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i according to their desire. In the auto scan mode, it is capable to scan in sequence from the first to

ABSTRACT

The AV SWITCHER is designed to select a video signal from any TV camera in close circuit
television system.Iin general, in close circuit television system one video camera requires one TV
monitor. However, the cost of the system is proportion to its size. Thus, if the numbers of TV monitors
can be reduced the cost of the close circuit the television system will be reduce as well. In this
project this AV SWITCHER is designed to display the picture signal from 4 video cameras according

to the need of the users. The users can set the mode of display, namely manual and auto scan mode

the fourth camera according to the program previously desired by using of micro controller which is
the key device in this switcher. This micro controlier can be adopted for the various purposes and

allow flexibility of other setting in the system or extend the scope of work accordingly
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: . No effect
b
7 SET CG RAM ADDRESS
RS RwW DB o DBO
0 0 0 1 A A A A A
Higher order bits Lower order bits

W HD44780 Uaziimiteaanudieg 2 gn Aa DISPLAY DATA RAM (DD RAM)
'a'mfm 80X8 BIT uaz CHARACTER GENERATOR ROM CG RAM 39U 512 BIT UKs 7200

BlT Andaiias ilun1s SET ADDRESS i CG RAM Tnesiaavinnar SET ADDRESS AL

mﬂmwmqm'm CGRAM gt
8 SET DD RAM ADDRESS

RS RW DB7

Wudnds SET dn ADDRESS 1 DD RAM Tunrdauitagaudnann DD RAM (DD

RAM Aefiaufiasugnanamiaag LCD Tasidmau ADDRESS fazifntuunanLco azasiiu

SET @1 N Fael
|
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[ ] o ar ar ﬂJ o ar o
N =1 (2 usin) ADDRESS ACaf OOH-27H KMMTLUTTVIAY 1 UAT 40H-67H QWUTU LITVIA

i
N2

;]

uUuUn174n ADDRESS 194 DD RAM w1ae LCD UL 16 FaSnes 1 LA 16 61

' §N4T 2 USTVA 16 Fiadnis 4 LTRR 20 Aadns 1 LSVR 20 Fafinis 2 LTI UAY 40 FAAANET

i
2 ussim
. 16 FadnMT 1 UTTVIA N
]
00 01 02 03 04 05 06 07 40 41 42 43 44 45 46 47
¢
!
; 16 FnGnET 2 UTTVIA
00 01 02 03 04 05 06 07 08 09 | oAl 0B | OC | OD | OE OF
40 | 41 | 42 | 43 | 44 | 45 | 46 | 47 | 48 | 49 | 4A | 4B | 4C | 4D | 4E | 4F
]
‘ o - -
. 16 AAANKT 4 UFTNA
]
'T 00 01 02| 03| 04| 05|06 {07 |08 |09 |0A]|0OB]|OC|OD;OE]OF
140 | 41 | a2 | 43 | 44 | 45 | 46 | 47 | 48 | 49 | 4A | 4B | AC | 4D | 4E | 4F
10 11 12 13 14 15 16 17 18 19 1A |l 1B | 1C | 1D 1E 1F
50 51 52 53 54 55 56 57 58 59 | sA | 6B | 5C | 5D | SE 5F
20 FAANMT 1 UTIIR
00101102|03]|04/|05{06107 08 {09 {0OA|0B|0c |{0d|OE |OF 10 {11 |12 {13
20 FadnEs 2 UTTIR
00l01102{03104]05(06 |07 |08 09 |OA| 0B | 0Oc {0Od |OE |OF |10 11 112 113
40 |41 |42 |43 {44 |45 | 46 | 47 | 48 49 {AA | 4B | 4c { 4d | 4E | 4F | 50 51 |52 |63

9. READ BUSY FLAG AND ADDRESS
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RS RMW  DB7 e DBO

0 1 BF A A A A A A

Higher order bits lower order bits

ETE N P

fudndsudn BUSY FLAG deasifufavandda HD44780 ﬁﬂﬂ'lummumw‘iwmmﬂ
TuagviFeagluanmmianasiudeya Tne
E BF = 1 aglummumminumelubinfenssidayaifasds
BF = 0 wianazfudayaidadndald

uazuananiidulumdestuAfeys ADDRESS 189 CG RAM 1te DD RAM dag

10. WRITE DATA TO CG w32 DD RAM
RS RMW  DB7 oo e e e DBO

Higher order bits lower order bits

~
o o 3 4
iludrdadaudayadlilu cG via DD RAM Taaifla@endioyauas ADDRESS 4z
FviesalandnluRmusdd SET u ENTRY MODE ﬁﬂﬁﬁuuﬂﬁﬁzf‘i’lLﬂuﬂﬂi‘liﬂu‘ﬁﬂ:ﬂﬂ
, . X
189 CG RAM ¥ia DD RAM #liTaums SET ADDRESS 189 CG RAM e DD RAM 3u

{nnauazdoudeyas

11. READ DATA FROM CG OR DD RAM

RS RIW DB7 ... DBO

1 oq 1 D D D D D D D

§ BW

guﬁﬁﬁ"qmufhﬁm‘qamn CG RAM w78 DD RAM TagifiausuiA1an DD RAM vita CG
RAM ilaaraz s SET ADDRESS rewie Wi daysiewldfuiy oD vl CG RAM
MmsRMeTivini sl LCD MODULE ﬁ’uxi'mLﬁmtwimdqﬁ']d"u‘?'umnua:
SET ansasmsiuzumsadngs CURSOR uﬁ’qmnﬁ’umﬁﬂ'}u'\ﬁ‘nliﬂuﬁﬁnmn’h‘lﬂ'lu DD

3
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RAM pAIF ST Aasnerluaanm LCD LTERgNITINUUARL LG,
snusfiazWinauuseldlatnts SET DD RAM ADDRESS awmnsaiituntuiade SET DD
RAM ADDRESS 18 linagauianudnlafusmlsunsu @il ET-BOARD V3.0, V3.5 Sl

wnazifudnaziidoutuduiie dounts INTIALLCD iWefmsautiiinisineusiang I

3-2 dautlsznauaasilsunsy

EPLUSE aziudauiuiladiyqnns ENABLE SIGNAL Tnanasld PORT B BIT 7 2 fnufia
[EDLUSE ftyoynw ENABLE 3
GOTO  azdludaudwnaiuniueadas DD RAM ADDRESS #azdiendeya lawaan
tWsunsu INITIAL fs SET Vidla@endayad vl DD RAM ufe ADDRESS 189 DD RAM
azfndu 1 Tnenfd
WRBYTE iludaudeudiaye 1 BYTE dilulushumnic ADDRESS 124 DD RAM tnuzifis
WRLINE ludanlunisdeudayaiiaz 1 LINE mszsiusnis DD RAM fiAauuagnn LCD
Fuusazsiunisasbiramddl luusasusmin
:«nns‘ffmthﬁ'lﬁq:ﬁ LCD Wil 20 Fagnes 2 USTHA UAS 16 fadnes 4 Usin

uﬂﬂ‘i’m‘ﬁ LCD MODULE (HD44780) ﬁﬁ:ﬁﬁﬁd’]‘&ﬂﬁﬁ'ﬂﬂq CHARACTER GENERATOR
ﬁtmmma‘nﬁﬂwﬁ’ﬂ:ﬂﬂ'lum?Lﬁmﬁqﬁ’nws%u'lﬁ’tﬂq'aﬁnM'lﬂw‘hﬁ’nm5x7 DOT  1iuaziudnAa
Al uAPN 00H T 07H dauinumnia 08H-0FH azifhufuminidenriy 00H-07H [z
t19zll  CHARACTER GENERATOR 8 saflimdnunsnideudeyssmnedidussduihuuy
5X10 DOT azd@aulX 4 sodnus ﬂqmnifﬂﬁmuﬁv‘h'lﬁmmmmLﬁﬂuﬁqﬁnmua:ﬁmﬁnuni
vrasnrnm ng'ldy
3-3 Madsutays CHARACTER GENERATOR .
© o msnnmdaufeyalilaaiimun  ADDRESS 189 CG RAM  rieulnad@euld 64
Sumis BIT5-BIT 0 unziileriiua ADDRESS usafiazimadieudieyssdly CG RAM Tne
dudnuous BIT sie BIT uuse 1 fladnms As 5X7 DOT ﬁuq:‘l‘ﬁﬁﬂga BIT4 fN BITO sin 1
BYTE wimdis 1 sadnwrazldfiays 8 BYTE Maeriuligainmmalszneuhfcauaziiledoude
yaslu CG RAM ufanaurazlionfiWdnudeysly DD RAM Aadayadonisluma
CHARACTER fisnumnis  OOH-07H et wllrunsunirdsudeysdaniidentsinefusi
(8), ) uazsia () il CG RAM FUUMKT 00H, 01H UAT 02H UASTIMILAAINAN1IAS

teo Taald 2 urminlunisuaneus
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1 [ [y o
aq msldu LCD MODULE viunddryAesandlalusin CONTROLLER 184 LCD

t o o o J o '
MODULE il Tagl CONTROLLER vjn 7 uitaziimnirewiimileu 7 dadudaulug)
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=l
unn 4
t lalrsnauinsainainszna 8051
Tulasaauinraine fithulularTusss e flssimuiian ldsunseanuuusnie e
- aa & P ¢« 4 o v ' o
AurzuvaAuAiawaEen Tnanialulllafaeuranafuilaraslrznaudasuiasnimaeu
udnuaspanRalAefATLiaY 1T wiaelszifiunananavita (CPU) miseaausn wamlunisfinse
] 1 4
vitanaugugUnralingg  dusudanndifunislenularisasmeiialufacfeal lednmeuanun
J 4 LY al 1 n:l' - t P ] b 2 I8 ) rr-‘
Usznauieinuiinuenil Aniuasatandalddnlulasaaulnsasefiduszuunaniams fiiaiuaol
f - - , o a a 4 o 4 T Y - V- -
Auisuyral  Taaursqagluilefmawmimmaiy  TuuwafdenanudafinasFanlulas
[} - g A
maulnsawefindu szunlulrsranfamefMwidas
fala 2’ o ] ' < - e o .
; 'luus‘?m'lu‘[ﬂ'rﬂﬂuTwmmmwuﬂu'l“nnuﬂmquwmmmﬂm:qﬂ 8051 wNLTEMAUINA (intel
1
,corporation)
5 o &
4-1 AUUANBIUZNUS YD 8051
3 [] ¥ .
i 1.1 usasliviufionianininuiugmeechiarreuinsameiinefineg Adneg
v

nalunszns MCS-51 i sznaudan
3
H
{

[

mdatnlrzaananaNIum 8 1in

wiatnlezinanagmuindeyauuuuiin (Boolean Processor)

AMNEINITo lunrd s wndsesagnanudn ilsunsy 64 Alalus
AuEN N TunrEdwiisanieausiiays 64 Alalus
waganarllsunsunelusuns 4 AlaTust wiu EPROM (tuef 8751) auuu
ROM (tuaf 8051)

WitgANAULIL RAM nqgTusau 128 Tus
waimAunmewHRLLILIILIUS WU 32 14U SeennsnuanitenFednadas

' NRMU/AUATIUIA 16 T8 IIUIUABINAT
N%ﬁﬂmﬂmuwﬂwuﬂuﬂaqma"mf (Full Duplex)
wRtAANNIIBAa TR Ifanunasn gty 6 sz wlannasianuadndiu
: AudrAty IdaaarsAu

Naraaataiamainele

LR
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% v
nennnudalnlasraulnsainefnrzgail Wnaciiplieestedifuuy DiP 1ua 40 11 Fusnadlu
3 GJ 4 ' ar L) 2 AGJ ar ar ar P 1 Aﬂ ar 3 ¢ -3
nwlugin 1.2 Ruwsiazandygyrnaciwihinfszydaunudydnsnl Teteniniuluwiesan edndlss
. al u | a9 <y Vo ' a4 ° o Wy .
AmAziundyeranaaaziuimidionndmibedn (Gdeuiadul¥d Atemate Functions us
1A 1.2) Taacbiannsalanlunsidaeduld fastwidu edygiods 0 sswmein 3 (et
¥
o« - - o P =
P3.0) araazlfifuindyqnonasin wiedunanuunig wiseraiwhidhandygndunnassde
.3
yaseasuLuaynsy (RxD) Winuasasisuuuaynsumes 8051 16 Fanasimuadiazinensly
ar 83 [ AJ ] v o :’/
pwnuclaniuegiu nadensenandiuindyyinussiusunsunqunuaearsiniu
4-2 Tdsunsugssurasluinsnaulnsainasd
L . o _ o 4 4 d
Taevialllulasrautnsainafacligadnda (nstruction Set) agsnuumiluiangdauas
° v ° ) ] A o 4 - o . 1 -1
Winedabilinasdnfuauuvedwaadidtmunll Jmuanudusiudasdamaaiitu
3 ]
fluuufayaiaiar gwuaas (Binary bit Pattern)  eaziludaWiusmisenlrzuaanananaite
[ & [] GJ o & 1 GJ
ingnalulilasreutnramefion ldsvaafivanzau sethadudiayalupi 1.3
H
o o . o N | 9 4 o t d; o [ ] nﬂ. v o L)

nsAdamnsne]  Avdanrandndsiniuiaitaatwlaedwmilaz Madwidn

Tusunsu (Program) Aniinstirgluuiesdiesyaiaagiusemans qaunifesdrduRasaiull

~ e 1

4, . 4 ,
Aeratalugpindmn arFandt TdsunsuntsniaTes (Machine Language Program) Tas i
J - ] 4 -\ 1] o oo
‘fum'mvlmﬂnLaﬁﬂunum‘lﬁﬁnﬁf‘l%mmLWﬂmmm‘lﬁnu‘hJTﬂ?ﬂﬂuTmamﬂmwmuatgﬂlmu

