note refers to products as Z80 “A", "B” ete. to spocitly the speed grade. We are no longer
using those characters for the speeds. For more detafts, please refer to the ordering Information section.
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The 280 CTC is designed tor easy Interface to
the 280 CPU. An 8-bit bidirectional data bus
is used to transfer Information between the
CTC and CPU. The controt! {lnes, RO, I&Q, M1,
ond TE, determine what datn is beling trans-
ferred and when, M1 and [ORQ are used durlng
the laterrupt acknowledge cyclie to allow the
CTC to present its 8-bit fnterrupt vector to
the CPU, 1O0RQ Is also used In conjunction
with EE to enable transfers between the CTC
snd the CPU., RD Is used to control the
direction of dets flow between the CTC and
the CPU. The channel select {ines (C5q and
CSy) are connected to the lowest two blts of
the address bus and are used to access one of
the four counter/timer channels, Table 1
shovs the relationships between the CS plas
and the counter/timer channels.

Table 1, Channel Select Values
Csy (=) C/T Channet
1} 0 Channe! O
0 1 Channel 1
1 [ Channel 2
1 1 Channel 3

The CTC system clock Input requirements ere
simitar to those of the 280 CPU. For both,
the system clock Input Low leve! should be no
greater then 0.45 V, the High tevel should be
no less than V, 0.6 VvV, and the clock rise
and fa1l times should be less than 30 as. A
clock-driver device that meets these require-
ments, such as the HH-3006-A', works welt

with the CTC. Several devices can be con-
nected to the driver, but the user should be
careful not fo overlosd the driver. The ceps
citonce of the ciock Input to the CTC (20 pF)
should be noted as this may affect the systea
clock rise and fall times.

iaterrupt control fogic within the CTC 1s
used to inltlate {aterrupts and to controfl
the Interrupt acknowledge cycle generated by
the CPU. An interrupt Is generated by the CTC
vhen one of the counter/timer down counters
resches terminal count (0) and 1E€1 Is High,
fE1 and (EO allow the CTC to operate within
the 280 Inferrupt dalsy chaln and to coanect
to the next higher-priocity and next
lower—priority devices In the chaln, respec-
tlvely. {f there Is no higher—priority de~
vice, IEI Is tied to +5 ¥,

The CTC Internaily prioritizes esch counter/
timer with respect to Interrupt generatlon,
This maximizes performsnce by resolving com
tentlon between channels should two or wmore
interrupt condltions occur sloultanecusly,
Table 2 shows the relative priority fevels of
each counter/timer within the CTC.

Table 2. CTC Channe! Interrupt Prierity
Priority Channal
Hlghest [/}
1
2
Lowest 3

CTC WOOES

There are two baslic modes under which the CTC
can operate: Timer mode and Counter mode.
Each mode has certala programmabie character-

istics that enable the CTC to be used In 2
wlde variety of applications,

TIMER MODE

A typlcal use of the CTC In Timer mode s to
provide regular, fixed-laterval interrupts to
the CPYU used 2s a time-base reference to
ollocate the processor resources eftliclentty,
for example, & myultitasking system might have
the processor execute a task for a gliven
length of time and then interrupt executlon
of the program at one-second lntervais to
scan the task queue for higher-priority
tasks, This system tima iInterval can de pro-
vided by the CTC (n Timer mode. In Timer
mode, the CTC downcounter Is decremented by
The output of the prescaler, which 1s toggled
by the system clock laput, The prescaler has
a programmsble value of 16 or 256, depending
on the condition of bit S In the channel
control word (CCW), Thus, with a 4 MHz system
clock fed fato the CTC, & timer resolution of
4xs {prescaler count of 16} or 64xs (count of
256} 1s possible.

(a the exampie shown, the lnterrupt interval
fs set to 8.33 ms, which Is provided by the
CTC with a 3.6864 MHx Input clock, 256 pre-
scaler value, and & time constant value of
120, The CTC interrupt service routine uses a
software count of 120 to malntaln a one-
second system time lnterval, Each time the
service routine Is executed, the software
count Is decremented by 1, when the count
reaches 0, a2 ftag Is set and the progrom
pursves an approprfate course of actlon,
Figure 2 shows the Initiatlization and inter-
rupt service routine coding for s CTC channet
using the Timer mode,

Another use of CTC Timer mode operation Is to
Implement a nonretriggersble one-shot using
external circultry, The dlgitat spproech to
the one-shot provides a programmable timse
delay under CPU control and provides greater
nolse immunity than the more common anaicg
delzy clrcults provide. Figure 3 shows 2
circult that uses part ot a 740502 package in
2ddition to one CTC channel,

The trigger wavetform shoulid be positive-going
and should meet the CTC setup time for the
CLK/TRIG iaput, Alsc, the trigger High levet
time should be less than the CTC delay time
in order to prevent the two T4LS02s from
fatching ln the triggered state. An addi-
tional gate can be edded to Initislize the
T4L502 flip-fiop to a deflned state when the
system !s reset or else the software cen
puise the timer cutput to set the f1lp-fiop,
as 1s done In this cese. A third use of the
Tlmer mode Is to provide a bit rate clock for
a sorlal transcelver device, such as the 80
S10. The SI0 can accept a Ix, 16x, 32, of
64x blt rate clock [aput from an externel
source, and with a 16x, 32x, or 64x awltl-
pller, the SI10 can accept a pulse wavefors
Input for the bit rate clocks, es long as the
pulses meet the rise, fall, and hold time
requicements of the SI0. The CTC meets these
requirements and can be connected directiy to
the S10 to provide the necessary bit rate
clocks. flgure & shows the code needed to
generate & bit rate clock for the 510,

1A clock dr lver by Hybrid House, 1615 Remuds Ls., San Jose, CA 95112,
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With 8 Ix bit rate clock programmed Into the value shouid be set to halt the beud rate
$10, & square-wave Input must be supplied, value, since the CTC output Is divided In
This can be done by asdding o fiip-flop be- half by the flip-fiop,

twoen the CTC and the S10. The time constant

‘ START ’ ENTER

Y

¥
l INITIAUZE CPU l I 'SAVE REGISTERS

Y Y
DECREMENT
INITIALIZE CTC 1 SOFTWARE COUNT
SETUP
SOFTWARE COUNT N
\
v
SETUP DISPLAY Y
l RESET
A SOFTWARE COUNT
lfNABLE INTERRUPTS] }
- SWITCH
A DISPLAY STATE
[ Loop ] -
!
‘ EXIT ’
a) Mpin Program b} lnterrupt Service Routline

Flgure 2., Software for CTC Timer Mode Operstion

a5 S

TRIGQER
INPUT

CLX/TRIG
Cmo
cTC

flgure 3. Moncstable Multivibrator Usling the ZBO CTC
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TEST CTCO
LGC 0BJ CODE M STHT SUURCE STATERMENT

1 CTC TEST PROGRAM
2 \
3 THIS PROCRAM USES THE CTC IN CONTIRUQUS
. 4 TIMER MODE THE CIC COUNTS SYSTEM CLOCH
H PULSES AND INTERRUPTS EVERY 120 PULSES.
& THEN DECREMENTS A COUNT. TIHIN SWITCHES
7 . THE LED STATE WHEN THE COUNT REACHES Z2ERC
[}
< PROCRAM EQUATES
i0
11 CTCO EQU 12 .C1C 0 PORT
12 O €au CYCO+1 iCIC 1 PORT
13 ore2: EGU CYCo-2 LCTC @ PORT
14 €13 EQu CIC0+3 iCTC 3 PORT
. 15 LITE EGQU . OEOH SLIGHT PORY
16 RAM EGY 2000H iHAM START ADpht *
17 FRAMGII EGQU 10004
18 TItE Eau 120 L COUNT VALLE
19
20
21 CTC EGUATES
Q2
23 Cod EGU 1
24 INTEN:  EQU B0H
25 CTRHODE EGU 404
26 P235s EQu 20H
27 RISEDG EGU 10n
28 PSTRT EqQu 8
& TCLOAD EGU 4
30 RESET EGU 2
31 i3
2
33 4 ees MAIN PROCRAM esoo
a4
e ) ORC (5]
C31800 3o JP BEGIN
37
V510 38 ORG % AND OFFFOM OR 10H4
39 IRTVEC
o010 4000 40 DEFu 1€c7C0
G012 3000 4y DEFU icTCt
a214 3000 < DEFU 1c7¢e
oc1e 3000 43 DEFW 1CTC3
a4
43  PEGCIN
318 314020 46 Lo SP. STAK JINGT 5P
0018 EDSE a7 i 2 LVECTOR INTERKURT MULF
01 3€E00 L] Le A, INTVEC/256 LUPPEF VECTGR RY™S
COIF  ED47Y 49 (8.} 1.4
002 €Da700 50 CaLL INIY «INIT DEVICES
0os4 FB 951 €1 LALLOW INTERRUFIS
. $2
«“)2s 18FE 53 JR L] i LOOF FOREVER
54
55 INIT:
w27 3EA7 Se LD A, INTEN+P256+TCLOAD+RESET+CCW
<29 DJOC Br out {CTCO). A iB8ET CTC nMODE
oz 378 S8 LD A, TIME
G020 D30T 39 out (CTCOY. A i SEY TIME CONSTANTY
(e €10 &0 L0 A, INTVEC AND 111110008
fele) D30C '3 out (CTCOI. A .SET VECTOR VAL Ul
¢023 AF &2 XOR A
0534 324120 63 Lo (DISPI, A JCLEAR DISPLAY 2v L
037 3€78 b4 LD A TINE JINIT TIMER VALUE
Q39 324020 &5 Lo (COUNT). A
QIaAC ce * -1 RET
&7 <€
68
&9 INTERRUPT SERVICE ROUTINE
70
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LOC

