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ABSTRACT

This project is concerns in the studying of digital weight-meter.
It's consists of two main parts: the first is the mechanics part and
the second part is the electronics circuits., In the mechanics pasrt ,
the +transducer is pressured by weight and it's give an elaptrical
output signal proportional to the pressure. This signal is amplified
by instrumentation amplified. This wsignal is snalog signal and it
converted to be digital output signal by analog to digital converter
successively. This digital signal is sent to cpu hoard and operated

to give output that can be read directly from the LCD display.
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2.3 A/D CONVERTER (ADC)
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Clock Pulses Ny (proportional to Vi)
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Jufinfavasdunafinoonisin  Fomsaalniiianin  normal mode ¥ip line
1
frequency rejection (NMR3 ﬁquﬂﬂﬂqunﬁuﬁ 2.3.5
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) ] 10
107 T T
’ . : L] :
g
.: Envelope oft 1! !
!

Rejection (d13)
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qumal-_Mo;de;G}n

M
i

n.
'
i

Frequency

UM 2.3.5

TunsfiraenifivosdannaAiinf 50 Hz @1 integration time yosdagm (t)

ﬁioﬂﬁQﬂasﬁaexﬁwﬁn 1/50 = 20 msec.
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(n." L Ad d o o
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wSouunlwalus lwAu (polypropylena)
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4. A hAt291 28T HuANRAWAIATENING true zero crossing UaE zero
‘crossing ﬁqnnivqaauTnﬂéauuaoaeai control logic

HATINTDIATHAUAINNL AA9TN2 19T InNnIEABINAY Lt An (1/2)15B Feqennlidn

dﬂ1ﬁaéwoqnﬁau

2.3.2 SUCCESSIVE APPROXIMATION A/D CONVERTER

DA’ Precision

R _ . Converier ’ Reference
' .
» T | Diginal
-J L [ Outpur
S, |
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1 1 [GR L
A c
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¥ .y P
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I 3) PP
—= Compezretor i *
Start | Clock i ’
AN 2.3.6
q\'"— [——
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=] @
NN 2-3.6 _ IuL

u31 A/D CONVERTER uuuﬁauﬂﬁsnauﬁaﬂéauﬁéﬁﬁq Ao

S omvenilaitAsAthes . D/A TONVERTER (DAC) , unasdnzdnaniifeuifisy uae
S‘:AR {successive appr‘o-;c‘iwmat.ion reg_is’c.et;)

(9154 conversion cycle nniinyas SAR asqn?tﬁn1ﬁﬁdﬁtﬂuQué tﬁaﬁﬁq

A% clock ANWTNAWLINNT most significant bit (MSB) 199 SAR asonLan i

angy me uaeéuWixﬁuﬁ%naﬂSuqnﬂao pac 3 niusauonnominininedast ey

tﬁﬂudﬁtaﬂﬁgnuaa DAC ﬁuauwaanﬁuqn~ﬁﬁtawﬁqnnag DAC ﬁdwiozniﬁauﬁaanﬁuqn

MSB  asfsasiiantiu v1v udﬁwnawﬁqnnaq DAC ﬁdﬁuinniwauwaanﬁugn MSB q¥An3
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l.'im‘lﬂ&lﬂﬁl;]u "g" awnuuunﬂa1ﬂqugnt‘ﬁn‘lnuﬂ1ud]u " uunauna‘lﬂﬂaonwmﬂuqs

14 [} 1
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‘ o vy o v D ﬂ' a' » w ] 1]
L9IMUNYBY DAC uﬂw1naLﬂﬂonuauﬁaanaugnuﬁann Foaaningar A wann 1780919
]
‘ (1] o o L} 1]
LDIMUNTDY DAC nuauﬂaanauqnasuﬂﬁaﬂquﬁao (1/2)LSB
ATy A/D CONVERTER Wuuli A1 conversion time (t__ ) e lTHY
v a '3 o o o
Tngns9NuA21INLTI189ADINNTILADS  UaE DAC F9¥04981 &__ nl¥aehdian
1 ] u' LI 7 2 r- I ) o 20 ‘
aeneleeRdniniy o clock period Tag n RoanurulinussRaneal8IMuNIBy DAC
b ]
a o o é o ' '
wae L 1ot U581 Hauaa1u 132 LEn1TN1 91MIEI3EHIIMIY successive approximation
° v @ '
R8N 9N N L5NIuLY dual slope

Tungldenusnauhoaiiini9a3 sampling and hold 439 1#A11990u1ABNBUUN
h ]

A9 LuumEN ADC ﬁﬂewuaé

d9188u99 successive approximation A/D CONVERTER ﬁaéqnqquqnﬁao

autduidetdn uar & 499 A/D CONVERTER WNUUSzONANNNIAEAIU DAC
conv «

Tuis 5114 a/0 converTr wineay 7109 lunruasdaanaainasiasnidu
5QQﬁmﬁﬁnaaTﬂﬂﬁﬁnﬁmstﬂutanjﬁuﬂaa 12 §n (323 overrange Wat polarity)iiu
Wy dual slope § 17 RUN/HOLD SuMnuALIY STATUS Lawﬁqnﬂwuwsnﬁ1iﬁzuqu
anilFluniareutaedin  waridaanmsunauioe Aotssanafi 15 AVp-p FainTeudn
BuunAie  1pA ZolafunanoanuanAaal 3.56 Mz Fernlfanunsorn1anouL 09
1—-17.5 nautaasﬁunaquﬁnawusunwssLaﬂﬁun 60 Hz uaeanaTdesnuniTanalsea-

1uvratn (static discharge) 1un71NQﬁtﬂunasﬂaotuuaauwtﬂunﬁo n il

ve

2.4 DOT MATRIX LCD MODULE

P

—— P~

( v 1 z (-1 1] L) 14 AII U
qﬂn7m1uﬂa3uu1ua7uuaﬂouauua81§ LCD lﬂﬂlﬁﬂﬂ?ﬂqﬂq1ﬂ71QUlﬂuLﬁ70ﬂlﬂu
ou ﬂ' 1 ﬂ' o ‘ L)
QﬂTBy LATDINNELONANT, LATOIADANNILANDT 4AY (51409 uLy DOT MATRIX LCD

MODULE uODﬂ‘ﬂlﬁuWQﬂﬂﬂﬂu

1. DOT MATRIX LCD Lﬁunauaﬂoua1ntﬁwuaatuuTuaﬂumsnwiﬂﬂuaetﬂnna

d dﬂ 1 1 o o -]
1 2INUUAINAD ﬂ?ﬂﬂﬂﬂﬂlﬁﬂﬂ?ﬂ?ﬂﬂﬂﬁ???ﬂﬂﬂ

v v v o L4 o o o DI o (u'n
2. DRIVER Lﬁuﬂ??ﬂﬂ@QWQQWﬂﬂﬁﬂﬁﬂﬂuuﬁﬂﬂﬂaﬂ LCD BﬂﬂﬂuﬁTﬂﬂﬂLUOiﬂuﬂN
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141w LcD MODULE (¥ HD44100H, NSN5259

3.  CONTROLLER xﬁuﬁo%niagaqwﬂqﬂniinnﬂuanuﬁ KarIANTTAILAN  LCD
MODULE  Tiinenuuanowannan  oiu misavaenw, nmaiiadadnes (ndu  Tosd
wod  1c fnenldty Ao moaa7so  Foselfluuuy cuaracTEr oo wopuie
dnluad 1vod 1c moas7eo  aelfluwuy GRAPHIC LCD MODULE

rpasareo 1 uled s ﬁanﬁo1ﬁn7uqu 10 Tesuanowalusiiadons wis
ddnudnnoq  wasiiuioedvanunTaneldarney 4 In w3 8 Gn 14 Taefiande
auy 4 Sn aseolfond DB7-DBA Lriniw Tﬂﬂiagaﬂgnusnﬁdefu HDAATBO Qg

ﬁatﬁuﬁaqa 4 Inuu uasiagaﬁdadanwﬁutﬂuiaga 4 fnane

Block diegram of HD44 780 interior

Ct
Ve — Address Tirning generstion 3 CL:
NG 5 counter {AC) circuit Z K "
. 0SC A3y 1l 7
0SC; ——— - A i % )
ca
6= 2 7 |
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| 2723 3
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S {DD RAM) ZElpsl§  |—p—cOM, ~COM,,
RIW f, |7 8028 bits 2.2 £ .
E — £ |28 £ :
il S x é g 4
- 4 o 8 - N
i, . DB, TDE =2 0 | g Tl 8, . ) I
S —- R P Y - ©3
- oe, ~ OB 4 v §{ 77 e) IR § 303 [ s DU oy DRSS B s
et U e DT ety -
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. ROM ROM 2Ol E s SEG, ~SEG
- (CGRAMI | {(CGRAMI 2el e ;
= e Ti2bits " 7200bits  |lap = -':' &5 % i
v — fieg e B . 3 . s .
Power supply | V, e ) - CRon p )
* for liquid v n ;
crysts! 3 ’ ‘
display drive Vi Punll-r/nvlol dets conversion’ 40bit shift register o
Ve (Pnnn ete —+ sarisl date) EE -

1

a @
aun 2.4.1 naan‘lnasun‘mm HD44780 INTERIOR
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Example of interfacing to Z80 MPU
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IS ik

&
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UM 2.4.2  AIBBIINTTRDDULNOTING DU 280 MPU

ot Tudnludeuls

v
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Tngas

4
15l7ﬂﬁﬂ78”ﬁm 10 ms. ﬂﬂﬁﬁﬁﬂ1ﬂ VDD f9 4.5 Volt uadn Tﬂﬂﬂﬂ SET fA710909%

haad

-

™

1. DISPLAY CLEAR QSﬁﬂﬂﬁ7aﬂﬁBUﬂQ0ﬂﬂw LCD
e i .
2, FUNCTION SET

N

3.

4 .

\\:

DISPLAY ON/OFF D

ENTRY MODE SET

Tagae SET amalu

D

N

F

L

(]

Cc =

B:

17D

S

0

viunas ser TinrsRanowny 8 Bn

SET (I 1 uTTiAnTuaneua

5%7 DOT MoWNINIONYT

DISPLAY OFF

CURSOR OQFF

BLINK  OFF

] 1
: +1 (|W¥A1 COUNTER %% 1)

¢ NO SHIFT
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CODE
INSTRUCTION DESCRIPTION
RS |R/W|DB7|DB6|DB5|DB4|DB3|DB2|DB1|{DBO

CLEAR CLEAR ALL DPLY &
pispLaY ol ololo}lo{o}fo| oo 1 [CURSOR HOME POS.
RETURN RETURN CURSOR
HOME ololelo|lololo]o| 1t | % |HOME POSITION
ENTRY SET THE CURSOR
MODE ololololo|lo}o} 1t [1/D] S |MOVE DIRECTION
SET NOT SHIFT DPLY
DISPLAY SET ON/OFF OF
ON/GFF ololololo]olt]o}fc| s |[ALL DISPLAY
CONTROL
CURSOR & MOVE CURSOR &
pisptAY (o0 ol o) ol o} t |s/c|R/L| % | % [SHIFT DISPLAY

SHIFT
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CODE
INSTRUCTION i DESCRIPTION
RS|{R/W|DB7|DB6|{DB5|DB4{DB3|DB2|DB1|DBO

FUNCTION SET INTERFACE
SET clolo|of{ 1 {DLlN|F/| % | % |[DATA LENGTH

SET CG SET THE CG RAM
RAM ADDRESS|0 { 0 | 0 | 1 A_, ADDRESS

SET DD SET THE DD RAM
RAM ADDRESS|0 | 0 | 1 AL ADDRESS

READ BUSY READY BUSY FLAG
FLAG & 0|t | BF AC INDICATING IN-
ADDRESS TERNAL GPERATION
WRITE DATA WRITE DATA INTO
TO CG OR- 1]0 WRITE DATA DD RAM OR CG RAM
DD RAM - ~

READ DATA READ DATA FROM
TO CG OR |1 READ DATA DD RAM OR CG RAM

DD RAM
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I/D = 1: INCREMENT

= 0: DECRTMENT

DL = 1: 8 BITS $DL
N = 1l: 7 LINES 3N

F = 1s 5%10 DOTS;F

S = 1: ACCOMPENIES DISPLAY SHIFT
S/C = 1: DISPLAY SHIFT

= 0: CURSOR MOVE
R/L = 1: SHIFT TO THE RIGHT

0

1

0:

i

0

BF = 1: INTERNALLY OPERATING

BF = 0: CAN ACCEPT INSTRUCTION

4 BITS
1 LINES

5%7 DOTS

DD RAM:DISPLAY DATA
RANM

CG RAM:CHARACTER GE
NERATER RAM
ACG:CG RAM ADDRESS
A DD RAM ADDRESS
CORRESPONDS TQ
CURSOR ADDRESS
AC:ADDRESS COUNTER

USED FOR BOTH DD

& CG RAM ADDRESS

¥ NO EFFECT

2.5 CPU-Z84C11

R .
et o ey m e

cpU zeacti (fuuaeuiEn zILog nssqatﬁﬂvﬁuﬁu cpu 280 Foiduceu 7%
HTGHSPEED OPERATION Iag RUN 5 10 MHz waw CPU (ueinyseustn z1Locss.iu
W ENos. s lnaunseuaRznn Tutaefiian SET Wﬁaé1u STOP MODERENuUNTEURLE
50 uA. ORSN0SNIME0YBS CPU kARG Houdar RUN 10 MHz BmawiTafidsnTa
ser 1% RUN t§mendoiimailnme 5 nuz lunsifly RaM w3o RON 7§ ACCESS TINE
i Tnsidio Power On 449 CPU 9¢ RUN L3ig 5 MHz Uiniuneu S sast ol

v a@ v o
nodIN1T  RUN 10 MHz nd119n SEI_1ﬁﬂQHTﬂ7uﬂ73 zﬂuuuaﬂﬁmgﬂaﬂ CPU Qvlﬂu

Package Wyy 100 PIN QFP

784C11 awuﬁsnﬁﬂcnﬁaﬂﬂo1u5ﬁ15§a§ﬂ 64 KBYTE lngutetdu

1 a 1 o a -
ROM wyn® 32 KBYTE Tﬂﬂqﬁlﬂﬂf 27256  IRUIBAINNINLTHION

ADDRESS '0000H i9 ADDRESS 7FFFH

A4 3 .

-

H
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v ‘ o ) [d A,
RAM tum B8 KBYTE Tﬂﬂ1ﬁ5ﬂ07 6264  ANUIGAITNINLTUIM
ADDRESS B800OH {i9 ADDRESS FFFFH

zeac1t vy cuip 1c 7% porT 170 lusamaefy 5 porT Tng PORT wieas]

CHANNEL PORT ' ADDRESS PORT
PORT A DATA PORT 50 H
PORT B DATA PORT 51 H
PORT C DATA PORT 82 H
PORT D DATA PORT 30 H
PORT E DATA POR% 40 H
CHANNEL CONTROL PORT ADDRESS PORT
PORT A DATA DIRECTION REGISTER 54 H
PORT B DATA DIRECTION REGISTER 95 H
PORT C DATA DIRECTION REGISTER 56 H
PORT D DATA DIRECTION REGISTER 34 H
PORT E DATA DIRECTION REGISTER 44 H

'
.
o v

L31d@w90de 1% PORT wee zsacii iu neut w30 outeur 1alnaSase BIT ne
- v J a' 4 bt
BIT Tngfnis7 SET @nsanh PORT DATA DIRECTION REGISTER gn1w BIT lac iy
A:’2:- xv‘*\‘, He ' v A
wiv fimold  PORT DATA wae BIT Wu q \iu OUTPUT PORT (f1 SET PORT su Ju
v & w ﬂ I'4 v v flvif} ]
OUTPUT PORT : A1\Tusiuaziiudud) wasdrisodoentsliidu INPUT PORT fi SET

A190nNN PORT SET PORT DATA DIRECTION REGISTER lﬁudﬁ rg"



2y

a .
LR Sofa - m 3~ 4 o v
'

. - t ‘) e "]- Ao L: ) s
ﬁﬂ?ﬁ?l?@ﬂﬂﬁﬂﬂ?ﬂ?ﬂl R i
! ,{\ ! ?(:f I‘..
| . ,
WEIGTH TRANSDUCER INSTRUMENTATION
/ ~
AMPLIFIER
\ 3
DISPLAY MICROPROCESSOR A/D CONVERTER
(LCchy - 784C11
A ! \ ;— ?
AN 3.1 =

” ‘,
r" LA “) v!. -

ﬁﬁﬂﬂ 3.1 uaﬂcuaan1nasun1u (block dlayrnn) ﬂﬂﬂkﬂ1ﬁﬂﬁ¢ﬂﬁﬂﬂﬁ“ﬂﬂﬂ

Py ....-'.'.»._.h.x...z-,.- -
[§

, %naaﬁeﬂﬁuwfnaﬁu1anannﬁsn1owu15ﬂop Ch) uﬂuunnnacnwfioasnnaﬂeaauuaquans

.e,

1011ealuuuuu1nautﬂ1u (diaphram) Tane nw1nuwuununntﬂaauiuaaiuiﬂ
uaoﬁawununssnwnuuaeLnavnaa1nuuu1aastﬂfuaaﬂunuuasnnaeuwuﬂaeLuan1ﬂn1unw
nunswuﬂﬂat1a1nﬁ1i1ﬂamawm1ﬂﬂﬂna1uﬂ1nuTﬂanianuuﬁwunnaﬂeaﬂ . amaﬂuuas

ﬂﬁ“ﬂﬁﬂﬂﬂﬁﬁnﬂlﬁﬂ?ﬁ??ﬂ“ﬂﬂ?lﬂulﬂﬁuuﬂud uﬂ?ﬁﬂﬂﬂ1ﬂ307031 A/D CONVERTER lﬂa

uﬂaeiutﬁuamuﬂuﬂaﬂaa ﬂﬂnuﬂ“ﬂﬁﬂﬂ?ﬂﬂ?ﬂﬂﬂqv1ﬂﬂmﬂﬂﬂﬂﬂﬂﬂﬂﬂﬁﬂiﬁ?‘ﬂﬂ18“1aﬂﬂ

e
-

e
uauuﬁﬂﬁﬂﬁuﬁﬂuﬂtﬂﬂﬂilﬂﬂﬂﬂﬂﬂﬁ?ﬂﬂﬂ%?ﬂ151ﬂﬂﬂ1ﬂﬂﬁﬂﬂﬁ LCD L

eh
4y
& s b g \-‘ R

-

™~ v
nﬂun 3.2 uﬂﬂ07°Q7ﬂ1i1unq11uﬂﬂﬂ7ﬁuﬂﬂqlﬁﬂ?qﬂﬂaﬂﬂﬁsﬂﬂﬁﬂﬂﬂqQQ71““713
‘4/. W

2.1 SNAWH 3.2 quxuuaananﬂaeueq1ﬂssnaunaa R, uaun1ﬁuaﬂ1tia1 Tog &,

e 8
g

noiasuanﬂsﬁauaﬂaeamwaununan1ﬁuaﬂotﬁa1ﬁcnﬁuunﬁﬁ R 11ﬂcu *??r»

5
e,

l*’;

, ' : " af l“." - .
R = 3,577 R_| o, 4 e (3e1)

as ». O

Tﬂﬂ R, fo ﬁﬁﬂ?ﬂﬂﬂﬁuﬂﬂuﬂ0°ﬂ11ﬂﬂﬂ1tiDT 10?Wﬂﬂﬂ1?ﬂ@81ﬂﬁﬂ R Nﬂﬁ

YRR & ‘m'
IR 11*’3’ s

infy 430 Tasu fodiu &, Seldniinfy 1,538 nTaTaua SN

11lﬁuuﬂﬂﬂﬂﬁluﬂﬂaﬂﬂmﬂﬂﬂﬁﬂﬂﬁlﬂTSﬂlﬂﬂﬂ 1Qﬂﬂ1ﬂﬂﬁﬁﬂﬂﬁﬂtﬂﬁﬂﬂﬂﬂ78 .