5 L1 (s 4 - 1] Ld -
daunimil  lulaseraulnrasefiaunranazirarudh WidTaansediasdasdinisdiiunas
geilirin
L] A“ 1 -\ 1

! atnlrfinmmeaiuldsunsudaniatadianisazaonuatedsznisani g

1. anusuansianititaud lalusunsu lunieugd

J 1 - o

2. milflsunslddaysnelullsun  WasandesldAnadindaysiiazsio u
q16L
k

, . e e dnye o o
3. lemrnfarrumnsludnrorraani@ei @il iy
gﬂ' P a A’ v o Y } A al
- 4. Waiaanuianainiumegullsunsy azdunsiwnddfionanaldean  ilagaind
o Qr o 4 ] [ ot

WeiiaT 1 uas 0 angduisllun lupluuuiuansinaii
s
. ariluansain A ilinnl il ey uduun. (Hexadecimal numbers) 11
i [y “ i o " e
umaununslifsagusaiaans fatwidrunmadupli 1.3 dedauegludneurssaas

giuauun@:ﬁﬂﬁ'ﬁmmm:iume%’wl‘ﬂnmmmmmﬁmwmm'lﬁ'ﬁfﬂﬂm‘lﬁuqﬂ Auaneus

3

gﬁ 1.4 agnlsfimunisiaseiifithufie mnnzdasreniss ot sunsuiusunawillas
3

2

|
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A om e W mpe

3 ° ;4 & o o ar ot < J L J 1 a‘l’ -«
paulnrasafaniami laddenaduniaiaiseguassagidudn Jadiva ai
) a ed oo 4 - o o d
tsunsunanfiame fiteiwiriul sissgniduun U dhussguassdnsienil

atlsfinn widneldlEriesgnduunumauunistieudeysithustgusas
3
fdAsairearugentunsandimiadinaeiiaviniunaslddndesinge lussazdaundalald
- “ o . 4’ ] - . ‘4 ‘J ] J o - :
AinrafadugsresdidinFendt dlulin (Mnemonics) TeTaudazTaresriaiilmmiuasd
T v
‘panmnaInfiAsiunmiaddiann . edwlsfnulilaseeulnsanefusiaznsznad
o - ° -4 o ao a d ‘e ” v - yd g
dnaziinriuadaresriatludinnuandwiuesnly Jathaninreenasfesdumiann
n { [] [3 -J [ o y
ingniregilalanuasdn Winisivuedeliedalatn (etigmeanisgadndnes 8051 14
’ v v o < ° ' - -
nnAakuIn n) Anfudiallrunsutugin 1.3 Whinnd@awaglugunmesniainiinged 8051
o o 4 J L L1 )
ufe axfidnwousdilugfn 1.6 TllsunsnludneusiguiiazFondt  Wsunsunueatud

(Assembly Language Program)

4-3 Nsunsuuamdsiunad
Wallrunsuldfunmairnnaiaaudansuesmuud  Todlumiadnemiaieiiun
-  a o o . P o o -
Mevds  enariyedisenndamfensssauaufanansesidFazaanunnia
x o :: d o Ld o . LA
1 Aniulassillrunsu M ends dhudiesinnrudsidsunsunive g iUy
J ar o« ] : [
AATeN viadaiaag ALY Felulnsnaulnsainafazannsndn e Bwinfudneossaens
» o - JI J o o .
wlapaamngresiailinfinidienga  dildlagnndianimassgadddulunamsn 1)
dy o o LY
unzunuioefaaaguBurnTasAduiny  nMrulspuminETadnITIRSLTHLBAsmLe]
1 5 3 - 4’. -J 10 4 1 t Y [
(Hand Assebly) LTl ﬁﬂfnLﬂm%'m'mmgmua:‘lm'ltﬂuﬁ'ﬂqﬂtmmﬁﬂmm'\u'lm VR s
(] -3 4‘ [ -J [ g - ) o 5
agwlafiauiiaandiununhiiadlsiasdmnussilaniaflianain g Faidaddd
- -J - r-ﬂ o o [] -‘i' J - ]
nirRm llrunsuuuiATas lularaauieme fivedaansieelusneusduiung. Jedanda
Tusunsauesiesusas(Assembler Program)
° ¢ - al alsny
nsinuatllsunsuuesinuaesfazinsulanaanllsunsunuasanud gl

afatude finazdundiudy Trunndumiu (Source Program) sisiluiingaddachidas
pautnsanefazdinsulalluneiasweni iU ia@ntsunnmih - Seacdandis
41 Tsunsuaaudned (Object Program) TusunsuseudniianansairiMausie Fanuans
dnwaus i b llsaiutUsunsueeudnsiug Tneiusunss@unes(Linker Program) 13eana

yeafnfulilsunsusiniaagudumn (Hexadecimal Format) ithidius



o ——

-28-

e ]

o a  a 4
AuAnsusiNNBneedlsuns uatiguaas
; TnenlnRudoudiinesllsunsuuasmuaef  Aariiwiwianizansularauainsiail
! - [J QI/ e ala ar J i ¢ e [
TinwasgaandilulnsnaulnsaiaefuaciRamaiil fusiaissgusasdaiiauminiy uwiluszes
' ] nl - o 1 e A’ a [
ferlafinanuFnguanrar W Tdsunsuuiniiu et
' a vy %J o8 X 4 4 a2 90 ' ' o 4
1. Susan W e drenfaunmedunvihwniseamieannuswie
gunaidvysiesiwa wunsTiunaateninsauAIRENAN I ALY
: 2. Sunanl¥iinsliderediodnes iReumungraagaAdmane Ada
5 3. annraunisAamnatinmgaidn i lunsdaudndainiaiiiuin 1y
- N -~ o o o
4. Susan il msnacuguiduuunisuamnadng asanauimuadaulaluy

&
hsuedtuLae 1A

famaaralisunsunuadisuud

o J 0 e ar | 7 . | v |
- anenuciduguassagrdny lunisiminafnidsunsusaanuaainuud Ae assead
!

a o el ! -
aufuszanudnlainaaduanidnenssureslulasaanineaaeidemey  avfiu Tuussan
' o . 1 -l Y] J -l ° . J o < 4 -l 1 i v
gadfasingg dwdirranisinnuetnls uasiflainaiaduasiinaseiasmalain uan

-‘l‘u ;3 @ am [ 4 o I Jq N L 7 “ 1
Anfidiasramsuiainmmalearsaiiauanswninaade  wsiy Jawandudunas
“or 4 Gl ] J - (3.4 N t
Wirnnlsunsunnau nleguazadlilasaeniawmef fhisudusdadifacuaulalugiesine

X dd o . dn
wariliae  guarsAdnUsmmmihdadudnrussedilsunsuuedimiuiesichiinamaunse
¥
1ednaslandallsunsy (Non-portable Program) ndnameldsunsuuesisuudneslulas

] J o o J s‘ o
raulnranafarzgala AarhiswnsofanilUeouldtunssgetwy Wilewnniidnmus
- - J | or e U - J 1]

annenssuuassiailufinnuansniuasldnan i densdinmnudadneiu
' & o
4-4 FunaursINMsVRIuIlUsuNsY

o - o i -4 ] o a v v v ° -l

wradlulasaaniarefituATasiiataawmun Fusiug liAarassaminnandau
Tsunsu

3 ' LY L] o~ o J - Vv - 4 v i

wnausamuunizay  usniandntuiuiiSiueTesrsuiawmaffaansiaw dlulan
v o - oaly Vo 4 qu - ey

Al Wsunnuerasnenfameidiuniseanuuuntiie Wisaunsainidanauuas
° J ] :‘r ' - [ 8 o y 4
il UnalueresresRawaf iy Gandr TUsunsuiedmes (Editon) wazlrunsugaidan
: 3 ¢ . l’:’/ 1 - J
imafiunaduliulasaauinsaise il asFandnlisunsuduaiiu (Source Program) 144z
- d

gnir i Manlaelilsunsuaw siald

p . o d d LYy . :
Wasangardanrdaaiedunaingibisunsoin ddawlasaeuinea

° o 4 ° y o~ + o~ e 4
wafldlasmn Sufhuseninisulfsugumdrdasanannlfluniasiiasnmseres Tu
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e

v

ar W G‘J o ar

puwunisdeaysisigwdes wranagwduwn lnelililsunsunesimniaef feluuaidumney
° 1 ' a <, 4 o o 9 e
NI NI 81aazpaanTilsunsudssinmaainas (Linker) wansdenlaedayaunatigay
4 ar ar L4 44 o v

rae wan A TuntauavannitudanuiazlaTsunsneanuvanadszinn  ivawsial 14
| e -
AseTamisine fu u Tsunsugluuudiayaiesguduun (Hex Format Program) via Tusunsu

4 v
RULCIUEL BT, R

o C oA d -

Tngdnfiuda naunasillsunsunmmiatesn i iinaasslursuuad fanaazasnsnld

a - . 4 o ° °
l‘[ﬂmnm’nuqmmm (Simulator) {luldsunsudasanudszinnuilanazianiranaesuunnig
o [ d’ ) - =l' =l 'S 1 dl'
et lulnsrauinranefinuatedilnraaniome s Seasfiuslamiagman asqn ax
!
'R o ) o :J -
M annsanagaunminaueasllsunsdld Tneliazihufesinlinageruus=uuf ukaiaas
1 = rv ] < ° GJ
Auamnsneesllsunsnduyiaimefilasdoa Wi e unsafnmunasinanedtlsunsuiaing

) S|

nldadwlngda awmnraiimeanagandesnsine aallaThiasaeuinsaeesld uan

1
v
-y

- o de o ' 4 - o . -
AMiRiANgNToRg 1Ay anatmil Asnisiauuaqanga  (Breakpoints) ilalulas
' v P ‘J v o o oy J <
paunsaaafldilrananainauiivueamsanisnszyfasuganininulnednle® fumfas
o 3 o~ ] (4 o~ :’r [+ 3 v o ﬂJD [
inqmmagAtsiultanglunigannd udtamiufgunsadaWidsunsuinaniiiaumis

o~ - ‘J : ] ‘J [ ¥ [ & o~

usanusia Adnmgadai¥reluly unsdntinnsldassarfauafdandssnaudu
rv [ ] J GJ J - [ 3

Waunn@uyiamedil antusnasiatasilednUssimuiinFandn Syiamef Emulator) 3

- ° - 4 o 4
wnunaziunimasesuuuninig ey wie dssnswadayaaingnimniminnu
- V o GJ
AN

o -l 4 3 o ° 1
wirnildsunanaiadaiunimsaasaumaitouddigades wszduldan
-3 o ket 1 o J

ansiaansuds Aassiaaiilsunsuilliussqinmelulamicnnciudn EPROM Tneldietes
e idfuneeanuunnieimifdngd Fand  wladidsunsu@nsen (EPROM
IB 4 oo o g o L - ]
Programmer)  Efidnanhdiaysneulilsunsunmnistasiuuunidudayaiseguseaite
* o -3 -1 o J
Jwlunnindmiinnialy EPROM  Rugunsaiilldnmalursuufeenuun 1 1dnauma

v
FAang
4-5 Tassadradlsunsunmeuasignud
madieulirunsunnuesunindliusiasusmin azsielfiRnmgluuivtensinoust
4 . d o, . . 4
Mdnedmunly  Wwelihilsunsusesimuusefazamnrainnisulasrann ednagnieds
TnaunfAassznaudaenguuadfaysdmaudngy  vtendnandnunzdidauivaandlud

v

- L8 o rv 4 o [ hd 4
Aadind (Column) nMsuaingdasnesinitigunsanssnnlé vanslddeqdng (Space) AMUUUIN

g v smon e



’ -30-

i
o & v :: 4 ar -3 [ 7] (7] - ar v
Savtannndniu vresnsaziudneauid (Tab) Wnwsiasms  sasRensongluiusaeting
v
gaqurmin il sunsunisuasmuudsia il
NAME: MOV A ,10H ;assign a value to register A from memory
o -« J o  ar . J o 1 L4 J ar
Tupadinlusnazidunansiadnis (Symbolic Name field) T9ansaasiniiidlunguénss
4 '3 | 7 ar d‘ﬂ‘i‘ [ 7 J L3 1 4 -3
Name  Wunsuwesuwtuaafaznmuldddysnsailazsaaduiaewnuviuesasadiifiu
. L ¥ 4o . oed . . . . vy
TATAIAIR MOV A10H Hagivardwiisninaz iz Faniuin aua (Label) dandunig
. 1 73 [-3 J 1 13 - & ar o J ar ] ] | (]
liauafiinaqalszasdlunrdwdsiwurminlausmiauilaesilaunsudatrady winilgadn
faluusminf@sdn

i JMP NAME -

. '
Y o

v v
A 8051 nrslan (ANAIRY Jump) WERIARILEAIATETEY NAME HluLNAT
v [l
ie19azwud Sunusmismelullsunaiiiuin® biddeudeanulalfisafly Tnevall
4 ul vo o Y ve o v . o 4 v o a
npinneinssyidauiunsindesasarus  azlidnwssausn fiannsiadnmsvasadnu s
o y r 4y A4 dL X - ' ¥ o o o 4 o perp -
UNAD 1 @ wTe ? wenanduddenssnniassashilniugasidaniedenediiames
4 4 X . . o 1 ¥ d
wFananiiadluAiauy (Reserved words) hisunsminllisTereatiun
o oa & « ] o o ' .
; pafunastaziudaunuan uasutuuse meudasfasdniiunisedwls  (Action
J - ) 1 t -J [ % (S - o , J J o
field) masetwiliutiananudy MOV esaiuniaiilulingaAdiuessost  aniazvia
:‘/ o~ L4 J 4 (] [ [ - o N
nslaudradays Tuaiunefiniienaduiaystu i insiuniaiiuiingaAdones
8051 Al 1 Avuusrhlunisulanaudwiuesuniuaafiunisulsnnutudiy 3 me

v
azidunludauilaz lanaatvse d hwiadadaly

1
1

- b 4
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: PC 0000

DPTR 0000

A 00

B 00

SP 07

PSW 00

P0O-P3 FF

P XXX00000 (§1uae3)
! IE 0XX00000 (§1ueieN)

