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ABSTRACT

This project concerns about the magnetic field display by electronics method. This project
uses magnetic field theory , Hall effect device , DC amplifier and Analog - Digital converter which
consists of sensor / multiplexer circuit . The microcontroller is used to all control system and display

unit.
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2.3 gunuaimanian ( The Earth Field )
finnedaranan 4 wing auaaier@uNImENAe g, MER1, LNNARAARNTNITURIAT
( Maxwell/lcm?) WAL WILafAanTNMAT ( Weber/metre?) Tﬂﬁ“?;
1174 = 1 WNARA|RNITINTURILNAST (2.3)
1 maan = 10000 1nd = 1 LefseniTuuns  (2.4)
1 Jaawmasn = 10 nd (25)
Apnuutassuainintanason iilaglddayaaninisdede Open University book
Understanding the Earth Sufuszilaenulasagszuing 2.5%10° B 7.5x10° Wb.m®
uanad lumisaRen i Flusesdinute Maaguiniissaud 0.025 mT T4 0.07 mTvia
0.25 mG #14 0.7mG lnefiga TL173C  SATUEiiAAe 15 VIT 3a0infl 1.5 mV/G A1 0.5 mG  ulasu
UlRITTUIN1 -0.25 mG B4 0.25 mG ( andalilfamile ) delifinisrenessiussiuraamuges

wlaensly 0.00075 mV (1.5 mVx0.5mG)
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2.4.3 mawmunaasanmasuduaia iRy

2.4.3.1 WNASUNIUAEURN

fifaduagaanlsznirrasasesivarudeaia i EAnsundeuniiludadniull

Y - P o - o 3 -1 o v %
AnuFmuRUMHA ueznslfunlasudamnissensfidulilagsn Aitlinezdnsdounesiasing
l:’ - 1 e v ‘J

A LLazaLsngateatuanlazsiaaifadaunvindulininigs .
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Tmafifessarauusaiis avflursasnianusunndunngann ) Tnewasianane asdsenau
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-y pr <l o’ £ o - ar - ] [ n; - ]

azfiauily £, Wedsuiunsiad dmilusdu v, innaden R aziluussuiifinainaauuansing

M3 E, uaz E, Fuiluusaiuineisioenistiiies

Ry Vo= E1-E2

2

(n) Masenai Ity urduanierudes

Taasnuuinresnas vieliluduwnaesnasiviies
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2.5 lalaslusigairad 8051
2.5.1 nainaunnuaziainm
e ol -2 o o Yo © v -l' 3 14 '

Wi fAruuuneiiuanmsauinddunsimvualiienisleutiredayassudnlilas
aaulnsalaefiugUnsninieuen nisiuuslssinmeasnisiindeduegiufirmunisivasasdaya da
frananllazaaulnsawefidundn (9zun 2.11) faiu naivdhdeyaanasasniauenasFandn

- - v v [ @ el -
nsdunm (Input) uazlunsdlnniudinuiedeandayafiacFend maawinn (Output)
s 2 ol 1y < o - % %

FlaRarsanfiadsnisdadiayamsluneimiazamnsnuendssinmesameimeanéithe 2 Anwoy
P -« =l' L3 ) ° - Y :’1 N e 8- v [ ¢
An wefmuuurwnu (Paraliel port) Tainisdeduauiindayanauuasenun wieddahinfesiuluae

R uay waimaynan (Serial port) Taianaslautiedeyansaariin 4 auATUSIUIY

L > DO udgonaneniyminau
- » D1 2 n nonilslud

——— D2
————% D3
> D4
————% D5
5 g 77 A 'D6
P~ 5 7 D7

Taoudnnfuseidodynmiriy
EUUNGUT IR unzifinnNoonYInISUY

8051
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a— D7
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7U¥ 2.11 (b)) wunmuanimsdedeyaangunsninisueniduaweimBunmeedstuy

= o

Fananwousiududygrnsiuau 8

2.5.2 NMULLIIUNILAS 8051

8051 flAnaiuraamemiamnsnfmunmmldsnawiuunanei Gandedoay
SFudn wai 0,1.2 uax 3 uaziumaimaunn 8 Tavamn mslfammemannsainldialudnensaes
Wudtyeyrosmien - vivangueedtyyrnsled uananimesm 0, 2 uas 3 flansmivi iy 1 7
Lildifuwaimauwnia iy s Taewain 0 aziwifidaRndnd ssudnauennsaluiin uazia

2 3 < as

dayadmiunishinsiaiuianissnausaniudeyaiauanmsaluigaiaardieanumaneiy 2 g miu

L'l
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e 3 1y uenileliananuanraduneimniiuda aunsainlduandyunusesanmidumef

