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Special Project Tittle Microprocessor Based Sound Level Meter
Name Mr.Kriangsak  Uesakulrungrueng
Mr.Santi Hankla
Special Project Advisor Asst. Prof. Wichit  Sirichote
Asst. Prof. Dr. Preecha  Teansomprasong

Department Applied Physics
Academic Year 1695
Abstact

An instrument for measuring sound level controlled by a
miCroprocessor called “Microprocessor Based Sound Level Meter
(MSLM)”, is presented. The meter can be <')perated in normal mode that
use as a simple sound level measurement and continuous-data-logging
mode. The latter mode provides an autorange function, data logging which
can be programmed for the beginning and stop recording time and
sampling interval also. The recorded data can be transmitted for data
processing by a PC via a serial port. By which, one can make a graph and
table for further analysis.

The accuracy of our sound level meter is 1.14% and 2.09% in
Weighting Network A and C respectively.The capacity of storage memory
provides maximum data to be stored in 24 hours with the sampling rate
enough for the number of data to be used in studying of sound level effect
to human. And sound level data base may use for sound level comparison

of the interested place as a function of time.
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2.5.2 Sound Power Level
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yoonihy dB Ainnunaduides ( Sound Pressure ) fMilY  UazANUNARUITEIR
il idmieiaiifonh i ( bar ) Wudrdmualasdnualdanunaduides
1 wd ohfusnunadudes 1 ey ( dyne ) dwululasTrudindaunnudas
uFEnezuone sensitivity 1neldvulsiTouifiouss 9 fu Sufurieamuazain
TumsAnsena e lums lnunissadousasiveninludnuaizeng q 1
eglumizsia dB Woutuamuduveades dwenlumsnd 24

. 1umsﬁmsmmmmmswm"l:.lTﬂsNué"mﬁﬁzﬁnﬁmmmmaanﬁ’
awnsaRnsanldn e dB é»:‘ti'avm ( AR UNINETY y thuaashizdy
Fyanuvieendeivunadnawmnllée frfumilnseiunavesssiudannn

L) ] L4 A
veeneznanodazitealuiide 2615 1599 sensitivity vo4luTInsTu

Rating Given Correction Factor
dB below 1 mW,l bar 0dB
dB below 1 mW,10 bar 20 dB
dB below 1 volt,1 bar 2 dB
dB below 1 volt,10 bar -18 dB
2.6.1.2 AMDABURUOY

msaevausdduanivesluIns Tiula q dunmede Weadd ( fidelity )
19411 Tas THui I nanuduiusssuirdyagraviesniiswesnuifuaui
nsMuﬂmqmauﬁﬁ’lué’mmsneuaummméﬂea"luTﬂsNu ( Responsed Frequency
Characteristic ) 3919lumaSoufovanueunsodmivlulasTriu 4 anla &
weaa gl 2.10

WeRnsanningd GwamuaeudussveslulnsTiuildfuTaoia q Tuhu
sefidambneuauesioun  40-10,000 Hz Iuvazi luTns Teufilddmsumays
FumoUmUBNMNARWA 150 - 5,000 Hz uaz luTns THugaunmMAseaoUeaUDY

" ¥
ANUDAIUA 40-15,000 Hz
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vne sensitivity  Mszyuiwngwan luTasTrusi iz mawanududuslunis
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nasugwdsu@saliundsonldih  Fsomamudniuitannsmhldgdmseen
ad a J4 A - o o 14 g
uuynItiaanIeing  iNenruguniedSuanmdygna ldmusauaana laegs
o y a a i ] o
QAo sensitivity  wedlulasTwnluflegdudl  Awdatoudiesuaaamizeiiu
dBV/bar fle dBV femszAuusiduvieenily dB deusedu 1 Toad fimdeda
] 2 &
909 AAWALI 1 bar (M50 0.1 N/m ) sensitivity ¥931uTInsTviulaena o liee
ot lugu -50 e -125 dBV/bar wazdnuasTaona q ldudalulnsTrudalng) 9 o2
i} sensitivi Saua : o o a
il sensitivity g9 usilianudaouausedr uazluTnsThududn o il sensitivity 91
HUAIZIAMUDAD UAUBIYY
| o i o o y
AuseuveenfiunoTeves luTas Trum1dnn sensitivity 114 dBV/bar Ail

dBV =20 log E/ 1 volt

=20 log E
dBV/20=log E
E =Alog (dBV/20)

dle B dhuussdunesntiviaoilu Tiad Annnddada 1 bar,
Alog fio anti log

AU SPL =20 log (P/0.00002)
SPL/20 =log (P/0.00002)
P =0.00002 Alog (SPL/20)

[ 9

A [-] » H L4 -
e P fleminssveudesnduwusiuan SPL
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e E fAeusedumoesniimiodiuTradduiusiuen  spL ( $1983 0.00002
bar ) A dBV A9 sensitivity ¥4 1uTas Ty (1flu dB 1Seudioy 1 volt/ar)
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TumsfinnmsTaseiguanufidoainfioniaamwad e center frequency
» .
Al
12
fo=(fief)
)CY f, A8 center frequency vYowAnzesaariviwiu Hz
f, fi9 lower cutoff frequency tmizedh Hz
fzﬁﬂ upper cutoff frequency fimdqediu Hz
L4
center frequency MUUIMTIFIUAINANTOUN lower cutoff frequency LAY

upper cutoff frequency ﬂlamﬁazaaﬂmﬂuam‘l*i’ﬁam_mﬁ 2.6

& - ] L=
>

Weighting Network C (flu network  #i1¥nsasusussiisuBevatuaue
ARDALTUAIINA Lﬁﬂﬁmﬁm'mn;ﬂ‘?i 2.12 U1 ATIHADUAUDIYDY  Weighting
Network C wifsumefindosussdumdssavoadvsnds  safutadnld Weighting
Network C hmsiassauiaedaveudivs (SPL) muszuuunIgmuvessuim R
riifnl8esdnmuumndradniloofy  flat  response network #1¥MIREUAUDS

AUUAUDANDAGIUAIUNITEY MWTTVLNIMTIUAINATan (nternational Standard)

lower cutoff frequency:f; center frequency:f; upper cutoff frequency:f,

Hz) (Hz) (Hz)

44 63 88

88 125 177

177 250 354

354 500 707

707 1,000 1414
1,414 2,000 2,828
2,828 4,000 5,656
5,656 8,000 11,312

fuasiegnlupifit 212 dinsandweeamiiilu 315 G 8,000 Hz dmiy

flat response 9zldmIndUAUSITWToUARBRETUATINAYN 4 BomAN ( O dB )
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dmSugoomannil £, 1 315 uee 8,000 Hz e ldmnmaa ¢ vzdnd
-3 dB luguosnmidl iy 63 uaz 4,000 Hz sfiewldnnaina C sedah
0.8 dB tazlugueonandy q arniewldnnaina C szuandNAL flat response
£ o a’ 9
UBNMITOAAN 19

Woighting Network A 11U network #idsuldfadulaenaq 1 andald

¥

Fhussedudos Smitedhi dBA @ wfu  Weighting Network A #il¥msasu
auesdeaNnudi@osludnuazigwdersumsasuauesnnudi@osvesyuyud

[ 4 wva d [ 4
dmiunsmuaanmaulRaUInoUANDIU8Y  Weighting Network A UaAd 13dq

A.

;ﬂ‘?i 212 Sevrduradiuh medmaidd  maseumisseliivnades q 7
ATl 1,000 Hz szl¥mineueuessuBeunnity Weighting Network C uag
dmsulusnoonanisl £ fu 2000 Bz szldmaneuauesgega  (Foeyaeed
audlugas 800-3,600 Hz ) uazmaé’mmwﬁ'qan‘lmeuﬁuawzﬁﬂ'mﬂm
lumsSamednudeslaeiall 9219 Weighting Network C w§e  flat
response network JuMITatdsdaveadies uazezld Weighting Network A
dmintareiudes Ferd idrosminslinnuduiuifumumaed 2.7 Faih
aauansmsudluifildulas  SPL (810 Weighting Network ©)  iflush
seAUduY MT0  Weighting Network A WIUSSUL American National Standard
Specification for general purpose Sound Level Meter , S 1.4 - 1974
lumsdarstuidssaveadoniimusfifesniy  wieunseda € Tae
msswmsedumdsavoraziuaud  TaeTimssaueh dB  hueudeadush
sefudsaiinue  Sarwsosuaaldnneimddavedoaludmee q Aims

uf v MAAT NN 2.7 Ui
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f(Hz) correction(dB) f(Hz) correction(dB)
25 44.7 630 1.9
32 -39.4 800 0.8
40 -34.6 1,000 0.0
50 -30.2 1,250 0.6
63 -26.2 1,600 1.0
80 -22.5 2,000 1.2
100 -19.1 2,500 13
125 -16.1 3,150 1.2
160 -13.4 4,000 1.0
200 -10.9 5,000 0.5
250 -8.6 6,300 0.1
315 6.6 8,000 -1.1
400 4.8 10,000 2.5
500 3.2 ; i
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anudimesaudm £ dmoaldvn

01591
fL - RC

nnEumMIIEHUTAMudsnee i iy otmus 18 Tasmsuasum

(3.3)

Hag C Anuddidygnuduynezgnaansufvnudu 20 dB/decade
da 1

324 29INIVINTNAAMIN ( Low Pass Filter Circuit)

anuiimesdAmgs £, dualdnn

01591

fr= RC (3.4)

(M) 10k

0.015 ufF I ’ -5V

Ao A, (dB)
= J\ A
- R R b
ero7—"] ~ " "T77 ! &~ 77" -3
| -20-d8/decade -
| rolloff
|
|
R i i
( ) 0.1 | h 20
[ |
1 |
! 1
{ -204dB £ |
= I ]
' :
| [9 - )
0.01 ) ! 0 et (H2)
. ——f_——‘ "
102 . 108 10° Qecade  10°
1
’ Y
f, = 1000 Hz

311 8.5 ua@3 (N) Low Pass Filter 20 dB/decade
(¥) responsed frequency Y849993 Low Pass Filter 20 dB/decade
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minzauudatesdowdignin  PWC  erhuaesniesn Tl wie  Weighting
Network 11109 Seauniden’s 3 aiin deil

1. Weighting Network A ﬂszneué’amwsnmqm‘mﬁqamu anudam
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3 75 L |- - | 754 - | 160 -
4 80 809 | 83 | 198 | 829 | 86 | 834
5 85 848 | 865 | 843 87.2 85.9 87.5
6 9 9.5 | 918 | 913 924 90.3 92.7
7 95 956 | 967 | 957 96.5 95.7 97.3
8 100 99.7 | 1007 | 99.8 1013 | 99.8 102.9
9 105 1043 | 1058 | 1052 | 1062 | 105.7 106.9
10 110 1089 | 1105 | 1105 | 1116 | 1101 112.5
11 115 1146 | 1157 | 1157 | 1167 | 1156 3

pwAn | 083% | 152% | 121% | 198% | 139% | 279%

Wﬁiﬂm%ﬂ ) ‘
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4.3 wananauveshilsuniy
- mIugAwauy LCD vhaw ldmugailssaast
- e ifundesTarRuides e ldawgailszasn
- sfFou Tnuamsvhan e l@augarlsseed
- mevhemluTnua 0 vhem lRmugailszass
- maiuluTnue 1 ldaugatzae

- st luTrue 2 iew ldaugadssase



3

syUnouszdoumueinz
4 o o o ¥ Iy 4’ < d’
wFosdaszAudseniugudie luTns TswayesAadeduluTnsenuiienil

b= ! & d’
TUATIVYANN 9] ANU

v
-

5.1 aNNQEUBUNTEY
»
1) fuwedia adexenxuur i 5.5%8x3 i
2) HEASNaRI8 LCD wu1A 16 N 1 1o
3) ifduesn s Ad

4) 19 condenser microphone (Husns i indaygnandes

5) nnpvesmisanuildlumaifudeya 3 Alalus

: wa. . 4
1) #enhevesmsda 40 - 120 dB
2) USugumsinon Tuda
3) {ioN Weighting Network 18 3 ¥iiafila A ,B,C
4 snedudy, neduge uasmunamsfudeya’ld
5) @enTnuamsiauia 3 Tnusfie Tvus 0, 1 uaeg 2
6 iudeya’Rumdiqa 24 $2Tus
7) owloudeyaliiuluInsroufiunes 14
5.3 ajlwa
1) ¥umsianisede 14
Weighting Network A 65 - 120 dBA
Weighting Network C 80 - 120 dBC

&h
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2) anuRanaalumsin
Weighting Network A 0.83 - 1.39 %
Weighting Network C  1.52 - 2.79 %

fadygpasuniulunesdidanseiind Taemwizlunesves hldliaunse
P o 4 . e
asvrudygnaiissauanuasi q 18 Wold Weighting Network A vzirszudesla
A1qA 65 dBA uazlile1d Weighting Network C szdnszduanuas1ddqa 70 dBC

8

5.5 YaiaeUHy
LAt ul§ensdidnnseilndlilivwmvesdygnusuniudas  Taoldgunsel
aSa P c; é L [ ¥ o d' o
fllanumowmsegs  uazdggnaisunaud e lieusotassdudygnandesiisedu
anuaeh q 18
& 4 o o a 9 J a d’w a a o o &
2.1pennnToslarsAudoanaswiu luInssnunmsiduthunTosauuuy 398
; 1 1 A ] 4 (-4 g
yurn lngis e luvasne Inssuanssvunnlng Fliaeandemanaoudn daiu
o - o o a P 9
arswann infeadassdudestivinadnawas ¥ Wns suaasaisoasd ez Ieusa

18 uunaenie nssuamsesuiaian weazalnlumsitldiFuuenaaiun
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Y a

19 I0N8

Robert F.Coughlin and Robert S.Villanucci, “Introductory Operation Amplifier
and Linear Ics” Prenticc-Hall Inc.,United States of America,1990
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manyan n, Tdsunsuniugu MCS - 51



;TITLE
;WRITER
; AND READ:

My Project (sound level meter)

Santi Hankls .
Kriangsak Uesakulrungrueng
PORTA EQU
PORTB EQU
PORTC EQU
PORTCHN EQU
LCDU¥RC EQU
LCDRDC EQU
LCDWRD EQU
LCDRDD EQU
- DATE_STR EQU
TIME_STR EQU
END_OPER EQU
PER_SAVE EQU
DPHRUF EQU
DPLBUF EGQU
WEIG_MEAR £a
BUFFER EQU
LCDBUF EQU
DATABUF EQU
KEYBUT EQU
GAINBUF EQU
WEIGBUF EGU
MODEBUF EQU
TDELAY EQU
3AVE EQU
WSAVE EQU
3TSAVE EQU
MTSAVZE EQU
HTSAVE EQU
DPH_BUF EQU
DPL_BUF EQU
BITBUF ERY
CLOCEKBUF EGQU
COMMANDBUF EQU
SECBUF EQU
SSEND EQU
MINBUF EQU
MSEND EQU
HOURBUF EQU
H3EHND EQU
DATEBUF EQU
MONTHBUF zQU
YEARBUF EQU
3TSBUF EQU
MTSBUF EQU
SCLK EQU
INCUT EQU
RST EQU
CR EQU
LF EQU
EQCS EQU

OEOOOH
OECO1H
OEOQZH
OEOCO3H

OCOOCH
0COBD1H
0CO0Z2H
0COO03H

8000H
8003H
80086H
8008H
300CH
300DH
300EH

8010H

30H
31H
32H
33H
344
35d
38H
37H
38H
38H
3AH
3BH
SCH
3DH

473H
41H
42H
43H
44H
435H
48H
47H
48H
48H
4AH
4BH

4CH

4DH

P1.5
P1.8
P1.7

ODH
OAH
i0OH

;8255 define

i1led port define

;initial ram address

igeneral register

;real time clock bi
;ecomunication

H 2K KA K 3K 3K 5K S K A K G SR A KK € K 5K 5K 5K 5K 33K 5K K K KKK K 3K 3K 3K 3K K K KKK K K 3K R SSK SK K KK KK K K K KK SK KK KKK K



;INITIAL OF PROGRAME
;DEFINE 8255 BEFORE

3233033303009003303000033030)033333333333333333333333333333333)3303)333333))
ORG  0OOUOH

MOV TDELAY, #64H
CALL DELAY

DEFINE: MOV  A,#8AH . ;DEFINE 8253 PORT
MOV DPTR,#PORTCN
MOVX @DPTR, A

3 KKK KRR OK KKK KKK KKK KKK KKK KKK KKK OK K K K KKK KKK KKK KKK KRR KKK KK KK KoK KoK 3K
;MAIN PROGRAMM

;AUTOMATIC REMOTE SOUND LEVEL METER

FCCCCCOCCCCCCCE e

BEGIN: MOV  COMMANDBUF,#8EH
MOV  CLOCKBUF, #80H
CALL BYTEWR

MOV TMOD ,#00100C10B ;i TIMER_1 MODE -2

MOV SCON,#010100108B- :MODE_1 3END

MOV TH1,#0FDH ,HHJD RATE 8600

SETB TR1 ;START T1

MOV P1,#iFH

SETB P3.2

SETBR P3.3

CALL BEFORE ;set initial operating
MAIN: MOV A,#38H ;led set

CALL LCDCOH
MOV A,#0CH
CALL LCDCON
MOV A,#01H ;olr led
CALL LCDCON

MAIHNI1: Hov TDELAY, #10
CALL DELAY
MOV DPTR.#SENTCE1
CALL LCDDIZ:

JB P3.3,MAINZ
CALL REALTIME iset time routine
JMP MAIN1

MAINZ: JB P3.2,HAINS
CALL COMMAND ;set state routine
JMP MAIN1

MAINS3: JB P1.4,MAIN1 ;run key
JMP RUN

RO KRR KRR IR KRR IR KR KRR KR RIORRR KK RHORKOR ORIk
,LHOOSE MODE TO RUN

; AUTOMATIC SOUND LEVEL METER _
R R R TR R R R R A A AR R A AR R R A A R AR AN AR R RAA R AR R AL RA

RUN: MOV  A,MODEBUF ;mode 0 check
CJNE A,#0C0H,RUN1
JMP MODE_O

RUN1: CJNE A,#01H,RUNZ ;mode 1 check
JMP MODE_1



RUNZ2: JMP MODE_2 :mode 3 check

3 SRR R AR KK 5K R K oK K K KK K K 3K R oK K R SR KR KSR SRS K o S KSR K SR KKK K K KKK KRR SRR R oK K KK sk ok ok
;MODE O OPERATING OF SLM

; MANUAL OPERATING

;NO SEND TO PC

; GGEGREBREREREREGRGEIGZEGREGUGRREGRGRAEGEERUGRELGLREGRUQUGEGRHEREQUGEHEGEGEZEE

MODE_G: MOV A,GAINBUF ;:check range before
CJNE A,#04H,MO_1 ;operating
JMP MO_2
MO_1: CALL ADRECVE ;no auto_range
CALL CHARGE ;digital filter
CALL SHIFT_ADD
CALL CONVERT
MOV A,#01H
CALL LCDCON
CALL DISPL
JNB P1.0,3 :hold data on led
MOV TDELAY,#10
CALL DELAY
JB P3.2,M0_11 ;check key command
JMP MAIN
MO_11: JB P3.3,M0_1 :check key realtime
JMP MAIN
MO_2: MOV GAINBUF, #03H ;set high range
MO_21: CALL AUTO_R ;auto range
CALL COQOHVERT
MOV A,#01H
CALL LCDCON
CALL DISPL
JNB P1.0,8% ;hold data on led
PWEIG: JB P1.1,PWEIG1 icheck key to-
DEC HWEIGBUF :chande w=ight
MOV A,WEIGBUF
.CINE  AL#OFFH.PWEIGL
MOV WEIGBUF ,#02H
PHEIG1: JB P1.3,N0O_P
INC YEIGBUF
MOV A,YEIGBUF
CIJNE A,#03H,NO_P
MOV WEIGBUF, #00H
NO_P: JB P3.2,M0_22 ;check key command
MOV GAINBUF,#04H
JMP MAIN
MO_22 JB P3.3,40_21 ;check key realtime
MOV GAINBUF, #04H
JMP MAIN

& KK SR K KK KKK KKK KK KKK SR K KRR K KK KKK KSR SR KKK oK KK KK KKK A oK SR SRR oK K KKK KoK
:MODE 1 OPERATING OF SLM

:SEND DATA TO PC
:NO SAVE DATA

IN RAM

AND NO FIX TIME TO SAMPLING

ARAAAAAAAAANAAANAAAARARAAAAAAAARAAAAAAANRNAAAAAAAAAAAAAAAAAAAAAAAAAARAAAAAAAAAAAASR

RI,RUPSI

; COMMAND TO S5TART



RUPST :

CHE_COM1:

CHE_AD:

CH_WEIG:

CH_WAS:

CH_WB:

CH_WBS:

CH_WC:

CH_WCS:

MODE_W:

STP:
LOOP_S:

MEE:

JB
JMP

-CLR

MOV

- MOV

DJINZ
CJINE
JMP

CJNE

CALL
CJINE

CALL
CJNE
MOV
JMP

CJNE
MOV
JHP

CJINE
MOV
JMP

CJINE
MOV
JHP

CJINE
MOV
JMP

CJNE
HOV

CALL
MOV
MOV
CALL
CALL
MOV
CALL
MOV
CALL
MOV
CALL
CALL
JNB

JB
MOV
JMP

MOV
JB
DJNZ
JMP

CLR
MOV

P3.2,MODE_1
MAIN1

RI

A,SBUF
TDELAY, #5
TDELAY,$
A,#74H,CHK_CON1
CHK_AD

A,#54H,MODE_1

REC_SRL
A, #30H,CHK_AD

REC_SRL
A,#41H,CH_WAS
WEIGBUF , #00H
MODE_W

A,#61H,CH_WB
WEIGBUF, #00H
MODE_W

A,#42H,CH_WBS
WEIGBUF,#01H
MODE_W

A,#62H,CH_WC
WEIGBUF, #01H
MODE_W

A,#43H,CH_HWCS
WEIGBUF,#02H
MODE_W'

A,#63H,MODE_1
WEIGBUF , #02H

AUTO_R
GSAVE,GAINBUF
WSAVE ,WEIGBUF
CONVERT
PACKAGE
A,#0DH

SEND

A, #0AH

SEND

A,#01H

LCDCON

DISPL

P1.0,3%

P3.2,STP
GAINBUF, #04H
MAIN1

BITBUF, #0FFH
RI,HMEE
BITBUF,LOOP_S
MODE_W

RI
A, SBUF

;BIG CHARACTER

; SMALL CHARACTER

; ADDRESS OF RSLM
; ADDRESS O

;WEIGH
s A

;C

;auto
;save
;save

;data

;hold

CHECKING

range
rangde for checec
weigh for check

sending

déta

;check key command

;CHECK STOP



MoV TDELAY . #5
DINZ  TDELAY.$

CINE A, #4TH,8TFL iCHAR C TO STOF
JMF MODE_1

STF1i: CINE A,#67H,MODE_W sCHAR c© TO STOF
. MOV GAINBUF, #04H
JMF  MODE_1 :

RSS2SR EE PSSR ESS RIS EI LRSS R TSIt ise syl
iMODE 2 OFERATING

:SEND DATA TO FC

3SAVE DATA IM RAM

sFIX TIME TO SAVE DATA AND SEND DATA

T R L R LR L L LR
MODE_Z= MoV DFTR,#8ENTCEZS6 sehow way to chodse operati

CALL  LCDDIS1 4

MO JB F 2 MO3 icheck key for send old dai
S EEND CRAM sto =snd data 10 ram

B s Jg Fl.2.M04 icheck key no waiting
Caill. READT
MoV HTSAVE , HOURBUF
Moy MTSaVvE , MINBUF
MOV BTSAVE , SECEBUF

Call KEEF_DATE ssave initial date
JiE M_Z21
g HC FRL.Z.M0E
FON DFTRZESENTCELS sshow on operating
Zell LEeBDISC
Mm_E [REATIR N sread Lime
Sl sonesck Rime to start
oY WUF
CIME &, 4k0iH, M2
CHLL. CEEF DATE jsave initial dats
..... 2T 4 7 A srdrlrese
M_P2 JHE FE.2,M_24 skaey to stop
CALL.  CRE_=2aVE scheck btime Lo save

oY A,2ITEUF

CaNE A, #01H,M_23

CALL  CHE_TIME sadd time for check
catll. AUTG_R jauto range working
CALL  COMVERT

MO A #HOLH

Call  LCDCOW

CAl.LL DIBPL

CAlLLL KEEP_DATA isave data in ram



H,23:

SEND_RAM:

WAYZ:

5 KRR KKK AR K KKK AOK KKK

TITLE:

TIT4:
TITS:

TITS:

TIT_FINL:

5 ORACR R KA KRR KA KKK KKK K
INIT_SEND:

CALL
Mav
CJNE
CALL
JMP

CALL
MOV
CJINE
CALL
JMP

CALL
MOV
MOV
MOVX
CALL
CALL
CALL
HOV
CALL

JB

MOV
CALL
CALL
CALL
JB
CALL
MOV
CALL

MOV
CALL

JNB
JB

MOV
JMP

MOV
CALL

MOV
CALL

CALL
CJNE
CALL
CJINE
JMP

CALL
JMP

MOV
CALL
MOV
CALL
RET
send
MOV
CALL

CHK_ADDR

A BITBUF
A,#00H,M_24
READT

M_22

CHE_SEND
A,BITBUF
A,#0CH,M_24
READT

M_22

ADDR_SAVE
DPTR,#WEIG_MEAR
A,WEIGBUF
@DPTR,A -
START_TIME
END_TIME
PER_TIME
DPTR,#SENTCE15
LCDDIS1

F3.3.8%

DPTR, #SENTCEZ28
LCDDIS1

TITLE
INIT_SEND
P3.3,8%
SEND_PAC

DPTR, #SENTCE15
LCDDIS1

TDELAY, #GFFH
DELAY

P3.3,SEND_RAM
P1.0,¥AY2
GAINBUF, #04H
MAIN1

scheck final address.

;check time stop

;save final address
;save weighting
;save initial time

;save final time
;save peroid

;check key to send
;show on sending

;send paragraph
;8end initial value

;send data

;delay for press key

;check key to send
;check key to main
;set auto range
;return to main

start comunication on crt FREKHICICKERKCKIKIKEK KA

DPTR, #SENTCE33
SEND_STRING

DPTR, #SENTCE35
SEND_STRING

REC_SRL
A,#27H,TIT4
REC_SRL
A,#27H,TIT8
TIT_FINL
SEND

TITS

A,#0DH
SEND
A, #CAH
SEND

DPTR,#SENTCE30
SEND_STRING

;name of machine

;place on recode

sjrecive name of place

inital value KKKKKKKKKKKKKKKKKKKKKK KKK KK KK KKK KK

;date of record



MOV
Mav
MoV
CALL
MoV
cAaLL
MOV
CALL

MOV
CALL

MOV
Mav
MoV
CALL
Mav
CALL
Mav
CALL

Mav
CALL

MoV
Mav
MoV
CALL
MOV
CALL
MoV
CALL

MoV
CALL

MOV
MaOVX
MoV
CALL
CAaLL

MOV .

cAaLL
CALL
Mayv
CALL
Mav
CALL
MQavV
CALL
MoV
CALL
Mav
CALL
MOV

DPTR, #DATE_STR
BITBUF, #3
R7,#2FH
SEND_DTIME

A, #ODH

SEND

A, #0AH

SEND

DPTR, #SENTCE31
SEND_STRING

DPTR,#TIME_STR
BITBUF, #3

R7 , #3AH
SEND_DTIME

A, #ODH

SEND

A, #0AH

SEND

DPTR, #SENTCEZ2
SEND_STRING

DPTR, #END_OPER
BITBUF, 43

R7 , #30H
SEND_DTIME

A, #ODH

SEND

A, #OAH

SEND

DPTR, #SENTCEZ9
SEND_STRING

DPTR, #PER_SAVE
A,@DPTR
RO, A

TABL_1

SEND

A,RO

TABL 2

SEND

A, #20H

SEND

A, #4DH

SEND

A, #49H

SEND

A, #4EH

SEND

A, #3AH

SEND

DPTR, #800AH

jsend date of record
33 character

s"/7" for separate data
ssend data routine

jinital time record
jsend sentence on crt

jsend initial time
33 character
3'":" for separate data

;fimnish time record

speriocd of record

;send period of record



MOVX A,E@DPTR

MoV RO,A

CALL TABL_1

CALL SEND

MoV A,RQ

CALL TABL_2

CALL SEND

MoV A, #20H

CALL SEND

MoV A, #53H

CALL SEND

MoV A,#45H

cALL SEND

mMQayv A,#43H

CALL SEND

mMQayv A, #0ODH

CaLL SEND

MOV A, #0AH B

CALL SEND

RET
THXXKKKKKKRKXKKKRKXX% send time in external ram XXKKKKKKKKKEKKKKKKKKRKR KKK KK KK
SEND_DTIME: MOVX A,@DPTR :

PUSH DPH

PUSH DPL

CALL TABL_1

POP DPL

POP DPH

CAaLL SEND

MoOvx A,@DPTR

PUSH DPH

PUSH DPL

CALL TABL_Z2

POP DPL

POP DPH

CALL SEND

INC DPTR

DJNZ BITBUF,DTIME

RET
DTIME: MoV ALR7

CALL SEND

JMP SEND_DTIME
PRRKRKKKXKKKAKKKKKXX save initial date in internal ram KKKKRORKKROCR KKK R KK
KEEP_DATE: MoV A,DATEBUF

MoV DPTR, #DATE_STR

MOVX @DPTR,A

INC  DPTR
MOV  A,MONTHBUF
MOVX @DPTR,A

INC DPTR
MoV A, YEARBUF

MOVX @DPTR,A

RET
FRXRKKKAKAKKXKKXKXX check initial time to operating XASOKCKKCR KKK K KKK
M2_STR: MoV BITBUF , #00H

MoV A, HOURBUF
CIJNE A,HTSAVE,FINL_STR
MoV A, MINBUF



FINL_STR:

CINE A MTSAVE,FINL_STR
MOV BITBUF,#01H
RET

,m##*##***ﬂ*%*#*## check final tims in operating ###*%#*ﬁﬁﬁkﬁkkﬁkﬁﬁkkﬁkﬁﬁ

CHE _SEND: Mav BITEUF, #G0OH
Moy A.HDUREUr
CIME A,HSENMD,FINL_SE
Mav A MIMBUF
CIdNE A,MSEND.FINML_SE
Mav BITBUF  #0O1H
FINL_SE: RET
PRERARERRK A ARXARY check time to save data in orne time FXARKEXXRRERLEKILR
CHE_SAVE: - Moy BITRBUF , $00H
MoV A.R1
CIME A,MINBUF,FINL_SAVE
Mav @A, RO
CadNE A,SECEUF,FINL_SAVE -
MoV BITRUF , #01H
FInL_SAVE: RET
AR R KA KA RRRE check final address to save data XERKRRAXRL0RORXRBORERKS
CHE _&BDR: Mo BITELURF , #00H
: ) nJ' ! £, DFH
TIME A, #9FH, COMDL
CHE_LOWR: McY 2, DFPL
CINE A, #0FCH,CONDZ2
JMF s FINL_ADDR
COonDL s JC FINL_ADDR
MY RITEUF (#01H
J e FInl._ADDR
COMND2: JE = IML_ALDR
giniy BITRUF ,#01H
= IML_#ADDR: RET
=##tk*k% FEKAAREERE  save data in external ram  REEEREREREAKRXLRRXERRHAALR
WEEF_DATA: Ms BR3E
AL Sy 8HOFH

SWER
MOV RILA

)
S gk

; R O OH
SWaF A

ORL PR3
MOVX  @DFTR.&A
INC DFTR
MO A, R4
AT A HOFH
SWaF A

MOy R4.A
MOV ALRS

AN A, HOFOH



SWAF A

ORL  A,R4
MOVX @DFTR,A
INC DFTR

MOV A, #3EH
MOVX @DFTR,A
INC DFTR
RET

IERKRRKARXKKKKRKEKR save start time in intermal ram X#***#ﬁ*#****#**ﬁ****ﬁ

START _TIME:

MOV  A,HTSAVE
MOV  DFTR.4TIME_STR
MOVX  @DFTR,A

INC DFTR
MoV A, MTSAVE
MOVX @DFTR,A

INC  DFTR
MOV A,STSAVE
MOVX @DFTR,A

RET

SEREEAAREXARLAEE save Tinal time in external ram FERXAREXRKRAARKAARRR LK
END_TIME:

MOV A, HOURBUF
MOV~ DRTR,#END_OFER
MOVX  @DFTR,.A

ING DFTR
Mav A, MIMNBUF
MOvx  EDPTR,#A

INC CFTR
Moy A, SECEUF
MOVX  abnkFTR,A

RET

PREFERRZRERRERAAE save perocid time in external ram XEXXXARLXARXXLARRRLRRL

FER_TIME:

MOV A, MTSBUF
MOY  DFTR,#FER_SAVE

MOVR  &DFTR.H

(NZ DRTR
i A, BTSEUF
MOVX E@DFTR.A

RET

X%k%¥% save end address in external ram KXKKLRARARLEARRRALRARL
MoV DPH_BUF . DFH
Moy DL _BUF ,DFL
MCY DFTR , #DPHEUF
Moy A.DFH_RUF
M3OVX @DFPTR;A
MOV DFTR . #DFLEBUF
MoV A,DFL_RBRUF
MOVX EDFTR A
RET



RS ESE PSS e S

SEND_FAC:

save data
MoV
MOVX
MOy
INC
MOV X
MOV
INT
MOVX
MOV
MOV
MOV X
MoV
MOy
MOV X
MoV

MOV

FUSH
FUSH

oAl
MO
CalLl
CaLL
My
DAl

Call

“Oy
S THR
ALl
Mgy
cCali.
CALL

Mov
CALL

FOF
FOF

in ext@rnal ram on crt  EKRRXKKKARKLXRREARKRAK

DFTR,#TIME_STR

A, @DFTR
RS.A

DFTR

A, @DPTR

R4,A

DFTR

A, @DFTR

RZ.A
DFTR , #DFHEUF
A,®DPTR
DFH_BUF, A
DFTR, #DFLEUF
A,@DPTR
DFL_EUF, A

DFTR , 4BUFFER

DFH
DFL

WEL2
a,RE
rase_1
SEND
A RS
TAEL_2
SEND

&, HIAH
SEND

f, #2CH
SEMND

DFL

-
oF

istarted hour
sstarted minite
sstarted second

shigh address

1low addresé

o g oe - Fe - .
seend time Lo saw

i
i



MOVX
FUSH
FUSH
CaLL
cAaLL
FOF

FoE

MOV X
FUsH
FUSH
Cabl
CAaLL
FOF

FOF.

INC
CcaLL
MOV
CINE
SEE

MOVX
FUSH
FUSH
caLl
CALL
FOF

FOF

Q0
Catl

POVX
SUSH
FUSH
CALL
CALL
FOF

FOF

MY

el

Moy
CAL
MOy
CALL

FUSH
FUSH
MoV
MavX
Mav

A,@DFTR
DFH

DFL
TARL_1
SEND
DPL

DPH

A,@DFTR isend data in external
DFH

DFL

TARL_2

SEND

DFL.

DRH

DPTR
END_ADDR

‘A, BITBUF

AL #OL,LAKD

ool R B vl il 0 Y
FINL BEND

A, BDFTR
DFH

DEL
TABL_1
SEND
DFL

DFH

&, #2ZEH

SEMD

A, EDFTR
DPH
DFL
TAEL_2
SEND
OFL
DFH

A, #2004
SEND

A, %64H
SEND
A, #42H
SEND

DPH
DFL

DFTR . #WE IG_MEAR
A, &@DFTR
DFTR,#TABLEL

sshow weight



MOvVC  A,@A+DPTR

CALL SEND

FOP DPL

FOor DFH

Moy A, #ODH

CALL  SEND

MoV A, #0AH

CALL SEND

CHEK_COLON: IMC DPTR icheck colon which-

CALL END_ADDR iseparate data

Mo A BITRUF
CINE A,#01H,COLONZ2
JMF FINL_SEND

COLONZ : MOVX  &,@DRTR
- CINE A,#3BH,CHK_COLON
INC  DFTR

CALL END_ADDR
MOV A,BITBUF
CIME A, %G1, BEND_DELAY . - -

JPE FIML_SEND

SEND_DELAY s MOV TDELAY,#50
DINZ TDELAY,$
JMF SEND_FACZ

FINL_SEND: RET )
PRRERREARRERRkRRR R Y check end address to save for stop send kRRKRRRkRR:
EMD_ADDR: b IBAY BITBUF . #OCH

MOY  &,.DFH

CINE  &,DFH_BUF,END_FIML
MOY A, DRL

COME  A&,.DFL_BUF,END_FINL
MOV BITEUF, #0OLH

EMG_FINML: RET
TRAR KA RER KA AR E R RRR AR st time Tor send to crt ERREXREARRERRAR IR RA KRR kg k:
HWELAs FilsH 4CH

FlLigH 4DH

MQy
cqrL g

INC TR
MOWE A, @DFTR
MOV STSBUF,A
CLR  C

MOV AR

ADD A ,STSRUF
DA a

MOV R3,A

Jc SEC_ON

CINE T H60H,5EC_ON

MOV RS, $CGOH
INC R4

CINE R4 ,#60H,AD_WELA
MOV R4, #00H

JMF  AD_WELA

SEC_ON: Jc AD_WELA
CLR C
ADD AL #20H



HIEHCHR:

HIGHCHK L2

HIGHCHRKZ 2

DA

Mav
INC
CIM
(M3
JHF

CLR
Mov
ADD
DA
MOv
JC

CJan
MoV
CLR
INC
MOV
D

Y

-

A
A
R4
E  R4,%460H,A0_WELA
Ra  #00H
AD_WELA

C

A,R4

A, MTSEUF
&

R4, A
MIN_ON

E  R4,%60H,MIN_ON
R4, 400H

WELA_FINML
o
£ g HA0H
Fa
TS

8 HEH L OWWCHE tmheck lowar

A, #O0H, AUTO_FTHL
A, GAINBUF

B HO0H , HIGHCHES
AUTG_F INL

EA IMBUF
ADRECVE
HIGHCHK L

A, HOFFH,AUTO_FINL
&, GATINEUR

3, HOTH, LOWWCHKL
AUTO_FINL

GAIMEBUF
ADRECVE
LOWCHEK

A , MCDERUF



LOW_Msx

TUM:
TUM1L s

CANCEL =

TARRKRARARRRRE R AR K
CHERGE :

CHARGEL :

CINE
JME

MOV
CINE
MoV
CINE
JMF

CaLL
CatL

FOF
=0OF
RET
read
FUSH
MOy

CAaLL
Call
MOy
TN
CINE
FOF
RET

AL HOZH , LOW_M -
TUM

A&, GSAVE
A, GAINBUF , TUM
A, WSAVE

A, WEIGBUF , TUM
TUM1

CHARGE
SHIFT_ADD

DFL
DFH

data and save in internal ram HKEXKKRERKEFLRELE
GO
RO, #60H

START

RECIVE

RO, DATABUF . . -
R ]

R, #70H, CHARGEL

Q0H

pREM kR Rk kR MOVING AVERAGE AERARERRRLE RN RLRARARRAXRARRRRRKE T

EHIFT_ADD:

PUSH
FUEH
FUSH

MoV
MY

MOy

INC
MOy
DEC

“0Oy

Pl S
L,.-Lx'\
Y

MOy
MOY
ADDC
MOy

TNC
CaNE
CalLl
CaLl
MOV
MOV

CLR
ADDC
MOV
MOV
ADDC

ANL
SWaF
MoV
oY
ANL

OOH
O1H
02H

M2, EBOOH
Rig#0O0H
RO, #o0H
P
4,3R0
RO

GRO LA

RO, $6FH, SH1
START
RECIVE

&, DATABUF
&FH, &

C
A.R1
R1,A
ARZ
A, #OOH

A BOFH
A
DATABUF , A
ARL

A, HOFOH



converter and read data KEKKKKRKREKKREXZRRRK KA

s

sauto range
sweight c

i

L pericd 10 sec

Time 0000200

date QOLl/01/7&

iset time in DSI20Z chip

initial kime2 for savin

r =top time for stop sav

hardware
rarmge,welight o

bit im port b
: b conect for
sfrom &/d converter

high
recive d.

szt all bit in port c high
port ¢ consct for control
/d converter

ida

AEERAKKERRKRRKRRARE IR ARk

izhiow "set function" senten:

is2et mode

SWAF A
aRrL A, DATABUF
Mav DATARUF , A
POF G2H
FOF O1H
FOF O0H
RET
s RERXERARKKRXARRX cantro a/d
ADRECVE: CALL HACON
\ MoV TDELAY . #2%5
CALL DELAY
CaLL START
CALL RECIVE
Mav A ,.,DATARBUF
RET
PERXKRRARKARRAK set initial state of operating XXKKKXKXKARKARXARAKRXARKKK
BEFORE: MoV DATABUF , #00OH
MoV GAINBUF , #04H
May WEIGEUF , #02H
MGV MODERUF , #02H
MOy MTEBUF , #00H
“av STERUF , #10H
Moy SECBUF  #006H
ray MINBUF , #00H
MOV HOURRBUF , #COH
MoV DATERLF , #01H
MOV MOMTHRUF , #01H
MOV YEARBUF , #96H
Cale 3ET_T
MoV HTSAVE , #00H
MGY MTIEVE ; #OCH
Moy STSAVE  #00H
#av HSEMD  #273
Qv MSEMD ; #0O0H
Moy SSEMD , #00H
Mav DRFTR,, #FORTA
MY Y H20H
MOMY S BOFTR.S
Moy DPFTR,#FORTE
MOV A, #OFFH
MavX  @DPTR,A&
M3y DFTR,#FORTC
MoV B HOFFH
MOVX  @DFTR.A
RET
FERRRARXKAKKLRRAR R LXK  set state of operating
COMMANMD = Moy A, HOLH
CALL LCDCON
Mav DFTR,,#SENTCEZ
CALL LCDDIS1
JE F1.Z,%
Mav TDELAY , #50
CALL DELAY
COMMANDIL ¢ CALL SHOWMODE
CALL  KEYROARD