TCON 00

TMOD 00

THQ 00

TLO 00

THI 00

TLI 00

SCON 00

SBUF XX
] PCON OXXXXXXX (§ruieq)

yrAdaneuNMsBunessila
andnsuzaidieiinnsdume FRUR AT uasiinauadeadaunsFan it

T1:J?meeiﬂﬂmmﬁ‘lo’w’nmﬂuuwﬁshum enusimsantusunsudesififlumsdaninainag
ajgnfauwrfuedlilnsneulnsained Lm:ﬁﬁuuﬂw‘aq'l'ﬂ?ummiﬂﬂﬁumo’fﬁmﬁ‘:uﬁ'}umiq‘l"ﬁui
UALUAY (azlit 106) dlefinnstumesilfiiaiu 8051 azinismasasneluliletles
rﬂ&‘lﬂ‘lﬁﬁm?ﬁumm‘?ﬂﬁ%ﬂ aundiazidnssindnde RETI ‘ludméuqmm?ﬂmm:‘miﬂﬂm'au

aliaannsBume U Adaran aal¥pAumienatAndalidanairasiatuil

nnsnaulddalusunsunannianainisduinassUn




-49-

supuAnga ANULE

RETI JAhiananinAndeyssedludeanatnausin - (duiRBaiun:
Pop)

sty iinneluiasaines PC uazTMmadasnIsiaunig

I sSumesAainaudulng

AINUANANTIMA WA RET usy RETI  AeAYAY RET azagjluusiingavinanialugou
1] [ y o '-J 1 o ¥ < [ 8
daalilsunsuees udmds  RETI  (udrdaiagluusmingainereslisunsuteanauaueinsfumas

b o« 4 o 4 . GJ o o o r/ 4 o (]
f1(] °Nuﬂﬂ’ﬂ']ﬂ"lzlﬁuﬂ'lmqﬂ'lﬁ'mﬂllﬁﬂLWﬂﬂﬂUhJEI\lTiJﬁ‘llﬂﬁ‘NMﬂﬂ%ﬂﬂNMuﬂLli’ﬂ/’]ﬂ\?ﬂ:ﬁﬂﬂﬂﬂ‘)\i’%‘

s « o a o ! a o | @b o o & o
frfauafras 8051 eeni@nmrtlasililiinsfumefFUfindei iulananusineades fu

{ o | o o | o 15
prawmeilmiy griuanduluithuandng Warefunmdunefiliafluisiellfos




— 1 e

00Fg8=
00F9=
007F=
bose6=
0084=
b085=
0002=

000
000
¢o13
013
§016
016
0018

jora
SOIC

-

001F
0022
0025
0025
0028
002B
002D
002F
0031
0034
0034
0837
003A
0b3c
003E
0041

oi44
0046
0046
o§49
004B
004E

0ds51
0454

0057
0057

v mrmTm  me el TTEGT

0201DO0
020016

C2AF
coo3

AE72
BEAA68

20A435
30A4FD

9002DC
120233
7430
2573
F54B
120200

20A50F
30A5FD
0573
AE73
BEOS5E4
757301
80DF

20A4EB
742F

12029F
30A4FD
90011A
020099

207623
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COMMANDS EQU 11111000B

WRD

EQU 11111001B

DELAY_SCAN EQU 07FH
ENABLE EQU PO.6

C_BITO
C_BIT1

EQU PO0.4
EQU PO.5

DELAY_SCANX EQU 2

ISR1:

ORG 0000H
JMP START
ORG 0013H
JMP ISR1

CLR EA
PUSH 03

MOV R6,72H

CJINE R6,#0AAH,NORMAL_NORMAL

s FUNCTION ON SCAN

SETY:
SETX:
SETYK:

XXX3:

KSELECT:

NKSET:

NKSETY:

JB P2.4,KEY_STOP
JNB P2.4,SETX

MOV DPTR, #TSET
CALL IN_MEM
MOV A, #30H
ADD A,73H

MOV 4BH,A
CALL SCAN

JB P2.5,NKSET
JNB P2.5,KSELECT
INC 73H

MOV R6,73H

CJINE R6,#5,SETYK
MOV 73H, #1

JMP SETYK

JB P2.4,XXX3

MOV A, #2FH

CALL DELAY_MS

JNB P2.4,NKSETY

MOV DPTR, # FUNCTION_SCAN
JMP GO_GO

KEY_STOP:

JB P2.6,KEY1TO4X

:KEY_FROM
;FUNCTION S

; SET MODE

:END SETM

3¢

R
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005C
005F

0062
0062

8051 Cross-Assembler (1.3)

nop7.asm

0065
0067
006A

006D
0070
0073
0076
0078

007B
O07E
0080
0082
0085

0088
0088
008B
008D
O08F

0092
0092
0095
0098
009B
009E

00Al
00Al

00A4
00A4

00A7
0o0AA

QOAD
00AD
OOAF
00BO
00BO

900107
0200A4

20A623

742F
120284
30A6FD

9002E1
120218
1201E5
74FF

120284

2000C7
C2AF
Cc2aA
757200
0200A4

9o000cCAa
C2AF
C2AA
0200A4

20A71B
7571AA
30A7FD
9000C5
0200A4

900000

758109
858208
858309
D2AF
32

D2AF

52
53
54
55
56
57
58

59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99

100

101

102

103
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MOV DPTR, £FUNCTION_SCAN
JMP GO_GO

KEY_STOP:

JB P2.6,KEY1TO4X

(C) 1987, 1989 Binary Technology

MOV A, f£2FH
CALL DELAY_MS
STOPX: JNB P2.6,STOPX

MOV DPTR, £SOSCAN
CALL IN_MEM

CALL SCAN

MOV A, f£OFFH

CALL DELAY_MS

MOV DPTR, £SENDXX
CLR EA

CLR EX1

MOV 72H,£00

JMP GO_GO

KEY1TO4X:
MOV

DPTR, £KEY1TO4

CLR EA
CLR EX1

JMP

GO_GO

NORMAL_NORMAL:
JB P2.7,0UTISRX

MOV
NP1: JNB
MOV
JMP

NEXT_KEY1:

71H, £0AAH
P2.7,NP1

DPTR, £fKEY_START
GO_GO

MOV DPTR, £00H
GO_GO: '
MOV SP,£09H
H MOV 07H, £00
MOV 08H,DPL
MOV 09H,DPH
OUTISR:
SETB EA
RETI
OUTISRX:

SETB EA
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00B2
00B4

00B5
00BS
00BS8
00BA
OOBB
O00OBD
00Co
00C2

Cross-Assembler

asm

00C5
00C5
00C?7
0oc?7

00CA
00CA
00CD
OOCF

OOCF
00D2
00D5
00D7

00D9
ooDcC
OODF
O00OE1l

OOE3
OOE6
OOE9
OOEB

OOED
O0FO
OOF3
O0F5

OOF7
OOFA
OOFD

D003
32

120218
7430
2B
F542
1201E5
7401
120299

7B01

12015C

43800F
E580

20A007
30AO0FD
7B01
80EE

20A107
30A1FD
7B02
80E4

20A207
30A2FD
7B03
80DA

20A307
30A3FD
7B04
80DO

20A606
30A6FD
020107

104
105
106
107
108
109
110
111
112
113
114
115
116
117

(1.3)

118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
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POP 03

RETI

KEY_STARTI:

CALL IN_MEM
MOV A, £30H

ADD

A,R3

MOV 42H,A
CALL SCAN

MOV

A,fl

CALL DELAY_SEC

KEY_START:
MOV
SENDXX:

(C) 1987, 1989 Binary Technology

R3,f1

KEY1TO4:
ORL PO,£00001111B
MOV A,PO
NSY:
Ki: JB P2.0,K2
Ki1i: JNB P2.0,K11
MOV R3,f1
JMP SENDXX
K2: JB P2.1,K3
K22: JNB P2.1,K22
MOV R3,£2
JMP SENDXX
K3: JB P2.2,K4
K33: JNB P2.2,K33
MOV R3,£3
JMP SENDXX
K4: JB P2.3,KSCAN
K44: JNB P2.3,K44
MOV R3,£4
JMP SENDXX
KSCAN: JB P2.6,KMMM

KSCAN1: JNB
JMP

P2.6,KSCAN1
FUNCTION_SCAN

: CHEC

;CHEC
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0100
0100

0lo02
0102
0104

0107

0107
010A
010D
0110
0112

0115
0118
011A

8051 Cross-Assembler

. nop7.asm
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011cC
011E
0121
0124
0127
012A
012D

0130

0130
0132
0135
0137
013A
013A
013C
013F
0141

0144
0144
0146
0149
014B
014E
014E
0150
0153
0155

80C8

D2AA
02018C

9002D1
120218
1201E5
74FF

120284

7572AA
D2AF
D2AA

AC70

BC0403
02014E
BC0303
020144
BC0203
02013A

7B01
12015C
E573
120299

7B02
12015C
E573
120299

7B03
12015C
E573
120299

7B04
12015C
E573
120299

156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171

172

173

174

175
176

(1.3)

177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198

199

200

201

202

203

204

205
206
207
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JMP KEY1TO4

EXIT_KEY_START:

SETB EX1
JMP STARTX

FUNCTION_SCAN:

NCHH3 :

NCHH2:

CCH1:

CCH2:

CCH3:

CCH4:

MOV DPTR, £STSCAN
CALL IN_MEM

CALL SCAN

MOV A, £0FFH

CALL DELAY_MS

MOV 72H, £0AAH
SETB EA
SETB EX1

(C) 1987, 1989 Binary Technology

MOV R4,70H

CIJNE R4,f4 ,NCHH3
JMP CCH4

CINE R4,£3,NCHH2
JMP CCH3

CINE R4,£2,CCH1
JMP CCH2

MOV R3,f1

CALL SEND_CONTROL
MOV A, 73H

CALL DELAY_SEC

MOV R3,£2
CALL SEND_CONTROL
MOV A,73H

CALL DELAY_SEC

MOV R3,£3
CALL SEND_CONTROL
MOV A,73H

CALL DELAY_SEC

MOV R3,£4

CALL SEND_CONTROL
MOV A,73H

CALL DELAY_SEC
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0158 80D6 208 JMP CCH1
015A 8OFE 209 JMP $
210
211
} 212
| 015C 213 SEND_CONTROL:
214
015C 8B70 215 MOV 70H,R3 ; SEND CONTROL
i OlSE 12025D 216 CALL INIT
| 0161 9002B1 217 MOV DPTR, £CH_ON
! 0164 120218 218 CALL IN_MEM
0167 E570 219 MOV A,70H
; 0169 2430 220 ADD A,f30H
016B F542 221 MOV 42H,A
, 222
E 016D 1201ES 223 CALL SCAN ; SHOW MOINTOR
224 jm—————
} 0170 74FF 225 MOV A, fOFFH
. 0172 1570 226 DEC 70H
3 0174 5570 227 ANL A,70H
¢ 228
1 0176 FF 229 MOV R7,A
: 0177 5403 230 ANL A,f00000011B
1 0179 F4 231 CPL A
!} 017A 5307FC 232 ANL O7H,f11111100B
| 017D 4F 233 ORL A,R7
i 234
{ O17E 33 235 RLC A

80?1 Cross-Assembler (1.3) (C) 1987, 1989 Binary Technology
nop7.asm

017F 33 236 RLC A
E 0180 33 237 RLC A
i 0181 33 238 RLC A
! 239
! 0182 F580 240 MOV PO,A
! 0184 C286 241 CLR PO.6
0186 0570 242 ’ INC 70H
0188 22 243 RET
i 244
' 245
246
; 247
0189 248 START:
0189 757301 249 MOV 73H,f1 ; DELAY
i 018C 250 STARTX:
; 018C 757100 251 MOV 71H,£0
| 018F 757200 252 MOV 72H, £0
{ 0192 7580FF 253 MOV PO, fOFFH
| 0195 75BOFF 254 MOV P3,fO0FFH
0198 75A0FF 255 MOV P2, fOFFH ;SET "1
019B 12025D 256 CALL INIT ;INIT L
257
019E 75A884 258 MOV IE,f84H ; ENABLE

01Al1 D2AA 259 SETB EX1



01A3

AR - Tl

. bias
:+ 01A5
01AS8
01AA

1 01AC
; 01AC
01AD

, O1AF
. 01AF
01B1
01B3
01B6
| 01B8

‘ 01BB
| 01BB
| o1BD
01BF
j 01C2
I
| 01c4
, 01C4
01Cé6
! 01C8
» 01CB

| .01CD
| 01CE
! 01p1

8051 Cross-Assembler

nop7.asm
]

i 01D3
. 01D3
' 01D6
| 01D9

01D9
| o1p9

§

' 01DC
{ O1DE
F 01DF

0l1lEl
! 01E4
. 01ES5
E 01E5
0lE?7

i
E

|
|

1
1
]

C28A

12025D
E580
7B01

13
500C

COEO
7401
1201D3
DOEO
0201C4

COEO
7400
1201D3
DOEO

COEO
7401
120299
DOEO

0B
BBO5DB
80D2

B40103
0201D9

120218

7430
2B
F542

1201E5
22

co83
co82

260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
(1.3)

295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
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CLR IT1

DEMO: :
CALL INIT
MOV A,PO

MOV R3,f1

START_ CHECK:
RRC A
JNC SET

RESETY:
PUSH ACC
MOV A,f1
CALL SHOW
POP ACC
JMP END_CHECK

SET:
PUSH ACC
MOV A,f0
CALL SHOW
POP ACC

END_CHECK:
PUSH ACC
MOV A, f1
CALL DELAY_SEC
POP ACC

INC R3
CJINE R3, £5,START_CHECK
JMP DEMO

(C) 1987, 1989 Binary Technology

SHOW:
CJIJNE A,£1,NO_READY
JMP READYX
NO_READY:
READYX:
CALL IN_MEM

MOV A, £30H
ADD A,R3
MOV 42H,A

CALL SCAN
RET

SCAN:
PUSH DPH
PUSH DPL

;LOAD D
;1 CHECK
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Cooo
7480
120225

01E9
O1lEB
O01ED

B I —

75F008
7840

01FO
01F3
O01F5
O1F5 E6

0lF6 120235
01F9 o8

O1lFA D5FOF8

e .