1] v 4 []
Flsising ) Fesounannsafndynniacuan RD\ was WR\ inevinwiniisnuviedaumitsanuindesya
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b 4 k4 [ d”l d’ L) - - « &' Q -
mevandag Malinuneimdnrusanuau q Aldldduwefmuunduwieniyniiazautiunisiag
8051 tedlaadniudm

.- 2.5.3 lamaFunamnauesanaim 8051
anansuzirssaivaeusasiinneluneimimunees 8051 Telauanelilugi 2,120 Az
WindniinouafreadsTuRNAnuslataeiFundn Quasi-bidirectional port antumav 0 SaLie
wst LadfiAsiunuianiii Pull-up dygraetimealuwingu aanlsznevauns lugafivddvastuun D
] ¥
fluavnlinamannsausadviafnannzresdyyiuls vananiiludouasaaninnremalivae)
- - - y do v v o e cm o X o [y - N,
|anzeaanaim 0 waznain 2 asiilasafraimiwiiiadeiuadadiiGnig iencuanlfiawiywilsie
Wnriudouzemsndamelussuden lildinsminuludnrusesiauweamsaviadadeyanay
dmiuiiesauauasssioramndaluneiminiimaitnuuaniulasdass lnesanagniesdiuunas
aaulidyuneiuldisedieinsduddeyandnly dovdnfviisgeagnissinuaasgnldaanis
A vy ' . O
Jialdfinnsauaniuzaesandayynaviniu

ADOR/DATA
READ
LATCH

READ

et ‘3_]

INT.BUS =15 POX C

T
WRITE TO — A AT

LATCH

INT.BUS
WRITE TC
LATCH

Al READ
=) PIN
A. Port 0 Bit
ADDR/DATA
AEAD CONTROL - READ
LATCH INTERNAL LATCH
[y
INTBUS ¢ Pax o[ }:J'_ < IBUS
AT <
WRITE 70 ST 0 “'“'TIE LO
LATCH L
<
READ READ
PIN Pitd
C. Fort 2 Bit O. Port 2 Bt

U 2.12 Tassaknrsawsiasinneoluneimduwnienvinnaes 8051
2.5.4 nmslfauneiniluntsdunwm

nsldememidunistunndeyaasieaduiasnisdeteyaniauiu 1 aanumiinueaneiv

Tunewdudsuusn eneanimremidawmeiinwimdudygyiosevinmaestioiu vk
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drynaueesdngnaadiudasiunn@sioniif Pu-up ey Sedinalidmiu 4 2eeweim 1,2 uay 3
L e 1 ]
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grunrndudyyrasamemmariiiusednanlding duiulineaawain 0 Wi widrazlindnniminau
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unufgauny

2.5.5 m7ldanuwainiduninening
Waiinnsdetayanidaniu o Winuudariinraaeinynneiy dayatiazgnaalituman
oy TeasAnediily uasiinaiainswGamafiamimdudoygrnueniyniuinanu fakuen

-

fryryruiaziiannavasaniiuaedansison
[ v ]
dounnsdedayaniidnilu 1 eanumiu unsdifdunisirnuluusisriniewaiv 12 vite 34
o ay a ol o 9 oo s o o o ey o
wmsndamainmimdudynnoieniwmiuvganimmieu duant anzesdyoroutluasanga
v ~ v a‘ [l ’:4 10 o © ] o - 5 -l a; ]
Faafasiunui Pull-up agniehniu uwidwiunminndluusaziamiaweim 0 1 axfinafiuansi
sanll TnadygnaaiuanosBiiiuaudgauny tasannliisasununieluidensiagiues i
Y, -_ o -~ ar
Tilunnsliaunein o unsevinndeys Aadudusiaaldsosihuninieuen Pull-up dynnnsldiu
ADANGIUNY
-l < o & o . aml ' t a
anuanInanUszmavilfaafuneimBuwn/e1vinneed 8051 HWAEN1EUAIREANAN

¢ A Yy, ea s . ] -l . : . a cal &
nafdailliaadds Ae nseruAaeanfiandyeyins (Port pin) UAZN1TENUANRRANTRINTUARTANGTT
(Port latch) faazdanmléiaangili 2.12 Fannsudrannweimisasuunilazdaslissinninandlédiae
AMNQNABINNNENTY snset gy wndanaingninluseduanuareme@anaiuuy NPN w1
- a &+ o o A o ] <l o L% - & o ’s‘a L oo
Anawmeifaiunanasszuy Walnedan 1 eanllasfinaiilimrudame i lusneduddng
finsgruAraeIna NI @y ueInaimil farlddtaednsi asainuaiiuAdnd ininsudnenua
uarediinme itz 0.6 lassunu saiulunsdhiduiivanduiunisguAiainasaneeanis