’ L

et — s

¥

¥

-



= e——n

21

& {
» i L )
‘ o v ® W ﬂ' l ] ’ L4 z i d:j
sw 2.5 Toanteed R (dwidrdantsuafiladnn b Aelvannauman
. it
(2.5.3) q81A9 g '
|

' ¢
Vo= (14 5.1k/5.1K02.5 = 5 Than ‘
H
v o oo ¢ '
o v_ Vudnanfnndinined (emitter) ¥99 Q
f :

¢

+15Y ; o
('f e e S—
;:r' -i 1 # N 3
P i ’ ¢ ]
L vy
B
<> RA7 ’ / { Y
/é [/{/
/?/ +15Y i
. b
~ C G
. V a3 \
¢ 2N2218 @ .
D10 ) : £ B s
1 LMZ36 AV , : IS EIAS TRANSDUCER >
1 R18 %
G B [
» é R19 . £
C
<
403 & = h : 4 -
~ , //
f é’ I g
[N . f !
ARG AN 3.2 e
. . 3‘ * ™
- 3 5

awf 8.3 uaneniawnAn R, Was R Tesstilionsiuniuvesniue
{ o= mo ﬂ a,d ’ |¢l§u ::1I- llllﬁ s da {
(107 Tofanuoe i uieaTuianunasnged luanwsh lukanan i JuasaTuTannannad

v =V X 789 s [789 + 7081 )
REF N

2

= 0,527 V :
REPF -»;ilg

H R
V. =V X729 /729 + 8131 ,
REF . .
= 0.473 V i
R

EF

¥
@ o ' v
FLLINUNN vz 4AANTNNIT V’ ﬂ\ﬂuﬂﬁ Vz =V



22"

V. =0.473V =V X789 / C789 + 708 + R 1
2 REPF REP s
R,, = [789/0,4731 - 789 - 708
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R =0 lovy
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E = [1 + (40k/R JI(E_ - E ) (3.2)
o [ 2 S

Tnglufiliseimunld voltage gain = 10 @wrsomdn & 1denn

A = [1+ (40k/R )1 i A, =100
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a {
R = 40x10°/9 = 4444.444 Towy
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fatuAT R, = 4841 Towy
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C,. = (2048%16.2 usec)(20 4 A)/4 = 0.16 u F
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¥ 1 o1 o oS, v » ( ( (
AauteuadniinLaiigTniods nasasldwain 84 1y RUN/HOLD 1991 01MHMNETN
-' » s a.. 1 v ﬂ' vy (¥}
nuanaanonnuWuuqﬂ convertion cycle 1§1uvmunnwnﬂsaﬁuuagaLua1nua§a1uunW7
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<STF'IRT } MAIN PROGRAM 1
T S

IMITIAL

MODIEK
REALTIME

GET

MEIGHT ———@

A D




Al

MAIN PROGRHRAM 2
e e e

PROCESS

SHOHM
O~
DISPLAY

SHOMW
TOTAL
PRICK

SHOM
TARE
HMEIGHT




-+

!

PROCESS
I ——————

(o)

DIUIDE
BY <4

MULTIPLE

nY =

BIMARY
TO
BCD

DATA=BCD

SAUE
BUFFER

G




DISPLAY

(o)

RECEIUE
DATA
FROM

BUFFER

ADD DATA

BY 2EGH

DATA
SHOM
DISPLAY

)




0000
0000

8000

0050
0051
0052
0030
0040

0054
0055
0056
0034
0044

8000
8001
8003
8005
8006
8008

AF
3ESF
D355
AF
3E00
D334

CPU "Z80.TBL"

HOF
i

ORG
}
$ ¥5 %%k KkCHANNE L
i
PORT_A: EQU
PORT_B:¢ EQU
PORT_C: EQU
PORT_D: EQU
PORT_E: EQU
H
$ FEEEk$CHANNEL
PORT_AC: EQU
PORT_BC: EQU
PORT_CC: EQU
PORT_DGC: EQU
PORT_EC: EQU

L INTBH

8000H

PORT & ADDRESS PORTH#E¥¥¥¥

50H
S51H
52H
30H
40H

CONTROL PORT & ADDRESS PORT#¥¥¥k:¥
54H
55H
56H
34H
A4H

$EREERRRERE INITIAL PORTHERRRRREE

'

$ PORT_A

s PORT_B

s+ PORT_B5,7
$ PORT_C

s PORT_D
yPORT_E

s PORT_ES

¢+ PA=QUTPUT PORT

tPB=0UTPUT PORT

tPB=INPUT PORT

tPC=INPUT PORT

tPD=INPUT PORT

tPE=INPUT PORT

¢ PE=Q0UTPUT PORT

XOR
LD
ouT
X0R
LD
ouT

A

A,05FH
(PORT_BC),A
A

A,00H
(PORT_DC),A



s

800A
800C
800D
800F
8011
8012
8014

80t6
8017
801A
801D
8020
8023
8026
8028
802A
802D
802F
8031

8034
8037
8034A
803D
803F
8041
8044
8047
8049
8048
804E
8051

D356
AF

3EFF
D354
AF

3E20
D344

AF
CDB586
cpD7981
CDAS8BT
cp1182
CDASB7
DB40
cB47
CACBBO
DB40
CB4F
22680

CDEG82
CDSFB82
CDBEB7
DB40
CB47
CACB8O
CDEG82
3EFF
D35t
CD6484
€bgD8e
CDEEB2

ouT
XO0R
LD
ouT
XOR
LD
ouT
}
§ R ERRRRRRMA TN
i
XOR
CALL
CALL
TEST: CALL
CALL
CALL
KEYA: IN
BIT
JP
IN
BIT
JP
i
RTIME: CALL
CALL
CALL
RTIMEL: IN
BIT
JP
CALL
LD
ouT
CALL
CALL

CALL

(PORT_CC) ,A
A

A,OFFH
(PORT_AC) ,A
A

A,020H
(PORT_EC) A

PROGRAM¥RRH KRNk

A

INITLCD
DOWLOAD
DELAY2
TEST1
DELAY2

A, (PORT_E)
0,4
Z,VALUE

A, (PORT_E)
14A
NZ,KEYA

CLRLED
TEST3
DELAY3

A, (PORT_E)
0,A
Z,VALUE
CLRLCD

A, 111111118
(PORT_B),A
CLRMEMO
CLR

READ



8054 CD9BB3I CALL SOLVE

8057 CDOCB4 CALL DISPLAY
805A CDBE8BY CALL DELAY3
H
8050 DBA4OC ] IN A, (PORT_E)
BOSF CBS7 BIT 24A
8061 CAB280 JP Z,TOTAL1
8064 DB4O IN A, (PORT_E)
8066 CBSF BIT 3,A
8068 CASC80 JP Z,TAREL11
H
806B DB40 IN A, (PORT_E)
806D CB4T BIT 0,A
806F CACB8O JP Z,VALUE
8072 CDEG82 CALL CLRLCD
8075 3BEFF LD Ay11111111B
8077 D351 auT (PORT_B),A
8078 CD9186 : CALL CLRMENMO2
807C CDASB6 CALL CLR1
807F CD6983 CALL READ3
8082 CD6DB5 CALL TARE1
8085 CD3986 CALL DISPLAY3
~-8088 CDBEB7 CALL DELAY3
i
808B DBA40 KEYCC: IN A, (PORT_E)
808D CBS7 BIT 2,A
808F CAB280 JP Z,TOTALL
8092 DB4O IN A, (PORT_E)
8094 CBSF BIT 3.A
8096 CA9C80O JP Z,TAREL11
8098 C33D80 JP RTIMEL
H
809C CDEG8B2 TARE111: CALL CLRLCD

B0SF 3EFF LD A,11111111B



80A1
BOA3
BOAG
BOAS
BOAC
BOAF

8082
80B5
80B7
8089
80BC
80BF
80C2
80CH
BOCS8

80CB
80CE
8001
80D4
80D6
plehik:!
80ODB
800D
80DF
BOE2
BOES
BOE7
80ES
BOEC
B8OEF
8OF2
80F5
80F8

D35t

€D4885
CD6DB5
CDE185
CDBEBT
Cc33D80

CDEGB2
3EFF

pas1

CD3C85
CDF982
CD7084
CDE48B4
CDBEBT
€33080

CDE682
Cb5882
CDBEBT
DB40O
CBA4F
CA3480
DB40
CBa7
c2cB80
CDE682
3EFF
D351
CD6484
cpsDs6
CDEEB2
cpD9883
cboce4
CDBEB7

TOTALL:

VALUE:

ouT
CALL
CALL
CALL
CALL
JP

CALL
LD
ouT
CALL
CALL
CALL
CALL
CALL
JP

CALL
CALL
CALL
IN
BIT
JP
IN
BIT
JP
CALL
LD
ouT
CALL
CALL
CALL
CALL
CALL
CALL

(PORT_B), A
SUBTRT
TARE1L
DISPLAY2
DELAY3
RTIME1

CLRLCD

A, 111111118
(PORT_B),A
CLRMEMO1
READ2

PRICE
DISPLAY!
DELAY3
RTIME1

CLRLCD
TEST2
DELAY3

A, (PORT_E)
1,A
Z,RTIME

A, (PORT_E)
0,A
NZ,VALUE
CLRLCD
A,11111111B
¢PORT_B),A
CLRMEMO
CLR

READ

‘SOLVE

DISPLAY
DELAY3



BOFB
80FD
80FF
8102
8104
8106

8109
810C
B10F
B112
8114
B116
8119
B11B
811D
8120
8123
8125
8127
B12A

812D
8130
8133
8136

8139
8138
813D
8140
8142
8144
8147

DB40
cBS7
CAG0B1
DB40
CBSF
CA4A81

CDEG82
CD5882
CDBEBT
DB40
CB4F
CA3480
DB40
CB47
20981
CDE682
3EFF
D351
CD9186
CDA986
CD6983
cpeDBSs
CD3986
CDBEB7

DB4O
CB57
CAG081
DB40
CBSF
CA4AB1
C3CcBB0o

-e

VALUEL:

KEYC:

-e

IN
BIT
JP
IN
BIT
JP

CALL
CALL
CALL
IN
BIT
JP
IN
BIT
JP
CALL
LD
ouT
CALL
CALL
CALL
CALL
CALL
CALL

IN
BIT
JP
IN
BIT
JP
JP

A, (PORT_E)
2,A
Z,TOTAL

A, (PORT_E)
34A
Z,TARE

CLRLCD
TEST2
DELAY3

A, (PORT_E)
1,A
Z,RTIME

A, (PORT_E)
0,A
NZ,VALUE1
CLRLCD
A,111111118
(PORT_B),A
CLRMEMO2
CLR1

READ3
TARE1
DISPLAY3
DELAY3

A, (PORT_E)
2,4A
Z,TOTAL

A, (PORT_E)
3,4
Z,TARE
VALUE



R s

814A
814D
B14F
8151
8154
8157
815A
815D

8160
8163
B165
B167
816A
816D
8170
8173
B176

8178
8178
8170
8180
8181
8182
8185
8186
8187
B188

CDE682 TARE:
3EFF
D351
€D4885
CD6DBS
CDE185
CDBEBT
Cc3acBso
i
CDE682 TOTAL®
3EFF
Dast
CD3C85
CDF982
€D7084
CDE484
CDBEB7

C3CcB80o

(]
i)

$ FERRREEERKSET CG

i
OEQO DOW}OAD:
0640
210181
56 DO1:
€5
CDDABS
C1
23
0c

10F6

-eo

B18A 219181

CALL
LD
ouT
CALL
CALL
CALL
CALL
JP

CALL
LD
ouT
CALL
CALL
CALL
CALL
CALL
JP

LD
LD
LD
LD

PUSH

CALL
pop
INC
INC

DJNZ

LD

CLRLCD
A111111118B
(PORT_B),A
SUBTRT
TAREL
DISPLAY2
DELAY3
VALUE

CLRLCD
A,111111118B
(PORT_B),A
CLRMEMO1
READ2

PRICE
DISPLAY1
DELAY3
VALUE

RAM CHARACTER¥k¥kINNK

c,0
B,64
HL,TABB
b, (HL)
BC
WRCGRANM
BC

HL

C

DOt

HL,TABA



o

818D
8190

8191

81A1

8181

BiCt

81D1
8102
81D3
81D4
81D5
8106
8107
8108

81D8
81DA
8108
81DC
81DD
81DE
B1DF
B1EO

B1E1

CDF286
(2]

2A2A2AZA2A

2A20202020

2A20202020

2AZ2A2A2A2A

G4
04
c4
04
o7
05
07
00

1F

i
1D
11
11
1
00

1F

(]
*

TABA:

TABB:

we

CALL
RET

DFB

DFB

DFB

DFB

DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB

BFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB

DFB

LINE

"R R

"% *,03H,20H, 20H,07H, " ¥

"k *,004,01H,02H,04H,05H, 06H,

B2 Ty s

gooootoos sCODE 00H
gocootico08
000001008
000001008
gogooitig
000001018
ggooo1iits
000000008

000111118 $CODE O1H
00010001B
000100018
00011101B
000100018
000109018
000100018
00ococo0B

000111118 3 CODE O02H



-

81E2
81E3
81E4
B1ES
B1EG6
B1E7
B1ESB

81ES
81EA
81EB
B1EC
81ED
B1EE
B1EF
81F0

81F1
81F2
B1F3
B1F4
B1F5
81F6
B1F7
81F8

B81F9
81FA
B1FB
81FC
81FD
B1FE
B1FF
8200

10
1F
01
o7
05
07
00

01
01
60
05
05
OF
11
1F

1F
1t
01
1D
11
11
1F
00

07
05
o7
11
09
05
03
00

-e

-e

-

-

DFB
DEB
DEB
DFB
DFB
DFB
DFB

DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB

DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB

DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB

00010000B
00011111B
000000018
00000111B
00000101B
00000111B
000000008

00000001B
00000001B
000000008
00000101B
000001018
000011118
000100018
000111118

000111118
000100018
00000001B
000111018
000100018
000100018
000111118
000000008

00000111B
000001018
000001118
000100018
OOOOEQOIB
OOOOlelB
00000011B
00000000B

{CODE 03H

$CODE 04H

s+ CODE O5H



v

8201 19 DFB 00011001B {CODE 0O6H

8202 0A DFB 000010108
8203 19 DFB 000110018
8204 11 DFB goo1go018
8205 11 DFB 000100018
8206 11 DFB 00010001B
8207 1F DFB 000L1111B
8208 00 DFB 000000008
i
8209 01 DFB 000000018 $CODE O7H
820A 01 DFB 000000018
820B 00 DEB 000000008
820C 01 DFB 000000018
820D 01 DFB 000000018
820E OF DFB 000011118
B20F 11 DFB 000100018
8210 OE DFB 00001110B

s EERERREERRDISPLAY SHOW SELECT MODERRNRiNEkE

8211 211882 TEST1: LD HL,TABC
8214 CDF286 CALL LINE
8217 C9 RET

'
8218 2020202020 TABC: DEB - "
8228 4D4F444520 DFB "MODE HOLE KEYA"
8238 2020202020 DFB " "
8248 4D4F444520 DFB "MODE R-TIME KEYB"

PEEREERFERKDISPLAY SHOW READ WE I GHT ¥Rk

8258 215F8B2 TEST2: LD HL,TABG
825B CDF286 , CALL LINE .
825E CS RET
i
825F 2020202020 TABG: DFB " "

B26F 5245414420 DFB “"READ WEIGHT KEYA"



827F 2020202020 DFE " "

828F 4D4F444520 DFB "MODE R-TIME KEYB"
H
829F 21A682 TEST3: LD HL, TABS
82A2 CDF286 CALL LINE
82A5 €9 RET
H
B2A6 2020205245 TABS: DFB " READY READ "
82B6 2020202020 DFB " WEIGHT "
82C6 2020202020 DFB = "
82D6 204D4F4445 DFB " MODE HOLD KEYA"

.
)

$EERREEFERRCLEAR ON LCD DISPLAYHRKRRRERRRNKK

82E6 3E00 CLRLCD: LD A,00H

82E8 D351 ouT (PORT_B),A
B2EA CDCFB6 CALL CLRLCD1
B2ED €9 RET

$RFERREERRRREAD WE I GHTRhRk¥bkk¥kk

82EE AF READ: XOR A

82EF DBS51 READIL: IN A, (PORT_B)

82F1 CBG6F BIT 5,4 $ STATUS
~B2F3 20FA JR NZ,READ1

82F5 EGEF AND OEFH $ RUN/HOLD
B2F7 D351 ouT (PORT_B),A

82F9 DB30 READZ: IN A, (PORT_D)

82FB 6F LD LsA s DATA B1-BSB
B2FC DB52 IN A, (PORT_C)

B2FE 67 LD H,A s DATA B9-B12
B2FF DD21EEBY7 LD IX,0NE

8303 DD7500 LD (I1X+0),1

8306 DD7401 : LD (1X+1),H

8309 7D LD A,L

B30A FEA1 cP OAlH

830C DA1583 JP C,CHECK



830F 7C LD AH

8310 FEOF CP OFH
8312 CA1D83 JP Z,0VRANGE
8315 DB51 CHECK: IR A, (PORT_B)
8317 CB7F BIT TyA
8319 C21D83 JP NZ,O0VRANGE
831C C9 RET
H
831D 212983 OVRANGE: LD HL, TABD
8320 CDF286 CALL LINE
8323 CDAS87 CALL DELAYZ
B326 C3CBBO ' JP VALUE
H
8329 2020202020 TABD: DFB a %
8339 2020202020 DFB v "
8349 20204F5645 DFB " QVER WEIGHT "
8359 2020202020 DFB = "
i
B369 AF READ3: XOR A
B836A DBS1 READ4: IN A, (PORT_B)
836C CBG6F BIT 5,A s STATUS
B36E 20FA JR NZ,READ4
"B370 EGEF AND OEFH + RUN/HOLD
8372 D351 ouT (PORT_B),A
8374 DBS52 IN A, (PORT_C)
8376 67 LD H,A - $ DATA B9-B12
8377 DB30 IN A, (PORT_D)
8379 QF - LD L,A sDATA B1-BS
B837A FDZ1F087 LD 1Y, TWO
B37E FD7500 LD (IY+0),L
8381 FDT401 LD (17+1),H
8384 7D LD A,L
B385 FEAL ce OALH
8387 DASOB3 JP C,CHECK1

838A 7C LD AyH



8388 FEOF cp OFH

838D CA1D83 JP Z,0VRANGE
8390 DBS51 CHECK1: IN A, (PORT_B)
8392 CBTF BIT T:A
8394 C21Dp83 JP NZ,0VRANGE
8397 C9 RET
H

8398 AF SOLVE: XOR A
B399 54 LD D,H
B394 50 LD E,L
8398 0600 DIVIDE: LD B,00H
8390 OEO4 LD C,04H
839F 67 LD HyA
83A0 6F LD LA
83A1 3E10 LD A, 16
83A3 CB13 DIVt RL E
B3A5 CB12 RL D
83A7 EDGBA ADC HL,HL
B3A9 ED42 SBC HL,BC
83AB 3001 JR NC,DIV2
83AD 09 ADD HL,BC
83AE 3F DIVZ: CCF

~B3AF 3D DEC A
83B0 20F1 JR NZ,DIV1
83B2 EB EX DE,HL
83B3 EDGA ADC HL,HL

H

B3BS 54 MULTIP: LD D,H
83B6 5D LD E,L
83B7 3E02 LD A,02H
8389 210000 LD HL,C0000H
83BC B7 LOOP: OR A
83BD CAC983 JP Z,BINBCD
83C0 1F RRA

83C1 3001 JR NC,LOOP1



83c3
83Cc4
83C5
83C6
83Cc7

83C9
83CB
8acc
83CD
83CE
8300
8303
8304
8305
8306
8308
8309
83DC
830F
83E0
83E2
"B3E4

B3ES
83EG
83E7
83E8
B83EA
B3EC

B3ED
83EE
B3EF
B3F2

19
EB
29
EB
18F3

3JEFF
F§

7C

B5
2803
CDEDB3
FS

7C

BS
20F8
Fi
32D387
210387
23
FEFF
2001
C9

F1
77
23
FEFF
20F8
€9

C5
EB
01GA0C
AF

LOOP1:

}
BINBCD:

BINBCD1:
BINBCD2:

BINBCD3:.

