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Abstract

In this project,The equipment has been both designed and
developed for using with Dbroadcasting system.The immediately
emergency message receiving is the main task of this development.
The data massage from this equipment is transmitted together with
program broadcast to radiation. The composite information signal
from receiver side 1is separated into two signal,One is program
broadcast which 1is detected to audio signal,Another is in form
FSK (Frequency Shift'keying) is processed by development equipment
to data massage and display on LCD DOT METRIX by controlling from

micro processor
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Fig. 1 Composition of emergency alert broadcasting system.
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2.1.2 CODED CONTROL SIGNAL TRANSMISSION SYSTEM

FYUUNNTAY  CODED CONTROOL SIGNAL awTuvoulunluniJufud

v - v - w 1 -
warvumaglaasununano luu

COMPOSITION OF TRANSMISSION

EUNUUﬂOdﬂWTWﬂﬂEQ CODED CONTROL SIGNAL gnudﬂaﬂusﬁ 2

TP LT el
pattern C / 2- Ieve:
: [ L. o\ NRZ
,/' u |
: / /
FSK im
signai by |

=7 //

mentzl 160160 160]160] 5 - bits (E4-bit/s)

signaf R

rew ;.S&“——-'"]

,-/ //
Signai ~| / ; > 9 \
F A | T
i 3 — Contiruous overation/.
T, is possiole.
Signai
Mreg HI
Bl v
léﬁ

Fig.2 Example of coded control signal for the experimental

attention signal system.
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AUATUTUI LT FURINAIIND AUDIO MiA2 NDued FSK SIGNAL Uriuunaiula

%Uﬂﬁﬂﬂﬂﬁ? Detector 97N AM BROADCAST RECEIVER ALDONNIN SPEAKER.WH&QN
4' a: ' a 1 H L4 a 4‘ v
Y93 FSK SIGNAL %dﬁﬂﬁquﬂﬂﬁlﬂuﬂ?ﬁﬁHUUHUﬂZqﬁﬂusﬂﬂﬁdﬁud gy AUDIO

PROGRAM N1tiNo:H U LOW PASS FILTER LWONI0IL07LaNILAIINNUIY FSK SIGNAL

(.24, HZ ;2232 HZ) HAUNTS DEMODULATE 1t FSK DEMODULATOR 15 OUTPUT lﬂu
Digital Signal HAu SERIES PORT 191 11UTzuraualy CP-Z84C11 PLUS LWouday

) < v v Vo <4 v
Han1y LCD uﬁﬂlﬂﬂlﬁUdlaﬁu lﬁ@ﬂﬁiﬂnﬁTUTﬂﬂﬂﬁqilﬂauﬂU
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LNy 3

3. DT NUUUINDT

3.1 MICRO CONTROLLER UNIT FOR TRANMITTER AND RECIVER
NNA  MICRO CONTROLLER UNIT $49%1un1Y process n1sddvouanasiu
ﬁaualﬂuiu CP-Z84C11 PLUS W@ LCD NA¥IuUNITUAAIHAYDIVDNANFIILAL

Fulusu HD44780

ﬁaganaq BOARD CP-Z84C11 PLUS

CP

784C11  ¥94UIYM ZILOG Taultu HIGH SPEED OPERATION Tauilin
< ' . -=: ! X o ¢ : v '
L300 2 Ju Ao RUN "A27ud 6 MHz, Wash RUN 10 MHz ulesaill311% CPU Tu
it va ; .
RUN 10 MHz CPU Luasuuod ZILOG L1 UULUY CMOS vMAMNUNT LU a LN LUYEN
L91 SET “voulu STOP MODE 3¢NuUNILudinya 50 =A YOADNDUIINNIVD CPU
) :dd -t v o o v < dl -4 a Vo
AIUNAD DIUUDE RUN 10 MHz naulIINdgIN1In SET v RUN LwudasdLaudnlans
S5 e q e AT z v
5 MHz lunsanlys RAM W30 ROM v ACCESS TIME @M ¢ 1ayituo POWER ON uan
CPU 2t RUN \#u< 5 MHz LMINUABULINAU UAZNOLINOINIT RUN 10 MHz N

0150 SET 1aaulusunsy UM 1 wuuanumzvad CPU 2¥ 11U PACKAGE uuu 100

PIN QER
? [TREI 3. _T89CTC | R |
‘ AT e 1/ : oo
+5¥ i =1l

—r ! o/l ACT 10K Watal=" I
=y [g?Launx PUS] emee 2 A <:§
1] :UQLEr: w1
5 O AR S
2] | s e L AT L I
=T 5 sz S - "oz ‘_‘!_‘L | | .ﬂ
-7 | S e =il s
e 1 = risiz | IR -37”——"“, g ! 'iIZ

2.1 i: =

s lse("——“—/“’fﬂ jmik | = 1 L—I:
2 o = =
=) 2 L = =
= % Sz 3 o] P
B % S 2SS 5]
: = ~F2 5B { |
= Z:I 2 ‘l
— & AYUJ
o e
e R k|
— o] STl 3 é
T S ‘i =
IgeiP i npl et = 3 et
sl s = [ =t
X3 !.JN St i =1
Pu ! = | i - i J| YT el
— Ha% | XTiL I PRINTER JUEaL
LR B L U e
BASETT 1o L1ea ; 13- 172

] fismEe 1 |

. T

i 72107808 BT ] I AEHIE

'
=~

“Um 1 Ldunuuanumeyos CPU kl Uiy PACKAGE uwuy 100 PIN QFF
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MOMORY

CP-Z84C11 d@1NNInlavinunI N lndedn 64 KBYTE Tauulial vy

SOCKET 1 EPROM d@1u1301d EPROM wun@ 32 KBYTE 19 lauLtuiued

27256 UMUIUAIINTILINDIN ADDRESS 0000H D4 ADDRESS

7FFFH

SOCKET 2 RAM au130d RAM 2u1@ 8-32 KBYTE ACRCIIRUTIRILE

6264 Y10 62256 NWUIUAIINDMLINDIN ADDRESS 8000H

- iy <
f9 FFFFH 1Ay SET @ uyue JUMPER unisn-wuai ued lod

KR foRoio; Yejiemoy
AR I AN 4

WHAUAINND™ RAM @0UliL I1d11uNT0ne BATTERY 3.6V 1% BACKUP %aga

(e
‘...L

v

' Sl vV
VYDINUIUAINND U LAY

PORT

CP-Z84C11 9+l PORT A%¥47u 40 BIT I/0 n3e 5 PORT adunu iau 5

) a u e [ oy i
PORT U3¢ ity PORT umd CPU TﬂUﬂxnﬂﬁuwuqﬂaaﬂuﬂﬂazﬂ:-

L —

L e ; ,

1 « 34PIN T2I0Z3%6 24

PLORAE A RORIS0
PORT- B PiORNC &
PORT
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PORT "M000NN1N90tLu CONNECTOR 34 PIN (72I0Z80) @1u19D
[ ' Vo d v [ < v '
ﬂasauiﬁnuqﬂnsmﬁuuﬁuuqu 9 VBINIY v launnuiy LTu 9@ ET-SSRAC, 1

ET-ED |iunu

CHHANNEL PORT ADDRESS PORT
PORT A DATA PORT 50 H
PORT B DATA PORT 51-H
PORT C DATA PORT 52:H
PORT D DATA PORT 53+H
PORT E BATA PORT 40 H
CHANNEL CONTROL PORT ADDRESS PORT
PdRT A DATA DIRECTION RE&ISTER 54 H
PORT B DATA DIRECTION REGISTER 55 W
PORT C DATAlDIRECTION REGISTER 56 H
PORT D DATA DIRECTION REGISTER . 34 H
PORT EbDATA DIRECTION REGISTER 44 H

| TNENA TR PORT 1B Z84C11 i INPUT w3e OUTPUT 1alauddsy BIT
@e BIT TAUSALI1 SET A180n7 PORT DATA DIRECTION REGISER &7# BIT
Tl 1 NN prT DITE YRy int 9 1Uu OUTEUT PORT (07 SET
PORT tiiflu OUTPUT PORT énxéu%uaem%uqué) LarfL 1IMesnI3 ML

1
=3 ' -

INPUT PCORT o SET #196nvi PORT DATA DIRECTION REGISTER lﬁuéﬂ A0

D7~-DC Data Bus
f i
!
i‘ { L_ : DN Cutput Butter
s | |
LN Pont i
i S B LG
L% ata , . b
2 Direction 1 Regtster A I i
fiegister ;r——--'] — /0 Py !
R e 7 — o
e — & i |
e e
Nk

input Control Lagic

PADR {Aocress 540
PBOR (Acw—res . 5hY
FCOR (Aovrmaa 500
PLOR (Aoormes 234
PEDR (Aximas ~an)

or oo
e

Rl e

e v v 3t Sty BRSO

11 Soee P10 Ouazt
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780 BUS
CP-Z84C11 veldiuvunuszuulania Z80 BUS Taulanurunivieunu
CPU Z80 40 PIN m1InLI1d@u10A0vu uueialdL v aovuly PORT 8255 laon
Tul% UpIn 7210280 \Uudu iAo o 9nan cPUL Zsdci éﬁéauaqﬂv
POWER ON RESET Wuﬁdagu511ﬂﬂﬁtﬁuéaq%ﬁddai POWER ON RESET A931NNNUUIN
i 9 aséuﬁﬂliﬂiﬂéaidmﬁu 280 BUS 3u 9 o R, € éaaguﬁd
97199¢Ml  CPU Z84Cl1 ﬁaéﬁuﬁnﬂw RESET faenL1a711avedn CP-Z84C11 343
JUMPER un15tdenTlivee RESET 91nviniuvuenta a4l Taun1in1IRe R, C .

RESET PIN nnuuannivinon JUMPER RESET oon

!
zsoBus \ D L | |
a1z — A TE—LLF =
A1 TR S 4 Pt
a1z "WA8 S £33 ) A \
aLs ——d v 2 b_— Qé,
clg——<¢ 10— 8% I
Sa Fa Ol i omdls et
bz —Ci3 14 g-— gi
ps FHSaic I¥ Lisoees |
bé I =/ ye Kp‘ AL m L
Vec B O B PRy
b3 | T2 ek pllLianh
36 | —G.25 2 pORISH
D1 | T—C27 28 B s
g A E=2? S0 eS| EEee )
L T ity | | S !
HaLT s GGV |60, 0 -J T
L —C3T 36D | g
Tora ——J37 38 b— MK = H
—q 32 40 p— RO '\
HEADER 20X2 \ =
. \\ JUMPER
ot 7§ A~ g
WA d |
CTC

' ' ~ {

CP-Z84C11 9:i7497 Z84C30 (Z80 CTC) MetlunuetlusiiIuuisu

o
[

Wan T UDTM CP-Z84C11 9:@movnl¥anuvad CTC 88nu1¥ CONNECTOR 10 PIN

waneeTl #7uvn INT ¥09 CTC uudsmenuud INT 9949 Z80 Ui TauL tuuuy
~

v
-~ v v v ~ L3 v
WIRED-CR L 3uuT0u UG ILa) J7UdL L 0uaund CTC ‘IHUU"W‘.G%ELW;}@UU z80 CTC

1
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ZEOCET C
CLK/TRGO Cc/TQ0
S’[E’}IRE% CJ - S ZC/Td1
LK AT RG2 N b ZC/TGQz
CLK./TRG3 CLK
=3V OC 2 GND
HEZADE R FX2
V ‘ N Intemnal
] Contol
V Logic
——
J T~y hs CPU
Dim y L ——=— ANT
BV%S /‘Fmal BU:I\ lnﬁ;q":‘ém t—o {EI
&mm4<i—_"— \¢_1 T ¥ —— 0
Countar/ | ZT/TO
;_J\ Timer I
‘ LI X ¢ CLKTRG
= 7 N =
MRESET
CTC ADDRESS PCRT
CHANMEL ADDRESS PORT
CH 0 i0 H
CH1 Ll K
CH 2 12"

CH 3 1i3%H
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MS1, MS2 (J4)

MS1, MS2 9ituvn INPUT w4 CPU Z84Cl11 Tauitunns SET ‘In

CPU 0100uA"AY HALT uandznooludniwla (RUN, IDLE1, IDLE2, STOP)

MS1 MS2 HALT STATE
1 1 RUN MODE
0 0 IDLE1 MODE
0 1 IDLE2 MODE
1 0 STOP MODE
RESET (J2)

\Uu INPUT @o1971u%u) RESET CPU Z84Cl1l Wu@menulaasdsLan R,

C RESET

=]

S0
HETH

I LCTTRLNY

SW RESET

0 '

UM 7 (J2) Input NMBLUNY) Reset CPU

¥DTOUT (J3)

\Uu PIN 970 PORT PE BIT 7 T4 V1% 2 8undfeiiu DATA PORT

i

Y1 9 lUualndetiu WATCH DOG TIMER OUTPUT @1u 1nudsilu ODEN-DRAIN I/O

' v

\loon SET Lty VDTOUT 1Ay PIN vHo:ondelaums<ivinu PIN RESET vo4 CPU

- a v L) v v v 1l v 1 -4 v
wouUnaniy37luun1s SET  WDTOUT  uwandlvnem JUMPER aanviusany luun1 3y

v ‘

WDTOUT WF1:id913794% PORT PE 7 9w iy CPU nn RESET @1uAT&Y OUT

v v
PORT PE 7 UuUATU

By

Il TR BT 4

)

w e e

(Op]

]
|

o
G,
=}

—

(9]

m

50,

/
L
/
\
U

sUn 8 UDFOUT (J3)
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(+ WATCH DOG LUuAN¥mM19935N9sn NS RESET CPU 00l duaniuan

v

128771 IINMUATI0 L 5110M NS DISABLE WATCH DOG n1ufui a8 nvua CPU wu

ﬁaxgn RESET 19u  AuTUsunsummeuunat 319 CALL DISABLE WATCH DOG otl

v v

" v v Vv - < v -t . v )
LdND WA CPU n"May RUN auuul NaNayy MsunIuyuy vMlvluonadiunsony RUN

TUTUNTUUNANINITL Jun Y TUTunsy  CALL DISABLE WATCH DOG 19 CPU NueLnm

N15 RESET Yununtwelunavlui3u RUN ‘nudn)

CPET— g
[—*»- MUX tt—— PE7/MWDTOUT
) 1
'WOTP Enabie |
(Bis6and5) | Etmet

72
RESET —~J l % TL_ —

1 4EH WRITE Fre . = 4 WDTE—'I
L] -V, YN 81H WRITE
Waich Dog Timer Commmaind JWaten DogTime
Regrster #F 1 (WDTCR) Mester Regrster #F0 (WDTHR)
4 /
e, 203
HEY

intemmal Data Bus '’

v -~
’51_"’7] 9 ANHMTIIVIVNNINIT Reset CPU

X #~RX ., 4BNT. |( Ji6)

LU CONNECTOR 6 PIN ¥983703495 RS-232 0191 UAuusraufngiane

LY7 PORT PE 6, PE 5, Wasi¥197 INT w84 Z84C111aunn:3100% PORT RS-232

o v : v v 1 - - L} <t <f
nNlynen JUMPER asn iweasly PE 6, PE 5 1lRoundddT: War andIuuL<eo

v

JUMPER %04 INT M 1 39d70750 SET 1% PORT RS-232 Suvoraluiuluuveuuiu

N13 INTERRUPT |%ulAuInuni1y INTERRUPT #70 RS-232 PORT 1

s i
e 4 O USER
5 HiH| o Rs232
@ ¢le i
NIRRT LN

- il

OO (0| UsER i gial sl
~ i jug Ll 142 ‘\VCJC

L0 C)J W - k\ ! L NE

~
Jum 10 R8~232 PORT
4
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KEYBOARD

Lﬁu CONNECTOR wu1@ 10 PIN #9270 PORT PD 1Audl R-PULL-UP 10K

footnuTny CONNECTOR 10 PIN ﬁazﬁwuwanéaxﬂugﬂuun KEY Yu1® 4X4 Ao 16 KEY

v [

TauL JuuTUunsy SCAN KEY dumToazum1ul¥itu PORT dd7:Aud1udu 9 nla

‘ : . KEY SW 4a¥e
EDO Lu o Tene e g g FDO : 3
x = -
PD2 ) 3 PD3 \1 N \{ R
PDe = E POS FD 4L ! ‘
PCe = PDT < N x
~sv 4 f'_ GNT: POZ ‘ ‘ !
2 N N S
HEACER SX2 PD3 | i
. N N \1
|
KEY Sid ’ l
N =L Pos |
3 S FUSHBUTTON PDS 1
PDG
PD7

JUN 11 GConnector 10 Pin 837N PORT PD

BAT ON/OFF (J5)

\tu CONNECTOR 2 PIN Taui311% JUMPER unnsia, ialusqn

BATTERY 3.6V 01:in1 3781997 BATTERY

64552560 (79:.19)

\YU CONNECTOR 3 PIN 1% JUM LA2NIMNIUAINNTT RAM 104t I

22 nuaI N leF L uetaar 1T 6264 (8 KBYTE) w30 62256 (32 XBYTE)
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LD J7
\Ju CONNECTOR 3 PIN ‘1%i1A8nI113719¢me LCD MODULE Uszinnia

filo LCD MODULE WUUMI®N¥IMI0 LCD MODULE Wuyu GRAPHIC

Joi | ECLIGE @) v S IoEe))

LEB GRAPH IO LCD - RDOT

5UN 12 Connector 3 Pin ‘1%L Asn@a LCD MODULE

L;_‘]U CONNECTOR U@ 20 PIN ‘TﬂUﬁ’uJ’Y’SﬂG"IE) LCD ‘W‘]I 2 LlUUﬁE‘J DOT

TYPE w30 GRAPHIC TYPE 1aul31lAadnollu GRAPHIC TYPE nazmol¥anu 18 PIN

C 1@ PIN Len 18 PIN LcD
peiioge) JADC TN CEHAR Y CC D GQRAPHIC LCUL
St v O .0 CRG +3V ) Y GNU +~S\ G B INO
45 rRs{O-"Q | vo : Hokh| \OH & Ve | b Iy © | vo
)Zr e e o R B o, D 4 € © W@ | rew
:E{ o1l Q O | vo d Wy SO @/ e o N0 YOl oc
. ozl @ O b= I3k C\ O o= (7 o (€@ ©F oz
i 03| Of Oy 4'cos oSt O \\@ P of os 'O Qlf oe
codMe M l@= =3 SN YNlj oe o7 © R ve
(G O} el v ©M csz
Eiey Pl n  HCW] veEES
O\gu®,
cP-zgacyy
@]
POWER gjo 5
O o ¥= 10K

5UN 13 LCD Connector

v ” v v v v 'd v v v o
LI1EINNNYTUARILYATEY LED 1a@quniTUSu VR 10 X AUU8InuIonisnodn) TInanda

-1

\ a v
ngemo JUM VR @usviaunla

LCD ARDRESS PORT

CHANNEL PORT ADDRESS PORT
WRITE DATA INSTRUCTIGON 30 H
WRITE DATA TO GO OR DD RAM 82 H

READ BUSY FLAG AND ADDRESS 84 H
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PRINTER PORT

L{'flu CONNECTOR 20 PIN ‘I;Iéml,{l’]ﬁlllﬂ?i)\l;m“/{v WUy CENTRONIC

v

555897 9 WA 1au PRINTER PORT H9:m097N PORT PE 3-4 uav PORT

PC 0-8

HEADER 20 PIN
PRINTER PORT

\hzﬁqmmndra%
w
o
Al
-
2o

i 2
! 3
! 4
I S
! 3
il ! 7
D
! 2
10 ! 1 10
12 fegiidl
12 1 27
473 T 26
1< i = (. —
i =5 18 1 1
16 B L
T 2 0C000000000QA00D00
ié : E,T 0000000000000 0000C
L g =1 g
|ias iSg \20! A8 19
20 L \LF
1

PRINTER ADDRESS PORT
CHANNEL : ADDRESS FORT
DATA (PD 0-8) 30 H -
SRk B ) 40§ (BIT @)
BUSY  (PE 2) 20 H (BIT ®
L

JUN 14 Print Port

TN TR0 Y KEYBOARD #7041 379101 7y DIODE LUNnudnmy s PD1-PD7

4: vv‘u ; a do a (s <3 o ¢ = < v v
N2 21U YUY L ATOSHUNA I TU LN T INERYIND INLATOIANNT UNIW KEYBOARD nt 31a8%
~ .

(/ PRINTER
POJ ) 0AaTAJ
% .
=200 *% DATAL
Slates = OATAZ
PR3 . %. ORTAZ
BOS L i DATAL
-
el A DATAS
-
Poe sty D&ETAB
)
ROY 4 _loc&7ar
¥ §
\\GM

)
a o

an ' ~ -
sUn 15 paTee DIODE tvuLNUEYySY PD1-PD7



L} v w w - vV w
L3dunTnaaanInglvInusd SP Wileaalulaudyy o cunann PEL

SET JUMPER J10

MEMORY MAP ADDRESS

21

v

v

CP-Z84C119m MEMORY @oniUu 2 & Ao

24
in
3
Q
pil
<
10
Qa

|
1
]
B
)
[t
)
U

w

n

yvie

ol OF ~ TP
|

P S ————

AR L [

Z R N

ANl ancitla

= CA1~ =iH

C Crhim 22%

i BEEEP 5 SR

o = i

B e
2|

Tau
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SPECIFICATION
CPU : ZILOG Z84Cl11-10 CMOS TYPE
MEMORY : 27256 (32 KBYTE)
6264/62256 (32 KBYTE)
RTC PORT : 6242B
EEPROM : 93C46 (1KBIT)
PORT ° : PA,PB; PG, "ED;, PEIL/0 PORT %0 BIT
PRINTER PORT : 1 PORT
SERIAL PORT : I CHANNEL RS232
LCD PORT : 1 LCD MODULE (DOT OR GRAPH1)
KEYBOARD :+ 1 PORT (8 BIT)
CTC PORT : 4 CHANNEL COUNTTER TIMER CONTROLLER 5V DC
CLOCK RATE + 10 MKz
POVER SUPPLY : COMSUMPTION 5V DE & TERMINAL 5V DC
CONNECTOR : 1 40 PIN EXPANSION HEADER-STRIP (Z80BUS)
2 34 PIN EXPANSION HEADER-STRIP (7210Z80 ETT)
1 20 PIN EXPANSION HEADER-STRIP (PINTER PORT)
1 20 PIN EXPANSION HEADER-STRIP (LCD PORT)
1 10 PIN EXPANSION HEADER-STRIP (Z80 CTC)
1 10 PIN EXPANSION HEADER-STRIP (KEYBOARD)
¢ 1 4 PIN EXPANSION (RS 232)
12 PIN JUMPER (WATCH DCG)
1 2 PIN JUMPER (RESET SV)
1 6 PIN JUMPER (TX, RX, INT)
1 4 PIN JUMPER (MS1, MS2)
1 2 PIN JUMPER (ON/OFF BAT)
1 3 PIN JUMPER (6264/62256)
1 3 PIN JUMPERGRAPHIC)
1 2 PIN JUMPER (RESET 40 PIN Z80 BUS)
1 2 PLIN JUMPER (SP)
LEI gl POWER RED LED

1 HALT GREEN LED
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Iyl SUﬂﬂﬁdﬂ"]E‘;l\] HD44780

1. CLEAR DISPLAY

Clear display
RS RWDB) —m———— DBy

Code [49 { 0 , 0 ’ 0 [ 0 [‘o I 0 [ 0 Igb [ {AJ

A0 L1 JUNT5 L YUUTe4II9M38 SPACE (ASCII 20H) 1917100 DD
RAM M9%UALAasn N13 SET DD RAM ADDRESSER tiufuil #7 CURSOR a:ﬂéuﬁﬂag

] v -
UYL UUAEAT U0 U980 N SET I/D=1, S liin171iuduu

2. RETURN HOME

Return home
RS A/W DB D8,

Code [ 0 ! 0 [ 0 ’ 04170 I,O [70 1 0 ; /| ]

* No effect

gy,
v o« a ¢ W v
AMdIUALNINTT SET DD RAM ADDRESSER 1uUufAuy ®#7 CURSOR 3emiau

il - i) v <4 o & L} -§
1o Ua MU HHIVUEATIUNUDI8 00N Youalusan  lui Uauy

3. ENTRY MODE SET

Entry mode sat
ASERW.DE T

C8y

Code i ofofajo | o 1o [ o | }I!Ol é:]




4,

2.