COMMANDL _1:

COMMANDL_2:

COMMANDL X

COMMANDZ ¢

COMMAND2_1:

COMPANDD 2

. COMMANDZ_T:

COMMANDZ:

COMMAMDIE_1

COMMANDE_Zs

COMMANDE_5:

CHAMGM ¢

CHANGML 2

CHANGHMZ 2
SHOWM 2

INCM s

CINE
CALL
JME

CINE
JHF

CJINE
JMF

CJINE

call
CAaLL
CaME
call

JME -

CJINE
JME

CORE

JHE
CINE

Call
caLl
CIME
CALL

LY )
e

CIME

aME

CIME
JHF

CIME
JiE

MY
CINE
MDY
JMF

CINE
MoV
JMF

MoV
CALL
Call
CINE
INC
MoV
CINE
MOV
JMP

JE

mode routine

A, #00H, COMMANDL _1
CHANGHM :
COMMAND1

A, #02H,COMMANDL_7
COMMAND _FINL

A, #01H,COMMANDL_3
COMMANDT

£ $#OZH, COMMANDL

SHOWBAIN

KEYBOARD

A, #00H , COMMANDZ _1
CHANGG

COMMANDZ

A, #0TH , COMMANDZ _2
COMMAND_FINL

AL, H0LH, COMMANDR T

COMMAND L
A, #O3H, COMMANDZ

SHOWWE IGHT
KEYEOARD

A, #O0H , COMMANDS _1
CHANGHY

COMMANDS

&, HOZH, COMMANDE _Z
COMMAND _FINL

&, #01H, CCMMANDS 3
SOMMAND2

A, #0Z, COMMANDE

COMHMAND 1

A, MODEBUF

A, #OOH , CHANGM L
DFTR ,, #SENTCEZ
SHOWM

A, #01H, CHANGMZ
DFTR, #SENTCE4
SHOWM

DFTR , 43ENTCES
LCDDIS1
KEYBOARD

A, #0OTH,DECM
MODEBUF

A ,MODERUF

A #OTH, INCM
MODERUF , #00H
ENTERZ

ENTERZ

RERKKKK

iset range

1set weight

AEAARREEARAL KR AL AR RERRKER

smode O
seshow mods O on lcd

smode 1
ishow mode 1 on lcd

smode 2
sshow mode 2 on lcd
scheck key for change



DECHM:

DECM1 :

ENTERZ:

P'~

MoV
JMP

CJINE
DEC
MoV
CINE
MOV
JHMF

JC
Mav

Mav
CINE

RET

MODERUF , $00H
ENTERZ

A, #01H,ENTERZ
MODEEUF

A, MODEEUF

A, #OFFH , DECML
MODEEUF , #02H
ENTERZ

ENTERZ
MODERUF , #02H
A, KEYBUF

A, #04H , CHANGM

RS2 222 3232232203222 0 0033222222322 0002232332328 00
SHOWMODE &

SHOWMODE L »

SHOWMODEZ :

SHOWMODE _FIML:

CHANGS 2

CHAMGE1:

M sy
LM a2 e 3

CHANGEE:

CHANGG4A =
SHOWG 2

DECG:

May
CJINE
Mav
JHF

CINE
MUY
JMF

MGV
CIMNE
Moy
JHF

ZINE
MGy

= WA
RN

SONE
MOY
JMF

CINE
MoV
JHE

MoV
call
CaLL
CINE
INC
MGV
CINE
MOV
JMF

JC
Mav
JME

A, MODEERUF
A, #0O0OH , SHOWMODE 1
DFTR, #SENTCEX
SHOWMODE _F INL _
8, #01H, SHOWMODES
DFTR , #SENTCES
SHOWMODE _F I ML

DFTR , #8ENTCES

LCDRDISE

rangs routine RRARRRE
A, GAINBUF

B . #O0H , CHANGE L
DFTR,#5ENTCES
SHOWG

S, #01H, CHANGGE
DFTR,,#2SENTCEY

FZCWG

Sy HOER , CHANSES
DFTR,#SENTCES
SHOWG

A, #O3IH, CHANGG 4
DFTR, #SENTCE?
SHOWG

DFTR,,#SENTCELO
LCCDISE
wEYEROARD

A, HOLH, INCG
GAINBUF

A, GAINBUF

A, #03H,DECE
GAINBUF , #00H
ENTER

ENTER
BAINBUF , #0O0H
ENTER

sehow range on

ST EESSE TSI STEESTELIS LY.

1OG=120 4B
lcd

irang=

iranges BO-100 dR

‘sehow range on lod

irange &o-83 dE
ishow range on lcd

srang=a 40-50 4B
ishow range on lcd

savto rangs
sshow "auto range”
scheck

an

key for change r



INCG:

INCGL:

ENTER:

CINE
DEC
MOV
CaNE
Mav

Jo
My

MoV
CJINE

RET

A, #OIH,ENTER
GAINBUF

A, BAINEUF

A BOFFH, INCG1
GAINEBUF , #04H

ENTER
GAINBUF, #04H

A, KEYBUF
A& . #04H , CHANGG

IERAXKAKARERAARRX ***#*#%##***##*##**##**%##*##4#%** ARRARKRARARRARRA R RAX

SHOWGAIM:

SHOWGAIMNL:

SHOWGA TN :
SHOWEAIMS

SHOWGATN _FIrls

P ARKRRKE R R LAY
ZHANGW :

eIl L

CHANGWZ ¢

SHOWM 3

INCW:

DECW:

MOY
CINE
MOv
JHMF

CJINE
PG
JmE

CINE
M3V
IMF

CINE
MOV
JHF

PG
TaLL

RET

Y
DJIMNE
Moy
JHE

e M
G RV
JMFE

MOV

caLL
CalL
CJINE
INC
MoV
CINE
MOV
JHF

Jc
MOV
JHF

CINE
DEC
MoV

A, GAINBUF
A #00H , SHOWGAINL
DFTR, #SENTCE6
SHOWGAIM_FINL

A HO1H, SHOWGATINZ
DFTH , #SENTCET
SHOWUGA TN _F INL

B, 407H , SHOWBAINT
DFTR, $3ENTCES
SHOWGBAIN_F INL

A, HOTH , SHOWGA TNG
OFTR, #SENTCED
SHOWBAIN _FIML

UFT LHBENTCELD
31

\-’D L2

A, WEIBERUF
8, #COH, CHANGW
DFTR, #5ENTCELL
SHOWY

Ay HOLH  CHANGWS

DFTR,,45EMTCELZ

LCDDIS1
KEYBCARD

A, #0TH, DECW

WE IGEUF

A WEIGERUF

A, #03H, INCW

WE IGBUF , #00H
ENTERL

ENTER1
WEIGBUF ,
ENTER

#OOH

A, #01H,ENTERL
WEIGEUF
A, WEIGBUF

3w
i5

‘2@ cam

S

:4:

sweight

el
how

2.0
Fow

aht
welight a

KRR R R KRR AR R AR AR R KRR RN R ROk RO R R

a

o

elcht b

sshow weigth <

a
n
N
]

check
weight

keyboard for chang



CINE
MOV
JMF
DECW1: JC
MOV

ENTERL: [y{nl¥
N CJINE

~

RET

AL #OFFH, DECWL.
WEIGBUF , #03H
ENTER1

ENTER1
WE I BRUF , #0TH

A, KEYBUF
A, #04H, CHANGW

RS F$ 2032235323008 28 8320332328333 032233023233 22 3232333323383 202¢8%

SHOWWEIGHT : May
CINE
[Mav
JHMF
SHOWREIGHTL : CJINE
MOV

JHFE

SHOWWE IGHTR :
SHOWE_FTHL

MOV

=TI

RET

A, WEIGEUF
A, #00H, SHOWWEIGHT1
DFTR , #SENTCE11
SHOWW_F INL

A HOIH,SHOWWEIGHTZ
DFTR #SENTCELZ
SHOWW_FINL

DFTR, #SENTCELS

RN
LWCDRISE

PRRAREKERKAERLEARELE control hardware routine XXAEAKRERRAKARRRRRERIRL R k%

HATCON = MoV
SWAF

~DD

MoV
MOVX

RET

FRAREERERIRXARKEKRARRE trig adcoconverter

START: 10OV
May
Pt ¥
MGY
M0V Y
Mav

imC

RET
PRRKERERARIARRARYL
FECIVE: MOV
MOV
CPL
AL
CJINE

MoV
MOVX
MoV
MOV X
Mav
MOVX

MoV
MGVX
mav

Mav
MoV

recive data

A, WEIGEUF

A
A, BAINEUF
DETR, #FORTA
ADFTR, A

A, HOFEH
DFTR, #FORTC
ADFTR, A
A, #OFAH
BDFTR, A
&, HOFEH

from adconverter
DFTR, #FORTC

AL.BDFTR

A

ALH1O0H

R HIOH,RECIVE

A #OFEH
@DFTR.A
A, #OFCH
@DFTR,A
A, #OFEH
@DPTR, A

DFTR, #FORTE
A,@DPTR
DATABUF . A

DFTR, #FORTC
£, BOFFH

to convert

ARAKKERKRRRRKKRERARER R

ARKERKREAKARARERARAAR



MOVX @#DFTR,.A
RET .
TR KRR R KRR RO R R R R RO R KRR KR AR KRR R AR AR R ARk R k%
PFACKAGE FOR SEND DATA IN MODE 1 COFERATING
:RE KEEF DIGIT THREE
sR4 KEEF DIGIT ONE AND TWO
:AND RS KEEFR FPOINT
P HRAHSH A ERE A RS RS R SRS R R SRR S R R SR R R S R R R R B R SRR R

FACKABE MOV A,RS
CALL  TABL 2
CALL SEND

MOV ALR4
CALL  TABL_1
CALL SEND

MOV  A,R4
CALL TABL_Z

CALlL  SEND

MO

At
LHVR o | N o

MOV A.RS
CALL TABL_1
CALL  SEND

MOV Al
3

AR
[T

MOV 8, $64K
CALL  SEND

MOV A, #43H

2ALL  SEND

MOV &, WEIGRUF
MOV DRTR, #TABLEL
MOVC  A,RA+DRTR
CALL SEND

RET

e o s A e N i e 2l e Sl Al vl YR o e s A B Ak v odp ol o ol e o e s e e Al sy ahe <t ot e ot ol 21 ol ke
(RSB S ES SRS S SES A IS S S G S S Se 08 SRl B Sl

7SS
5%
%
m$
-
b
¥
T
¥
J&
G
I
ey
!
3

B A B R A S S S B

DFH

crL

ALRS

A . BOFOH

A

LCDBRUF , &
DFTR, #TABLE
AL H87H
LCDDIS

MoV LCDBUF  #0AH
MoV &, #86H
CalLL LCDDIS

MOV O7H,R43
MOV A, #84H
CALL  LCDTWG

MOV AR3



WEIGA:

WEIGR:

WEIGC:
SHEW

ANL
CJINE
Mav
MoV
CaLL

MoV
CJINE
MoV
JMF

CJINE
MOV
JMP

MOV
CALL
FOF
FOF

RET

A, #OFH

A, #01H,WEIBA

LCDBUF . A ‘ et
A, #83TH

LLCDDIS

A, WEIGBUF

A, #00H, WEIGHE
DFTR,#UNITA
SHWW

A, #01H WEIGC
DFTR, #UNITE
SHW

DFTR,#UNITC
LCDDISZ

DFL

DFH

;##K##%*##k%ﬁ##%##**ﬁ**#*%****###ﬁ#***#**#*#ﬁ##***#***%*X**ﬁ###**#%#

TARL _1: MOV DPTR, #TARBLE
' it 8, %OFOR
SWAF A
MOVC A,&84+DFTR
RET
B KR KR A R R R R KR AR R RN R R R Rk R AR R R R AR KRR Rk R kK
TABRL_2: MoV DFTR ,#TARLE
ANL A, $OFH
MOVE  ALEBA+DFTR
: RET
R KRR R KRR KR RN AR R AR AR R AR R MR R AR RN R AR KRR RAR A RRRRR
CONVERT 3 FUSH  DPH
FUEH  DFL
~USH  Z1H
MOV R, #00H
Moy R3, #O0OH
MoV R4, #00H
Gy RZ; #00H
S ROE

51

Mav

MayY
CINE
MoV
JME

CINE
1av

IMF

G4 :
BCD:s

BRCD_L:

CJINE
MoV
JHMP

MoV
MoV
MoV

MOV

oo o

&, DATABUF
DATABUF , A

&, GAINELF
A, #O0UH, B2
AT, #01H

ECD
A,#01H,63
R4 , #80H
BCD

A HOZH, G4
R4 , #60H
BCD
R4 , #40H
BITEUF ,#8
‘R7 , #00H
A, DATABUF



MOV  DATABUF,A
JNC  BCD_LL

CALL BCD1
BCD_LL: INC  R7

INC R7

INC R7

DINZ ERITEBUF,BCD_L

FOP  31H

FOF  DFL

FOF  DPH

RET
FRKKRRRKRARRERKR KRR KA KRR R KRR AR KR A KRR KKK KKK KKK KA KKK
ECDL: MOV DFTR,#VALUE

CLR C

. MOV A,R7

MOVC A,@A+DFTR

ADDC  A,R&

DA A

MOV RS, A .

iHT RT

MOV A,R7
MOVE  A,@a+DFTH
ADDC  A,RS

D& A

MOV RS.A

ING  ®T

MOV a,R7

MOVE &, 28+DPTR
ADDE &, R

DA a

MOV R4,A

DEC  R7
DEC R7

MOV A,RT
ADDC A, #00H
DA 5

MOy ORI, A
RET
PR AR R R A R R R K KKK R KK NN KRR KKK
YALUE s DE 35H, G7H , GOH
DR 70H . 15H, O0OH
DE 40H, T1H, O0H
DE 8CH , 62H , GOH
DE 60H, 25H, O 1H
DE 20H,51H, O2H
DE A0H, 02H , OSH
DR 20H, 04H , 10M

PEREXIRXKALR R RRR KRR ook ko ok kR ok or ook ook gkl ook
i KEYBOARD FROGRAMM

;FOR CONTROL AND  SET WALUE

iKEYROSRD OFERATING IN 8 KEY

e Tl s o e e b R ol e

KEYROARD : ! MOV P1,#1FH
CALL DATAKEY sRECIVE DATA FROM KEYROARD

CINE A,#06H,CROSS

JME L EEYROARD



18AVE DATAKEY IN BUFFER

KRR KRR AR RRR Rk R KKK

HEE RSP FETS ISR ILLILSE LRSI LEIITEELESELRIELI OIS LE LS EE OSSN

sFIRST KEY VALUE =00
sCHECK. RIT FOR KEY DOWN

sNEXT KEY VALUE =01
;CHECK BIT FOR KEY DOWN

sMEXRT EEY VAaLUE =02
sCHECK RIT FOR KEY DOWN

sNEXT KEY YALUE =023
;CHECK BIT FOR KEY DOWN

sNEXT KEY VALUE =04

AR R R R R K R R AR R RN AR KRR A AR AR AL RE R R AR ERCR LR AR

CROSS: MOV  KEYRUF.A
MOV  TDELAY ,#20
CALL DELAY
CALL DATAKEY
MOV  KEYBUF,A
MOV  TDELAY ,#30
CaLL DELAY
MOV A,KEYBUF
.. RET
RERRAKRRRRRERKRKRRKR
KEYRBOARD1: MOV Fl,.#1FH
CALL DATAKEY
RET
DATAKEY ¢ CLR A&
JH F1.0,MNEXT1
JMF DONE
NEXT1: INC A
JR F1.1,NEXT2
JMF  DONE
HEARTE M &
JE FL.2.NERTE
JMF DONE
MEXTE: INC A
JE F1.Z2.NEXT4
JMF  DONE
MEXT4: INC &
JE F1.4.MERTS
JMF DONE
MEXTS: MOV & HOSH
DONE RET
DELAY 2 FUSH Q7H
FUSH O&H
WESMN 2 Moy Fa, #10
WITNE 2 MG ST LHODEH
DUME R7,5
DINZ FR&,WONE
DJINZ  TDELAY , WEAN
FOF aH
FOF O7TH
RET

R R R A R R R R R KRR AR RN KA R R R AR KR KA AR R R AR KA RR Lk

sTIMING CONTROL ROU
sFOR BETTIME AND  SH

REALTIME:

TINE

OW REALTIME
;USE DS1202 FOR REAL TIME CLOCK

T T T T T R T S SO T S S S S T T U S TN O T T O O O O O O O B I O O B R O B O B

MoV
CaLl

MOV
caLl

JB
MoV
CaLL

A #O1H
LCDCON

DPTR.#SENTCEL7

LCDDIS1

F1.3,%
TDELAY , #50
DELAY



REALTIMEL: CALL RTC1
CINE A #00H,REALTIMEL O
CaLL  RTCSET
JHE REALTIMEL

REALTIMEL 03 CINE A,#01,REALTIMEL 1
MOV & ,MODEBUF
CINE A, #02,REALTIMER
JMF REALTIME6&

REALTIMEL 1 CINE A,#03,REALTIME_FINL
REALTIMEZR: CalL RTC2

CINE A, #00,REALTIMEZ_O
CaALL RTCSETL
JMF REALTIMEZ

REALTIMEZ O CINE AL #01,REALTIMEZ 1
JMF REALTIMEL

REAILTIMER 13 CIME AL HOTH,REALTIME_FINL

REALTIMETE: Ny A . MODERUF

CINE A #02H , REALTIMEL

REALTIMES: CALL RATE
CINE A, 400H,REALTIMES 1
Call  RATE_SET
JMF REALTIME4

REGLTIMES 1 COME o, #01H,REALTIMESG 2
OME REALTIHEZ
REALTIMES 2 CINE A, #03H,REALTIME_F IML
REALTIMES s caLL  Teep
CONE A, #00H, REALTIMES 1
CALL TS3F_SET
JUiE REALTIMES
RESLTIMES L A, #01H, REALTIMES 2
REaL T TMED

EALTIMES: CaLL  TSSS
CIME @, 400H,REALTIMES 1
CaLL  TSSS_SET
JMF  REALTIMES

FESLTIMES 11 CIME AL#01H,REALTIMES 2
JMP REALTIMES '
REALTIMES 23 CINE  &,#02H,REALTIMEL
REALTIME _FINML: RET
IRERELAXKAEERRERRY st time to check Ffor saving AERRERARNEXXRERKRKRXRRKLKKY
CHE_TIME: MoV RO, SECBUF

MOV R1,MINBUF

CLR  C
MOV  ALRO
ADD A& ,STSEUF



MOV ROLA
Jc OVER_HUN1

CINE RO ,#60H,SEC_OVER
MOV RO, #00H

INC Rl

CINE R1,#60H,AD_MI
MOV R1,%00H

JMF  AD_MI

OVER_HUNL : CLR C
ADD A, #40H
DA A
MOV RO,L,A
INC Rl

CINE R1,#&50H,AD_MI
MOV R1,#00H
JME AD_MI -

SEC_OVER: Jo AD_MI
CLR C
SUTE A, #&0H
D& 2
MOV ROLA
NG R1

CINE R1,#50H,AD_MI
MOV R1,%00H
JMF AD_MI

AD_MI : LR
Mo PaR1
ADD A ,MTSBEUF

Ce =
MOV RLLA

CINE R1,#50H,MIN_OVER
MOV R1,%00H
JMP  ADD_FINL

OVER _HUNZ:

L HAOH

R |

R1LA
R1,#40H,ADD_FINL
R1,#O0H

ADD_FINL

MIM_OVER: JC ADD_FINL

CLR c

SUBE A, #&0H

DA A

Mav F1.A
ADD_FIML s RET
TEARKEKKERRLE AR AERKRR show period for keep data in ram EXXRIARRERXERRRERRLY
RATE: MGV AHOLH '

CaLL LCDCON

MGV DFTR,, #5ENTCEZS
CALL LCDDIS1

MOV  R7,MTSBUF
MOV AL #81H



time for kesp data AEARTERRARELAECRARER

AARERREKERRRARERLR

CALL LCDTWO
MgV LCDRUF , #0EH
MoV A, #B3H
Call. LCDPRIS
MoV R7 . STSRUF
MOV A, #84H
calL LCDTWO
RATE_1: CalLL KEYEROARD
CINE A #04H,RATE_2
JMF RATE_1
RATE_2: CINE A,#06H,RATE_FINL
JHMF RATE_1
RATE_FINL: RET
SRERKERRERKKR X%k %% set period for keep data in ram XEXXXKRRKREREERRERLR
RATE_SET: MOV DPTR , #SENTCEZ4
Mov R&,MTSRUF
CaLl TT_S N
iniy MTERLF . Ré
CIME  Féa,#00H,JUDLL
Qv MTSELIF ; #0O0H
JMF RA
JUD11s JC A
MOV MTERUF , #39H
FAs Can RZ,,#04 ,RATE_SET
2T3 _=ET Mgy CFTR,#SENTCEL4
Mo ma,3TSBUF
Cal 7T_S8
MoY STERLF RS
COMNE RO, #&0H, JUDL2
Mav STSRUF , #G0OH
JMF S5
Jiit12 JiZ 35E
by [RAVS STSRUF , #59H
ZZE s COME ORT, B04H,5TE_SET
BET
SRKEREREERRARRELRREY  show initial
T353R ey A HOLH
CaLlL LCBCON
Mgy DFTR , #3ENTCEZ6
MoV R& . HTSAVE
Mav RS MTSAVE
May R4 ,ST3AVE
caLL T_8
RET
SERRKEXKRAKKEARALR %KX set initial time for keep data
TSSFP_SET: MoV DFTR,#SENTCELS
Mov R&6,HTSAVE
CALLL TT_S
Mov HTSAVE,Ré&
CIJNE Ré,#24H,JUDS
maVv HTSAVE , #00H
JMP TET
JubD8:. JC TET -
MoV HTSAVE #23
TET: CINE R3I,#04H,TSSP_SET