2000
2000

2040
2041

TEST. CTCO
OBY CODE M STHMT SOURCE STATEMENT

71 1CTC1 -
72 1CTCR
73 I1CTC3
FB 74 El ; DUMMY ROUT INES
ED4D 75 RETI
76
77 1CTCO.
CDSACO 78 cALL SAVE i SAVE REGISTERS
2A4020 79 LD A. (COUNT) s CHANGE TIMER COUNT
3D - a0 DEC A
32402 81 LD (COUNT). A
co ‘82 RET NZ ’ JEXTT 1F NOT DONZ
3€78 83 . L0 A TINE JELGE. RESET TIMER AL
324020 84 Lo (COUNT), A
344120 85 Le A, (DISP) JBLINK LITES
2F 86 cPL
324120 a7 LD (DISP). A
D3EO =11 out (LITE). A
<o - 89 RET
Q0
91 SAVE REGISTER ROUTINE
93  SAE
€3 98 EX (SPILHL
03 95 PUSH DE
cs 98 PUSH 8C
FS 7 PUSH AF
SD6E00 98 cALL co
F1 99 POP AF
c1 100 POP 8C
o1 101 POP DE
El 102 POP HL
3] 103 €1
EDaL 104 RETI
105
106 6C
£9: 107 JP tHL)Y
108 <€
109
110 .. DATA AREA
111
112 ORC RAM
113 DEFS &4 i STACK AREA
114 STM:  EQU s
115 COWT:  DEFS 1 . TIMER COUNT VALUE
116 DISP. DEFS 1 iL1TE DISPLAY BYTE
117
118 END

‘ - START ’
I INITIZLIZE CTC I

LOOP

MAIN PROGRAM

Flgure 4. Sotftware for CTC Bit Rate Generator
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TEST. CTC2

Loc OBJ CODE M STMT SOURCE STATEMENT
T . CTC TEST PROGRAM
2
3 . THIS l”ROGRM USES THE CTC IN CONTINUCUS
4 TIMER MODE. THE CTC SUPPLIES A BIT RATE
> CLOCK TO THE SIO FROM THE SYSTEM CLOCK.
& . THE SYSTEM CLOCK 1S 3, 6844 MHI. WHICH 15
7 . DIVIDED BY 16 BY THE PRESCALER, AND DIVIUDED
. 8 . BY A TIHME CONSTANT VALUE OF 3 TO
9 PROVIDE A 16X, 4800 BAUD CLOCK
10 . TO THE S10. OTHER BAUD RATES CAN BE OBTAINED
1 S BY PROGRAMMING DIFFERENT TIME CONSTANT
12 VALUES INTO THE CTC
13
16 . PROGRAM EQUATES
13 .
16 CTCO- EQu 12 .€TC 0 PORT
17 CcTC1 EQU CTCO~1 :€C1C 1 PORT
18 CTC. EQuU CTCO+2 LC1¢ 2 PORT
19 Cryea: £6U CTCO+3 .CTC 3 PORT
2 TItE: £Qu 3 + TIME CONSTANT VALUE
2
2 . CTC EQUATES
24
2 CClw £qQuU 1
26 INTEN:  EQU BOH
27 CTRHMODE EGU 40t
28 P256; [4¢1V) QO0H
29 RISEDG EQU 10H
30 PSTRT- EQU 8
3 TCLOAD EQU 4
32 RESET EGU 2
33 <€
34
35 .. *es MAIN PROCRAM eses
36
4000 37 ORG [s]
38 DEGIN.
4Go0 3E07 39 D A, TCLOAD+RESET+CCH
wC02 DJ0E a0 ouT {CTC2). A +SET €TC nMODE
“004  3EO03 a1 LD A, TIME
G006 D30E a2 ouT (CTC2). A «SET TIHE CONSTANT
43 J/
a8, HAIN PROGRAM COES HERE
45 =g
as
onos 1B8FE a7 JR s . LOOP FOREVER
48
. 49 END

COUNTER MODE

A typlca! computer system of?on\:sos 8
time-of-day clock. in the Unlted States, the
60 Hz power ilne provides an accurate time
base for synchronous motor clocks. A computer
system can take advantage of the 60 Hz
accuracy by lncorporating a clrcult that
teads 60 Hz square waves Into a CTC channel.
¥ith a time constant value of 60, the CTC
generates an Interrupt once every second,
which can be used to update a tlime-of-day
clock. The CTC Is set to Counter mcde and
with a time constant value of 60, as shown In
Flgure 5.

The Interrupt service routine does nothing
sore than update the time~of-day clock. A
more sophisticated operating system kernel
would use the CTC to check the task queue
stetus. in synchronous data communicatlons,
It Is often necessary to ensure that a flag
of sync character separates two adjacent
message packets. Since soms serlal controller
devices have no way to determine the status
ot sync cheracters sent, the user must use

time delays to separate messages with the
appropriate aumber of sync characters.
Typlcally, software or timer delsys are used
to provide the time necessary to allow the
characters to shift out of the serial device.
The disadvantage of using this method [s that
variable baud rates shift characters at
varlable times 3o & worst-case time must be
allowed it the baud rate is not known. If the
bit rate clock Is suppiled by the modem, as
ts normaliy the case, this problem becomes
even more acute.

A solutlon to this problem Is to use o
counter to count the number of bifs shitted
out of the serlal device. With the CTC tied
to the transmit clock 1lne of the serisl
devica, the CTC can be programmed to delay a
certaln number of bits betore the CPU sends
another message. This solves all of the pro-
blems mentioned and simpiifles the message-
handling software. Figure 6 shows the program
needed to achleve the counting functlon.. Note
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that the Interrupt service routine disables

the CTC, because the CTC:is used oaly once

with each message. Otherwise, the CTC would
generate an Interrupt each tlime the counter

< START ’

Y
[ mmauzecey |

¥
I INITIALIZE CTC J

- \
l SETUP DISPLAY ]

A
IENABLE INTERRUPTS ]

a) Maln Program

b)

roached terminal count.

‘ ENTER ’

[ SAVE REGISTERS l

1

SWITCH
DISPLAY STATE

J

Figure | shows the hardware Implementation of
the cheracter delay counter using the CTC,

Interrupt Service Routlne

Figure 5, Software for CTC Counter Mode
TEST.CTC)
1.0C 0BJ CODE M STMT SOURCE STATEMENT
1 H CTC TEST PROGRAM
2
3 B THIS PROGRAM COUNTS EXTERNAL PULSES AND
4 : CHANGES THE LED STATE EVERY &0 COUNTS
S
& . PROCRAM EGUATES
7
8 (CTCo: EQU 12 iCTC O PORT
? CTC1: EQU CTCO+: iCIC 1 PORT
10 Cve: EQu CYCO+2 iCTC 2 PORT
11 CTC3: EaQu CTCO+3 sCTC 3 PORT
12 LITE: [V OEOH +LIGHT PORT
13 RAM EQU 2000H i RAM START ADDR
. ' 14 RAMG1Z EQU 1000H *
13 COWNT Eau 60 | ;s COUNTER TIME CONSTANY
16
1?7
18 . CTC EGQUATES
19
20 CCuW EQU 1
21 INTEN: EQU 80H
22 CTRMODE: EQU 40t
23 PR36: EQU | 20H
24 RISEDG: EQU 10H .
25 PSTRT: EQU 9
26 TCLOAD: €QU 4
2 RESET: EQU 2
751-1809-0005 607 4/1/81