BIT I/D

BIT S

24
[-1 v Y v d. - -4 \ v v 4 v
Tauaz LU IN IMUATYINLND L YUUNTDDIUYDNALATIILNI Y
-
1 v L] 1 1
- =t -1 -4 - -
DD RAM ADDRESS | WHUUWUIYITOAAAIHUITAL 1=LWHY O=
oy
anaINUY
(-1 v % v o9, . v v
tdusmnvuandadnalaunn S=1 acidunisiavouauan

v " w a:v [ v v
®7 CURSOR aununvauasvnnaulunigsiu 01 S=0

v t v adl ~ - -]
YONAVEDUNUN ®1 CURSOR drnnauluniavinue
- -~ -

DISPLAY ON/OFF CONTROL

BIT D

BIT C

BT B

'TDisplay ON/OFF control
RS R/W D8,

Code LO-]D]O[O[O'O[1lOiCIBJ

SRS e e p R

LU BIT Wit dadavitinoon minunn D=1 a¢ ON uay

D=0 3¢ OFF

22U ANY CURSOR W BIT C=1 uazn7lunovn sudnd

CURSOR BIT C=0 Tauf7 CURSOR 9:oun LINE 7 8

1

Tuuuy 5X7 DOT uaravay LINE 7 11 uWuy 5%10 DOT

=3 a <
11Uy BIT SET NATNEWIUYD9 CURSOR et B=1 uNA9
< t a < -
NTENIU B=0 1nITATensy 1AuNTEyzi 18N INT NI U

dseuin 379.2 ms

S

i Cursor
5 x 7 dot character
font

Alternating dispiay

]
S x 10 dot character
font

CURSOR OR DISLAY SHIFT

Cursor or display shift
RS RAM D3, 085

fecs llI.'_-.!_‘\
Lo lclo[o}oll siclaic] « | - |

Coda

* Na effrcg
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[ & -: & Ve ' - Vv - v -5
LU N MU 1A YUY CURSOR vTpvaua luL NaNII1IunIonigulN
-

54 4 V.l: - -4 1]
Taulunaaleadalvoursoo Iy 1ay

s/c R/L
& v . i - | Py ]
0 0 MINISUNY CURSOR ldanauvusiaulusiuuo
1 @uvug
. v ., LS e} -
0 1 MMINISUNY CURSOR ldanauviugilaulyynnuoe
1 @Muuua
: o oo SR v
1 0 LuNITaUaIaNYINL Na lUnvEy
< a v v ow d.q -
1 1 LuURITAUA28NEINL NA TUNI9UIND

6. FUNCTION SET

Function set
AS AW DB;—————— 08

()

* No effect

Code (c!o{o‘ob{m[wln:

BIT DL : 1UUNY5 SET n13aaeednszituuuy 8 BIT uie 4 BIT
TRUNIANBINITANAD 4 BITT DL=C uar & BIT DL=1

N : 10un1T SET UTINANITUAAIHA N=0 uaaa 1 ussae

Nel udnd 2 UTIVA  AUNIWNINNIT 2 UTINA NN

SET N=1

: z,fjum"f SET 4419 DOT nIjudaawa 5X7 H;’G 53210

1]

- o
1py F=0 LUUMUU 5X7 WAy F=1 iuuuuy SX10

2

f No. of
5 Charncrer Oury ;
N6 df.w." font lactor fanarks
ines
i 0oo 1 5x Tdows | 1/8
| S0X 1 | 5x10dots | /11
f T
| | | Cannot display 2 line:
! 1. 7 15x 7dots | 116 ~th 5 x 10 do? chorac-
| | ! | ter fant,

* Ne etfect



26

7. SET CG RA ADDRESS

Set CG RAM address
- RS R/WDB4 0Bg
cote [o]o] o1 [a]ala]A]A]4]

Higher ™  Lower s
Order Bits Order Bits

—

v

14 HD44780 HUDLUWUIUAIINDGMOY 2 YA Ao DISPLAY DATA RAM

(DD RAM) 9" WU 80X8 BIT war CHARACTER GENERATOR ROM CG RAM 2" W1u

512 BIT C]T 7200 BIT AMAINI Y1 UUNNS SE ADDRESS U CG RAM @1

8. SET DD RAM ADDRESS

Set DD RAM address.
RS RWDBq————— DBy
Code Io{ol 1 I\A}A[ALAiA]AlAJ

Higher lower
“ Order Bits Order Bits

\Jun§e SET A1 ADDRESS Qu DD RAM un171L3utI0a14A11970 DD

RAM (DD RAM flad@IungzudndHaniiige LCD) TAuduIW ADDRESS M9rlNavuuMDe
LCD ﬂ:agﬁu SET A1 N n2g

07 N=0(i uIn) ADDRESS 120U 00H-4FH

D1 N=1(2 UTTWA) ADDRESS 1£0U 00H-27H aﬂw%uu11ﬁﬂﬁ 1

() v -
way 40H-67H daMIUUTIVION 2

#19094N1 790 ADDRESS w04 DD RAM W1N99 LCD UUU 16 SIONHS 4

UTINA WaT 20 @IONNY 2 UTINA. HDM-20216H

~
[
-
w
@
~
-3
©

1030 = 01 2 a1 3 NE i 42015 50 16 ~ display position

: T
tine | oc | o1 10203 04| 05| 06|07 o08]|09 u/\zosloc]oo 0E | OF | ~— DD RAM scdress

Nnet 40 | 41 [ 42 [ 43 44 ] 45 | 46 | 47 | 48 | 49 | 4A | 4B | 4T | 4D | 4E | 4F

2-line 10 f it b2 13 1516 i7 |18 191 1A{BIC|IiD|IE|IF

ddine | 50 | 57

w«v
D4
v

)
w
-
v

o
I
o

57 | se | s¢ SAKSB SC | 5D 5E|3'.

HDHM-16416i]
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9. READ BUSY FLAG AND ADDRESS

Set CG RAM address

5 RS R/W D84 — 08
cote [o]0f o] 1]~

A
Higher Lower

“ Order Bits  Order Bits

1 »

LTUAMHEIOIUAN BUSY FLAG T49¢Liudiiuenii @7 HD44780 Houlu

v VE Ay e v v v
YUIUNITNINIUNUTUD UV TO DU IUANINWNT DN e TUVDNA 1Ay

[} 1 v [V «
BF=1 auluuuIunNI I INIUNTUIE LIWToN9 £ TUYNAYI oA
- -
v v v -4 .Q: v
BF=0 wIauarIuvauavsonddla
v s L}
< v [V | - <§
LasuanNINNUUdL UUAdIB 1 UAIYONA ADDRESS 184 CG RAM %0 DD

RAM 971 :

10. WRITE DATA TO CG via DD RAM

Write data to CG or DD'RAM

AS AM DBq DB,
I T S l T
Code L11010To'ololoio 00D
" Higher Lower
Qrder 8its Qrder Bits

o .u - v v 4 - < v
vUuadgs L vuuvaNatun Ul CC viTo DD RAM 1Ayl udLUUUYDNA uAE
-~ ~

' '

- -t w v .Q:Ail - v A v
ADDRESS 9% LRI 080 TauonTulaa LA den SET 14 ENTR MODE Yonmuanazd
) «, -4 v '\w
291 UNAT L YUUYDNAUDY CG RAM W3R DD v 'laTaunis SET ADDRESS 3¢ CG RAM

<t <t ) < v
W79 DD RAM YUNNINDUTE L YUUVOUA
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11. READ DATA FROM CG OR DD RAM

# Read data from CG or DD RAM

RS RWDB;,——————— D8,

o [T oo [o[o[o[e o]

Order Bits Order Bits

' ‘

o, o v ] v <4 ] ] [
LdunMddo uA1IUaNadIN CGC RAM Yo DD RAM TaunauUa IUANININ DD

RAM W38 CG RAM 1n299¢19A1d4 SET ADDRESS nReulnolnidNvouana ulatu iy

DD ¥3® CG RAM

v
9191 TIINITNINUD L LHUIINAFIFIIU LCD MODULE Uu4NUL NUIUaAL 51
A4 .
FINMEIL TULINULAY SET A2INADINITIUIUNAAIONET, CURSOR  #A49INHUL TN
. o
AN L VYUAITNHT LY 1Y DD RAM IuOITINGIONEINININY N9 21 NAONHTLUIDAIN

LCD | S1U9aAINATOAIMUAR IMYLIAIONNTND eI NeUUT0 19 IAun15 SET DD RAM ADDRESS

1

oy “ v Py o ~ Ll v aa
ANNATITIINIMNNTUKWIVE ET-BOARRD V3.0 UNIMUITLLVUINTLUATUL THAUNAD FIUNTT

INITIAL LCD | RN MUAMLANNIITNI9IUAN 9

Character Codes . CG RAM 't Character Patterns

<
o
—

Example (2)

o ol —- o o = s

(DD RAM Data) Address © (CG RAM Data)
W6 TP A 3 2valy W S¢3f 32 W0 7 eF 5.4 3 208% 0
—Higher Lower — ~ Higher Lower— — Higher Lower—
10 0 0
#0 G
1050150
ATy it Character
: Pattern
i el uy, - B B Example (1)
oo Q)
4 ; g e
« Cursor
Leplinel Position
070140
020751
0 0
0 1 Character
07707207 .0: X 404 0.0 Pattern
1 ¢
1 1
1 0
1 1
0 1]
1 0 1

X No effect
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druus znovuves Tusunsu

EPLUSE

WRBYTE

9L UNAIUNL UN Ay ENABLE SIGAL 1aun130% PORT
B BIT % 2 N iua PLUSE dnnyi ENABLE Uu
221 U UNVUAN UYL UD9dI1Y DD RAM ADDRESS 419 ¢lluuu

vJoua TausniUsunsy INITIAL Mi31 SET 13 (3o duu

[ Y

Youal¥11Ulu DD RAM wan ADDRESS %04 DD RAM Ly
1 Taunun

3 ' - v v = \ '
Ldudldil vouvoNa 1 BYTE 197 1Uluamuvius ADDRESS Y84 DD

RAM amziiy 9

o, 1 v ]
LUUAIUIUNAT L YuuYaNanas 1 LINE LWI1¢auvud DD RAM

' v

-

NLNAUUIBAIN LCD HU ufazauyiuda 2 luaenu1lunna us e

v 1] X v - L7 o o~ v -«
AINAIDUNIN LN LCD WUL 20 @I0NET 2 UTITNG War 16 MIONT 4 UTINA
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SYSTEM CALL

<4 v -4 o d‘d )
SYSTEM CALL fn9 Jruuldisunldsunsuuouai a3Unuouly ROM MONITOR
(DEBUGGER) %a%::mﬁﬂﬁﬁsmnnﬁaéﬂ%ﬂunﬁiLﬁuuTUsuﬂsuw?aﬁwuﬁqwuiﬂuﬂﬂﬂﬁtﬂu

v

v - <4 ) -
AoduTLdyLIaT TN TLvuuTUsunINa Uy

N1713un1% SYSTEM CALL

19UN15UN 'CODE  vo4TUsunTnlu SYSTEM CALL 17 LOAD L7y
REGISTOR A u@In1uAIUn1d RST 10H
§I0UNILTY - MEINITIAIU0oNA 12H ansann w1 e lau

LD A, 83H ; SUBROUTINE SYSTEM CALL TX BYTE

‘LD G, 12H
RST 10H
S0 e N7\ Midnioa SREG

Fano N30 SYSTEM CALL asu1a77

1) LOAD CODE TuSunsuvuay SYSTEM CALL %! 357919190

REGISTOR A

¥ - v o v Vv “
2) deiﬂiunwu SYSTEM CALL uu ¢ 19 INPUT o¢ly naalum uuu
3) giﬂiﬂiuﬂxu SYSTEM CALL 5u?% REGISTOR 8:131Uualtna
NeUI41% REGISTOR iy wIonnazlsniv PUSH nulineu

4) qﬂﬁﬁumﬁﬂﬁﬁq RST 10H 9¥1UUN75197 SYSTEM CALL
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BACK CODE 80H

wﬁwﬁwﬁ 1%1U3un3uuaqé1§n5ué MAIN Tﬂsuﬂsumaatﬂéao TﬂUuﬁﬂdlﬂéad
Mu1y PROMPT édﬂzﬂéUTﬂUﬂTd

I/P =

o/P -

REG DON’'T CARE

RXBYTE CODE 81H

'

TRty JUYoNAD1N "KEY BORD ¥30 RS232 L1Uusvd ASCII AU A 17U NA

KEY B n9¢'l@ 42H 1u REGISTOR A

1/P #
0/P Ex
REG AC

TXBYTE CODE 82H

o B Aa70d ASCIT 1 BYTE oonlUii SERTAL 194 C = 43 H 7o PC
B2y L CY

I/P C

o/P 2

REG ACD

DSPC CODE &3H

WAMUN WaA1 HEX ‘u C 98nlun SERIAL PORT L1U C = 3A N

DISPLAY 9%1A1 3A a7t (&A1 ASCII 31H uar 4H oanld Ae
LUuAT HEX 1Uu ASCII nNeuwdnfaedd

1/P c

0/P =

REG AC
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DEPDE CODE 84H

R TREY WA HEX U DE 0on'lUn SERIAL PORT L¥uU DE=8941 7 DISPLAY

- v
JLUNT 8941 Ay

1/P DE
o/P =
- REG ADE

TXSTG CODE 85H

WﬁWﬁWﬁ ﬂﬁﬂﬂ?éd?ﬁﬁ; ASCI1I lﬁu BLOCK 98nn1d SERIAL PORT 1@Uﬁ0¥ﬂ
i ASCTT nldmornuanai RST w04 SYSTEM CALL ua
axwgméqlﬁawu1ﬁﬁéﬁ 00H ﬂﬂﬂiuﬁazmssmﬁﬂﬁéaéﬂiﬂﬂﬁn DATA OOH 5u

I/P =

o/P -

REG ADEHL

lyu LD A, 85H
RST 10H
41H, 42H, 43H, 44K, 00H

RST 8H

ETOA CODE 86H

M \URuusn HEX Ty REGISTOR C t1UuA1 ASCII tnulu D uar E
L9 C = CAH 7 DE = 30H, 41H snuanau

I/P G

o/P DE

REG ACBCDE
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BYTE COD 87H

VMUIN WAYonanitu ASCII 1 BYTE 970 REGISTOR C 0an PRINTER PORT

(PD 0-7, PE4, 3)

I/P c
o/P =
REG ABCDE

PRNC CODE 88H

VAMUN %@ mMIu PRINT Youaaln REGISTOR C 97N HEX LUu ASCII L¥ud)

T4 REGISTOR C = 34H ANnuWA®AN 3 war 4 Ao d4A1 ASCIT 33H

I/P c
o/P =
REG ABCDE

PRNDE CODE 89H

WU V¥ mTu PRINT Youalu REGISTOR DE L ¥u i DE = 1280H 7
PRINTER DhOTRB,Rn 12BO

I/P DE

0/P -

REG ABCDE

PRNSIG CODE_8AH

ﬂﬁwﬁﬁﬁ 1%aﬁw§uﬁuﬁ%aga¢aﬁusﬁﬁ ASCII 11U BLOCK Tﬂuﬁagaétﬁu ASCII

WldReNUNANH: RST Y89 SYSTEM CALL uazﬂzwgﬂﬁmﬁtﬁawtzﬁﬁ
00H aﬁﬂguﬁazﬂﬂxwﬁﬂﬁéuéaiﬂﬂﬂn DATA COH 5u(t%u15uvﬁu
TXSTG)

1/P =

0/P C

REG ABCDEHL



PLF CODE 8BH

. Y o
NIMUIMN

1/P
o/P

REG

INITLCD CODE

34

vy -;n(a:: v '
Tyd9voua OAH uar ODH 98NLATDINUNLWNDUYUUTING 1Y

¥u1Y PROMPT F49enaulauas

ABCDE

8CH

SR
NIMUIMN

1/P
Oo/P

REG

GOTOLCD CODE

19 INITIAL LCD wuu DOT MATRIX Taudr SET DL=1, N=1
F=04"D=¥, C=1, B=1,I/D=1, S=0 ‘Wwar CLEAR DISPLAY

v - v v
WIDUNI LTUUYBUA
‘

ABCHL

8 DH

Rl
NIMUIN

UHL AABUUILAIUNLS CURSOR 11U antiNa8%484 LCD DOT MATRIX

1) 1 - 1 1 L v 1 v
TAUOMUMLIYE98 LCD uAasuuutud 2 Wi ninulvalunie LCD Ay
- -~

' v ' o v v v
LTUDNY LCD 16116 @uvudsziduvunas 16 A20NYT

Taumuviuesant 11921 UAuua oty REGISTOR C

C

ABE
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WBYTELCE CODE 8EH

5 v -
NIMUIN

/P

o/P

REG

DSPCLCD CODE

L%uuﬁagalﬁu ASCII 1911U1% LCD DOT MATRIX 97u7u 1 BYTE

v v : -t o
L9 C=45H vouandsnQiuuusoszitu "E*

C
ABCDE

8FH

[

3 v <
NIMUIN

1/P
o/P

REG

L YuuYouaan REGISTOR C 970 HEX (iUu ASCII 197 LCD DOT
MATRIX 19U REGISTOR C=34H Yauandsingia LCD nazilun 3
uae 4 518

C

ABCDE

DSPDELCD CODE 90H

o v -
NnNImuIN

LCDSTG CODRE

L YUuYouAIN REGISTOR DE 970 HEX LUu ASCII 19184 LCD
L9UD7 REGISTOR DE=89ABH Youanuiingiy LCD nueituan
89AB AU

DE

ABCDE

9id

Vv -
IMUN

v (PR WA n;d v - v a:d,

Ay MUt vguvaNant UuIyd ASCII Uy BLOCK Tauvauan.uu
AR T By A c.:
ASCII Uvld@novinuaINAMEd RST ¥o4 SYSTEM CALL ua:zizyvun
1} VS [}

L SRS -4 w w [ e |

LBUUYBHAL UONUTYE 00H 3 1nUURILNTen e ddao luann DATA
v

v 1 o w
COH wu (tadiaulny TX3TG)

c
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CLSLCD CODE 92H

WU 1% CLEARS DISPLAY 1198 LCD uas CURSOR NAUNIMIIA HOME
1/P =
0/P e
REG A

DELAY CODE 93

e 19117 Tau @Al REGISTOR C
1/P C :

o/P -

REG AC

SCAN CODE 94H

5 v a: -1 o 4 g ¢ - ¢
NIMUIN LUy SYSTEM CALL asl3douniinanulaul duasuuia 4X4 ey lay

v
-

vV o« A - <t
I¢0ONIIN SYSTEM CALL U DIUNITNAAYU LAUAINUILNAT OOH-OFH

Tavozenlu REGISTOR A

Ti/:P A
o/P =
REG ABCDE

SCANK CODE 95H

v P «4 &
R 7 I 910Uy SYSTEM CALL 7 SCAN n13nasulnt SCAN LRuITaULAU

DN TNAAIN e OCH-OFH 9zotlu REGISTOR A
1/P A
0/P e

REG AECD
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CBAUD CODE 96H

i \WAuufn BAUD RATE w84 SERIAL PORT TnudIuNTn SET A1lalu
REGISTOR C A4ATON
C=12H BAUD RATE 1200
C=24H BAUD RATE 2400
C=48H BAUD RATE 4800
C=96H BAUD RATE 9600
C=19H BAUD RATE 19
1/P o :
O =

REG AC
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32 wquﬁuaznﬁsaaﬂuuu1qﬂ1 FREQUENCY SHIFT KEYING (FSK)

Gy R 5 i > ]
TUNITAETIIAYIUOUIAONN L UUHANNINAYINAINEA  MT odyuy Ny 1d715TusUdu
v v - < -4
22 1aN19INYMANFIUVDNITNIT 3 UULU AD
1. ManNNITYeILBNNAANBALAN (Amplitude Modulation)
v - <
2. vann1IvodnILAuTNEalan (Frequency Modulation)

35 wﬁﬂnjﬁvathﬁuaﬂtaw (Phase Modulation)
Tnudgmranezaeeentl  (FunuRinea wio duRINYNIE1TAN) FTaNUEALAN

v 0 ] v v v ' a a1 v L4
NINAIUFAY UAe aNda L annIIaIuIy lﬁﬂuﬂﬂﬁwmﬂmﬂﬂﬁﬁﬁilﬂNﬂﬁdNﬁOﬂﬂﬁNm?NW?W

(Carrier Signal)  LYinUANNIIINARYIMNIIAINEA  (Digital moduation

techniques) NONWINNFOUIININIVINIAD
1. WUy FSK v3e Frequency Shift Keying
2. WUU PSK W30 Phase Shift Keying

3. uuy QAM BT Quadrature Ampitude Modulation

1 v [

<4 <4 v v d. v e v v 1 <3
LHo991N  FSK a0  vivenlsuwnidualnidnis  aduuaznalIlLlanie L 589 FSK

< <
LNUN LAY

ﬁdnﬁlﬁﬂﬁmmﬂm FSK (FSK Generator)

o . v [- ] o 1 [ ! o v
AN MUY FSK  nAB  adddduys FSK (FSK Transmitter) aTduwan
d‘l d‘ v d‘ o v - oo d‘du a v dl o v} - o G:du a, v
NITNIN L UBYBNANL UUFANYINAINaanNanuy L Juvanan L dudygiunansanuansue L Uu1o
- L]
. )\ o e = v e,
HaludN T e IMARINN L aoUYID L Uud L uulusuna T Ldauuidaguasvana luu1Ini N
v Pr-s [}
v v v 9/ Wag' v 5 a 1 R - 1
ANUUAYYINUNIN L DTIVIHNUDIAINTILUA FSK 9zadlusdvadmiiunnunisidavuudasouna
1 - -

' 5 Vv - Vv - <4
AOLUBY  (Frequency Continuous) tNavodaluuriatuduwni Uauuutadainaniue
v )

a o Y v o A a, - v
1a3n  "1" 1duTadnm "0" (wIplumnanaununs Tadn "0" dulsdn "1") dymm

= - g = 2 ! =¥ hes = > = "ayw Py
L2IMNINN FSK  NILLABUATIINNTEYING 2 ADINDMIUNU Ao Alunlaan "1" vio

Space Frequency (fs)
) 1l v v 1
<4 -4 -4 - ) L4 -~ -t -5 -
Msudasuudas  (MI8NITLABU)VDIAIINILAALATID L L NABUL UadN U Eyas AN
Vo v A Sl . - N e
ATUAYYINL VL URUULUAIULAD 895N T L URUULURIYOIENINDENT & L NINUBATINT

' ' ' v [

< v v - a v v v o v
LavuudaadmOmt v F9UAINEE  MEA L ATUNL ORTINNT L UAUHLUAL DI dnINA U
“

- -~y 1 -l 1 o, - 1 - -4
OURVIUBY  FSK  Generator 3¢l179n17 Bit Rate wwuUrgLdHUUNALIUIN (bps.)