" JUD9:

MTs

ul

_SETs

JUD1os

o
AT

FREXKEREERRAXARAALR R
T85S::

R NARKERERRRRRRAARRR

MM _SET:

JUD&:
s

SS_SET:

JUD7 s

MOV
MoV
CalL.
MO
CIME
MoV
JMF

JC
MoV
CJINE

MOV
Moy
CAalL
MoV
CIMNE
Mav
JHF

JC
Moy
CJIME
AET
Shcis
#aV
MoV
mMav
MQY
CaLl
RET
zet
LY
pgss
SALL
PN
CIMNE
=ay
JPE

JiZ
T

R

Mgy
PGV
CalL
MGV
CINE
Moy
JME

Jc
Mav
CJINE

Mav
Mo
CalL
Mayv
CINE
Mav
JiF

JC

DPTR,#SENTCEL?‘
R6 . MTSAVE

TT_8S

MTSAVE ,R6

R& , #60H, JUDT
MTSAVE , #00H

MT

MT
MTSAVE #3594
RE #04H,M_SET

DFTR, #SENTCEZD
& STSAVE

TT_S

STSAVE,R6

R& , #60H, JUDLO
STSAVE , #O0H

ST

ST
BTEAVE , #57H
AT, #04H,3_SET

finral time for keep data .
DFTR, #35ENTCEZ7

R4 ,S5EMD

RS, MSEND

Ré&, HBEND

TS

finel *“ime for keep data
DETR#SENTTELS

Ré& . ASEND

TT_%

HIEND ,R&

Ao, #24H,JUDS

HSEMD , #0O0H

. e

DETR,#SENTZELD
Ré . MSEND

TT_S

MSEMD . Ré

R6 . #60H, JUDG
MSEND , #00H

MM

MM
MSEND , #59H
I, #04H,MM_SET

DFTR , #SENTCEZQ
Ré& . SSEND

TT_ S

SSEND .R&

Ré& . #60H, JUD7
SSEND , #00H

55

33

e et

AERRERE

XRRKKKKRERKE KA LN

S

RRKRRERKKE KL



MOV SSEND, #59H
: CINE R3S, #04H,58_SET

RET
SRR AAEARKAE LR RRRKAE R LKA KRR KR AR KR KRAKRRRA KA AR R R R R KRR KR KRR E LRk
T St CALL LCDDISi

s

o0

MoV R7 . 0O&H
M3V AL, #387H
CALL LCDTWO

MOV LCDBUF , #0EH
MOV A, #0C1H
CoLL  LCDDIS

MOV R7,05H
MOV A, #0C2H
caLl  LCDTWO

MOV LCDEUF , #OEH
MOV A, #0C4H
CALL LCDDIS

MOWTORT L 04H
a1} o g 1N LT
ML 2, iR

oall LCDTHO

T 51: CALL KEYBOARD
CINE  A,#04H,T_3S2
JHF T_ 51

T_ 523 CONE &, #0&H, T_FINL
JME T_S1

T_FINLs RET
SRR ER AR R RN O OO R R KRR R R R R R R R R R R KRR R R K
TS Cal.L .CDDIS1

MOY  HT7 L 0&H
MOY A, #002
Call  LCDTWO

DEC _TT: Call  KEYBROARD

i e s m g ey
CIME &, #0LM, INC T
Ty I W

Fan AN

s 1 e e

MOV RE,A

MOV RT, #00H
JME TT_FINL

INC_TTs CINE A, #0TH,QK_TT
MOV A,.R6
NG A
DA A
MOV R&,A
MOV R, 400H
JME TT_FINL

Ok _TTs CINE A,#04H,DEC_TT
MoV RZ.48 .
TT_FINL: RET
TRARXKRKXRKRAYKARER 2t time on DSIZOZ (hour/minit/second) FARERXIERRXRRRK
RTCSET: MOy DRTR,,#SEMTCZELS :
MoV Ré& , HOURBUF
CALL TT_S
MoV HOURBUF ,R&
CINE R& . #24H,JUD



MOV
JHF

JuDs JC
May
RT: CINE
MIN_SET: MoV
May
caLl
MOV
CJINE
Mav
g MF

JUD1: Jc
' MOV
MI g CJINE
SEC_SET: MOV
MOV
CALL
Rl
CINE
MOV
JMF

JUD2: JC
MOV
CJIME
CALL
RET

e

= L
M3V
MoV
ZALL
MGy
CJINE
MOV
JMF

PERRERENAOREREK

MONTH_SET:

JiiD4 : JC
“0s JME

YEAR_SET:

RET

sRERRALERRERERL XYY write imital

time on

HOUREUF , #00H
RT

RT ' )
HOUREUF , #23H .~
RT,#04H ,RTCSET

DFTR,#SENTCE19
Ré ,MINBUF

TT_S

MINBUF ,R6

R6, #60H,JUDL
MINBUF , #GOH

M1

MI
MINBUF . #59H
R, #04H,MIN_SET - -

DFTR,, #2ENTCEZ2D
Ré&, SECBLUF

TT_ &

SECBUF , R4

Ré&, #60H, JUD2
SECBUF , #$00H

5E

SE

SECBUF , #59H
RE,#04H,83EC_SET
SET_T

DE1202 ( DATE/MONTH/YEAR)] XAERERXAKERERE
DFTR, #SENTCEZL
R&, DATERUF
TT_3

DATERUF ,R&

R4, #3I2H,JUDS
DATERUF , #00H

DETR, #SEMTCESZ
Ré& , MONTHEUF
TT_5
MONTHEUF ,Ré
R&,.#13H,JUD4
MONTHBUF , #00H
MO

MO |
MONTHEUF , #12H
RZ, #04H,MONTH_SET

DFTR,#SENTCE2T
Ré& , YEARBUF

TT_S

YEARBUF ,Ré

R, #04H, YEAR_SET
SET_T

NILTOT EEaLk

time tro

A A ARt S
B KRR R R RREE IV Yy



BET_T- May COMMANDERUF , #8EH
Mov CLOCKERUF , #G0H
CALL BYTEWR
MoV CLOCKRBRUF ,SECRLUF s SECOND
MOV COMMAMNDRUF , #30H
CaLl. RBYTEWR
MOV CLOCKEBRUF MINBUF SMINITE
MoV COMMANDEUF , #82H
CaALL RBRYTEWR
MoV CLOCKRUF , HOURBUF : HOUR
MOV COMMANDRUF , #84H
Call. BYTEWR
MoV CLOCKEUF ,DATERBUF sDATE )
MoV COMMANDEUF , #36H
CAaLL BYTEWR
MoV CLOCKEBUF , MONTHERUF FFMONTH
Moy E0MMANDRUR , #38H ‘
Call.  BYTVEWR
MoV CLOCKRBUF , YEARBLUF s YEAR
MOV COMMA&MDRBUF , #8CH
CALL  BYTEWR
gy COMMANDEUFR , #8EH
#as CLUCKBUF , #20H
CALL  BYTEWR
RET
AR AR AR R RN AR R RO R AR R RN R RN R R AR RN R KKK
DECT: DEC 3
CINE  a,#99H,DECAL
JHF DEC_FINL
DECA&L: JC OECAZ
- MOV B, #F7H
JMF DEC_FIML
DEDEE Mo R7,4
ST P #0EH
CINE A, #0754, CECAT
JMF CECA4
DECAT: Jc DECAZ
‘ MOV &L R7
ML 2, HOFDH
A0 A, #OFH
JMF DEC_FIML
DECAL: May &,R7
DESC_FIMl:s RET
SHREARERALAKAAL N AR LXK show real time on lod (hour/minit/second)X%XEARKRKRR
RTC1: MoV B HOLH

Cabl. LCDCON

CALL READT
SHOWT ¢ MOV  R7,HOUREUF

MOV A, #83H

CALL LCDTWO

SHOW

I
1

i

A

My CDEUF, #OEH

SInl¥ 2 wmOEL



RTCL_FIML:

sHERKREMERRARLARRRRR
RTC2:

EHOWDATE :

TTT:

TTT1:s

CALL

Mav
MOV
CAlLL

Mav
MoV
CALL

MoV
MOV
CALL

MoV
CALL
Mav
CINE

Call
CJINE
JIMF

CINE
ImE

MQy
CaLl.
RET
show
MOos
CAalL

CalL
Mav
MO
MayY
CAl.l-

MoV
MOV

AT I

Mavy
Mo
CALL

Mav
MOV
Call

MOV
Moy
=TI

MoV
CAl.L
MOV
CINE

CALL
CINE
JMF

TIME

LCDDIS

R7 . MINEUF
A, #B6H
LCDTWO

_$MINITE

LCDEUF , #0EH
A, #OCOH
LCDDIS

R7 . SECRUF
A, HOCLH
LCDTWC

; SECOND

R7 ,SECEUF
READT

a.R7

A, SECBUF , SHOWT

KEYEOQARDL
A, HO4H, TTL

TT

&, #O6H ,RTCL_FINL
TT

TDELAY , #50
DELAY

realtime on lcd (date/monith/year)

A, $01H
LCDOON

SEADT
R1,DATERUF
R7 ,DATEEUF
A, #BTH
LCDTWO

LEDEUF , #GCH
A, #85H

LOnLIE

R7 , MONTHEUF
&, #B6H
LCDTWO

LCDEUF , #0CH
A, #OCOH
LCDDIS

R7 , YEAREUF
A, #OC1H
LCDTWO

R7 , DATEEUF

READT

ALR7

A, DATERUF , SHOWDATE

KEYROARD1
AHOL,TTTL
T7T

D R0AMH RTOZ FINL

SHOW

SHOW

ARRRRKR kg



RTCZ_FIML: MOV TDELAY ,#50

CALL  DELAY

RET .
PREXERREOORARXKXKKKK read time from DSIZOZ  RRRXKEKKELERXRERRRLRRLRRER LKL
READT : MOV COMMANDEUF , #81H $SECOND  READ

CALL EBYTERD

MOV~ SECBUF ,CLOCKBUF

MoV COMMANDRUF , #83H sMINITE READ
Calkl. BYTERD
Mo MIMBUF , CLOCKEBUF

MoV COMMANDBUF , #85H s HOUR READ
Call. BYTERD
MOV HOUREBUF ,CLOCKEBUF

MOV COMMANDEUF , #87H sDATE READ
CALL BYTERD

I DAETERLUF ; CL.OCKEUF

MOV COMMANDELUF , #89H (MONTH  READ
CaLL  HYTERD

MOV  MONTHRUF , CLOCKEUF

MOV COMMANDEUF , #5DH : YEAR READ

Akl BYTERD
Moy YEARBUF , CLOCKSUF

R
THEHRANERAERRERARERENAEY RTC AR RRA kAR R R AR R R R R g ko &
BYTERD ik RET

CLR SCLE

SETE RST

CALL  DELAYI

#ayY BITRUF , #8

CLR C

MY A COMMANDRUF
Y TERD L =g L

MGV INGUT €

CALL  SCLkW

DIMZ BITBUF . BYTERD1

MOy BITEBUF , %3
SYTERDY 3 ZAaLL  SCLER

MoV C.INOUT

RRC A

DIMZI RITBUF,BYTERDZ

Gy CLOCKBUF . A

CLE R8T

CALL DELAYL

RET
R KK KR KA R AR KR AR KRR R R MR R R R R RER KR RA AR AR AR R AR R R R dox®
BYTEWR : CLR RST

CLR SCLEK

SETE RET

CALL  DELAYL
Mav BITBUF ,#8
CLR C

MOV &, COMMANDRUF



BYTEWRL : RIRE

2,

i~

May INOUT,.C

CaLL SCLEKW

DINZ BITBUF,BYTEWR1 .

Moy BRITRUF , #8 .

CLR C

Moy A, CLOCKBUF
BYTEWRZ: RRC A
I MoV INOUT,C

CALL SCLEKW

DINZ BITBUF ,BYTEWRZ2

CLR RST

Call. DELavYl

RET
R KRR KR KRR AR KRR RA KR E K KA KRR R KL R EAA KKK RERRRRAAK
SCLEW: CLR SCL.K

CALL DELAY1

SETE SCLE T

Cal.l. DELAY1

RET
'#######*##**#####%###m##ﬁ%***######W*##*##**##%%####k*#%#*#####*%#%##*#
Aol R SETE  BCLE

Cal DELAY L

CLR SCL.K

ChALL DELAY1

RET

PR R KR KRR KRR R AR R AR R RR AR KA R KRR AR XA KRR RN ARKR R AR EARRKRRKA KRR

DELAYL: FUSH O1H
MOV R1,45
DINZ Ri,s
FOF OLH
RET

*??ﬁ*ﬁﬁﬁﬁiéﬁﬁvﬁé##'ﬁ*ﬁﬁ EREL R RS AR RN E KRR KA KRR A AR R R RERRR KRR KKKk %
;LCD CONTROL ROUTIN
sFOR CONTROL DISFLAY OF LCD
s TYFE DOT MATRIX
(OME LINE
& COLUMN

g L&
s @EERECIEEEEEE

EREEREEERERTEEREREEREGEREREEEEEST

LOSTRW 43v  DETR, $TAELS
M0V LUDBUF,A
CalLlL  LCDCON
MOV A,LCDBUF
INC A
CINE A, #02H,LCDTWL
MOV A, #0COH

LCDTWL s MOV  LCDBUF,A
MOV A,R7 .
ANL A #OFOH
SWAF A
MOVE A, @A+DETR
CALL LCDDATA
MOV  A,LCDBUF
CALL LCDCON
MOV  AR7
ANL A, #OFH
MOVC A,@A+DETR
CALL LCDDATA
RET

3**$kﬁ#*&###ﬁ##*ﬁ##*ﬂ#%#**##kt##*#K**##*##**##K#*####K*###*##ﬁ IREERERX



BEND: JNE TI,BEND
CLR  TI
MOV SBUF,A
MOV TDELAY ,#5
DJNZ  TDELAY,%
RET
RET
CERKR KRR R R AR ROR R OO R R KR KRR KRR
: JNB  RI,REC_SRL
CLR  RI
MOV A ,BEUF
MOV TDELAY,#5
DINZ  TDELAY,$
RET
REREEAEHRERRER R LR OO OO O R R K RO R S R
: CALL LCDCON
MOV A,LCDEUF
MOYC A,@A+DFTR .
CALL LCDDATA
RET

SRR AR R R O R RO R R AR R R R R R R R Rk
LCDDISL: MG A #BOH
. bt
LODSIBE IV A #HOCOH
CaLL LCDDISLt
RET
LEDDIS1i: CalL LLCDTON
g P, #8

e P m

el dls L Lol o

Bl s ude ode e b ol o ode s ule sde ade ole . o ade alr oda sda aie s ods Afp cna afe ol nlp 9he s oy eds ode vbe ode o
sk R Ak Rk ,E&‘*;ﬂ%“,ﬁ F S B Rl e B B BB B REE A Bl A A A A
s R W WY

LCDTOMy

= g o= -
FT=, 14-.__ I BIEHEHN

gy 4y
LSRRI T I -

SRR AR R R R RO R R R KRR KRR R KRR LR RN
LIDDATA: FUSH  DFH

PUSH  DFL

MOV DFTR, #LCDWRD
MOVY  @DPTR,A

MCY  DFTR,#LCDRDC

LCDDATAL: MOV abDrPTR
JB .7 ,LCDDATAL

1

(o

mn
12312 I s
T (3=
IF"F]ﬁ.u

SET
R L LR L LR LR LRt

o
b b i

Move ;—« @A+DFTR
INC "‘F TR

b A
i gz L, BE0n, SEMD

TN
e
e
B
*3
¥
i3
¥
%
o




RET

SEMD_STRINGL : CALL SEND

MOy TRDELAY , #2320

DINZ TDELAY,.%

JMF SEND_STRING
3 KR OR R R RO R R Ok ok ok ok R ook R o R R o RO R R R R Rk R RO R R R Rk ok R R R R kR
s TARLE ZONE
;COLLECT SEMTENCE AND VALUE FOR SHOW
sAND COMMUNICATION WITH USER
sCCCCCCCCCCCCCOCCCCCCCCCCOOOOOOOOOOrCI3333333333133333333133333333333131331313°

TABLE: DE ‘01323458678 F .77
TAELEL: DE "ABC”
UNTITA: OB * dB& '
UMITE: DE " dBEE
UMITEC: DE * dRBC !
SEMNTCEL: DE COAUTOMAT S
DR “IC sLM 7
SENTCEZ: Dr © BET FU°
DE TNCTIOM
SEMTOED e DR ! Man’
) i TE ’
EEMTOES e ' MU
DR ‘Bl ’
SENTCES: DE ! MaD -
DB ‘E 2 ’
ZEMTCES s DR RANBE 107

-~

DE TO-120 dB’
2EMTCET DR TREGNGE 37

b 1)

o5
SENTCES: D=

e
ZEMTOES DE

oR ‘
ZEMTCELOD D

oR TRANG
SENTOELL: )= ‘ HWEIGHT'

CR TINGE oA
AENMTOELZD s LE T WEIGHTS

nR TING B
EENMTIEIE TE T WEINHT

FLLL ™
TEMORY
N W
CITING
TREAL TIM
"E CLOCK
* HOUR:~

MINUTE: "
* SECOMD:’

. .

SEMTIEZL DE ! BAT=: '

[

n

5

)

m

| o

w
SUDDOOO0 oo aroy
ol 0l oo G oMo oad bnomonl Qg B o n

ZEMTCEZZ: DB T MONTH: -’

SENTCEDT: DE  °  YEAR:®
DE  ° 2
SENTCEZS DE - MIN_T_S°
gl ’ B

ws H



SENTCEZS: DR ’ =N
LR TAMFLING

SEMTCERSG : DE ‘' START :
DE .

SENTCEZT ¢ DB STOF :
DE

SENTCEZ8: DE oM S

DR "ENDING
SEMTCEZF: DR 'Sampling FPeriod: °,E05
SENTCEZ0: DB 'Date: °,EO08
SENTCEZ1: DB ‘Initial Time: °,EO03
SENTCEZ2: DB ‘Finish Time: *L,EO0R8
SENTCEZZ: DB ° Microprocessor Based Socund Level Meter V.2.07 ,CR,LF

DB Desigred by «CR L
pDE Mr. Santi Hankla TSGR, L
bg - M. Eriangsak Uesakulrungrueng CLCR L

DE "Department of Applied Physics ' ,CR.LF

DE "Faculty of Science ’,CR:LF .

DB "King Mongkut Institute of Techrnology Ladkrabang’ ,CR,LF,E
SEMTCEZS: DB "Test Location:’ ;EQS
SENTCEZS&: DB ° FREBS R°

D .T OR C

TRV
EZ. P
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‘ADC0801/ADC0802/ADC0803/ADC0804/ADCO805

4 National
Semiconductor
Corporation

ADC0801, ADC0802, ADC0803, ADC0804,
ADCO0805 8-Bit p.P Compatible A/D Converters

General Description

The ADCO801, ADC0802, ADCUS03, ADCO804 and M Differential analog voltage inputs

ADCO805 are CMOS 8-bit successive approximation A/D & Logic inputs and outputs mest both MOS and TTL voit-
canverters that use a differential potentiometric ladder— age level specifications

similar to the 256R products. These converters are de- @ Works with 2.5V (LM336) voltage reference

signed to allow operation with the NSC300 and INS8080A

X On-chip clack generator
derivative control bus with TRI-STATE® output latches di- o v 10 5v analog input voltage range with single 5V
rectly driving the data bus. These A/Ds appear like memory supply
loca -
: tions .or.l/O ports to the microprocessor and no inter m No zero adjust required
facing logic is needed.
Ditt tal i ' . l i . & 0.3” standard width 20-pin DIP packaga
eren ang og voltags mputsAa low increasing the gom- B 20-pin malded chip carrier or small outline package
mon-mode rejection and offsetting the analog zero input =
¥ Operates ratiometrically or with 3 /g, 2.5 Vpg, or ana-

voltage value. In addition, the voltage raference input can
be acjusted to allow sncocing any smalier analog voltage
span to the {ull 8 bits of resolution.

log span adjusted voltage refsrznce

Key Specifications

Features m Aesoiution 8 bits
® Compatibie with 5080 pP dervaives—no interfacing X Total eror =% LS8, =2 LS8 and =1 LS8
logic needed - access time - 135 ns m Conversion time 100 us
® Sasy interface to all microoracessars, or operates N
“*stand alone” -

Typical Applications

A
e & vop B2
—————-'q LE] . 19 . .
L | i P S } TAARSZUCEY ;
b AT LK in 2. 11 LaIT SESALATION
1low > | IvER aar 3¢sAco
E 2 i iR vourie: savcE
. raacesson @‘ E ; 5] ::: Lo Ve : — T
"l s i) .
+ : oa1 aano b L—'—‘l :
N A
N &) o Vagul *’——Os::; nco;mn = =
< o 241
4 ! c10 R Jcxo rl-r
W 77 TLHISETI-
8080 Interface Error Specitication (Includes Full-Scale,
Zero Error, and Non-Linearity)
= Part SF:;:; Vgep/2=2.500 Yo | VRer/2= No Connection
) M Number Adlusted {No Adjustments) (No Adjustments)
e, Juste
m R ——q w ADC0801| =1, LSB
toey,
fre e 1) | ADC0802 =1, 1S3
r
<r4:, 'ADCO803{ =1, LS8
JATA | !
. ADCQ804 =1LS8
| Aocosos | .' =1LS8
TUH/SETT T
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Absolute Maximum Ratings (votes122)

It Military/Aerospace specified devicas are required,
contact the National Semiconductor Sales Office/

Storage Temperature Range —65°Cto +150°C

Distributors for availability and specifications.