Loc

0000
0000

0010

0010
0012
0014
0016

o018
0018
001D
001F
oo
G024

0023

o027
0029
0028

2D
D02F
0021
0033
€034
0037

0038
0039

0038
Q03E
0041
0042
0045
0047

c048
0049
0044
0048
004C
O04F
0030
0031
0082
Q0353
0054

0058

TEST. CTCy
08y CODE 1t STMT SOURCE STATEMENT

28 €
29
30 . #44 MAIN PROCRAM ews
3
32 ORC [
€31800 33 JP BEGIN
34
33 oRc $.AND. OFFFOH. OR. 10H
36 INTVEC: -
3800 ar DEFW 1cTco
3800 38 DEFW 1cTC1
3800 a9 DEFW 1crez2
3800 40 DEFW 1cTea :
41
42  BEGIN: .
314020 43 LD SP.STAK JINIT 8P
EDSE 44 " 2 1 VECTOR INTERRUPT MODE
3E00 43 LD A, INTVEC/256 iUPPER VECTOR BYTE
ED87 48 LD 1.4A
cba700 47 CALL INIT i INIT DEVICES
FB 48 €1 s ALLOW INTERRUPTS
49
16FE 50 JR [ i LOOP FOREVER
31 v
52 INIT:
JECT 53 LD A, INTEN+CTRMODE+TCLOAD+RESET+CCW
D30D 34 our (CTC1). A i SEY CTC HODE
3E3C LH] LD A, COUNT
D30D 56 ouT (CTC1). A $GET TIME CONSTANT
3IE10 57 LD A. INTVEC. AND 111110008
D30C s8 out (CTCOY. A .SEY VECTOR vaLue
AF 59 XOR A
324020 &0 LD (DISP). A i CLEAR DISPLAY Byt
ce 61 RET
62 e
]
64 . INTERRUPT SERVICE ROUTINE’
&3
&6 1CTCO:
&7 1CTC2:
68 1CTCI:
FB &9 El i DUMMY ROUTINES
ED4D 70 RETI
71
72 I1CTCI:
CD4800 73 CALL SAVE ;i SAVE RECISTERS
344020 74 LD A, (DISP) i BLINK LITES
2F 75 CcPL
324020 76 LD (DISP), A
DIEO 77 oyt (LITE). A
ce 70 RET
79 -
680 & SAVE REGISTER ROUTINE
81 .
B2 SAWE: f
E3 [:k] EX (SP), HL
D3 -1} PUSH bE
ca -1 PUSH BC
F3 8s - PUSH AF
CD3600 a7 cALL co
Fi e8 POP AF
c1 a9 POP BC
Dt 90 roP DE
€1 91 POP HL
FB 92 €1
ED4D 93 RETI
94
?3 CO:
€9 9 P (HL)
97 €
s8

751- 10090003

608 ' a/i/88



TEST.CTC1
Loc 0BJ CODE M STHYT SOURCE STATEMENT

9 . DATA AREA
100
2000 101 ORG RAM
2000 102 DEFS 64 i STACK AREA
103 STaK: £€QU €
2040 104 DIgP: DEFS 1 iLITE DISPLAY DBYTE
103
1046 END
START

1
INITIALIZE CPU ]

A
[ INITIALIZE CTC 1

4
SETUP
SOFTWARE FLAG

Y

ENABLE lNTERRUPT{l
‘ ENTER >
.

[ READ FLAG BYTE ]

LSAVE CPU STATUS ]

\
SOFTWARE ]

RESET CTC

Y

I SET FLAG BYTE l

[ RESET BIT O ] L !

[RESTORE cPy STATU;I
I START CTC j !
“RETURN ’
a) Main Program b} Interrupt Service Routine

flgure 6. Software for CTC Single~Cycle Use

751-1809-0003 609 Vi/8t



TEST.CTC3
Loc 0BJ CODE M STHMT SOURCE STATEMENT

H CTC YESY PROCRAM

THIS PROGRAM INITIALIZES CTC INTERRUPT VECTOR.
THEN STARTS CTC 3. THEN WAITS FOR CTC 3 TO
TERMINATE. AFTER TERHINATING, THE CTC INTERRUPT
THE CPU AND ENTERS A SERVICE ROUTINE THAT SETS
A PROCRAM FLAGC TO INDICATE ZERQ COUNT. AND
RESETS CTC 3.

QDNCUEWN -

10 EQUATES
11
12 RaM £av Q2000H 1RAM START ADDRESS
13 RAMSIZ: EQU 1000H iRAN SIZE
14" C€TCO: £aQu 12 iCTC O PORT
19 CTCi: €EQu CTCO+1 iCTC 1 PORT
16 CTC2: EQU CTCO+2 iCTC 2 PORT
17 CTQ3: EQV CTCO+3 iCTC 3 PORT
18 COWNY: EGU 20 i COUNT 20 PULSES
19
20 CTC PARAMETERS
21 .
22 CCu £EQu 1 i CTRL BYTE
23 INTEN: EQU o] i INTERR., ENABLE
24 CTRHMODE: [3: V) A0H i COUNTER MODE
3 P236: {X]V) 20H 1+ PRESCALE BY 236
26 RISEDC: EQU 10H i START ON RISINGC EDOCE
27 PSTRT: EQU 8 i PULSE STARTS TIMING
=8 TCLOAD. €au 4 1 TIME CONST. FOLLOWS
29 RESET: €&GU 2 i SOF TWARE RESET
A0 £
31
0000 32 ORC ¢
0000 €31800 33 JP BECIN 1 G0 HAIN PROCRAH
34
0610 35 ORC ¢ AND OFFFOH. OR. 10H
36 INTVEC:
37 CTOVEC:
0010 4100 ] DEFW 1CTCO
0012 4100 39 DEFW ICTCY
0054 4100 40 DEFW 1¢TC2
001& 4400 41 DEFW ICTCA
42
43 MAIN PROCRAM
44
43 BECGIN:
0018 318120 as Lo 8P, BTAK 4 INIT 8P
0C18 JE0O 47 LD A. INTVEC/2%6 1 INIT VECTOR REG.
001D  ED47 48 LD LA
001F EDSE 49 M 2 1 VECTORED INTERRUPT MC
(o} JE10 50 Lo A, CTCVEC. AND. 111110008 ‘
00232 D30C 3 ouT (CTCO), A ) SETUP CTC VECTOR
[Leng] JE01 2 LD ALl 1 SET FLAC BYTE
o027 320020 33 Lo (FLAG), A
GO2A FB o4 El
33
5&  LOCP:
0028 3a0020 57 LD A, (FLAG) iREAD FLAG BYTE
OGLIE Cba7 $8 BIT 0.A
oc30 28F9 39 JR Z.L00P i BRANCH IF NOT SET
0632 cpe7 - 60 RES 0. A s CLEAR FLAG BYTE
0334 320020 &1 (8] (FLAGY. A
cC.37 JEDS 62 LD A, INTEN+CTRHODE<+RISEDC+TCLOAD+1
0e39 DIOF 6;3 out (CYCIY. A iLOAD CTC 3
0038 J3€14 64 LD A, COUNT
003D DJOF &5 ouT (CTCI). A
OC3F 18EA b6 JR Loee
47 «E
68
& INTERRUPT SERVICE ROUTINES FOR CTC
70
7t ICYCO:
72 ICYC1:

751-1809-0003 ) 610 4/1/81



TEST. CTC3

LOC  0BJ CODE M STHT SOURCE STATEMENT
73 1cTc2:
0041 FB 74. El 1 DUMHY  INTERRUPT ROUTI
0042  EDAD 75 RETI
76
77, 1CTC3:
0044 0B 78 £x AF, AF ¢
0043  3E03 79 ) A. 000000118 iRESET €TC 3
0047  D3OF a0 out (CTC3). A
0049  QA0020 81 Lo A, (FLAO) ISET PROGRAM FLAG
o04Cc  C€BC7 82 SET o.a
004E 320020 83 LD (FLACY. A
00S1 08 84 £x AF.AF
0032 FB . 83 £1
0033  EDAD 86 RET1
87 €
a6
89 s DATA AREA
20
2000 9 ORG RAM
2000 92 FLAO: DEFS 1 1 PROCRAM FLAC BYTE
2001 93 DEFS 128
94 STA:  EQu .
93
9% END

CONCLUS 10N

The versatitity of the 780 CYC makes it use-
ful 1n & myrflad of applications. System
otficiency and throughput coen be Improved
through prudent use of the CTC with the 280
CPU. Coupled with the powerful, vectored

interrupt capadbliities of the Z80 CPU, the
CTC can be used to supply counter/tImer func-
tions to the CPU. This reduces software over-
head on the CPU and significantly Increases
system throughput.

" 751-1809-0005
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Block disgram of HD44780 interior

'

Ve Address Timing generation 3 ((::t'
GND counter (AC) citcuit " .
osc - —)
0SC, e | 1. ! 'y
M ES 7
E & S r— r—)
<5 -3 k)
_8,4... tel & Ousptay data - s
RS — i RAM Z e |Z |s
RIW ———— ) [{e]0] RA‘MI £ & g e --» COM, ~COM,,
€ —— & PV —— B0x8 bits iée 3
2 ] -3 SR
4 g 8 c2iL )
. 08, ~08.~-v-=2 O |4 T 8 } 3% N
= lewsd O v— - G
4 = a; b 8 s
~ P 4 —
D8, ~DB, «—r—» s £El 3
' ; ™ (s3] -
5o _ s
o ¢ Character Character 5 s
generator generator 4 a0 | - a0
ROM ROM £ 84 E b v - SEG, ~SEG,.
o I
(C(‘FZ“AM' (CG RAM) &t £
( 5120ms 7200 bits || 49 K b
v, — e
Lt
Power wpoly | v, & 13 s = Y
tor tiquid v =Xan I_ Py |
crystal V"""' > [
display drive | Yo—> 7 -
isp! W e :I.'.c.‘;l':l serial data CONVAISion R -, o
Y {Parstiel deta —» sarisl data)

TIMINQ DIAGRAM

VH MH
RS.R/W )z ' 5
s tw [T o
b i 5 %
D Wliy v
€ =118 = 4 A! v
CARNSTS
VK WH:
Input Doto 1 X% K
1p to
YOH
Output Doto )g o . i
ic

TIMING CHARACTERISTICS FOR ALL COMPATIBLE CONTROLLER CHIPS.