Dda

i) ix > v »
H3HIATINITLUBUULUAI UG EYRNME T L DTRNUDY FSK GCenerator LIENTN

v
v - v

“ ¢ -4 ” ' v v < v 1
aavlunTa” ¥38 Baud Rate aguulunIsdaivouanlIuitnaun FSK 2n71umu L viny

"

SRTIUDTEL Ase
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¢

e FSK

‘Anaing-to-digrtar

convertel m—L

‘
2
2
o
=
=
‘J
=
e

Ler

£)
% d
D
o
)

¢ W\/ f\f\m\f M/\/,W\ \/\’W\/

S5 ' Fm! Fs'Fm! Fs'Fml Fs (Fm ! Fs!Fm! Fs

Fm : mark frequency Fs : space frequency

[

< v v a v
FUN 1 YMannISuarauNNBUNN L 91KNU0d FSK
" L) L}
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FSK BANWIDTH

1 VY

] v v v a ~ v - v ¢ a
TUTLUUNTANFO AN TUONAA I UAYYINDUIADNUTOAYYINUAIINDUY LUUAIN(Bandwidth)
. ~
a 4-.' n:v a 4 v w d‘ aa ' ; - v v aa
LUUAIRDINDI TN L UUBUAUL TN LUBNAINITNITUYDY  FSK aUUUNUFIULAUINUNUIT
~
v

v v a Ll a YV v '
n1Jv09 FM ﬂJHUﬂWTﬂ‘EUWUaQﬂﬂ’Sﬂﬁ\lﬂﬂ‘l‘l‘lﬁﬁﬂﬂ'\“f'\lﬂ\l FM vnnouny
~ )

AP | ynrozanddesa

<

NJ

Glana madinaaduaaio

Fuanchdinaa L L L

dniaiala J

-

Aulaudmina
% SN
Laiaanan

Funnond
awaan

~i Digital=to-2naing| :
o converter
il ==

| Analog-to-digital

il 4
converier
W in

Wi a3 ¢

I

<

(m
: Aq8A z oy |
Fnmnouhdiasa T LI LILE 2 amatn P T donmmzanadasn
A S % =
' Z B 12
S A2
t -
2 e =
NSO 2 .
Fuonolts = < Fouanmaan
i, 3 mMTuwT z ["—'—“‘_‘_‘ ATR03
AWIRAN | \na(sg-10-digitai L 3] atynln 3 Digiraria-an2iog buee
(= converter & | free space | IS ro Somverter \f\
i oy e |
!
{2 ot

JUN 2 FSK MODULATOR

'
L4

-t ~ 4‘ oY [ <l v et | '
27NIUN 2 uﬁmﬁqm FSK uBALALA9T Wa11vannITLaulnuLlonl ouuoaLl alaos

- Ve Y 4
fi0 1HUENNIIY09 VCO (Voltage Control Oscillator) 3%!¥uU3I10MTIINITLUAUU

e o & o “ - - aEy SR < v ow
LLUZ\\WHT’JWE‘T@\}O\IﬁiW}ﬁWGNWWﬂﬁLﬂﬂﬂulJJE)'UCL]GVIU'H'I‘ﬁ')JaﬂHWElﬂu 1. iuae 0 d@aunu

- O <t v = w . [ -l a, w [
FINAD FURINALMAUNLUL DY (Square Wave) ATNaI9U14%UTUN 2 L Uudymnduai g

T
ik
1
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' () ' ' ' v
A v 4 a4 a - QR shigie B si ) v v Y oo
AINDVANVDINAUALVAUNILUAILNINUATIVIUIUOY  Bit Rate @IUUDIWIITHN
a:ud < v dl v o a :::!/ &
LANIEAIINIUANLWUILAUILET ANNUDNTITAVDIAYYIUAIAD AN DINITUININDA L antluy
R § v

FSK 9%1Y7NUATINLIY0Y Bit Rate Ao

= Bit Rate/2
a max
. . L
0 F max = ANDAIARVANINAIN0aNd s UININDa L an
a - L) v
A7NDNa1d  (Centre Frequency = £_)V8d VCO vraglumumiinaiy Ty

M9 Mark Frequency (fm) Ny Space Frequency (fm) NU Space Frequency

(fs)ﬁasﬂﬁ 3

fo

fm fm

Deviation

- -t -y
JUN 3 NITLYLUSLUHAIIUD

a L3 - 4: a: g =] (]
189N 1 A‘uUBUWvIELasuAlIunTed VGO 3N fo Tidu Fs iUl IN0g
«' v V. a ) “ Hen il neAn v Han - ¥
tdavuuyaavogvaNa lud I ST UDUNND N 1 151 0" w3 "o T M1 arnalv
- 9
L S ol ‘ % i
AZIUDLDTINNIEY  VCO  Lasuvsstuuvtvunauly-un J¢uI79 fm NY fs 1UBd

v
v 1 v 1 o S - ~ .~ v -
1IN tanasIuInalN FSK UUNADNITUEALan WUy FM  @dud aTun)iuont an

o bg -4
(dodulate Index = MI) U FSK analaan FM A9
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MI

. F/Fa

-4 <
(09 MI = NI1TLUUNLUUYBIAINDNAS 3INAIINNNANI(Hz)

n

- - -
Fa fA2unvodypiamunineanlan (Hz)

' -: Vi W, b [t J.v da Va: dl q:a:
A1 MI nuauInladgednne A1 MI NYIMULUUAIT NININER FIELNAUVULND NI T
b S, ; L
2 4 . . Sy 0
LUUN L UHYDIAIINDDNNDA L aNLAILAEAIINDDNNDA L ANLAELAITUDNVDIFTYYIUNUININDA
- - ~ -~ vy
o
L ANNANFITN

., [ a T <
QU FSK woatan A1 . F Ldunisiuudlunuadalundddn (Peak Frequency
- NS

) [
v

- < v < \ ] L4 ' 1]
Deviation) ﬂOQﬁQWWWWﬂﬂMOﬂlﬁﬂuﬁ?%duﬂﬁLﬂﬂﬂUﬂ?WNHﬂﬂﬂﬂdeﬂlﬂd fo nuy fm
il ' v

-4 <I o <8 Bl el ) ) v o <3
Y70 fs FINAT ATIVUIVAIAIUUUANAIITEVINY fm AU fs UUAD

. F =(fs-fm)/2

L} L} . v 1
-l - " v - v d. v
N7171 D04 L UHY IR INDYBI AT IND AN EA IUDUNUYUIAY T OUDUNATA YD AR MM U
- . - -
v - a d. - < " ha 3 v v 1 ll
wNealan  (Agyunanea) o Luedniuznidlaanitu "1 noz LT IAUaaNNIANIYUY

<~ ] -4 v o, - " " -3 v v ] w
awnauanIur (Lre 5 Vo) wia sotdulasn "0" nazlvusgauooanunanlusEau
v ) 1 “l
- ‘ - 1 o~ v < f o)
Taan  "0" ivunu (iU 0 V) AYUUAIINIMLUUILUUYSY FSK HOALand el uud
; o & - 2
LUHASMLAZRUIUTEAUNIT L UL L UUYDIAIINNEIAN L dND
a, d. v v <t W - q‘ 74 v d a v .; dl
£ LUUAIILDMANYDIVINA UL TAIUSUNN TIT M TYMULUUANY NIYINEa LUD
a ~ s L}
v } Y

1 v b} ' v
LROUY LRTIERsUUL T EINTvIAY M1 leen
fa = Bit Rate/2

MI =((fs_fm)/2)/(Fb/2)

i

MI =

—~~

15

fs-fm)/F
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- - o
LD fs fm = AIIUDLUUILUUAITAR
- - Al

B = 2N TNV TUUITOUNN
L]

' v .: v da v v ' ql
AunIsavdgy I FM Taun19ld a11un21999duuuaIna sl IHUaI9nUA1 MI 99
' - 3 a:n -: v - ', 1 4; v -1 a
LTULAUINY FSK A1 MI Tauni9ld azaoauniamnid 1.0 twalviduil el aNuuuiny
) da . a: [
(Narrow band FM) AMUUUAINNLALUNEA L TUNIT Minimum Nyquist Bandwidth (Fn)

LYY NITAIYONALUY FSK NAINNDINANN(fo) = 7KH2ﬂ1ﬁuﬁﬁtUﬁ (£s) = 6 KH_uax

[
< g

AUONNIA (£m) = 8KH_ Youaluun3oumwnil Bit Rate = 2 KH_ @m0 Fn 1

R !
MI = fs—fm/Fb
MI = (BI(H2 - SKHZ) A 2KH2
MI = 2KH /2KH
2 z
MI = 1/0

' - v oy
9INAITI4 Bassel Function Qum131anl. 148 MI=1.0 3¢lAunuAdIu0ug
Y ¢ i 4 -
(Sideband Frequency) sanui¥ldas 3 A24D TAULAREAINNNTERIY TINAIING
L} <‘ -4 d‘ -4 %
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MI JoO J1 J2 J3 J4
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doynoluunTesnonduy s FSK Taudiuninaz191435 PLL (Phase lock loops)
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dunnm F5K i_\ AR Em| Ty
3 :
awiaan ] S 5 AR L T
) L WITLTHLIALL WG RN s T St
2\ . Arile L =y 2
fopar e lr_. el S
v ! — ..
; i S
1 b VCO - b o
‘ b PLL |
[ ce Rl L e
< R~
ISEmE sy
(Y v '.“
n a /A /‘{ 1’ i
IunMBwIAEn N it wh e
: pEEL I RN
Ve N
i ; v
+\
_i__%-"__, |
Avivmluwd i—_.__i__._;.
;
s Lo A



45

-4 -~ . v
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' - - o i - <
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oUKNYeY PLL taaulU-u1 T¥¥2I9 Fm NU £s eV IMLNALTIAUAANA L AFdaU A T4

At‘d < -4

(DC Error Voltage) T9LUUNaN19INNITIUTUULNUUNIGLHNA (Phase Comparator)
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‘
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w dl v - - - w 1 v v
VadIINNL 31 1aNITIUNIYMaNNITUa LI I L UAYDINITTU-FIY0Nan 1Y FSK 11
o
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d: v o, ~ A - :.: 4 -
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U9 V1 < 1V uan RzﬂﬁlﬁUﬂjﬂWWuﬂ‘ﬂNMQ TAIUNUADLALUTEITEUIYY 5
n L)
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n

fm 1/R C

fs

n

1/R.C

[V o ' ~ Ll )
AILNUYTEITEVIINYN 5 NUYD 6 DEaUlUTIN 1,000 pF = IOO/AF

AINTUNIU R, uax Rzﬂsaﬁﬁuﬁdq 4 Kohm - 200 Kohm

v L}
LRI P! ¥ [- S Y 1 ]
TUNITOBNUUUATUAIUUL 1T UUABIN WUAAY  fm  WAE £s NOU TIDENIVUA
v v
o Yty ava a % v = v v g o
199N 10 UATUNIIUQUATTIUAIUIIATINNINIVUA fm uar fs LoIUUNND L Uugn1u
L} 1 v 1
<3 iy O ey 5 “ o e <t
150902700817 TUUA LAaENITNIMUA fm WAy £s UUALLNUIUD91UDY Band Rate u
v ]
e ey ] v v o o v le‘ [ B T
NITTUAINIY AJUUTINNITN WUA fm UaE fs T3L5UNIM FSK BAND LAy zuanNAIINY

@74 Band Rate A4MNTI4N 2

fm = 1110 Hz

75 Band
EEi="#lcl Z0, H=z
fm = 1070 Hz

300 Band
fsas N270 _HZ
fm = 1200 Hz

1200 Band
fs = 2200 Hz

#1379 2.FSK BAND

v )

“t t t - o v
NULTININNITOONUUY  FSK aUFIVIAIIUL TI105UBNaR 1,20C Band 210

A v 1
Uty lanuely
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99NA1319 FSK BAND (A1379% 2.) WA2I4L 329890155 U-d4 1,200 Band

£m = 1,200, ‘Hz., £s'= 2,500 H LUOVTIUATY  £m uaz  f£s NEINITONIAN

v v Y v -1 ) (7 o
AIUAIUNIU R1 way R21ﬂ Taun WuUAlvaI L NUUTLATEMINIYY 6 Nuun 5 LUy
4 3

v L} L < .
0.01 microF (uJouluUtIINNIUA)

INAUNIT
fm = 1/RC
R = 1/fmC
-8
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1 v 1 v ' v (2
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v - v
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-8
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WO e ' v v 1 1
Tt nualodi#0s 20 Xohm 2UNTUNLAIAIIUAIUNIY 39 Kohm @8I¢¥MIIIUN
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8 NUNINA 99T LUumaTUN 6.
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CP = vcc
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%5.1.‘([1 =1 uF
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> 3 2 .
G 2 Al
R Sy
= Sl vl e
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— o 3 T
ER 0.91 u~! 3 g
= = et ol . PR
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T-» 38 K(I .F 7 J

.
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-
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37N MI = F/Fa
Lﬁa F = [fm-fs]
= [1200-2200]
= 1000 Hz
B b A
= 1200 bps.
MI = 1000Hz/1200bps. '
= 0.83

g : 1 Voot g, c:l
9INM1T19  Bassel Function uuA1 MI 0.83 Muwwagudszuimidu 1.0 w499¢
v a; 4 ¢ v a: ) 1 1 v 1 v 5
Taarunlgauuuaoonuivuidae 3 ANNTALULGAAYYINTLUIINULNINY Bit Rate/2

4 e N v a‘v( v - v v -4
Ao 600 Hz gngLdaasualunt ona sl Fn = 3600 HZ LasuANEUzaAITUN 7.
° L'}

2.64v 2.64v

-100 500 1100 1700 2300 2900 3500 H=z

‘ |
|
—————fn = 3.6 KHZ-——————W

- =3 » - o
Uyt 7 ALURSTENAOND A A0TuLTT 1200 Band
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nl1Jdonuuy FSK Demodulator

v -4 ¢ al - aa -1
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1 v
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v - ¢ a ; [
TaT9d79A U NULYeY XR-2211 1NoUs2unmI99 7L YU FSK Demoduliator azidu

'
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'
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v ]
- - -t a - ~
rms. UALYUIUBNATIVUS LWL UNARIMT s ALES

2. VCO {Voltage Control Oscillator) HtwddinaiiuniausniauLdinm

v o - il
210 L UuAIN0HauINn (Sum frequency) UWazAlIunHAGIY (Difference

frequency) Ao 2f uwar 0 Hz MIN@IAU Lide Phase Detect auluANIUE Sum
-1 w ¥ v ‘; - )
frequency) nazla DC Error Voltage aanliuy VCO LHOATUANNNTRAAAD D
1 > - Iduta' ' v
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1
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-
suaziounluniIToonuuy FSK Demodulator

- ¢ <
ﬂﬂﬂddﬂiﬂuzﬂw 10 oUnIuNUUBNAD RC 93¢ Set Frequency (fo)

éa -
U949 PLL R1 ﬂxl%muuuﬂdw C1 Set Damping factor W7D filter time

constant, C_uar R @miy Set Data FSK output AIAITUATUNTY R
(510 Kohm) T&¢M2149¥7 7 Nu 91 8 LUUAIUaUNAUNIIUINLNEIY Transtion Time

¥9d output FSK 1323u

v

v
v v v ] ¢ '\ v aa
ANUU NITOONUUUINDTILADIVINIOUNTUNIUUDND EUIUINDAIUAD ¢

1. A"UIUAN Centre frquency (fo)ﬂad PLL 29D

£y = (fm + fs)/2

2. 1don Timing Resister (R, %aﬂzéaaagﬂuﬁaq 10 Kohm 049100 Kohm

3. v c_ a7

5. v1A0 Cltﬁaﬁq Damping factor 370

Damping factecr = i/4 squre root Uau CO/C1

'

& 5 o v a J
g1l Damping factor nwuadvidu 1/2

o
-

UNgteneun ¢ = CL /4
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6. VA1 thﬁa RF= 100 Kohm R8= 510 Kohm 3¢%N CF 19990

E

C_ = 3/Band Rate 9AF)

' d [ v -\ Y a v v 4‘ a
A2UNTUNNAITEABINATINAL AUINUATINIATE U T unLu Romatﬂu
s Al
)

v -t v ) 1
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v o e o
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Yev =

v L}
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-

L.ova f

o
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o

v v - a ' v
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8. g~V G
[e]
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C_ = 1/1700 x 20 Kohm
¥ = o.o;/gF
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2 P
4. va R
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R: R e /r
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(@]
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3.7/0:1200 Band M E
7

C, = 0.0025 MF

C, NGl 0.002?/ﬂF

dl v -1 v -
192N 1lAa1IN1TONULY D LUUAgTUN 10.

v ‘- . v 1 ) a
#WMYU FSK Band ‘uplie  XR-221171anmuan1auniumids o A2uLIu

J v ' v L4 Oy
NNIAIVDNANIIG NU AIATITIIN 3,
~

FSK BAND éﬁqﬂﬂiﬁ

%3 BAND Co = 0.044/ﬂF

fm =Y 10 Hz Cl = O}OII/HF

f£5 = 1117 0 HZ Cf = 0.04‘/TF
Ro = 18 Kohm

R1 = 380 Kohm

300 BAND Co = 0.0BQ/KF

fm = 1070 Hz Cl = @\O1 /ﬂF

fs = 1270 Hz Cf = 0.00Q/KF
Ro = 18 Kohm

R1 = 100 Kohm

1200 BAND Co = 0.027/ﬂF

fm = 1200 Hz ! €l = 0.01 & fF

fs = 2200 Hz Cf = 0.00Z%ﬁF
Ro = 18 Kohm
R1 = 30 Kohm

'
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4.1.4 739397 FREQUNCY SHIFT KEYING DECODER

it Q +12v
0.1 L.F:_E_ R,
| 5.1 KQ
o s \ 7 Data output
v ——— ——C
x l %r-\a
Chmt= 510 K(2
Doyt 8 3 =
- TP TAL | &
1 = — =
XR-2Z11 X % TO0LIEL) SIS
0.1 ur : Y
o— 3 . 8 e
=) 1
FSK INPUT 12 ? :
e ey
e TR T
ey )y
max | t“<
[0.1 wF S AH¥)
! Fine-Tune

U 4 1993 FREQUENCY SHIFT KEYING DECODER

949 IC LuDY XR-2211



58

4.2 NISNWIUVDITEUY

& dow Vv w - o o '
ﬂ11ﬂﬂdﬁuﬂaqaﬂﬂTWTUﬁQﬁmmﬁmlﬂaunﬂﬂﬁdﬁﬂﬂﬂﬁﬂﬁuﬁd
.

MICRO CONTROLLER UNIT FOR TX.

;
1
# | BROADCAST TRANSMITTER.
LED : :— """""""""""""""""""""""""""
DISPLAY "~ S
+ /)
| .
[ "
1t
FSK = BROADCAST ING
SPEAKER |4 prea o > E———"{ MODULATOR —= k-
CONTROL. CONVERTER HODULATER | 1 » TRANSMITTER
al
< J R B
. ji
? 15 i
¥ A
] AUDI0
| |
KEY BOARD N SIGHAL
1
-
________________________________________________________________ o —————Y o S T IO

ﬂﬂﬂ?ﬂﬁ 1 Block Diagram @ ud42zUIenouAiy Micro Processor
Control Unit L#aﬂ%%unwvnﬁﬂ1:u1uﬂ113d%agaﬂﬁdaﬁs T#uUnN1s Scan Function
key uazuﬁﬁaga 910 MEMORY 00Ny~ Display é LCD uaz%ﬂnﬂTLéudﬁu%agaﬁéq
ﬁﬁuﬁagaaanwﬁq Serial Port TAUNIUYUIUNNTINT Data Convert TaunsnIuaN
370 Micro Control Data #4ndniiiconsan Serial Port 229Uy ASCII

- - o
Code 8 Bit Bouad Rate 16 bps @uAT¥349W 1 lusun 2. tUu Dsta Format

(ASCII) Nd400N91N Serial port
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CHARACTER FONT TABLE

Lower™~tbit
dhet
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P
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NOTE:

CGRAM is a CHARACTER GENERATOR RAM havirg a starage function of
characrer pattern which enable ta change freely Dy user's prograrm.

A1579 ASCII CODE

et 1 CHARACTER

I
l |D7 D6 |D5 |[D4 |D3 |D2 |Di
T

§iUM 2 DATA FORMAT (ASCII)
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@1UTUN 2 11U Charecter UT¢noumiu 8 Bit L 3INAIDINAITAY START

1 v v 0 Vv
Bit 1 Bit walmualy Data Bit 0-7 ueac Bit ﬂxl.‘ldjul’]ﬁﬂ 1/16 Ny

/2
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Keying n#d'l Modulate FIMAUTIUNITNIIADIUAIDINIAULNINTEDUAAU

dov 1w o v [
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BROADCAST RECIVER.
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(% - v o t el
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1 CHARACTER l

START|DO |(D1 |(D2 |D3 |D4 |D5 |D6é |D7

STOP

Lo e el

DATA FORMAT (ASCII)

< -
JUn 3 215n19 read data

d‘ A}
97N3UN 3 Data Format 3¢nn Read Data 1auUNIS Sampling 191934NA1IVDI
- ~
‘ ; { oJ S X AN g v 5 5
Duration ¥odu@ar Bit twInzldumianuaIadnuInngs twet v ldsanisnuvuiy

il v ]

v < Vv v ~ < - -4 ] Vo ’
NTUdAIHAYaNAN T TUNTOUNIN L dUd L aBUUNEN 1Ay Data Taun1TnIUANYBY Micro
- )

Control
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U5
5 FLOW CHART W@z PROGRAM N13%47uv8d MICRC CONTROLLER UNIT

5.1 FLOW CHART uav PROGRAM n14a1usunsad<voua

{ START )

FLOKCHART FOR TRANSMITTER.

INITIAL S¥S

i

|

SELF TEST

|

SHOW RERDY

ka

>

¥ .S
A

SCANKEY -
Ho

CHK N\
FUNCTIEN

5

IYES

SHOW DATA

NG !
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5.2 FLOW CHART uda¢ PROGRAM wwqﬁwuaﬂnsﬁ%uﬁana

FLOWCHAST PROGRAM FOR RECIVER.

@

INITIAL SYS

|

SELF TEST

!
i

SHOW READY

hd

READ
DATA 1/P

24K
¢ FORMST

HES

SAUE DATR
IN
BUFFER

|
SHOH
DATA ERROR

-
L l
INFORMATION l
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5.3 MAIN UTILITY PROGRAM (Z84C11)
PAXEXKKAK KKK KA KK KKK KK KKK KKK AKX KKK
*

;  MAIN PROGRAME FOR SUB CALL =

FREAXRAXKRAKAKKRKAXKAKRKKA KA AR AKX A AKX X KRR XX

ORIGIN EQU 0000H

ORG ORIGIN

FR1 EQU O0DBH
FR2 EQU O0BOH
.MONS EQU 3FFFH
RSTN : EQU OCFH
CODE | EQU O0A3H

USRAM EQU 8000H

LF EQU O0AH ;line feed

CNTL EQU O0OCH ; PGUP

CR EQU ODH ;Cairrer return
BS EQU 08H ;back space

BEL EQU O07H ;bell

EOF EQU 1AH sEnd of file
EsC £QU 1BH

CONX EQU 18H

CONS ECU 13H

PRMT EQU 3EH

SPACE EQU 20H

BLANK QU 20H

DTCADR EQU  2CH

1RO EQU  Y6h

PR ONE ¥ SV LR

. T F AT ey AR T - S Rls
) ‘\;'{.: CONTIOL LFGIS ¢ ADDRESS



CTCO EQU 10H

CcTC1 EQU 11H
cTC?2 EQU 12H
cTC3 EQU 13H
PA EQU 5O0H
PB EQU 51H
PC EQU 52H
PD EQU 30H
PE EQU 40H
PAC EQU 54H
PBC EQU 55H
PCC EQU 56K
PDC EQU _ 34H
PEC EQU 44H

WDTMAS EQU OFOH
WDTCON EQU OF1H
MISREG EQU OEEH

MISCON EQU CGEFH

; I/0 LCD PORT
PDATA EQU 80H

PSING EQU ¢z2H

3R e sk sk ok ok ok ok e R R Nk R E R
: POWER UP DELAY *

HEE I e B i N A gt
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START1 DEC A

NOP

JR NZ,START1

JP INIT

ol e oot ko
;  RESTART 08H BREAK "=
s diheksloe Skl

JP BREAK

NOP

NOP

NOP

NOP

NOP

FREAAXARKAARAKRARKAN AR KRR XA KR XX

H RESTART 10H SYSCAL =

FRRARAXIREXRAAR LXK XK KXX

JP SYSCAL

PERKA XL R RA AR A LT R A XN DX
; RESTAKT 18H *

N

TREATHEANNIRI M LA AN NN K AR
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LD A,18H

JP REST18

FRERKAKRKAXL KA LK XK R AR KR AKX

; RESTART 20H *

FRRKEAXKKRKKAXKLKRKKKAK KKK £ %

CALL SAVE
LD A, 20H

JP REST20

FRERRREXARKKARAX AR R KRR ALK

H RESTART 28H *

FREXKAXAKKAKAKRKAKX KK RRKRR

CALL SAVE
LD A, 28H

JP REEST28

PRAAXKKKRKRKAKRKRKKRKKRK KR AR
§ RESTART 30H %

JREXERRX AKX AAARKRRAA KRR X

CALL SAVE
LD A, 30H

JP REST30

HER LR R R R N R



CALL SAVE

LD A,38H

JP REST38

ORG 0066H

;*********************’**

NMI 66H *

HE B 3 3 3 5 5 5 5 5 5 5 53 5 55 5

CALL SAVE
LD  A,66H

PUSH HL

LD  HL, (RST66H)
CALL CKRST

EX (SP),HL
CALL RESTORE

RET

LD  HL, (RSTI18H)
CALL CKRST

PUSH HL

LD  HL,SYSFAG
BIT 4, (HL)

LD  HL, (RST18H)
JR 72, REST180
CALL STEPRST
CALL SX1

£x  (3P),HL

68



REST20

REST200

REST28

69

RET

LD HL, (RST20H)
CALL CKRST

PUSH HL

LD  HL,SYSFAG
BIT 4,(HL)

LD HL, (RST20H)

JR Z,REST200
CALL STEPRST
CALL SX1

EX (SP)4HL

CALL RESTORE

LD HL, (RST28H)
CALL CKRST

PUSH HL

LD HL, SYSFAG
BIT 4, (HL)

LD HL, (RST28H)
JR Z,REST280
CALL STEPRST
CALL 8X1

EX (sP),HL
CAILL RESTORE

RET

CALL CKRST



LD HL, SYSFAG
BIT 4,(HL)
LD HL, (RST30H)
JR Z,REST300
CALL SX1
3 CALL STEPRST
REST300 EX (SP),HL
CALL RESTORE

RET

REST38 =~ LD  HL,(RST38H)
CALL CKRST
PUSH HL
LD  HL,SYSFAG
BET 2 \(Hi
LD  HL, (RST38H)
JR ~ ~Z,REST380
CALL sX1

; CALL. STEPRST

REST380 EX (sP),HL

CALL RESTORE

STEPRST PUSH HL
PUSH DE
PUSH BC
CALL STEPEXO
LD A,~2

¥ - ey LT A~ 9
Ll (BRKFLG) A
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POP DE
POP HL
RET

RESTORE LD HL, (R_AF)
PUSH HL
POP AF

LD  HL,(R_HL)

RET

SAVE LD (R_HL),HL
PUSH AF
POP HL

LD  (R_AF),HL

CKRST PUSH AF

hD AL

OR H

JR Z,CKRSTI
CALL CRLF

CALL MSGPRT

DB “Get RST",0
POP  AF
CALL DSPA

CALL MSGPRT

DB “Y check PC&SP",CR,LT,0
POP  HL
JP FRMPTI

CKRST1  POP  AF
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SBCINT OR A
SBC  HL,BC
JR  Z,ANYINT

RET

ANYINT LD HL, (BUFPC)
LD (R_PC),HL
LD  HL,STACK"
LD (R_SP),HL
CALL SERCH
CALL‘STPCLR ;Restroe instruction
CALL CRLF

CALL MSGPRT

DB "INT ANY TIME",6BEL,CR,LF,0
POP HL
CALL RESTORE

Ny PRMPT

JRXXIRLTRKXAAXRXAKNKRA KRN RRX

; BREAK ENTRY *

jRI A KA KA KX AKX AKX XA AKX LK KX XX

BREAKR PUSH AF
LD A, -4 ;Break list reg
LD { BRKFLG) , A
POF  AF
LD (R_HL},HL
POP EL

JR BREAK1L



BREAK

BREAK1

BREAK10

BREAK2

LD
POP
DEC
LD
LD
LD
LD
LD
LD
LD
PUSH
POP
LD
LD
LD

JP

LD

LD
Cp
JP
ORl
JP
CP
JP

JP

73

(R_HL),HL ;Save HL

HL

HL

(R_PC),HL ;Save PC
(R_IX),IX

(R_IY),IY

(R_SP),SP ;Save SP
SP,SYSTK

(R_DE),DE ;Save DE
(R_BC),BC

AF

BC

(R_AF),BC ;Save AF

A, I ;Save IFF

A,0

PO, BREAK10

A4

(R_IFF),A

A, (BRKFLG)

=1 ;Go step 7
Z,STPENT ;yes

A jNomal break ?
Z, BRKENT iYes

-4 iNo, program display reg
Z,BREAK2

ONESTP ;No, next or untrace command
REGDSP
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; *xx break stop entry xxx

BRKENT CALL SERCH ;Break address serch & break point
;jreset
LD DE, (R_PC)
CALL SRCBRK ;Serch break

JR C,BRKENT1

LD DE,4
ADD HL,DE
LD A, (HL)
oRZ A

JR  Z,BRKENT2
DEC A

JR  Z,BRKENT1
LD - (HL),A

JP GO2

BRKENT2 LD (HL),1

s

BRKENT1 CALL REGDSP . ;Display register

JIP PRMPT

PRARAKKAXAXKA KKK XK AKX R

H INITIAL SYSTEM *

JHREAXKKAAKX XXX KA A XX KX XXX RXK X

INIT LD SF, SYSTK

LD A, (7FFFH)
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LD A, (OFFFFH)

CP  0A3H
JP  Z,8000H ;RAM ADDRESS 8000-FFFFH 32K
LD HL,O
INIT1 DEC HL
‘LD A,H
OR L

JR  NZ,INIT1"

LD A, (B96)

SETBUAD LD (BUT),A
SETPORT LD A,00100000B ;SET PORT E bit 6 in,5 out

oUuP, L paedk 4

INITL1
LD  SP,SYSTK
LD A,0
LD  (BRKFLG),A
LD - +(SYSFAG),A
LD A, (PVCODE)
CP  CODE
JP  Z,PRMPTI
INIT2 LD  HL,NSTACK ;Clear

LD  DE,NSTACK+1

LD BC, WORK_SIZ-NSTACK-1



LD

LD

LD

LD

LD

LD

LD

LD

LD

CALL

DB

DB

DB

DB

DB

DB

DB

DB

DB

DB

LB

DB

DB

DB

DB

76
(R_PC),HL
(BUFPC), HL
(GETADR) , HL

A,0

(R_IFF),A

A, CODE

(PWCODE) , A

A, (B96)

(BUT),A

MSGPRT

" *,CR,LF

0CH
FRelssER I ERL , ER 1ZWFR 1\ £ R 2R 1 SRl “FRYL , FR1
FRl,FRI,FRl,FRl,FRl,FRl,FRl;FRl,FRl,FRl

TRITERT,, FRY , BRSO R, ERTG R FRE GFRL

FR1,FR1,FR1,FR1,FR1,FR1l,FR1,FR1,FR1,FR1,FR1,CR,LF

FR1,"

FR1," ET-DEBUGGER Z84Cl1 Vg

bt

FRI,"
FR1," Copyright (C) 1991 By ETT CO.,LTD.