O1FD
O1FF

74CO
120225
0202 75F008
0205 7848
0207 7400
0209 E6
020A 120235
020D 08
020E DS5FOF6
0211 DOOO
0213 D082
0215 D083
0217 22

0218

7A10
7840

0218
021A

Dl T . Sy AT — T  m—a el s

021C 7400
021E 93
021F Fe6
0220 A3
0221 o8
0222 DAFS8

0224 22
8051 Cross-Assembler
nop7.asm

0225

0225 COEO
0227 75BOF8
022A DOEO
022C F590
022E 120245
0231 120253
0234 22
0235

j
?
|
|
E

NI e @ o o bt GO w5

312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
(1.3)

354
355
356
357
358
359
360
361
362
363
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L1:

LX:

IN_MEM:

IN1:

PUSH 00
MOV A, £80H
CALL BLOCK2

MOV B,f£8
MOV RO, £40H

MOV A, @RO
CALL WRITE
INC RO
DJNZ B,L1

MOV A, f£OCOH
CALL BLOCK2

MOV B,£8
MOV RO, £48H
MOV A, £0
MOV A,@RO
CALL WRITE
INC RO

DINZ B,LX

POP 00
POP DPL
POP DPH
RET

MoV
MoV

R2,£16
RO, £40H

MOV A,fO

MOVC A,@A+DPTR
MOV @RO,A

INC DPTR

INC RO

DJINZ R2,IN1

RET

(C) 1987, 1989 Binary Technology

BLOCK2:

WRITE:

PUSH AcCC

MOV P3,£COMMANDS
POP ACC

MOV P1,A

CALL EPLUSE
CALL WAITBF

RET
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0235
{ 0237

023A

023C
| O023E
. 0241
i 0244
3

Eat

0245
E 0247

0249
024B
024E
0250
0252

0253
0253
0255
0257
025A
025C

ln o e 7

025D
025D

0260
} 0263
0265

g 0267
0262
026C

026E
' 0271
0273

i 0275
0278
0272

027C
027F
0281
0283

[ -

8051 Cross-Assembler

ndp7.asm

COEO
75BOF9
DOEO
F590
120245
120253
22

D2B2
COEO
7401
120284
C2B2
DOEO
22

COEO
7404
120284
DOEO
22

75BOF8

759038
5145
5153

75900F
5145
5153

759006
5145
5153

759001
5145
5153

759080
5145
5153
22

364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
(1.3)

413
414
415
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PUSH ACC
MOV P3, £WRD
POP ACC
MOV P1,A
CALL EPLUSE
CALL WAITBF
RET

EPLUSE: SETB P3.2
PUSH ACC
MOV A,f01
CALL DELAY_MS
CLR P3.2
POP ACC
RET

WAITBF:
PUSH ACC
MOV A,f4
CALL DELAY_MS
POP ACC
RET

INIT:
MOV P3, £COMMANDS

MOV P1,£38H
CALL EPLUSE
CALL WAITBF

MOV P1,£0FH
CALIL EPLUSE
CALL WAITBF

MOV P1,f£6
CALL EPLUSE
CALL WAITBF

MOV P1,f1
CALL EPLUSE
CALL WAITBF

MOV P1,£80H
CALL EPLUSE
CALL WAITBF
RET

(C) 1987, 1989 Binary Technology

; PROGRAM DELAY TIME
;USED REGISTER A

;SUB DELAY_SEC AND DELAY_MS

;DISPLAY 5%7

LRI,

S RO SR A TR
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0284
0284
0286
0288
028B
028B
028E
0291

0294
0296
0298

0299
0299
029B
029D
029F
029F
02A1
02A3
02A5
02A7
02A9
02AC
02AE
02BO

02B1
02B5
02B9
02BD
02C1
02C5
02C9
02CD
02D1
02D5
02D9
02DD
02E1
02E5
02E9
02ED

COEO
COFO
75F000

D5FOFD
D5FOFD
D5EOQOF7

DOFO
DOEO
22

COEO
COFO
F5F0

74FA
5184
5184
5184
5184
D5FOF3
DOFO
DOEO
22

43485820
2020204D
4F4E4954
4F522020
44454C41
59205449
4D453035
20202020
20205343
414E2052
45414459
20202020
20205343
414FE2053
544F5020
20202020

0000=

416

417

418

419

420

421

422

423

424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446

447

448

449

450
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: PROGRAM BY RATCHATAPAK PATTWONG. KMIT

DELAY_MS:
PUSH ACC
PUSH B
MOV B,fO0

DJINZ B, $
DJNZ B,$
DJNZ ACC,DD

POP B
POP ACC
RET

DELAY_SEC:
PUSH ACC
PUSH B
MOV B,A

DDD:
MOV A,£250
CALL DELAY_MS
CALL DELAY_MS
CALL DELAY_MS
CALL DELAY_MS
DJINZ B,DDD
POP B
POP ACC
RET

CH_ON: DB "CHX

TSET: DB "DELAY TIMEOS

STSCAN: DB " SCAN READY

SOSCAN: DB " SCAN STOP

END

;500 uS AT 12
500 usS AT 12

7250 mS
;500 mS
7750 mS
71000 mS

MONITOR "

o,

iy o

AR N A -
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Features

e dompaﬂble with MCS-51™ Products

® 4 Kbytes of In-System Reprogrammable Flash Memory
Endurance: 1,000 Write/Erase Cycles

Futly Static Operation: 0 Hz to-24 MHz

Three-Level Program Memory Lock

128 x §-Bit Internal RAM

32 Programmable VO Lines

Two 16-Bit Tlmer/Counters .

Six Interrupt Sources 8-Bit

Programmable Serlal Channel

t:ow Power Idle and Power Down Modes Microcontrouer
Description with 4 Kbytes

The% AT89C51 is a low-power, high-performance CMOS 8-bit microcomputer with 4
Kbytes of Flash Programmable and Erasable Read Only Memory (PEROM). The Flash
device is manufactured using Atmel’s high density nonvolatile memory technology
andlis compatible with the industry standard MCS-51™ instruction set and pinout.
The on-chip Flash allows the program memory to be reprogrammed in-system or by

a cgnventional nonvolatile memory programmer. By combining a versatile 8-bit CPU
wit Flash on a monolithic chip, the Atmel AT89C51 is a powerful microcomputer AT89C51

which provides a highly flexible and cost effective solution to many embedded control

.
applications.
| (continued)
- - -
Pin Configurations PDIP/Cerdip
i .—\J——
'F P1.0c]1 s pvee
P11} 2 3g p ro.o (ADO)
i Pr.20d 3 ss b Po.1 (AD1)
P1.3]a 37 b Po.2 (AD2)
P1.4C]5 36 17 P0.3 (AD3)
P1.6C]6 35 P Po.4 (AD4)
P1.6047 34 |1 PO.5 (ADS)
P1.7C]8 33 |1 P0.6 (ADS)
: RSTL} O 32 1 R0.7 (AD7)
(RXD) Pa.oc] 10 31 ) EXIVPP
PQFPﬂQiK‘A (TXD) P3.10] 11 30 1 ALE/PROG
: gguam (INTO) P3.2C] 12 29 {1 FSER
<CC<C< (TNTT) P3.3 ] 13 28 |3 P2.7 (A15)
fnoex hedndhed (To) Pa.4aC]14 273 P2.8 (A14)
CORNER ".".“!".‘-’.08‘3.*.“." {T1) P3.5(] 15 26 g P2.5 (A13)
J TrLiTTzseges (WR) P3.e ] 16 26 [3 P2.4 {A12)
(RD) Pa.7d 17 24 P2.3 (A11)
44, 42, 40__38_36__34 XTAL2 (] 18 235 P2.2 (A10)
§ 45*%41%%36% %55 XTAL1 ] 10 221 p2.1 (A@)
P1.5 3 1 93 [1P0.4 (AD4) aNo d 20 21 B rz.o (as)
i Pregae 32 [ P0.6 (ADS)
, Prrcls 31 [1P0.8 (ADSG)
RST 4 20 (O PO.7 (ADT)
(r%D0) P30l s 29 (YEA/vPP
H NC 6 28 DONC
(TXD) P3.AC] 7 27 [JALE/PROG
(TNTO) P3.2 8 28
(/RYT) P33 40 25 1P2.7 (A15)
(Jo) P3.4 3 10 24 FIP2.6 (A14)
(T1) Pa.s . 11 23 br2.5 (A18)
i 12341516 718" %202 122
I P0.4 (AD4)
{ ers-gpo-anse 1 Po.5 (ADS)
ooz ZZanonN [OPO0.8 (ADS)
i a.n.;:oc:n.a.a.n.n. . :2—9:7 (AD7)
PN D EAVPP
i EE LLi%%e =
=== 1 ALE/PROG
[ FEEN
! " D P2.7 (A15)
. sz‘s (A14)
17 P2.5 3
81920212229 25, ‘ (A13)
niseg
o~
i LT Y
I XX —Zano
o PO -N
€ - -
gf‘- 2223 0265E
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Description (Continued)

The AT89C51 provides the following standard features: 4
Kbytes of Flash, 128 bytes of RAM, 32 /O lines, two 16-bit
timer/counters, a five vector two-level interrupt architec-
ture, a full duplex serial port, on-chip oscillator and clock
circuitry. In addition, the AT89C51 is designed with static
logic for operation down to zero frequency and supports
two software selectable power saving modes. The Idle
Modé stops the CPU while allowing the RAM, timer/count-
ers, serial port and interrupt system to continue function-
ing. The Power Down Mode saves the RAM contents but
freezes the oscillator disabling all other chip functions until
the néxt hardware reset.

Pin Description

Vee |

Supply voltage.

GND

Ground.

PortQ

Port 0 is an 8-bit open drain bidirectional I/O port. As an
output port each pin can sink eight TTL inputs. When 1s
are written to port 0 pins, the pins can be used as high-im-
peda'hce inputs.

Port 0 may also be configured to be the multiplexed low-
ordef address/data bus during accesses to external pro-
granmt and data memory. In this mode PO has internal pul-
lups.;

Port 0 also receives the code bytes during Flash program-
ming, and outputs the code bytes during program verifica-
tion. External pullups are required during program verifica-
tion. s

Port {

Port 1 is an 8-bit bidirectional I/O port with internal pullups.
The Port 1 output buffers can sink/source four TTL inputs.
When 1s are written to Port 1 pins they are pulled high by
the intemal pullups and can be used as inputs. As inputs,
Port 1 pins that are extemally being pulled low will source
current (i) because of the internal pullups.

Port’1 also receives the low-order address bytes during
Flash programming and program verification.

Port®

Port 2 is an 8-bit bidirectional I/O port with internal pullups.
The Port 2 output buffers can sink/source four TTL inputs.
Whe‘n 1s are written to Port 2 pins they are pulled high by
the mtemal pullups and can be used as inputs. As inputs,
Port 2 pins that are extemally being pulled low will source
current (L) because of the internal pullups.

Port 2 emits the high-order address byte during fetches
from extemal program memory and during accesses to
external data memory that use 16-bit addresses (MOVX

@ DPTR). In this application it uses strong intemal pullups
when emitting 1s. During accesses to external data mem-
ory that use 8-bit addresses (MOVX @ Rl), Port 2 emits
the contents of the P2 Special Function Register.

Port 2 also receives the high-order address bits and some
control signals during Flash programming and verification.
Port 3

Port 3 is an 8-bit bidirectional /O port with internal pullups.
The Port 3 output buffers can sink/source four TTL inputs.
When 1s are written to Port 3 pins they are pulled high by
the intemal pullups and can be used as inputs. As inputs,
Port 3 pins that are extemally being pulled low will source
current (IiL) because of the pullups.