.
]

BINBCD4:

.
]

DIvViO:

ADD
EX
ADD
EX
JR

LD
PUSH
LD
OR
JR
CALL
PUSH
LD
OR
JR
POP
LD
LD
INC
cp
JR
RET

POP
LD
INC
cp
JR
RET

PUSH
EX
LD
XOR

HL,DE
DE,HL
HL,HL
DE,HL
LaooP

A,OFFH

AF

AH

L
Z,BINBCD2
DIvio

AF

AH

L
NZ,BINBCD1
AF
(FIRST),A
HL,FIRST
HL

OFFH
NZ,BINBCD4

AF

(HL),A

HL

OFFH
NZ,BINBCD4

BC

DE,HL
BC,000AH
A



B3F3
B3F4
83F5
B3F7
83F9
83FB
83FD
83FF
8401
8402
8403
8404
8406
8407
8409
840A
840B

840C
B40F
8412
8415
"B416
8417
8419
B41A
841C
B41F
8420
8421
8424
8427
842A
842D
8430

67
6F
3E10
CB13
€B12
EDGA
ED42
3001
09
3F
30
20F1
EB
EDGA
7B
C1
C9

210000
210387
11D887
46

23
3E30
80
FE2F
CA2484
12

13
C31584
210000
213484
CD4887
210887
CDEBBT

DIVil:

DIV22:

.
]

DISPLAY:

DPLY1:

DPLY2:

LD
LD
LD
RL
RL
ADC
SBC
JR
ADD
CCF
DEC
JR
EX
ADC
LD
POP
RET

LD
LD
LD
LD
INC
LD
ADD
cP
JP
LD
INC
JP
LD
LD
CALL
LD
CALL

H,A

L:A

A, 16

E

D

HL,HL
HL,BC
NC,DIV22
HL,BC

A
NZ,DIV11
DE,HL
HL,HL
AE

BC

HL,0000H
HL,FIRST
DE, SECOND
B,y (HL)

HL

A,30H

A,B

02FH
Z,DPLY2
(DE),A
DE

DPLY1
HL,0000H
HL, TABE
LINE1
HL,SECOND
LINE2



8433

8434
8444
8454

8464
B466
8468
8468
846C
846D
846F

8470
8471
8472
8473
B475
8477
8478
8479
8478
847D
B4TF
8481
8483
8485
8486
8487
8488
BABA
8488

848D

c9

2420202020
2420202020
2A20202020

3E20
0604
210887
77

23
10FC
C9

AF
54
5D
0600
0E04
67
6F
3E10
CB13
CB12
ED6A
ED42
3001
09
3F
3D
20F1
EB
ED6A

54

[
?

TABE:

CLRMEMO:

MEMO:

®
4}

PRICE:

PRICEL:

PRI1:

PRIZ2:

.
+

MULTIPI:

RET

DFB
DFB
DFB

LD
LD
LD
LD
INC
DJNZ
RET

XOR
LD
LD
LD
LD
LD
LD
LD
RL
RL
ADC
SBC
JR
ADD
CCF
DEC
JR
EX
ADC

"*
¥ GRAMS

"*

A, 20H

B,4
HL,SECOND
(HL) ¢A

HL

MEMO

D,H
E,L
B, 00H
C,04H
H, A
L,A
A, 16
E

D
HL,HL
HL,BC
NC,PRI2
HL,BC

A
NZ,PRI1
DE,HL
HL,HL

D,H

*"

*"



848BE
B48F
8491
8494
84395
8498
8499
8498
849C
8490
849E
B49F

B4A1L
B4A3
B4A4
84A5
BA4AG
84AB
B4AB
B4AC
84AD
~84AE
8480
84B1
84B4
8487
B84B8
B4BA
84BC

848D
B4BE
84BF
84C0

5D
3E08
210000
B7
CAA1B4
iF
3001
19

EB

29

EB
18F3

3EFF
F5

7C

BS
2803
CDC584
FS

7C

BS
20F8
Fl
32DC87
21DC87
23
FEFF
2001
Cc9

F1
77
23
FEFF

MUL:

MUL1:

I3
L

TOTPRI:

TOTPRIL:
TOTPR1Z2:

TOTPRI3:

]
?

TOTPRI4:

LD
LD
LD

JP
RRA
JR
ADD

ADD
EX
JR

LD
PUSH
LD
OR
JR
CALL
PUSH
LD
OR
JR
POP
LD
LD
INC
cp
JR
RET

POP
LD
INC
cp

E,L
A,08H
HL,0000H
A
Z,TOTPRI

NC,MUL1
HL,DE
DE,HL
HL,HL
DE,HL
MUL

A,OFFH
AF

A H

L

7, TOTPRI2
pIviot

AF

A H

L
NZ,TOTPRI1
AF

(THIRD),A

HL,THIRD
HL

OFFH
NZ,TOTPRI4

AF
(HL) ,A
HL
OFFH



84C2
84C4

84C5
84C6
84C7
84CA
84CB
84CC
84CD
84CF
8401
8403
84D5
84D7
84D9
84DA
84DB
84DC
84DE
84DF
B4E1
LB4E2
B4E3

84E4
B4ET
84EA
84ED
B4EE
B4EF
84F1
84F2
B4F4
B4F7

20F9
C9

c5
EB
010A00
AF
67
6F
3E10
CB13
CB12
ED6A
ED42
3001
09
3F
an
20F1
EB
ED6A
78
c1
cg

210000
21DC87
11E187
46

23
3E30
80
FE2F
CAFCB4
12

.
]

DIViOt:

Diviti:

D1v222:

]
t

DISPLAY1:

DPLY1L:

JR
RET

éUSH
EX
LD
XO0R
LD
LD
LD
RL
RL
ADC
SBC
JR
ADD
CCF
DEC
JR
EX
ADC
LD
POP
RET

LD
LD
LD
LD
INC
LD
ADD
cp
JP
LD

NZ,TOTPRI4

BC

DE,HL
BC,000AH
A

HyA

LA

A, 16

E

D

HL,HL
HL,BC
NC,DI1V222
HL,BC

A
NZ,DIV1ll
DE,HL
HL,HL

AVE

BC

HL,0O0C0H
HL, THIRD
DE,FOURTH
B, (HL)

HL

A,30H

A,B

02FH
Z,DPLY22
(DE),A



84F8
84F9
B4FC
B4FF
8502
8505
8508
850B

850C
851C
852C

853C
B53E
8540
8543
8544
8545
8547

8548
.854C
8550
8551
8553
8556
8559
B55C
B55E
B560
8562
8566
8569
856C

13
C3EDB4
210000
210C85
CD4887
21E187
CD68B7
c9

2A20544F54
2420202020
2A20202020

3E20
0604
21E187
77

23
10FC
CS

DD21F087
FD2L1EEBT
AF

0602
DD7EQO
FDIEOD
DD7700
Dp23
FD23
10F1
DD21F08B7
DDGEGO
DD6601
€9

DPLY22:

-e

TABF

.
t

‘CLRMEMO1:

MEMOL:

.
L

SUBTRT:

SUB1:s

INC
JP
LD
LD
CALL
LD
CALL
RET

DFB
DFB
DFB

LD
LD
LD
LD
INC
DJNZ
RET

LD
LD
XO0R
LD
LD
SBC
LD
INC
INC
DJINZ
LD
LD
LD
RET

DE

DPLY11
HL,0000H
HL, TABF
LINEL
HL,FOURTH
LINE2

"¥ TOTAL PRICE *"
" ¥ BATH x"

"* *'I

A, 20H

B,4
HL,FOURTH
(HL) 4A

HL

MENMO1

IX, TWO
1Y,0NE
A

B,2

A, (IX+0)
A, (1Y+0)
(1X+0),4A
IX

1Y

SUB1L
IX,TWO
L, (1X+0)
H, (IX+1)



856D
B56E
B56F
8570
8572
8574
8575
8576
8578
857A
857C
B57E
8580
8582
8583
8584
8585
8587
8588

85B8A
8588
858C
B58E
8591
8592
8595
8596
8598
8599
8594
8598
859C

AF
94
S0
0600
OEQ4
67
6F
3E10
cB13
cB12
ED6A

ED42

3001
09
3F
3D
20F1
EB
EDGA

54
5D
3E02
210000
B7
CA9EBS
1F
3001
19

EB

29

EB
18F3

TARE1:

TARE11:

TARL:

TARZ:

-

TAR3:

TARA:

TARS:

-eo

X0R
LD
LD
LD
LD
LD
LD
LD
RL
RL
ADG
SBC
JR
ADD
CCF
DEC
JR
EX
ADC

LD
LD
LD
LD
OR
JP
RRA
JR
ADD
EX
ADD
EX
JR

D, H
E,L

B, 00H
C,04H
H, A

L,A

A, 16

E

D

HL,HL
HL,BC
NC, TAR2
HL,BC

A
NZ,TAR1
DE,HL
HL,HL

D,H

E,L
A,02H
HL,0000H
A

Z,TARS

NC,TARS
HL,DE
DE,HL
HL,HL
DE,HL
TAR4



858E
85A0
B85A1
B5A2
85A3
B5A5
85A8
B5A9
85AA
B5AB
B5AD
B5AE
8581
8584
85B5
85B7
8589

85BA
B5BB
B5BC
85BD
85BF

Al

85C1

85C2
85C3
85C4
85C7
85C8
85C8
85CA
85CC
B5CE
8500

3EFF
F5

7C

BS
2803
cpc2seh
F5

7C

BS
20F8
Fl
32ES87
21E587
23
FEFF
2001
€9

F1l
77
23
FEFF
20F9
c9

CS

EB
010AQO
AF

67

6F
3E10
cB13
cB12
EDGA

TARG?

TARB:

TART:

TARS:

[
1

TAR10:¢

.
1

DIVTEN:

pIviiot:

LD
PUSH
LD
OR
JR
CALL
PUSH
LD
OR
JR
POP
LD
LD
INC
CP
JR
RET

POP
LD
INC
ce
JR
RET

PUSH
EX
LD
X0R
LD
LD
LD

RL
ADC

A,OFFH
AF

AH

L

Z,TAR7
DIVTEN
AF

AH

L
NZ,TARB
AF
(FIFTH) ,A
HL,FIFTH
HL

OFFH
NZ,TAR1O

AF
(HL),A
HL

OFFH
NZ,TAR10

BC

DE,HL
BC,000AH
A

H,A

LA
A,16 ‘

HL,HL



85D2
8504
8506
85D7
85D8
8509
85DB
85DC
85DE
850F
85EC

85E1
85E4
B5E7
B5EA
B5EB
85EC
85EE
BSEF
BSF1
B5F4
.85F8§
85F6
B5F9
85FC
B5FF
8602
8606
8608

8608
8618
8629

ED42
3001
09
3F
3D
20F1
EB
EDGA
78
C1
c9

210000
21E587
t1EABT
46

23
3E30
80
FE2F
CAF985
12

13
C3EABS
210600
210986
CpD4a8s7
21EABT
cDeB87
c9 |

2A20544152
2A20202020
2420202020

DIvao2:

.
1

DISPLAYZ2:

DPLY111:

pDPLY222:

.
L]

TABH:

-

SBC
JR
ADD
CCF
DEC
JR
EX
ADC
LD
POP
RET

LD
LD
LD
LD
INC
LD
ADD
CP
JP
LD
INC
JP
LD
LD
CALL
LD
CALL
RET

DFB
DFB
DFB

HL,BC
NC,DiV202
HL,BC

A
NZ,DIVi101
DE,HL
HL,HL

AVE

BC

HL,00COH
HL,FIFTH
DE,SIXTH
B, (HL)
HL

A,30H
A,B

02FH
Z,DPLY222
(DE),A
DE
DPLYL11
HL,0000K
HL, TABH
LINEL
HL,SIXTH
LINE2

"% TARE WEIGHT %"
"%  GRAMS *"
"* *ll



8639
863C
863F
B642
8643
8644
8646
8647
86489
B64C
864D
BG4E
8651
8654
8657
865A
865D
8660

8661
B6T1
8681
B691
8693
86395
8698
8699
BG&IA
869C

863D
869F
BGAL

86A4

210000
21E587
1t LEABY
45

23
3E30
80
FE2F
CA5186
12

13
34286
210000
216186
CD4887
21EAB7
CcD6887
c9

2420202020
2420202020
2420202020

3E20
0604
21EAB7
7

23
10FC
C39

3EQ0
0602
21EEB7
77

DISPLAY3:

DPLYYI11:

DPLYYZ222:

TABX:

CLRMEMOZ:

MEMO2:

we

CLR:

MEM:

LD
LD
LD
LD
INC
LD
ADD
CcpP
JP
LD
INC
JP
LD
LD
CALL
LD
CALL
RET

DFB
DFB
DFB

LD
LD
LD
LD
INC
DJNZ
RET

L0
LD
LD
LD

HL,0000H
HL,FIFTH
DE,SIXTH
B, (HL)
HL

A,30H
A,B

02FH
Z,0PLYY222
(DE),A
DE
DPLYYI11
HL, 000C0H
HL, TABX
LINE1
HL,SIXTH
LINE2

"s s"
"$§ GRAMS $"
"‘ s"

A,20H
B, 4
HL,STXTH
(HL), A
HL

MEMO2

A,00H
B,2
HL,ONE
(HL) ,A



BGAS
8GAGE
86AS8

86A9
B6AB
86AD
8680
86B1
86B2

86B4

-B6BS
8687

B6BS
B6BB
86BE
86C1

86C43
86C5
B6CSH

23
10FC
c9

3E00
0602
21F087
77

23
10FC
c9

D35t
3E38

D350
CcD7987
CDAOBY
3EOD

D3s0
CD7987
3E06

CLR1:

MEM1:

INC
DJNZ
RET

LD
LD
LD
LD
INC
BJINZ
RET

HL
MEM

A,00H
B,2
HL, TWO
(HL) 4 A
HL

-MEM1

$EEERREINITIAL LCB DISPLAY¥RKRREHN

-e - we e e

-

[}
]
[}
s

PORT_AO-PORT_A7 :POUT DO-D7

PORT_BO
PORT_B1
PORT_B2
PORT_B4
PORT_BS
PORT_B6G
PORT_B7

INITLCD:

ouT
LD

ouT
CALL
CALL
LD

ouT
CALL
LD

tPOUT RS
$POUT R/W
¢POUT E

(DATA READ/WRITE
(REGISTER SELECTI
(READ/WRITE)
(ENABLE SIGNAL)

$PIN RUN/HOLD (RUN/HOLD OF A/D)

¢PIN STATUS
$POUT POL

- ¢POUT OR

(PORT_B),A
A,00111000B

(PORT_A),A
EPLUSE
DELAY1
A,00001101B

(PORT_A),A
EPLUSE
A,00000110B

(STATUS OF A/D)
(POLARITY OF A/D)
(OVERRANGE OF A/D

s function set 38H
sDL=1 8hit,N=1 1/16
1F=0 H5¥7

tdisplay on/aff con
10=1 off,C=1 cursor

+B=1 blink

tentry mode set



86CA
86CC

B86CF
8601
86D3
86D6
86D9

86DA
860C
86DE
86DF
86E1
86E3
B6ES
86EB
86EB
~-B6EE
86F1

BEF2
86F4
BEF7
86F9
86FC
BGFE

D350
CD7987

3EO01
D350
¢p7987
CDAOBY
c9

CBBS
CBF1
79
D350
JEQO
D3st
cD7987
CDAOBYT
CcD9587
CDAO87
€S

3EOL
cpo787
3E02
€po787
3E03
¢po787

CLRLCD1t:

.
1

ouT
CALL

LD
ouT
CALL
CALL
RET

(PORT_A), A
EPLUSE

A,00000001B
(PORT_A) 4A
EPLUSE
DELAY!1

$1/0=1 increment,S=

sclear all display

$FERRRKRREWRITE CG RAMBRFERRRIEK

H INPUT REG C=ADDRESS 1-64

WRCGRAM:

.
1

REG D=DATA BIT 4-0

RES 7,C

SET 6,C

LD A,C

o0uT (PORT_A),A
LD A,Q

ouT (PORT_B),A
CALL EPLUSE
CALL DELAY!

CALL  WRBYTE

CALL
RET

DELAY1

$EEERRRFRWRITE LINE 16 CHAR¥HHREN¥

s INPUT
+ INPUT
i

LINE:

(HL)=DATA
A=LINE

LD
CALL
LD
CALL
LD
CALL

Ayl
WLINE
A,2
WLINE
A,3
WLINE



8701
8703
8706

8707
8708
870C
B70E
8711
B713
8716
8718
871B

871C
B71E
8721
8724
8726
8729
872C
872E
~?731
8734
8736

8739

873C
873E
873F
8740
8743
8744
8745
B747

3EC04
cnave7
c9

FEO1
CA1C87
FEO2
CA2487
FEO3
CA2C87
FEG4
CA3487
€9

3EQO
cbesB7
C33C87
3E40
cpags?
€c33ce7
3E10
cpegst
c33cer
3E50
cpBss7
c33cse7

0610
56

CS
CDS587
C1

23
10F7
C9

.
*

WLINE:

WRL1:

WRL2:

WRL3:

WRL4:s

WRLM:
WRL:

LD
CALL
RET

CcP
JP
CcP
JP
cp
JP
CP
JP
RET

LD
CALL
JP
LD
CALL
JP

LD

CALL
JP
LD
CALL
JP

LD
LD
PUSH
CALL
POP
INC
DINZ
RET

A,4
WLINE

Z,WRL1

Z,WRL2

Z,WRL3

ZyWRLA

A,00H
GOTO
WRLM
A, 40H
GOTO
WRLM
A, 10H
GOTO
WRLM
A, S0H
GOTO
WRLM

B:16
D, (HL)
BC
WRBYTE
BC

HL

WRL



v

8748
B74A
874D
874F
8752
8754
8757

8758
875A
875D
875F
8762
8764
8767

B768
876A
B76D
876F
B770
8771
8774
B775
8776
B778

8778
8778
877D
B7TF
8781
8783

3EO01
€b5887
3E03
£D5887
3E04
cD5887
c9

FEO1
CAa1C8B7
FEOd
cA2C87
FEQ4
CA3487
CS

3E45
cpses7
0604
56

C5
CD9587
Ci

23
10F7
c9

DBS1
¢BD7
D351
0600
10FE
CBY7

i

LINEL: LD
CALL
LD
CALL
LD
CALL
RET

;

WLINEL: cP
Jp
cp
Jp
cP
Jp
RET

!