FR1,"

FR1,FR1,FR1,FR1,FR1,FR1,FR1l,FR1,FR1l,FRI1
FR1,FR1,FR1,FR1,FR1,FR1,¥R1,FR]1,FRL,FR1

FR1,FR1,FR1,FK1,FR1,FR1,FR1,FR1,FR]l,FR1

@

(1]

[

w

,FR1,FR2 ,CR,LF
,FR1,FR2 ,CR,LF
,FR1,FR2 ,CR,LF
,FR1,FR2 ,CR,LF

,FR1,FR2Z ,CR,LF

FR1,FR1,FR1,FR1,FR1,FRI,FR1,FRl,FR1,FR]1,FR1,FR2,CR,LF

"M FR2,FRZ,FR2,FR2,FR2,FR2,FR2,FR2,FR2,FR2
FRZ,FR2,FRZ,FR2,¥R2,FR2 ,FR2 ,FR2,FRZ,FRZ

FRZ,FR2,¥R2Z,FRZ,FR2,FR2,FR2,FR2 ; FR2,FR2

oMo Wra PP TR TRY TRe FTRT OFRS OTRS FR2 OR OTA 0
FR2,¥R2,¥FRZ,FR2,FR2,FR2,FRZ,FR2,FR2 ,FR2,CR,L¥, 0



FREXEX XA KK AKX AKX R KR KKK KX

H PROMPT & COMMAND =

HEREEE 5 2 5 2 S 0t 5t 5 5

PRMPT1

PRMPT

PRMPT2

PRMPT21

LD
LD
LD
LD
LD
LD
CALL

CALL

DI
LD
CALL

DB

CALL

LD

INC

CR

JR

A,0
(R_IFF),A
HL, (BUFPC)
(R_PC),HL
HL, STACK
(R_SP),HL
SERCH

STPCLR

SP,SYSTK

MSGPRT

CR,LF,"ET>™,0

COMIN
if,, COMBUF
A, (EL)

HL

A
Z,PRMPT
SPACE

Z,PRMPT

-

77

;string display

;Prompt display

;Get strings

; Command

;0=no ccmmand

data

to

memory



CP

JP

CPp

JP

Cp

JP

CP

JP

CP

JP

CP

JP

CP

JP

CP

JP

Cp

JP

CP

CcP

JP

CP

JP

JP

(9]
e
v

€
o

78
"D" ; dump

Z,DMPCMD

memory

"G" ;0 user program

Z,GOCMD
"T" ;next

Z,TRACE

step execute

"R" ;Register command

Z,REGCMD

"B" g ;Break point set command

Z , BRKCMD

“F" WEA/ LY
Z,FILLCMD

"M* ;Move
Z ,MOVCMD

e

Z ,NEWCMD

"o" ;Port
Z,0UTCMD

L ;Port

Z, INCMD

memory

memory

output command

input command

oy ;intel hex format down load

Z,LODCMD

"P" ;intel hex format up load

Z,PUNCH
”CN

Z,COMP

il i "

Z,VARCHMD

ey

= iHelp

T
0
£
v

command
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JP Z,HELP

CP "A"

JP Z, AUNEXT

Cp "g"

JP Z ,AUNEXT

CP Q" ;
JP Z,QUIT
CP ke

JP  Z,EXAMPLE
cP "y"

JP Z,YANK

cP  "K"

JP  Z,KEEPREG
CP A"

JP Z,TURBO

COMERR CALL MSGPRT ; Command ERR
DB BEL,CR,LF,"Syntax Error",CR,LF,0

JP PRMPT

FHRREIRKEAKLARKRRAXKRXA KRR KX

;  GET DATA TO MEMORY  x

HER R R R R R R R R Bk

SETCMD CALL BLKSKP

OR A ;A=0 For end
JR Z,SETCMD1 ;yes Address defualt
CALL GETHEX ;No, get address hex to DE

JE C,COMERR



SETCMD1

SETCMD_0

SETCMD_1

SETCMD_2

JP

OR

JP

LD

CALL

LD

CALL

LD

CALL

CALL

CALL

CP

JR

CP

JR

DEC

LD

JR

CALL

JR

Cp

JP

CALL

LD

Z,EDIT
A
NZ, COMERR

(GETADR) ,DE

CRLF
DE, (GETADR)
DSPDE

A, (DE)

DSPA

SPC1

CONIN
BS

Z,SETCMD_0O

DECADR
NZ,SETCMD 1
DE

(GETADR) ,DE

SETCMD1

CONCUT

CR
Z,SETCMD2
ESC

Z,SETEND

HEX

80

;Set new addr

;Display address

;Display data

;one Space bar

;Enter

;Exit
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LD B,A ;Save high nibble
SETCMD11 CALL CONIN

CALL CONOUT

CP BS

JR NZ,SETCMD12

LD A" "

CALL CONOUT

LD A,BS

CALL CONOUT

JR SETCMD_0
SETCMblZ BIT ©o0,C

JR NZ,SETERR

CP CR

JR Z,SETERR

CP ESC
JP Z,SETEND
CALL HEX

JR C,SETERR

SLA B

SLA B

SLA B

SLA B

OR B

LD C,A
EX DE, HL

CALL CXROH



LD (DE),A
LD HL,8000H
SETCMD13 DEC HL
LD A,H
OR L
JR  NZ,SETCMD13
SETCMD2 INC DE
LD (GETADR),DE
JP  SETCMDI
SETERR LD = A,BEL
CALL CONOUT
JP  SETCMDI
SETEND ~ CALL CRLF
JP  PRMPT
;***********************
; EDIT %
;***********************
EDIT LD  (FILWRK),DE ; START
INC HL
CALL GETHEX
JP  C,COMERR
LD  (FILWRK+2),DE ;FINAL
cp o ,"
JP  NZ,COMERR
INC HL ; INSERT

82

;Next address



EDIT1

LD

CP

JR

CP

JP

INC

CALL

JP

JE

LD

OR

JP

CP

JP

LD

CP

JP

I.D

LD

CALL

Z,EDIT1

NZ,COMERR .
HL

GETHEX

C, COMERR
NZ, COMERR
ALE

A

ZgEDLT B
0FH

0AH
NC,EDITP
A,E

OFOH

0AOH

NC,EDITP

HL, (FILWRK+2)
D,B

BC, (FILWRK)
GLENT

C,PRMPT

AE

(FILWVRK+4), A

83

;YES, INSERT

DBYTEYEBORWEDTT
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JR NZ,EDIT3

JP PRMPT

EDITP - CALL CRLF
CALL MSGPRT
DB "no decimal",BEL,CR,LF,0

JP PRMPT

;x%xx move sub =xxx
;in bec=start
; ‘hl=final

; de=destination

MOVES XOR A
SBC HL,BC
PUSH HL
PUSH DE
POP HL

SBC HL,BC

PUSH BC
POP HL
POP BC

JR NC,MOVES1

INC BC ; DELETE
LDIR
RET

MOVES1 ADD HL,BC ; INSERT

EX DE,HL

ADD HL, BC

EX DE, HL

INC BC



HER R Rk kR kR Rk kR Rk R

; DUMP MEMORY COMMAND =

;***********************

DMPCMD

DMP1

PUSH
LD
SET
POP
LD
CALL
OR

JR

CP

JR

CALL

$P

ADD
EX
LD
OR

CALL

HL

HL, SYSFAG
3, (HL)

HL

DE, (DMPADR )
BLKSKP

A

Z,DMP1

Z4 DHB2

GETHEX

C, COMERR

(DMPADR) ,DE
DE, HL
BC,127
HL,BC

DE, HL

A, (HL)

A

Z,DUMP
ZyPRMPT

"o
)

nZ, COMERK

85

; FOR BREAK

;Address defualt

;Yes defualt

;Yes 0 or

:No get addr

;Yes error

adrress to defluat

ess start

;Get start address

; Exchange fo

r add loop

;jLoop defalut

;Exchange lo

;inc bufcom

;Yes not final

op to DE

from getheg

address



DUMP

DMP3

CALL

JP

PUSH
PUSH
POP
LD
CALL
POP

JP

CALP
OR
JP
CALL

JP

PUSH
LD

NOP

NOP
CALL

LD

LD
OR
SBC
JR

pOP

GETHEX

C, COMERR

HL

DE

HL

BC, (DMPADR)
GLENT

HL

C,PRMPT

BLKSKP

A

NZ, COMERR
DUMP

PRMPT

AF

(DMPEND) ,DE

DMP31

(DMPADR) ,DE

HL, (DMPEND)

NC,DMP3

AT
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;Get address final

i1Get address next line

;Ready for next display
;iClear carry flag
;Dump end ?

; No



DMP31

DMP4

DMP41

RES

DI

RET

CALL

LD

CALL

PUSH

LD

LD

CALL

CALL

INC

DJNZ

LD

CALL

LD

CALL

LD

LD

CALL

CALL

INC

DJINZ

POP
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3, (HL)

CRLF
DE, (DMPADR)

DSPDE = ;iDisplay address

DE ;Save for display ascii

B,8 ;1/2 line

A, (DE) ;Data

DSPA ;Display data
SPC1 ;1 Space bar
DE ;Next address

DMP4

A, 2DH 7=
CONOUT
A, SPACE

CONOUT

A, (DE)
DSPA
SPC1
DE

DMP4l

DE ;Pop address for display ascil
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DMP5. LD A, (DE)
CP -
JR NC,DMP51 ;<" " ascii control send
LD A"

DMP51 CP 7FH
JR  C,DMP52 ~ ;<End ascii send
LD A7

DMP52 CALL CONOUT ;Di'splay string
INC DE ;Next address
DJNZ DMP5
RET

FHREERAKXAARK KRR R KA KRR KK

; HELP COMMAND *

HEE Rt E R 2R R Rk kR kbt Rk

HEL? CALL BLKSKP
OR A
JP NZ,COMERR
LD A,CNTL
CALL CONOUT
CALL MSGPRT

DB “ [ HELP FOR ET-DEBUGER Zg84Cl1 V1.0 ]",CR,LF

DB "A <adr> ;assembler” ,CR,LF

DB "B ;break display",CR,LF
DB "B <adr> ;set break"”,CR,LF

DB "B <-><adr> idel" ,CR,LF

- 5 i 5o =
D2 B &= vasl &Li" CR,LE
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DB "C <Cadrl>,<adr2>,<hex> jcompare hex",CR,LF
DB "C <adrl>,<adr2>,<adr3> ;compare block",CR,LF
DB "C <adrl>,<adr2> ;test ram",CR,LF

DB "C <adrl>,<adr2>,<byte>,<data> <data change>",CR,LF

DB " ;jchange max 9 byte" ,CR,LF
DB "D ; dump” ,CR,LF

DB'V "D <adr> » ;jdump adr",CR,LF

DB "D <adrl>,<adr2> ;dump adr1-2",CR,LF

DB "E : jget data ",CR,LF

DB "E <adr> : ;jget data to adr",CR,LF

DB "E <adrl>,<adr2>,<+or-><byte> ;edit byte=1-99" CR,LF

DB "F <adrl>,<adr2>,<hex> sl 139 ,CR, LF

DB "F <§dr1>,<adr2> <byte),<daté find)",CR;LF

DB " ;find max 9 byte",CR,LF,0
HELP1 CALL CONIN

OR A

JR Z,HELP1

LD A,CNTL

CALL CONOUT

CALL MSGPRT

DB "G ;run pc",CR,LF

DB "G <adr> ;run adr",CR,LF

DB "G ,<adr final> jrun pc to adr",CR,LF

DB "G <adrl>,<adr2> :run adrl to 2",CR,LF

DB "H or ? ;help”,CR,LF

DB "I <port> ;in port”,CR,LF

DB "T'<pertdy,L ;in latch",CR,LF

OB "X ii/o reg function",CR,LF
DB "L ;down load ",CR,LF

DE "L <Ccffsebtd j+offset™ ,CR,LF



HELP2

DB
DB
DB
DB
DB
DB
DB
DB
DB

CALL

OR
JR
LD
CALL

CALL

DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB

DB
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<adrl>,<adr2>
{port>,<hex>

<adrl>,<adr2>

<XX or XX’>,<data>
<X or x'>,<data>

<XF>,<T or 0>

CONIN

A

2y HELR2

A,CNTL

CONOUT

MSGPRT

Y

nyr
v

u-x

<adr>

{adr>, <count>

, {count>

<adr>

<N> OR

U <N> <adr>

<=

{=><RS8T>

(RST>, <adr>

;clear reg",CR,LF
;jclear memory"”,CR,LF
;jout port",CR,LF

;jup load”,CR,LF
jquit system halt",CR,LF
;display reg",CR,LF

;get reg pair”,CR,LF

;get 1 reg",CR,LF

;get flag X= SZHPNC",CR,LF,O0

ijprogram test board ",CR,LF

;step pc",CR,LF

;jstep adr",CR,LF
instep”,CR,LF

;instep pc”,CR,LF
;disassembler",CR,LF.

;junasm to adr",CR,LF

;junasm no display adr&code” ,CR,LF

;display RST",CR,LF
;del all",CR,LF
;del RST",CR,LF
;get RST=XX",CR,LF

;run turbo mode 10Mhz" , CR,

i

I

0
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;***.********************

H TURBO RUN 10MHZ *

;************x**********

TURBO

CALL MSGPRT

DB CR,LF,"= RUN TURBO MODE 10MHZ = ",CR,LF

DB "x KEY( AﬁT,P ) SETTING BAUD RATE 19200 =",CR,LF,0
IN A, (WDTMAS)

SET 4,A

OUT (WDTMAS),A

NOP

JP PRMPT

R s
; QUIT COMMAND *
T T LI
QUIT CALL MSGPRT
DB CR,LF

DB "SYSTEM HALT",CR,LF,0

HALT

FAEXXXKALXXKKKRKAAX XX KR KRR XK

; EXAMPLE PROGRAM *

5 % e sk e e sk ok kT Sk K K KRR K R K R K X ok ok

EXAMPLE CALL MSGFRT
DB 0CH
DB "xxxxs PROGRAM TEST BOARD CP-Z84Cl1l xx=xx=" CR,LF

ng cn oTw
1} vy st
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DB " 2:TEST GLCD PORT (16 CHARACTER 1 LINE)",CR,LF
DB " 3:TEST PRINTER PORT ",CR,LF
DB " 4:TEST CTC PORT (INT CPU)",CR,LF
DB CR,LF
DB "Selection ->",0
CALL CONIN
CALL CONOUT
PUSH AF
CALL MSGPRT
DB CR T 50
POP AF
CP =

JP Z,TPORT

CP Wzl'
JP Z,TLCD
CP B¢

JP  Z,TPRINT

CP "4"
JP W CTO
JP PRMPT
PRK KKK KKK KK KK KK KA KK KR K
H TEST PORT
TPORT CALL MSCPRT
DB CR,LF

DB "RUN PROGRAM TEST PORT A,B,C,D,E",CR,LF,0
LD E,10
TPORTX PUSE BC

LD A, OFFH



TPORT1

TPORT2

ouT

OouT

ouUT

oUuT

LD

LD

ouT

ouT

OouT

ouT

ouT

RLCA

CALL

DJINZ

LD

ouT

OUT

oUT

ouT

ouT

LD

LD

ouT

OoUT

oUuT

ouT

ouT

RRCA

DELPORT
TPORT1
A,0

(PA),A

(PB),A
(PC),A
(PD),A

(PE),A

A,80H

(PA),A
(PB),A
(PC),A
(PD),A

(PE),A

12 TPORTZ

93
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CALL DELPORT

LD

ouT
ouT
ouT
ouT

" OouT

A, OFFH
(PA),A
(PB),A
(PC),A
(PD),A

(PE),A

CALL DELPORT

CALL DELPORT ~

LD

ouT
ouT
ouT
ouT

ouUT

A,O0H

(PA),A
(PB),A
(PC),A
(PD),A

(PE),A

CALL DELPORT

CALL DELPORT

POP

BC

DJNZ TPORTX

LD

ouT

ouT

ouT

ouT

ouT

LD

CUT

JP

A,O0H

(PAC) ,A
(PBC),A
(PCC),A
(PDC),A
(PEC) ,A
A,00100000B ;SET PORT E
(PEC) ,A

PRMPT

bit

-

(o]

in,5 out
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LD HL, O
DELP1 DEC HL

LD A,L

OR H

JR NZ,DELP1
POP AF

RET

; 1I/0 LCD PORT
PDATA EQU 80H
PSING EQU 82H

PREAD EQU 84H

PRKKARAKKRARAKLXRARK KKK KKk X KKK KX
;% TEST LCD %
R 16 CHARACTERS = 1 LINE *

;****************++************

TLCD CALL MSGPRT

DB CR,LF

DB "RUN PROGRAM TEST LCD PORT",CR,LF,0
CALL IKITLCD

LD HL,TAB161

CALL WRP

JP PRMPT
TAB161 DB "«TEST CP-Z84C11x"
WRP LD AL, GO
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LD A,40H
CALL GOTO
CALL WRLINE

RET

GOTO SET 7,A

OUT (PDATA),A

CALL READ
RET

READ IN A, (PREAD)
MT =&

JR NZ,READ

RET

WRLINE /LD B,8
TEST11 LD A, (HL)
LD D,A
CALL WRBYTE
INC HL
DJNZ TEST11

RET

HER R R B R R B R R R R R R b 5

; INITIAL LCD *

JRAXXAXKXRAXXXKXA KRR KK X0k

INITLCD LD A,00111000B ;function set 38H
:DL=1 8 bift,N=1 1/16 duty,F=0 5x7
OUT (PDATA),A

CALL DEILAY1
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LD A,00001111B ;display on/off control

yD=1 off,C=1 cursor on,B=1 blink
OUT (PDATA),A

CALL DELAY1

LD A,00000110B ;entry mode set
;I/D=1 increment,S=0 right
OUT (PDATA),A

CALL DELAY1

CLSLCD LD A,00000001B ;clear all display
OUT (PDATA),A
CALL READ

REF

;xxxxx WRITE BYTE SUB =xxxx

WRBYTE LD A,D
OUT (PSING),A
CALL READ

RET

;xxxxx READY SUB xxxxx

DELAY1 PUSH BC
PUSH AF
LD B,80H
DELAY12

DJNZ DELAY12



RET

;*********************

TPRINT

PRTX

CALL MSGPRT

DB CR,LF

98

DB "RUN PROGRAM TEST PRINTER PORT",CR,LF,0

LD A,00010000B
OUT (PEC),A
LD A,OFFH

OUT (PDC),A

LD B, 25
PUSH BC
CALL PRT
POP BC

DJNZ PRTX

LD A,00100000B

OUT (PEC),A

JP PRMPT
LD B,78
LD D, 30H
PUSH BC
INC D

CALL PRIEYTE

POF BC

jw]
Ly
-]
[
-
Jd
_

; SET PORT E

;SET PORT E bit 6

infof out



PRIBYTE

BUSY

D05

Do51

D, 0AH
PRIBYTE
D, ODH

PRIBYTE

A,D
(PD),A
D05
A,00100000B
(PE),A

D10
A,00110000B
(PE),A

D05

BUSY

A, (PE)
3,A

NZ, BUSY
D10

A, (PE)
3,A

NZ,BUSY

AF

A,10
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JR NZ,D051

POP AF
RET
D10 PUSH AF
LD A,20
D101 NOP
DEC A

JR NZ,D101
POP AF

RET

FREEAAXXHXAKE XXX AXRX KX KKK KRR K

; TEST INT CTIC CHO

TCTC CALL MSGPRT
DB CR,LF
DB "RUN PROGRAM TEST CTC CHO",CR,LF

DB  "SYSTEM HALT (CTC CHO INT CPU)",CR,LF,0

LD HL, INTCTC

LD (RST38H) ,HL

LD A,10100101B

OUT (CTCO),a
EI
LOOP HALT

JR LOOP
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CALL DELPORT
CALL MSGPRT
DB CR,LF
DB "CTC CHO INT",CR,LF,O0
ET

RETI

’

;*********************;*
i  YANK 1I/0 REG *
;***********************
YANK NOP

JP PRMPT

FRAXKARARAKRKRKRRK KRR XK XX

;  HELP I/O REG *

3 % % ek ke sk ok ok kK R Rk Rk ek R Kk ok Rk

KEEPREG CALL MSGPRT

DB OCH

DB "xxxxx 1/0 Control Register Funtion =xxxx" CR,LF

DB CRy, B

DB " CTC ADDRESS PORT
DB "

DB "

DB "

DB CR,LF

DB "

DB "[ D7 | D6 | D5 | D4
DB " D7 = ‘interrupt
DB “ D6 = mode

RB " D5 = prescaler
DB “ D4 = clk/trg

CTC Channel Control Word

Ch0=10H",CR,LF
Chl=11H",CR,LF
Ch2=124",CR,LF

Ch3=13H",CR,LF

D3 | D2 | Di |

1 = enables

1 = cocunter mode
1 = value of 255
1 = rising edge

" #CR, LF

i

I

i

DO ]",CR,LF

disables",CR,LF
timer mode” CK,L
value of 16" ,CR,

W~y

falling edge ,CR



DB

DB

DB

DB

DB

DB

DB

DB

DB

CALL

CALL

DB

DB

DB

DB

DB

DB

DB

DB

DB

DB

DB

DB

DB

DB

DB

CALL

CALL

DB
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" D3 = time trigger 1 = clk/trg

" D2 = time constant 1 = time constant
" DIl = reset 1 = software

" DO = control vector 1 = vector

CR,LF

" CTC Constant Word *,CR, LF

"[ D7 | D6 | D5 | D4 | D3 | D2 | D1 |

" TG7 06 T el JC3 TCZ TE1 TeO"
CR,LF70

CONIN

MSGPRT

OCH

2 CIC Interrupt Vector Word",CR,LF

0 = automatic "CR,LF
0 = no time constant
0 = continued operat
0 = control word®,CR

DO ]*,CR,LF

yCR,LF

“{ D7 | D6 | D5 |.D4 |\D3 | D2 /| DI*] D0O-]",CR,LF

JR | I | | " J9R,LF

? | | | 0 = interrupt vector wor
" supplied by user | | 1 = control word", CR,LF
g | |",CR,LF

Y | alle & A

i | (//CR,LF

* ] channel identified”,CR,L
" 0 0 = channel 0",CR,
" 0 1 = channel 1",CR,
" 1 0 = channel 2",CR,
" 1 1 = channel 3",CR,
CR,LF,0

CONIN

MSGPRT

OCH

" PIA ADDRESS PORT PORT A DATA = S0B",CR,LF

" PORT A DIR = 54H",CR.LT




103

DB " PORT B DIR = 55H",CR,LF
DB " PORT C DATA = 52H",CR,LF
DB b PORT C DIR = 56H",CR,LF
DB " PORT D DATA = 30H",CR,LF
DB " PORT D DIR = 34H",CR,LF
DB " PORT E DATA = 40H",CR,LF
DB " g PORT E DIR = 44H",CR,LF
DB CR,LF