Port 3 also serves the functions of various special features
of the ATB9C51 as listed below:

Port Pin | Alternate Functions

P3.0 RXD (serial input port)

P3.1 TXD (serial output port)

P3.2 INTO (extenal interrupt 0)

P3.3 INT1 (extenal interrupt 1)

P3.4 TO (timer 0 extenal input)

P3.5 T1 (timer 1 external input)

P3.6 WR (extenal data memory write strobe)
P3.7 RD (extemal data memory read strobe)

Port 3 also receives some control signals for Flash pro-
gramming and programming verification.
RST

Reset input. A high on this pin for two machine cycles
while the oscillator is running resets the device.
ALE/PROG

Address Latch Enable output pulse for latching the low
byte of the address during accesses to external memory.
This pin is also the program pulse input (PROG) during
Flash programming.

In normal operation ALE is emitted at a constant rate of
1/6 the oscillator frequency, and may be used for extemal
timing or clocking purposes. Note, however, that one ALE
pulse is skipped during each access to external Data
Memory.

If desired, ALE operation can be disabled by setting bit 0
of SFR location 8EH. With the bit set, ALE is active only
during a MOVX or MOVC instruction. Otherwise, the pin is
weakly pulled high. Setting the ALE-disable bit has no ef-
fect if the microcrontroller is in external execution mode.
PSEN

Program Store Enable is the read strobe to external pro-
gram memory.

(continued)
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Pin Description (Continued)

When the AT89C51 is executing code from extemal pro-
gram memory, PSEN is activated twice each machine cy-

cle, exéept that two PSEN activations are skipped during
each agcess to external data memory.

EA/Vpp

External Access Enabie. EA must be strapped to GND in
order to enable the device to fetch code from extemal pro-
gram memory locations starting at 0000H up to FFFFH.
Note, However, that if lock bit 1 is programmed, EA will be
internally latched on reset.

EA shq‘uld be strapped to Vg for internal program execu-
tions. :

This pin also receives the 12-volt programming enable
voltage (Vep) during Flash programming, for parts that re-

quire 12-voit Vpp.

XTAL1j

Input to the inverting oscillator amplifier and input to the
internal &lock operating circuit.

XT. AL25
Output from the inverting oscillator amplifier.

f
Oscillator Characteristics

XTALf and XTAL2 are the input and output, respectively,
of an lnvertmg amplifier which can be configured for use
as an on-chip oscillator, as shown in Figure 1. Either a
quartz crystal or ceramic resonator may be used. To drive
the deVice from an extermnal clock source, XTAL2 should
be left unconnected while XTAL1 is driven as shown in
Figuregz. There are no requirements on the duty cycle of
the external clock signal, since the input to the intemal
clocking circuitry is through a divide-by-two fiip-flop, but
minimum and maximum voltage high and low time specifi-
cationf must be observed.

idle Mode

In idle mode, the CPU puts itself to sleep while all the on-
chip peripherals remain active. The mode is invoked by
software. The content of the on-chip RAM and all the spe-
cial functions registers remain unchanged during this

E
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mode. The idle mode can be terminated by any enabled
interrupt or by a hardware reset.

It should be noted that when idle is terminated by a hard-
ware reset, the device normally resumes program execu-
tion, from where it left off, up to two machine cycles before
the intemnal reset algorithm takes control. On-chip hard-
Figure 1. Oscillator Connections

c2

L I
L]
?——C)L——I—— XTAL1

-I- GND

Notes: C1, C2 = 30 pF + 10 pF for Crystals .
= 40 pF % 10 pF for Ceramic Resonators

XTAL2

Figure 2. Extemal Clock Drive Gonfiguration

NC ————— XTAL2
EXTERNAL
OSCILLATOR XTAL1
SIGNAL

Statfus of External Pins During Idle and Power Down

Mode Program Memory ALE PSEN PORTO PORT1 PORT2 PORT3
Idie} Intemal 1 1 Data Data Data Data
Idle Extemal 1 1 Float Data Address  Data
Pow'er Down | Internal 0 0 Data Data Data Data
Power Down External 0 0 Float Data Data Data

4 AT89C51 memssssssesssase———————
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ware [nhibits access to intemal RAM in this event, but ac-
cess to the port pins is not inhibited. To eliminate the pos-
sibility of an unexpected write to a port pin when Idie is
termmated by reset, the instruction following the one that
mvokes Idle should not be one that writes to a port pin or
to extemal memory.

Powgr Down Mode

In the power down mode the oscillator is stopped, and the
mstructnon that invokes power down is the last instruction
executed. The on-chip RAM and Special Function Regis-
ters retain their values until the power down mode is termi-
nated. The only exit from power down is a hardware reset.
Reset redefines the SFRs but does not change the on-
chip R:L\M. The reset should not be activated before Vcc

{
Lock Bit Protection Modes

is restored to its normal operating level and must be held
active long enough to allow the oscillator to restart and
stabilize.

Program Memory Lock Bits

On the chip are three lock bits which can be left unpro-
grammed (U) or can be programmed (P) to obtain the ad-
ditional features listed in the table below:

When lock bit 1 is programmed, the logic level at the EA
pin is sampled and latched during reset. If the device is
powered up without a reset, the latch initializes to a ran-
dom value, and holds that value until reset is activated. it
is necessary that the latched value of EA be in agreement
with the current logic level at that pin in order for the device
to function properly.

Program Lock Bits
LB1 B2 1B3 Protection Type
17 U v U | No program lock features.
i MOVC instructions executed from external program memory are disabled from
2 ! P U U fetching cade bytgs from intemal memory, EA is sampled and latched on reset, and
5 further programming of the Flash is disabled.
3 P P U Same as mode 2, also verify is disabled.
4 P P P Same as mode 3, also external execution is disabled.
I
Programming the Flash

The AT89C51 is normally shipped with the on-chip Flash
memoly array in the erased state (that is, contents = FFH)
and ready to be programmed. The programming interface
accepts either a high-voltage (12-volt) or a low-voitage
(Vcc) program enable signal. The low voltage program-
ming mode provides a ¢onvenient way to program the
ATB9CS1 inside the user's system, while the high-voltage
programming mode is compatible with conventional third
party Flash or EPROM programmers.

The AT89C51 is shipped with either the high-voltage or
low-voltage programming mode enabled. The respective
top-side marking and device signature codes are listed in
the foliowlng table.

i Vpp=12V Vpp=58V

‘ ATBIC51 ATB9C51
Top-§ide Mark XXXX XXxXx-5

3 www

; (030H)=1EH (030H)=1EH
Signature {031H)=51H (031H)=51H

i (032H)=FFH (032H)=05H

i

The AT89C51 code memory array is programmed byte-
by-byte in either programming mode. To program any
non-blank byte in the on-chip Flash Memory, the entire
memory must be erased using the Chip Erase Mode.

Programming Algorithm: Before programming the
AT89C51, the address, data and control signals should be
set up according to the Flash programming mode table
and Figures 3 and 4. To program the ATB9C51, take the
foliowing steps.

1. Input the desired memory location on the address
lines.

2. Input the appropriate data byte on the data lines.

3. Activate the correct combination of control signals.

4. Raise EA/Vpp to 12 V for the high-voitage program-
ming mode.

5. Pulse ALE/PROG once to program a byte in the Flash
array or the lock bits. The byte-write cycle is self-timed and
typically takes no more than 1.5 ms. Repeat steps 1
through 5, changing the address and data for the entire
array or until the end of the object file is reached.

Data Polling: The AT89C51 features Data Polling to indi-
cate the end of a write cycle. During a write cycle, an at-

AIMEL 5
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Programming the Flash (Continued)

tempted read of the last byte written will result in the com-
plement of the written datum on PO.7. Once the write ¢y-
cle has been completed, true data are valid on all outputs,
and the next cycie may begin. Data Polling may begin any
time after a write cycle has been initiated.

ReadyIBusy The progress of byte programming can
also be monitored by the RDY/BSY output signal. P3.4 is
puﬂed low after ALE goes high during programming to in-
dlcate BUSY. P3.4 is pulled high again when program-
ming is done to indicate READY.

Prog{am Verify: It fock bits LB1 and LB2 have not been
programmed, the programmed code data can be read
back \rla the address and data lines for verification. The
lock bits cannot be verified directly. Verification of the lock
bits 45 achieved by observing that their features are en-

abled.

ChlpiErase The entire Flash array is erased electrically
by using the proper r combination of control signals and by
holdidg ALE/PROG low for 10 ms. The code array is writ-
ten with all “1"s. The chip erase operation must be exe-
cuted:g before the code memory can be re-programmed.

Flash Programming Modes

AlmE}

Reading the Signature Bytes: The signature bytes are
read by the same procedure as a normal verification of
locations 030H,

031H, and 032H, except that P3.6 and P3.7 must be
pulled to a logic low. The values returned are as follows.

{030H) = 1EH indicates manufactured by Atmel
(031H) = 51H indicates 89C51

(032H) = FFH indicates 12 V programming
(032H) = 05H indicates 5 V programming

Programming Interface

Every code byte in the Flash array can be written and the
entire array can be erased by using the appropriate com-
bination of control signals. The write operation cycle is
self-timed and once initiated, will automatically time itself
to completion.

All major programming vendors offer worldwide support
for the Atmel microcontroller series. Please contact your
local programming vendor for the appropriate software re-
vision.

§ ALE/ EA/
Moge RST  PSEN PROG Vep P26 P27 P36 P37
¥
Write Gode Data H L~ v L H H H
§
Read Code Data H L H H L L H H
Wn'L Lock  Bit-1| H L~ Hi2v  H H H H
Bit-2 | H L o~ HA2V  H H L L
Bit-3 | H L o~ HAM2V  H L H L
a
Chip Erase H L ~_, H/12v H L L L
i
3
Read Signature
Bok H L H H L L L L

Notest 1. The signature byte at location 032H designates
whether Vpp = 12V or Vpp = 5 V should be used to
enable programming.

2. Chip Erase requires a 10 ms PROG pulse.

6 AT89C51 s s————
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Figure 3} Programming the Flash Flgure 4. Verifying the Flash
E
i +5V +5V
: ATBICS? ‘—j AT89C51 -T
apDR, A0 AT b Vee aDpR, 20 AT b, Vee
OOOdiWOFFF:B | P20 - P23 PO e Sﬂi OOOOWOFFFL —» P20 - P23 PO »Fueslé %IA
—» P26 AN PP PULLUPS)
SER FLASH ——» P27 ALE [¢—— PROG . SEE FLASH —»| P27 ALE |
LHSDESM%:Q[‘S —» P36 F;,,RSDGERSA“#RQ’L‘S —>»| P36
—» P37 — P37 Vi
: r—I—'XTALZ EA [—— ViVep ~——g——— XTAL 2 EA
]
4-24 MHJ; L 4-24 MHz
3 —
] ]
E XTAL 1 RST [&—— Vy XTAL 1 RST f¢—— Vy
GND PSEN PSEN
g - .—;]_; GND PSEN —_:?L
4
FlashEProgramming and Verification Characteristics
Ta=21°C 10 27°C, Vcc = 5.0+ 10%
Symbol  Parameter Min Max ) Unlts
vep(Vj Programming Enable Voltage 11.5 12.5 '
ippM Programming Enable Current 1.0 mA
1/tCLc,r. Oscillator Frequency 4 24 MHz
tavaL Address Setup to PROG Low 48tcLcL
teHax] | Address Hold After PROG 48tcLoL
toveL Data Setup to PROG Low 4BtcLcL
t(aHDXE Data Hold After PROG 48tcLcL
tensn| . | P2.7 (ENABLE) High to Vep " astCLCL
tSHGL | Vpp Setup to PROG Low 10 ps
tansy” | Vep Hold After PROG 10 us
tGLGH PROG Width 1 110 ys
tavay, Address to Data Valid 48tCLCL
teLav !} ENABLE Low to Data Valid 48tcLCL
temav' | Data Float After ENABLE 0 48toicL
| tGHBL! PROG High to BUSY Low 1.0 us
twc ) Byte Write Cycle Time 2.0 ms
Note: 1. Only used in 12-volt programming mode.

s i g
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Flash Programming and Verification Waveforms - High Voltage Mode

PO - P17 PROGRAMMING VERIFICATION
P2.0i - P2.3 ADDRESS j——‘j ADDRESS
| ' +— tavav
I%ORT 0 DATA IN DATA OUT
*toval  torpx (¢
E tavaL > taHax
ALE/PROG N ’
, S
tsHaL et o ——* taHsL
i_ A Ve 1 OGIC 1
EAVee LoGIco_________ ]
‘_~—-
P2.7 e av -
(ENABLE)
E tareL —*
P3.4
(RI:?Y/BSY) BUSY READY
] twe

i

]

|
E

Flash Programming and Verification Waveforms - Low Voltage Mode

AT TN, % AU R T e

H PROGRAMMING VERIFICATION
P1.0}- P1.7 -
i +— tavav
RORT 0 ¢ DATA IN DATA OUT p———
. tovar  toHox (¢
) tyveL & — toHax
ALE/PROG ’
3 t »
! shaL —taLan—]
" LOGIC 1
EANy o 4 ko@icol
' [ t
P27 e taav — e
(ENABLE)
, taHeL
P34
(RDY/BSY) BUSY READY
| twe
i
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Absolute Maximum Ratings*

* - -
D.C. Characteristics
Ta= -40°C to 85°C, Vcc = 5.0 V + 20% (unless otherwise noted)

L \ . *NOTICE: Stresses beyond those listed under “Absolute Maxi-
Op%ratlng Temperature ................... '55 C to +125 C mum Raﬁngs" may cause penvnanem damage to the device.