LINE2: LD
CALL
LD

WRLL! LD
PUSH
CALL
pPOP
INC
DJNZ
RET

.
k)

Ayl
WLINEL
A,3
WLINE!
Ay 4
WLINE1

Z,WRL1

ZyWRL3

Z,WRL4

A, 45H
GOTO
By4

D, (HL)
BC
WRBYTE
BC

HL
WRLL

$ BEREE RS XKENABLE PULSE SUB.ERERER

EPLUSE: IN
SET
ouT
LD

EP1: DJINZ

RES

A, (PORT_B)
2,A
(PORT_B),A
B,00H

EP1

2,A

{ENABLE BIT 2



~u

8785
8787

8788
8789
8788
878D
878BE
B790
8793
8794

8795
B797
8799
879A
B79C
B7T9F

87A0
B7A1
87A2
87A4
8TAB
BTAT
B7A8B

8TAS
BTAC

D3s1
c9

Cs
CBFF
D350
AF
D351
cD7987
C1

CS

3E01
D351
TA
B3s0
€D7987
C9

C5
F5
0680
10FE
Fl
C1
C9

11201C
cDB587

.
)

ouT
RET

(PORT_B),A

PR RRRKGOTO POS ITIONSRREREEHEIEE

s INPUT
GOTO:

REG A=DATA

PUSH 'BC

SET TyA

ouT (PORT_A),A
XOR A

ouT (PORT_B),A
CALL EPLUSE

POP BC

RET

§ FEEERRWR ITE BYTE SUB¥kkkkHkdk

s INPUT
WRBYTE:

.
?

REG D=DATA
LD A,00000001B
ouT (PORT_B) ,A
LD A,D
QuT (PORT_A),A
CALL EBLUSE
RET

SEEFEREERRDELAY SUBRERRRRRRERIEE

[]
3

DELAY1:

DELAY11:

§
DELAY2:
DELAY21:

PUSH
PUSH
LD
DJNZ
POP
POP
RET

LD
CALL

BC

AF
B,B80H
DELAY11
AF

BC

DE, 7200
LDELAY

{ENABLE BIT 2

{SET DD RAM

$SET RS=0, R/

s DATA WRITE

$ BATA BYTE

$ LOAD COUNTER



87AF 1B DEC DE

87B0 TA LD A,D

87B1 B3 OR E

8782 20F8 JR NZ,DELAY21
87B4 C9 RET

H
$ ¥EEXERKSUBROUTINE FOR FEW SECOND DELAY¥kkbkHkak

.
1

B7BS 019600 LDELAY: LD BC, 150 $ LOAD COUNT
8788 OB LDELAY1t+  DEC BC
8789 78 LD A,B
87BA Bl OR c
B7BB 20FB JR NZ,LDELAY1
B7BD C9 RET
;
B7BE 11201C DELAY3: LD DE, 7200 ; LOAD COUNTER
B7C1 CDCABY DELAY31:  CALL  LLDELAY
87C4 1B DEC DE
B7CS TA LD A,D 1
B7C6 B3 OR E
87C7 20F8 JR NZ,DELAY31
87C9 C9 RET

s ¥R ¥F%SUBROUTINE FOR FEW SECOND DELAYHRKEREEK

v+

87CA 016400 LLDELAY:? LD BC, 100 s LOAD COUNT
87CD OB LLDELAY1: DEC BC
B87CE 78 LD A,B
87CF Bl ) OR C
8700 20FB JR NZ,LLDELAY1
8702 C9 RET
H
87D3 FIRST: DFS 5 s BUFFER
8708 SECOND: DFS 4 s BUFFER

87DC THIRD: DFS 5 s BUFFER



B7E1
BTES
B7EA
B7EE
87F0

83C9
8308
8390
B2E6
853C
B7A4
87BE
BAE4
8343
B3F7
B3AE
B4DA
8180
BAED
BAFC
8651
BTES
8788
8139
8788
8768
83BC
8680
8698
83B5
8310
0051

END
BINBCD
BINBCD3
CHECK1
CLRLCD
CLRMEMO1
DELAYLL
DELAY3
DISPLAY!1
DIVl
DIVIt
DIv2
DIvV222
Do1
DPLY1L
DPLYZ22
DPLYY222
FIFTH
GOTO
KEYC
LDELAY1
LINE2
LOOP
MENM1
MEMO2
MULTIP
OVRANGE
PORT_B

FOURTH:
FIFTH:
SIXTHs
ONE:
TWO:

8300
B3ES
869D
B6CF
8691
BTAS
87C1
BSE1
83ED
B5CC
8507
8398
8179
B5EA
B5F9
8781
8703
B6B5
808B
B6F2
B7CA
83C4
8468
8494
848D
0050
0055

OFS 4
DFS 5
DFS 4
DFS

NN

DFS

BINBCDt
BINBCD4
CLR
CLRLCD1
CLRMEMO2
DELAY2
DELAY31
DISPLAY2
DIViO
Diviiol
pivaoz
DIVIDE
DOWLOAD
DPLYI11
DPLY222
EP1
FIRST
INITLCD
KEYCC
LINE
LLDELAY
LooP1
MEMO
MUL
MULTIPL
PORT_A
PORT_BC

8303
8315
B6A9
8464
87A0
B7AC
840C
8639
84C5
84CF
8402
85C2
8415
8424
8642
8779
B7E1L
8026
87B5
B748
B7CD
86A4
8543
843C
B7EE
0054
0052

{ BUFFER
s BUFFER
+ BUFFER
s BUFFER
s BUFFER

BINBCD2
CHECK
CLR1
CLRMEMO
DELAY1
DELAY21
DISPLAY
DISPLAY3
DIVIO1
DIVILL
0Iv22
DIVTEN
DPLYL
DPLY2
DPLYY111
EPLUSE
FOURTH
KEYA
LDELAY
LINEL
LLDELAY!
MEM
MEMO1
MUL1

ONE
PORT_AC
PORT_C



0056
0040
8486
B2EE
8369
803D
8398
8191
8329
825F
8661
8583
8599
B5A5
B56D
801D
829F
BOB2
B4AB
87F0
8707
86DA
8724
B76F

PORT_CC
PORT_E
PRI2
READ
READ3
RTIMEL
SOLVE
TABA
TABD
TABG
TABX
TAR2
TARS
TARS
TARE1
TEST
TEST3
TOTALL
TOTPRIZ2
TWO

WL INE
WRCGRAM
WRL2
WRLL

0030
0044
8470
B2EF
836A
8708
8553
81D1
8434
8609
8578
858A
859E
B5AD
8570
8211
87DC
84A1
84B0
80CB
8758
B73E
872C
873C

PORT_D
PORT_EC
PRICE
READ1
READ4
SECOND
suBt
TABB
TABE
TABH
TAR1
TAR3
TARG
TARS
TARE11
TEST1
THIRD
TOTPRI
TOTPRI3
VALUE
WLINE1
WRL
WRL3
WRLM

0034
B478B
8473
82F9
8034
8TEA
8548
8218
850C
B2A6
85BA
8591
85A8
B14A
809C
8258
8160
84A8
84BD
8109
8795
87tC
8734

PORT_DGC
PRI
PRICE1L
READ2
RTIME
SIXTH
SUBTRT
TABC
TABF
TABS
TAR1O
TARA4
TART
TARE
TARE111
TEST2
TOTAL
TOTPRI1
TOTPRI4
VALUEL
WRBYTE
WRL1
WRL4
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*ICL7109 12 Bit Binarg
- A/D Converier foh

- Riicroprocessor | nterfaces

EATAP
. -

[

P

. TEATURES = . R T
: * 12 bll blnary (plus polarlty'and o»:e}‘rénge) dual . s S
Y epe Integrating anaiog-tp-digital converter, - - The ICL7109is a h ince, low pewer inleg:
~ .. By organized TTL-compallble three-stzfeoutputs ~ A/D converter designed fo easily interiace with mmg
. nd UART handshake mode for slmple parallel or ~ ) F Noah

o
e

GENERAL DESCRIFTION.

s oMl AT wued

g
3z

332

processors. Y. . oLl oon o SRR

2T certal Interfacing to miZroprocessor systems, < 'Th S Gats iy g i ey 3

¢ € culput datz (12 tits, polarity end overrange) mey X'
et RUN/H'OLD Input and STATUS oufpul can be us.ed_ "directly accessed under control of twc byte enabre_i:pw_;

= [lomonitor and control conversion timing,: . : *. Bnd a chip select input for a simple paralle! bus inferfscer.%

7Y o @ True diflerenital Input and dilterentia) relerence.  ° yaRT handshake mode is provided 1o allow the (CLTYO'-’J;%
' * Low noise — ‘ypleally 15,y P-p. : . . WOrk with industry-standard UARTs in providing serial e

- 2.1PA typlcal Input cur:enL_,_.:'_;_ A N d fransmission, ideallorremoledaga loggingapplicaliqmrﬁ&f
® Operales al up 1o 30 converslons per second. . . RUN/HOLD input and STATUS Sutputaliow monitoring o
* On-chlp oscifialor operzles with Inexpensive / g Con!(ol.of conversion timing. N fn“ﬁ%
L 3.58WHz TV Crysisl giving 7.5 converslons per - . . 0. % .

-.

e

S el e
-The ICLZ708 providss the o

AT SRS
 the high“accuracy,

Yy -y cond for 60H : M / o | oL e
& _“[ > ﬁec o,;cllgtor fozr r;(};::lzﬂ“:ka}{qx;lsznt::.;eo’phezrafed (& . Noise, low drift, versatility and economy uf the dua!-r-‘ai-jé
EIAER K integraling’ A/D converter. Features fike true’ dilfere2x ™€

* Fabricated using MAX-CMOS™ technology .

Input and teference, drift of less than 1uV/* C, maximeze 5

., tombining analog and dlgltal func_ﬂons_oq a;lngle 1 ... input bias current of 10pA, and typical power consumpter, 3
Jow power LS cHOS chlp. - - j . of 26mW make the ICL7109. an_atlractive per-chanwis

" - AllInputs fully protecied agal}u.si"stsi}q dls:c'l:';ér'gé
* ho special handling precaullons necessary,

.. [ elternztive 1o analog miiltipfexing for many dza scquisisen X
‘. applicztions, ™ N o SNt e :

PIN CONFIGURATION AND TEST CIRCUIT:

{See Figure 1 lor typical conneclion 10 a UART or Mu:ldcomput‘er)_".‘ 3

L. Y& B ok
| 8 - . REF IN-23% = N

b : X o = s DSl 2T REFcAP—3s e . DIFFERENTIAL _
. S 4 PP : 7 omDLR 4OR =t - L REF CAP ¢ 31 [ * RLFERENCE

RN IR o [ Yo fm12, T REE N * !

2 * ouTPUTS s Ry N TR INPUT HIOH .

* * 1810 p N 10 3¢ INPUT LOW |

B sey -, COMMON 13 CRY .l

INT 32

15 icinios

B .
REF IN— -

- eYTE

[ AR13
CCNIROL -{
2PUTS

e~

BY .. BUF OSC OUT 25 - .
7IEST OSC SEL 24 [— GWD 2akn) L
wiBER 0s¢ our 23 . )
1 AXTR OSC 1N 2:
2o IATID | MOGE 71

38795 MHa EEE .
TY CRYSTAL ° S o et

e - . 3 . = Rt » 72011 FOR 0.2V REF B N . 535
. N : . : . -= 2OXMUFOR2OVALE ¢, Lo . 3;2}
. T o T L1 louTue pwas DL, Jt, PY) i3
.. ) L. . . v, B Y I PRI 'g.
. . < 1 N . i’
: ORDERING lNFORMATlON : Lo et ..}
R L Pont ’ Temp. Range ’— Psclags ’ Order Rumber | * . ‘:Z el s D ; 4
e 7109 | -55°Clo 4125°C [ 0 Pin Ceramic DIP ICL7109MDL T K 3
R 7108 | ~20°C 1o «B5°C | <0Pin Ceramic DIP | ICLY1001DL * ce E
g 7108 | —20°C 1o +85°C <0-PIn CERDIP 1CL71091JL N T IO
7109 0°C 1o 70°C 40-Pin Plastlc DIP ICL7ie3CPL - |- . . . " .z

e aimbed ¥
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e
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e
4058 COUNTS ]
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9 MIN. | ' Counts

PROPORTIONAL

s De-Integrate Mhase

The final phase Is de-integrale, or relerence integrate, In-~
; put low Is Internally connecied to analog CCGMMON and
. Input high is connecied actoss the previously charged
. (during auto-zero} relerence capaclior. Circultry within®
* the chip ensures that the capaclior will be connected
with the correct polarity to cause the Integrator output to.
. return 10 ze10 crossing (established In Auto Ze1o) with a
fixed slope. Thus the time for the output lo return to zero
. (tepresented by the number of clock perlods counted) is
proportlonal 1o the input slgnal.

- Dlfferential Input

The input can accept differential voltages anywhere within

. the common mode range of the input amplitier; or

. 'specifically from 1.0 volis below the positive supply 10 1.5

. ., voltsabove the negalive supply. In this range the system has

“ . ~#CMRR o!f 86¢B typical, However, since the integrator also
* swings with the common mode vollage, care must be

+ .5 - exercised 10 assure the integrator oulput does not salurate,
"7, A worst case concition would be a large positive common

- mode voltage with a near full-scale negative differential input
voltage. The ncgative input signal drives the Inlegrator,

434

-

1 = . T .. MAX . .
e TN l / i NAFTER ZERO CROSSING, * *
NUMBER OF COUNTS TO ZERO CROESING - ANALOG SECTIOW witL * = -

" Flgure 2: Cenversion Timing tRUN/ROLD Pin High

R

BE IN AUTO2ERO
CONFIGURATION

YO Vi

B . o . .. :
positive when most of its swing has been used up by ®v.,
positive common mode voltage. For these critical appb:r‘g
tions the integrator swing can be recuced 1o less than ™« 32
fecommended 4V full scale with some loss of accuracy. T4
integrator output can swing within 0.3 volts of either SUCT
without loss of linearity, <L T
The ICL7109 has, however, been optimized for oparrsy -
with analog common near digital cround. With pose '3
tupplies of 415V and -5V, 1his ellows & ¢V full scale inlegnes:
swing positive or negative maximizing the perdormence ¢

voa

AN f

the analog section. = s .. b

e

Differential Reference ORI S

&)

The reference voltage can ba generatec 2 nywhere withintiy
power supply voltage of the converter, The main sourc &
¢ommon mode error is a toll-over vollage caused by ¢ :
reference capacitor losing or gaining charge 10 st >

capacity on its nodes. If there Is a large common m‘?
vollzge, the refetonce capacilor can gain charge (r a
voltagel when called up to Ueintegrate a positive signa! pt .3
lose charge (decrease voltage) when callec up 1o deinteywe

8 negative input signal. This di!ference In reference fo e
(=1 Input voltage will give a rall-over error. However, ¥ 3

.- e o~
- ..

Sty




TABLE.2 - Pin Assignment and Function Descrigtion

AT PR

AN

SINTERSIL

DESCRIPTION | PIN SYMBOL DESCRIPTION
Digital Ground, OV. Ground return for all 21 MODE tput Low - Direct output mode where
digutal fogic © . - CETORD Pin 201, RBEN (Pin 19 anc
Output High duting integrale and ceinle- - | TBEIR Pin 181 act 23 inpuls curecily
grale until cata 1s letched. . contiolling byte oulputs. :
Outpul Low when anzlog section is in . Input Puised High - Causes immec.ale
Auto-Zero configuration. . entry inte hancshake mode and outsut ot
Polarty - HI tor Positive Input. . ' cata 23 1n Figure S.
Overrange - HI il Oveitanged tnput High « Enables CE/LOAD tPin 200,
Bit 12 [iost Sigmificant Bt FELN Pin 19, ano [BEN 1Pin 18: 23 cut:
e e puts, handshake mode will be entered and
Bt 11 . N .
. . All cata oulput as in Figures 7 2nc 8 at con- )
Bt 19 : " three versicn completicn.
LI slate 27_Josc N
SuB } output 23| 0sC oul .
Bu7 I =tive data 24 |OSC SEL Osciliztor Select - Input tigh configures
Bub | . bits 05C 1N, OSC OUT. BUF OSC OUT as RC
B S . ' ' H oscitiator - ¢lock will be same phase and
)j ; Bit 4 ' : duty cycle 2s BUF OSC OUT.
‘<12 B 3 Kk - Input tow conhigures OSC IN, OSC CUT
ff:-'-" 122 Bt 2 N N lor ¢ry stat oscllator - clock lrequency will
T2 Ten B 1 |rleast Sicrabicant Bt be 1.58 of hequency at BUF OSC CuT.
e {3EST Input High - Normat Operation. 25 | BUF OSC-OUT] Butterea Osciilator Qutput -
} Input Low - Forces all bit outpuls high 26 |RUNHOLD Input High » Conveisions continususly =
L. Note. Ths input 1s used o7 test purposes petform ed every £162 clock pulses A
T .. only. Tse high if nol used. input Low - Conversion in progress com- i
A 1 Low Byle Crable - With Mode tPin 21110, pleted converter will stop in Aute-Zero 7] EX
;' ang CELGAD tPin 20 low, laking this pir counis belcre inicorate.
s low activates low O10¢er byle outpuls B1-E2 27 . | SEND Input - Used in hanoshake mode l0incCate
: -9 ) Yavh Tl abety of an external device 10 acCest 2218
i S0 7T} -WithMode iPin 21 high, thus pin serves < Connect to + SV I not used. -
ﬁ.j_ a low byle dlag ouﬂp.ul used in handsha'-«e. 76 v Araing Nepatve Supply - Nominat, EA
e LT A e 2 oL M with rescect 10 GND (Pan 0L '
,‘,i HE:I!_ . High Byle Enatle - vith Mode lf’m 2|.l|0w_ 23 REF GUT . TeTererce Volage Oulpol - Nomira iy TEv ;
tE . A s GEJUORD ‘Fip B ogiplodadnt: o0 .« | domntrom V" (Pin 20},
H X ‘BC"V;?;:')\LEIGOS;'QQ olg(i{. RUESUEICES) 30 BUFFEB Butter Ampltier Oulput
el e e e e s 31 |AUTO-ZERO | Auto-Zero Nooe - Inside foit of Caz
Y « With Mode iPin 211 high, this p'i;\ servesas 32 INTEGRATOR | Inieg-ator Output - Outsice fol of C-u1
3. a high byte flag output usedin handshake 33 |COMMON Araleg Commaon - Sysiem is Auto-Zeroed
2 ) mode See Figures 7, 8. 9. to CCUMON
& [CELORD Cinp Enable Load - With Modé tPin 211 low, 34 |INPUT 1O Oric ezl Inpui Low Sioe
i %t e | CEFCORD serves asamasiet oulputenable 35 TINPUT R Ditterential Input High Side
5 . V-'hen.!ngh. 81-B12, POL. OR outpuis are 36 |REFIN Y Ditterertal Reference Input Positive -
H Jisabieo, 3. = 37 REF CAP ¢ Relese~ce Capacitor Posihive .
; - With Mcoe 1Pin 211hugh, this pin serves 2s 38 |REF CAP Relerence Capacitor Negahve
. 3 Icad strobe used in handshake mode. 39 |REFIN Ditierential Relerence Inpul Negalve i,
L 3 See fFigures 7.8.9. ° 7 20 |V Fosine Supply Vouage - Nomnally -5V |
. e ) . with ressect to GND (Pin 11 Lt

g Afl 19131 levels are positive lrue. y . oo

TAILED DESCRIPTION -

tzsdog Sectlon: & e , -
‘gre 2 shows the equivalent circuit of the Analog Section
+ e ICL7108. When the RUN/ADLD input is left open or
ected 10 V°, the circuit will perform conversions at a rate
wwemined by the clock frequency 18182 clock periods per

. T ..

the bulfer amplifier, integrator, and comparalof. Since
the comparftor is incluced in the loop, the AZ accuracy

is limited only by the noise of the sysiem. In any case, the

* offset referred 10 the input is less than 10aV. -~

i
.