ONTROLLERS CHIPS | SAMSUNG] mTACHI [ Sanvo 1 Epson | oxr  {RECOMMENDEDY 0
PARAMETERS KS0066 |HD44780| LC798SNA [SED1278 fusu6222]  TaiNG NOTE :
Encble Cycle Tme | 1C (min) | 1000 | 1000 1000 500 | 667 1000 S
Encble Puise Width
High Level tWimin) | 450 | 450 450 220 | 280 450 aS
Low Level W{min) | 450 | 450 450 220 | 280 450 nS
€ Roise Time W (mox)] 25 . |25 25 25 25 25 nS
€ fol Time tf (mox) |25 25 25 25 25 25 nS )
Sel-up Tmme B{mn) ] 140 140 140 <0 140 140 S
Dota Set-wp Feme | 8 (min) | 195 | 195 195 50 | 160 195 w5 | 2 MODULE INITIALIZATON DOES NOT
AFFECT B USING HD44100.
Gata Delay Tme | © (mox) | 320 | 320 320 120 | 220 320 "S] OR KS0065. OR LC7930
Address Hold Tme | WA (max)| 10 10 10 10 10 10 nS| OR MSMS259. OR MSM5839,
Tad Toe : OR MSM5260 DRIVER CHIPS
nput Doto Himin)] 10 10 10 0 10 10 nS
Output Dota to{min) | 20 20 20 2 20 20 nS




3 4 < o) < o A
dheswiudanToninmudnzdoidimifanugulbiudinhaudmn e

For 8 bit data interfacing

Wail for 15ins o more
altes Voo tiaes e 45V

BF connot be checked ol
this time

RS R/W 087 086 08‘: 084 nas3 087 gl DBO
X

’(i'-T B b -T 'vT(JvEEe
DL must sel ot H during this

initlolzation.

Funcﬂoﬂ sel

BF cannot be checked ot
this time

For_4 bit dato interfacing

Wait lor—lgms or more
afler Vee rdves to 4.8V
——————

BF connot be c:udmd ot this time

funclion se

a/w o87

086 085 084
1

DL-I 8 bll h(eﬂocc dolu

" DL must set ot H during this initicization.

Woit for 4.1 ms of more

8f cannot be choi:kod ot this time

RS R/W 087 DBG 065 084 083 082 06! ogo
1 X X

DL-
DL must set ot H du this
initlatzotion. 5

Woit for 100us or move

Func(loﬂ set :

RS R/w 087 086 DBS 084 OBJ OBZ 081 080

Funcﬁon sel : DL-I
DL must set ot H during this
initiolzation,

RS R/W 087 DBG DBS 064
] 8
Funellon set :OL=1, B bit interface del
OL must set ot H during this initiatzation.
B8F con be chlod ot this time
RS R/W 087 DBG 065 084
-] -]
Function set : DL=1, 8 bit lnhr'cce data.
0L must set ot H during this initiolzotion.
check lo(:nol busy
RS R/W 087 DBS 065 084
]
r__-_Fu_n;i'l;n- set : DL=@,4 bit h(er'oce data. 7

|
BF con be checked ol this
time, check for nol busy

cheack 1a:noQ busy

1
RS R/W 087 086 DBS 0B4 D83 DB2 0B 080
1 f b3 X

RS R/W_ DB7 0B6 085 0B84
e @ ° g 1 8
N X

e F X

?
Funclion sel : DL=0, 4 bit interfoce dota.

End of Initiclization

e © [} -] 1 ] XX
~“Finction sel : OL=1, 8 bil inferfoce dota. -
N = no.of line
- N = no. of line
F Ch“‘;ﬂ" Kl F = choracter font
T
check for not busy check loflnot busy
1
RS R/W .D87 086 085 0B84
0. o W Tt e o ®© e o 8
Olaplay ol e o 1 ) 6 0
[ Oisplay off
check for not busy ”‘]y
1 check for not busy
_0 [] ] 1) 8 2 [4 ] [ 1 1 1
- Cleors off display ond retumn cursor to RS R/W ©0B7 086 085 084
home posit (] 8 -] ] [} []
T 8o e __ 8 6 1
check lorlnot busy . Dlap_l:y on
RS R/W D87 086 0B85 D84 083 062 D% 080 check 'wlno( busy .
e e [ e -] o ] i 1 S
------------ ——— - R R
Set the shift mode : ‘VI 037 DBG 085 DB‘
[ e -] l I/D S
Entry mode set

]
€End of initictizotion



MR HD44780

W Instructions

Code Exacutien Time
ereon mw | 08, | D& | DB, | D2. | DB; | DB: | DB | DB Dot (rhes &9 o0
' fase t0 250 kH)
Clear Clears entire display and sets DD
Dieplay o b o f oo f 0 J 0 | 0 0 b T | pauaddresOin address counter. 164 ms
Sets DD RAM address 0 in address
Reters counter, Also returns display being
Howe o oo te o 0 0 1T iied o ariginat position. DD 1etms
RAM coatents remain unchanged.
Sets cursor move direction and
Eatry specifics shift of display, These
Mode Set 2 0 0 H 0 0 \ % s operations are performed dusing “0us
data write and read.
Disptzy Sets ON/OFF of entire display (D),
OwOt Q 0 0 0 4 1 D C ] cursos ON/OFF (C). and blink of €Os
Coetret cursor position characier {B).
Carsor of Moves cursor and shifts display
Dis o 0 o a i $C | R'L . *« | withoul changing DD RAM A0y
plry
Shift contents
: i
Sets interface daca length (DL),
2‘“““ 9 0 0 H oL N oF ' o number of display fines (L) and 408
} character font (F) :
! —_
Sers CG RAM address. CG RAM '
ﬁ‘f:l‘m i 0 i ALG dana 13 sent and recerved afier this W0us .
setting. ;
Sets DD RAM address. OO RAM
SA:'&D:’ RAM n 1 ADD data is sent and received afier this 40y
3 scttng. i
1
Resd Reads Busy Nag (8F) indicating |
intetnal operation is being
2."’ ﬂl T . 8F AC performed and reads address - Ous
counter contents
Writ Dats 3 .
1 CG or 0 Write Data Writes daus into DD RAM o1 CG AOus
oD RAM }
*
gl ; LI Reads data from DD RAM o CG s
DD RAM RAM.
1-0 =1 Increment DD RAM: Display dats RAM Execwtion time
10 +0: Decrement CG RAM: Character geserator changes whes
S =l: Accompanies display shift RAM freqeency changes
SC~1: Disphay shitt Accz OG RAM sdédress 3
SC=0: Corsor move Aco: DD RAM Address Whes fcp or fosc
ReL~1: Shilt to the cight Corresponds lo curvor sddress | 8270 kHe
R7L=-0: SHiR 1o the leh AC: Adirem comter med for both P xm )
DL =1:8 bits, DL~ 4 bits DD 20d CG RAM address. T
N =f:10ne  N=€: 1 Ine
F ~1:5x10 dots, F=0: $x7 dots
BF ~1: laternalty spesating
BF =8: Can sccept instruction

* No effect



P :
maunsaisudoyal&lavdmun ADDRESS v09 CG RAM fipwTaudion 1 64 Aumis
BIT 5-BIT 0 udziiforimua ADDRESS ubriiezhimsdoudoynndlu o6 RaM Tauiludovus BrT
8 BIT Uuve 1 AI6nws fie 5X7 DOT \fuvz'h'r'!’fnga BIT 4 89 BIT 0 #io 1 BYTE tiwiu 1 #60ws
:140oyn 8 BYTE &ruiuligoinaine Urzneulironnzdodoudoynnatu oG Ram ufrmun
wxlonufliidoudoynlu DD RAM flo foyadumistumiss CHARACTER fimumia 00H-07H
meinldsunsums@eudvyadamisdonnTnniuds o), oy, unzda ) SN CG RAM don

a¥ 00H. O1H unz 02H v Wit aHanw.ee LCD Taold 2 vssialunsuaamn

agpl - m3lou 1L.CD MODULE Wuiid e doudloluds CONTROLLER 09 LCD MODULL:

1y 1Ay CONTROLLER nrquiimesinshawdmbous fududaulng

DOT CHARACYER PATTERNS

For Sx7 Dol Charocler Pollerns for 5x10 Dot Character Pallerns
Orerocler Codes CC RAM [Char acter Potterna Choracter Coder CC RAl horocte Pollens
(D0 RAM Dota) Addresy CC_RAM Doto (00 RaM Datc) Address {CC Rau Dato)
16543210 543210 6543210 763543210 543210 76543210
——Higher —Highee —itigher = 1iigtver = Higher = -liighes
Lower — Lowes —| Lower —-| Lower — ower —
XY vuo oo M K
01 0001
bio Choroctes 0010
01t Patier 0011 Choroclee
0000000 oo0p oo G:,:"."m 7Y o bl fotios
h o1 0000+00- oofot1 01 i{  €uomote
XK Cursor 01 1 0 [
1 —- Position 0111 1fooco
1000 hjoooo
500 1001 1J00 0 0] Cursor
001 1 010 25240.0.000) - Position
cto Character 10T
011 Tatlern 1100
0000.001 0014 0o Caamotet? 1101 ] ]
h o1 110
110 Y1 e s ade e 00
't | 0000 ..
[\ 0001 t h—
0000-!!-”\1!!“!
1,01 orm/-
. 1o 01 TRV
00004ttt . V100
Ho Eftect 1101
1110 .
1 B ) RO Ne Eftect
NOTE: NOTE:
Choracter code bits 0,2 Choracter code bits 1.2
correspond to CG RAM correspond to CG RAM
address bils 3.5 aoddress bits 4.5