DB " PIA Port Direction “,CR,LF

B [ DB Dol | MOS<[ A \MDR [ DZpRAQL | DO \\,CR,LF

1) QP |*,CR,LF
DB YL , ", eR,LF
DB " AN GRLE
DB . 0 = set bit to-input"CR,LF

o
o
3
y—
1}

set bit to output",CR,LF
DB CR,LF,0

CALL CONIN

- CALL MSGPRT

DB 0CH

DB " WDTMR ADDRESS PORT = FOH",CR,LF

DB " WDTMR Watch Dog Timer Msater Register",CR,LF

DB "l p7 | D6 | DS | D4 | D3 | D2 | D1 | DO ]",CR,LF

DB "0 1 1 0 0 0 1 1 value power—on res
pB " | I | I l l l |",CR,LF

DB " | P | | | | |__ should be 1 1",CR,
) LALLM | z 1 HOLER|LE

DB o | | | i control register i
DB " watch dog | | | 1l = only on power-

)
Cd

timer i i | 0 = on reset”",CR,L




DB

DB

DB

DB

DB

DB

DB

DB

DB

DB

DB

DB

CALL

CALL

DB

DB

DB

DB

DB

DB

DB

DB

DB

DB

DB

DB

DB
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" 0= disable | | reset output disab
) | | ' 1 = disabled",CR,L
" | | 0 = enabled” ,CR,LF
) | |*+CR,LF

" | - clock divide-by-on

z
—
It

divide one",CR

" - |_  watchdog timer period 0 divide two",CR

" 0 o0 TcCx2(16)",CR,LF

3

o

—
1]

TcCx2(18)",CR,LF

z
—
o .
I

TcCx2(20)",CR,LF

3

—

1'%
L}

TeCxg@2)",CR, OF

ER’, dirkiiedl)

CONIN

MSGPRT

0CH

" WDTCR ADDRESS PORT = F1H",CR,LF

CR,LF

" WDTCR Watch Dog Timer Command Register"”,CR,LF

“[l D7 | D6 | D5 | D4 | D3| D2 | DI | DO ]*,CR,LF

! 0 1 1 0 0 0 1 = (B1H) disable
"0 i 0 0 1 1 1 0 = (4EH) clear WD
CR,LF

" SCRP ADDRES PORT = EEH",CR,LF

CR,LF

" SCRP System Control Register Pointer",CR,LF

“"[ D7 | D6 | DS | D4 | D3 | D2 | D1 | DO ]",CR,LF

1Y 0 0 0 0 0 0 0 = (0OH) pointer
e 0 0 0 0 0 ¢ 1 = (01H) pointer
CR,LF,0

CONIN



DB

DB

DB

DB

DB

DB

DB

DB

DB

DB

DB

DB

DB

DB

DB

DB

DB

DB

DB

DB

DB

DB

DB

DB

CALL

CALL

DB
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0CH
" WCR ADDRESS PORT = EFH",CR,LF
" WCR Wait State Control Register”,CR,LF

“"[ D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO ]",CR,LF

S | 1 1 1 1 1 1 1 16-M1 after power o
S l | | | | | *,CR,LF

" t | | | | |___ 1/0O wait",CR,LF

= ] interruét | | 0 0 = no wait",CR,L
"] 0 =no wait | | 0 1 = two wait",CR,
" ] 1 = one wait | | 1 0= four wait",CR
" ol | ) | 1 1 = six wait",CR,
P | | _ memory wait",CR,LF

v 12 j g15l0d=moowali 8" ,CR,LF

W ' » | op-code fetch 0 1 = one wait",CR,LF

| 0 = no add wait 1 )0 = twe® wait",CR,LF

" 1 = add 1 wait 1 1 = three wait”,CR,LF

J | *,CR,LF

" |___ interrupt daisy chain wait",CR,LF

" interrupt acknowledge RETI",CR,LF

" 0 0 = 0 wait state 0 wait state",CR,LF

" 0 1 = 2 wait state 0 wait state”,CR,LF

" 1 0 = 4 wait state 2 wait stafe”,CR,LF

" 1 1 =6 wait state 4 wait state",CR,LF
CR,LF,0

CONIN

MSGPRT

0CH

" MWBR ADDRESS PORT = EFd",CR,LF

" MWBR Memcry Weil Boundary Register",CR,LF

(Y]

"lp7 | DE | B5 | P4 | D3 | D2 | D1 | DO ]",CR,LF
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DB “ | | |",CR,LF

DB " | | ' |",CR,LF

DB " I |",CR,LF

DB " | |___ memory wait low boundary",C
DB " | address (A15-Al2) for",CR,L
DB " | memory wait insertion®,CR,L
DB " |*,CR,LF

DB " ___ memory wait high boundary",CR,LF

DB @ address (Al15-A12) for",CR,LF

‘DB " memory wait insertion”,CR,LF

DB CR,LF,0

JP  PRMPT

3 K koK Kk ek ek Kk Kk ke kR kR Kk ok Rk

; REGISTER COMMAND *

FREAKREAKAXRALXAXARKR KX RA KKK

REGCMD LD DE, BUFR ;Buffer check command reg
XOR A sclear bufr
LD B,2

REGCMD1 LD (DE),A
INC DE

DJNZ REGCMDI1

CALL BLKSKP
CR A iRegister display ?
JR NZ , REGCHG iNo register change

CALL RECUDSF



; *xx change register =xxx

REGCHG

REGCHG1

LD

CALL

LD

INC

INC

LD

CP

JP

CP

JR

INC

LD

CP

JP

JP

LD

INC

LD

Cp

INC

DE, BUFR
BLKSKP
(DE),A

DE

Z,REG1

NZ ,REGCHG1

HL

A, (HL)

Z,REG11

COMERR

(DE),A
HL

A, (HL)

Z,REG2

now

NZ , COMERR

N7, COMERR

107

;Buffer find register

;Check space bar

;next charecter

;yes, one register

;NO, reg’

iYes, reg

;check true command

;+No, not command

;YES, REG’
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INC HL ;jData
PUSH HL
CALL SWAPR

LD HL,TABR2+11H ;TAB register hl (REGISTER’)

LD BC,402H ;8 charecter 2 reg
CALL FINAME ;Find register name
POP DE ;Data

JP C, COMERR

LD HL,TABZD; jpointer address reg’
LD C,B
LD B,0
ADD HL,BC
XOR A
el GETREG
REG2 DEC HL iregister low
DEC HL ;Data 2
LD B, 6 ;Check flag

LD DE,TABC

REG2 0 LD A, (DE)

INC DE

CP  (HL)

JR  Z,REG2_1

DJNZ REG2_0
REG2 1 LD A,0

INC HL

cp B

JR  Z,REG22

LD A, (HL)

ol R XU
T
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REG22 INC HL
INC HL
PUSH HL
CALL SWAPR
LD HL,TABR2+11H ;Tab reg2
LD BC,902H
CALL FINAME
POP DE
JP C, COMERR
LD HL,TAB2
LD C,B

LD B,0

ADD HL,BC
XOR A

JR GETREG

REG21 INC HL
INC HL
PUSH HL
CALL SWAPR
LD HL,TABFAG+0FH ;FLAG
LD BC,802H
CALL FINAME
LD B,A
POP HL
JP C, COMERR

CALL GETHEX

«
g
()

, COMERR



Cp 0

JR NZ,REG21_0
LD A,O0FFH

OR A

JR REG21_1

REG21 0 CP 1

JP NZ , COMERR

LD A,0 :

SCF » ;Set carry
REG21_1 PUSH AF

REG211 RR A

DJNZ REG211

LD S/ b
POP AF
RIS A
BIT 0,A

JR  NZ,REG212
LD A,(R_AF)
AND B

JR REG213

REG212 LD A, (R_AF)
OR B
REG213 LD {R_AF),A

REG210 JP PRMPT

o
[¢3}
(9]
[@]
jasi
-t

jnext. Lo data get reg

PUSH HL jsave



REG11

GETREG

LD

CALL

POP

JP

LD

LD

LD

ADD

LD

JR

INC

PUSH

LD

LD

CALL

POP

JR

LD

LD

LD

ADD

LD

LD

INC

BC,901H

FINAME

DE

C, COMERR

HL,TAB1

GETREG

HL

HL

HL, TABR1+7

BC,801H

FINAME

DE

C, COMERR

HL,TABI1

B, (HL)
DE

EL

P

111
;8 charecter 1 byte
;jcompare charecter

;data to hl

;jaddress get

;jpoint address

;data

igata tc hl



CALL GETHEXB

JR GETREG2

GETREG1 CALL GETHEX

GETREG2 JP C, COMERR

PUSH BC
POP HL
JP  (HL)

; *xx register display xxx

REGDSP PUSH BC
CALL MSGPRT ;Yes,display register
DB CR,LF
DB " PC SP IF IX 1Y, (SP)  AF BC DE HL"
DB £ AF’ . BC’ DE’/ HL’ SZHPNC",CR,LF,O
LD HL,R_PC
LD B,2

CALL REGPRN

LD  A,(R_IFF)

LD E,A
LD AT
LD D,A
CALL DSPDE

LD  HL,R_IX
LD B,2

CALL REGPRN

LD BL,(R_SP)

PNEEN
E, (8L}

i
83}



REGDSP3

LD

CALL

LD

LD

CALL

EX

PUSH

PUSH

POP

CALL

POP

EX

EXX

PUSH

LD

LD

CALL

POP

PUSH

CALL

LD

LD

CALL

POP

EXX

D, (HL)

DSPDE

HL,R_AF
B,4

REGPRN

AF ,AF’
AF
AF
DE
DSPDE
AF

AF ,AF’

DE
DE

DSPDE



CALL DSPBIT

CALL CRLF
POP BC
RET
REGPRN LD E,(HL) ;Display PC & SP
INC HL
LD D, (HL)
INC HL "
CALL DSPDE

DJNZ REGPRN

RET

; *xx get data to register xxx

REGPC LD (R_PC),DE

JR REX[ T
REGSP LD  (R_SP),DE
JP  REXIT
REGIF LD A,D
LD I,A

REGIF1 LD A,E
LD (R_IFF),A

JP REXIT

REGIX LD (R_IX),DE

JP REXIT



REGAF

REGBC

REGDE

REGHL

REGAFF

REGBCC

JP

LD

JP

LD

JP

LD

JP

LD

JP

PUSH

POP

EX

JP

PUSH

POP

EXX

JP

REXIT

(R_AF),DE

REXIT

(R_BC),DE

REXIT

(R_DE),DE

REXIT

(R_HL) ,DE

REXIT
DE

AF
AF,AF’
REXIT
DE

BC

REXIT

DE

TBITNY
AU A
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REGHLL

REGA

REGF

REGB

REGC

REGD

REGE

JP

LD

PUSH DE

EXX

POP HL

EXX

JP  REXIT

LD A,E

LD (R_AF+1),A
JP  REXIT

LD A,E

LD (R_AF),A
JP  REXIT

LD - A,E

LD (R_BC+1),A
JP  REXIT

LD A,E

LD (R BC),A
JP  REXIT

LD A,E

LD (R_DE+l1),A



REGH

REGL

REGI

REGAA

REGFF

LD (R_DE),A

JP REXIT

LD A,E
LD (R_HL+1),A

JP REXIT

LD A,E

LD (R_HL),A"

JP REXIT
LD AE
LD =R
JP REXIT
EX AF ,AF’
PUSH AF
POP BC

LD B, E
PUSH BC
POP AF

EX AF ,AF’
JP REXIT
EX AF ,AF’
LD D,A
PUSE DE
POP AF

LD A,D
EX AF ,AF’

;Save a’



REGBB

REGCC

REGDD

PUSH DE
EXX

LD A,C
POP BC

LD B,C
LD C,A
EXX

JP  REXIT
PUSH DE
EXX

LD /X LB
POP  BC

LD B,A
EXX

JP  REXIT
PUSH DE
EXX

LD A,E
POP DE

LD D,E
LD E,A
EXX

JP  REXIT
PUSH DE
EXX

LD A,D



EXX

JP REXIT

REGHH PUSH DE

EXX

LD A,L

POP HL

LD H,L :
LD L,A

EXX

JR  REXIT

REGLL PUSH DE

EXX

LD AH
POP HL

LD H,A
EXX

JR REXIT

REXIT JP PRMPT

; *xx find name register =xx=x

FINAME PUSH HL

PUSH BC

LD DE, BUFR

FINI LD A, (DE)
cP  (HL)
JR  NZ,FINNXT

DEC HL
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DEC C

JR NZ,FIN1

JR FINEXT

FINNXT POP BC

POP HL

PUSH BC

XOR A

LD B,0

SBC HL,BC

POP BC

DJNZ FINAME

SCF

JR FINEXT1

FINEXT POP HL ;jBalance stack

POP HL

LD A,B

DEC B

SLA B

OR A

FINEXT1 RET

SWAPR LD HL, BUI'R+1

LD DE, BUFR

LD A, ({DE) i1
LD 6 OiA
Lo R (ED) e
LD A,B



°
1

RET

SRR SR EEEEEEEEEEEEEEEEE]

GO COMMAND *

ARKEREKXERRAARKREKXARRRRRRRR

GOCMD LD DE,(R_PC)
LD A, (HL)
OR A
JR  Z,Go1

CALL BLKSKP

JR Z,G01

CALL GETHEX

P C, COMERR

GO1 PUSH HL

OR A

LD HL , MONS
SBC HL,DE
POP HL

JP NC, MONRUN

PUSH HL

CALL CRLF

CALL DSPRUN

LD (R_PC),DE

121

;Address input ?

; NO

;Break address input

;Yes

;Get go address

; CHECK RUN MONITOR

;3et go address
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JR Z,G021

CALL BLKSKP

JP NZ, COMERR
INC HL
CALL GETHEX ;Yes get address break

JP C, COMERR

LD BC, (R_PC) scheck length
PUSH DE

POP HL

CALL GLENT

JP C,PRMPT

LD A4 2

CALL SETBRK ;Set break point
Go21

LD HL, (R_PC)

LD (BUFPC), HL
GOz CALL STEPEX

LD A,-1
LD (BRKFLG) , A

JR EXECUTE

STPENT CALL STPCLR

CALL SETALL ;Set other break point
XOR A
LD (BRKFLC) ,A ;Set break flag nomal

LD HL, SYSFAC
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RES 4, (HL)
LD  HL,COMBUF

LD (GETADR) ,HL

EXECUTE LD A,0C3H
LD (CALNMC) ,A ;Set JP nemonic
LD  HL,(R_PC)
LD (CALADR) ,HL ;JP address
LD  IX,(R_IX)

LD  IY,(R_IY)

LD DE, (R_DE) ;Set user register DE
LD  BC,(R_BC) ; BC
LD  SP,(R_SP) ; : SP
LD HL,SYéFAG ; STEP

BIT 4, (HL)

DI

JR NZ , EXECUTE2

LD A, (R_IFF)
BIT 2,A

JR Z ,EXECUTE2

EXECUTEl EI
EXECUTE2 LD HL, (R_AF)

EXECINT PUSH HL

POP AF ; AF
LD HL, (R_HL) ; HL
JP CALNMC ;GO user program

jx=x display run menilor xx«
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MONRUN CALL MSGPRT
DB CR,LF,"NO RUN MONITOR !",BEL,CR,LF,0

JP PRMPT

; xxx display run =x=x=x

DSPRUN CALL MSGPRT
DB ">RUN EXECUTE",CR,LF,O0

RET <

FREEAXAXAKXXAXRKX KRR KRR AKX KK

; DISPLAY CR & LF *

FHERERERRARKRRKRRRRRR R A RR KK

CRLF PUSH AF
PUSH HL
CALL MSGPRT

DB CR, LF 0

PCP HL
POP AF
RET

JREEAAKRRAX KR LA ARARKX KRR KKK

; DISPLAY HEX IN DE =«

FHRAEXAKXRKRKARKRARLA KKK R K

DSPDE LD A,D

CALL DSPA

LD AGE

CALL DSPA



DSPDE1
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CALL CONOUT
RET

LD A,D
CALL DSPA
LD A,E
CALL DSPA
RET

FHRREXRKAAAKKXKA KRR AR KRR K KX

;  DISPLAY HEX IN ACC =

FHREEAKRARKRRAKRAKR KRR KRR KRR KX

DSPA

PUSH AF

PUSH DE

CALL ASCHEX
LD A,D
CALL CCNOUT
LD A,E
CALL CONOUT
POF DE
POP AF

RET

FEXKAX AKX RKXAKERA XX KKK KK

DISPLAY

BIT x

EEE 5 5 0 5 S b i ih S R

1 Seve



DSPBITO LD
RLC
JR
LD
DSPBIT1 LD
CP
JR
CP
JR
LD
CALL
DSPBIT2

DJNZ

RET
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Z,DSPBIT2
4
Z,DSPBIT2
A,E
CONOUT

DSPBITO

FREEAXRKXAKRKRARXE KA RAKRRK

;  BINARY ACC

TO ASCITI =

FHREARLKEXARXRRRARRRRRRR XK

ASCEEX

PUSH

RRCA

RRCA

RRCA

RRCA

CALL

LD

PGP

AF

ASCH1

AF

0rd



DAA

ADC A,40H
DAA

LD E,A
RET

FRERKKEAKRKRKAKRRKKKR KR IRKR KA XX

; STRING DISPLAY UNTIL O=x

‘
FHERRAKAKRAKRKRA KRR KARK KRR KX

MSGPRT  POP HL
MSGPRTO LD A, (HL)
INC HL
OR X
JR  Z,MSGPRT1
CALL CONOUT

JR MSGPRTO

MSGPRT1 PUSH HL

RET

FREEAAKEXKXA K XK K AKX RAK KX

s CHANGE ASCII *

JHEAREAAKAARKKAXRRARRRKR AKX

; Ascii (HL) , Binary DE

GETHEXB PUSH BC

LD By
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GETHEXO

GETHO1

EXTHEX

LD

CALL

CALL

JR

LD

SCF

JR

LD

CALL

JE

EX

ADD

ADD

ADD

ADD

OR

LD

EX

INC

DJNZ

LD

CP

DE, 0
BLKSKP
HEX
NC,GETHO1

A, (HL)

EXTHEX2

A, (HL)
HEX

C, EXTHEX
DE, HL
HL, HL
HL, HL
HL,HL
HL,HL
L

L
DE, HL

HL

GETHO1

A, (HL)

Z,EXTHEX1

L)
)

Z,EXTHEX1

z
E

Z,EXTHEX]

128



129
- EXTHEX1 OR A
EXTHEX2 POP BC

RET

FRERKKAKKR AKX RKAKRARERRRER KR

; BLAK SKIP *

HER R R 2 b bk &t & 2ttt 5 k51

BLKSKP LD A, (HL)

CP " g
RET NZ
INC HL
JR BLKSKP

FHRERXAARRAXRLARKARRRR KRR R

; CHECK HEX CODE 0-F =

FHEREAKAXARKAKXKRARK KX AR KR KK

HEX CP "o"
JR C, ERRHEX
CP "9ts]

JR C,HEXO

cP "A"

JR C, ERRHEX
CP "F*+1

JR NC, ERREEX

SuB 7

HEXO0 Sus "0"

CKR a
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ERRHEX SCF

RET

FHREEAKRKKRRAKRXRKRKRKRXR KRR KRR X

; CHECK DATA PROTECTION=

;************‘***********

CKROM LD B, (HL)
LD A, TROM
LD (HL),A

CP (HL)

JR NZ, CKROM1

LD A,TROM+1

LD (HL),A
CPa\(HIN
SCF

JR NZ,CKROM1
LD (HL),B
OR A

CKROM1 RET

FHEAKXKAXKXRKXKAKR XX KA XXX AR XK

;  DISPLAY MEM PROTECT =

;k*x********:‘***********

MEMPRO CALL CRLF

CALL MSGPRT
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RET

FHRAXAXAXXRRKRARAKRRARRRRKR XX

; GET CHARECTER *

FRERAAKRAAKKRKRAARRXRR KKK K

; From console

CONIN PUSH DE

CONIN1 CALL PCLBY % ;Rxready
LD A,D ;data
POP" #DE ;
AND 7FH jMax ascii 7bit
RET

FREXRRAAXARKARRREARR AR KRR XX

;  OUT PUT TO CONSOLE =

FRARKARAARAKXRXRRR AR AR AR

B12 DB 0O0OH ;s POWER ON RUN 10M NOT SET REG
B24 DB 81H
B438 DB 3DH
396 DB 1EH
B192 DB ODH

FHEXAAX KX X ARXL AKX XX AL N R RA A XKL X AR R EKL

; RX BYTE SUB

; OUTPUT  REC=D

A . n\
PCLBY



PCLBY12

PCLDLY

PCLDLY1

CONGUT

BIT
JR
NOP
CALL
'PUSH
LD
LD
IN
RLA
RLA
RR D
CALL
DJINZ
POP

RET

LD
DEC
JR

RET

PUSH
PUSH

LD

CALL

poP

132
6,A

NZ,PCLBY

PCLDLY

BC

PCLDLY
PCLBY12

BC

A, (BUT)
A

NZ,PCLDLY1

PCSBY
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;***.*****************************
; TX BYTE SUB
; INPUT DATA REG=D
PCSBY LD A,10000000B ;START BIT
oUT (PE),A
CALL PCSBYD -
PUSH BC
LD S @8 ;8 BIT LOOP

PCSBY11 XOR A

RRC D ;DATA TO CY

RRA 3 ;SHIFT 3 BIT TO PE BIT 5
RRA

RRA

SET 7,A #SETUPE>BIT 7°WDT

OUT (PE),A
CALL PCSBYD

DJNZ PCSBY1l1

POP BC
LD A,10100000B ; STOP BIT
OUT (PE),A

CALL PCSBYD

RET

PCSBYD LD A, (BUT)
SUB 2

PCSBYD1 DEC A



; GETSTRING FROM CONSOLE=x

FRERERERKRARA XKL R R AR KR AKX R X XX

COMIN

COMINO

COMIN1

PUSH

PUSH

LD

.RES

LD

LD

CALL

CP

JR

CP

JR

CP

CALL

JR

CP

JR

CP

JR

CALL

LD

INC

LD

LD

DE

HL

HL, SYSFAG
3,(HL)
HL, COMBUF

(HL),O0

CONIN

CR
Z,COMIN3
ESC
Z,COMIN31
BS
Z,COMIN2
Z,COMINO
CONX

Z ,COMINR

0 K

C, COMINO

CONOUT
UPPER

(HL),A

AL

{HL),0

DE, COMBUF+80
DE, HL

A

HL,DE
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COMIN2

COMINZ21

COMIN3

COMIN31

COMINK

EX
JR
DEC

JR

PUSH
LD
EX
OR
SBC
EX
JR
DEC
LD
LD
CALL
LD
CALL
LD
CALL
POP

RET

LD

POP

RET

LD

LD

DE,HL
NZ,COMINO
HL

COMINO

AF

DE, COMBUF
DE,HL

A

HL,DE
DE,HL
Z,COMIN21

HL

CONOUT
ANk
CONOUT
A,BS
CONOUT

AF

A, (COMBUF)
KL

DE

a,0
(PWCOLE), A

INITIL
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)

UP

Cco

FARKAAKK LA KRR KL R KK KKK XX

JRARAXAXLXKXKRRAKKXRRA KRR AR

z#xx UPPER SUB =xx

PER CP

RET

CP

RET

SUB

RET

zxxxxxxxxx COMP16 SUB.

COMPARE IX-BC

IN = IX BC

OUT = FLAG

MP16 PUSH HL
PUSH IX
POP HL
XOR A
SBC HL, BC
POP HL
RET

CHECK LENGTH

ENT DEC

136

HREREKXKRKRREX A



GLENT1

GLENT2

DSPLENT

LD

CALL

CALL

DB

. SCF

LD

RET

CALL

CALL

DB

JP

137
B,A
CRLF

MSGPRT

"Start>final {",BEL,CR,LF,0

CRLF’
MSGPRT
“Start>final !'*,BEL,CR,LF,0

PRMPT

FRERERKRRKXLKRLKKRXRKRKRRR KKK XX

; CHECK

ROM 16K *

JRRERAXRAX LXK A XX R AR KRR K KX

AUNEXT

AUNEXT1

LD

LD

CP

CALL

CALL

DB

LD

105 5|

<y
o}

O
Y

B,A

A, (ROM16)

CODE

7, AUNEXT1

CRLF

MSGPRT

"MON =< 8K CHECK JUMPER !" CR,LF,0

PRMPT
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;**K********************
3 TABLE SUB *
;***********************

s ABHL

;IN = B NO,0-255
3 C TABLE LENGTH
; HL START TABLE

;OUT = (HL) FIRST DATA IN TABLE

TABLE PUSH DE

PUSH HL
INC B

LD D,0
LD E,C
LD HL,O0

TABLE1 DEC B
JR Z,TABLE2
ADD HL,DE
JR TABLE1
TABLE2 EX DE,HL
POP HL
ADD HL,DE

POP DE

jxx%x THBLOCK SUB #x=xx%

; HL = START BLOCK

TXBLGCK

.
e
4
1
~r

r-1
t
.