2. Slignalintegrate Phase

= Each measurement cycle is divided into thiee phases
During signa! Integrale the auto-zero loop Is opened, the

+ ivown in Figure 3. They are (1) Auto-Zero (AZ), {2) Signal

v jrate INT) and (3) Defn(egrale {DEL A Internat shost Is removed and the Internal input high and
* ZAp-Zero Phase Mt T e . low are connected 10 the external pins. The converier -
C g then integrates the differential voltage between IN Hland - |

IN LO for a fixed time of 20¢B clock periods. Note that
this ditferentia! vollage can be within the common mode
range of the Inputs. Al the end of this phase, the polarity
of the integrated signal is determined. T

. owring auto-zero ‘three things happen. First, Input high
»~d fow ate disconnected from their pins and internally
smoried to analog COMMON. Second, the reference ca-
sacltor Is charped 1o the relerence voltage. Third, a feed-
sackloop Is closed atound the system o charge the auto-
"o capacitor Caz to compensate for offsel vollages in ) : ) .

: : 4.3 . @ : )




: . v .
’ DIGITAL sscnon . . R
PARAMETER SYMBOL " CONDITIONS KIN
Output High Voltage Vos lout = 1004 . 3.5
Pins 2-16, 1€, 19, 20
* Output Low Vollage Vor lout = 1.6mA
- . Output Leakage Current Pins 3-16 hich impecance
: Zontrol 170 Pullup Pins 18, 19, 23 Vour = V" -3V K
Current . MODE input 2t GND :
: Conuc! 1/0 Loading RBEN Pin 16 LBEN Pin 18" - .
o Input High Voltage . _ Vi |Phs1821,25,27
. . : referred to GNO 7 257
Input Low Vollage . - Tow Pins 18-21,25,27 . | N
. . v, ‘e relerred 1o GND L R
input Pull-up Current 2 Pins 26, 27 Vout =V~ -3V . T
Input Pull-up Current Pins 17, 24 Vicyr = V™ -3V
T input Pull-down Current Pin 21 Vour = GND 43V ©o
Osciltator Ou!put High| = Oowx Vout = 2.5V . ) .-
Current . .. < [low OoL Vour = 2.5V .
Butfered Oscillalor High BOow ) Vour = 2.5V ol W
Output Current Low BOoL Vourt = 2.5V ° . . .
MODE Input Pulse Width tw . : 50

grenler than V* or less than GND may cause desiructive db celatchug. For tms reason |l istecommended thalnoinputs hon e
other than the same power supply be apotiedtothe )CL7 1C Seloreits po»:.et supply is established, and |har in mulhple sx..pply .)v'v-. K

5 the supply to the ICL7102 be activated first, - 9B e
Note 3: -This limit refers 1o that of the package and will not be chtained curing normal operanon

AN 1 : a1/ y v° 40
S oesve—q1 v TRC 42 . . GND~— 1 GND k REF N - 36
T : H 2 OSC CONTAOL OSCIN1Y 3t BUF OSC OUT  RES caP -3
i 3 eno—{3 anp R £ ] asv ’ ARANA. . —{35TATUS | REF CAP + 37
) . +sy—d{4 RRD 5 Cis13 4 At . - - < REF IN'¢ 3¢
. Ll q O PRY) Yy £ cig2y coegpl sl —MHBIN " © INHIDS
.. & —~— RBR1-S B 2131 s ( INLO 3¢
A W, . 1 o P12$}—GND e . e . . . coM 33
413 PE . CRL M 5y T 5" E9-512,P0L.00 INT 22
—f 14 FE ¢ 263y 8 . s-18 AIN
—{ 15 OF ; TERI-$ 7 es-58 ° -2 BUF 30
t e8¥—d 18 SFD ThE 2¢ |~ 17 TESY ALF OUT 29— "Ry 2001103 PR 2
S DHA 1 W3R 7 v© 28 (- 8V doonn Y N L 3
H 22 RRI DR 1y 21 KODE ' RUNADLD 3t |— <5V DR OPIN 1R
. S::;‘a: TBAL 23 2 CTTOXD 03C SEL 24 |- GKRD
TBAE 27 31 SIND. ©SC OUT 23 |y
¢ Toemr] TR EATEND T Tty oscmn TS s
¢ e s e 22 ZOUTPUT FOM LOWEIT PONIA CONSUMT tCm, | g CLTES sl c“"”" .
. s 18453 THXLTOAN IMFUTE RROULD ool Y3011 Lo
. -9 CHOS UART FULLUP RESISTORS TO oY . CMOS &/D CONVERIER - . : S,
. . Flgure 1A_ Typical Connechon Disgram UART Inie-’ sce - To ransmit latest resull, send any worc lo UAHT e
R f—amh , TLA RNy A ,
; . - ce ~sv e ve REF IR 3§ Jpro—memr————t  ~ — O
. A . "’M !TMJ L R TR © EKD—VGND - T+ - REFCAP-M b,_, ., EXTrTes
- ‘5V—t 170 L . «sv =117 TeSY ACF CAP + 31 e ALIEADTS
. « RESTY AL TN M .- . o REF N » X
L. tsss ol . : ’ I K135
. ¢ iRY P20.#27 oTHeR .. Lot 1N LO X
: vo . . BT com 3 e
OND —{7 A ,“’,‘,:;—-f,— e e e e s e - INT 22 k
R : . . C. AZ Y E
. : .~ FSER P13 30— » runADTE 7 sUF 20 <
. ~Jirae corn2x: 2 11ATUS REF OUT 29 |— Rt 20T ETE PP o
«sv —{ 28 PROG P11 3E w EER ¢ voarleav 200018 7Y ALY .2
1~ 43y {3t VDD P10 27 WHRETR """ 7" $(ND 21|~ o8V ¥
: sy —49 TL . . 38 ‘' suroscourasi- R AN 4
. « <ty —{e0 ¥YCC . - M - . fjtr-szroLon O3C SEL 24 p~ GND <o Y
: : 12-19 . . - . oscouraaf o
. ; ! o80-0B? —% F{1ven st .. OsCiN22 I8 MMy .
;Ti~onp—{rowo *  RDio ¢ CTTTKD woDL 21 _—Lj__]cuvuu
- RN e s [ g ICL7 108
: . CMO3 /D CONVIRTER |
N . < ‘. M " R .
| : . quuu 18: Typlcnl Connecllcn Dlagram Fa allel lnlerlacu With MCS<8 Mlcrocon.pu(er e v
.
1 _'_'. - .
R : 432 :
. . . .
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0

o) .‘S‘OLUTE MAXINUM RATINGS i .
.. Positive Supply Volizze IGND to V°) ... USSR Ceereeatnensene +6.2V
Negztive Supply Voitzge IGNDto V7)1 ......... i eeceeiaeteiiaeiees Teeeeennn -9V
- Analog input Voltage (Lo or Hil (Note 1) g
' - . Refercnce Input Votiage (Lo or Hi) (No L Vito Vv~
' Digital Input Voliage . R : V' + 03V
. 1Pins 2-27) (Note 2) ...... R S U S e .. GND-0.3V
Power Dissipation (Note 3) Lot : .
Ceiamic Package ........ S A e e, W@ -85°C
/' Plastic Package .............. P S S e 500mwW @ +70°C
Operating Temperature . v )
' Ceramic Package tMDL) .. .iiiiiiiinnnnreronnecennnns -55°C < Ta £ +125°C
. UDL) eviiniiiannns Ceeeieeea, ... -25°C S Ta<-+E5'C
! Plastic Package {CPL) .....oiiiunnunas Y NP 0°C S Ta<+70°C -
) RN e e eeea et iaeeaas ses =55°C S TA< 4125°C

A’WENT suesses above those listed unzer “Absolute Mzximurs Ratings™ may cays f: petmanenx damage 10 1he devicrs. This is a stress
Ség pnly and funclional operation of the cavices at these or any cther condifions bbove those indicated in the cpe‘:aho 1a! sections of the
-,-...l-ahons is not imphed. Exposure 10 abssivle mnnmum rating conditions for extended penods may alfect cevice reliability, " °

: .Slorage Temperalure
" Lead Temperalure (soldering. 60 sec.) .

. b . .
‘.

(,L’JLE ! OPERATING CHARACTER!STICS
«,eume!ers wnlh V=45V, V- = -SV GND = 0V, T4 = 25°C, unless otherwise indicated. -

e cucutl as shown on page 1. . N L) . . AN .
\.'J-LOG SECTION ;e 4 ’ h ’ Y .
i - . PARAMETER ~ | SYHBOL 7 CONDITIONS HMIN TYP MAX UNITS |
.‘..m lnpul Reading Vin = 0.0V 4 recag —0000g | 00023 { +00008 | Ocial
: - Full Scale = £09.6mW Reading
. anmelnc Reaung s Vin = VRer 3777 3777 4000g Octal
R 712 | . VRer = 204.EmV P " 4000: . Reading
cson-Linearity (Max cevigtion. % Full Scale = £U9.6mV 10 4.096V .
z:\':m best sualg‘ﬂ hne m)- -« | Over full eperzling temperature Pt EPON -4 | Counts
£ i range. 4 : ]
. scit-over Error (dillerence . - Full Scale = €09.6mV to 4.096V [ S IR
; % roading for equal pos. and R\ Over {ull operzling temperature . 1.4 =22 |7 41 Counts
_“eaq inputs near full scale} . tange, * ° ° ’ 1A i AN
_Zummon Mode RejectionRatio] CKWAER | Vem2iVVik=0v .. . . | -} 50 AN
- ) o= Full Scale = £D2.6mV j ) )
»out Common Mode Fange VCHA input Hi, Inzut Lo, Common V-+1.5 V--1.0 v
“xiese (p-p value nol N en Vig = OV v 4 15 mY
“yidedded 957 of time! Full Scale - 403 6mV il atin
taakage current 2t lnput  * b Vin = 0 All devices 25°C ’ 1 10 pPA
: . ICL7109CPL 0°C S Ta € +70°C : 20 100 rA
2y . ICL7108IDC -25°C = TAo < +85°C 100 250 PA
g * s ICL710914DL -55°C < T4 < +125°C 2 5 nA
Jero Reading Dnift : Vine = OV 0.2 1 pV/°C
% 4o Factor Temperalure Vi =40B.6mV => 77705 ¢ . v
,,ogfllc ent” TN EE reading ' o
- - ) < | Ext. Rel. 0 pom/°C . 1 5 pom/*C
~pply Current V* to [ .
D ce Vi =0, Crysial Osc, .~ . 700 1500 sA
3.5BMHz tes: citcuit
Sooply Curient V° to V° Isu=p Pins 2-21, 25, 26, 27, 29, open 700 1500 pA
<t Out Voltage e Vaer Relerred to V°, 25k{} ot
between V" and REF OUT -24 -28 -3.2 v
¢t Out Temp. Coefticient 25k{) between V* and REF OUT 80 ppm/°®C
rput Common Mode Range Vewm IN Hi, IN LO, COMMON VT 415 ;:15?; V* =10 \'
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i National
2 Semiconductor
| Corporation

LM136-2.5/L.M236-2.5/LM33

General Description
.¢ LM136-2.5/LM236-2.5 and LM336-2.5 integrated cir-
cuits are precision 2.5V shunt regulator diodes. These
monglithic IC voltage references opetaie as a low-tempera-
ture-coetiicient 2.5V zener with 0.2 dynamic impedance. A
thirg terminal on the LM136-2.5 zliows the 1eference volt-
2pe and ‘emperature coelficient o be timmed ezsily.
The LM136-2.5 series is useful as a rrecision 2.5V low volt-
age reference for digital voltmelers, power supplies or op
amp circuitry. The 2.5V make i convenient 10 obtain a sta-
ble refeience from 5V logic supplies. Further, since the
LK2326-2.5 operzles &s 2 shun! regulztor, it can be used as
either & positive or negative vollage reference.

*The LM136-2.5 is rzted for operation over ~55'C fto

a

LM136-2.5/LM256-2.5/1.11336-2.5

+~ B5'C temperziure range.

+125'C while the LM236-2.5 is raied over a —25'C to

6-2.5V Reference Diode

Both 2re packaged in a TO-46 package. The LM336-2.5 is
rated for operation over  0°C to +70°C temperature range
ang is available in a TO-52 plastic package.

Features

Lew lemperature coefiicient

Wide operating current of 400 pA 10 10 mA
0.201 cynamic impedance .

% 1% inftial {olerance available

Guzranieed temperzaiure stability

Easity timmed for minimum temperature drift
Fas: tun-on

n
]
[
=
H]
n
n
& Three lead rransistor

cackage

Connection Diagrams

T0-92
Plzslic Package

T

Metal Can Package X

0-46 SO Package

NC NC ADS
s 7 s s

See NS Package Number Z03A

‘Typical Applications

e S
Py

2.5V Reference
1%

257

W13 28

PUERENGY S
1

TL/H/ET15-9

«  LM236H-2.5, LM336H-2.5,
LM136AH-2.5 or LM23€AH-2.5
See NS Package Nurnber HO3H

O:der Number LM336M-2.5
or LM336BM-2.5
See NS Package Number M0OSA

2.5V Reference with Minimum

Temperature Coefficient Wide Input Range Reference

00+ -
»)
bl
)
TLHIST1S-0 5 g
U Botiom View . T/HIST 1520 ]l |2 [3 4
Order Number LM336Z-2.5 Bottom View NC NG HC =
or LI433682-2.5 Order Number LIM13EH-2.5, TUHIST1S-12
Top View

s¥ Vip, 39 - 40V
%Z.h
1 . LWIR
P. .
1]
ihest®
Vour * 18V
. r4
M336-2, 1
IM33E25 A< ™ 1M336-25
[LV1% 04 =
TL/KISTIS~Y
« * Adjust 10 2.480V
*Any sitizon signal cioce

TIHS21E-10

7-28



;r;ﬂ\;solute Maximum Ratings j
It Willlary/Aerospace specified devices are requlred, Soldering Information
co.iact the Natlonal Semiconduclor Sales Office/ . TO-92 Package (10 sec.) 260°C
istributors for avallability and « pecilications. TO-46 Package (10 sec.) . 300°C
“everse Current 15 mA SO Package
Vapor Phase (60 sec.) 215'C
rward Cunent 10 P
foogvaoe Temperature —60°Cto + 15;’12 Infrared (15 sec.) 220G
- T pera . ) See AN-450 “Surface Mounting Methods and Their Etect
¢ "'f‘:g’;g emperéiure Range ) . on Preducl Reliability” (Appendix D) for other methods of
L 0 . —55'Clo +150°C soldering surface mount devices.
LMoL A —-25'Clg +865C
LM356 0*Cto +70°C
Electrical Characteristics wote 1)
LM136A-2.5/LM236A-2.5 LM3368-2.5
Parameter. Conditions LM136-2.5/L.M236-2.5 LM336-2.5 Units
Min Typ Max Min Typ f Max
feverse Breakdown Voltage | Tp=25°C, Ig =1mA . ;
- - |-LM136/LM236/LM336 2.440 2.480 2540 | 2390 | 2.490 | 2.590 v
LM13BA/LM2364, LM226B 2.465 2480 2.515 | 2.440 | 2.480 | 2,540 \
Reverse Ereakdown Change | Ty=25'C, 2.6 6 2.6 10 mvV
with Current 400 pAS I <10 mA -
Reverse Dynamic Im; zdance | TA=25'C, Ig=1mA 0.2 0.6 0.2 1 Q
Temperature Stability Vg Adjusted 10 2.490V
(Note 2) Ig=1mA, (Figure 2)
O°CsTA<70°C (LM336) : 1.8 6 | mv
=25°CS T, <+ 85°C(LM226) j as 9 myv
—55’CST;.$+125‘C (LM1386) 12 18 mv
Reverse Breakdown Change | 400 pASI=<10mA 3 10 3 12 mv
With Current 24
Reverse Dynamic Impedance la=1mA D.4 1 . 0.4 4 | N
Long Term Stability 1 Tp=25C £0.1°C, Is=1mA 20 20 ppm

Hole ¥; Uniess cinerase specihed, the LMI36-2.8 js speciied from ~£5°C £ Tp € 4 125°C, the LM236.2.5 fiom - 25°C € Ty < +B5°Cand 1he LM336-2.5 from

UC<Ta s +70°C.
Note 2 Temperature stability for the LM336 snd LM236 tamily is guatanteed by design. Design limits are guaranteed (but hot 100!
dcates temperaiure and supply voliage ranges. These hmits are nat used 1o calculate oulgoing Guality levels. Statvty is defined a
from 25°C 10 T, (rn) or Ta (rmax), 9

Hole 3: For elevatad ieTpetatre operaton, T‘ max is:

% pvoducuqn tesied) over tha
s the maximum change in Vegy

LM136 150C
LMZ3R 125°C
LM336 100°C

Thertha! Resistance TO-52 TO-46 sSO-8

€, tJuncuon to Ambiers) | V6TCIW (D2* leszs) | €4G°C/W | 1€5°Crve
170°0/WID 125° tead)
nna socw | e |

L uncron 1o Case)

Typical Performance Characteristics

Reverse Voltage Change Zener Noise Voltage Dynamic Impedance
3 258 - 10—

% ' ’ l 'l""“_ Ipe i ma o]

- ™ \ T2 = e S v— S

- 1. 1087 N a £ - 1 !

. | ) 200 : T i ]

el 7 A\ Ry S
: - ? / ; 5 ey "'. 125'c

H i = H - :

2. LXK ] i i

s \Z ! e 5.,

= 4 Teaste 00 | i i ==t =

H | ' j ' : e

T = l I t

/ . I‘—T—)j! -zs':—q

1 ] J se I 2] !
B t 1 [ ST 1 L] " ™ oo W o " [P
L REVIRSE CURRIRT (md) TREDUERCY iNg) FREGUENCY (Ha)
.; TL/HI8718-2 J
S—

“9EZWT/S°2-98 LN

S°C-9eeN1/5°2
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LM136-2.5/LM?.’33—-2.5/LM336-2.5

Typical Performance Characleristics (Coniinued)

Response Time

Reverse Characteristics

Forward Characteristics

: n!
3 .}_. 1,-18°C
! evieur 1

AR N /S;:V

i
L]

8 F— 1,257t
!

it T

s TS z s
: T T ; : l
P L I &=
3 1 -,V' T Sl Y-t ‘ S |- 1,35
= . = ' , N , H e f
z z ’ N s |
> z 5
b
2

i
T, o128

—

-
N

]
]

|
L} os X ]
TiL fug)

Temperature Drift

_ el
: [ " 1 l‘ | l‘ % -
[ E : ‘llmu!,[ l[ ’[ » 'J }Z,ﬁl 1
H 2 ‘ 2

KEVIRST vOLTACK (V)

28 L I Y] " ) "
FOEWARD CURRINT (mA}

14 13

2548
s [—1 I

b3 114 f

2o
2458
> 2403 F
-

TASE VOLTACE V)

1

2400 e
j. = =
141D = .
1 LT~

NN =T
S figelma
i

a3

~S5-25 -18 § 2% 45 @S P% 028 028

Application Hints

The LM136 series voltzge references sie much eesier 10
use than ordinary zener diodes. Their low impecance and
wide eperating cument range simplify bizging in zlmost any
circuit. Further, either the breakdcwn volizge or the temper-

2ture coefficient can be adjusied o optimize circuit periorm-

ance.
Figure 1 shows an LM 136 with 2 10k ;;olenliometer for ad-
justing the reverse breakdown voltege. With the zdcition of
R1 the breakdown voliage can be adjusied withous zfiecting
the temperature coetiicient of the device. The adivstiment
range is usuzlly sufficient 10 acjust for both the initial device
tolerznce anc inzccuracies in buffer circuitry.