(3 bits : 8 types) (2 bits : 4 types)



10w LT g sy
357 = 7 R —
— .___1__ -85 LinD>
- vOT -GV
H * O
oS
IONNECTER 40 PIw 325§ Y
€7 BOARD v 3.0,3.% a25% —1
o - 00 »ag - ; 80
[ P . P04 o1 oAl t—¢ s 4
Paz Pasg o2 Pa2 083
oo ::g o3 2a3 46 T— Si
0 Da Pa3 +—082
- o5 Pas iz i tH
D 06 2aé 4§ 41
107 PR7
st !
»80
nor & 44
oCE Bﬂgc oo X0 i == 3 -
. ]
zes 2 H». —-2 MCOILE
Pco Hser aee e
PCY HCC C+§V ) i
P2 ,g ’ 296 r3—
52 3 s
PO Pea i
re2 #83 )

’ |llIl!ill't."lt.lll!tll'ltll[
] 15 TEST LED ET BOARD v3,0/3.5 ¢
i CHARACTERS * {LINE'™
: h HON - 164164 '
i ETT €0. LTD. s
g ) 21{9/&990 '
h 0AD CHAR s
9 ;lllll'tttl!!tt"tllltltltl!lti
0
13 0020 ORG 20008
] 2000 POATA  EQU 20H
{ 2100 pSIGN  EQU 2IH
g 2300 PCONT — £QU - 23K
7 :ll‘tt!t!l INITIAL 8255 112238541
18
19 2000 3¢ 80 LD A, 80H :PA,PB,PC-OUT
9? 2002 03 23 OUT  {PCONT),A .
% 004 C0 4020 tESTI caLL  INITLCD
g FPERTUOE SET CG RAN. CHARACTER stsasn
§ 2007 0E 00 fostoap Lo ¢,0
72009 06 40 864
28 2008 21 7020 [0 HL TABD
29 200E 5§ 00] th 0 {H)
00F €5 SH B¢
3 & 8820 CALL WRCGRAX
¢ PP BC
32014 33 INC HE
320 % 0c I €
gg 2016 10 F8 DKz Dol
37 2018 21 3020 D HL,TAB2
B kD A
39 2010 ©D ¢720 CALL WRLINE
2020 3E 02 A
41 2022 D €720 CACL wRLINE
42 2025 3E 03 4,3
43 2027 D €720 CALL WRLINE
44 2024 3E G4 0 A4
45 202C €D €720 CALL WRLINE
2 200F OF RST 184
£82030 244554 20 182 OB '*ET-BOARD v3.5e*
48 203¢ 42 (F sg
il ady
040 0 20 0 DB ' *,02H,20H,02H, 20H, 02, *
4 3043 20 02 70 0
49 5048 20 20 20 %o
g 204C 20 20 20 %0
2050 20 20 20 00 DB ' *,004,2EH,01H,26H, 01H, 26K, *
50 205¢ JE 01 2E 0]
50 2058 2E 20 20 20



50 205C
8 %06 BRNB 8
512064 20 20 20 %O
g %88 8%0 20 20
C 0 20 20
g 2070 (F fasn DB 000111t Bl 16888
51 0711 1 ng 0001000 2 L
35 2022 01 08 0000000 i3 s
g 2071 0 DB 00011101B 4 (AL
0; 1 Dg 0001838 ;5 : :
§ 812 ] Ss 888 111 9 seess
077 00 DB 000000008 ;8
;07! 59 P8 0001100 M e
079 (8 DB 000010] 2 $ 8
642004 00 0B 0000110 3 13
& 0 0 oot 5 v
8 1005 3 R H ¢
207 ¢ D8 0000100 ol LR
01F 00 DB 000000008 ;8
2080 00 D8 000000008 ;I
12 2081 00 DB 000000008 ;2
73 2082 00 BS oogogggog ;2 s
i A 3] DB 88080003 ] :
16 2085 OF D8 000011118 ;6 UL
17 2086 11 DB 000100018 ;7 '
;g 087 IF ’ DB 000111118 ;8 AR LN
80 Euutu FRITE OG RAN ds¢sssse
] . IRPUT REG C=ADDRESS I-64
% i REG DsDATA  BIT 4-0
4 2088 (B BY RCGRAN RES 1.0
5 2084 (B Fl SET  6,C
s 1 B b
D D3 20 out 1!’8ATM.A
8 208F 3E 00 LD
9 2091 D3 21 out éISSIGN).A
?3832 [ni] SE%O CALL EPLUSE
€D 2321 CALL DELAY
%%389 (%1} ;AZI CALL WRBYTE
C 51 CALL DELAY
gZO‘)F 9 3 RET
96 5""' TRITIAL LCD DISPLAY stese
9 i PAD-PAT : PIN DO-DT  (DATA READ/WRITE LCD
98 : PB? S PINE ENABLE SIGNAL PULSE
99 . PRI ¢ PINR/N D/VRITEZ
8(]) . PBO : PIN RS REGITER SELECTION)
02 2040 23 00 IRTTLCD LD A0
03 gou 032 out xésmnin\
0 2084 3£ .38 0 A,001118008  ;function set 38K
10§ :DL=] 8 bit,N=1 [/16 duty,Fs0 5x7
106 2046 D3 20 OUT  {PDATA} A
107 2048 CD FE20 CALL EPLUSE senable signal pluse
08 2048 €D 251 CALL DELA {DELAY > 4,
09 20AF 3E OF 9 A.’fOXOIIHB ;d%prﬂ on}oﬁ control
10 \A D=1 off,Cel cursor on,Bal bilnk
1308 B8 B &l LAt
13 2085 3E 06 LD A,000001108 ;entrY mode set
I . A 1/D=1 incresent,S=0 right
138 8 B &1, Lepace-
m
118 208C 3E 01 LD 4,000000018  ;clear all display
19 2086 D3 20 ouT &PDATA).A
20 20C0 D FE20 CALL EPLUSE
2] 203 CD 2521 CALL DELAY
%% 2006 €9 RET

et e A



o et e e

O OB Lrva3 td T T

0 O oo —aen

jseeaet QRITE LINE 16 CHAR *oett
. INPUT (HL}=DATA
7 INPUT A =LINE

FE 0] WLIE CP |
28 0 & 2,mLl
FE 0 cp
28 10 JRZ,MmL2
FE 03 ]
2% 13 h 2mu
FE 04 P
25 16 R LW
€9 RET ;KO WRITL LINE
IE 00 WLl LD A,00R
cg 0021 CALL G0T0
113 & WK
IE 0 L2 LD AMOH
¢n 0021 CALL GOTO
o R WA
fRL3 LD A 0K
€0 0p21 CALL GOTO
JR VRN
I 50 L4 W A S0H
€0 0021 CALL G0T0
06 10 WK (D BJ6 ;16 CHR
56 §L LD DO,(HL)
{5 pusH Bt
0 1821 CALL WRBYTE
{ p0p
23 INC
10 F DJNZ WL
9 RET
(#0439 THARLE PLUSE SUB. trssss
. DR 21 FPLUSE  IN A,lPSIGN)
(8 01 SET 2 .
63 2] il éﬁsmm.A senable bit 2%]
o6 00 b B,00H
10 FE TP 082 BB
¢B 97 RES 2,4 )
B3 21 OUT  (BSIGH),A senable bit 20
0 RET
3237312 ststIse
Vipor BRI ROBEHON
£5 GOTO  PUSH &C
(R FF £ 7. +set DD RAX
13 20 ol XPDATA),A
AF X08
03 71 ouT Ersrmn.a ;sel RS=0,R/¥=0
oh FE20 CALL EPLUSE
¢l P0? BC
€9 RET

;4858838 QRITE DATA SUB. tet1ess
; INPUT REG D=DATA

3E 01 URBYTE LD A,00000001R  :data erite

kA auT  {PSIGH) A

T LD AD .data byte
03 20 0UT  {EDATA),A

(D FE20 CALL EPLUSE

9 RET

:Oﬂll'll DELAY SUB tsseses
06 00 BELAY LD 8,0
DE[  Kop

00

00 Rop

10 FC DJNZ DEI
(W] RET
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niqluniadol¥an HD44780
1. RS (REGISTOR SELECTION) sziifuvuiion REGISTOR meludsdl g 2 AaAo
INSTRUCTION REGISTOR (IR) 10z DATA REGISTOR (DR)

Troduihy 1 seiffunisdon DATA wnsdadhu o vzdlunissfion INSTRUCTION

2. R/W (READ/WRITE) (i']uﬁmﬂniwuiuuu?m:o’w1‘:’oqnmnﬁa

1C lawgh udioyn = 1. oudoyn = 0 .