TABC

TABR2

TABRI1

TABFAG

TAB2

TAB2D

TAB1

TAB11

ENDROM
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RET Z
CALL CONOUT
INC HL
JR TXBLOCK
CALL CRLF
RET
PRKKKKKKKRKKKKKXRKRRAK KK
DATA TABLE *
PREXKRKRKERRKRRRARRIRRR KKK
DB <" SZHPNC"
DB "PCSPIFIXIYAFBCDEHL"
DB "AFBCDEHLI"
DB "SFZF--HF--PFNFCF"
DW REGPC,REGSP,REGIF,REGIX,REGIY
DW REGAF ,REGBC,REGDE, REGHL
DW REGAFF,REGBCC, REGDEE, REGHLL
DW REGA,REGF ,REGB, REGC
DVW REGD,REGE,REGH, REGL,REGI
DV REGAA,REGFF,REGBB,REGCC
bW REGDD, REGEE, REGHH, REGLL
ORG ORIGIN+20G0H
DB CODE

ROM16

JARKX AR LKA KAAAKRNKEXKRKXAXRK AKX

TEST RAM x

IR HKRXR U REAAI L TR LTI NH



TRAM

TRAMINT

TRAMI1

TRAM2

LD

LD

XOR

SBC

PUSH

POP

INC

PUSH

POP

LD

RES

PUSH

POP

CALL

CALL

XOR

LD

LD

SBC

LD

SET

LD

LD

XOR

PUSH

140

HL, (FILWRK+2) ;FINAL
DE, (FILWRK)  ;START .
A

HL,DE

DE

IX ; START
HL

HL

BC ; LENGTH
HL, SYSFAG

7, (HL) ; END FLAG

IX

DE

DSPDE

TRAMDSP ;DISPLAY ADDR
A

E,A

HL, 256 ; COUNTER

HL,BC

C, TRAM2

HL, SYSFAG

7, (HL) 1SET END FLAG

D,E ; LOAD 00-FF

BL ; FC CHECX DATA



TRAM3

TRAM4

TRAM5

TRAMERR

TRAMERR1

POP

LD

INC

DEC

INC

DEC

JR

LD

XOR

Cp

JR

LD

INC

INC

DEC

JR

LD

BIT

JP

JR

PUSH

POP

CALL

CALL

OR

1Y

(IX+0),A

IX

BC

NZ, TRAMERR

(HL),O0

HL

A

D

NZ, TRAM4

HL, SYSFAG

7

oy
4

7

» (HL)
, TRAM1

, (HL)

TRAME

IY

DE

DSPDE

CONIN
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; FOR DISPLAY ERR

; CHECK 00-FF

; BACK LOOP
; END
; CHECK KEY
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JP Z,TRAME1

JR TRAMS

TRAMDSP CALL TRAMDEL

LD H,5 ;DELETE ADDR
TRAMDSP1 LD A,BS

CALL CONOUT

LD L

CALL CONOUT

LD A,BS

CALL ~ CONOUT

XOR A

TRAMDSP2 DEC A

NOP
JR NZ, TRAMDSP2
DEC H

JR NZ, TRAMDSP1

TRAMDEL PUSH HL ; DELAY
LD HL,1000H

TRAMDEL1 DEC HL
LD A,H
OR L

JR NZ,TRAMDEL1

POP HL
RET
TRAME CALL CRLF

<)
=
=
s

»
je<
9]
)
g
o]
=1



TRAME1

JP

143

PRMPT

5 XK KKK KK KKK KKK KK K kKK

;  SYSCAL SUB

FREREKKEAXKRRK AR R KRR

SYSCAL

RET

CP

RET

PUSH

PUSH

PUSH

SUB

LD

LD

LD

CALL

LD

INC

LD

PUSH

POP

POP

POP

EX

80H

97H

NC

HL
AF
BC

80H

B,A
G2
HL,CALTAB
TABLE
C, (HL)
HL

B, (HL)
BC

HL

BC

AF

(SP),HL



BACK JP PRMPT

FREEXEREKRKAAKRRRARR R XK RRRR

DSPC LD A,C
CALL DSPA
RET

FHREEARARLARKRARRKRAKR AR R AL XK

TXSTG POP HL

TXSTG1 LD D, (HL)

INC HL
XOR A
CP D

JR Z,TXSTG2
CALL PCSBY
JR TXSTG1

TXSTG2 PUSH HL

RET
5 % s 3 e o ¢ ok e TR Tk % ke
HTOA LD £, C
CALL ASCHEX
RET
§E 6 TR 56 S R
PBYTE
LD 4, OFFH
OUT  (PDC),A

LD A,00110000B

144

; SET PD OUT DATA

; SET PRINTER PORT
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OUT  (PEC),A
RET

g A e NS e PR

PRNC LD A5
CALL ASCHEX
LD c,D
CALL PBYTE
LD C,E
CALL PBYTE
RET

RRRIR— .

PRNDE LD c,D

PUSH DE ¢
CALL PRNC

POP DE

LD C,E

CALL PRNC

RET

FREREKXXARKAKARRA KRR KR KRR K

PRNSTG POP HL

PRNSTG1 LD C, (HL)

INC HL
XOR A
CP C

JR Z,PRNSTG2

CALL PBYTE

JR PRNSTG1

PRNSTG2 PUSH HL

RET

HESE R R R R R R R R R
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CALL PBYTE

LD

C,0DH

CALL PBYTE

RET

FRERKARKARKXRARR R XK R KRR

GOTOLCD LD A,C

CALL GOTO

RET

FRRERAKXXKRXK KRR AKX R KRR KK )

WBYTELCD LD

D,C

CALL WRBYTE

RET

FRERERRAKKRAKRAKR R RRRR K R KX

WRLCDSTG  POP

WRLCDSTG1 _ LD
INC
XOR
CcP
JR
CALL

JR

WRLCDSTG2 PUSH

RET

HL

c, (HL)

HL

A

C

Z ,WRLCDSTG2
WBYTELCD

WRLCDSTG1

HL

HEEER SR 2R Rt 2 02

DSPCLCD LD

CALL

PUSH

LD

CA

-
e

POF

WBYTELCE

<
tr
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CALL WBYTELCD
RET
y SRR 9 RS
DSPDELCD LD  C,D
PUSH DE
CALL DSPCLCD
POP  DE
LD C,E
CALL DSPCLED
RET
§ ks Wk adPe ik
SDELAY CALL  TRAMDEL
DEC C
JR -~ NZ,SDELAY
RET
TXBYTE . LD D,C
CALL PCSBY

RET

FRAAERRAXAXLXKREIRARXRAAKRRRR R

; x*ABCDEHL
; SCAN SUBROUTINE *B'H'L’

H *STOREX
FREEXAAKXAXRXAXAR K XX XRRKR XK KKK

SCAN LD B,4
LD C,B

LD VR 1111711108

SCAN_1 CALL SCANS



IN

CP

JR

DEC
JR
RES
SCAN_2
RLC

DJNZ

JP

; press key

SCAN_3

BIT

JR

OR

PUSH

PUSH

LD

LD

CALL

POP

POP

148
A, (PD)
OFOH
OFOH

NZ, SCAN_3

NZ,SCAN_2°

0, (HL)

SCAN_1

SCAN

0, (HL)
NZ,SCAN_2

B

HL

BC
HL,KEYTAB+15
B,15

PACKT1

BC

HL
D,A
(SCANIN) ,A

0, (HL)
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KEYTAB DB OE1H,0E2H,0E3H,0E4H
DB OD1H, 0D2H,0D3H,0D4H
DB OB1H,0B2H,0B3H, 0B4H

DB 71H,72H,73H, 74H

FRERAARAKRRRRRKRRRKRRRR AR R KR

H SCAND SUBROUTINE . =

FRERKRARKARRRE AR R TR R KRR

SCANK LD B,4
LD C,B

LD E,11111110B

SCANK_1 CALL SCANS

LD HL, SYSFAG

IN A, (PD)
AND OFOH
CP  OF0H

JR NZ,SCANK 3

DEC C
JR NZ, SCANK_2
RES 0, (HL)

SCANK_2

RLC/.E

DJNZ SCANK_1



SCANK_3

SCANS

SCANS_1

PACKT1

PACKT1 2

OR
PUSH
PUSH
LD
LD
CALL
POP
POP
LD
LD

RET

LD
ouT
LD
ouT
XOR
NOP
NOP
DEC
JR

RET

CP
JR
DEC
DJNZ

LD

=3
2]
~
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B

HL

BC
HL,KEYTAB+15
B,15
PACKT1
BC

HL
D,A
(SCANIN),A

jexit

A,00001111B

(PDC),A

A ; DELAY

A

NZ,SCANS_1

(HL)
Z,PACKT1_2
HL

PACKT1

A,B



GBAUD

BU192

BU96

BU48

BU24

LD

CP

JR

LD

CP

JR

LD

CP

JR

LD

CP

JR

LD

CP

JR

RET

LD

RET

LD

LD

RET

LD

RET

A, 19H
c
Z,BU192
A,96H
c
Z,BU96

A,48H

Z,BU48

A, 24H

Z,BU24

A,12H

Z,BU12

A, ODH

(BUT) ,A

A,1EH

(BUT),A

A, 3DH

(BUT),A

A,81H

(BUT),A

A, 00H

(BUT),A

151

g T T T NS TSI



CALTAB

NSTACK

STACK

SYSTK

R_.
R—
R._.
R_.
R_

R-—-

PC

SP

IX

i ¢

AF

BC
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DW BACK , CONIN
DW  TXBYTE,DSPC
DW  DSPDE,TXSTG
DW  HTOA,PBYTE
DW PRNC, PRNDE
DW PRNSTG, PLF
DW INITLCD,GOTOLCD
DV WBYTELCD, DSPCLCD
DW  DSPDELCD,WRLCDSTG
DV CLSLCD, SDELAY
DW SCAN, SCANK
DV  GBAUD
3 52 A Y et ET 2 e
RAM AREA x
o et Al e O o e e vl 0 A8 e
ORG ~ 9E60H
DS 32
DS 32
DS 2
DS 2
DS 2
DS 2
DS 2
DS 2
DS 2
DS 2



FINBUF

CHNBUF

BRKFLG

BUFR

BUFIN

BUFINT

BRKBUF

STEP1

STEP2

STPCNT

STPSAVE

NSTPCT

GETADR

DMPADR

DMPEND

SEABUF

SEAMEM

SEAFND

SEACNT

ASMCOM

ASMBUF

ASMOPC

ASMDAT

ASMDATD

MONINX

MONDAT

DS

DS

DS

DS

DS

DS

DS

DS

DS

DS

DS

DS

DS

DS

DS

DS

DS

DS

DS

[\V]
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CALNMC

CALADR

COMBUF

SYSFAG

BUFRET

CHSUM

RST66H

RST18H

RST20H

RST28H

RST30H

RST38H

SCANIN

BUT

BUFPC

PWCODE

WORK_SIZ

ENDRAM

DS

DS

DS
DS
DS
DS
DS
DS
DS
DSK
DS
DS
DS

DS

DS
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80

; kxxxxxxxkx Z80 RCM TABLE sxxxxxxxxxx

; 280 INSTRUCTION TABLE

; 3ET BY DOWNLOAD REMOTET.HEX

ORG

4FDOH

256x%5

(el
“
N

($1]
(%5}
W
a]
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DDCB DS 31x6
FDCB DS 31%6
MNETAB DS 67x4
OPRTAB DS 35%4

ENDZ80

END

dij I dl Y o U £ tﬂl = 1 g‘:’ 1 . Y o ¥ & Y 14
nansiiluenansianulidmsumsldnuienisdinwivingy leygnlmhlulduselesimunism

I =~ O & A Oy agvw & Y Y a = v & A ° v
13J'Jqﬂiﬂﬂ,ﬂs] NG @ﬂVNW']?JlIELW@I@LLTJaQLu@MWLLaS(ﬂEN@']QENﬂQL"i]']"U@\clL@ﬂaqﬁv‘}ﬂﬂﬁﬂmuﬂqiuq‘lﬂ%ﬁ
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;ET>=%x%xxx I/0 Control

(

A

1
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5.4 TRANSMITTER UTILITY PROGRAM

RREAREAEARKERERRRRAR R

=

PROGRAME TX =

HERREARKRKERRERARRRR

CTC ADDRESS PORT

D7

D7

D6

D5

D4

bz

D1

Do

Register Funtion xxx=x=x

“Ch0=10H

Chl=11H

Ch2=12H

Ch3=13H

CTC Channel Control Word

D6 | DS | D4 | D3 | D2 | DI | DO ]
interrupt 1 enables
mode 1 counter mode
prescaler 1 value of 255
clk/trg 1 rising edge
time trigger 1 clk/trg
time constant 1 time constant
reset i software
centrol vector 1 vector
CTC Constant Word
D6 | D5 | D4 | D3 D2 | D1 | DO ]
TC6 TCS TC4 TC3 TC2 TCiI TCO
CTC Interrupt Vector Word
Ds | D5 | D4 ! D3 D2 | Di | DO ]

T B

disables

timer mode

value of 16

falling edge
automatic

no time constant
continued operation

control word

2 word
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| | channel identified

0. 0 = .channel
0 1 = channel
; 1 0 = channel
1 1 = channel
PIA ADDRESS PORT PORT A DATA = 50H

PORT A DIR = 54H

PORT B DATA

51H

PORT B DIR = 55H

PORT C DATA

52H

PORT C DIR = 56H

PORT D DATA 30H

PORT D DIR = 34H

PORT E DATA 40H

PORT DIR = 44H

[es]

PIA Port Direction

;[ D7 | D6 | D5 | D& | D3 | D2 | D1 | DO ]

0 = set bit tc input

-
0}

set kit tc output

£(
i
e
-
=
231
s
[®)
Ci

&
2
w2
[£2]

o
&
,

»

I
i
<
=

=
(o]
low )
'
-
3
T
3
le]
B
3
-
i
{
H
=



-o

i

watch dog |
timer |
1= enable |
0= disable |

WDTCR ADDRESS PORT

WDTCR

D7 | D6 | D5
1 0 1
0 1 0

SCRP ADDRES

ECRP System Coniirol Tugistey

158

watchdog timer period

0

| D4

FORT

0

= TeCx2(16)
= TcCx2(18)
= TcCx2(20)

= TeCx2(22)

F1H

]

Watch Dog Timer Command Register

D3 | D2 | D1 | DO ]
0 0 0 1
1 1 1 0
= EEH
Fointer

value power-on reset

should be 1 1

control register initialize

1

only on power—-on reset

on reset

reset output disabled

e disabled

o
L1}

enabled

clock divide-by-one

1

divide one

o
[}

divide two

"

(B1E) disable WDT

(4EF) clear WDT

1}



o
o
o
o
o
o
o
o
(1]

(00H) pointer WCR

o
o
o
o
o
o
o
—
1}

(01H) pointer MWBR

; WCR ADDRESS PORT = EFH

; WCR ' Wait State Control Register

:[ D7 | D6 | D5 | D4 | D3 | D2 | DI | DO ]

| 1 1 1 “1 i 1 1 16-M1 after power on reset
oo I I l | l |

i [ | N\ |l _|___ I/0 wait

;i | interrupt | | - 0 0 = no wait

i | 0 = no wait | | 0 1 = two wait

i | 1 = one wait | : | : 1 0 = four wait

i | | 1 1.= six wait

5o | | memory wait

i | 0 0 = no wait
. op-~code fetch 0 1 = one wait
; | 0 = no add wait 1 0 = two wait
i 1 = add 1 wait 1 1 = three wait

i interrupt daisy chain wait

: interrupt acknowledge RETI

i 0 0 = 0 wait state .0 wait state
H 6 1 = 2 wait state 0 wait state
$ 1 0 = 4 wait state 2 wait state
: 1 1 = 6 wait state 4 wait state
; MWBx ADDRESS PGRT = EFH

;7 MWBR ~ Memory VWeit Boundery Register

,_.
—
a
[}
“

o

o o

0 0] valuc on puwIir-on v
: o

(g



BEGIN:

; PORT DEF

PA:
PAD:
PB:
PBD:

PC:

160

| __ memory wait low boundary
address (A15-Al12) for

memory wait insertion

memory wait high boundary

address (A15-Al12) for

memory wait

EQU

EQU

EQU

EQU

insertion

6000H

6000H

“Z80.TBL"

"INT8"

40K
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CTCO: EQU 10H

CTCl1: EQU 11H

CTC2: EQU 12H

CTC3: EQU 13H

; RTC DEF

RTC: EQU 0AOH

SEC1: EQU RTC
SEC10: EQU RTC+1
MIN1: EQU RTC+2
MIN1O: EQU RTC+3
HOURI1 : EQU RTIC+4
HOUR1O0: EQU RTC+5
DAY1: EQU CA6H
DAY10: EQU 0A7H
MON1: EQU 0A8H
MON1Q: EQU 0A9H
YEARI: EQU 0AAH
YEAR1O: EQU 0ABH
CREGD: EQU RTC+0DH
CREGE: EQU RTC+0EH
CREGF: EQU RTC+0FH

RST38 EQU 9FG3H

REBYTE: EQU 81H

KEYTE: EQU any



TXSTG:

DELAY:

SYSCAL:

BS:

AUTOROM:

INITIAL:

ST1:

i xxxAUTO STARTxxxxx

AUTO:

* SET INTERRUPT

)

wn
-t
2z
=3

EQU

EQU

EQU

oUuT

ouT

ouT

ouT

ouT

ouT

LD

RST

LD

LD

KERXKEAKKREAREXILLER XKL RN K

*

7K 3k K K e ok ko vk Yk ok ok %k st R ok X

bl

=t

162
85H
93H
10H
8H

7FFFH

A,0FFH

(PAD),A

(PBD) ,A

(PCD), A

(PA),A
(PB),A

(PC),A

A,8CH

10H

A,0A3H

(AUTOROM) , A

.
b

initial lcd.
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LD (RST38),HL
LD A,00H
OUT  (CREGF),A
LD A,04H
OUT  (CREGF),A
OUT  (CREGE),A
EI

H
EALL BEEP
CALL SHOW2
CcALL DELAYT
CALL CLRLCD2

; Je I8 Sedie demirtsie J Bt

; % SCANKEY =

; AR R IR KRR

; OUT LOOP WHEN KEY PRESS

KBUFF: EQU ~ OEOO0OH

SCANK : LD  £,94H

LD (KBUFF),A

CALL BEEP

;. % CHK FUNCTIONW KEY PRISE

S ¥ Y R kM Y R %k R KK kK sk Y2k T ek ok koK YT R e

*

ER L o b U R R e R R

; SET 24H OR 12H

; SET 24H

; SET INT 1 SEC

XAk KK

WKI K AR K o o o >

SCAN KEY

SAVE KEY BUFFER

S'FA,“_\.RE‘X’.' '?‘Q"I 0;'001p ; SR B B S S HE R
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ON: . EQU 22H

OFF: EQU 00H

LD A, (KBUFF)

Cp FNC

JR Z,CHKFNC

CP FRUN

JR “ Z,FNCRUN ; CHK FUNCTION RUN

JP CHKO09

CHKFNC: CALL CLRLCD2
LD A,91H ; PRINT
RST 10H

DFB "MASSAGE: (Fl1 - F10)"

DFB 0OH

LD A,ON
LD - _(STAKEY),A
LD A,OFF

LD  (SRUN),A

JP SCANK

FNCRUN :
LD A, (SRUN)
CP ON

JR Z,RUNSEND
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CALL CLRLCD2
LD A,OFF

LD  (SRUN),A

LD A,91H

RST 10H

DFB ° = SENDING = "
DFB 00H

CALL“ SENDDATA

; SHOW DATA END SENDING & BACK TO START

CALL CLRLCD

CALL BEEP
LD A,91H
RST 10H

DFER\ @ = SENDDATA OK = "

DFB O0O0H

CALL DELAYT

CALL CLRLCD2

CALL SHOW2

JP SCANK

HIRSE Rk B S SR b b e i

;%  CHK FUNCTION 0 - 9 =

H ER R R S IR R R R R R R R



Fl:

F2:

F4:

F5:

Fé6:

F7:

F8:

F9:

F10:

FNC:

FRUN:

EQU

EQU

EQU

EQU

EQU

EQU

EQU

LD

CP

JP

LD

LD

LD

LD’

166
A, (STAKEY)
ON

NZ, SCANK

A,OFF i OFF STAKEY

(STAKEY), A

A,ON ; ON STATUS RUN

(SRUN) , A

CALL CLRLCD2

OEH
05H
00H
03H

0AH

04H
07H
02H
0BH

06H

OFE

01H

A, {(KBUFF)
Fi

~ v
d.,r:-:C,;



LD
CP

JP

LD
CP

3P

LD"

CP

JP

LD

CP

JP

LD

CP

JP

CP

Jp

LD

o
ce

167
A, (KBUFF)
F2

Z,FNC2

A, (KBUFF)
F3

Z,FNC3

A, (KBUFF)
F4

Z,FNC4

A, (KBUFF)
F5

Z,FNC5

A, (KBUFF)
F6

Z,FNC6

A, (XBUFF)
F7

Z,FNC7

A, (XBUFF)
F8

Z,FNC8

A, (KBUFF)

Fg



;] REXXAXAAKRAKXRRRAK

; = DO FUNCTION =

HEERE R R R kb b B E 8 & 4

FNC1:

DF1:

FNC2:

DF3:

168

LD A, (KBUFF)
CP F10

JP Z,FNC10

JP  SCANK

LD IX,DFl

LD A,91H

RST 10H

DFB * FLOOD DISASTER NOW "
DFB  0OH

JP SCANK

LD IX,DF2
LD A,91H
RST 10H

DFB~" FIRE NOW "

DFB 00H

JP STANK

LD iIX,DF3

R RBLET -5 b4

RST 10K

iy P E— R "
DI SNGw STCRM  NCW



FNC4:

DF4:

FNC5:

DF5:

FNCé6 :

DF6:

FNC7:

DF7:

JP

LD

LD

RST

DFB

DFB

JP

LD

LD

RST

DFB

DFB -

JP

LD

LD

RST

DFB

DFB

JP

LD

169

SCANK

IX,DF4

A,91H

10H

" THUNDER STORM NOW "

00H

SCANK

IX,DF5

A,91H

10H

v MONSOON NOW "

00H

SCANK

IX,DF6

A,91H

10H

= TO STRIKE NOW 9

00H

SCANK

IX,DF7

A,91H

10H

Il TO RABEL NCW y
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LD A,91H
RST 10H
DF8: DFB " DECLARE WAR "
DFB O0OH

JP SCANK

FNC9: LD IX,DF9
LD A,91H
RST 10H

DF9: DFB " éARTHQUAKE NOow "
DFB 00H

4B SCANK

FNC10: LD IX,DF10
LD A,91H
RST 10H

DF10: DFB "UUUUUUUUUUUUUUUUUUUUU"
DFB O0O0H

JP SCANK

;] REKRAKKARKRKARARAR XX XK

HERS SHCOW TIME *

j OKARKKAKXXRKRERKR R KRR ARK A

SHOVW1: LD A,91H ; DISPLAY BLOCK

RST 10H

DFB" "% RECVIER..PRGJECT 2= "

DFB 00
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RST 10H

DFB "x SENDDER..PROJECT 2 = "

DFB 00
RET
H WK R kR R R ek ke ok ok kR Kk
; # show line 2 =
; Rk Kok Kk Kk Kk KKK KR KK
INT: PUSH AF
PUSH BC
PUSH DE
PUSH HL
LD C,40H
Ll A, 8DH
RST 10H
; READ DATA DD/MM/YY
IN A, (DAY1)
AND OFH
LD B,A
IN A, (DAY10)

CALL SEIFT

AND 0FO0H
ADD A,B
LD C,A

CALL DISPLAY

e N " "
LD o,"/



IN

AND

LD

IN

CALL

LD

CALL

IN

AND

LD

IN

CALL

AND

ADD

LD

CALL

LD

LD

RST

IN

AND

172

A, (MON1)
OFH

B,A

A, (MON10)
SHIFT
OFOH

A,B

C,A

DISPLAY

c* /=
ASCPLAY

A, (YEAR1)
OFH

B,A

A, (YEAR10)
SHIFT
0FCH

A,B

C,A

DISPLAY

C,4CH
A,3DH

10H

A, (HOUR1)
OFK

BLA



LD

CALL

LD

CALL

IN

LD

IN

CALL

ADD

LD

CALL

LD

CALL

IN

AND

LD

AND

ADD

CALL

CALL

173
SHIFT
OFOH
A,B
C,A

DISPLAY

c,":"

ASCPLAY

A, (MIN1)
OFH

B,A

A, (MIN10)
SHIFT
OFOH

A,B

C,A

DISPLAY

C,”:”

ASCPLAY

A, (SEC1)
OFH

B,A

A, (SEC10)
SHIFT

OFO0H



SHIFT:

DISPLAY:

ASCPLAY:

DELAYD:

BEEP:

Bi:

POP

POP

POP

POP

EI

RET

RLCA

RLCA

RLCA

RLCA

RET

LD

RST

RET

LD

RST

RET

LD

RST

RET

174

HL
DE
BC

AF

A, 8FH

10H

A,8EH

10H

A, 3FH

(PED), A



BEEP1:

BE1l:

ALARM:

ALR1:

CALL

XOR

ouT

CALL
DJINZ

RET

LD
NOP
NOP
DEC
JR

RET

LD
NOP
NOP

DEC

NOP

175

BEEP1

(PE),A

BEEP2

Bl

NZ,BE1

A,60 5100

NZ,B2
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CLRLCD: LD C,00 ; START LINE

LD A,8DH

RST 10H
RET
CLRLCD2: £D c, 00

LD A, 8DH

RST 10H

LD A,91H

) RST 10H
DFB b "
DFB 00H
LD C,00

LD A, 8DH

RST 10H
RET
DELAYT: LD C,100

LD A,93H

RST 10H

RET

] OAKAAXAAKARKRARKKRAKR N LR KR XXX

; » SUB FOR SEND DATA =x

; KMk S KA R K KK kK sk ok kR ok ke kXK

; FORMAT DATA START DO DI D2 D3 D4 D5 D6

T
~i

107]
-1
"3

[¢7}
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;* SET DATA =

FREXAXXKXRKX KRR KX

; OUT DATA RS 232 OUTPUT PE5S

SENDDATA: DI

LD B,08H
LD A, (IX+0)