wand fazlifuAssiuaedngamailudignaesauanwiiiuaia

2.5.6 ANMUCANLTHITINA TNEUNN/BYINY

faldnatoudadanaim 1,2 uaz 3 284 8051 Masun1u (@eai193uann FET) iutinfiPull-up
adryryrasliuasiidnlszann 50 K lavin GediadafiAfigann dusalinisulfeuulassziudynn
apanangellaminldednsanda udlunsdinsedrnasldinanisuldsuulasszdudygrnmundiann
AP . . v v PRIy - o 1Y =< ¥ v o v
wildiesaindanszugarinatinudamunuiilddeaunn dAaiuluntsuiiuuiaddadinisesnuuusasiu

muinTuanuiasiaunuly Tnefidtszunn 1 K lavin Sundn Speed-up resistor Taaaninszualva



tulfunnTudrunns 50-100 win uazaziinis@ansafsunuRiNIwiansiaiinnsulasusssu

dryeyrusnaadnmliiuaedngewiniu tnaldiuanlssuin 2 afanlnAa

2.5.7 adanslinuneimaunnianin
tHiaean 8051 MdudnnisfiFandn Memory mapped system nanqfAa N1seatanaviaames
vragunealsing  mnaluszin anflunsiiasieiimiaanudasurimilaing daiulunassufiung
Aﬂ' o v A 74 [ 4 [ -] o . s 3 1 o o 2 o t
et udiviredweandayaiunaim adldArdainsdudranmisaanindn asgneanuunliidusiumis
e« 4 o o - v o o . . 8 O v o < Wy,

reawaimitedrdinsdeudrdayalldimwnis micaanudniuny stuazdansiulddnluanma
gamdares 8051 azbifimdsnineaiunisinauaeanaimusitszniglea Wudds IN gidhdeyaann

Waf) viaAds OUT (dediayaaanainnaim) s

A3 N7 2. 1uaasgUutunisdedayasann1anaim

AR ANHUNAE

MOV PO,A tAnghiddames A deeantidawaiv 0
MOV P1,#00000101B | #errdiayasanlifiawain 1 lnamss

MOV P1,#05H A TaNANHANTWIRLNALLITIR AN M UIN N LA

Y

nvunAdiayaiuaaguduun

A13797 2.2 uand gulutunisdediayasanntaneiv

Ads AHUNNE
MOV AP1 dudayadunmein 1 uasinluidulily
Fageas A
MOV RO,P2 gudayaidunainwaim 2 uasi lldiu iy
Faqwas RO
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A1TNT 2.3 uansAdalinnauneaiuiin

fnda ATTHUNNE
CLR P20 Tiaanain 2 fin 0 Widudgud
SETB P2.0 ianedn 2 Om 0 WidluAwuils
CPL P12 wanugnnazaeanTeanaim 1 On 2 Wiy
an1ensedn
MOV C, P1.0 fMuAtdgnzanweim 1 1in 0 uastin iy
Fluuwdnne

u8NaNt 8051 faflgnAndefidanisdayauuniinldlagnse (Single-bit Operation) Faium
mmmﬁfaz'l‘i’ﬁﬁqmdﬂﬁq“mn’wwm'w‘ﬁuvgwmﬁvng?quumuumﬁué’ryrmmtﬁ'm'lﬁ TnsmsldAnda
SETB ieruunAniy 1 siladds CLR e lidaiiddlu 0 Ardamantisslenbnnuazinlian
arwdudeulunislddrdanelultsunsuasiéinn

prpr

A9 2.4 uansAndanseinauuuiiGauly

A AYIHUNNE

JB P2.0,<location> nagauNTHANTIL 1 1990 2 DR 0 uax nizlnm
Tuffamumuia location frRaulaiiuasa
JNB P2.0,<location> nagauN1THANTIYN 0 1aane 2 Um 0 uay nizlnm

luslamrumiia location drdauladluasa

NITARNTURTIRADLATTATBIURASR TN TNBUNWY/ 18Il Aasnsn ldgaAdalunimagay

Tnraanaiiaiaans nalbifadinirdadiaaanav lidEdaamasnaunstsenisla
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2.5.8 AnMUTUF L8 8255
= [ 4 Vo 4#‘ ° v - o o o [ k4 1

ladiuef 8255 1dFunseanuuusieinuiidunein duFunisidwdayanuumumszming
gunsnineuenivlulasaeulnsares anndeawsalunmnildidees 8255 1ur nshanunsanlas
wlasdnuzniminanureswei Wiilunnawinnidedunnldazaan esnisdedaysnaunuann

o 1 a; Al k4 k4 ] ’:/ [ n:l/ -l ] e

lulasroulnranainaunasGusuldeuminiy prmamnsoduil anda Programmable Aa #1150
Tsunsumsinauld imlilsuamadiamir b nuietnauwsuans