3. E (ENA BLE SIGNAL) li'lumﬁmunnmnmn'uﬂauo'mi’fogn

Register selection

RS | R/W E Opaeration

IR write as internal operation
{Disptay clear, stc.)
Read busy flag (D8.) snd

7\ X

P\~ [ S address countar (D8, ~ D8, )
y &
Y/, s

0 0

DR write a¢ internal operstion
(DR to DD or CG RAM!

DR resd a3 internat operstion
(0D or CG RAM to DR}

4.0B0-DB7  (fhunifuredoyneinda ic
5. vDD Iiduaiaees +5v

. vss fhiva GND

o

7.vo  dhiniy VOLTAGE Wunv1du Lep Wadnmiesia

PIN CONNECTION
MaNo | Symbol Lol vafo_n_M. .
Y Vi = o
17| Vi = L5V
(— Vo = -
N GO - et
o T T | s e e iy
H s Data wrise (1 CD modules MMPUY
TR H.H -U | Enablesgral -
Loy B LU L | Enablesigual
31 ose KL
t 7 opm H/L
s i va: [[Thr
10 vo) HA Dats bus line
L o4 H/L Note (. ()
12 DRS [Tz
R BT
Wi o8t HA




ansoRs VR Yiulé 2 nuy

1 Ao GND lundl LCD wuusssum

2 o Iow lunsd LED 1ejuiifealdIrny oy LM2017

5101905240 19 10U 1800 v 6 1€ MaX232 1§

EXAMPLE OF POWER SUPPLY

Normal Temperature Type

Extended Temperature Type

C

41312 ~eeea 3 2V
oA

1 fr

I 32t

o] RIS S

.
.

\J

ot

> Yol

W 1/80uty—1/4Bias

-3v

10~

A

s
5
\.___ 3
1

Iwle“-qM¢Wvawlnmm'M‘m
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@Examples of Temperature Compensation Circuits for Extended Temp Type. (Only for reference)
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intelligent LCD Display
1o this section, we cxamine e inteligent LCD display of two lincs, 20 characters per line,
that is interfaced to the 8031, The protocol- (hasdshaking) for the display is shown in
Figure 8.8, lndd\emzfaeeaolbclwlmﬁml9

The display cootains two i ! byte-wide one for ds (RS = 0) and
the second for characters to be displayed (RS = l) 1t also contains & uscr-programmed
RAM area (the character RAM) that can be programmed 10 generate any desired character
that can be formed using 3 dot matrix. To distinguish between these two data areas, the
bex command byte 80 will be used o signify that the display RAM address 00h is chosen.

FIGURE 8.8 Intelligent LCD Display
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7 8 9 10 1% 12 13 14 4 5 6
00 01 D2 D3 D4 05 D6 O7 RS R EN
intefligert LCO Dsplay
BT RS WRW D7 Dé DS D4 D3 D2 D1 DO Funcdon
(] o [} o o [} 0 0 0 1 Clear LCD and memory, home cursor
0 0 o o o [ o 1] 1 0 Clear and home cursor only
0 0 o 1] 0 o o 1 o S Screen action as display character written

$ = 1/0: Shift screen/cursor
Y0 = 1/0: Cursor RAL, saeen UR
o o [} [} ] (4] 1 D C 8 Q-:IO:SatenonloM

C = 1/0: Cursor on/olf

8 = 1/0: Cursor Bink/Noblink

6 o0 0 0 0 t SIC Rt O O  SIC= 10 Sgeen/Cursor
R/L = 1/0; Shift one space R/L
0 0 0 0 1 oL N F 0 [} DL-IIO:BIABhspeldwx\a

= 1/0; 211 Rows of characters
f = 1/0; SX10/5X7 Dots/Character

o 0 [ 1 Character address Wyrite to character RAM Address after tha
0 O 1  Display data address Write to display RAM Address after this
0 1 BF Current address ) BF = 1/0: Busy/Notbusy

1 ] Character byte Write byte to tast RAM choseh

1 1 Character byte Read byte from last RAM chosen

Pbﬂlumedtoﬁrnsblhecommmdcrdnbyt and ports 3.2 to 3.4 furnish regis-
ter sekect and read/write levels.

mawuﬂmmmddmhmqﬂdbeﬁmhnedmﬁr
urc 8.8. lﬂ)b&7umedfculopchp(buy)nmtheduphyunam
written. Au.mymwmxqu«hnxwmnmw
being uscd in medical diagnostic systems to rba a very similsr program.. :

Ledisp - .. . :
Tbepmp’m“bdnp“mhw“hdo“wnhhmw[@dhphymh
Figure 8.8. Port 1 supplics the data byte. Port 3.2 sclects the command (0) or dana (1)
registers, MJ)cmblaued(O)erwne(l)lad Mm:‘mmmn
low-caablc strobe.
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INITIALIZATION

After grawer i, mitialize the 1C1 helre sending i
Note that the 1 C1) nvwlide is vety slow  heiekse s
NOCOSSAry o wule 3 deldy k) prograen i Lotween
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8-bit o 4.L0 Yara nansier When operating in -t mode
the uppes mibble gets wanstoaed fisst lolihwed Gy the
Inower ivhihle

1abie 2 shaws complete instruction codes Inarder o wiite
the insiruction codes 1o the t Cl) module, the NS tine must
be low Tigure 3 shows an witialization sequence for an
8-Lit ransler operation [he siarting address lor the (1)
RAMis 8OH lor Ihe lirst eight characters For the next eight
characlers, the starling adgress is COIt 1Hihe DD RAM s
proqamuned ko astoincrement, then hn DD RAM attress
15 autormalically incremenled afler each character wide




ALPHANUMERIC DOT MATRIX MODULE

__DISPLAY CHARACTER POSITION AND DD RAM_ADDRESS (conmiut)

2118 DMK, 1/10 MUX Mol 2 4mf DISTUAY f-a  sx7 nnin
il 204 1L 6T f 9 o 12 % 14 6 = AN AY ST iew
rmsy omg (0110 laslo«[aslzele7]oalaglaalasloclonfoejor j= ™ v AUDRESS
seconp UNE Jaafar|e2lad]aafasfaslarlaBjeajaajeB|aCl4DJIE]4F
WHEN THE DISPLAY SHIFT CPERATICH iS PERFOMED, THE DD RAM ADDRESS MOVED AS FOLLOW ©
AFIER !HE LEFT SHIF T S "RUC TION
] 2 3 4« 5 6 7 138 G 10 1 12 13 14 15 6 —~-- DISFLAY POSITION
for[o2]ose«foslesic Jeajoojenjonjacioniot af w]- —00 RAM ADORESS
[<ifez[esfsejesfesis-[eelanfenjeefacianjecisr]sa
AFTER THE RIGHT SMIF® #ISTRUCION
1 23 €08 & 7 3 8 18 11 12 13 14 15 6 —-PSE LAY FOSITION
77leelevezos|edasiasieesloc]oajenjecieofae] =17 Pru 4CORESS
g7lee] e ezladfaajasfazfariaaiagiantanlacianfet
2120 OMM, 1/16 MUX F=g 5%7 DOTS
1 2 Y v 12 13 34 15 16 17 18 19 20 ~—-DSPLAY POSITION
FRst e faalaifz 2fe s :[eefec]ecfozfor [12] 11 [22]v3] 1" Rau a0ORESS
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2124 DMM, 1790 MUX 231/ ~groic £ 5X7 OOTS
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LIME. aelata2esjeslesizsir ~laz azielan|acieolatiorieji 12113 s 0S8 10 _po RaM
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UNE
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rirst une Jealerezesjocizsjeclerfosoofea]eslecien|oc jor |——0D Rav ADDRESS
SECOND UNE}4 @)« 1fa20a 3[4 afe5les{s71aBl49{aA|4B|4C]4D}AE]aF
THIRD UINE \0!\!2!3|A!5‘61“?-|9|A|B|C|DIE 1F
rourR™ UNE [s0]51]52]53{54]55]56[5 7{58]59{54]58|SC|SO|SE|SF
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M Character Codes and Character Pattern

Higher 4 bit . :
Lower 4 bit 0000 | 0010 0101 | 0110 | o111 1010 | 1011 | 1100 | 1101 | s110 | 1111
CG
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1

2500 A.D. Z80 Macro Assembler - Version 4.02a

Input Filename : 0k1.180

Output Filename : ok1.0bj

; DOOEOOSEEEEDEEDEEEESEODOSEEDOSESEODSEOOOOSEOOOEOIESISEEOSEEOOISEEEOSE>

2

o 3 2 o ol o ok o o e ok o ke e e sk o e sk o ke sk ok ke o ok ok de ol ok ok ok 3 ok sk o ok o ok sk K o s ok ook 3 o ok o e ok o ok o o ok s ok o ke s ke ok sk ok ke ook ok sk ol ok ok ok ok sl ok ok ko ok
3