L3}
[N 10

FIGURE 1. LM 136 With Pot for Adjusiment
of Breakdown Voltage
(Trim Range = 2120 mV typical)

TEMPERATURE D)
TL/HISI8-3

. M minimom temperature coellicient ic cesired, two diodes E
can be zdzed in series with the acjustment polentiomeler
s shown iz Figure 2. When the devize'is adjusted 10 2.490V

" the temperziure coetficient is minimized. Almost any silicon ;
_signal dinde can be used for this purpose such as a 1N914,
TN4148 or 3 IN4S7, For proper temperzture compensation
the dioces should be in the same the:mal environment as
tha LM133. Ifis usually sufficient 1o mount the diodes near
the LM1Z€ on the printed circuit board. The absolute resist-
ance of R1'is not critical and any value from 2k 10 20k wil

work.

v
s
Ry
In§1e
. 1}
(L2513 15
INgI4 ¢
= TUHIST1S-4

FIGURE 2, Temperature Coefficient Adjustment
(Trim Range = 170 mV typical)

]

A Al et e s s, ®
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..FT

ypical Applications (continued)
Low Cost 2 Amp Swiiching Regulator?

vin 3 amr i y .
£V 10 sV Y ot Vour SV
r 00 M
"
[
o
Ll N2305
A At
J hd J\l
(LN ey vaRg P Saadad
F | F VK3
b
208
—AAA— thZ221 PN2322
iy i
*L1 60 tumns ¢ 1€ wire on Amold Core A-254168-2 TULM/ETIS-S
1Efficency = 80%
Precislon Power Regulator with Low Temperature CoeHlcient .
1317
- ; Vig = APUT out 9- vour
a0s
1
) Y A n . 3
Qs
LRI S K
K2
0 n
outryT
X ADJUST
*Adpust for 375V across R TL/H/5715-13

Trimmed 2.5V Reference with Temperature
Coetficlent Independent of Breakdown Yollage

SV Crowbar

wm*
CALIBRATE
SIRSIIVE LATE
STR

“*Does not atiect tempaerature coatficient  TL/H/5715-18

TLIH/S718-14

SC-9CENT/ST-9ETNT/SZ-9E L W

7-31 .
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LM136-2.5/LM236-2.5/LM336-2.5

Typical Applications (continved)

AdJustzble Shunt-Regulator

Rs ouTeuT
BV 10 cov SV 10 40V

20¢
1004
200

1M338.2.5

T TLIHIET18-6
Linear Ohmmeler
v
hy R

1121 .
CALIBRATE

TUHIST15-18,




Typical Applirations, (continued)
Op Amp with Output Clamped Eipolar Oulpul Reference
Ry sv
AV
Rin
—AWA
Vour . 10
3V MAX » S
2V —AAA—¢ 10473628
—— 1257

104
%

TU/RIS?(S-37

= %n
-5V
TL/MIET 8042
2.5V Square Wave Callbrator’
v
b
o SLTPYT
CALIERATE
IM136-2.5
= TLH/ST15-19
.
P
¥

7-33
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Typical Applications (Continved)

5Y Buifered Relerence Low Noise Buffered Reference

134

LM136-2.5/.M236-2.5/LM336-2.5

TYC YISV e
N i~
P 1.3V
(L 853
1
CaL
1LY 73
< eaL [T 213 +
°L 0.8
- TWH/STIS-T
Schematic Diagram
S\ IEY4 % — .
R l__'
S0 : 017
3 0s .
%
&— RS
\ b
ot RrE
pLY L
Pl

TUNISTIS-1 -




BURR-BROWN® ..

-
ol
o

Very-High Accuracy . .. !
INSTRUMENTATION AMPLIFIER *; |
_ . : . ‘
' . l .
FEATURES APPLICATIONS ;- + -,
o ULTRA-LOW VOLTAGE DRIFT - 0.254V/°C o AMPLIFICATION OF SIGNALS I
o LOW OFFSET VOLTAGE - 254V FROM SOURCES SUCHAS:**. |
o LOW NONLINEARITY - 6.002% Strain Gages G
.o LOW NOISE - 13nV//Hiz atfy = 1kHz Thermocouples Lok
« HIGH CMR - 10648 at 60Hz RTDS , !

ot
!
RN
1
1
o
i
.
g
"

"o HIGH INPUT IMPEDANCE - 10100
o LOW COST, T0-100, CERAMIC DIP AND PLASTIC

PACKAGE
DESCRIPTION

The INAI0| is_a high accuracy, multistage, inte-
grated-circuit instrumentation amplifier designed for
signal conditioning requircments where) very-high
performance is desired. All circuits, inc'luding the

« REMOTE TRANSDUCERS * -

o LOW LEVEL SIGNALS.

. MEDICFL lNSTHUMENTATIﬁN

1

y "
! i

]

o n

.

A multiamplifier design is used to provide the highest, "
performance and maximum versatility with monos. ., "
lithic construction for low cost. The input stage uses*”. ;.
Burr-Brown’s ultra-low drift, low noise technology :

interconnected laser-trimmed thin-film resistors,are o provide cxccptiona! input f:haractcris(ics. vl
- integrated on a single monolithic substrate. ¢ ] - Z\} . ;
. i i b TRELEN £ IR P
OFFSET ADJUST ] y N\ OFFSETADJUST |
L~ ~ H 3¢ VG e H oo 2 oy
)€ H 1Py s 7)(s) M OUTPUT T
f SEVT .
vt @ — weit G eatn . | ‘
. BAN-" % ' i*f LY ‘
- kn OUTPUT ‘[l‘i' - ] {1} o N ' UTPUT .,,';:‘.
N 36T 21 © | | Damt
, VI e o ser 2 Q9" 2kn ~{itka] ¥ L
¥ sexse2(1 Y QR PP .
kn A2 ) kn A2 10kn :
100 P T R :
O - oy (P~ ' .
~ I 1 : :
OJORNC CXCIROICELR
.vcc .vcc COMMOX o b 'vcc :_vcc Aznm'mr. : REAN
: [ .

"o

\

M Package

Iatarnational Alrport Industrist Park - P.0. Bex 11400 - Tucson, Arizona 85734 - Tl 1602) 7483118 -

WF . GandPPackages”. it T

Twx: 910-652-1111 % Cable: BBACORP - Telex: [PYY A

a

— PDSAMF . i Lot
o 4
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s e
23

‘ ‘ . ; o8 ¢
.- T . . R Ct

ELECTRICAL.-. ) b |
At +25°C with :H_S’}IKDC_ power supply and in circuit of Figure 2 untess otherwise noted, #
MoDEL I AT INAWOISM/SG \
MIN v MAX MIN Tve MAX (.MM
i wdmm Lot N ) . . . i 3
Gsin Equation : Gu14(40k/Ry) ¢
Error From Equetion, oc" 2(0.04+0.00016 2(0.140.0003G . .
( ~0.02/G) -0.05/G) N .:
i . . i, .
d Oiln - 5. -
v G=y . K i 2 5 . .
2 G=10 20 100 . .
. G =100 2 HO . ¢ 8
G = 1000 earespute frraeire | e 22 1m0 . * .
Nonknesrity, DC*®. -1 Hooo2+0G) | Eiv.0os+2xr0Gy- | - i o001 o] 200023} . o [ '
' . : no"c) +107G) .
RATEO OUTPUT i 1 -« ] N
Vollage e 210 LT i AT B M ¢
Cornnt P N R R M o B
Output Impedance e LIS . U . by
Capacilive Load .. " , P A e . . . i 3
INPUT OFFSET YOLTAGE . - . "
lnl!d Offaet a1 $25°C -. . {10+ (25 1(10+ {25+ 2(125+ +(250+ |
LT ) daeate et W0/G) ;.- . 400C) | [ 100/G) | 200/G) . 450/G) F00/G) 114
n'rmm s 4075 | e $(0.25+" POE24200G) ] e i fd
¥ L Ve +10/G) 10/G) %
vs Supply ’ ' $(14+20/G) . . . . h ¥
vs Time . +(1+20/G} - P ' . . ;
INPUT BIAS CURRENT i : N ; 7 s 4
Initia! Blas Current ) 3 J
(oach input) s1st 110 . 15 120 . 4 ';‘
vs Yempersture  © 202 . . . . 4 ’ B X
wlupoly . .. 30,9 . ’ . K R o 5
Initiel Offoet Currsnt £15 110 S, 5 12 . A [ )
T ture 105 . ' 1. ‘e H o - ‘ .
. [ WPUT IMPEDANCE . .. . e | L)
Difterential B 1013 . * . . \ . . e 2
Common-mods ' 103 . y Ny 5 . i
. e . ' . . "_ e %
N N M _' i .
soe . . o s . Y
. . . 90 [ . it
. . . . 100 105 3
. . & . . )
B A
. { : . . . H «
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MECHANICAL

M Package
*70-100 Case = ~Vee

— A Leads in true position within

Hermetic DIP

14

G Pabkage T

. Ludt in true position within ¢
0.01%,(0.25mm) R at MMG at

0.010” (0.25mm) A at MMC
o=t at seating pl"a‘r':‘o,. " 1 lntlng pllnc. i 5
¥ Pin numbers shown for Pin numm shown for refer- !
1 - 1 5 mlergnco :‘:lyy.m' be marked .encs only. Numbers may not g
[ " T on packags. be '“'."‘.‘9 -‘-"“ packsge. ¢
* INCHES MILLMETERS < {
< | OM [TMiN | MAX | MIN | MAX p | - £
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3 010 040 0.29 1.02 D 1.008 o1 o8 | 053 |
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i - i A et :
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b ; > ¢ E
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| - , L
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PIN CONFIGURATION.
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INPUT NOISE VOLTAGE

‘DISCUSSION

#STRUMENTATION AMPLIFIERS -}

lﬂ;lmmcma(ion amplifiers arc differential iripht closed-
loop gain blocks whose committed circuit’ accurately
_Amplifics the voltage applied to their inputs. They
tespond only to the dilfercnce between the two input
signals and cxhibit extremely-high input impedance,
both differcntially and common-mode. Fecdback net-
.works are packaged within the amplificr module. Only
one external gain setting resistor must be ‘added. An
Bl operational amplificr, on the other hand, is an open-loop,
&1 uncommitted device that requires external networks to
2. close the loop. While op amps can be uscd to achieve the
B} :same basic function as instrumentation amplifiers, it is
B« very difficult to rcach the same level of. performance.

+ Using op amps often leads to design trade-offs when it is
pecessary to amplify low level signals in the presence of
# common-mode voltages while maintaining high input
apedances. Figure | shows a simplified model of an
*lastrumentation amplifier that eliminates most of the

HWER Y

2l 1288

. ‘hz‘llvlgm
% “CMAR 7 - CMAR

t .
For INAI0T 6 = 1 4 40k/Rg

OF PERFORMANCE .
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i 1000 30 . 1000 3
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1m0 € 2 ) — )
E 8t - . r !
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2 > K !
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-~ 1% g : g -
32 ]
R 10- 100 1000 10, 100 1000 1
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N . i ; ot

;
1
4

[}

' - .
: LR

_the desirable charactcrist’icé"c}'t' a-premium performance
* instrumentation amplificr. In addition. it has features not
_normally found in"integrated circuit instrumentation
amplificrs. v < 1 . ;
The input section (Af'and A2)‘in_gorp<l)‘:';1tes high-ﬁcré
formance, low drift amplifier circuitry: Tl)campliﬁt_:r;afg
: connected in the noninverting configuration to provide’
the high input impedance (10'°2) desjrablc in the instru-
mentation amplifier function.” The ‘offset voltage and
offset voltage' versus’ temperature~is - low-due-to the
monolithic design and_improved:cven further;by the:
state-of-the-art' lasér-trimming techniques.’
The output scction (A3) is connéceted in a unity-gain
difference amplifier configuration. A critical part of this
stage is the matching of the four 10kQ resistors.which
provide the difference function. These resistors mustibe
initially well matched and the matching.must be-main-
“tained iovc_r'lcmpcraturc»ind 4ime.in order:to retain
excellent common-mode rejection. (The [06dB minimum
at’'60Hz for ‘gains:greater than 100V/.V is-a:significant
improvement compared to most other integrated.circuit
instrumentation amplifiérs.) - - Lo Do e i
All" of the intérnal resistors. are compatible thin-film
nichrome formed with th’c;int_'cgratcd'circuit.'Thccritical
[csistro}s are laser-trimmed to provide!the desired high
gain accuracy and cdmm,'onjgnodc‘rejgcﬁon. Nichrome
“ ensutes long-term stability’ of "trimmed_resistors:and
simultanequs achievement of excellent TCR and TCR
tracking. This provides_ gain. accuracy and common-
mode rejection when the INAIOL is operated oyer wide
o {emperature Tanges.. i .+ - 0o
. PR

'USING THE INA101., / S
Figure 2 shows the simplest configuration

s

The gain is set by the external Tesistor.

/ofthe INAIOL.
Rq ‘with a’gain

ot ’

whars g ls the galn setting r’,tluor.

.equation of G=1+ (40K/ ) :
R contribute dircctly to the gain.accuracy and drift..

FIGURE 1. Model of
RN .
THE INATO1 - .

Binnlified schematics of the INAIOI are 'shown on the

ot page. Itisa threc-amplifier device which providesall

an Instrumentation _/;\mpliﬁcr.
Ead il

2-11

For. gains.- greater' than unity.’ resistor'Ra is connected
externally between pins't and 4. At high gains where the
value of R becomes small, additional resistance (i.c..
relays, sockets) in the Ra circuit will contribute to a gain
crror. Care should be taken to minimize this effect,

L T

Ra): The referenceand TCRof

)
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FlGURE 2; Basic-Circuit Connection for the INA101
Including Optional lnput Offset Null,
Potentiometer.

'

vty
AN wor!

ot .!, . . B g A
Thc optxonal offset null capnbrhty is shown in Frgurc 2.
“The adjustment affects only the input stage component of

the -offset voltage:- Thus, the .null condition will be

idisturbed when the gain is changed. Also, the input drift *

‘will be affected b'y.hpproxima'tclyo 31uV/°C per 100uV
“iof input. offset voltage that is trimmed. Thercfore, care
-should"be taken when considering use of the control.for
removal of other sources of offset. Output offseumg can
<be accomplished. in-Figure 3 by.applying a vol(agc to
.Common (pm D. through a bufrer amplrﬁcr This hmrts
..the resistance ingeries with pm 7, to minimize CMR error.
s Resistance aboyve; 0.10), will causc thc common-modc
i rejection to fall hclow..lO6dB Be ccrtam to Keep | thrs

-

s.resistance low. it

I("rs“lmportant ’to not cxcecd -the, input amplifiers’
v - dynaniic fangé} The amplified différential input:signal
and-its associated common-mode voltage should not
-cause the output of Ay or A: to exceed approxlmatcly
+10V or nonlmcar opcrauon wrll rcsult LRI

it ey .

«.BASIC CIRCU!T CONNECTlON _—

4 Ti\c basiacircuit'confiection for the lNAlOl is. shown in
Frgurc 2. Theoutput: voltage -is-a function.. of the
differential input yoltage times the gain.

A

i . ’
OPTIONAL OFFSET ADJUSTMENT PROCEDURE

Itis frequcntly desirable to null the input componen

offset (Flgure 2) and occasionally that of the output

[(Figure 3) The quality of the potentiometer will affect

S

bridges .

13 couples,

} include N
‘ol comi

tof]

the

“results, therefore, choose one with good lcmpcralureand L rimpeda \

mechaméal-rcsrstance stability. The procedire is u

follows: l

1. Set E.»-— Ez = OV (be sure a good ground return palh

exists }o the input).
. Set the gain to-the desired valuc by choosing Ra.
. Adjus! to 100kf} potentiometer in Figure 2 until

[

. -output-reads OV *ImY or desired sctting. Note tha

the offset will change when the gain is changed. If

output component of offset is to be removed or if it

desired to establish an intentional offset, adjust.

100k{} ;potentiometer in Figure 3 until the outpu
reads OV £ mV or desired setting. Note that the offsd
will not change with gain, but be sure to usc a stabl

external amplifier with good DC characteristics,

range 'of adjustment is £15mV as shown. For largu

r:mgcs changc the ratio of R to R:.

Kl

!&

@4

I

the
the

the

INATOIM

-~

EXTERNAL
FMPLIFIER

FlGURE 3. Optional Omput Offset Nulling or Off

:

“ lmpcdance to Pin 7).

THERMAL EFFECTS ON OFFSET  ~ &

To mam!am specrf’ ed offsét performance, cspccrally'
high'gaifi; prevent air currents from crrculaung nr,_ -

the input pins.-This can be done by using a skirted

sink _on the INAIOIM package. Rapid changcs in ¢

temperaturc and thermocouple cffects on the pins
then be mrmmrzcd Surrounding the package with I
powcr componcnts “will also help to reduce air
across ﬂre packagc and pins.

TY"P’I'CAL APPLICATIONS

Many applications of instrumentation amplifiers invoig
the q}mpliﬁcation of low level differential signals fr

KN . e

1 - . Using External Amplifier (Lm

)




1

bridges and transd ucers such as strain ‘gages. thermo-

‘couples, and RTD's, Some of the important parameters

include common-mode rcjcclion'(dirrc'rcri(i'él'cancéll'alion
ol’common-modc offset and noisc, scc Flgurc 1), input

" “lincarity,  and noisc;’ The INAlOl accomphshes all of.

these with hlgh precision,

L

Figures 4 through 16 show somc typical applications
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+15vDC n;u;a Iselation power supply)

HEE

¢
. AEI' = imV, -3

“1Mnte JoMn,

Mg 30041
10
n
3
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Ewr W.pp

"-lmc
{irom lsslatlen power supply}

}
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'
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) Oy
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{SOLATION AMPUIFIER
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WPUT
‘COMMON

ISOLATION POWER SUPPLY
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ouTPUT
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i, pe

e

*BOES NOT AEQUINE EXTERNAL ISOLATION POWER SUPPLY

' FIGURE 8. Precision Isolated Instrimentation Amplifier,
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FIGURE 9. Multiple Charinel Precision Instrumentation Amplifier,
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GROUND RESISTARCE .
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FIGURE 11. Ground Resistance Loop Eliminator (INA[O1 senses and amplifics V; accurately). i .
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A OVERALL SAIK = Afour/AEw = 2000

13. Differential Input/ Differential Output Amplifier (twice the gain of one INA).

I

' U = ANy L

+IN

pr Pl adN Syt ey PSS

23 he ) A0 A -

Conf ] "
—— :

L omam NG Wl
Lt 0 e = J
1N .o <
' B ‘ ool ¢ . 9 . L-

P ' PREEUZ T

2 At

:

e

LA

.
g et

CONTAROL 81 §2 $3 34 $5. MOOE
£

[} Cloted | Clesed Open Open Closed Aute-Zocelng
1 Open Opoa Clased | Closed Open | Signal Amplificstisn

e

‘Ils ty’ l-'mr '

"hat?

ot e

1GU

R

o

Jeouw

- ys

RE 15, Programma
]




A +HISY .