LD D,A

LD A,00H ; START —BIT
OUT  (PA),A
ouT  (PB),A
OUT = (PC),A

CALL  BIT1 ;' DEEAN—1—B Il

SDATA: LD A,D ; FOR DATA SET
ouT (PA),A
OouT (PB),A

ouT (PC),A

RRC A
LD D,A
CALL BIT1

DJNZ SDATA

; STOP BIT
LD AVOFFH
OUT (PA) A

OUT  (PB),A
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CALL STOPBIT ; DATA STOP BIT

FRREKRKRKAKRKERKRKRRARRKARRKRRR X

;x CHECK END SEND DATA =

FEEERARKRRKRRKAK KKK AKX KK AR KRR

; CHK DATA END
~INC IX

LD A, (IX+0)

CP 00H
JR NZ, SENDDATA ; GOTO SEND END
EI
RET
BIT: EQU 8000H ;  2F00H
TSTOPBIT: EQU 8500H ; 4600H
H RERERRAX R KRR R ERRR
5 & DELAY 1 BIT =
H HEXLAEXLRRXRR XA R RR
BIT1: LD HL,BIT
DELBIT: DEC HL
LD AH
OR L

JR NZ,DELBIT



H EEE RS EEEREESEEEEEEEEE]

k3

STOPBIT:

DELSTOP:

DELAY STOP BIT =

REXRREEEKAKR KRR KRR KR

LD
DEC
LD
OR
IR
RET

END

179

HL,TSTOPBIT

HL

NZ,DELSTOP



°
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;ET>xxxxx I/0 Control

.
i

180

5.4 RECIVER UTILITY PRAGRAM
REKIKK IR KKK KKK KK KK
= PROGRAME RX *

Kk KK KKK KKK KKK KKK K

CTC ADDRESS PORT “Ch0=10H
Chl=11H
Ch2=12H

Ch3=13H

CTC Channel Control Word

Register Funtion xxxxx

s[ O/ 1Shexl B5chc0a 03/ XD, DU D0 [

D7 = interrupt 1 = enables 0 = disables

D6 = mode 1 = counter mode 0 = timer mode

D5 = prescaler 1 = value of 255 0 = value of 16

D4 = clk/trg 1 = rising edge 0 = falling edge

D3 = time trigger 1 = clk/trg 0 = automatic

D2 = time constant 1 = time constant 0 = no time constant

D1 = reset 1 = software 0 = continued operation
DO = control vector 1 = vector 0 = contrecl word

CTC Constant Word
D7 | D6 | D5 | D4 | D3 | D2 |

TC7 TC6 TC5 TC4 TC3 TC2

D1

TC1

CTC Interrupt Vector Word

D7 | D6 | D5 | N4 | B3 | D2 |

o1

|

Do ]

TCGC

Ci
o
—d

0 = interrupt wvecter w

(5]
ry
o



)

;[ D7 |
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channel identified

0
0
£ 1
1
PIA ADDRESS PORT PORT A DATA = 50H
PORT A DIR = 54H
PORT B DATA = 51H
PORT B DIR = 55H
PORT C DATA = 52H
PORT C DIR = 56H
PORT D DATA = 30H
PORT D DIR = 34H
PORT E DATA = 40H
PORT E DIR = 44H
PIA Port Direction
| D5 | D4 | D3 | D2 | D1 | DO ]
| |
!
i
0 = set bit to input
1 = set bit to output
WDTMR  ADDRESS PORT = FOH
WDTMR Wetch Deg Timer Master Register

channel 0

channel 1

channel 2

channel 3



.
’

l I
l |

watch dog |
timer |
= enable |
0= disable |

watchdog timer period

0 0
0 1
1 0
1 1

WDTCR ADDRESS PORT

WDTCR

;[ D7 | D6 | D5
1 0 1
0 1 0
SCRP  ADDRES

D4 |

PORT

= TcCx2(16)
= TcCx2(18)
= TeCx2(20)

= TcCx2(22)

= F1H

Watch Dog Timer Command Register

D3 | D2 | D1 | DO ]
0 0 0 1
1 1 1 0
= EEH
Kegister Pointer

value power-on reset

should be 1 1

control register initialize
1 = only on power-on reset

on reset

reset output disabled

[}

1 disabled

o
[}

enabled

clock divide-by-one

1 divide one

divide two

(B1H) disable WDT

(4EH) clear VDT



o
o
o
o
o
o
o
o
1]

(00H) pointer WCR

o
o
o
o
o
o
o
—
L[}

(01H) pointer MWBR

; WCR ADDRESS PORT = EFH

; WCR Wait State Control Register

;[ D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO ]

;1 1 1 1 P! ] 1 1 16-M1 after power on reset
T P I l l | I I

i | l N V2T — I/ONg§it

i | interrupt | l 0 0 = no wait

i | 0 = no wait | | 0 1 = two wait

i | 1 = one wait | | 1250 =h four wait

;| | | W

six wait

i | | __ memory wait

i [ 0 0 = no wait
s op-code fetch 0 1 = one wait
T 0 = no add wait 1 0 = two wait
i 1 = add 1 wait 1 1 = three wait

i interrupt daisy chain wait

: interrupt acknowledge RETI

i 0 0 = 0 wait state 0 wait state
H 0 1 = 2 wait state 0 wait state
: 1 0 = 4 wait state 2 wait state
H 1 1 =6 wait state 4 wait state
; MWBR ADDRESS PORT = EFE

i MUBR  Memory Wail Beundary Register

;[ b7 | ps | DS | D4 | D2 | B2 ! P1 | Do

bsad

—
s
=
D
)
]
<
<
v
bt
o
19

OoN power-on resel

o



184

; I |__ memory wait low boundary
§ | address (Al15-Al12) for

H [ memory wait insertion

4 memory wait high boundary
; address (A15-A12) for

H memory wait insertion

BEGIN: EQU 8000H

ORG 6000H

CPU "Z80.TBL"

HOF "INT8"

; PORT DEF
PA: EQU  50H
PAD: EQU 54H
PB: EQU  51H
PBD: EQU  55H
PC: EQU 52H
PCD: EQU  56H
PD: EQU  30H
POD: EQU  34H
PE: EQU  40H
PED: EQU | 44H
; CTC DEF

CTCO: CQU 108



CTC2:

CTC3:

; RTC DEF

RTC:

SEC1:

SEC10:

MIN1:
MIN1O:
HOURT1 :

HOUR1O0:

DAY1:
DAY10:
MCN1:
MONiOQ:
YEAR1:

YEAR1O:

CREGD:
CREGE:

CREGF:

RST38:
RXEYTE:
TXBY1E:
DSPC:

T
FAC

3

C:

EQU

EQU

EQU

EQU

EQU

EQU

EQU

EQU

EQU

EQU

EQU

EQU

EQU

EQU

EQU

EQU

EQU

EQU

EQU

EQU

EQU

ta
&

EQU

185

12H

13H

0AOH

RTC

RTC+1

RTC+2

RTC+3

RTC+4

RTC+5

0A6H

0A7H

0A8H

0A9H

0AAH

0ABH

RTC+0DH

RTC+0EH

RTC+CFH

9F93H
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SYSCAL: EQU 10H
BS: EQU 8H
INITIAL: LD A,O0FFH

OUT (PCD),A
LD A,O00H
OUT (PAD),A
OUT (PBD),A
D A,3FH

OUT (PED),A

ST1: LD A,8CH ; initial lcd.

RST 10H

] O RERRAAKXRARRXARRR KRR K X

;o SET INTERRUPT *

] XEXEXAKRKRALRRAAKR AR R K

SINT: DI
IM i
LD HL,INT
LD (RST38),HL
LD A,00H ; SET 24H OR 12H
OUT  (CREGF),A
LD A,04H ; SET 24H
OUT."7 ( CREGF) /A

ouTr (CREGE) , A ; SET INT 1 SEC
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CALL SHOWI

CALL DELAYT

LD A,92H

RST 10H
; Wk vt e ok kR kR KRR K KKk
; = RECIVE DATA =
; KREERRKR R LR K K kR RK
;1 CHECK HOLD MARK °
;2 CHECK START BIT
;3 READ DATA 8 BIT
4 CHECK STOP BIT
;5 SAVE DATA
;6 CHECK = END DATA
;7 BEEP
; PB7 = INPUT
HOLDMARK : CALL SHOWREADY
IN A, (PB)
out (pc),a
NOP
BIT 7,A
JR  Z,HOLDMARK
 MARK OK

; CHECK START



; START OK

we

READ:

DATA:

MARK:

SPACE:

CHKFORMAT :

;0 OK 8 BIT

IN

out

NOP

BIT

JR

CALL

LD

LD*

IN

out

BIT

JR

SETT

RRC

DEC

JR

LD

188
A, (PB)

(pc),a

7,A

NZ, CHKSTART

STOPBIT

D,00H

E,08H

A, (PB)

(pc),a

L%

Z,SPACE

7,D
D

CHKFORMAT

w2
N
[43]
ol
o
—
3

A,D
,D

C, 4
'y



CSTOPDATA:

; CHK STOP BIT

; PRINT DATA ERROR

S1BIT:

RST

CALL

IN

out
NOP
BIT

JR

CALL
CALL
LD

RST

DFB
DFB

CALL

CALL
CALL
CALL
CALL

JR

CALL

JR

189

10H

STOPBIT

A, (PB)

(pc),a

7 A

Z ,HOLDMARK

BEEP
CLRLCD2
A,91H

10H

"xxx DATA ERROR
00H

DELAYT

CLRLCD2

SHOWREADY

DELAYT
LRLCD2

HOLDMARK

EIT1

DATA

® K

®



; * SCANKEY =

o
3

; OUT LOOP WHEN

KBUFF:

SCANK:

3

RIS RR KKK KR

190

KEY PRESS

EQU 0EOO0OH

LD A,94H
RST 10H
LD ~ (KBUFF),A

CALL BEEP

RERKEKEERERXRARAARRAKRARRERRER R

; = CHK FUNCTION KEY PRESS =

STAKEY :

SRUN:

ON:

OFF:

CEKFNC:

KEEERERAEARERERRRRA KRR R KKK R AR

EQU 0EOO1H

EQU 0E002H

EQU 22H

EQU 00H

LD 4, (KBUFF)
CP FNC

JR Z ,CHKFNC
CP FRUN

JR Z,FNCRUN

JP CHKO¢

¢

CALL LRLCD2

@
7

I.D A;921K

.
)

.
9

.
b

HERXRKRERRRRRRR T —m—mm—moo o=

SCAN KEY

SAVE KEY BUFFER

Je ¢ Jenvioughtssinotesitasloutieit SF ool = = = = = & =5

RERKRKEEKR KRR — == e e =

.
)

CHK FUNCTION RUN



FNCRUN:

RUNSEND:

DFB

DFB

LD

LD

LD

LD

JP

LD

CP

JR

JP

CALL

CALL

LD

LD

LD

RST

DFB

DFB

CALL

191

"MASSAGE: (F1 - F10)"

00H

A,ON
(STAKEY) , A
A,OFF
(SRUN), A

SCANK

A, (SRUN)
ON

Z,RUNSEND

SCANK

BEEP
CLRLCD2
A,OFF

(SRUN) , A

A,S1H
10K
" x SENDING

00H

SENDDATA

i SHOW DATA END SENDING & BACK TU START

CALI. CLRLCD



LD A,91H

RST 10H

DFB " = SENDDATA OK = "

DFB O0O0H

CALL DELAYT

CALL CLRLCD2

CALL SHOW1

JP SCANK

; RREXRRRKXKKRRRRRRRERKL KRR AR

* CHK FUNCTION 0 - 9

R

;] ORERXRKLERKAAARKRRARRRAREKRIRR KRR K

CHKO09:

LD

JP

A, (STAKEY)
ON

NZ, SCANK

A,CIF

(STAKEY),A

A,CN

(SRUN), A

)

CFF STAKEY

OM STATUS

RUM



Fl:

F2:

F3:

F4:

F5:

F6:

F7:

F8:

F9::

F10:

FNC:

FRUN:

EQU

EQU

EQU

EQU

EQU

EQU

EQU

EQU

EQU

EQU

EQU

EQU

LD

CP

LD

CP

4P

193
OEH
05H
00H
03H
0AH
04H
07H
02H
§BH

06H

0FH

01H

A, (KBUFF)
Fl

Z,FNC1

A, (KBUFF)
F2

Z,FNC2

A, (KBUFF)

joke]
rs

Z,FNC3



’

&5 e K gk K KK Kk k% ok Yook ok

* DO FUNCTION =

B I B R R R B

CP

JP

LD

CP

JP

LD

CPi

JP

LD

CP

JP

LD

Ccp

JP

LD

CP

IR

JP

154
F5

Z,FNC5

A, (KBUFF)
Fé6

Z ,FNC6

A, (KBUFF)
F7

Z,FNC7

A, (KBUFF)
F8

Z,FNC38

A, (KBUFF)
F9

Z,FNC9

A, (XBUFF)

F10

Z,FNC10

SCANK



DF1:

FNC2:

DF2:

FNC3:

DF3:

FNC4:

FNC5:

LD A,91H

RST 10H

DFB

" FLOOD DISASTER NOW "

DFB O0OH

JP

LD

RST

DFB

DFB

JP

LD

LD

RST

DFB

DFB

LD

LD

RST

DFB

DFB

JP

e

o

&)

195

SCANK

IX,DF2

A,91H
10H

00H

FIRE

SCANK

IX,DF3

A,91H

10H

“ SNOW STORM NOW

00H

SCANK

A,91H

10H

" THUNDER STORM NOW

00K

SCANK

r—t
>4
jw)

1

A,918

o

NOW

L



DF5:

FNC6 :

DF6:

FNC7:

DE733

FNC8:

DF8:

FNC9:

DF9:

196

DFB " MONSOON NOW

DFB O0OH

JP SCANK

LD IX,DF6

LD A,91H

RST 10H

DFB " TO STRIKE NOW
DFE  00H

JP SCANK

LD IX,DF7

LD A,91H

RST 10H

DFB " TO RABEL NOW
DFB  00H

JP SCANK

LD IX,DF8

LD4%, A+913H

RST 10H

DFB *® DECLARE WAR
DFB O0OH

JP SCANK

LD IX,DF9
LD A,S1H
RST 10H

DFB " EARTHQUAKE ~ NOV

DFB 0OOH

»
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FNC10: LD IX,DFlo0
LD A,91H
RST 10H

DF10: DFB "UUUUUUUUUUUUUUUUUUUUU"
DFB O0OH

JP SCANK

Pl SR
; = SHOW TIME"»
mwwramann Pl xx i
SHOW1 : LD A,91H ; DISPLAY BLOCK
RST 10H
DFB "= RECVIER..PROJECT 2 % "

DFB 00

RET

SHOW2: LD “A,91H ; DISPLAY BLOCK
RST 10H
DFB. "x SENDDER..PROJECT 2 x "
.DFB 6o

RET

SHOWREADY : LC A,S1H ; DISPLAY BLOCK
RST 10H
DFBE "xxx RX.. READY =xx"

DFB 00

A%

4

OK: CALL CLRLCD2

>

v

..

LD A,%1H



.
)

x®

INT:

i READ DATA DD/MM/YY

show line 2

LRSS EEEEEEEEE S 2

*

R KKk kK kKR Kk Kk KKk Kk Kk k

198

RST 10H

DFB  "xxxxx RX.. OK!

DFB 00
RET

PUSH  AF

PUSH BC

PUSH DE

PUSH HL

LD C,40H

LD A, 8DH
RST 10H

IN A, (DAY1)
AND OFH

LD B,A

IN A, (DAY10)

CALL SHIFT

AND 0OFOH
ADD A,3
LD C,A

CALL DISPLAY

LD o . " / .

CALIL ASCPLAY

KxdkKx"



IN

LD
IN

CALL

ADD

LD

CALL®

LD

CALL

IN

AND

LD

IN

CALL

ADD

LD

CALL

IN

AND

LD

IN

199

A, (MON1)

OFH

B,A

A, (MON10)
SHIFT
OFOH

A,B

C,A

DISPLAY

L
ASCPLAY

A, (YEAR1)
OFH

B,A

A, (YEAR10)
SHIFT
OFOH

A,B

gl

DISPLAY

C,4CH
A, 8DH

10H

A, (HOUR1)
OFE
B,A

A, {HOUR10)



ADD

LD

CALL

LD

CALL

IN

LD
IN
CALL

AND

LD

CALL

LD

CALL

IN
AND
LD
IN
CALL
AND

ADD

CALL

200

OFOH

DISPLAY

’c’":"

ASCPLAY

A, (MIN1)
OFH

B,A

A, (MIN10) -
SHIFT
0FOH
A,B
CrA

DISPLAY

(072

ASCPLAY

A, (SEC1)
OFE

B,A

A, (SEC10)
SHIFT
0F0H

A,B

@A

DISPLAY



SHIFT:

DISPLAY:

ASCPLAY:

DELAYD:

BEEP:

POP
POP
POP

POP

EI

RET

RLCA
RLCA
RLCA
RLCA

RET

LD

RST

RST

RET

LD

GuT

201

HL

DE

AF

A, 8FH

10H

A,3EH

10H

A,93H

10H



BEEP{ §

BE1g

BEEP2:

B2:

ALARM:

ALR1:

ouT

CALL

XOR

ouT

CALL

DJINZ

RET

LD

NOP

NOP

DEC

JR

RET

LD

NOP

NOP

DEC

JR

RET

202

(PE),A

BEEP1

(PE),A

BEEP2

Bl

NZ,BE1

A,6C

NZ,B2

;1100
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RET

CLRLCD: LD C,00 ; START LINE

LD A,8DH

RST 10H
RET
CLRLCD2: LD C,00
D A,8DH
RST 10H
) LD A,91H
RST  10H
g T, : ?
DFB  00H
LD G, 00

LD A,8DH

RST 10H
RET
DELAYT: LD C,109 -

LD A,93H

RST 10H

RET
BIT: EQU 8000H ; 2FOCH
TSTOPBIT: EQU 8500H ; 4600H

H ARKAFTA AL AKX XX XA KK KNRT KK XX

joox = SUBS FPORZSEND AHATA:

H WO WM U N A 3k K k% ok e g T ST MR
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;***#**********
1= SET DATA =
;**************

; OUT DATA RS 232 OUTPUT PE5

SENDDATA : DI
LD B,08H
£D Aesnloel X0 )

LD D,A

LD A,00H ; START BIT
OUT = (PE),A
OUT  (PA),A
OUT  (PB),A

CALL BIT1 s JDELAY)1 BIT

SDATA: LD A,D ; FOR DATA SET
OVT, . (PE),A
QUT e=(eP ey

OUT . (PB). A

RRC A
LD D,A
CALL BIT!

DJNZ SDATA

-
o]

A, OFFH
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OUT (PA),A

ouT (PB),A

CALL STOPBIT i DATA STOP BIT

FHREEKXKERLARKXARRKRRRRRA AR R

;* CHECK END SEND DATA =

.

PREXKKARRKRKKKAKRKRRAKA KK A REK K
; CHK DATA END
INC IX

LD A, (IX+0)

cp 00H
JR NZ,SENDDATA  ; GOTO SEND END
EI
RET
® &
g2 % “DELAY. 1 BIT 9
H EE S R SR S EESEE SRS
BIT1: LD HL,BIT
DELBIT: DEC  HL
LD ALH
OR L

JR NZ,DELBIT



206

: * DELAY ‘STOP :BIT  x

%k k Kk %k kK Kk kX ok Kk ok %k ok k Kk k%

STOPBIT: LD HL, TSTOPBIT
DELSTOP: DEC HL

LD A,H

OR L

(e
o

1

N

MAAAAAN
NYAYAZATA)
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6 wanl1IvmaaduazdIUdanIINaasd
L)

6.1 HanlIInagady

N1TNAADY LNUINUYLIUGY DATA TAUNITNINIUYEY Program Vo
MICRO CONTROLLER UNIT Iaunwmualuvouav nd1dinuetiu Memory usu

] v ] v -t v v o
YDINITAIVONALAALYONANNN WUATAYU Function key WIUTzNOUAIUYDNANY
~ v ~ ~

¥
-
U:

F1l =  "FLOOD DISASTER NoOwW"
F2 = "EARTHQUAKE NOW"

F3 = "FIRE NOW"

F4 = "SNCW STORM NOW"

F5 = "THUNDER STORM NOW"

Fé6 = "MONSOON NOW"

F7 = "TO STRIKE NOW"

F8 = "TO RABEL NOW"

F9 = "DECLARE WAR"

F10 = "UUUUUGUUUUUUUUUUUCUUU"
FNC = uﬁmaﬁagaiwﬁ%agaaﬁuauLﬁﬂﬂﬂ
SND = SEND MASSAGE

: vitian - s
NIINAFOUNITNINIUVDY Program A uds tuon® FNC  LCD udaJdHandu:

: i - : 5 o
"MASSAGE: (F1-Fi0)"uaziNona Function key L9U na F1 nazyUsing

Youah LCD @4l "FLOOD DISASTER NOW" uaziiona key END Yauanason

A907U SERIAL PORT 1 Modulate iy Frequency chief keying 10

<4 «d o ~ -
output LdTUULVUUNY input A393UN 1
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L 12 bits (0.75 seconds)———

1 code word

ESK signal
freguencies of
| 24 Hz and 32 Hz

Eﬂﬂ 1 1U3uuLnuudanOn output Mon modulate #7Y Hywon  input

N717AABIYUIUNITIU Data 1AUNTTA® Output ¥4 FSK modulator

1970U  input Y04 FSK Modulator waliadnyginiiUIuuihuy Data input o4

modulator NU Output ¥84 FSK Demodulator ﬂ:WﬁﬁdEUﬁ 2

AT ANIY i

|
)
]

——— i v

~
(T
{0 JOU
@
O
O
e T)
Q.
n
~

e i . ' :
| ‘. ‘] 1 code word
| |

S e o »
\

[l

<4 <4 -~ w - ~ o
?ﬂﬂ 2 uﬁﬂﬂﬂﬁTLUTUULWUUﬁQNWW Deta WNTINUTU
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D4 =2208

vy AL b _1_' . .
Monolithic Function Generator
-;GENERAL DESCRIPTION & " FUNCTIONAL BLOCK DIAGRAM .
‘_':;;The XR-2208 is a monolithic function’ generator inte- '
+ grated circuit Capable of producing high quality sine,

““square, triangle, ramp, and pulse waveforms of high~ . CrEE R
+:stability and accuracy. The output waveforms can be *© Diee E 16
 both amplitude and frequency modulated by an exter- *, , SYMMETRY
nal voitage. Frequency of operation can be selected ~~OR A Aoy
“externally over a range of 0.01 Hz to more than 1 MHz. QuUTPUT E E ._j
2 . MULTIPLIER
- The circuit is ideally suited for communications, instru- MULT. OUT E Q&OE _E
mentation, and function generator applications requir- SHAPER WAVEFORM
ing sinusoidal tone, AM, FM. or ESK generation. It has a %7 9
typical drift sgecification of 20 ppm/°C. The oscillator Vee E 113 _]
- frequency can be lines rly swept overa 2000: ¢ frequen- \
‘cy range, with an axternal control voltage, having a E E GRCUND
very small affect on distortion, - TIMING vco
CAPACITOR 3
LEHL 7] s
EATURES ~ ' L [T— l L 10| svpass
'FF l O Rssrs"?%r;g’
: —
Low-Sine Wave Distortion 0.5%, Typical L l_8— Si%iéig g fﬁ;‘ur
Excellent Temperature Stability 20 ppm/°C, Typical =
¥ide Swesp Range 2000:1, Typical
Low-Sugply Sersitivity 0.01%YV, Typical
trear Amplitude Modulation ORDERING INFORMATION
TTL Compatible FSK Contrels
Wide Supoly Range . 10V'to 28V Part Numbar Packagas Operating Tempearaturs
vAd;ustab!e Duty Cycia 1% 0 89% XR-2206M Ceramic =553C40 + 125°C
' XR-2206N Ceramic 08Cfto +70°C
XR-2205pP Plastic 0°Cto +70°C
XR-2208CN Ceramic 0°Cto +70°C
APPLICATIONS XR-2208CP Plastic : 0°Cio +70°C
Waveform Geieration
Sweez Genaration
AMIFM Geaneration > : SYSTEM DESCRIPTION
YIF Conversion :
FSK Generaticn ) The XR-2206 is comprised of four functicnal blocks: a
Phase-Locked Loogs (VCO) voltage-controlled osciliator (VCO), an anaicg muitiolier
) and sine-shaper; a unity gain buffer amplifier: and z sat
cf current switches.
in The VCO actually produces an output frequency pro-
~8SOLYTE MAXIMUM ALTINGS portional to an input current, which is procduced by a re-
I sistor from the timing terminals to ground. The current
| i‘:‘wer Supply 26V swilches route one of the timing pins current to the
| "Cwer Dissinating 730 mw VCO controiled by an £SK ingut pin, to oroduce an out-
.ogle?‘? Ahove 25°¢ 5 mw/eC put frequency. With two timing pins, two discrata cutput
Sors 'ming Curreni § MmA fraquencies can be indegendently producad for F3K
“'302 Temperatyre -85°C to +150°C Generation Acplications.

|
I
!
i



raquency-Shift Keying:

. Tne XR-2206 can be operated with two separate timing

- resistors, Rq and Ry, connected to the timing Pin 7 and
8, respectively, as shown in Figure 12. Depending on
the polarity of the logic signal at Pin 9, either one or the
‘other of these timing resistors is activated. If Pin 9 is
. open-circuited or connected to a bias voltage =2V, only
Ry is activated. Similarly, if the voltage level at Pin 9 is
<1V, only Ro is activated. Thus, the output frequency
can be keyed between two levels, f{ and fp, as: ~

f1 = 1/R4Cand fp = 1/R2C

For split-supply operation, the keying voltage at Pin 9 is
eferenced to'V=,

Uu‘tput DC Level Control:

The dc level at the output (Pin 2) is approximately the
same as the dc bias at Pin 3. In Figures 10, 11 and 12,
Pin 3 is biased midway between V+ and ground to
give an output dc level of =V +/2.