Supoly Voitage (Vo) (Note 3)
Volitage

Logic Controt Inputs

Package Cissipation at T4 =25'C 875 mW
£30 Suscectibility (Note 10) 800V
8.5V .
03V 10 <18V Operating Ratings (Notes 12 2)

At Cther Input and Outputs ~-0.3V to (Ve +0.3V) Temperature Range _ TMINSTa < Tuax
Lead Temp. (Soldeﬁng'u:% seconds) ce ADC0801/02L4 —55°C<Ta< +125°C
Dual-In-Line Package (plastic) 260°C ADC?SOT/OZIOG/O?LCJ ~40°C<T5< +85C
Dual-In-Line Package (ceramic) 300°C ALCS801/02/03/05LCN —40°C<STA< +85°C
Surface Mount Package ABCC804LCN 0°C<TAL +70°C
Vapor Phase (60 seconds) 215°C ADCG802/03/04LCY 0°C<TA< +70°C
Infrared (15 seconds) 2200 ACCQ802/03/04LCNM 0°C<TA< +70°C
Range of Vg 4.5Vpgt0 6.3 Vpg

Electrical Characteristics

The following specifications apply for Vec=5 Vpe, TvinS Ta € Tuwax and forx =540 kHz unless otherwise specified.

Parameter Conditions Min ¢ Typ | Max t  Units
ACC3801: Total Adjusted Error (Mote 8) With Full-Scale Adi. i } -, LS8
(See Secticn 2.3.2) ! ! h
ACCC802: Total Unadjusted Error (Note 8) | Vozz/2=2.3C0VY-¢ : i =% I L83
ACCU808: Tcial Adjusted Error iNote 8) ! "With Full-Scate Ac. ; | i '
! S o - . i =% | Lss
{Sag Secion 2.5.2) : ! i
ACCQ2804: Total Unadiusted S:ror (Nota 8) Yag=/2=2.30C Varr . i | 1 | Ls8
ADC280S: Tatal Unadjusted Error (Note 8) Vae=/2-No Cannecuen v =1 | Ls3
‘Yres/ 2 Input Resistance (Pin 9) ! ADCC801/02/05/735 2.3 3.0 i k2
| ACCo804 (Note ©) .75 1.1 P kD
Analeg inout Yoltage Range i (Note &) V(=) orV(i—) 3ng-2.25 i Ves+005 | Vg
CC Cemmen-Mode Error i Cver Analog Inout Yaottage Po=he | =% | Ls8
| Range : : !
Power Suoply Sensitivity | Ves=3VYpg =10% Cvsr ¢zt =% [ LS8
I Allowed Vin( =) and Vepg(—? ! i ]
| Voitage Range (Note 4) : ' 1
AC Electrical Characteristics
The loilowing soecifications apply for Voo =3 Yme and T4 = 25'C unless ctherwmse soscriied.
Symbal | Parameter i Conditions Min | Typ | Max ! Units
TA ! Conversion Time ' ingx =540 kHz (Nota 3) 103 ! i 114 | 1S
Te Conversion Time {Nate 3. 5) 36 73 1 Mok
forx | Ciock Frequency . Ves =3V, (Note 3) 100 | 340 } 1450 f . kHz
i Clock Duty Cycle © [Note 3) 4 850 34
cR . Conversion Rate in Fres-Aunming INTH 20 10 WR Wt 770 | 97C8 | conv/s
Mode T5=0Vrg, fe g =540 ki z : ‘
twimEIL "Width of WR inout (Start Pulse Width) CS=10Vrc Note 7} fols] i ; ng
tace Access Time (Delay from Failing C_=1C0pF v 135 | 200 ns
Edge of RO to Qutput Cata Valid) ; ! i !
tip, o | TRI-STATE Control (Celay i G =100F, R_=17Ck ;25 | 200 . ns
; from Rising Edge of AD to . (See TRI-STATE Tast ' i |
| "Hi-Z State) ! Circunts) ' | !
twitar | Oetay from Failing Edge : i 1 300 | 450 : as
. ot WR or RD to Resat of INTR ] : i | '
SN ‘" Input Capacitance ot Lagic | : bos 1 7s i pF
' Control Inputs : i . |
Cour | TRI-STATE Output i b3 g 75 | pF
1 Caoacitance (Data Buffers) i ; ; !
CONTROL INPUTS [Note: CLK IN (Pin 4) is the input of a Schmitt trigger circutt and is therefore scecriied secara(e!y]
“in(1) | Logical 1" Input Voitage 20 | Po1s Voe

{Exceot Pin 4 CLK IN)

H

g Ve =525 Ve
. ]

!

L

317

v

1&‘/ ’

§0800Qav/v0800QVv/€08000QVv/20800QV/10803aY




ADC0801/ADC0802/ADC0803/ADC0804/ADCO0805

AC Electrical Characteristics (continueq)
The following specifications apply for Voo = 5Vpe and Tiyin € Ta € Tumax, unless otherwise specified.

Symbol [ Parameter L Conditions [ Min l Typ J Max [ ‘Units

CONTROL INPUTS {Note: CLK IN (Pin 4) is the input of a Schmitt trigger circuit and is therefore specified separately}

Vin () Logical 0" Input Voitage Vec=4.75Vpe . Q.8 Voc
(Excegt Pin 4 CLK IN) -

lin (1) Logical “1" input Current Vin=5Vpc Q.005 1 pApe
(All inputs)

v (0) Logical “0" Input Current ViN=0Vpe -1 —0.005 wAce
(All inputs)

CLOCK {N AND CLOCK R

VT+ CLKIN {Pin 4) Positive Gaing 2.7 3.1 35 Voe
Threshold Voltage

Vr— CLKIN (Pin 4) Negative : 1.5 1.8 2.1 Voe
Going Threshold Voitage .

Vu CLKIN (Pin 4) Hysteresis 0.6 1.3 2.0 Voc
V1) ={Vr—)

Vout (0) Logicat “0"” CLK R Output lo=1360 uA 0.4 Voe
Voitage Vec=4.75Vpe

Vour (1) Logical “1” CLK R Output In=—360 uA 2.4 Voo
Voltage Voo =4.75Vpe : -

ODATA QUTPUTS AND INTR

Vour (0) Logical 0" Qutput Voltage i
Data Qutputs loyT = 1.8 MA, Vo= 4.75Vpe I Q.e Voo
INTR Output louT=1.0mA, Ve =4.75 Vp¢ ¢ Q.4 Vee

Vour (1) Logical "'1” Output Voitage lo=—360 pA, Ve =475 Vpe 2.4 ! 4VDC

VouT (1) Logical “1" Qutout Voltage lo=—10uA, Vcc=4.75Vpc ‘ 45 Voc

lout TRI-STATE Disabied Output Vout=0Vpc [ -3 wApc
Leakage (All Data Buffers) Voutr=3 Vpe 3 vAge

ISOURCE | Vour Shortto Gad, T4=25C | 45 | 5 | mApc

ISiNK | VoyrShorttoVee, T4=25'C | 90 | 18 | mApe

POWER SUPPLY

leo Supply Current (Includes foLk =640 kHz, : '
Ladder Current) Vage/2=NC, T4 =25C ; ;

and CS=3V :

ALC0801/02/03/04LCJ/05 1.1 i 1.8 mA
ADCOBD4LCN/LCV/LCWM ! 1.9 25 | mA

Nots 1: Absotute Maximum Ratngs incicata fimits beyond wrich damage lo ne gevice may.occur. SC and AC alecincal scecifications Co AQt 300y wnan gperaing

the dewce bayond its spectfied coeraong conditions.

Note 2 All voltages are measured wrth resoect to Gnd, uniess atherwse scecified. The sa0arata A Grd gont snouid Aiways 2a wired 13 29 O Gnd.

Note 3: A zener ciode austs, intematly, from Veg o Gad and has a Typical Sreakegwn voitage of 7 Vec,

Nota 4: For Viy(~)2 Vin{~) the dignal outtut code wiil te 0000 0000, Two on-crio cioces are hed to 3acn analog nout (see dlock Sagrami wmen wl forwarg

sonduct for anaiog input voitages ane ¢:ode Grad telow ground oF one diode Croa greater Tan Me Veg suncly. 3o caraful, Sunng tasang at «©w Vs lavels (4.3V),
33 nign lavel analog inputs (SV) can cause IS nput CIoce 1O canduct-2soecally at sievated tamoerafures. and causa efrors for anaicg noums near ful-scate. The
€ atows 50 mV forward tias of enher ciode. This means that as iong as the analog Vi coes ot exceed the sudgly voltaga oy mora Tan 30 mV, 518 curut

cde will be carrect. To achieve an atsotute 0 Vg 10 5 Vg inout voitage range will theratore roquire a mmamum supply voitage of 4.550 Ve over emoeragure

vanabens, ivtal toleranca and loading. .

Note 5: Accuracy is guaranteed at by« = 540 kHz, At lugner clock frequencias accuracy can degrade. ~or lower clock fraguancies, the ARy Cycie hmins can be

axtended so0 Iong as e MiMmum clock hign ome interval or TuMMUM CIOCK 10w TMe interval 13 N0 less than 275 ns.

MNate §: With an asynchironous start puisa, ug o 8 clock penods may be requarad Bofar the mitemal clack pnasas are croper ' stast Neo corverson process. The

start request is internally lalched, sea ~igers @ and secsan 2.0.

Note 7: The CS inout is assumed to bracket e W Strooa inout and therafore tming 1S decendent on tha WH pulse width, An aroiranly weog Duisa wigth will hoid

“ha converter in a resat MOda and the st of Converson is Mitated by the low (o high Tansiton of the WH puise (see tmang diagramsl.

Note 8: None of these A/Ds reguires a zerg adjust (see socdon 2.5.1). 70 cotan Zero coda at other analog nout voitages see sacaon 25 and ~awre 3,

Note 9: Tha Vper/2 pin s the center oot of a twa rasistor anaer connectad from Veg to ground. Sach resistor is 2.2% axceot for ‘na ADCTB04LCJ wnera sacn

resstor 8 16 Total ladder input resrstance 1 the sum of the two aqual reSISTNS.

Nate 10: Human body model, 100 pF ciscrarged througn a 1.5 ki resistor,
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Typical Performance Characteristics
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ADCO0801/ADC0802/ADC0803/ADC0804/ADC0805

TRI-STATE Test Circuits and Waveforms
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Typical Applications (Continueq)
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ADC0801/ADC0802/ADC0803/ADC0804/ADC0805 &

Typical Applications (Conu:nued)

Directly Converting a Low-Level Signai
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ADC0801/ADCO0802/ADC0803/ADC0804/ADC0805

Functional Description

1.0 UNDERSTANDING A/D ERROR SPECS

A perfect A/D transfer characteristic (staircase waveform) is
shown in Figure 1a. The horizontal scale is analog input
voltage and the particular points labeled are in steps of 1
LS8 (19.53 mV with 2.5V tied to the Vagg/2 pin). The digital
output codes that carrespand to these inputs are shown as
D—1,D, and D+ 1. For the perfect A/D, not only will center-
value (A—-1,A, A+1,. . . .) analog inputs produce the cor-
rect output citigal codes, but alsa each riser (the transitions
between adjacent output codes) will be located =, LS8
away from each center-value. As shown, the risers are ideal
and have no width. Correct digital output codes will be pro-
vided !or a range of analog input voltages that extend =14,
LS8 from the ideal center-values. Each tread (the range of
analog input voltage that provides the same digitai output
coce) is therefore 1 LS8 wide.

Figura 1b shows a worst case error plot for the ADCQ801.
Aill centar-valued inputs are guaranteed to produce the cor-
r2et cutsut cocdes and the adjacent risars ars guarantsea o

Ta no ciosar to the center-value points than =Y LS3. In
Transter Function

other words, if we apply an analog input equal to the center-
value =Y, LS8, we guarantee that the A/D wiil produce the
correct digital code. The maximum range of the position of
the code transition is indicated by the horizontal arrow and it
is guaranteed to be no more than '/, LSB.

The efror curve of Figure 1¢ shows a worst case error plot
for the ADCO802. Here we guarantee that if we apply an
analog input equal to the LS3 analog voltage center-vaiue
the A/D will produce the correct digital code.

Next to each transfer function is shown the comresponding
error plot. Many people may be mare familiar with error plots:
than transfer functions. The analog input voltage to the A/D
is provided by either a linear ramp or by the discrete output
steps of a high resolution DAC. Natice that the error is con-
tinuously displayed and includes the quantizaton uncertain-
ty of the A/D. For example the error at point 1 of Figure 1a
is +— Y5 LS8 because the digitat code appeared ¥, LS3 in
advance of the center-vaiue of the tread. The =rror plots
always have a constant negative siope ang 2 abrupt up-
side steps are always 1 LS8 in magnitude.

Error Plot
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FIGURE 1. Claritying the Error Specs of an A/D Converter




~ Functional Description (continueq)

2.0 FUNCTIONAL DESCRIPTION

The ADCO801 seres contains a circuit equivalent of the
258R network. Analog switches are sequenced by succes-
sive approximation logic to match the analog difference in-
put voitage [Vin(+) — Vin(—)] to a comresponding tap on
the R network. The most significant bit is tested first and
.aiter 8 comparisons (64 clock cycles) a digital 8-bit binary
coce (1111 1111 = full-scale) is transferred to an output
latch and then an interrupt is asserted (INTH makes a high-
to-fow ransition). A conversion in process can be interrupt-
ed by issuing a second start command. The device may be
operated in the free-running mode by connecting INTR to
the WH input with £S5 =0. To ensure start-up under all pos-
siofe conditions, an external WR pulse is required during the
first power-up cycle.

Cn the high-to-low transition of the WR input the internal

SAR latches and the shift register stages are resst. As long
as the CS input and WR input remain low, the A/D will re-

Tan in a reset state. Conversion will start from 1 to 8 cleck

2SnCcs arter at lsast one of thase inouts makss a iow-io-
hign ransition.

A functional diagram of the A/D converter is shown in Fig-
ure 2. All of the package ginouts are shown and the major
logic control paths are drawn in heavier weight fines.

The converter is started by having CS and WH simuita-
neously low. This sets the start flip-flop (F/F) and the resuit-
ing *1" level resets the 8-bit shift register, resets the Inter-
rupt (INTR) F/F and inputs a “1" to the D flop, F/F1, which
is at the input end of the 8-bit shift register. Internal clock
signals then transter this “1" to the Q output of F/F1. The
AND gate, G1, combines this “1"” output with a clock signal
to provide a reset signal to the start F/F. If the set signal is
no longer present (either WR or CSis a "1™ the start F/Fis
reset and the 8-bit shift register then can have the “1"
clocked in, which starts the conversion process. if the set
signal were to still be present, this reset puisae would have
no etfect (both outputs of the start F/F would momentanly
be at a “1" level) and the 8-bit shift register would continue
to be heid in the reset mode. This logic thersfore allows for
wide CS and WH signals and the converter will start after at
least one of these signals returns high ard the internal
clocks again provice a raset signal for the start FIF.
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Functional Description (continueq)

After the “1” is clocked through the 8-bit shift register
(which completes the SAR ssarch) it appears as the input to
the D-type latch, LATCH 1. As saon as this “1" is output
from the shift register, the AND gate, G2, causes the new
digital word to transfer to the TRI-STATE output latches.
When LATCH 1 is subsequentty enabled, the Q output
makes a high-to-low transition which causes the INTR F/F
to set An inverting buffer then supglies the INTR input sig-
nal,

Note that this SET control of the INTR F/F remains low for
8 of the external clock periods (as the intemal clocks run at
Y4 of the frequency of the extemal clock). If the data output
is continuousty enabled (CS and RD both held iow), the
INTR output will still signal the end of conversion (by a high-
to-low transition), because the SET input can control the Q
output of the INTR F/F even though the RESET input is
constantly at a “1” level in this operating mode. This INTR
output will therefore stay low for the duration of the SET
signal, which is 8 periods of the external clock frequency
(assuming the A/D is not started during this intarvai).
‘When operating in the irea-running or continuous conver-
sion mode (INTR pin tied to WR and CS wired low—sae
atso section 2.8), the START F/F is SET by the high-to-low
transition of the INTR signal. This resets the SHIFT REGIS-
TER which causes the input to the D-type latch, LATCH 1,
to go low. As the latch enable input is still present, the Q
output will go high, which then allows the INTR F/F to be
RESET. This reduces the width of the resuiting INTR output
pulse to only a few propagation delays (approximatety 300
ns).

When data is to be read. the combination of both C3 and
AD being low will cause the INTR ~/F to be reset and the
TRI-STATE output latches will be enabled to provide the 8-
bit digrtal outputs.

2.1 Digitai Control Inputs

The digital controt inputs (CS, RD, and WR) meet standard
T2L logic voltage levels. Thesa signals have been renamed
when compared to the standard A/D Start and Qutput En-
able labels. In addition, these inputs are active low to allow
an easy interface to microorocessor control busses. For
non-microprocessor based applications, the TS inout {pin 1)
can be grounded and the standard A/D Start function is
obtained by an active low pulse apglied at the WH input (pin
3) and the Output Enable funcion is caused oy an active
low culsa at the RD input (pin 2).

2.2 Analog Ditferential Voitage Inputs and
Common-Made Rejection

This A/D has additional applications flexibility cue to the
analog differential voitage input. The Viy(—) input (pin 7)
can be used to automatically subtract a fixed voitage value
from the input reading (tare correction). This is also useful in
4 mA-20 mA current loop conversion. in addition, common-
mode noisa can be reduced by use of the differential input.
The time interval between sampling Vin( +) and Vin(—) is 4-
4 clock periods. The maximum error voltage cue to this

slight time difference between the input voltage samples is
given by:

S
AVo(MAX) = (V) (27rferm) (;;—x) -

where:
AV, is the error voltage due to sampling detay
Vp is the peak value of the common-mode voitage
tem is the common-mode frequency

As an example, to keep this error to 14 LS8 (~5 mV) when
operating with a 60 Hz common-mode frequency, fem, and
using a 640 kHz A/D clock, fok, would allow a peak value
of the common-mode volitage, Vp, which is given by:

Vp = [Avngm (feu]
@ lem) (4.5)
or
(5 X 10~3) (640X 103)
= T (6.28) (60) (4.5)

Vo

whnich gives

Vpa1.9V.
The allowed range of analog input voitages usuaily places
more severa restrictions on input common-mode noise lev-
als.

An analog input voitage with a reduced span and a relatively
large zero offsat can be handled easily by making use of the
differential input (see section 2.4 Reference Voitage).

2.3 Anajog Inputs
2.3.1 Input Current

Normai Mode

Due to the internal switching action, displacement currents
will flow at the analog inouts. This is due ‘0 on-chio stray
capacitance to ground as shown in Figure 3.
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FIGURE 3. Anajog input Impedance




Functional Description (continueq)

The voitage on this capacitance is switched and will resuit in
currents entering .the Vpy(+) input pin and leaving the
Vin(—) input which will depend on the analog ditferential
input voitage levels. These current transients occur at the
leading edge of the internat clocks. They rapidly decay and
do not cause errors as the on-chip comparator is stroged at
the end of the clock penod.

Fault Made
If the voitage source applied to the ViN(+) or Vin(—) pin

. exceeds the allowed operating range of Voo +50 mV, large

input currents can flow through a parasitic diode to the Voo
pin. If these currents can exceed the 1 mA max allowed
spec, an extemal diode (1N914) should be added to bypass
this current to the Vgg pin (with the current bypassad with
this ciode, the voltage at the ViN(+) pin can exceed the
Vcg voitage by the forward voitage of this diode).