3
4
5

3

SOFTWARE FOR CP-Z84Cl11
PROGRAM
INTERRUPT & LCD & PRINTER

PEEEEEEEEOLELEEOOEEEEEOSEBEESEEEESESESEESEESEEESSEEESEEESSSEESSEEESSDRL>

7

8

9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

8000

0010

0050
0051
0052
0030
0040

0054
0055
0056
0034
0044

0080
0082

ORG 8000H

CTCo

PA
PB
PC
PD
PE

PAC
PBC
PCC
PDC
PEC

1/0 CONTROL REGISTER ADDRESS

EQU 10H

EQU S0H
EQU 5IH
EQU 52H
EQU 30H
EQU 40H

EQU 54H
EQU 55H
EQU 56H
EQU 34H
EQU 44H

I/0 LCD PORT

PDATA EQU 80H
PSING EQU 82H



28 0084 PREAD EQU 84H

29 ;

30 9F93 ADDR_INT EQU 9F93H

31 A000 RAM_BUF EQU AOOCH

32 A000 STA_RAM_IN EQU AO00OH

33 FDFF END_RAM_IN EQU FDFFH

34 ; SET DIRECTION PORT

35 0000 DIR IN EQU 00000000B ;ofdatain

36 00FF DIR_OUT EQU 11111111B ;ofdataout

37 00FF DIR_CTRLIN EQU 11111111B ; of control&status data out
38 0010 DIR_CTRLOUT EQU 00010000B ; of control&status data in
39 ;

40 0093 DSEC EQU 93H

41 0010 SYSCAL EQU 10H

42 4

43

PODSEEEEEEEELESEEEEESSELEESSEEEELEEOOESSEEOLSDBEOSODOSOSES>>>

44 B T T R S P R P T R P e e
2

45 F MAIN PROGRAM

46

P e o o
47 K
48 8000 START
49

POOSEEDEEEELEESEELOEEEELESESEEEEEESE SO SLESS OB DSOS

50 ; SET PIO PORT

51 ;

52 ; This part is set P1IO port

53 ; PIO INPUT (FROM HOST)

54 ; PORT A =DATA INPUT

55 ; PORT E = SIGNAL INPUT/OUTPUT

56 ; PE7 PE6 PE5 PE4 PE3 PE2 PEl PEO

57 ; [ T O T O

58 ; I 1 I 1 | | | ->NOTUSE OUTPUT

59 : 111 1 | ->ACK OUTPUT



60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95

8000
8002
8004
8006
8008
800A
800C
800E
8010
8013
8016

8019
801B

; | | [ | | —>BUSY
; | 1 | | ~>PE
: [ ]| -~ >NOT USE
: [ ] = >NOT USE
|- >NOT USE
; —-—>NOT USE
;PIO INPUT (TO PRINTER)
;PORT B = DATA OUTPUT

OUTPUT
OUTPUT
OUTPUT
OUTPUT
OUTPUT
OUTPUT

;PORT C=SIGNAL INPUT/OUTPUT

; PCT PC6 PC5 PC4 PC3 PC2 PCl PCO

I e O
o LN\ |/ /77DOF

USE INPUT

;11 I -->NOTUSE INPUT

;1 11 | | -—>NOTUSE INPUT
;1 || --—--=>NOTUSE INPUT
;1 | | -——>STRB OUTPUT
; 1 | —>NOTUSE INPUT
;| —->BUSY INPUT
; ———>NOT USE INPUT

3EQ0 LD A,DIR_IN ; of data in

D3 54 OUT (PAC)A

3EFF LD ADIR OUT ;ofdataout

D3 55 OUT (PBC),A

3EFF LD ADIR CTRLIN ;status

D3 44 OUT (PEC),A

3E 10 LD . A,DIR_CTRLOUT ; control&status

D3 56 OUT (PCC),A

CD 16 83 CALL CLR_RAM ;clear ram

CD 85 82 CALL CLR_BUF ;clear buffer

CD A5 82 CALL INITLCD ;initial led
;initial input

3JEQ2 LD A,00000010B

D3 40 OUT (PE),A

;assign address interrupt

; B3=0,B2=0,B1=1 (printer ready)



356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391

8IDD 217582 LD HL,TAB6 ;display "Print"

81E0 3E 04 LD A,04H

81E2 CD4482 CALL DIS_STAT
81E5 D1 POP DE

81E6 CI POP BC

81E7 F1 POP AF

81E8 El i’OP HL

81E9 C3FC8l JP DSP_ L9

81EC DSP_L13

81EC E5 PUSH HL

81ED F5 PUSH AF

81EE C5 PUSH BC

81EF D5 PUSH DE

81F0 217D 82 LD HL,TAB7 ;display "Display”
81F3 3E 04 LD A, 04H

81F5 CD 4482 CALL DIS_STAT
81F8 DI POP DE

81F9 CI POP BC

81FA Fl1 POP AF

81FB El POP HL

8IFC 23 DSP_L9 INC HL ;next data
81FD 222BFE LD (RAM_OUT),HL j;save nextdata
8200 C9 RET

SOSSOOSOOOSOOOSOSOOSSOHHHOH>SH>>>
s SHIFT LIFT BUFFER

SDOOOEEEDEEEEEEOEEOEEEESEEESSSSSS5>

8201 ES BSHL PUSH HL
8202 D5 PUSH DE
; PUSH BC
;. LD B,39
8203 2126FE LD HL,DSP_BUF+38
8206 7E BSHL1 LD A, HL)
8207 72 LD (HL)D
8208 57 LD DA



320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355

81A0
81A2
81A5
81A6
81A7
81A8
81A9
81AC
81AE
81B1
81B2
81B3
81B4
81BS
81B8
81BA
81BD
81BE
81BF
81C0
81C1
81Cl1
81C2
81C3
81C4
81C5
81C8
81CB
81CE
81D1
81D3
81D6
81D9 ES5
81DA
81DB
81DC

3E1E
CD 4482
D1

Cl

Fl

El
C3C181
3E02
322D FE
ES

F5

Cs

D5
216D 82
3E1IE
CD 4482
D1

Cl

Fl

El

El

D1

Cl

Fl1

CD 01 82
CD OF 82
CD 93 82
3A33FE
FE 01
C2EC81
CDCE 82

F5
Cs
D5

LD A,IEH
CALL DIS_STAT

POP DE

POP BC

POP AF

POP HL
JP DSP_L6

DSP_L3 LD A02H

LD (CON_T)A

PUSH HL

PUSH AF

PUSH BC

PUSH DE
LD HL,TABS ;display "Continue"
LD A,lEH
CALL DIS_STAT

POP DE

POP BC

POP AF

POP HL

DSP_L6

POP HL

POP DE

POP BC

POP AF
CALL BSHL ;shift left
CALL WR_DSP ;get display buffer to LCD
CALL DELAY_CI ;delay for 1 byte shift
LD A,(PRT _DIS) ;check Ol=print or 00=display
CP A0IH
JP NZDSP_L13 ;jump for display
CALL PRINT

PUSH HL

PUSH AF
PUSH BC
PUSH DE



284 8156 FEOE CP AEH

285 8158 C2F180 JP NZDSP_ L8

286  815B 3E02 LD A,02H

287 815D 322DFE LD (CON_T),A

288 8160 3EO0I LD A,0l1H

289 8162 3233 FE LD (PRT_DIS),A

290 8165 AF XOR A

291 8166 322EFE LD (ASC_HEX)A

292 ;

293 8169 C3FI 80 JP DSP_L8 ;check key again
294  816C 3E0I DSP_L7 LD A,0lH

295 816E 322EFE LD (ASC_HEX),A

296 8171 3E0Q0 LD A0H

297 8173 322FFE LD (NHEX),A

298 8176 215D 82 LD HL,TAB3 ;display "Hex"
299 8179 3E 11 LD A,l11H

300 817B CD4482 CALL DIS STAT

301 817E El POP HL

302  817F DI POP DE

303 8180 ClI POP BC

304 8181 Fl POP AF

305 8182 C9 RET

306 8183 3A2DFE DSP_L1 LD A,(CON_T) ;check continue or step
307 8186 FEOI CP A, 0lH

308 8188 CABES8I JP ZDSP_L2 Jjump step
309 818B C3 ACSI Jp DSP L3

310 B8ISE 322DFE DSP_L2 LD (CON_T),A

311 8191 3E9%4 LD AJ94H

312 8193 D7 RST SYSCAL

313 8194 FEOI CP A01H

314 8196 C2F180 JP NZ,DSP_LS8

315 8199 ES PUSH HL

316  8I9A F5 PUSH AF

317 819B C5 PUSH BC

318 819C D5 PUSH DE

319 819D 216582 LD HL,TAB4 ;display "Step"



248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283

8119
811A
811B
811C
811D
811F
8122
8123
8124
8125
8126
8129
812B
812E
812F
8130
8131
8132
8135
8136
8139
813A
813B
813C
813D
8140
8142
8145
8146
8147
8148
8149
814C
814E
8151
8153