APPLICATIONS INFORMATION Rl
Sine Wave Generation
Without Extarnal Adjustment:

Figure 10 shows the circuit connection for generating a
sinusoidal output from the XR-2206. The potentiometer,
Ry at Pin 7, provides the desired frequancy tuning. The
maximum output swing is greater than'V+/2, and the
typical distortion (THD) is <2.5%. If lower sine wave
distortion is desired, additional adjustments can te pro-
vided as described in the following section.

The circuit of Figure 10 can be converted to split'-supply /

operation, simply by replacing all ground connections

with V= For split-supply operation, Ra can be directly

connected to ground.
‘With Extarnai Adjustmant:

The harmonic content of sinuscidal output can be re-
?UG_?d to =0.5% by acditional adjustments as shown
In Figure 11. The potentiometer, R, adjusts the sine-
<hapmg resistor, and Rg provides the fine adjustment

xor the waveform symmetry. The adjustment procedure
s as follows:

- Sel Rg at midpoint, and adjust R for minimum
. distortion.

~ny

- With Ra set as above, adjust Rg to further reduce
distortion.

Tianqle Wave Generation

l::nclrcuna of Figures 10 and 11 can be ccnvarted to
1333(181\2/3\/‘: generation, by simply open-circuiting Pin

{i.e., Sy coen). Amplitude of the triangle is ap-
P”‘Ylm?.ew twice the sine wave outout.

XZF%?.ES%

Figure 12 shows the circuit connection for sinusoidal
FSK signal operation. Mark and space frequencies can
be independently adjusted, by the choice of timing re-

FSK Generatmn

" sistors, Ry and Ro; the output is phase-continuous dur-

ing transitions. The keying signal is applied to Pin 8. The
circuit can be converted to split-supply operation by
simply replacing ground with V.

Pulse and Ramp Genaration

Figure 13 shows the circuit for culse and ramp wave-
form generation. In this.mode of cperation, the FSK key-
ing terminal (Pin 9) is sHorted to the square-wave output
(Pin 11), and the circuit automatically frequency-shift
keys itself between two separate frequencies during
the positive-going and negative-going output wave-
forms. The pulse width and duty cycle can be adjusted
from 1% to 99%, by the choice of Ry and Rg. The val-
ues of Ry and Rp should be in the range of 1 kR to 2
MQ. g

PRINCIPLES OF OPERATION
Description of Controls
Frequency of Ogeration:

The frequency of oscillation, fg, is determined by the ex-:
ternal timing capacitor, C, across Pin 5 and 8, and by -
the timing resistor, R, connected to either Pin 7 or 8.
The frequency is given as: .
1 .
fo = — Hz S
°~ RC

and can be adjusted by varying either & or C.-The rec-
ommended values of R, for a given frequency range, as_' 5
shown in Figure 4. Temperature stabiiity is optimum for. .
4 kQ < R < 200 k@. Recommended values of C are
from 1000 pF t0*100 uF.

Fraquancy Swenp and Modulatian:
Frequency of oscillation is proportional ta the total tim-

ing current, iT, drawn from Pin 7 or 8:

320 It (MmA)
C (uF)

Timing terminais (Pin 7 or 8) are low-impedance ooints,
and are internally biased at + 8V, with respect to Pin 12.
Frequency varies linearly wlth IT. over 2 wide range ol
current vaiues, from ! pA to 3 mA. The frequency cam
he contrelled bty applving a contre! voltage, Vg, o the
activated timing pin as shewn in Figure 9. The frequen-
cy of osclllation is related to V¢ as:

1 R

f= s Bp-You,
RC Rc 3



XR-2208
where Vg is in volts. The voltaga-to-frequency conver-
sion gain, K, is given as: )

0.32
K = afflaVC = — 22 pyopy
RcC

-

CAUTION: For safety operation of the circuit, It
should be limited to <3 mA.
Output Amplitude: &

Maximum output amplitude is inversely proportional to
the external resistor, R3; connected tc Pin 2 (see Figure
2). For sine wave output, ampiitude is approximately 60
mV peak per k of Rg; for triangie, the peak amplitude
is approximately 160 mV peak per kQ of Rg. Thus, for
example, Rz = 50 kQ would produce approximately
=3V sinusoidal output amplitude.

v+ =

o

K

Amplitude Modulation:

Output amplitude can be modulated by applying a de ;.
as and a modulating signal to Pin 1. The interhal impeg.
ance at Pin 1 is approximately 100 k. Output ampii
tude varies linearly with the applied voitage at Pin 1, 1o
values of dc bias at this pin, within =4 volis of V +» as
shown in Figure 5. As this bias level approaches Vs,
the phase of the output signal is reversed, and the am.
plitude ‘goes through zerc. This property is suitable for
phase-shift keying and sug ,essed-carrier AM genera.
tion. Total dymamic range oi amplitude modulation is ap-
proximately,55 dB. ~ NN

CAUTION: AM control must be used in conjunction
with a well-requlated supply, sirjce the output ampiitude
now becomes a function of Vsl g v owpinl

14
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Figura}‘. Circuit Connection for Frequency Swesp.

MNe/oR AN
QuTPUT

UAREWAVE

|
o]
Sy CLOSED FOR SINEWAVE = i

Figure 10. Circuit for Sine Wave Genaratinﬁ without External
Adjustment. (See Figure 2 for Choice of R3).
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= XR-2208 =T § o

- Apmm AAA, F | COUAREwavs
1 ‘V}F Al,\,’.{—{j i A sureur
$— ! =ik

S [ CO n

z = 5

54 CLOSED FOR Sine wAvE

Flgurs 1. Circuit for Slne Wave Ganeration with Minimum

Harmonic Distortlon. (R Determines Quiput
Swing—Sss Figurs 2.)
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Figure 12. Sinusoidal FSK Generator.
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XR-2208

ELECTRICAL CHARACTERISTICS

Test Conditions: Test Circuit of Figure 1, V* = 12V, Ty = 25°, C

= 0.01 »F, Ry = 100 kR, Ry = 10kQ, R3 = 25 kg 5,
uniess otherwise specified. S1 open for triangle, closed for sine wave. -
: XR-2206M XR-2206C
PARAMETERS MIN | TYP [ MAX | MIN | TYP [ MAX | UNITS CONDITIONS
GENERAL CHARACTERISTICS .
Single Supply Voitage 10 26 10 26 \
Split-Supply Voltage +5 +18 | %5 +13 \ : :
Supply Current _ 12 17 14 20 mA |Ry = 10kQ
OSCILLATOR SECTION
Max. Operating Frequency 0.5 1 0.5 1 MHz | C = 1000 pF Ry = 1k Q
Lowest Practical Frequency 0.01 0.01 JHz C=50uFR Ry =2M0Q
Frequency Accuracy +1 +4 + % of fg | fg = 1/R4C
Temperature Stability =10 £50 =20 ppm/°C | 0°C =< Tp = 70°C,
' Ry = Ro=20kQ 5
Supply Sensitivity - 0.01} 0.1 0.01 %N Yiow = 10V, VyigH =
) _|Ry =Ry =20kaQ
Sweep Range 1000:1| 2000:1 2000:1 fy=1f_ | fy @Ry =1kQ
fLery =2Ma
Sweep Linearity .
10:1 Sweep 2 2 % fL = 1kHz, fy = 10 kHz
1000:1. Sweep 8 8 % fL = 100 kHz, fy = 100
i kHz
FM Distortion 0.1 0.1 % | =10% Deviation
Recommended Timing
Components
Timing Capacitor: C 0.001 . 100 ; 0.001 100 uF See Figure 4.
Timing Resistors: 1 2000 1 2000 kQ
R1 &Rp
Triangle Sine Wave Output See Note 1, Figura 2.
Triangle Amplitude 160 160 mV/k Q | Figure 1, S¢ Open
Sine Wave Amolituge 40 60 80 60 mV/k Q@ | Figure 1, Sy Closed
Max. Output.Swing 5 A8 V. p-p
Output Impedance 800 800 Q
Triangle Linearity 1 1 %
Amplitude Stability 0.5 0.5 dB Fer 1000:1 Sweep
Sine Wave Amplitude 4800 4800 ppm/°C | See Note 2.
Stability
Sine Wave Distortion
Without Adjustment 25 A5 % Ry =30kQ
With Adjustment 0.4 1.0 0.5 1.8 % See Figures 6 and 7.
Amplitude Modulaiion .
Input Impedance 50 100 50 100 kQ
Moduiation Range 120 100 %
Carrier Suporession g5 55 daB
Linearity 2 2 % For 95% modulaiion
Square-Wave Qutout
Amplitude 12 12 YV p-p | Measured at Pin 11.
Rise Time 250 R 250 nsec |C_ = 10 pF
Fall Time 50 50 nsec [Ci = 10pF
Saturation Voltaga 02 | 0.4 0.2 0.6 v IL=2mA :
Leakage Current 0.1 20 0.1 100 RA Viy = 28V l ol
FSK Keying Level (Pin 9) 0.8 1.4 2.4 0.8 1.4 2.4 \ See secticn on circuit
controis ,
Relerence Bypass Vollage 29 | 21 | 33 215 3 3.5 \% Measured at Pin 10. !

Nete 1: Qutput ampiitude is directly proporiicnal to the resi
Nota 2: For maximum ampiitude

v

TeS

istance, R, on Pin 3. See Figure 2.
stability, R3 should be g positive temgerature coefficient resistor.
Y, 13 + ~
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XR-2211

FSK Demodulator/Tone Decoder

GENERAL DESCRIPTION : o .

The XA-2211 18 8 monciinic phass-locked loop (PLL)
dystsm sepaclally gasignad for gala communications |t
I8 parniculurly wali suited lor FSK modsm applicationa.
It cpearatas over a wids Supply vollage range of 4.5 (o
20V and a wide lraquancy rangs of 0. 01 Hz 1o 300 kHz.
Il can accommaodals 1nalog 11gnals balwean 2 mV and
V. and can Intarfaca with conventional DTL, TTL, and
ECL logic familisa. Tha cicuit consisls of w basic PLL
lor trucking an Inpul si1gnal within Ine pass bang, a
Quadrature phuse-dateclor wnich plovide§ carriss de-
laction, and an FSK voltags camparstor which providag
FSK demoaulation. Exfarnal compaonenis are usad o In-
degendaently sal cantar frequuncy,‘!}andw»am, and oul-
put defal An Internal vaituge relurency proportional o
INa power supEly proviass ralic matric oparelion (of low

fysiem performanca veriations with  powar Supply
¢nangaa.

Tha XR-EQH I8 avallable in 14 pin OTL caramic of plag-

lIC packages spacilisd lar commarcial or mililary tem-
porature ranges.

FEATURES

Wida Frequency Range

Wida Supoly Voltage Range
OTUTTWECL Logic Compalibllity
FSK Demoauiation, with Carrler Datactlon

Wias Oynamic Range 2mV1e3Y ms
Adjustabte Tracking Range (2 1% I 1 80%)
Excsllent Tamg. Stabiity 20 ppmeeC, typ.

G.01 Hz 10 300 xHz
45V 1020V

APPLICATIONS

FSK Demodulation
Oata Synchionization
Tene Dacoding

FM Dataction

Cainer Quisction

ABSOLUTE MAXIMUM RATINGS

Sowar Supply
Input Signal Laval
Power Oissipaiion
Cararmic Pacxige
Dorata Abova Ty = +25°C
Pssuc Packxage
Darats Apove TA = +25°C

20V
3V 1ms

750 mw
8 mvI*C

5.0 mwisC

FUHCTIONAL BLOCK DIAGRAM

i
E jJACJIOQ

12 Lﬂ'a:?oa

9| =
FREAY
COM el

ORDEAING INFORMATION

Part Humbder Packags Opesallag Tamperatuse
XR-2211M Caramic "-585'Clo +125°C -
XR-2211CN Caramic 0°C o +70°C
XR-2211CpP Plastic 0°Cta +70°C
XR-2211N Caramic  «  -40°C1o +85°C
XR-221:1pP Plastic -40°C lo +85°C

SYSTEN DEACRIPTION

The main PLL wiihin the XR-2211 ig consliuctad fiom
an Inpul preampiiiar, analog multipliar used as a phase
detactos, and & piacigion vollage controllad oscillatos
(YCQ). Tha preumptiliar I8 used as a limuter such thai in-
put signals abave typically 2MV RMS are amgliliad to &
coanstant high lavel signal. The multlplying-typs phase
deiaclor ucis as a cigual axclusive of gata. |ts outpui
(unfiltered) preducas sum and ditfarsnce fruquancias of
Ihe nput and the YCO output, fnput + tinput (24 input)
and fIngut - { incul (0 Hi1) whon tha phase daisctar cul-
pul to ramove the “sum” lraquancy comoonent whils
passing tha diilsrenca (DY component 10 crive 'ne
VCO. The VCO I uctually a currang ccntrailad osclilates
wiin llg nominai Inpui currant {lg} sat by & resistor (Roy
la ground and its diiving current with a fesisicd (Fy)
lrom tha phasa datactor, :

The other sactions of the XR-2211 act l0: detarming |
the YCO ia drivan above or Saiow he canter irequancy
(FSK comparuiar); producad both aclive high ang active
oW cuipule 10 Indicals when the Mak PLL lg i ock
{Quadrature phasas CACION NG OSK 3alecior COMoae g
s ' '



XR-2211
9. Totsl Loop Gain, Ky
KT = 2¢rKgKg = 11CH 1adlsechvolt

t0. Peak Phase Deisclos Current ia:

ip = ¥R (vollay25 mk

APPLICATIONS iNF_GRHAﬂ{]‘r}'
FSX DECODING:
Figure 9 snows ihe basic circuit connection lar FSK de-

coding Wih relarance to Figures 2 and @, lhé func
lions ol eaterndi coMponunts are delined as iollows: Ay

and Cq st Ihe PLL cenler liaguency, Ry sals the ays. .

lam bandwidih, and C1 sels the icop Nller lims con-
stdnt and the loop demping factor Cg and Rf form a
one-pele post-detuclion hilter for the FSK dala oulpul.
The r8sistor Ry (=.510 K0) irom Pin 7 10 Pin 8 Intro-
duces posillve leedback across the FSK compatalor e
tacihlate raplid transihon belween oulpul logic states,

Recommended componant valuas lor some of tha most
commonly usad FSK bands are given In Table 1.

Dasigs instructiens:

The circuit of Figurs 8 can be tallored for any FSK de-
€oaing application by the choice of Jive key clrcuit com-
ponents. Ry, Ry, Cq. Cy and Cg. For a given sel of FSK
mark and space liequaencies, [y and 19, thesa parame-
tere can ba calculalud as {ollows:

&) Calculate PLL center frequency, fg:

;10-%2 P .

b) Choose value of timing resistor Ag, 1o be In ihe
fange of 10 K 10 100 KQ. This choice ie arbitrary.

%

ve

>
S
>

e Yo rrtast
Lo i : H“_—ﬂ e ogrscioa

o
Vaer AA

[ERANPI] ou

S

108
Vi biositount = VO [l s 18 ay
(2PN T] 6. 30K,

Flours 3. DessnsRizing laput Stage

The recommencsd value '8 By = 20 K. The fina}

velue of Ry ls normaliy line-luned wilh the sarles po-
tentlomater, _Rx.

c) Cakulale value of Cg from design agualion ) or
fiom Figure &:

Cq = WRng

54 Caléulale Ry 1o give @ A! agual (o the mﬁrk apacy
devlation: L

Ry = Rolfpiiy =ip))

a) Calculale Cy 10 sel loop damping. (Sea design equs-
tlori Na. é.):

Normally, } = 1/2 ls recommended.

Then: Cy = Cold tor [ = 1/2

{} Calculate Data Fllter Capacitance, Cr:

For RF = 10C KO, Rg = 510 KA, tha recommendad
value of Cg Ia: ) 3P . ¢

Cf = 3(Baud Rata) uF

Nota: ANl calculated component vaiues except Ro can
be rounded 10 Ihe neares! slandard veiue, and Ay gan
be varled lo fine-tune center fiequency, through-g sa-
ries potentlomelar, Ry. (See Figura 8.) '

‘kall" L~
A

/
L1 ]
S

% /‘
S
=

U T TR Y T T R ) u_u'n 2K
. BUSPLY VOLTASE, Yo (YOLTH

Fhun- 4, Typical Supply Currant vs ¥+ (Lagie Outputs
Dpen Clculted) ‘



e lonw ltequency, 1g, Whuse paramelsie 810 Cylcu.
aivad sv 10llowa:

8) Choosa Rg 10 ba |n the rangs ol 15 KQ 1o 100 K()
This choica 1s arDIlrary,

b} Calculate Cq 1o aat cantar ltequancy, tg equal 1o lg
(se@ Figurs 6). Cg = 1Rylg .

¢) Calculate Ry to sel bandwidih z Al (s8® dusign
8Quation No. 5);

Ry = Rilp/al) _ .

Nots: Tha totat dalsction bandwidih cavers he Ira-
Quency range of fg = Al

a) Calculate valus of Cy for a given loop damping
lactor; ;

Cy = Cyi8r2

Normally f < 125 oplimum for maoat lgna dalector -
plications, yiying Cy = 0.25C,. !

Increasing Cy Improves ihe oul-ol-band 8ignal rajac-
LON. Vul Incraasss the PLL caplure ima. X

#) Calculata valus of filter capacitor Cy To avald chat-
ter 3t the logic oulput, with Rp = 470 X0, Cp must
D48

[l

ColsF) = (18/capture range in HZj

Incraasing Cp slowe down the logic oulpul 18sponge
uma. g

dedign Examples;
Jona dstacior with a datection band of 1 kHz z 20 Ha:

2) Choose Ag = 20 KN (18 X0 In senes with § K0 po-
tenticmetur),

b} Choase Cq lor lg = 1 xMz (flrom Figure 8. Cq =
0.05 uF :

¢} Calculata Ry: Ay = (Rg) (1000/20) = 1 MQ.

@) Calculaie Cy: for f=12,Cy =025Cqw
0.013 uF

8) Calculals Co:Cp = 18/38 = 0.42 uF

!} Fina-tuna canier ftequancy with § K patantiomatar,
Ay

"UNEAR £ GETECTION:

- YR-2211 can pe U38c as a inoar FM gotecior for a wide
S 198 of anatoy Communicanons and Wleimsiry apgn-
<Ztons. The ‘accmmanded circui connection for this
icohcatiar 13 snown in Figura 12 e dumcaclated
OJIEUL IS takan fram thy 1009 phasw dutsctor ouloul (P
i), IRrough a 0ast-dutaction fijgy Mmady up cf R;: anag
CR aid an exiormyl Luttse umuontisr. Thus ouiisg ampiih-
118 N3CY5SANY Dacause of he high impeaancs Qulpul

XR.2211

Bt Pin V). Noimaulily, a nonsaveiting unity gain op uf\p'
Can be uted as » buller amgpilliee, 33 shown in Figure
12.

o <
m? ] .
- [

r—cnm

dulrus

Fiques 12. Linsas FM Datsctar Using XR-2211 3nd 1a Extarnal

Op Amp. (S48 Sactien 3a Dazign Equatlaa tas Gom-
poaeal Yalues.) .

- Tha FM datecior 9ain, i.s., the oulpul vollage change

Pl unit of FM deviallcn can bs given as:
Vout = Ry VR/100 Rg Vousi*a daviation

wierg \ig i8 the lnteinal refarancs voltags (Vg = V+/2
- 650 mV). Far thy chaica of extainai companents Ry,
Aa. Cp. Cy and Cg sae sacticn on design aqualions.

PRINCIPLES OF OPERATION

Slgnal input (Pin 2): Signal Is ac coupled ta tnis lerminal.
The inlurnal Impadanca at Pin 2 |g 20 Ki). Recom-

mended input signal lavel I8 In the range ol 1G mY ims
fo 3V ims. '

Quadrature Phass Datacise Qutput (Pim 3): This Is the high
IMPedancy oulpul of quadratura phasa delector and is
internally conneciud to iha input ol lock daiect voltage
comparatar. In tone dataction applications, Pin 315 con-
nectea o ground through a parallsi comtinatlon ai Ap
and Cq (s8e Fiqure 2) lo aliminale the chaltar at lock
dutect ouipuls. if the lona detact saciion & nat used,
PIn 3 can be laft open circultad.

Lacx Datsct Outpur, @ {P& 33 The output 3t Pin 5 is at
“Righ” slale whan thae PLL 18 oul of lock ana goas lo
"idw" 01 canduciing state whan ihe PLL i3 lockea. 1t ig
An opan collecior typa Suicul ana reGuirss a cull-up 8-
8islor, Ry, to V + lur propac Sparation. Al "low" siale, it
€an sinx ue ta £ mA of lazd current.,

Leck Datsct Cemptamant, 3 (Pla 3): The oulput at Pin 6 ig
the lcyic camplament of Iha jock datacy oulout at Pin 5.
This outpul is alsc an opan caollactor iypa stags whlch
€an sink 5 mA oi load curreny at low of “ca” slata.
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XR-2211 -

i
ELECTRICAL CHARACTERISTICS I
k
|
k
)
(

Tett Candions: st Cucurt of Figuig 1, VY = V= = 6V, Ty = +25°C,C = SOOOpF Ay = Ry = Ry = R4 = 20 k{),
R = 47 %0 Binary Inpuls grounded, Sy and 52 clused, unless alherwisa spacilied.

XR-2211/22HM XR-2211C )

PARAMETER MIN [TYP bAX MIN {TYP 1HAX UNITS CONDITIONS
GENERAL ] Ny, - [
Supply Vollage 4.5 20 45 20 v \ !
Supply Current 4 7 5 9 mA Rg = 10 k0. See Fig. 4 |
OSCILLATOR SECTION i
Fraquancy Acquracy [ 1 | 23 1 Y Davlallon from Ig = 1/RgCq
Frequency Slability Ry = 112 b

Tempsrature . £20 | £50 +20 ppmd°C | Sss Flg. 8. I
Powar Supply 005 05 0.05 hiv VT = 12z 1V Bee Flg. 7.
, . " 02 0.2 %N | V¥5 + 0.5V.Sea Fig. 7. |1
Uppar Frequency Limit 100 | 300 {300 kHz Rg =~ 8.2kM, Co = 400 pF .
Lowest Practical - 4 L A 1
Operating Frequency 0.01 0.01 Hz Ag = 2 M0, Cg = 50 uF 1)
Timing Rusistor, Ag Sea Flg. 8. '
Oparating Rangsa 5 "1 2000 5 2 kQ
Recommended Range | 15 100 15 100 kf} Ses Figs. 7 and 8.
LOOP PHASE DETECTOR SECTICH 4
Peak Culpul Current £ 150{ £200} £300{ +100{ x200| £300 pA Measured at Pin 11, \r,
Output Qttsei Current £ £Z pA J i
Quiput Impedance 1 J MQ # -
Maximurm Swing x4 15 | x4 x5 v Ralerenced lo Pin 10. I
QUADRATURE PHASE DETECTOR Measured 8t Pin 3. .y
Paak Quipul Current 100 | 150 150 uA -
Gulpu! Impedancs . 1 1 M0 1
Maxinum Swing 1" o vV pp i
INPUT PREAMP SECTION : ~ Measurad at Pin 2. it
Input impadanca 20 20 k0 ' bi
input Signal » i ’ Iy
Voltage Required (o ’ ) P
Causs Limiing 2. 10 2 mY i
| img | '
VOLTAGE COMPARATOR SECTIGHS :
! Input Impacancs 2 2 " MR | Moasured st Fina 3 and 8. ;
input Bias Current 100 100 nA |
Voltaqe Gasin ) 55 70 55 70 ag AL - »6.1 kQ
Quiput Yoitaga Low 200 300 mv | Ig = I mA
| Oulput Leakage Cuuen(J 0.01 | 0.01 pA Vg = 12V
| INTERNAL REFERENCE : K
Violiaga Level 749 [53 [57 1475 [53 585 V| Messured sl Fin 107 1)
Qutpul Impadanca ‘ 100 100 1 o . L

e




XR-2211

F3X Lzta Output (Pin 7) Thus oulpul Is an opan collector
logiT stage which requirus a puil up resistor, By tlo v+
lor propur operahon it can sink’ 5 mA o! load cutrent
Whun decoding FSK signals, FSK ata oulpul 1s al
Thugh™ or Coll” state fot low inpul nu-]um]cy, and al
“low™ or "on” slate for high input lrequancy. Hnoinput

signal 1s nvesent, \he logic stale al Pin 7 is indaterml-
Ndla

FSK Cemparfter tnput (Pia 8): This is the high Impeaancs
input 10 the FSK voltage comparaioi. Normally, an FSK
post-deteclion or dala liller Is connecled belwean thie
lerminal and the PLL phase delector outpul (Pin 11}
This dala hiter is formed by Rp and Cg ol Figure 2. The
threshold vollage of tha comparalor is sel by the lnles
nai reference vollage, VR, available at Pin 10.

EQUIVALENT SCHEMATIC DIAGRAM
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