2.3.2 Input Bypass Capacitors

Sypass capacitars at the inputs will average these charges
and cause a OC current o flow through ihe cutput resist-
ances of the analog signai sources. This cnarge gumoing
action i1s worse for continuous conversions with the Viy(—)
input voitage at full-scale. For cantinuous conversians with
a 840 kHz clock frequency with the Vin(=) input at 3V, this
OC current is at a maximum of approximately 5 wA. There-
fore, bycass capacitors should not be used at the analog
inouts or the Vge=/2 pin for high resistance sources (> 1
kQ). If input bypass capacitors are necessary for noisa filter-
ing and high source resistance is desirabie to minimize ca-
pacitor size, the detrimental effects of :he voitage drop
across this input resistance, whicn is due !0 the average
value of the input current, can e gliminatsa with a full-scale
adjustment while the given source resisicr and input bypass
capacitor are both in giace. This is possicie Secause ihe
average value of the input current is a grecise linear func-
tion of the differential input voitage. .

2.3.3 Input Source Resistance

Large values of source resistance where an input dypass
capacitor is not used, will not cause ermrors as ‘he input cur-
rents seftle out pnor to the companscn tme. If a low pass
filter is required in the system, use-a low vaiued series resis-
tor (£ 1 k1) for a passive RC section or acd an 9o amo RC
active low pass filter. For !ow source resistance acplica-
tons, (< 1 kN), 3 0.1 uF typass caoacitcr 2t the inouts wiil
prevent noise pickuo due to senes iead incucance of a leng
wire, A 100Q senes resisicr can be used ‘o isolate this ca-
pacitor—both the R and C are placed outsice the feecback
loop—irom the output of an cp amp, ii usad.

2.3.4 Naise

The leads to the analog inouts (pin 6 and 7) should be keot
as snort as possible to mimmize input naisa coupiing. Soth
noise and undesired digital clock coupling 0 these inputs
can cause system errors. The source resistance for these
inputs should, in general, be kept beiow 3 k. Larger values
of source resistance can cause uncesired system noise
pickup. Input bypass capacitors. placed {rom the analeg in-
puts to ground, will eliminate system noise pickup but can
create analog scale arrors as these capactors wiil average
the transient input switching currents of the A/D (see sec-
tion 2.3.1.). This scale error depends on bath a large source

resistance and the use of an input bypass mpacnor This
error can be eliminated by deing a full-scale adjustment of
the A/D (adjust Vrep/2 for a proper full-scale reading—see

' section 2.5.2 on Full-Scale Adjustment) with the source re-

sistance and input bypass capacitor in place.
2.4 Reference Voitage

2.4.1 Span Adjust

For maximum applications flexibility, these A/Ds have been
designed to accommodate a 3 Vog, 2.5 Vpge . or an adjusted
voltage reference. This has teen achieved in the design of
the IC as shown in Figure 4.
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FIGURE 4. The Vrgrerence Design on the IC

Notice that the reterence voltage ior the {C is aither ' of
the voitage appiied to the Vg suoply pin, or is equal to the
vaitage that is extarnally forced at the Vrgx/2 pin. This al-
lows for a ratiometric voitaga reference using the Voo sup-
olv, a 3 VYp¢ reference voitage can 2e used for the Veg
supoly or a voitage less than 2.5 V¢ <an oo aoplied (o the
Vagz/2 input for increased application {lexibiity. The inter-
nal gain to the Vags/ 2 inout1s 2, making the fuli-scaie difter-
annal input voltage twice ihe voitage at gin 8.

An example of the use ot an adjusted reierencea voitage is to
accommodate a reduceg span—or gynamic voitage range
af the analog input voltage. if the analog input voitage were
to range from 0.5 Vpg to 3.3 Vpg, instead of OV te 3 Veg,
the soan wouid be 3V as snown in Figure 3. With 0.5 Vo
apoiied to the Vin(—) pin to absord the ofiset, the reference
voltage can be made egual to '/, of the 3V soan or 1.5 Vpe.
The A/D now will encoge the Vin( ) signal from 0.5V to 3.5
V with the 0.5V input corresconding to zaro and the 3.5 Vpg
inout correspanding to fuil-scale. The full 8 bits of rasolution
are therefore applied over this reduced analog input voltage
range.

o
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Functional Description (continued)
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FIGURE 5. Adapting the A/D Analog Input Voitages to Match an Arbitrary Input Signal Range

2.4.2 Reterence Accuracy Requirements

The converier can be operated in a ratiometric mode or an
absolute mode. In ratiometric converter applications, the
magnitude of the reference voltage is a factor in both the
output of the source transducer and the output of the A/D
converter and therefore cancels out in the final digital output
code. The ADCO80S is specified particularly for use in ratio-
metric applications with no adjustments required. In abso-
lute conversion applications, both the initial value and the
temperature stability of the referenca voltage are important
factors in the accuracy of the A/D converter. For Vags/2
voitages of 2.4 Vpg nominal vaiue, initial eors of =10
mVpc will cause conversion arrors of =1 LS3 due to the
gain of 2 of the Vaer/2 input. In reduced soan appiications,
the initial value and the stability of the Vgg=/2 inout voitage
become even more imponant. For sxample, if the soan is
reduced to 2.5V, the analog input LS3 voitage vaiue is cor-
respondingly reduced from 20 mV (SV soan) to 10 mV and
1 LS8 at the Vgegp/2 input becomes 5 mV. As can be seen,
this reduces the allowed initial toleranca of the reterence
voitage and requires correspondingly iess absalute change
with temperature vanations. Note that soans smaller than
2.5V place even tighter requiremants on the initial accuracy
and stability ot the reference source.

In general, the magnitude of the reference voitage will re-
quire an initial adjustment. Errors due to an improper value
of reference voitage appear as fuil-scale errors in the A/D
transfer function. IC volitage reguiators may be used lor ref-
srenceas if the ambient temperature changes are not exces-
sive. Tha LM3368 2.5V IC reterence diode (from National
Semiconductor) has a temperature stability of 1.8 mV iyp
(6 mV max) over 0°C<T4<+70°C. Cther temperature
range parts are also availabie. :

2.5 Errors and Reference Voltage Adjustments

2.5.1 Zero Error

The zero of the A/D does not require adjustment. It the
minimum analog input voitage value, Yo, is not ground.
a zero offset can be done. The converter can be made to
output 0000 0000 digrtal code for this mimimum input voitage
by biasing the A/D Vin(—) input at this Vinyouiny value (see
Aoplications section). This utilizes the differental mode op-
eration of the A/D.

The zero error of the A/D converter relates to the location
of the first riser of the transier funcion and can be mea-
sured by grounding the Viy (—) inout and apprying 2 smail
magnitude positive voltage to the Yy (—) input. Zero error
is the difference betwaen the actual OC inout voltage that is
necessary !0 just causs an output gigital code transition
trom 0000 0000 to 0000 0001 and the ideal Y4 LS3 valus
(Y2 LS8 = 9.8 mV for VRes/2=2.500 Vo).

2.5.2 Full-Scale

The full-scale adjustment can be made ty applying a differ-
antial input voltage that is 14 LS3 less than the desireq
anaiog full-scale voitage range and then adjusting the mag-
ritude of the Vgeg/2 input (pin 9 or the Vg supply if pin 9 is
not used) for a digital output code that is just changing from
1111 1110 to 1111 *111,




-Functional Description (continued)

2.5.3 Adjusting for an Arbitrary Analog Input Voltage
Range
It the analog zero voitage of the A/D is shifted away from
ground {for example, to accommodate an analog input sig-
nal that does not go to ground) this new zero referencs
should be properly adjusted first A Vj(+) voltage that
equals this desired zero reference plus '/, LSB (where the
LS8 is calculated for the desired analog span, 1 LSB= ana-
log span/2S6) is applied to pin 6§ and the zero reference
voltage at pin 7 shouid then be adjusted to just obtain the
00ngx to 01Hex code transition.
The fuil-scale adjustment should then be made (with the
proper Vin(—) voltage applied) by forcing a voitage to the
Vin(+) input which is given by:
Vin(+)fsadj = Vmax—1.5 [ Ml].
256
where:

Vuax = The high end cf the analog input range
and

Vyin =the low and (the offset zero) of the analog range.
(Soth are ground referenced.)
The Yazz/2 (or Vog) voltage is then adjusted o crovide a
code cnange from FEnex to FFuey. This compietes the ad-
justment procedurs. ’

2.6 Clacking Option
The clock for the A/D can be derived fram the CPU clock or
an externai AC can be added to orovige saif-ciocking. The

CLK IN (pin 4) makes use of a Scnmitt trigger as shown in
Figure 6. '
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FIGURE 8. Seif-Clocking the A/D

Heavy capacitive or OC !oading of the clock R zin should te
avoiced as this 'wil disturb normai converntar coeraton.
Lcaas iess than 50 pF, such as driving up to 7 A/ 3 csavert-
2r ciock inpuis from a single clock A pin of 1 cenventer, are
allowed. For larger clock line loading, a CMOS cr ‘ow cower
TTL buifer er NP input logic shcuid te used 9 mmnimize
the loading on the clock R pin (do rnot use a standard TTL
outter).

2.7 Restart During a Conversion

If the A/D is restarted (CS and WR go low and rstumn hign)
during a conversion, the converter is reset and a new con-
version is started. The output data latch is not uccated if the

conversion in process is not allowed to be compieted, there-
fore the data of the previous conversion remains in this
{atch. The INTR output simply remains at the “1™ levei.

2.8 Continuous Conversions

For operation in the free-running mode an initalizing pulse
should be used, following power-ug, to ensure circuit opera-
tion. In this application, the CS input is grounded and the
WR input is tied to the INTR output. This WR and INTR
nede shouid be momentarily forced to logic low following a
power-up cycle to guarantee operation.

2.9 Driving the Data Bus

This MOS A/D, like MOS microprocessors and memories,
will require a bus driver when the total capacitance of the
data bus gets large. Other circuitry, which is tied to the data
bus, will add to the total capacitive loading, even in TRI-
STATE (high impedance mode). Backplane bussing ailso
greatly adds to the stray capacitance of the data bus.

There are some altemnatives available to the designer to
handie this problem. Basically, the capacitive loaaing of the
data bus slows down the response time, aven though DC
specificatons are still met For systems ooperatng with a
relatively slew CPU clock {requency, more time 1s availzole
in which to 2stablish proper logic levels on *he 2us and
tnerefora nigner capacttive loads can be dniven (see typical
charactenistics curves).

At higher CPU clock frequencies time can be extended for
170 reads (and/or wntes) by inserting wait states (8080) or
using clock axtending circuits (6800),

Finally, if time is snort and capacitive loading is hign. exter-
nal bus cnvers must be used. These can Se TRI-STATE
bufters (low power Schotiky such as the DM72L.S220 series
is recommended) or soecial higner drive current products
~nich are designed as bus drivers. Hign current icoiar bus
drivers with PNP inputs are recommended.

2.10 Power Supplies

Noise spikas on the Y¢cg suoply line can cause canversion
errors as the comparator wiil respond to this neise. A low
inductance tantaium filter capacitor should be usea close ta
the converter Yoo pin and values of 1 wr or graatar are
recommended. If an unregulated voitage is availacle in the
system, 2 separate LM340LAZ-3.0, TO-92, 5V vontage regu-
lator tor ine converter (and other analog circuiry) 'wll greatly
reduce cigital noise on ne Vg suopiy.

2.11 Wiring and Hook-Up Precautions

Standard digital ‘mre wrao sockats are not sazsiaciory for
Sreaaboarging this AsD converter. Sockats on #C toards
can be used and alt logic signal wires and !sacs snould ba
grouped and kapt as {ar away as possible irom e analog
signal leaas. £xgosed leads to the analog inputs =an cause
undesirad digitat noise and hum pickup, tharaiors shielded
leads may be necessary in many apgiicatons.
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Functional Description (continued)

A single point analog ground that is separate from the logic
ground points should be used. The power supply bypass
capacitor and the self-clocking capacitor (it used) should
both be returned to digital ground. Any VRer/2 bypass ca-
pacitors, anaiog input filter capacitors, or input signal shield-
ing should be retumed to the analog ground point. A test tor
proper grounding is to measura the zero error of the A/D
converter. Zero errors in excess of /4 LS8 can usuaily be
traced to improper board layout and wiring (see section
2.5.1 for measuring the zero error).

3.0 TESTING THE A/D CONVERTER

Thera are many degrees of complexity associated with test-
ing an A/D converter. One of the simpiest tests is to apply a
known anaiog input voitage to the converter and use LEDs
to display the resuiting digital output code as shown in Fig-
ure 7.

For ease of testing, the Vrer/2 (pin 9) should be supplied
with 2.560 Vpc and a Vg supply voitage of 5.12 Vpe
should be used. This provides an LS8 value of 20 mV.

If a full-scale adjustment is to be made, an analog input
voltage of 5.090 Vpg (5.120-1%4 LSB) should be apolied to
the Vin(-+) pin with the Vin(=—) pin grounded. The value of
the Vreg/2 input voltage shouid then be adjusted untl the
digital output code is just changing from 1111 1110 to 1111
1111. This value of Vgeg/2 should then be used for ail the
‘ests.

The digital output LED disptay can be decoded by dividing
the 8 bits into 2 hex characters, the 4 most significant (MS)
and the 4 least significant (LS). Table | shows the fractional
binary equivaient of these two 4-bit groups. 3y adding the
voltages obtained from the “VMS™ and “VLS" columns in
Table |, the nominal value of the digital display (when
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FIGURE 7. Basic A/D Tester
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VRer/2 = 2.560V) can be determined. For example, for an
output LED display of 1011 0110 ar 86 (in hex), the voitage
vaiues from the table are 3.520 + 0.120 or 3.640 Vpc-
Thesa voltage values represent the center-values of a per-

. fect A/D converter. The eftects of quantization efror have to

be accounted for in the interpretation of the test resuits.
For a higher speed test system, or to obtain plotied data, a
digital-to-anaiog converter is needed for the test set-up. An
accurate 10-bit DAC can serve as the precision voitage .
saurce for the A/D. Errors of the A/D under test can be
expressed as either analog voltages or differences in 2 digi-
tal words. b

A basic A/D tester that uses a DAC and provides the error

-as an analog output voltage is shown in Figure 8. The 2 op

amps can be eliminated if a lab DVM with a numerical sub-
traction feature is available to read the difference voltage,
“A-C", directly. The analog input voltage can ba supplied
by a low frequency ramp generator and an X-Y plotter can
be used to provide analog error (Y axis) versus analog input
(X axis). The construction details of a tester of this type are
provided in the NSC application note AN-179, *“Analog-to-
Digital Converier Testing”.

For operation with a microprocessor or a comotrter-based
test system, it is more convenient to present the 2rrors cigi-
tally. This can be done with the circuit ot Figure 9. wnere the
output code transitions can be detected as the 10-bit DAC is
incremented. This provides Y4 LS8 steps for the 3-bit A/D
under test. If the resuits of this test are automatically plotted
with the analog input on the X axis and the error (in LS3's)
as the Y axis, a useful transfer function of-the A/D under
test results. For acceptance testing, the plot is nct neces-
sary and the testing speed can be increased by 2stablishing
internal limits on the allowed error {or each cocce.

4.0 MICROPROCESSOR INTERFACING

To dicuss the interface with 8080A and 8300 microoroces-
sors, a common sample subroutine structure is used. The
microprocessor starts the A/D, reads and stores the resuils
of 16 successive conversions, then raturns o he user's
program. The 16 data dytes are stored in 16 successive
memory. locations. All Data and Addresses wiil b2 given in
hexadecimal form. Software and hardware details are pro-
v(ded separately for each'type ot microprocessor.

4.1 Intertacing 8080 Microprocessor Derivatives (8048,
8aas)

This converter has been designed to directly interface with
derivatives of the 3080 microprocessor. The As7D zan oe
mapped into memory scace (using standara memory ad-
dress decoding for CS and the MEMR and MEMW swobes)
or it can be controlled as an 1/0 device by using the I/0 R
and 17O W strobes and cecoding the address bits A0 —
A7 (or address bits A8 — A135 as they will contain the
same 8-bit address information) to obtain the CS incut. Us-
ing the /O space provides 256 additional addresses and
may allow a simpter 8-bit address decoder but the data can
only be input 1o the accumulator. 7o make use of the addi-
tional memory reference instructions, the A/D should te
mapped into memory spaca. An exampte of an A/D in IO
space is shown in Figure 10.
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Functional Description (continvea)

L3114

A0
UNOER TEST

ANALOG INPUT
voLtage O

NGITAL G v 2aciese
2ac

A/D UNCER ]

100X ANALOS

ERRQRA VOLTAGE

Q1GiTaL
JuTPuT

YamaL06 ouTPUT

T/ HIS8T1-19
FIGURE 9. Basic “Digital” A/D Tester
TABLE I. OECODING THE DIGITAL OUTPUT LEDs

i OUTPUT VOLTAGE

i FRACT NARY V CENTER VALUES
HEX BINARY CTIONAL BINARY VALUE FOR WITH

VRep/2=2.560 Vpc

: MS GROUP LS GROUP VMS GROUP* | VLS GROUP*
S O B 15/18 15/258 4.800 0.300
E 11 1 1 0 7/8 77128 4,480 0.280
o 't 1 0 1 13/16 13/256 4,160 2.250
c 't 1 0o o 3/4 3/64 3.840 0.240
3 11 9 1 1 116 | 11/258 3520 0.220
A 1 0 1 0 5/8 ] 5/128 3.200 0.200
9 .1 0 9 1 18 | 9/255 2/880 0.180
8 i1 0 0 9112 ' 1/32 /560 0.160
7 10t 1 716 | 7/258 2.240 9.140
5 6 1 1 0 s | 3/128 1.920 i 0.120
5300 1 0 516 2/256 1.600 0.100
e f0 1 9 0 1/4 | 1/64 1/280 0.080
3 te 0 1 1 3/16 | 3/258 0.960 0.080
2 1 0 0 1 0 1/8 1/128 0.640 0.040
1t o 0o o 1 1/16 1/258 0.320 0.020
0 {92 0 0 0 ; Q 0

*Cisotay Cutout=VMS Group - VLS Group
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ADC0801/ADC0802/ADC0803/ADC0804/ADCO805 o,

Functional Description (continued)

Dc — T (10)
~¢ JOWR 2n*
-4 TURD 29*
8%
A'A'Af
1 U o] I +
raw bl Vcc‘—L—O‘, ~O8v s
gm il T
ras B el = 088{13)*
; CLKIN 281 " ~$ 081 10)°
———;om D [:1.>4 " > 082 (11)°
ANALOGO" 7 Vinte) 033 " — 083 (3)*
WPUTS O~ T e m — g84(5)°
180 5F [ {a 6no oas ——> Das (101”
— om—« Yagrl 0as " ~—P 084 (201*
10 GNO 087 - 087 (7}°
v
qur Vee
5 18 ——d¢ 2015 (16)
N 34 — 3014 (25)
n °';:;" Y] < A011{38)
T COMPARATOR 32 —d AD12(37F
4] LT — AD11 (40}
T 30 — A010 (1)
/7
7 TL H/5ET

Note 1: *Pin numbers for the CP9228 systam controller, others are INSA020A.
Note 2: Pin 23 of the INS8228 must be hed to — 12V through a 1 k1) resister to generata the AST 7
instructon whan an interrupt s acknowiedged as required by e accampeanying samale grogram.

FIGURE 10. ADC0801~INS8080A CPU interface

SAMPLE PROGRAM FOR FIGURE 10 ADC0O801~INS8Q080A CPU INTERFACE

0033 C30003 ST 7: JMP LD DAZA

L ) L ] L

e L] °
0100 210002 START: LXI H 0200H ;L pair will peint ta

s1data storage locatlions

0103 310004 RETURN: LXT S? 0400H ; Initlalize stack seigtar (X
oloe 7D YOV A,L ;Test saf bytesentersd
0107 TEOF CPIOQFd ;I22=16. WP 0
0109 CA 1301 JZ CONT ;user pregraa
oLoC D3 Z0- QUTZ0 = ; Start a/D
0LOZ= 3 I ; Znable Lntarrupt
010F 00 LQOo?P: NO? ; Leopuntil end o
0l10 C3QFO1 JM? LOO? ; cenversion
0l13 . CONT: .

[ ] L] L] L]

. . (User prograz te .

. A process data) .

a * L] L]

L - * L
0300 DB Z0 LD DATA: INZOE ; Load data iats accumulatar
0302 77 MOV M, A ; Store data
0303 23 INXH ; Incresent storage poiatar
0304 C30301 JUP RETURN

Note 1: The stack panter must b8 dimensoned because a AST 7 insoucdon pushes e AC omo the stack,

Note & All address usad were artiranly cnosen.

1-20
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Functional Description (continued)

.The standard control bus signals ot the 8080 TS, AD and
WR) can be directly wired to the digital control inputs of the
A/D and the bus timing requirements are met to allow both
starting the converter and outputting the data onto the data
bus. A bus driver should be used for larger microprocessor
systems where the data bus leaves the PC board and/or
must drive capacitive loads larger than 100 pF.

4.1.1 Sample 8080A CPU Intertacing Clrcuitry and
Program

The following sample program and associated hardware
shown in Figure 70 may be used to input data from the
converter to the INS8080A CPU chip set (comprised of the
INS8080A microprocessor, the INS8228 system controller
and the INS8224 clock generator). For simpiicity, the A/D is
contrelled as an I/0 device, specifically an 8-bit bi-direction-
al port located at an arbitrarily chosen port address, £0. The
TRI-STATE output capability of the A/D sliminates the need
for a peripheral interface device, however address decoding
is stll required to generate the approgriate CS for the con-
verter.

it is important to note that in systems where the A/D con-
verter is 1-of-8 or less I/0 mapped devices, ng address
decoding circuitry is necessary. Each of the 8 address bits
(AO to A7) can be directly used as CS inputs—one for each
1/0 device.