. _aRo o This is a stress rating only and functional operation of the
Stopage Temperature............ccccuu.. 65°C to +150°C device at these or any other conditions beyond those indi-
Voliage on Any Pin cated in the operational sections of this specification is not

: . implied. Exposure to absolute maximum rating conditions

with Respect to Ground .........ccccen. 10Vto+7.0V for extended periods may affect device reliabilty.
Ma)?(imum Operating VORage .........cocceeivecinininns 66V

4
DC Output Current...........cccviviinienicsniennns 15.0 mA

i

¥
Symbol Parameter Condition Min Max Units
Vi ! input Low Voltage (Except EA) 0.5 0.2 Vce-0.1 Y
Vi | Input Low Voltage (EA) -0.5 0.2 Vcc-0.3 v
VIH Input High Voltage (Except XTAL1, RST) 0.2 Vceo+0.9 Vgo+0.5 v
ViH input High Voltage (XTAL1, RST) 0.7 Vco Vce+0.5 \
Output Low Voltage!" _
VoL ' (Ports 1,2,3) loL=1.6 mA 0.45 \YJ
Output Low Voitage'" _
Vot l (Port 0, ALE, PSEN) loL=3.2mA 0.45 \Y
| . lon=-60 pA, Vec =5V + 10% 24 v
Output High Voltage
Vou | (Ports 12,3, ALE, PSEN) ~ lon=-26pA 0.75 Vo v
loH=-10 pA 0.9 Vco Vv
L loH = -800 pA, Vec =5V x 10% 2.4 Vv
Vor ' Output High Votiage lon = 500 LA 575V, v
1 (Port 0 in External Bus Mode) OH= BA /9 VCC
: lon = -80 yA 0.9Vce Vv
j -
H Logical 0 input Current _
o (Ports 12.8) ViN=0.45V 50 pA
, Logical 1 to 0 Transition _ .
. Current (Ports 1,2,3) Vin=2V 650 HA
| Input Leakage Current
o (Port 0; EA) 0.45 <Vin< Ve +10 pA
RRST Reset Pulldown Resistor 50 300 KQ
Co ' Pin Capacitance Test Freq. = 1 MHz, Ta = 25°C 10 pF
Active Mode, 12 MHz 20 mA
Power Supply Current Idle Mode, 12 MHz 5 mA
icc H -
Vec=6V 100 pA
p (2
i ower Down Mode Voo =3V 20 uA

Notes: 1. Under steady state (non-transient) conditions, lot.
must be externally limited as follows:
, Maximum lov per port pin:10 mA
| Maximum lo per 8-bit port:
B Port 0:26 mA
i Ports 1,2, 3115 mA

Maximum total IOL for all output pins:71 mA
If I0L exceeds the test condition, VOL may exceed the
related specification. Pins are not guaranteed to sink
current greater than the listed test conditions.

2. Minimum VCC for Power Down is 2 V.

L m 9
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A.C. Characteristics

(Unde; Operating Conditions; Load Capacitance for Port 0, ALE/PROG, and PSEN = 100 pF; Load Capacitance for all
other joutputs = 80 pF)

i
Extérnal Program and Data Memory Characteristics

] 12 MHz Oscillator 16 to 24 MHz Osclllator
Symbol Parameter Min Max Min Max Units
1/tcicL | Oscillator Frequency 0 24 MHz
tHi | ALE Pulse Width 127 2tcLcL-40 ns
tavil | Address Valid to ALE Low 28 tCLCL-13 ns
tax . | Address Hold After ALE Low 48 tCLCL-20 ns
tu_M' ALE Low to Valid Instruction In 233 4tCLCL-65 ns
tpp | ALE Low to PSEN Low 43 toLcL-13 ns
trLPH | PSEN Pulse Width 205 3toLoL-20 ns
tPLI PSEN Low to Valid Instruction In 145 3tcLcL-45 ns
tpxix Input Instruction Hold After PSEN 0 0 ns
trxi Input Instruction Float After PSEN 59 tcLcL-10 ns
tbxav | PSEN to Address Valid 75 tcLcL-8 ns
taviv Address to Valid Instruction In 312 5tcLoL-55 ns
trLaz | PSEN Low to Address Float 10 10 ns
ttRH | RD Pulse Width 400 6tcLoL-100 ns
twLiwH | WR Pulse Width 400 6tcLcL-100 ) ns
tatov | RD Low to Valid Data In 252 5tcLcL-90 ns
tRsx | Data Hold After RD 0 0 ns
taHdz | Data Float After RD 97 2tcLoL-28 ns
ol | ALE Low to Valid Data In 517 BICLCL-150 | ns
tavdv | AddresstoValidDataln 585 QtCLCL-165 | ns
tuw. | ALE Low to RD or WR Low 200 300 3tolcL-50  BtoLoL+50 | ns
tAVV\!IL Address to RD or WR Low 203 McLcL-75 ns
thv;1x Data Valid to WR Transition 23 tcioL-20 ns
tquwH | Data Valid to WR High 433 7toLoL-120 ns
twHox | Data Hold After WR 33 tcLCL-20 ns
tRLAz | RD Low to Address Float 0 0 ns
twHlH | RD or WR High to ALE High 43 123 toLcL-20 toLoL+25 ns

10 { AT89C51 mesesss——————e———————————
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External Data Memory Cycle
I
i
I

tLHLL_’
ALE J; L /
. PSEN
— tyw —se—tywy —»
: WR b ax N
“_"tAVLL‘A tQVWX i —> tV\IHQ)(
— tavwr —»
PORT 0 _ >« A0 - A7 FROM RI OR DPL DATA OUT X A0 - A7 FROM PCL><INSTR IN
¥ e L. ————»

3

PORT 2 D P2.0 - P2.7 OR A8 - A15 FROM DPH X A8 - A15 FROM PCH

Tenox teren — - — *— tohoL

Ve - 0.5V

07 Veq .
0345\/ _7/0.2 Voo - 0.1V \u_ \L

)
!
E
Ex;temal Clock Drive Waveforms
i
|

J

| ¢ toaL

|

|

I

External Clock Drive

S);mbol Parameter Min Max Units
1cicL | Oscillator Frequency 0 24 MHz
totoL Clock Period 41.6 ns
tcHeX High Time 15 ns
tcLex Low Time 15 ns
tCLCH Rise Time 20 ns
tcHoL Fall Time 20 ns

]

12 AT89C51 s —————————
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Extfernal Program Memory Read Cycle

|
}

t
|
:
|
i
!
|
;

f

t, —*
ALE

PSEN

PORT 0

PORT 2

AT89C51

< * torpn
tAVLL - ___;‘ t|_|_p — d tLLIV
L
toLy
o fteuz —tpxay
tLLAX tPXIZ
toxx—»|  J—
> A0 - A7 ———~K INSTRIN } > ro-a1 ><

DJE—— tAVIV B

K AB- A15

X A8 - A15

Exiernal Data Memory Read Cycle

i

]

H
i

T Ty

T o e S e ver——

A T e

oA mermgr

F b —»
ALE

PSEN

PORT 0 __ > A0 - A7 FROM RI OR DPL

PORT 2

S

— Yoy

o tw —>

le— tay —»

ety ax—s [N

triaz 1

je— taran —»

triov trHpz

— trHDX

DATA IN> A0 - A7 FROM PCL INSTR IN

>

4 P2.0 - P27 OR A8 - A15 FROM DPH X

A8 - A15 FROM PCH

AImEL
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Serifal Port Timing: Shift Register Mode Test Conditions
(Vce # 5.0 V + 20%; Load Capacitance = 80 pF)

! 12 MHz Osc Variable Osciliator -
Symbol | Parameter Min  Max Min Max Units
b(LX:L Serial Port Ciock Cycle Time 1.0 12tcLoL us
tQVRH Output Data Setup to Clock Rising Edge 700 10tcLeL-133 ns
tch;x Output Data Hold After Clock Rising Edge 50 2tcLcL-33 ns
tXHDX Input Data Hold After Clock Rising Edge 0 0 ns
tXHOV Clock Rising Edge to Input Data Valid 700 10tCLCL-133 | ns

§
I
¥

Shift Register Mode Timing Waveforms
H

baxe

l!\lSTRUCTION'0[-1,213,415]6|718|

| oLocK I e Y s Y s e Y e Y e
;

t‘QVXH ) ]‘— tXHLx

0 1 2 8 X 4 X5 X6 X 7

WRITE TO SBUF
v —p ,4— t
XHDX
4—~—>‘ SETTI T

: OUTPUT DATA txrov

| LCLEARRI

, v
I INPUT DATA

fL TS

f
E

AG Testing Input/Output Waveforms®  Fioat Waveforms "’
§

i
VOQ 0.5V 02 Vcc + 00V Vv + 0.1V X\VOL_ 0.1V
; TEST POINTS VLOAD Tnmmgp ;?netf:rence
‘ 2 V.. - 0.1V ;
02 Ve - 0 Vioan Vg + 04V

Nofe: 1. AC Inputs during testing are driven at Voc - 0.5V fora
: logic 1 and 0.45 V for a logic 0. Timing measure-
ments are made at Vi min. for a logic 1 and Vi,

max. for a logic 0. from the loaded Vow/VoL level occu

Note: 1. For timing purposes, a port pin is no longer floating
when a 100 mV change from load voltage occurs.
A port pin begins to float when a 100 mv change

rS.
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Spnied Power . .
(MI;lz) Supply Ordering Code Package Operation Range
i
12 5V +20% ATB89C51-12AC 44A Commercial
ATB9C51-12JC 44y (0°C to 70°C)
i AT89C51-12PC 40P6
{ AT89C51-12QC 44Q
i AT89C51-12Al 44A Industrial
| AT89C51-12J 44 (-40°C to 85°C)
i AT89C51-12P| 40P6
; AT89C51-12Ql 44Q
AT89C51-12AA 44A Automotive
: AT89C51-12JA 44y (-40°C to 125°C)
i AT89C51-12PA 40P6
: AT89C51-12QA 44Q
‘ 5V +10% AT89C51-12DM 40D6 Military
1 AT89C51-12LM 441 (-55°C to 125°C)
X AT89C51-12DM/883 40D6 Military/883C
' AT89C51-121.M/883 44L Class B, Fully Compliant
| . (-55°C to 125°C)
16 5V +20% AT89C51-16AC 44A Commercial
i AT89C51-16JC 44J (0°C to 70°C)
p ATB9C51-16PC 40P6
f AT89C51-16QC 44Q
! ATBYC51-16Al 44A Industrial
[ AT89C51-16J! 44 (-40°C to 85°C)
AT89C51-16P] 40P6
| AT89C51-16Ql 44Q
! AT89C51-16AA 44A Automotive
‘ AT89C51-16JA 44y (-40°C to 125°C)
! AT89C51-16PA 40P6
I AT89C51-16QA 44Q
20 5V +20% AT89C51-20AC 44A Commercial
i ATB9C51-20JC 44 (0°C to 70°C)
H ATB9C51-20PC 40P6
: AT89C51-20QC 44Q
g ATB9C51-20Al 44A Industrial
| AT89C51-20JI 44J (~40°C to 85°C)
AT89C51-20Pi 40P6
] AT89C51-20QI 44Q
i
4
[
|
14 AT89C51 L EE——_—
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Ordering Information

Speed Power
(MHz) Supply Ordering Code Package Operation Range
!
24 : 5V +20% AT89C51-24AC 44A Commercial
g AT89C51-24JC 44J (0°C to 70°C)
H AT89C51-24PC 44P6
' AT89C51-24QC 44Q
| AT89C51-24Al 44A Industrial
} AT89C51-24JI 44J (-40°C to 85°C)
| ATB89C51-24PI 44P6
i AT89C51-24Ql 44Q
i
|
i
I
)
E
:'
f
]
i
|
[
i
¥
E
¥
I
i
;
|
! Package Type
44K 44 Lead, Thin Plastic Gull Wing Quad Flatpack (TQFP)
4006 40 Lead, 0.600" Wide, Non-Windowed, Ceramic Dual Inline Package (Cerdip)
g | 44 Lead, Plastic J-Leaded Chip Carrier (PLCC)
44!.;’ 44 Pad, Non-Windowed, Ceramic Leadless Chip Carrier (LCC)
40!-'{6 40 Lead, 0.600" Wids, Plastic Dual Inline Package (PDIP)

449

44 Lead, Plastic Gull Wing Quad Flatpack (PQFP)

g'
]

f

.
P
I
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SEMICONDUCTOR
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MOTOROLA
TECHNICAL DATA

Advance Information
Analog Multiplexers/

Demultiplexers
High-Performance Silicon-Gate CMOS

The MCB4/74HCA4051, MCB4/74HC4052, and MC54/74HCA053 utilize silicon-gate
CMOS technology to achieve fast propagation delays, low ON resistances, and low
OFF leakage currents. These analog multipiexers/demultiplexers control analog volt-
ages that may vary across the complete power supply range (from V¢ to VEEL

The HC4051, HC4052, and HC4053 are identical in pinout 10 the metal-gate
MC14051B, MC14052B, and MC14053B. The Channel-Select inputs determine which
one of the Analog Inputs/Outputs is to be connected, by means of an analog switch,
to the Common Gutput/Input. When the Enable pin is high, all analog switches are
turned off.