5
oo GAINR SENSE
lo” o f > wmsEr1 5
o e s
Lo 013" ¢ camserz w0

Jio3 #42 cm sexse 2

g . wa| | o]
Lo oI & 3

5t

PCPIT gy oo vy

P ied

RN

i ) [} B
4 50
w/ L
3 o r
ik v .
3 1890

o
S

ul 1513

REIw T 4

N

v b 15y

oy’ cwd

s IRAIOIS
., oar

TOVATLATEL e B, 1R

S R

E

c-Gain Instrumcatation Amplificr

1
J!GURE 16. Programmabl
2-17

PREENE

A

kooM | it ' ‘ ;
‘ vy P :
‘1 FIGURE 15. Programmable Gain Instrumentation Amplificr. .
. Lot .
.\ :' .
f l ]
4| '
sz . .
E :
. ’ 2
1 ' oO—
aB B
: 4 .
AA' ' I 3 t
E : Abw 10
1 [ :
1 3 !
{ . i
Ll ;
"% v .
A :
AE i
B - GAIN SELECT ;
Using the INAIO] and PGAL :



PRODUCT SPECIFICA TION

""The following are numbers for the above calculations: : - e T
. . Yo .
. 8 MHz 10 MHz A25MHz. )
. - wag sy . , Min  Max - Min  Max Min Max . 28401 1/[:1 1
input Bulfer detay . 10ns 10ns.4, 10ns P ARALL\EL /0
tler deta 10ns 10ns 10 ns
Qutput Buller delay ‘ I ONTROLLER
) . : FEATURES . R
MG : PIO part CTC pan SI0 pant u ggucoo Z80CPU viitt: CGC,Z84C30280CTC, five 8- W 784011 leatures:
‘Mo Max ‘Min  Max Min Max il parallel ports. , - Z84C00 Z80 CPU. i
z ' - On-chip four channel Countef Timer Controtler
TAMI(IEQ) N "60 ns 80 ns 120 ns ® High speed operation (6/10 MHz). (zeocic). -
TSIEI(IO) 70ns 70ns 70ns 3 . -Builtin Clock Generalor Controller (CGC).
"TJIEKIEON st 50 ns 50 ns - 40 ns W Low power consumption in four operation modes: - Five 8-bit parallel ports. .
TAIEIEOr) . 50 ns 50 ns 40ns 45 mA Typ. (Run mode). - 100-pin OFP Package.
6 mA Typ. (Idle1 mode). - Noise litter 1o CLK/TRG inputs of theZ80 C1C.
9mA Typ. (Idle2 mode; Not applicabie to Z84011).
1 pA Typ. (Stop mode). ™ 784C11 fealures:
. - All Z84011 lealures.
10 MHz PIO part CTC part SI0 pant Wide operational voltage range (SV £10%). - Support of Idle 2 Mode.
Min  Max TMin Max Min Max - Buill-in Watch Dog Timer (WDT).
' . n TTL/CMOS compatible. .- Power-on Reset and Reset Extension.
‘TdMi(lEO) 60ns 60 ns 90 ns - Wail State Generator. -
TSIEWIO) o . o . 80ns . - 70ns. 5008 . /. . - Simplilied £V Mode Selection. .
TAIENIEOH 77~ . 50ns 50 ns 30ns - Crystal Divide-by-One Option.
anit o M,.t.algig't(,_'f:of-zv %Qtf}.(;,-.{:yﬂys{m;'1‘%5.\‘.7)‘52_»5:-'",.;Ls?\gsﬂ ¥,z ke m, Aogwesay h,;;‘,’&. SR A e :.v—\uaf,.n,t ey Y ey A g > ,5,“? ; - Eiderna.l Cb(ik input (jplnn o merninnn s e
e e e D Foma i o S w8 e T e e i e e e e v e e
Nov ki i e = " N -7
12.5 MHz PO part | CTC part SI0 part GENERAL DESCRIPTION 3 3
. ‘ Min  Max Min  Max Min Max ; .
- T The 784011 and Z84C11 Paranel IO Controflers (PIC)are lions 1anging from embedded controller to enhancement/
. TAM1(IEO) 50 ns 50ns 70ns CMOS 8-bil microprocessors. They areintegrated withthe  cost reductions of existing hardware: using Z80 based
TSIEN(IO) A 40ns €0 ns 40ns ; CTC and five 8:bit paralie! ports into a single 100-pin OFP  discrele penpherals
TAEIEOQ!) —-np o+ & . 4008 - A0ns ~25ns {Quad Flat Pack) package. The Z84C1t Is an upward - po T
" TAIEXIEQr) . . w4 -40nms 40ns 25as . compalible vession of the Z84011. Figure 1{d) shows the ~~ Hareinatér the word PlC onthe tescription oovenng both
. ' . block diagram of Z84011, and Fugure 1(b) shows the block  versions(Z84C11and Z84011)isused. Use Z84C11onthe
i — diagram of the Z84C11. Figure 2 has pin ass:gnmenls for .., description which applies only lo the Z84C11. and use
- Notel4] (W) A e = ) both versions. These high end superintegraled Parailel ll 284011 wmch ‘applies only to. lhe 284011,
“f+ Whenusi by aport ‘monKlé,_h;semi'rbef; - ‘O Conlroflers are targeted lor a broad range of applica: '
. mmﬂ«lhmlhtvaltnsimn-bmn ’ - I % ’ - . d s 7
£ 0 Sl SR S S I :l’w L R e, y -
- & Fe details about the "Z80 daisy-chain strixcture?, pleasa refer tothe . S - - . - = . P .
‘o wmmmwhmtmm Michuhchdednh o Lo ooy e N Lt
Z80 DataBook. . ** . R . :
T 2 . A
. PRI B EF RPN, x - R . RS oy g - T -
- - :‘"\u,‘. ; S 1‘ P N c e ¢ 2 - [ 13 R 3 e st . ) 2
¥ oar e B Heert M < e R L R et ‘ B S [t B . -
I : z ¥ = . B o § ) "~
« ~ I
N I N L S
- PO - e L e o Sdurinn e £ ity e s w5 * Ay Ky i AW i ey T B Tl Vsl S

g

R e g e e




XTAL2 -—1

fgl

Crystal USC

# Ay, N gl urm'ﬁh"

CLK

XTA2 «t—

i

Crystal USC

EV

©A150

. §lem m - % g : é e M1
. » . v .
i 280 CPU £ | /MREQ 3 TAL1 Z80 CPU £ ‘
£ - ; [t /MREQ
- L»—l intemal - 1 »n e A0RQ . Internal %)
Counter Sor |ag—] . 2 R L> Counter for |eg—] a Lt [IORQ
Stant Up . o {--» /RO Start Up RO
B e /WR . -
- = MALT . K - WR
. = /HALT
MRESET s /RFSH . '
Lt /WAIT /RESET Power-on Resel Circuit |—i] |—a /RFSH
0 ¢ [} o
S N 2 |
K] b i
5 ~ g
3 A : ] | |
£ ) : QAN 1 g
7 ZCIT00-2 ~a—] WatState L, o /WAIT
2C/T00-2 ~a— . Port A @ PA7-0 “ Generator
. { )
Pots K PB7-0 ’ g SO VRN PotA K> PAT-0
¥ - Z80 CTC .
-Z80 CTC (}:{) E ¢ . _ Aad ' _
r-—ﬁ"a‘ﬂ,- A xv’&?"‘*'m‘uﬁ\\— ,Ll-sti-tn\v i R RSk I RN P 25 < ‘ =L srades -*"‘-’ ook ‘r_-e: Tgrnas Al A\ <« — -:‘uv«%-‘- Ayt [N 3 o - PR e « -3;"7«’-'1--&'" WM =
S e | e | K R o T e FSSNE: A SEUMINR 9 S oS- ] IOV DO P U DU .3 Sl =02 Rt N
. i LKTRGO-3 — 9> . - ’
CLKITRGO-3 —3] . PotD KD PD70_ . . . , | K Pote KD PCT0
' S PETO L ; Port D @Pm-o’” ~
- . ' e
n R PR IS 3 2 N - o — et = * rz://lw‘DTOUT'""
) Diagram % ¥ It “ o
R L TR T, U sa) 284011 Functlonal Blg‘ckmgg frob ‘,.d‘,_ WL “ . e
) N o A W gt e Ao #d .I 5 1 by .A“ Foows . /" . , -
. N W < A
, Ce e ey ey Figure 1. Plc Funcuonal Blogk magram”" Whe v < : o !
< Foeafas A e ter Sl vy FEE . - . - Yo b ¥ N
~ + ] ‘ . (xfC P A 3 = ‘): - s E',, j =3 .
s T R R " = . L T TR :
[P S : = .. B . . v 1 ,':Ei; . H.“ R
‘ . 5 . . C11 Fu 2 i
4 L B - S -t L 13
3 - - =t o . febeym -
< ""’ - o~ RO : LU - ook
- v oem e e S RS - . - x - - Vo i, - . .
. . T L 5 . - ’ * - .
. e w0 _ ; . - el et TN Yot o - .o
~te :r:‘m.:--.\r\‘\\ TR < S ., AU SR S 3 Ry s S e oy B2 . i - = — = §
e E e e S TS , . L. 2
O 2 Tt . -



]
CPU SIGNALS , 5 E CTC SIGNALS e P
SignalName - #0fPins  Pin# VO,3Stale  Description o . SignalName  #ofPins  Pin# VO, 3-State PDescripion - -
o P . 11 . The refresh signal. When the dynamic memory fe- J CI KRGO - 4 (2-5) Inpul, External Clock/Trigger input. These._ four CILK/
fRFSH 1 (29) guumgg-&)ale fresh addre sgis on the low order byte on the CLK/IRG3 NG pins correspond to four Counter/limer Chan-
. . (C11) address bui. this pin goes active along with /MREQ nels. In the counter mode, each active edge
) signal. ' causes the downcounter 1o decrement by one. Iin
. . . . timer mode. an aclive edge starts the timer. It is
— - o, - K \ program sclectable whether the aclive edge is
For the 284011 the /RFSH is not t¥stated dufing EV mode. : - ' - ; rising or lalling.
Note: N ZCN00 - ZC/1023 (97-99) Output. Zero counttiner out signat: In either timer or counter .
For the ZBAC11 the /RFSH is irl-stated during EV mode. -, . y mode, pulses are output whien the down counler
f ’ . has reached zero. the Counter/limer Channel 3
2 - : does not have this oulpul.
ANT 1 (14) I/O {Open Drain)  Maskable interrupt request signal. Ipterrupl is R i D
- generated by peripheral LS. This slqnal Is accepled . '
if the Interrupt enable Flip-Fiop (IFF) is set to 1. GENERAL PURPOSE VO PORT ’
The /INT signal of the CTC is internally wired-OR .
) . without pull-up resistors and requires external pull-. - - .
w The interrupts from on-chip CTC goout from Ihis SignalName  #ofPins  Pin# VO,3-State . Description
in. . 3 5
i - S L PAT-PAD 8 (61-68) .o General purpose 1/O port (Port A) These lines arg/
NML T (45) Input Non-maskable interrupt request signal. ] conlijured as an input or an oulput, bit by bit. On
interrupt request has ahigher priority than the Reset. sei as "all input.”
maskable interrupt request and does nol reh[/: upon - ~a © .
IFF). OO ® - .- N ety .
the state of the Interrupt enable Flio-Flop WPEL” /| PB7-PBO .8 (69-76) . 1O General purpose /O port (Port B). [hese lines are
- ’ conti > i E . bil il
MHALT 1 16) Ouiput, 3-State  Halt signal. Indicales that the CcPU .has e)_(eculed a . . ~ ;.‘(:Sé?usrgla;;s_::: ;::33: ..Of_d" (_’u'p"' uit t”’. b.' On
w S e Gk o np erite-prt gmDiNer s, < T < SUHALT insiniction” This signal is lri-stated InEY, = s — 0 W TR = e G e ety el epeden S ERELUELED LT TS ok T
e SesEaian S oy SR eyt (A s Y WA AN a8 S 1 o 4 5 e R B o sl b S 0 it s st S BESBY 4 48 kU St o R g e e T z = A R T TR T AT e T e AT
) * REEacea - Ak e i THOS=1 i" = ¢ PC7-I°CO 8 (53-60) - 1O - . - General purpos; I/(; po'?l (Por1 C). lhese Iiﬁ"'es ar‘e ’
i - ] ; 1 - conligired as an inpul 1 output, bit by bit. Osi
/BUSREQ 1 (23) Input -Bus request signal. /BUSREQ requests placement ) ) n:;;?use:,as a;" l‘l"‘g:," or an output, bit by bil. On
T ‘ ' : “ of the address bus, data bus, /MREQ, AORQ. /AD 2 ) : ' ) :
Ay ’ o and /WA signals into the high impedance slate. POT-POO . 8 (88,89 """'/6“‘“ E—— a;v_né;al T i v L
;. 3 ¥, y . ; 89, purpose 1O porl (Port 1). these lines are
. . . "BUSRE.Q 'S notmﬁlry vnred-lCeM; o8 m:m % 91-96) conligured as an input or an output, bit by bit. On
) resislopSiesZRConne®= | : Resel, sel as "all Inpul.”
- — ,-,;—, ; »-,'_-, v ~~Qulput(011), -~ Bus écﬁnovdedge’signal. Insesponse o BUSREQ & wa - = o  m¥ e T T I ) = % E s Gengr pe -'r--w = o e e oS
MWM«’B»L,*SAC& PR ,."zzé,-r..;, (21)‘~ RS OU:zu'lf 3-Siate signal, /BUSACK informs a peripheral LSI that the 'TH*P'ZO K (85-79) Vo : . Sg:‘,?'ﬁigg g)so:ﬁ'&otﬁog: anogm u.llc?tébm\gisl a&?{»—}f
L2 orphible ol & “C11) address bus, data bus, MREQ, AORQ. RD, and P N 7 2N R R LI Rcs'é? sol ds ‘ail'lng e oulp . it Y‘ R
aemat WR signals have been placed in lhe high imped- - 4 ) e R e e Y4
e ance state: : PL7(0110nly) 3 TR - O - = General purpose 1O porl (Port E 7). this pinis .
o T - - — - ) . . Grneyzee w< gonligured as an input of an oulput. On Resel, se}iz;
) .. - 11 the /BUSACK ‘will be tri-stated during EV mode. R : 88 FIPUL e 2 e s e o oy
Ww.—ag '?'{;M‘f e N oy W S o e l 3 z WL X Yo JUSRIUSpRY. ¥ SPNEIT. J S ,’.f;ﬁ,[;{j
i 25 8w V307 e s S e PE7/WDTOUT le} Port £ 7Walchdog Timer Output (Multipléxed). 1his.,
. Wait signal. WAIT informs the CPU that specilied ' (C11 Onty) » v {Open-drain - :°pin is configured as 8 Walch Dog oulpul pin, or asa .
. : memaxy of peripheral is nol ready for data transfer. ’ .t 11O when - general purpose input or an output pin. When Walch
. - < :ASlong as WAIT signal is active, MPU is conliny- .. woroun Dog Timer is enabled. this pin becomes MWOTOUT .
i Inhor g Sgh e ously keptin the wait state.- | - e e s e e e s regardless of the programming as an /O port. and ¢
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SYSTEM CQNTROL SIGNALS . R . o i
. VR . ~
Signal Name ‘#olPins Pin#k 10, 3-State Desalpﬂon -
1€ L (1 Input 280 CTC Interrupt enable Input signal. This signal is
h - used with the Id) to form an interrupt priority daisy
N chain when there is more lhan one interrupt-driven
’ 5 peripheral.
IEO 1 (87 Outpul 780 CTC Inferrupt enablé outpul signal, In he daisy

. : chain interrupt control, IEO controfs the interrupt of
external peripherals. IEQ is aclive when IElis "1™

‘ v and the CPU is not servicing an interrupt trom the
on-chip peripherals.
/RESET 1 (24) ., Input (01 1), Resel signal. JRESE T signal is used lor Ipitializing
’ 1/0 (Open Drain)  MPU and other devices in the system. Also used (o
onC1t return from the steady state in the STOP or IDLE
modes.
Note:

For the 784011 the RESET is kapl in aclive state for a period of at leas! twee system dack cyclu.

-~

N

e, e SRR Wy

a

Fans  wo

.

SYSTEM CONTROL SIGNALS L8 T8t 7 Mk

SignalName  #of Pins . Pin# "v0, 3-State Descdption . . o e

MS1, MS2 2 @7.46) | Mode select 1 and 2. The mode select input pins.

. . : The slatus on these pins determine one of lour ot
power save modes.(Run, Idle1,’idle2 or STOP)

EV ; 1 {15) Input .~ [ .- Evalualor signal. When "1 is applied (o Ihis pin, PIC
- is put in Evaluation mode. For. details, reler to
- . . “Functional Description™ on EV mode.

Nole:

For the 784011, logetrmwllhlBUSREQ lmEVdgndpmsthll Into the evaluation mode. Whantﬁs signd becomes active, the status of
M1, MALT sind /RFSH change lo input. When using Z84011 as an evahuator chip, the CPU is electrically disconnected after oné machine cycle is
execuled with the EV signal *1” and the /BUSREQ signal “0". It follows the instructions from the other CPU (of ICE). Upon receiving /BUSREQ: A15-

A0, MREQ, Nl , /RD and /WR are changed to lnput and D7-D0 changes its direction. /BUSACK is NOT tri-stated so it shoud be disconnected
by an extemally connected circuit.