4.1.2 INS8048 Interface

The INS8048 interface technique with the ADC0801 series
(see Figura 17} is simpler than the 8080A CPU interface.
There arg 24 1/0 lines and three test input lines in the 8048.
With these extra [/0 lines available, ane of the 1/0 lines (bit
0 of port 1) is used as the chip select signal to the A/D, thus
eliminating the use of an external address decoder. Bus
control signals RD, WR and INT of the 8048 are Sed directly
to the A/D. The 16 converted.data words are stored at on-
chip RAM locations from 20 to 2F (Hex). The RD and WR
signals are generated by reading from and writing into a
dummy address, respectively. A sample interface program
is shown telow.

u 23 e

YeC agelud Moy ‘S8 sk

PHY Mou =
13 18
0z ~]°
e —jon
084 e os
ass 41: :; o1s
ase ¢ ose
INSIOS g7t Wloer ascum
15098
-t iyl s sk py ~ h-
EL} ;' ‘:VA wa ke —_
WY e wTR =
o2 —lal 5 1GNO ':
s acno
anaLgg (=1 Vi A
ves AT { L v =
_Eu

TU/H/SET1=-21

FIGURE 11, INS8048 Interface
SAMPLE PROGRAM FOR FIGURE 111NS8048 INTERFACE

0410 IuF
ORG
0430 e
ORG
99 7T ANL
a1 Movx
3901 START : ORL
38 20 %oV
39 7F wov
3110 $ov
2377 AGAIN: MoV
99 FE AN
91 $ovx
5 N
96 21 LOOP: Iz
TA1B DINZ
20 yop
00 NOP
ORG
31 INDATA: MOVX
A ¥ov
18 INC
89 o1 ORL
27 CIR
93 RETR

108 ; Program starts at adér 1.0
39
308 y Ioterrupt juzp vecter
10 ;s Maiz progran
Pl, =07ZH ; Chip select
A, IR ; Reac Lathe lst data

s to r9sat tie fatr
1, =1 ; Sat port oln higk
R0, =20H ; Data address
R1, =QFTH ; Du==y address
32, =124 ;Counter for 18 bytes
A, =07TH ;1 Sat ACC for L{atr loop
P11, =07=H ;Send CS (bit 0 of ?1)
IR, A ; Send #R out
I ; Zaeble ioterTupt

LOQ? ;#alt for interrupt
22, AGAIN ; I2 18 bytes are read
s 50 te usaer's program
Sod
A, 32 : Ioput data, CS still low
20, A ; Stare inmemory
R0 ; [acrement storage counter
21, ; Reset CSsigaal

; Clear ACC to gat out of
s t43e intesrrupt leep

(Q\
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MC14051BeMC14052BsMC140538

ELECTRICAL CHARACTERISTICS

-55°C 25°C 125°C
Characteristic Symbol | Vop Test Conditions Unit
Min | Mex | Min | Typ# | Max | Min | Max
SUPPLY REQUIREMENTS (Vcitages Referenced to Veg)
Pawer Supply Voitage Voo — |Vpp~-3.0=vVgg > 30| 18 | 30 - 18 | 3.0 18 v
Range VEE
Quiescent Current Per oo 5.0 | Controt inputs: — | 50| — 0.008 5.0 180 | wA
Package 10 Vin =Vggorvpp, | — | 10 | — 0.010 10 - 300
15 | Switch VO: Ve = Vyg] — | 20 0015 | 20 | — | s00
< Vpp, and : : . .
AVgwitch S 500 mV*]
Total Supply Current ID(A 5.0 | Ta = 25°C only (The R A
{Dynamic Plus Quiescent, (A 10 channel component, _ . (007 pAH2)! + Ipg
Per Package 15 | (Vin = VourRom i Typical (0.20 pAkH2)! - lop
nat included.) (0.36 pA/KH2)t + Ipp
CONTROL INPUTS — INHIBIT, A, B, C (Voltages Referencad to Vsg)
Low-Lave! Input Voitage Vi 5.0 | Ron = per soec. — | 15 2.25 15 | — 1.5 v
. {0 ) loit = per spec — |30 — 4.50 30| — 3.0
15 - — |40 ] = 6.75 40 — ! 40
High-Lavel Input Voltage ViH- 5.0 | Rgn = per spec, 3.5 -_— 3.5 2.75 —_ 35 —_— -V
10- | lott = per spec 7.0 -— 7.0 5.50 —_ 70 _—
15 1 - 11 8.25 11 —_—
Input Leakage Current lin 15 n = 0orVpp - | =01| — [=000001| =0.1] — =1.0 | A
Input Capacitance Cin ~ — — - 5.0 7.5 - —_ of
SWITCHES INFOUT ANO COMMONS OUT/IN — X, Y, Z (citages Refarenced to Vgg)
Recommended Peak-to- Vvo — | Channe! On or Off 0 [Vpp| O -— Vop!| © Vpo |Vep
Peak Voitage into or Qut
of the Switch
Recommended Static or AVgwitech | — | Channel On 0 800 [s} - 500 0 300 | mv
Oynamic Voitage Across
the Switch™" (Figure 5)
Qutput Offset Voitage Voo — | Vijn = 0 V. No Load — — — 10 — - — uVv
ON Resistance Ron 50 | AVgwitcn < S00mv= | — | 800 250 | 1050 1300 | 0
10 Vin = Vi or Vin — |40 | — 120 300 | — | 530
15 (Control}, and Vi = | — | 220 | — 80 280 | — | 320
0 to Vpp (Switch)
AON Resistance Between |  ARgn | 5.0 70§ — 25 70 13§ a
Any Two Chanrels 10 - | 50 —_ 10 3 —_ g5
in the Same Package 15 45 10 45 85
Oft-Channel. Leakage lott 15 | Vin-= Vi or Viy ~ =100} — =005 |=100f — | =1000} nA
Current (Figure 10) B ) i {Contro) Channel to
Channel or Any One
Channel
Caoacitance, Switch 'O Cyo — | Inhibit = Vpp - - | - 10 —_— = — oF
Capacatance. Common O/l Con — | Inhibit = Vpp oF
(MC140518) - 50 -] = -
(MC140528) - —_ - 32 - — -
(MC140538) - | = = 17 — -
Capacitance, Feedthrough Cyo — | Pins Not Adjacent -] =] = 0.15 - | = — pF
{Channet Off) — | Pins Adjacent — - — 0.47 —_ - -—

#0Data labeied “Typ" is not to be used for design purposes, tut is intended as an indication of the IC's potennal performance.
“"For voltage drops across the switch (AVgunten) >600 mV (>300 mV at high temperature), excessive Vpp current may be drawn: i.e.

the current out of the switch may contain both Vpp and switch inout components. The reliamhty of the device will be unaffected
uniess the Maximum Ratings are exceeded. (See first page of this gata sheet.)
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MC14051BeMC14052BeMC140538

ELECTRICAL CHARACTER!ISTICS” (C{_ = 50 pf, Ta = 25°C) (VEE < Ysg unless otherwise Indicated)

. Vi VE Typ # N
Chanactaristic Symbal D\?;e E All ;:p- Max Unit
Propagation Dalay Times (Figure 6) PLH, IPHL ns
Switch Input to §witcch Output (R = 10 k)
MC140St
tPLH, PHL = (0.17 ns/pF) C_ + 265 ns 5.0 s S0
PLH, PHL - {0.08 ns/pF) C + 11 s 10 15 40
tPLi, tPHL = (0.06 ns/pF) C| +9.0 ns 15 12 3o
MC14052 . ne
LM, tPHL = (0.17 ne/pF) Cy_ + 215 ns 5.0 30 75
tPLH, PPHL = (0.08 m/pF) C|_+8.0ns 10 12 30
tPLH, tPHL * (0.06 ns/pF) C_+ 7.0 ns. . 15 10 25
MC14053 - ne
LM, PHL * {0.17 ns/pF) C_ + 165 m 5.0 2s 65
tPLH, tPHL * (0.08 ns/pF) C|_ +4.0ns 10 8.0 20
PLH, tPHL = (0.06 ns/pF) C_+3.0 ns 15 6.0 15
Inhibit to Qutout (R, = 10 kA, Vg = Vgg) py
Qutout “1* or “0” to High !mpedanca, or tPHZ, tPLZ,
High Impedance to “1°* or “0** Level tPZH, tPZL
MC140518 ‘ 5.0 350 700
10 170 340
15 140 280 -
MC140528 5.0 300 600 ns
- 10 155 310
15 125 25Q
MC140538 5.0 278 580 ns
10 140 280
15 110 220
Cantrol Input to Qutout (R, = 10 kQ. Ve= = Vgg) TPLH, (PHL ns
MCi40518 5.0 3sa 720
10 180 320
15 120 240
MC140528 5.0 328 650 ns
10 130 260
15 90 180
MC140538 5.0 Joo 800 ns
10 120 240
15 8Q 160
Second Harmanic Distortion - 10 0.07 - %
(R = 10KQ, f = 1kH2Z) Vin = § Vpp
Sandwidth (Figure 7) BwW 10 17 — MH2z
(RL = 1kQ, Vin = 1/2 (VOD-VEE) p-p, C_ = S50pF
20 Log Jout = _3 gg)
n
Qft Channei Feedtnrough Attenyation (Figura 7) - 10 ~30 - as
RL_H 1K Viq = 1/2 (Vop — Ves) 00
fin = 4.5 MHz — MC140518
fin = 30 MHz — MC140528
fin = 583 MHz — MC140538
Channel Seoaration (Figure 8) - 10 -50 - a8
(RL = 1kQ, Viq = 172 {(Vop-Veg! 0-0.
fim = 3.0 MHz
Crosstaik. Cantrol Input to Commaon O/l {Figure 9) - 10 7S - mVv

(Ry = 1 k), Ry = 10 kA
Cantrot ty = ty = 20 na. Inhibit = Vgg)

“The formuias given are lor the typical charactanstica onfy at 25°C.
#Qata labeiled “ Typ" is nat to oe used for design purposas out is
inmtanded as an indication of tha IC’s potental garformnancs.

outputs must be left open.

rated voit

This device cantains protection circuitry to guard against damage due to high static voitages or electric fleids. How-
aver. precautions must be taken to avoid applications of any vaitage higher tham maxi 9
impedance circuit. For proper operatian, Vi and Vgt should be constrained to the range Vgs < (Vin of Vout) < VpO-

Unused Inputs must always be tied to an appropriate logic voitage lsvei (e.g., either V5s. VEE, or Vpp). Unused

to this high--
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MC14051BeMC14052B=MC14053B

FIGURE 1 — SWITCH CIRCUIT SCHEMATIC

[
Voo
— Voo e
In/Qut ’[L D’D ¢ j ]‘ Out/in
. it < il
] J%‘VE
l Voo ;
Level
Converted 1'1 ouy!
Controi in/Qut ut/in
I—.—,
= Cantrol
Vss
FIGURE 2 — MC140518 FUNCTIONAL DIAGRAM
18 ;Voo
TRUTH TABLE
tnn & }'—‘ 8inary 0 1-0t-8
Control Inputs A 11 Lavel et ion
Seiect ON Switchas 8 1007 Converter ™ D«:.u:.:;‘m
p-Sm— nnibit
Inhibic |C* 8 A |MC140518f MC140Q528 MC140538 € s -
o |0 0o X0 Ya xa|za Yo xo r {[Tli]}
] o0 1 X1 Y1 x1 |20 vo xi 89vgs 79Vegg
'] a1 0 X2 Y2 x2[zo Y1 xo X013 Nyﬁl!l I'II
0 01 1 x3 ¥3 x3|zo v1 x1 X114
[~}
o 1 o0 Xa 21 YO Xo s &LIIIII
- 0o |1 0 1 x5 21 vo x1 x21 LS T
] t 10 Xx8& Z1 Y1 x0 X312 ¢ % 3 X
0 1 1 1 X7 Z1 Y1 X1 &l [
x4 1 oy
1 X x x None None Nane Eﬁl '
*Nat appiicaale for MC14052 X5 s | 4
x =« Don’t Care xa 2 4
FIGURE 3 — MC 140528 FUNCTIONAL DIAGRAM FIGURE 4 —~ MC140S38 PUNCTIONAL DIAGRAM
16 ; Voo 16 ;Voo
Inn 6 oy = Sinary © inh 6o
Binary to t-0f-2
A 100— Lavel - 1-0f<4 Decoder Alle Lavel 1 Oecodar with
Convervter witn Inhibi 8 10 o= Converter [
8 9 ol - . nhibic ¢ 9 ol L Inhibit
X0 12 o alvss 70 Vee Ll T 8°Vss 70Vee
ST ‘
X1 14 00— 5 X0 12 o3
| 1 | —a13 x A] | 014 x
X2 15 3 X113 o3 -~
x3 11 S 5_. va 2 el !
1" LS ___}-—-615 v
Ya 1 o —<d Y1 1
g ||
Y1 5 K 20 S
| $=——eav 4 2
Y2 2 ; 21 3
e &
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TEST CIRCUITS

FIGURE § — AV ACROSS SWITCH

/ ON Switch
Contral
Saction
ot1c Load -
v

l Saurce ’

FIGURE 7 — BANDWIDTH AND OFF-CHANNEL FEEDTHROUGH
ATTENUATION

A, 8. and C inputs used o tum ON or OFF
ha swilch under test.

ow>»

FIGURE 9 — CRQSSTALK, CONTROL INPUT TO
COMMON o1

oo p

Qe

inh

l"—

NOTE: See aiso Figures 7 and 8 an Page 6-51.

FIGURE 6 — PROPAGATION DELAY TIMES,
CONTROL AND INHIBIT TO QUTPUT

AY
Pulse 7 :
Genarator c
0—1 Inn

Voo VYee Vee Voo

FIGURE'8 — CHANNEL SEPARATION
(ADJACENT CHANNELS USED FCR SETUF)

o—A

o—dg onN

o—C
r_-lnh OFF

Vaut
Ay I Cy = 50 pF

FIGURE 10 — OFF CHANNEL LEAKAGE

=

|

Common

OFF Cnhannel Under Test
A Voo

A7) oves
Controt |
Section Othar :

of IC /Channal(s) , veg
]

p « 9 Vop

Ve
QVoo




VEg " Vss
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i 14U 1 59vIC14052Be M C140538

FIGURE 11 — CHANNEL RESISTANCE {Rgn) TEST CIRCUIT
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TYPICAL RESISTANCE CHARACTERISTICS

FIGURE 12— Vpp =78V, Vgg = ~7.8 V

=

FIGURE 13— Vpp =5.0V, VEg = 5.0 V

e I N R T Sa IR Y A O O R |
i ] : [ I ! ! ) [ ! j i [ ! |
g 300 i ' , : : 1 - 160 :
= 1. 11 3 |
S 250 f . S 50
- : ! Bl =
2 o | " 2 200
= i = !
v T v
Z H % -
S s L & 1sg P T4 * 1259 —t
= 1 Ta =1259C _| = ! [ ! :
e e — L ] ; T~
T = e ' 5 S 10 ‘ , 258¢
2 I D —— 2§ - i ] | I
= ———— [ ] S T i ] i | -559¢C
0 i 1 i 1 ~§59€ ™ =« ] | ] !
0 i | i i 1 ] ] | ) | i
-10 80 0 <0 -20 a 02 40 30 a0 10 -10 20 60 40 -0 1} 0 40 8.0 a4 e
Vin, INPUT VOLTAGE (VOLTS} Yin, INPUT VOLTAGE {VOLTS)
FIGURE 14 = Vpp ~25V,Vgg ~ =25V FIGURE 15 — COMPARISON AT 25°C, Vpg = -VEE
768 j ; 7 350 i - T i ]
. - t—Ta = 250C - N f
] i i h i
500 , & 100
5 . L g u A
g T H i ¥ !
S 500 - 250 N Vop<2Sv
- H ] | Tl o !
8 T H Y | | ;
E . . i
X a0 7 ', T @ W7 T
" - ] o
@ L a1\ i i L : : ' : ! !
< 300 ; AN - - . s o ,_ - ) ,.
i - T4 = 1269C : E . : 7 5qvL
5 200 ! ! / \ R " i b, 100 . LR W
2 AN TN H e e T
Cd A = T T n
< 100 ! ! -350¢ 50 ] : , i
| i i H | , i [
)] t i | i g J l ! [
<i0 90 <0 -0 -0 ¢ 20 40 8.0 80 18 -10 40 <0 <0 -0 [1} 0 40 8.0 84 10
Vin, INPUT VOLTAGE (YOLTS) Vin, INPUT VOLTAGE (VOLTS)
PIN ASSIGNMENT
MC140S1B MC140528 MC140538
S s .
T cgx4 Voo =16 1Yo Voo 18 (~—A4 Voo =18
2 CIxXs x2e=318 . 2cY2 x2p=18 2c3vvo YyE=318
3 cix X1E=314 ey x1E314 EY—F2 ' —12
4 Y x7 x0£313 acv3 x 313 LE==F4 x1f=213
S Cxs X312 5c3vt xofF=312 sc3z0 X012
6§ T inn A3t 6 T3 Inn x3E3n 8i=|4mn APt
T vee sf=210 73 veg Fy==31 T veg afF=10
8 C3vgg cf=3s 8 Yvgg s 39 8 Tvgg cpF=e




MC140518-MC14052B+MC140538B

- APPLICATIONS INFORMATION

Figure A illustrates use of the on-chip leval con-
verter detailed in Figures 2, 3, and 4. The 0-to-5 V
Digital Control signal is used to directly control a 9
Vp-p analog signal.

Tge digital control logic leveis are determined by
VDD and Vgs. The Vpp voltage is the logic high
voltage; the Vgg voltage is logic low. For the exam-
ple, VDD = +5 V = logic high at the control inputs;
Vss = GND = 0 V = logic low.

The maximum analog signal level is determined
by Voo and VEg. The Vpp voltage determines the
maximum recommended peak above Vgs. The VEE
voltage determines the maximum swing below Vss.
For the example, Vpp — Vs§ = S V maximum

swing above Vss; V§s — VEE = 5 V maximum:

_swing below Vgs. The example shows a = 4.5 V

signal which allows a % voit margin at each peak. If
voltage transients above Vpp and/or below VEE are
anticipated on the analog channels, external diodes
(Dx) are recommended as shown in Figure B. These
diodes shoul\d be small signal types able to absorb
the maximum anticipated current surges during
clipping.

The absolute maximum potential difference be-
tween Vpp and VEg is 18.0 V. Most parameters are
specilied up to 15 V which is the recommended
maximum ditference between Vpp and VEE.

Balanced supplies are not required. However,
Vss must be greater than or equal to VEE. For ex-
ample, Vpp = +10V,Vgs = +5V, and VEg =
—3 V is acceptable. See the Table below.