The Channe!-Select and Enable inputs are compatible with standaro CMOS out-
puts; with pullup resistors, they are compatible with LSTTL outputs,

These devices have been designed so that the ON tesistance {Rop) is more linear
over input voltage than Rgp of metal-gate CMOS analog switches.

For mulsiplexers/demultiplexers with channel select latches, see HC4351, HC4352,
and HCA4353, ~
Fast Switching and Propagation Speeds
Low Crosstalk Between Switches
Diode Protection on All Inputs/Outputs
Analog Power Supply Range \V¢¢ ~ VEg) =2.0 10 12.0 V
Digital (Control} Power Supply Range (Vo - GND)=2.0 10 6.0 V
Improved Linearity and Lower ON Resistance than Metal-Gate Counterparts
Low Noise
in Compliance with the Requirements Defined by JEDEC Standard No. 7A
Chip Complexity: HC4051-- 184 FETs or 46 Equivalent Gates

HC4052 - 168 FETs or 42 Equivalent Gates
HC4053— 156 FETs or 39 Equivalent Gates

LOGIC DIAGRAM
MC54/74HC4051
Single-Pole, 8-Position Plus Common Off

1
X1 -‘—‘G—QJ
X2 L—an
Y MULTIPLEXER! CoMMON
ANALOG DEMULTIPLEXER 3 OMMO
) - L et
wruTsioTPuTs 1 g X oureutanper
x5
x5
X
\
PYLLIN—| PIR 1€ = Vg
CHANNEL-SELECT PIN 7 = Vg
INPUTS PiN 6 = GND
c
ENABLE

MC54/74HC4051
MCb54/74HC4052
MC5b54/74HC4053

—

J SUFFIX
CERAMIC
CASE 620-09

N SUFFIX
PLASTIC
CASE 648-08

DW SUFFIX
SOiC
CASE 751G-01

ORDERING INFORMATION

MC24HCXXXXN Plastic
MCB4HCXXXXJ Ceramic
MC74HCXXXXDW SoIC

TA = -55°to 125°C for all packages.
Dimensions in Chapter 6.

PIN ASSIGNMENT
MC84/74HC4051

xgdie
X6

xg
X7

x50
ENABLEQ

FUNCTION TABLE
MC54/74HC4051

Control inputs
Select ON Channels
Enable
cC B A

L Lt Lt t X0
L Lt Lt H x1
L L H X2
L L H R X3
L H L L X4
L H L R X5
L H R L X6
L H H R X7
H X X X None

X=don't care

This documant cuntaing information on » new produsl. Specifications and information herem are subject 10 clange without notice.
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' MC54/74HCA4051°MC54/74HCA052* M C54/74HC4053

LOGIC DIAGRAM

MC54/74HC4052

Double-Pole, 4-Position

Plus Common Oft

PIN ASSIGNMENT

W Y0 G1e 1601 Voo
( XU—"“‘M 242 15pxz
X] —-—y 13
2 e xsWCH [ X s upx
n Y3(s 3hx
X3 g
maos ) | ] . ngs 12px0
INPUTSIOUTPUTS 1 OUTPUTSHNPUTS . ENABLE 16 1npx3
Y0 et
5 Ve 07 0pA
1 ————p—f
2 YSWITCH | gy 3y eno 8 ahe
Vv ] FUNCTION TABLE
10 T
CHANNEL.SELECT § & Control Inputs
weuts | g 2 Select
Enable ON Ch |
6 Ve =PIN 16 B8 |A
ENABLE 1
zi‘;jﬁll L Lii] vyo xo
L L{H[ YT x1
L H|lL| v2 x2
L HIH| vY3 x3
H XX None
X =Don't Care
MC54/74HC4053
Triple Single-Pole, Double-Position
Plus Common Off
LOGIC DIAGRAM PIN ASSIGNMENT
YiQtle 16 Yoo
( o 2] ) voq2 15y
13 X SWITCH [~-—X
X1 ——t—] ng3 14px
- e — e — -t - - 14 1B3px
2
10 —=—t—] . 05 1200
awios § 10 Y SWITCH 15y | common 07
INFUTSIOUTPUTS § v} ——tdet OUTPUTSANPUTS ENABLEQ 6 npa
—_— e e - - Ve 7 10pe
20 ~—et>—, . cxn o8 shic
3 2 SWITCH F————17
{ 11— )
FUNCTION TABLE
£ A 11 |
Control Inputs
CHANNELSELECT § ¢ 10
INPLTS Select .
YA A— Enablo ON Ch
; N Yo =PIN 18 c 8 A
NABLE Vg =PIN 7 L L L L[20 YO X0
GND = PIk & L L L H[Z20 Yo X1
L L H L[|z vi X0
L L H H[2o W1 x1
L H L L{21 Y0 X0
NOTE? This device allows independent conttol of each switch. Channel-Select Input L H L H|Zt Yo Xi
A controls the X Switch, Input B controls the Y Switch, and input C controls L H H L 2t Y1 X6
the Z Switch. ' L |H H Hp 21 X
H X X X None

MOTOROLA HIGH-SPEE
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MAXIMUM RATINGS*
Symbol Parameter Value Unit This device contains protection cir(:uhryT
4 Vce | Positive DC Supply Voltage  (Ref. to GND) ~0.510 +7.0 v to guard against damage due to high static
; {Ref. to VEE) -0.51014.0 voltages or electric fields. However,
VEe | Negative DC Supply Voltage [Ref. 1o GND) -7.0t0 +0.5 v precautions must be taken 1o avoid
Vis | Anslog Input Vohage VEe-0.510Vee+0.5 | V epplications of sny volage higher then
— maximum rated voltages to 1this high-
} Vin | Digital Input Vohage (Ref. 1o GND} -15twVee+1S v impedance circuit. For proper operation, Vi
E | DC Current Into or Out of Any Pin +25 mA and Vgyy should be constrained to the
f Pp Power Dissipation in Stifl Air mw ranges indicated in the Recommended
{ ) Plastic or Ceramic DIP% 750 Operating Conditions.
' SOIC Packagel 500 Unused digita! input pins must be tied 1o
Tsig | Storage Temperature ~651t0 +150 °C an appropriate logic voltage leve! (e.g.,
TL |Lead Temperature, 1 mm from Case for oC either GND or V(). Unused Analog 1/0
10 Seconds (Plastic DIP or SOIC Package) 260 pins may be left open or terminated. See
{Ceramic DIP) 300 Applications Information.
; *Maximum Ratings are those values beyond which damage to the device may occur.
¥ Functiona! operation should be r d 1o the Recommended Operating Conditions.
' 1Power Dissipation Temperature Derating:
Plastic ”N'"* Package: — 10 mW/°C from 65° to 85°C
Ceramic “J* Package: —10 mW/°C from 100° to 125°C
SOIC D" Package: —7 mW/°C from 65° to 85°C
1]
3
E RECOMMENDED OPERATING CONDITIONS §
Symbol Parameter Min Msax ‘| Unit
J Vee Positive DC Supply Voltage (Ref. 10 GND) | 2.0 6.0 v
{Ref. o Vggl | 20 12.0
. VEE Negative DC Supply Voltage (Ref. to GND} | -6.0 GND \Y
Vis Analog input Voltage VEE vee \4
. Vin Digital Input Vohtage (Ref. to GNDI GND vee \
4 Vio* Static or Dynamic Voltage Across Switch - 1.2 v
- TA Operating Temperature, Ali Package Types ~55 +125 °C
¢ tn Y Input Rise and Fall Time, Vee=20V 0 1000 ns '
' {Channd Select or Enable Vee=45V 0 500
! M % Inputs) Vee=60V 0 400

* For voltage drops across the switch grester than 1.2 V (switch on), excessive Vo current
may be drawn; i.e., the current out of the switch may contain both V¢ and switch
input components. The refiability of the device will be unatfacted unless the Maximum
Retings are exceeded.
- = GND, Except Where Noted

DC ELECTRICAL CHARACTERISTICS Digital Section {Voltages Referenced to GND) VE|
v Guaranteed Limit ¢
Symbol Parsmeter Test Conditions cc 25°C to Unit
. v <85°C | s125°C
-55°C
ViH | Minimum High-Leve! Input Ron = Per Spec 2.0 1.5 1.5 1.5 v
Voltage, Channel-Select or 4.5 3.15 3.15 3.15
Enable Inputs 6.0 4.2 4.2 4.2 .
i ViL | Maximum Low-Level Input Ron = Per Spec 2.0 0.3 03 03 v
! Voltage, Channel-Sefect or 45 0.9 0.9 0.9
Enable Inputs 6.0 1.2 1.2 1.2
lin Maximum Input Leskage Current, { Vin =V of GND, Vgg=-6.0V 6.0 +0.1 +1.0 +1.0 pA 3
E Channel-Select or Enable Inputs H
l lcc |Maximum Quiescent Supply Channe! Select= Ve or GND ) 3
Current {per Package) Enable = V¢ or GND g
Vig=Vcc or GND
Vig=0V Vgp=GND| 6.0 2 20 40
Vgg= -6.0| 6.0 8 80 160

NOTE: Information on typical parametric values can be found in Chapter 4.

BT TER e e——
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MC54/74HC4051MC54/74HC4052¢ M C54/74HC4053
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DC ELECTRICAL CHARACTERISTICS Analog Section

' Guaranteed Limit
Symbol P t Test Conditions Vv v Unit
: ymbo| arameter est Conditi cc EE | 25°C to stsoc | <imec | Y
H -55°C
f| Ron Maximum “ON"* Resistance Vin=VjL or Vi 4.5 0.0 190 240 280 0
Vis=Vge to VEg 45 | -45 120 150 170
15 2.0 mA (Figures 1, 2) 60 | -6.0 100 125 140
. Vin=Vit or Viy 4.5 0.0 150 180 230
: Vis=Vc¢ or Vgg (Endpoints) 45 | ~45 100 125 140 @
R 15 2.0 mA (Figures 1, 2) 6.0 ~6.0 80 100 115
8Rgn | Maximum Difference in “ON" Vin=VjL or Vi 4.5 0.0 30 35 40 Y
Resistance Batween Any Two Channels Vig=1/2 (Ve ~ VEg) 45 | -45 12 15 18
in the Same Package 15 2.0 mA 6.0 | -6.0 10 12 14
Totf Maximum Of-Channel Leakage Vin=ViL or Viy rA
Current, Any One Channel Vio=Vce ~ VeEe 60 | -6.0 0.1 0.5 1.0
Switch Of (Figure 3}
Maximum Off-Channel Leakage Vin=VjL or Vi
Current, Common Channel Vio=Vee - VEE
HC4051 | Switch Off (Figure 4) 6.0 | -6.0 0.2 2.0 4.0
HC4052 6.0 | -6.0 0.1 1.0 2.0
HC4053 60 | -6.0 0.1 1.0 2.0
lon Maximum On-Channel Leakage Vin=Vj_ or Vi A
Current, Channel to Channel Switch to Switch =V - Vgg .
HCA4051 | (Figure 5) 6.0 | -6.0 0.2 2.0 4.0 )
HC4052 6.0 | -6.0 0.1 1.0 2.0
HC4053 6.0 -6.0 0.1 1.0 2.0

?AC ELECTRICAL CHARACTERISTICS (C_ =50 pF, Input t,=t;=6 ns)

v Guaranteed Limit
Symbol Parameter cc 25°C to - Unit
v . .
—B5°C s8°C | s125°C
tPLH. [ Maximum Propagation Detay, Channel-Select to Analog Output 2.0 370 465 550 ns
1PHL {Figure 9) 45 74 93 10
6.0 79 94
1PLH. | Maximum Propagation Delay, Analog Input to Analog Output 2.0 60 75 90 ns
tPHL (Figure 10) 4.5 12 15 18
6.0 10 13 15
tpLz, | Maximum Propagation Delay, Enable 0 Analog Output 2.0 230 364 430 ns
tpPHZ {Figure 11) 45 58 73 86
6.0 49 62 73
1PzL. | Maximum Propagation Delay, Enable to Analog Output 2.0 345 435 515 ns *
tPZH {Figure 11} 4.5 69 87 103 K
6.0 §9 74 87
Cin | Maximum Input Capacitance, Channe:-Select or Enable Inputs - 10 10 10 pF
Ciyo |Maximum Capacitance Analog 170 | All Switches OHf - 35 35 35 pF
Common 0/1: HC4061 - 130 130 130
HC&052 80 80 80
HC4053 50 50 50
Feedthrough - 1.0 1.0 1.0 é’
NOTES:
[ 1. For propagation delays with loads other than 50 pF, see Chapter 4. .
2. Information on typical parametric values can be found in Chapter 4, i;
. &
Cpp |Power Dissipation Capacitance (Per Package} (Figure 13 Typical @ 25°C, Vgce5.0 V. VEg=0V
Used to determine the no-load dynamic power consumption:
Pp=Cpp Vee2t+lee Vee 45 {(HC4051} pF
For load considerations, see Chapter &, 80 {HC4052}
45 (HC4053)

*
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MC54/74HC4051»MC54/74H C4052¢ M C54/74H C4053