Note:
For the Z84C 11, to access on-chip resources from the CPU (e.g., ICE CPU), lmCPUlsolocm::-Ilydiscmctod A15-A0, MREQ. MORQ, /RD and
/WRtrechanged!nbmtD?Mdmguiudirocdon M, MALT-nd/RFSH-upuhbhhghh\podmcnsuhmnMeEVphls:eno l

] Also, JBUSACK is tri-stated. *
Note: A N
For tha Z84C 1 1, during the or-up sequence, lhisESETbecormsOpendvainwtp\nmdemedmnﬁspmto'o for 25 to 75 meec 3
I:of e power supplnyg pas‘::w theough apprax. 2.2V and then reverts 1o input. If it receives the /RESET signal after power-on sequenc, it will drive Signal Name #olPins  Pin# 10, 3-State Description
the /RESET pin for 16-proceseor clock cycles depending on the status of the Reset Output Disable bit in the Watch Dog Timer Master Register. If this Nl : :
Resat output is disabled, it must be kept in an active state for a period of atleast three system clock cycles. Note, that if using Z84C 11 in the 284011 | voc 3 (27. 51, 90) . Power +5 Volis i}
sockel, modification may be required on the Reset crcuit since this pinis a wnhputpln on the 284011, The /RESET pin does not have internal 9 ) N .
tional Description.” | y
i W"““i’?’f;‘j‘f’:"“""“ pukup. For "“2;"1‘;“_1."‘“3:,1‘:,‘?3'3".:111!;3,';“‘4,%,‘ ST, it ok gt o Vo oewmis 8 o (2B.50,.5eOND Lageyi0 Vol ..o (9 i o e i
- P S X Nk B wet e, ,.,__ e T A% o L/TTN 2o 1,5100) ... g B 2 rodni . -
u\ﬁ‘f*’m",w“n\p vua‘. IR PN N o 36 e o ;\ A v At Vg o A s ~ y 100) 5 | -
4 TEST i 86) " - Input T Test in, This pin should be hed lo 0"
SignalName'  #ofPins  Pin# 10, 3-State Description 1 | (86) .p ] p ) J’_h s pil
" 5 ‘ : P 3
XTALY i (49) . Input Crystal oscillalor’connecllng lermlnl?l. A paralle: 50} ‘ . o zim - -
! - “: , fesonant crystal is recommended. Il an external - . i Tho folowing pins have differént functions Betw " “d n' 1 Rt )
oo . clock source is used as an input to the CGC unit, : ; M ; IS I o ,
k o, - . supply clock goes into this terminal. a Pin Name ~ Pin# Function ‘:. R 22 oL . -
. < k o ) | ISR
. . ". e s . 2 MESET., ~24 __ Fugctionalily Is different,, o~ i T T e e srases St
T Note. = - B Ty 5N NS ) T AT 22 F\ncllenallyhdmounthsvmod.“--; - - g
. For the ZB4C11, acvyslal isence Is sutomaticaly dete "EymoZMCH omlab'mdmdeby-mockcdt:amacwod muhglapruu v 15, Functionality Is different. : . :
dockgommodlsamnonmCLKphI&nextemalclodthmuppnodonCLKph * .. PE7 78 ,.*(PonE7)on23401| PE7//WDTOUTonZBACﬁ o R
. - - ) oY [BUSACK 21 In EV mode, wsfabdmzagcil mmhsncllvoonwon ~
. =2 — - — . - - :, 3 M ] .
; ’ i gL S ' .
3 Signal Name * !# ol Pins <+ “Pin g‘ <, t/ 1/0 &State Descrlpuon i v 0 R S N Ew 1 " s . ..
) . [ Wite— ) * . .
1 Outpul e Crystal osc:llalo: connecling terminal. | . - - ’ X
= B o, O RV AN . w T BT st LTt e 7 ) : ) ’ b s
» . - . (i .
Cnd '0ulpul (011), . System Clock . i , - .
. o, N 1O(C11)° .”" &,.,‘ e . . 5 . , g ) R ‘
. + Note: - o g, [ Rt IS T . i (, x “ cerit it e g & N ) ':’l;_"
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FUNCTIONAL DESCRIPTION

As shown in Figure 1(a). the 28401 { hasaZ80CPU, CTC,
Clock Generator/Controtier and Five 8-bit General Rur-
pose 1/Os. In addition to lhese, the Z84C11 has a Watch
Dog limer, Wait State Generator, and Power-on Reset
circult (Figure 1D).

Functionatly, the on-chip Z80 CPU andthe Z80CTCarelhe
same as the discrete devices. Therefore, for detailed de-
scription of each individual unit, refer to the Product
Specilicalionﬂechnical Manual of each discrete product.

The lofiowing subsections describe each individual func-
tionat unit of the PIC.

Z84C00/01 Logic Unit

1he CPU unit provides all the capabilities and pins of the
Zilog 280 CPU. [his allows 100% software compatibility

“ with existing Z80 soltware. Refer 10"284C01 Z80 CPU with
CGC" Product Specilication.

Z84C30 Counter/Timer Logic Unit

This logic unit providgs the user with lour individual 8-bil
Counter/Timer Chanflels that are compatible wilh the
Z84C30 CTC (Figure 3). The Counter/T imers are pro-
grammed by the CPU for a broad range ol counting and
timing applications. Typical appfications include event

_counting, interrupt and interval counting, and serial baud
rate clock generation.

Each of the Counter/Timer Channels, designaled Chan-
nels 0-3, have an 8-bit prescaler (when used in limer
mode) and its own 8-bit counter 10 provide a wide range of
count resolution. Each of the charinels have their own
Clock/Trigger input to quantily the counting process and
an output lo indicate zero crossingAimeout conditions.
Note that Channel 3 doesn’t have its output pin. With only
one interrupt vector programmed into the logic unil, each
channel can generate a unique interrupl vector in re-
sponse lo the interrupt acknowledge cycle.

N Internal’
~ ‘A ...cp.n.m' ol vl
P . - % e Vol “.»L..%i:c)s’@;h .:i;.. 43
—N cpu >
Data 1A \ * N
. v BVL(J)S Internal Bus lnlt;g;:gl <— IEl
Control <: - N B IEO
- )
| | n| countsw . [ -3 »>zcmo
Timer )
) 4 Logic. K 4 CLK/TRG

/RESET

Figure 3. CTC Biock Diagram
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General Purpose VO Ports

1he PIC has five 8-bit General Purpose 1/O ports (a tolal of
40 1/O fines). Each bit is conligured as input of outpul
individually. Figure 4 has the block diagram for General
Purpose 1O ports. Each porl has 2 associated registers.
Oneis the Port Data Port, which latches the data tothe port,
and the other is the Data Direction Register, which defines
the direction of data flow lor the individual bits ol its porl.
While the port bitis assigned as output, the contents of Port
Data register can be read back through 1O instructions.
For the addresses of these registers, sefer to Table 1.

’

Note: For Z84C 11, Port 7 bit 7 is mulliptexed with Walch
Dog Timer Output (WDTOUT). When enabling the Waich
Dog Timer, the /WDTOUT Is overriding the function as an
1/O port. When used as /WDTOUT, a wrile lo Port Dala
Register has no eltect on the PE7/WDTOUT pin, but
changes the contents of the Porl L dataregister. Aread to
this bit returns the status of the WDTOUI. Tor more details
;te:oul Watch Dog limer, reler 10 the "Watch Dog Timer”
ction.

D7~D0 Data Bus
Output Butfer
| Port
Data Data Poit ! N Vo
V Direction ] egister
Regt: PIN
Register — _l/ —

oo ezt Inpul Control Logic oo e

Figure 4. /O Pont Block Diagram
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Watch Dog Timer (WDT) Logic Unit (Z84C11 Only)

This logic unitis being superintegrated into the Z84C1 i'as
anenhanced feature tothe Z8401 1. Itdetects an operation
error, caused by the program runaway, and returns 10
normal operation. Figure 5, shows the block diagramof the

WDT. While WDT is enabled, the signal PE7//WDTOUT
acts as WDTOUT. During power down mode of operation
(either IDLE1/2 or Stop), Watch Dog Timer is halted. Upon
Power-on Reset, itds disabled.

PE7
|____> MUX l<¢—— PE7/WDTOUT
#FO A '
WDTP < Enable
(Bits 6 and 5) — |
22
2% 84 0% 4
P 22-Stage Binary Counter i—SI)F .
(WDTCLK) —1 for Watch Dog Timer R S
RESET
3 RESET
’ L_-—--: ;7—<;-:'j';“‘_11 gL "BIHWRITE

Watch Dog Timer Command
Register #F1 (WDTCR)

Watch DogTimer
Master Register #70 (WDTMR)

it

{}

Internal Data Bus

Figure 5. Watch bog Timer Block Diagram

WDT Output (PE7/WDTOUT)

Since the Z84C11 doesn't have a dedicated WDT output
pin, the WDT output is multiplexed with Port E bit 7. Men
enabling the Walch Dog Timer, the WDTOUT function
+gverrides PE7 function. .

When the WODT is used, the "0" level signal is ou_tp\_n. from
the PE7//WDTOUT pin after a duration of time specitied in

.

(Y

the WDTP in the WDTMR. The output pulse width is one of

nection.

The PE7//WDTOUT is connected to the /RESET pin: The

“0" level is pulsed for 5TCC (System Clock cycles).

the following, depending on the PE7//WDTOUT pin con-

2%,

PR S S )

L

The PE7/WDTOUT is connected to a pin other than the
/RESET pin: The “0" level is kept untit the Watch Dog timer
is cleared by software, or reset by /RESET pin.

CGC Logic Unit

1he PIC has a CGC (Clock Generator/Controller) unit. The
PIC allows crystal input (XTAL1, XTAL2) or System Clock
lnput on the XTAL1 pin. It has clock divide-by-lwo Circuits
and generates half-speed clock lo the input.

Z84011 Only. The CGC unit is not supporling “Idle 2" mode
ol operation.

284C11 Only. External clock canbe also applied from Ci K
pin. If external clock is provided on the CLK pin, the
osciliator and the divide-by-two circuit are bypassed. On
Power-on Resel, it comes up in divide-by-wo mode. i the
external clock or crystalinputis provided on the XTAL pins,
the internal oscillator is used and the dwide-by-two circuit
is activated depending upon bit D4 of the WD IMR (See
“Prograimming” seclion). Power Downmodesof the Z8aC11
vary bhasad on whether the clock is input on the XTAL 1 pin
or the C1 K pin. It the clock 1s input on the crystal pin, ali ol
the médes in “halt” state are available. Il the system clock
15 provided from the CLK pin, only the IDLE2 mode is ap-
plicable (C1C is kept on running but the internal CPU and
Wwatch Dog limer are stopped).

Generating the System Clock

Ihe PIC has a huill-in oscillator circuil and the required
clack 15 easily generated by connecling a crystal (0 the
external terminals (X1AL 1, XTAL2). Clock outputis the hall
speed of the clock source. Example of an oscillator con-

-pection is shown in Figure 6.

Z84C11/011 .
N -~
Wi A 1
Vs = Cpy = 33pt
B . 'COUT = 33pt
. Lo B o [ S .

AR

sen a6 e & -

“Figure 6. Clrcuit Configuration for Crystal

Z84C11. Clock speed is the same. or hall, the frequency
of the clock source.

Recommended characteristicsof the crystatandthe values
for lr}e capacilor are as follows, (the values will change with
crystal lrequency).

® Type of crystal: Fundamental, parallel lype crystal
(AT cut is recommended).

® Frequency 1olérance: Application dependent.

S——— -
m  CL, Load capacitance: Approximately 22pf.
(Acceptable range is 20-30pt.)

B Rs, equivalent-series resistance: s 60 ohms

® Drive level: 10mW (lor £ 10MHz crystal)
5mW (for 2 10MHz crystal)

B CIN = COUT = 33pl.

Power-on Reset Logic Unit (Z84C11 Only)

The Z84C11 has the enhanced leature of a Power-on
Reset circuil. During the power-up sequence, the Open-
drain gate ol the on-chip Power-on Resel circuit drives
{RESET pin 1o "0" for 25 1o 75 msec alter the power supply -
passes through approx. 2.2V. After the lermination of the

" :Power-on Reset".cycle,-the Open-drain gate of the on-
=..chip Power-on Resel citcuit stops to drive the /RESET pin.

ltisrequired lohave external pull-up resistor on the /RESET
pin.

Ilitreceives /RESET input lrom oulside alter the power-on
sequence, and while Reset Qulput Disable bit in Watch
Dog Master Register is cleared to "0, it drives.the /RESET
pin for 16 processor clock.cycles from the falling edge of
external /RESET input. Otherwise, /RESET pin must-be

képl in active state for'd péAdd oratleast 3 syslem clock

cycles. - .
Il there are power-on reset circuils outside of ihis device,
drive this pin with OPEN-DRAIN type gales and pull-up re-
sistors because the /fRESET -signal -is. driven low ‘for -the

period mentioned above during the'Power-on sequence.

il the external Power-on Resel circuit has: push-puil type

‘drivers and they drive the /RESET pin 1o 1" during that

period,.it may cause damage. In particular, when using
Z84C11 in the Z84011 socket, modification may be re-
quired on the external reset circuit.




Wait State Generalor Unit (Z84C11 Only)

The Z84C11 has the enhanced leature of a Wait State
Generalor circuit. Itis capable ol generaling /WAIT signals
1o the CPU internally. The stalus of the External/WAIT input
“ling is sampled after the Insertion of software wail slates,
except ha wait States insertion for interrupt Daisy Chain
Wait (for this cycle, insertion of await stateis complex). The
Wait State Control Register can be programmed o gener-
‘ate multiple Wait states during different CPU cycles as
listed as (ollows.

Memory Wan and Op-code Wait

The Wait State Generator can put 0.to 3 wait stales in
memory accesses. Additionafly, one added wait state can
beinserled during an M1 (Op-code fetch) cycle, because
M1 cycles’ timing requirement is tighter than memory
ReadMirite cycles. It generates wait states to the Memory
Accessinaspecilied addressrange, whichis programmed
in Memory Wail Boundary Register.

VO Wait

The Wail State Generator can put 0, 2, 4 or 6 wait stales 10
110 accesses. Regardiess ol the programming of this field,
no /O wail states are inserled for accesses'to on-chip
peripherals.

InterTupt Vector Walt

Buringinterrupt acknowledge cycle, lhé Wait State Gen-
eralor can insert one wait stale after IORQ goes actlive, 1o
extend the lime between IORQ fallto vector fetch by CPU
ll allows a slow veclor response device.
Interrupt Daisy ChahWan St v bt
and RET! Sequence Extension

During Ihtersupt acknowledge cycle, the Wall Stale Gen-
erator caninsert 0, 2, 4 or 6 wail states between /M1 lalling

AT,

tothe NORQ falling edge. This extends the lime requiredto ~

setlle the ddisy chain. This alsoaliows alonger daisy chain.
Further, this field controls the number ol wait slales in-
serled during RET4 (Return From Interrupt) cycle. ll speci-
fied to insert 4 or 6 wail slales during Interrupt Acknowl-

edge cycle,"the wait State Generalor also inserts wait ,

states during the RETI fetch sequence. This sequence is
generated willi two op-code felch cycles (Op-cogdeis EDh
followed by 4Dh). ltinserts 2 or 4 wait slates, respectively,
il op-code lotiowed by EDh is 4Dh. One wait state if the
louowing op-code ls not 4Dh.

SR o
.Other Fmdlon'al Foatu'es (Z84C11 OnlyJ

For more System design flexibility, the Z84C11 has the
‘loflowing unique features. These leatures are conlrolled by
WDTMR (Wafch Dog Master Register; Address:FOh) For
more details, reler to "Programming section.”

PRSI ¥ P SO C_ B¢

m " Clock Divide-By-One option .
m Reset Output Disable
® Control Register Initialize Option

Clock Divide-by-One Option

This leature is programmed through Bil D4 of WDIMIR.

Upon Power-on Reset, the Clock, from on-chip CGC is
passed through a dlvi& -by-two cifcuit. By selling this bit
to one, the divide-by-two circuit is bypassed so thal the
system clock is equal to X1 AL input. Il the clock is applied
tothe CLK pin Irom external clock source, the status of this
bitis ignored. Upon power-on resel, il is cleared 10 0. For
details, reler 10 “Programming” section.

Reset Output Disable

This feature is programmed, by Bnl D3 ol WDTMR. if this bit
iscleared 1o 0", the RESF. T pinis driven 10 "0" for 16 clock
cycles Irom the falling edge of RESL T input, Ihis leature
is for the cases where /RESLE T is used lo get out from the

" "HALT" state. i this bit has been sct to one, the on-chip

resel circuil will not drive the /RESET pin excepl during
power-on sequence.

Control Register Inidalize Option

This lealure is programmed by Bit 1)2 of WID IMIR. This bit
delermines whether or not lo-initiafize sysicin control
registers foinilial value on/RESE I. Anideal application lor
using the Watch Dog Timer.

Evaluation Mode :- ... W s i

-~ LJ11 .
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The PIC has a built-in evalualion (or development) mode
feature which allows the users o ulilize standard Z80
developmen! systems conveniently. This mode wirtually
reptaces the on-chip Z80 CPU wilh ihe external CPU. In
this mode, the on-chip CPU is électrically disconnected
from the internal bus and att tri-slate signals 15-A0, D7-10,
MREQ, NORQ, /RD, /WR, HALT, M1, (lor C11./MFS! land
/BUSREQ as well) as they are lri-staled. or changed to
input. This ‘allows the development system CPU o lake
over and use he internal /0 registers ol the PIC (like the
CPU was on-chip). 3

. 284011 Only. When the EV pinis aclive.the /M1 and /HAL |

pins are put in the high-impedance stale. In using the
Z84011 as an evalualor chip, Ihe CPU is electrically
disconnected (pul in Jhlgh-nmpedance state) aller one
machine cycle is executed with lheEVslgnalbemg 1"and
the /BUSREQ signal being "0". Then, on-chip resources
are accessed Wom outside. /BUSACK and /11l SH are
disconnected by.an exlernally connected circuil.

L.

P
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Z84C11 Only. If the EV pin is tied to Vcc on power-up, the
Z84C11 enters inlo an evaluation mode. In this mode, the
internal CPUisimmediately disconnected from the internal
bus and all tri-state signals listed above, and /BUSACK
and /RFSH signals ate tri-stated, or changed loinput. Note

that the /WAIT pin became the QUTPUT pin in EV mode.

and Wait State Generalor generates wail stales only as
programmed. Il the target application board has a sepa-
rate wait state generator, modification of the largel maybe
required. .

TheZ84C11 acts like regular operation where Ihe /BUSREQ
signal is asserted by an external masler. This causes afl
iri-state signais 10 be lri-stated by the Z84C11 alter one
clock delay. For lhis case, MFSH, /M1, HALI and
/BUSREQ remain active. Ihe /BUSREQ approach was not
used lor the evaluation mode.This avoided signilicant
external circuilry lo work around the time period belore the
exiernal CPU uses Ihe bus for the Z84C 11 accesses.

PROGRAMMING
/O Address Assignment
The PIC s on-chip peripherals’ YO addresses are fisted in

Table 1. They are lully decoded lrom A7-AQ and have no
image. The registers with Z84C11 located at I/O Address

EEh, EFh, FOh and Fth conlrol enhanced features 1o the
Z84C11, and are not assigned on 28401 1.

Table 1. VO Control Register Address

Address Device Channel Register
10h C1C Cho Controt Regisler
11h C1C . Chi Conlrol Register
12h © CIC Ch2 Coxitrol Regisler
13h Cc1C Ch3 Control Register
50h PIA Port A - Port A Dala Port (PADP)
54h PIA Port A Port A Data Direction Register (PADR)
Sth . P Pori B . Port B Data Port (PBDP) e
h Ssh PIA e it e PORB " Porl B Data Direction Register (PBDR)
52h PIA Port C Port C Data Port (PCP)
56h PIA Port C Port C Data Direction Register (PCOR)
30h PIA Port D Port D Data Port (PDDP)
34h PIA Port D “Porl D Data Direction Register (PDDIY)
40h PIA Port E Port &z [Dala Porl (PEDP)
44h PIA Port € Port E Data Direction Register (PEDR)
FOh WDT Watch Dog Timer Master Register
% (WDTMR; Not with Z84011)
Fth WDTI Walch Dog limer Control Register
N (WDICR; Not wilh Z84011)
EEh. Misc .. Syslem Conlrol Regisler Pointer *
& (SCRP; Not with Z84011) :
EFh “Misc “ System Conlrol Data Port’ -
<A (SCOP: Not with 784011) *+ -~
N Through SCRP and SCDP i
o Control Hegister 00 - Wail State™” -5 . &
) Control register (WCR)
" w Control Register 01 - Memory Wail stale
Boundary Register (MWBR) .
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