FIGURE A — APPLICATION EXAMPLE

-

Ij_ [—'”
vss VEE

Voo - €
— 4.5V
o 9 Vpp Switch
Analog Signat Qo Commen 8 Vpp GNO
-5V Qrn Anatog Signai
[ MC140518
MC140828 —45V
MC140538 ~
Extarnal 0-to-5 V digital inhibit,
cMos Cantral Signal ABC
Oigital ntrol Signais 5
Circutry

=

FIGURE B — EXTERNAL GERMANIUM OR SCHOTTKY CLIPPING DIODES

Voo Voo
Lo L.
Analog Common l

Vo or
Ox Cx

L

<
m

Vez

POSSIBLE SUPPLY CONNECTIONS

Cantrol Inputs

Voo Vss Vee Logic HigivLogic Law Maximum Analog Signal Range|
In Voits | In Voits | in Voits In Vaits In Volits

+8 ] -8 -a0 ~B11 -8 = 16 Vay

+5 Q ~-12 -5/0 +5t0 12 = 17 Vy,y

~5 o o ~5/0 +5100 = 5 Vgg

+8 a -5 -5/Q -35to =5 = 10 Vp_g

10 +5 -5 ~10/+3 +1010 =5 = 15 Vg,
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LF3s5, LF356, LF357, LF3558, LF356B, LF357B

MAXIMUM RATINGS

LF3ssg/ ™
. Rating .| Symbol 356B/3578 LF355/3561357 Unit
Supply Valtage Vee +22 =18 v
Veg -22 -18
Differential Input Voitage vVio =40 =30 v
Input Voitage Range (Note 1) ViDR =20 =16 v
Qutput Short-Circuit Duration  ° Ts Continuous
Qperating Ambient Temperature Range TA Oto +70 °C
Operating Junction Temperature Ty 150 °C
Storage Temperature Range Tsrg -65to +~150 ’C
Note 1. Unless otherwisa spacified, the apsoiute maximum negative ingut veitags is equal ta the negative pawer supply
voitage.
CIRCUIT SCHEMATIC
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*C1 = 5.0 pF on LF3§7.
**C2 = 2.0 pF on LF357,



LF355, LF356; LF357, LF355B, LF3568, LF3578

DC ELECTRICAL CHARACTERISTICS (Vcc = 15t0 20V, VEs = - 15 to ~20 V for LF3558/3568/3578; Vce = 1SV, VEg =
—-15 V for LF355/35A4/357; Tp = 0°C to +70°C uniess otherwise nated)

o LF3558/68/78 LF355/6/7
Characteristic Symbol Min Typ Max Min Typ Max Unit
Input Offset Voitage (Rg = 50 Q, Vcm = ) Vio mV
Ta = 25C) . - - 3.0 5.0 - 3.0 10
(Over Temperatura) - —_ 85 — — 13
Average Temperature Coefficient of Input Offset | AV|Q/AT — 5.0 -_ —_ 5.0 - uvrc
Voltage
(Rg = 50 Q)
Change in Average TC with Vjg Adjust ATC/AVIO —_ 0.5 —_ —_ 0.5 - uvre
(Rg = 50 Q) (Note 2) per mV
Input Offset Current (Ve = 0) {Note 3) ho :
Ty = 25°C) - - 3.0 20 - 3.0 50 pA
(T s 70°C} - — 1.0 — _ 2.0 nA
Input 8ias Current (Vcym = 0} (Note 3) 8
. (Ty = 25°Q) - 30 100 - 30 200 pA
(T} s 70°C) - - 5.0 — — 8.0 nA
Input Resistance (T = 25°C) r — 1012 — — 1012 — n
Large Signai Voltage Gain AyoL vimV
(Vo = =10V,R = 20k, Ve = 15V,
VEg = =-15V)
(TA = 25°C) 50 200 — 25 200 —
(0°C < Ta s +70°C) 25 — — 15 — -
Qutput Voitage Swing . . Vo v
(Vo = 15V, VEg = —15V, R = 10k0) 2 =13 - 12 =13 -
Voo = 15V,Veg = =15V, R = 2kQ) =10 =12 - =10 =12 —
Inout Common-Mode Voitage Range Vica =11 +15.1 — =10 - 15.1 - v
(Vge = 15V, Vgg = ~15 V) -12.0 ~-12.0
Cammon-Mode Rejection Ratio | cMRR 8s 100 — S0 100 | — d8
Supply Voitage Rejection Ratio {Note 4} PSRR 85 100 — 80 100 ' — d8
Supply Current (Tp = 25°C, Vgc = 15V, o mA
Vgs = -15V)
LF3558/355 — 2.0 40 — 2.0 4.0
LF3568/3578 —_— 3.0 7.0 - -_ -_
LF356/357 — - — — 5.0 10
AC ELECTRICAL CHARACTERISTICS (Vec = 15V, Vgz = =15V, Ta = 25°C)
LF3558/355 LF3568/356 LF357B/357
Characteristic Symboi | Min Typ~| Max | Min | Typ | Max | Min | Typ | Max Unit
Siew Rate (Note 5} sa [ 1 ) | Vius
{Ay = 1) LF355/356 = T80 =752 =] —] =1 —
(A, = 5V LF357 ) - = == -1 =]30!350"'=
| Gain-3andwidth Product GaW | — i 25| — | = ;350! — | — 1201 — | MHz
Senling Time to 0.01% (Note 6} ' g =0l = —=]15] =] =i15; — us
Equivalent Input Naise Volitage en H aV/VHRz
(Rg = 100 Q, f = 100 Hz) - 25 — — 15 _ —_ 15 _—
{Rg = 100 0. f = 1000 Hz) -] 2]l -1 =]12] |12 —
! Zquivelent Input Noise Current in pAIVHZ
{f = 100 Hz) — ] 0.01 -_— — ] 0.01 — — ] 0.01 —_—
{f = 1000 Hz) — {0.01§ — — 1001} — — 1001 -~
Input Capacitance ' Ci - 3.0 —_ ~ } 3.0 | —_ — | 3.0 —_ pF
NOTES
{1} Unless otharwise specified, the absolute maximum negative input tudes increasing or decraasing si Qusly, in acsa with

{2

(3

{4) Suopty

voitage is equal to the negative powasr supply.

) The temperatura coefficient of tha adjusted ingut offsat voitaga
changes onty a smail amount (0.5 uV/"C typicatly) for each mV of
adjustment from itg original unadjusted value. Common-mede re-
jection and ooen loop voitage gain are aiso unaffeczed by offset
adjustment.

The inout bias currents approximatsly double for every 10°C risa in
junction tamperature, TJ. Due to limitad test tima, the input bias
currants ara cofrelated to juncton tamgaerature. Usa of a heat sink
is recommended if input bias current is to ba kept to a8 minimum.

jon ratio Is ed for both supply magni-

-

¥ =)

{5

(8]

}

common practice.

The Min, sigw rate limits aoply for the LF3568 and the LF3S78, but
go not agply for the LF3S6 or LF357.

Settiing time is defined here, for a unity gain inverter conneczian
using 2.0 k resistars for the LF355/8. [t is the time required for the
arror voltage {tha voitage at the inverting input in on the amolifier)
to settia to within 0.01% of its final vatua from the time a 10 V step
inout is applied to the invertar. For tha LF357, Ay, = —5.0, the feed-
back resistor from ousput to input is 2.0 k and tha output step is 10
V {see settting time test circuit).
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1. INPUY BIAS CURDEN] (pA) 115, INPUT BIAS CURTENT [pA)

., SUPPLY CUNRNENT (nA)

LF355, LF356, LF357, LF3558, LF3568B, LF357B

TYPICAL DC PERFORMANCE CHARACTERISTICS
{Curves are for LF355, LF356, and LF357 series uniess otherwise specified)
INPUT BIAS CURRENT versus CASE TEMPERATURE

FIGURE. 1 — {LF355 SERIES} i FIGURE 2 — (LF356 AND LF357 SERIES)
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FIGURE 3 — INPUT BIAS CURRENT FIGURE 4 — OQUTPUT VOLTAGE SWING
versys INPUT COMMON-MODE VOLTAGE versus SUPPLY VOLTAGE {LF3558/3568/3578)
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FIGURE 5 — {LF355 SERIES] FIGURE 5 — (LF356 AND LF357 SERIES)
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V0. NLGATIVE DUTPUT VOLTAGE SWING (VOLTS)

V). PUSIHIVL CUMMON MUDE INPUT VOLIAGE (YOLTS)

Aygy. OPEN LOOP vOLTAGE GAIN {v/v)

LF355, LF356, LF357, LF355B, LF356B, LF357B

TYPICAL DC PERFORMANCE CHARACTERISTICS (continued)

FIGURE 7 — NEGATIVE CURRENT LIMIT FIGURE 8 — POSITIVE CURRENT LIMIT
I 0 z [
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FIGURE 9 — POSITIVE COMMON-MODE FIGURE 10 — NEGATIVE COMMON-MODE
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FIGURE 12 — QUTPUT VOLTAGE SWING
FIGURE 11 — :
OPEN LOOP VOLTAGE GAIN . versus LOAD RESISTANCE
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LF355, LF356, LF357, LF3558, LF3568, LF357B

TYPICAL AC PERFORMANCE CHARACTERISTICS
GAIN BANDWIDTH PRODUCT

FIGURE 13 — (LF355 SERIES) \ FIGURE 14 — (LF356/357 SERIES)
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LF355, LF356, LF357, LF3558, LF356B, LF3578

TYPICAL AC PERFORMANCE CHARACTERISTICS !zantinued)

FIGURE 25 — COMMON-MODE REJECTION RATIO FIGURE 26 vo‘iﬁ’gggm':‘(’; QUTPUT
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LF355, LF356, LF357, LF355B, LF3568, LF3578

TYPICAL CIRCUIT CONNECTIONS

FIGURE 31 — DRIVING CAPACITIVE LOADS

FIGURE 32 — LARGE POWER BANDWIDTH AMPLIFIER
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FIGURE 33 — INPUT OFFSET VOLTAGE ADJUSTMENT FIGURE 34 — SETTLING TIME TEST CIRCUIT
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FIGURE 35 — NONINVERTING UNITY GAIN

FIGURE 35 — INVERTING UNITY GAIN FOR LF357
OPERATION FOR LF357
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LF355, LF356, LF357, LF3558, LF356B, LF357B

TYPICAL APPLICATIONS

FIGURE 37 — WIDE BW, LOW NOISE,
LOW DRIFT AMPLIFIER
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FIGURE 39 — 8-BIT D/A WITH OQUTPUT CURRENT
$TO VOLTAGE CONVERSION
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FIGURE 41 — LONG INTERVAL RC TIMER
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FIGURE 38 — ISOLATING LARGE CAPACITIVE LOADS
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FIGURE 40 — PRECISION CURRENT MONITOR
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Microprocessor Based Sound Level Meter V.2.0
- Designed by
Mr. Santi Hankla
Mr. Kriangsak Uesakulrungrueng
Department of Applied Physics
Faculty of Science
King Mongkut Institute of Technology Ladkrabang
Test Location Pattanakarn Road
Date: 16/03/96
Initial Time: 09:35:00
° Finish Time: 10:35:00
Sampling Period: 00 MIN:10 SEC
09:35:10,050.5,dBA
09:35:20,060.0,dBA
09:35:30,060.0,dBA
09:35:40,076.8,dBA
09:35:50,073.5,dBA
09:36:00,075.3,dBA
09:36:10,076.4,dBA
09:36:20,080.0,dBA
09:36:30,096.3,dBA
09:36:40,091.3,dBA
09:36:50,085.1,dBA
09:37:00,079.7,dBA
09:37:10,080.0,dBA
09:37:20,080.0,dBA
09:37:30,094.9,dBA
09:37:40,082.2,dBA
09:37:50,096.7,dBA
09:38:00,084.9,dBA



09:38:10,082.1,dBA
09:38:20,088.0,dBA
09:38:30,081.7,dBA
09:38:40,084.6,dBA
09:38:50,079.8,dBA
09:39:00,080.0,dBA
09:39:10,086.4,dBA
09:39:20,093.5,dBA
09:39:30,079.7,dBA
09:39:40,079.2,dBA
09:39:50,080.0,dBA
09:40:00,079.7,dBA
09:40:10,092.8,dBA
09:40:20,090.0,dBA
09:40:30,081.9.dBA
09:40:40,080.7,dBA
09:40:50,087.0,dBA
09:41:00,084.5,dBA
09:41:10,087.7,dBA
09:41:20,085.1,dBA
09:41:30,080.8,dBA
09:41:40,090.3,dBA
09:41:50,082.2,dBA
09:42:00,080.4,dBA
09:42:10,079.3,dBA
09:42:20,080.0,dBA
09:42:30,080.0,dBA
09:42:40,080.0,dBA
09:42:50,080.0,dBA
09:43:00,080.0,dBA



09:43:10,084.1,dBA
09:43:20,080.2,dBA
09:43:30,078.8,dBA
09:43:40,080.0,dBA
09:43:50,076.4,dBA
09:44:00,080.0,dBA
09:44:10,088.7,dBA
09:44:20,087.5,dBA
09:44:30,085.5,dBA
09:44:40,080.8,dBA
09:44:50,089.0,dBA
09:45:00,081.5,dBA
09:45:10,086.1,dBA
09:45:20,085.9,dBA
09:45:30,085.9,dBA
09:45:40,088.5,dBA
09:45:50,084.3,dBA
09:46:00,082.1,dBA
09:46:10,082.0,dBA
09:46:20,076.7,dBA
09:46:30,080.0,dBA
09:46:40,084.3,dBA
09:46:50,073.2,dBA
09:47.00,073.8,dBA
09:47:10,070.9,dBA
09:47:20,075.4,dBA
09:47:30,073.9,dBA
09:47:40,074.2,dBA
09:47:50,074.2,dBA
09:48:00,086.2,dBA



09:48:10,097.7,dBA
09:48:20,080.0,dBA
09:48:30,080.8,dBA
09:48:40,072.1,dBA
09:48:50,072.0,dBA
09:49:00,085.1,dBA
09:49:10,076.0,dBA
09:49:20,086.6,dBA
09:49:30,071.6,dBA
09:49:40,072.7.dBA
09:49:50,080.0,dBA
09:50:00,080.0,dBA
09:50:10,079.7,dBA
09:50:20,080.0,dBA
09:50:30,088.3,dBA
09:50:40,083.1,dBA
09:50:50,080.0,dBA
09:51:00,085.0,dBA
09:51:10,083.2,dBA
09:51:20,083.3,dBA
09:51:30,084.5,dBA
09:51:40,081.3,dBA
09:51:50,082.6,dBA
09:52:00,080.3,dBA
09:52:10,082.3,dBA
09:52:20,086.6,dBA
09:52:30,086.7,dBA
09:52:40,090.8,dBA
09:52:50,082.2,dBA
09:53:00,080.2,dBA



09:53:10,092.0,dBA
09:53:20,093.7,dBA
09:53:30,098.5,dBA
09:53:40,089.9,dBA
09:53:50,090.7,dBA
09:54:00,091.3,dBA
09:54:10,095.2,dBA
09:54:20,092.7,dBA
09:54:30,092.0,dBA
09:54:40,094.2,dBA
09:54:50,082.6,dBA
09:55:00,080.0,dBA
09:55:10,080.0,dBA
09:55:20,085.3,dBA
09:55:30,089.7,dBA
09:55:40,095.6,dBA
09:55:50,081.3,dBA
09:56:00,091.3,dBA
09:56:10,081.4,dBA
09:56:20,088.1,dBA
09:56:30,085.4,dBA
09:56:40,083.5,dBA
09:56:50,086.4,dBA
09:57:00,084.3,dBA
09:57:10,093.7,dBA
09:57:20,088.4,dBA
09:57:30,084.5,dBA
09:57:40,085.1,dBA
09:57:50,081.8,dBA
09:58:00,079.3,dBA



09:58:10,080.0,dBA
09:58:20,087.3,dBA
09:58:30,085.5,dBA
09:58:40,088.3,dBA
09:58:50,090.4,dBA
09:59:00,079.8,dBA
09:59:10,084.0,dBA
09:59:20,087.3,dBA
09:59:30,081.8,dBA
09:59:40,076.4,dBA
09:59:50,086.5,dBA
10:00:00,085.0,dBA
10:00:10,079.1,dBA
10:00:20,086.4,dBA
10:00:30,082.8,dBA
10:00:40,090.3,dBA
10:00:50,084.0,dBA
10:01:00,088.0,dBA
10:01:10,078.6,dBA
10:01:20,075.8,dBA
10:01:30,076.8,dBA
10:01:40,071.1,dBA
10:01:50,080.0,dBA
10:02:00,074.2,dBA
10:02:10,071.6,dBA
10:02:20,070.5,dBA
10:02:30,071.8,dBA
10:02:40,069.2,dBA
10:02:50,073.9,dBA
10:03:00,074.9,dBA



10:03:10,075.6,dBA
10:03:20,073.1,dBA
10:03:30,072.1,dBA
10:03:40,070.9,dBA
10:03:50,080.0,dBA
10:04:00,080.0,dBA
10:04:10,080.0,dBA
10:04:20,085.7,dBA
10:04:30,081.2,dBA
10:04:40,083.7,dBA
10:04:50,085.9,dBA
10:05:00,082.5,dBA
10:05:10,081.4,dBA
10:05:20,084.4,dBA
10:05:30,090.2,dBA
10:05:40,087.6,dBA
10:05:50,087.4,dBA
10:06:00,078.6,dBA
10:06:10,086.9,dBA
10:06:20,082.1,dBA
10:06:30,089.2,dBA
10:06:40,085.7,dBA
10:06:50,090.5,dBA
10:07:00,084.1,dBA
10:07:10,083.8,dBA
10:07:20,091.9,dBA
10:07:30,092.1,dBA
10:07:40,089.2,dBA
10:07:50,080.0,dBA
10:08:00,080.0,dBA



10:08:10,092.9,dBA
10:08:20,082.0,dBA
10:08:30,077.8,dBA
10:08:40,080.0,dBA
10:08:50,075.0,dBA
10:09:00,080.0,dBA
10:09:10,087.8,dBA
10:09:20,081.1,dBA
10:09:30,080.7,dBA
10:09:40,087.1,dBA
10:09:50,082.7,dBA
10:10:00,086.4,dBA
10:10:10,081.4,dBA
10:10:20,084.5,dBA
10:10:30,079.6,dBA
10:10:40,079.3,dBA
10:10:50,079.7,dBA
10:11:00,079.9,dBA
10:11:10,075.7,dBA
10:11:20,071.1,dBA
10:11:30,080.0,dBA
10:11:40,080.0,dBA
10:11:50,086.9,dBA
10:12:00,087.7,dBA
10:12:10,082.0,dBA
10:12:20,081.9,dBA
10:12:30,086.2,dBA
10:12:40,084.4,dBA
10:12:50,087.9,dBA
10:13:00,086.0,dBA



-

10:13:10,082.9,dBA
10:13:20,088.2,dBA
10:13:30,082.1,dBA
10:13:40,083.1,dBA
10:13:50,087.7,dBA
10:14:00,075.6,dBA
10:14:10,072.0,dBA
10:14:20,069.8,dBA
10:14:30,068.7,dBA
10:14:40,069.1,dBA
10:14:50,071.3,dBA
10:15:00,068.0,dBA
10:15:10,076.7,dBA
10:15:20,069.6,dBA
10:15:30,076.1,dBA
10:15:40,077.3,dBA
10:15:50,077.0,dBA
10:16:00,078.6,dBA
10:16:10,076.3,dBA
10:16:20,080.0,dBA
10:16:30,088.0,dBA
10:16:40,086.8,dBA
10:16:50,080.0,dBA
10:17:00,073.5,dBA
10:17:10,080.0,dBA
10:17:20,080.0,dBA
10:17:30,084.5,dBA
10:17:40,079.7,dBA
10:17:50,080.0,dBA
10:18:00,087.0,dBA



10:18:10,080.0,dBA
10:18:20,084.0,dBA
10:18:30,081.8,dBA
10:18:40,082.0,dBA
10:18:50,081.1,dBA
10:19:00,085.0,dBA
10:19:10,080.8,dBA
10:19:20,077.8,dBA
10:19:30,091.3,dBA
10:19:40,091.9,dBA
10:19:50,080.0,dBA
10:20:00,080.0,dBA
10:20:10,080.0,dBA
10:20:20,080.0,dBA
10:20:30,078.2,dBA
10:20:40,078.9,dBA
10:20:50,086.0,dBA
10:21:00,080.7,dBA
10:21:10,082.1,dBA
10:21:20,074.2,dBA
10:21:30,082.5,dBA
10:21:40,083.5,dBA
10:21:50,082.3,dBA
10:22:00,080.0,dBA
10:22:10,083.0,dBA
10:22:20,080.0,dBA
10:22:30,079.6,dBA
10:22:40,073.6,dBA
10:22:50,074.0,dBA
10:23:00,073.5,dBA

10



10:23:10,071.4,dBA
10:23:20,073.8,dBA
10:23:30,070.9,dBA
10:23:40,071.1,dBA
10:23:50,072.7,dBA
10:24:00,073.7,dBA
10:24:10,080.0,dBA
10:24:20,075.3,dBA
10:24:30,077.8,dBA
10:24:40,077.7,dBA
10:24:50,074.3,dBA
10:25:00,073.1,dBA
10:25:10,078.8,dBA
10:25:20,079.8,dBA
10:25:30,080.0,dBA
10:25:40,085.8,dBA
10:25:50,083.2,dBA
10:26:00,080.0,dBA
10:26:10,081.4,dBA
10:26:20,079.9,dBA
10:26:30,080.0,dBA
10:26:40,080.0,dBA
10:26:50,080.0,dBA
10:27:00,080.0,dBA
10:27:10,092.8,dBA
10:27:20,080.0,dBA
10:27:30,080.0,dBA
10:27:40,080.0,dBA
10:27:50,080.0,dBA
10:28:00,080.0,dBA

11



10:28:10,085.9,dBA
10:28:20,081.9,dBA
10:28:30,086.1,dBA
10:28:40,079.7,dBA
10:28:50,087.3,dBA
10:29:00,090.0,dBA
10:29:10,086.9,dBA
10:29:20,088.2,dBA

10:29:30,085.8,dBA

10:29:40,086.9,dBA
10:29:50,088.0,dBA
10:30:00,080.2,dBA
10:30:10,086.9,dBA
10:30:20,080.0,dBA
10:30:30,075.6,dBA
10:30:40,074.7,dBA
10:30:50,078.2,dBA
10:31:00,070.0,dBA
10:31:10,092.0,dBA
10:31:20,079.1,dBA
10:31:30,089.9,dBA
10:31:40,084.2,dBA
10:31:50,093.5,dBA
10:32:00,081.7,dBA
10:32:10,085.0,dBA
10:32:20,088.7,dBA
10:32:30,082.2,dBA
10:32:40,080.0,dBA
10:32:50,094.6,dBA
10:33:00,086.2,dBA

12



10:33:10,077.7,dBA
10:33:20,090.1,dBA
10:33:30,074.7,dBA
10:33:40,068.1,dBA
10:33:50,068.3,dBA
10:34:00,069.9,dBA
10:34:10,070.5,dBA
10:34:20,069.4,dBA
10:34:30,070.1,dBA
10:34:40,078.0,dBA
10:34:50,071.9,dBA
10:35:00,074.5,dBA

13
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