DI

Cl

F1

c9
3E01
3233 FE
ES

F5

Cs

D5
217582
3E04
CD 44 82
D1

Cl

Fl

El
C3F180
AF

3233 FE
ES

F5

Cs

D5
217D 82
3E 04
CD 44 82
Dl

Ct

F1

El
C3F180
FE 0C
CA 3581
FEOD
CA 1D 81

POP DE
POP BC
POP AF
RET

DSP_LI2 LD AIH

LD (PRT_DIS),A ;set PRT_DIS=I
PUSH HL
PUSH AF
PUSH BC
PUSH DE
LD HL,TAB6 ;display "Print"
LD A, 04H
CALL DIS_STAT
POP DE
POP BC
POP AF
PdP HL
JP DSP_L8 ;check key again

DSP_L11 XOR A

LD (PRT_DIS)A ;set PRT_DIS=0

PUSH HL
PUSH AF
PUSH BC
PUSH DE

LD HL,TAB7

LD A,04H

CALL DIS_STAT

POP DE
POP BC
POP AF
POP HL

JP DSP L8

;display "Display"

;check key again

DSP_L10 CP A,0CH

JP ZDSP_L11
CP A, DH
JP ZDSP_LI2

;jump if press display key

;jump if press print key



212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247

80D7 3A30FE
80DA 57

80DB C3 E780
80DE

80DE 2A2BFE
80El1 3E 00
80E3 322FFE
80E6 56

80E7 CD ED 80

80EA C3 6080

80ED
80ED F5
80EE C5
80EF D5
80F0 ES5

80F1 3E95
80F3 D7
80F4 FE FO
80F6 CA 83 81
80F9 FEO0I
80FB CA 8E 81
80FE FE 02
8100 CA AC 8l
8103 FE 03
8105 CA 6C 81
8108 FE 00
810A :C24C 81
810D 322EFE
8110 215582
8113 3E11
8115 CD 44 82
8118 El

LD A/NDHEX) ;pop last hex character
LD D,A
JP MAIN4 ;jump to display data to lcd
MAIN3

LD HL,(RAM_OUT) ;load next ascii in data in
LD A H ;clear variable NHEX

LD (NHEX)A ;end of last hex

LD D,(HL)

MAIN4 CALL DSP_LEFT ;display data to led

JP MAINI ;next character

PO EEEEEEEOOESOSSSSSSEOS55>

SHIFT LEFT CHARACTOR

[SOSSOEEEEEEEEEOSSEEEEIDEEEEOS

DSP_LEFT
PUSH AF
PUSH BC
PUSH DE
PUSH HL
DSP_ L8 LD A95H
RST SYSCAL ;scan key
CP A, 0FOH ;check key
JP. ZDSP LI ;key not press
CP A0IH
JP ZDSP L2 Jump if press step key
CP A02H
JP ZDSP L3 Jump if préss continue key
CP A 03H
Jp ZDSP L7 ;jump if press hex key
CP AQH
JP NZDSP_LI0
LD (ASC_HEX)A
LD HL,TAB2 ;display "Ascii"
LD A,lIH
CALL DIS_STAT

POP HL



176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211

808B C2 DE 80
808E 3A 2FFE
8091 FEOI
8093 CA BC 80
8096 2A 2B FE
8099 4E

809A 3E 86
809C D7

809D 7B

809E 3230FE
80A1 3EO0I
80A3 322FFE
80A6 3231 FE
80A9 ES
80AA F5
80AB C5
80AC D5
80AD 215D 82
80BO 3E 1t
80B2 CD44 82
80B5 Dl

80B6 Cl

80B7 F1

80B8 El

80B9 C3 E780
80BC 2A2BFE
80BF 2B

80C0 222BFE
80C3 3A31FE
80C6 FE 00
80C8 C2D380
80CB 322FFE
80CE 16 80
80D0 C3 E7 80
80D3 AF
80D4 3231 FE

JP NZ,MAIN3 Jjump for ascii
LD A,(NHEX) ;not jump for hex
CP A, 0IH ;check data in variable NDHEX
Jp ZMAIN2 ;have data
LD HL,(RAM_OUT) ;nothave data
LD C,(HL) ;load next ascii
LD A,86H
RST SYSCAL ;chang ascii to hex
LD AE
LD (NDHEX),A  ;save next hex to variable NDHEX
LD A 0lH .
LD (NHEX),A ;setvariable NHEX (have data in variable NDHEX)
LD (EHEX),A ;set space between each hex
PUSH HL
PUSH AF
PUSH BC
PUSH DE
LD HL,TAB3 ;display "Hex"
LD A,IIH
CALL DIS STAT
POP DE
POP BC
POP AF
POP HL
JP MAIN4
MAIN2 LD HL(RAM_OUT) ;decrement address data out
DEC HL ;because of not next ascii
LD (RAM_OUT)HL ;save address
LD A,(EHEX) ;check end of hex data
CP A OH
JP NZ,MAINS Jjump if not last hex data
LD (NHEX),A ;data in variable NDHEX empty
LD D,80H ;load space
JP MAIN4 ;jump to display data to lcd
MAINS XOR A
LD (EHEX)A



140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174

175

8037
8039
803C
803F
8042
8045
8048
804B
804D
8050
8053
8055
8058
805B
805D
8060
8060
8064
8067
8068
806A
806C
806F
8071
8074
8077
8077
8079
807C
807E
8080
8083

8086
8086
8089

JEIL

CD 44 82
CD 9B 82
2100 A0
2229FE
222BFE
217D 82
3E04
CD 44 82
215582
3E11

CD 44 82
216582
3JEIE
CD 44 82

ED 5B 2B FE
2A 29 FE
AF

ED 52

20 1A

3A 32 FE
FEQ0
C27780
C3 80 80

3E00
3232FE
3E02

D3 40
CD 9B 82
C3 6080

3A2EFE
FE 01

LD A,IIH

CALL DIS_STAT

CALL DELAY_C ;delay for display "Start"
LD HL,STA RAM_IN

LD (RAM_IN),HL ;set address datain
LD (RAM_OUT)HL ;setaddress data out
LD HL,TAB7 ;display "Display"”

LD A, 04H

CALL DIS_STAT

LD HL,TAB2 ;display "Ascii"

LD A,11H

CALL DIS_STAT

LD HL,TAB4 ;display "Step"

LD A,lEH

CALL DIS_STAT

MAIN1

LD DE,(RAM_OUT)

LD HL,(RAM_IN)

XOR A

SBC HL,DE ;check data in = data out ?
JR NZMAIN6 ;jump for data in = data out
LD A,(SEND_PE)

CP A 0H

JP  NZMAIN7

JP MAINS

MAIN7

LD A,0H

LD (SEND PE)A ;

LD A,00000010B

OUT (PE)A

MAIN8 CALL DELAY_C

JP MAINI

MAING6
LD A,(ASC HEX) ;check ascii or hex
CP AOlH



105 ;Interrupt Mode Range Slope Trigger Lode Time Reset 1

106 ; enable const.

107 3

108 s l

109 s b I

110 s ->1=stop

111 HE 0O=count

112 S I O

113 ;1 1t | | --—>l=time constant & bit followup command
114 A O=non time constant

115 S

116 ;1 11 | =——>1=count after receive CLK/TRG
117 P47 IR O=count after receive time constant
118 R iy

119 s ALLG—% >]=positive CLK/TRG

120 I O=negative CLK/TRG

121 AR A

122 N aw >1=count down | every 256 time

123 o O=count down 1 every 16 time

124 ; DR

125 =N\ ]| A >]=counter

126 bl O=time

127 3

128 - >1=enable channel interrupt

129 H O=disable channel interrupt

130

OO DOEEEEEEEEEEEOLOBLELEEEDOLOOLEDSEEEDEOOLELESEOBEEESSEOLESO>

131 8026 3ECD LD A,11001101B ;control code
132 8028 D310 OUT (CTC0),A

133 802A 3EO01 LD Al

134 802C D310 OUT (CTC0),A

135 ;

136 802E 322DFE LD (CON_T)A

137 8031 3E92 LD A92H ;clear led

138 8033 D7 RST SYSCAL

139 8034 214D 82 LD HL,TABI ;display "Start"



96 801D 212A 83 LD HL,CENTRONIC ; address program interrupt

97 8020 2293 9F LD (ADDR_INT)HL

98 8023 ED 56 IM 1 ; interrupt mode 1
99 8025 FB El

100

SOSOOBOSISSOSEOSSSISSIEO>SOISISOISISBSSZSESSESIESILSEEOIEESESISEIES>HS>
101 ; CONTROL CODE OF CTC

102

;>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>

103 ; D7 D6 D5 D4 D3 D2 D1 DO

104 ;
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PC/AT Technical Reference. International Business Machine Coporation,Florida,1984.

Peter Norton. Inside PC 5" Edition, page 71, Brady Publishing, Newyork, USA, 1994.

Intelligent Peripheral Controllers. Zilog, USA.

Dot Matrix LCD Module. ETT Co.,Ltd.,Bangkok Thailand, 2534.

CP-Z84C11 Parallel I/O Controller. ETT Co.,Ltd.,Bangkok Thailand, 2534 .

ET-DEBUGGER 7Z84C11 V1.1. ETT Co.,Ltd.,Bangkok Thailand, 2534 .
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