ADDITIONAL APPLICATION CHARACTERISTICS (GND=0.0 V)

l v v Limit%*
Y Symbol Parameter Test Condition \C/C SE 25°C Unit
I 54/74HC
BW | Maximum On-Channe! Bandwidth or fin =1 MHz Sine Wave 51 52 &3 MHz
¥ Minimum Frequency Response Adjust fi, Voltage 1o Obtain 0 dBm at Vpg
H {Figure 6} increase fir, Frequency Until dB Meter 225 | -225{ 8 9 120
E Reads ~3 dB 450 | -4.50| 8 95 120 .
! Ry =501, C_=10pF| 6.00 | -6.00( 8 95 120
4 ' ~ | ofi-Channel Feedthrough Isolation finm Sine Wave ) dB
! {Figure 7) Adjust i, Voltage to Obiain 0 dBm 81 Vjg .
fin=10kHz, R =600 0, C =50 pF| 225 | -2.25 -5
3 450 | ~4.50 -50
l 6.00 | -6.00 -50
fin=1.0MHz, R =500, C =10 pF | 225 | -2.25 ~40
i 450 | -4,50 -40
6.00 | ~6.00 -40
' - Feedthrough Noise, Channel Sefect input | Vi, <1 MHz Squere Wave mVpp
{ty=t§=6 ns)
to Common 0/1 Adjust R at Setup 50 that ig=0 A
{Figure B8) Enable = GND 225 | -2.25 P
R =6000, C =50 pF| 450 | -4.50 106
6.00 | -6.00 136
RL=10kN, C =10pF| 2.25 | -2.25 k3
45 | -4.50 145 &
6.00 | -6.00 10 .
- Crosstak Between Any Two Switches fin = Sine Wave dB ';
(Figure 12) Adjust fi, Voltage to Obtain 0 dBm st Vg *
(Test does not apply to HC4051} fin=10kHz, R =600 1, € =50 pF 225 { ~2.25 ~50 W
450 | -4.50 -5
6.00 | -6.00 -50
fin=1MHz, R| =50 0, C{ =10 pF 226 | =225 -60
450 | -4.50 -60
6.00 | -6.00 -60
THD | Total Harmonic Distortion tin=1kHz, R =10k, C| =50 pF %
(Figure 14) THD = THDMeasured ~ THDS ource .
Vig=4.0 Vpp sine wave | 2.25 | -2,25 0.10 L
Vig=8.0 Vpp sine wave | 450 | -4.50 0.08 §
Vig=11.0 Vpp sine wave | 6.00 | -6.00 0.06 4

* Limits not tested. Determined by design and verified by qualification,
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MC54/74HC4051¢ M C54/74HC4052* MC54/74H C4053

250 <
(%)
H } 7\
g 0 wl=A
& . L o
=z ./ / \ .\\125 c
2 150 — /: \
2 IV L \Jasec
E +4 | A N
Z 100 pet —< \‘
¢ —1-1 55°C
< a4 -
£ p——
0 025 D050 075 110 125 15 1715 20

Vis. INPUT VDLTAGE VOLTS). REFERENCEOD TO Vg

Figure 1a. Typical On Resistance, Vog - VEg=2.0V

128
7]
£ 2 - *
= e * o
L] — o 125°C
£ A
% €0 oy 950
g 4 = - T
z — = 4= =+
S - - 55¢°C
£ o3 = ]
-4

15

0 05 10 1.5 20 25 30 35 40 45 50 55 60
Vis. INPUT VOLTAGE (VOLTS!, REFERENCED TO Vg

Figure 1c. Typical On Resistance, Voo - VEE=6.0 V

Ron. ON RESISTANCE (OHMS)

Ron. ON RESISTANCE [DHMS)

[t T ~~.\
100 ==
B 1250¢
80 l
I ¥
R —1] 25°C
50 |
- J — i ~
40 o N B T - 55°C
20

0 05 10 15 20 25 30 35 4D 45
Vg, INPUT VOLTAGE (VOLTS}, REFERENCED TO Vg

Figure 1b. Typical On Resistance, Voc~VEE=4.5V

75
/**c
60 — = 25°¢

.—’

.‘— /+\
sl e 4-25“5-
-
30/ S P [ e S

0 10 20 30 40 50 60 70 80 80
Vig. INPUT VOLTAGE VOLTS], REFERENCED TO Vg

Figure 1d. Typical On Resistance, Vcc- VEE=8.0 V

PLOTTER
19
3
Z 6
g | d— 1~ PROGRAMMABLE
- s —t a 2% 125°C.
Y 50 gy 4 POWER <—-1 MIN] COMPUTER DC ANALYZER
- ot * SUPPLY
5 25°¢4 <
»n ] — -
& . | = ) v
A = 550 BEicE e
§ 2 UNDER TEST
= [l
it anaLoG [ D COMMON 0UY
¢ 10 20 30 40 50 60 7.0 BO 80 100 11.0 12.0 i ]'
GND= Vet

Vis. INPUT VOLTAGE IVOLTS), REFERENCED TO Vgg

Figure 1e. Typica! On Resistance, Voc~ VEE=12.0V
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I MCS4/74HC4051°MCS4/74HC4052°MC54/74HC4053
r
I
’ vee
[
!
b
i vee
Vee ANALDG 1D
i OFF
5 COMMON D1 Yoo Lo [ OFF
i . COMMON pjf
' H
' ViH —— ] g
8
Vie Y =
[ Figure 3. Maximum Off Channel Leakage Current, Figure 4. Maximum Off Channel Leakage Current,
: Any One Channel, Test Set-Up Common Channel, Test Set-Up
i
Vee
vee - Vos
16
0.1 uf
" f; d8
S v — o}
LR By coMMON o M _]_ METER
::...:{ :4}. ICL- LT
i o
IR 6 = =
1 3
1,0 f ,';x B 7
e B 8
. ’ o ‘ ¥,
1 Ve Y = ey L
o [
"y Figure 5. Maximum On Channel Leakage Current, *includes alt probe and jig capacitance.
Channel to Channel, Test Set-Up Figure 6. Maximum On-Channel Bandwidth,
Test Set-Up
v
E Yis * Vos
16 vee
0.1 4f " 16
; tin 0——’ OFF l M:TBER -T\M—— m COMMON 02 Test
Ry ANALOG 110 POINT
- R = .
' ICL L™ Lorriox ] 1)
: = — s = & A T
i r 7 = 6 - -
8 ? vee
E l S | V<1 MH; 8 1
Veey L L=%§=6ns
¢ CHANNEL SELECT Voo — e ¥ =
' Vi or Vi a— CHANNEL SELECT
N oYy 6ND
E *Includes all probe and jig capacitance. * Inctudes ali probe and jip capacitance.
E Figure 7. Off-Channel Feedthrough Isolation, Figure 8. Feedthrough Noise, Channe! Select to
i‘ Test Set-Up Common Out, Test Set-Up
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vee
CHAKNEL SELECT 50%
GNOD
tPLH PHL
ANALOG DUT 50%
Figure 9s. Propagation Deleys,
Chennel Select to Analog Out
e
ANALOG IN 50%
GND
tPLH PHL
ANRLOG OUT
Figure 10a. Propagastion Delays,
Analog In to Analog Out
%
vee
ENABLE S0%
——a ——GhD
[ f—
i HIGK
T
ANALOG /' INEDANCE
our 10% — Vo
‘PHZ‘—"I [
5 VoW
ANALDG SR
out HiGH
IMPEDANCE

Figure 11a, Propagation Delays,
Enable to Analog Out

MOTOROLA HIGH-SPEED CMOS LoGIC
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vee

ANALOG 110

il

vee
COMMODK Oft

TEST
I POINT
c -

UL

CHANNEL SELECT

*Includes all probe and Jig capacitance.

L eg—

Figure 8b. Propagation Delay, Test Set-Up Channel

Select to Anslog Out

~ 16
' l I l .ANAL(]G 110

@ u >

*includes olf probe and jig capecitance.

vee

o
o
=
=
=]
=
(=]
=
pr

Figure 10b. Propagation Delay, Test Set-Up

Analog In to Analog Out

POSITION 1 WHEN TESTING tpHz AND 1pzy e
QDSITION 2 WHEN TESTING 1p7 AND tpzL

|

|

| 16
ANALOG

Voo

O 6

vee ¢
L

‘: 1 kR

TEST

ON/OFF
0] i

o1
l l I l ENABLE

~ o

POINT

I

Figure 11b. Propagation Delay, Test Set-Up

Enable to Analog Out

g

DATA




-

e,

ST

by

e
NPRASSATRAL 5

£ DT o

T

ARy

Enad i ~T81

Prcptepi

ey et

bs 2o e e

(RN R

-y

—— e E———T— T T

|
i

Vis
16
(A I
23z
i
| m L
<A
L/13 <
T 6
8

t—j—

*includes all probe and jig cepacitance.

Figure 12, Crosstalk Between Any Two Switches,

Test Set-Up
Vis vee vos
6
10 of
w o o H
Ry
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8
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*Includes all probe and jig capacitance.
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1
DISTORTION
o METER

Figure 14a. Total Harmonic Distortion, Test Set-Up

M054/74HC4051°MCS4/74HC4052°M054/74HC4053

vee
v 18 BEAL
ANALOG 110 oNC
m COMMON 01
6 Vee
7 e
8 n
ViEY =
| l | I CHANNEL SELECT
Figure 13. Power Dissipation Capacitance, Test Set-Up
0 T LI T T
w0 FUNDAMENTAL FREQUENCY
-20
.-30
-40 /
-50 .-
sol—1\ pevice| | -
o \ ¢ SoURCE |
-8 ViAAala Al - 1
Fy v
-80 + ‘ :
-100
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Figure 14b. Plot, Harmonic Distortion
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LM1558/LM1458

————

'National

~ Operational Amplifiers/Buffers
Semiconductor

LM1558/LM1458 Dual Operational Amplifier

General Description

The LM1558 and the LM1458 are general purpose ® Low-power consumption
dudl operational amplifiers. The two amplifiers .
share 3 common bias network and power supply ® B.lead TO-5 and 8-lead mini DIP

leads. Otherwise, their operation is completely . .
independent. Features include: # No latch up when input common mode range is

exceeded

® No frequency compensation required

= Short-circuit protection The LM1458 is identical to the LM1558 except

oo - that the LM 1458 has its-specifications guaranteed
® Wide common-mode and differential voltage -~ over the temperature range from 0°C 10 70°C
ranges . . . :..instead of -55°C to +126°C... . =, "

e,

Schematic and Cbnnecti@n.Diag’ra_gﬁg NS
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" F “w - = b 200

Ay . v
Note: Numbers in parentheses st pin numbers fos amplitios 8,
Metal Can Package Dual-In-Line Package
o e
] s
mrtating mrvt s —d f— ovtrv1s
. L)
"""_::,"':.l 1 wrtnting wevre
4 1 e
- " wem
e vin
100 viiw
Order Number LM1558H Order Number LM1558J Order Number LM1458N
or LM1458H . or LM1458) Sea NS Package NOBB
Ses NS Package HOSC See NS Package JOBA
3268
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Absolute Maximum Ratings

Supply Voltage LM1658 122v Output Short-Circuit Duration

Electrical Characteristics (note 3)

LM1458 218V Operating Temperature Range L M1558
Power Dissipation {Note 1) LM1558H/LM1458H 500 mw ’ LM1458
LM1458N 400 mwW Storage Temperature Range
Differential lnput Voltage . 30V Lead Temperature {Soldering, 10 sec}
Input Voltage {Note 2) , . 2158V . .. 5 -

Indefinite

-55°C 10 125°C
0°C 10 70°C
-65°C 10 150°C

Rejection Ratio

. LM1558 LM1458
PAR »
AMETER CONDITIONS WIN | TP | WAX | MIN ] TVF | WAX umn'
Input Otfset Voltage Ta=25°C,Rg< 10k 10| 6.0 10 60| mv
Input Offset Current Ta=25°C e 8o | 200 80 (200 [ na
Input Bias Current Ta=25°C N 200 | 500 200 | 500 nA
Input Resistance T,=25°C 03] 10 03| 10 Ma
Supply Current Both’ T, =25°C, Vg = 215V 3.0 5.0 30| 56| ma
Amplifiers ’
Large Signa! Voltage Gain Tar 25°C, Vg =215V . - .
Vour=$10V,R >2k2| 50 |60 | 20 {160 Vimy
_4nput Offset Voluage Rg<10kQ2 6.0 _‘7.5 mvV
tnput Otfset Current 500 300 rA
Input hi:s Current . . 15 0.8 uA
Large Signal Voltage Gain | Vg = 215V, Vo, p = 210V
,- R 22k o 25 15 Vimv
Output Voltage Swing Vs =215V, Ry = 10k 212 +1 212 v
s R =2k 10 | 213 210 v
i input Voitage Range Vg=215v 12 212 v
~
Common Mode
Rejection Ratio Rs <10k 70 %0 70 20 ¢B
Supply Voltage Rs < 10KQ 717 | s 7 | o6 8

Note 1: The marimum junction tempersture of the LMI558 i 150°C, while thet of the LM1458 is 100°C. For operating st
¢levated temperatures, devices in the TO-5 package must be dersted based on a thermal resistance of 150°C/W, junction to
smbient or 45°C/W, junclion 10 case. For the DIP the device must be derated besed on a thermat resistance of 187°C/W,
junction to ambient.

Note 2: For supply voltages less than 2 15V, the absolute maximum input voltage it equal to the supply voltage.
Note 3: These wecifications spply for Vg = 218V gnd -55°C < TA < 125°C, uniess Otharwise specitied With the LM 1458,

hoveever, sll woecifications are limitec 19 0°C < T4 < 70°C and Vg 1165V

- .
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