AnurunWlugLn 2,13 aziiuda 8255 tszneudaufanseanissniminiuuaisdauegnig
Tuudannissnuranfiadruan 4 vaen Wudiuideuseiugunsaineuanlagasstinuniadudygyiun

sz T991 PAO - PA7, PBO - PB7 uaz PCO - PC7 ngutasdtyryrnsmaniauuneaniiu 3 nquaa wain



A (PA) Wasm B (PB) uazwain C (PC) dwiuudandadihuitiuudiunatalidadn GROUP A

1 v v L 7]
CONTROL uaz GROUP B CONTROL Ammtiiuuansnnutasna g uianiianstlidanse
- -3 -5 [ o a ar < o 1 % k23 -:d:l’ ]
fuudanau 4 dunaiadeyanialu 8255 e dmiuufennisinunieinugie #iiTedn Data bus
buffer Wz read/write control logic RmtiMdenseseuinrzunigrelulnsaeulnsaaafiu 8255 1ie

fuvitaddiayaszudnwiunnseduasineadzndtynyind RD\ Uas WR\ ANN§I6il

Pin Configurarion 8 25 5

|

r::: ~ PROGRAMMABLE PERIPHERAL INTERFACE
3 res M O P I ..

,5 - Pin Names

W

D0-D7 | DATABUS(BLDIRECTIONAL) |

e T RESET | RESET INPUT

= o CHIP SELECT -

e X RDA READ INPUT

P o1 WR\ WRITE INPUT

yeny P AO- Al | PORT ADDRESS

== % PAO-PAT | PORT A

< o PBQ-PB7 | PORT B

) s PCO-PC7 | PORT C

- =

< o _

LY Block Diagram

wc

} e GROUP A PAO - PA7

5 s | orn | €7

: 785
A el N e ey

L‘——_—_r GROUP A ||
CONTROL GROUP A
roric | <€pp PCH - PAT
ey | (UPPER)

E DATA BUS
DO - D7 <s—)-! s > { ,

. <
Ssommerewsc— 3 BIT DTERNAL

An, DATABUS . GROUPS Q oo - PA3
—~—un] FORTC .
RD\A ———ﬁ; | QOWER)
GFOUPB ] :

) WRA —ﬂ‘ CONTROL i =

AO —%' m,\“ﬂ, i'_

»t Logic GROUT B ‘

Al L‘l" rORTE < > PBO - PBI
RESET —>m

CS\ —>= -~

917 2.13 ununwwuuudennaluuardunnuseslediuef 8255
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2.5.9 NMIAUUNNGULBINGTN 8255

TLssaneMeRINTeq 8255 Aa wafn A e B uaz naf C ngnﬁugmﬁfu dnudunein
uummw‘f;ﬂ?xnﬂuﬁoad’rytyﬁm 8 i 3q usisziduazunuiinradayanain Fearaazndnludndnmy
duiuwaimuuy 8 Uin uﬂnmnﬁ{l’ammmé’wﬁqLwia:ﬁmmtﬁuﬁmm']mwé{wﬁ"lmﬂﬂ'ﬁaiz atinalef
AN 8255 lddanguaainaim wantiaaniiy 2 N (Group) A Group A Ua% Group B Watlrelamily
nsfimuagLiuLNTINNIMTRINE ™ Famaasieluil

- - : <
AITNN 2.5 UAMITIEATIOEANYNIDINGTN

frycynou AUNNAE

Group A nain A 27u9u 8 i (niingeIwaiv )

wain C Aauau 4 1in (@ne 4 Tavuseanay )

Group B wai B A9y 8 Un ( Yndnzeanaiv )

waim C aauau 4 1in (1w 4 Jnaezeanai )

AR RMMRudasuasiug Suaududngyruiiunnteamaim C (PCO-PCY) éignuen
sanilungu As ngNae 4 iR (Lower nibble) a1 PCO - PC3 uasnguead 4 v (Upper nibble)

RN PC4 - PC7 Ak Group A uaz Group B 184 8255 Asiianuauiinluusiaznguiiudnuouia 12 fin

A1TT 2.6 Asrantitfinavinausesndyayuled 8255

Ay ANNUNE

D0-D7 | ngurasdnynyrnudiayates 8255 definsdewiadiu
CS\ Fryoyrnudangunsal Lﬂﬂmﬁﬁmmﬁmﬁtﬂu?:ﬁuaﬂﬁnﬁﬂ FRgiasn@suiad udaya
a1n 8255 16
RD\ &yoruuenantussiesnisgnudeyaainiaame fres 8255
WR\ Ayannuenanuzsisanislsudeyaliitiaaneiyes 8255
A0 - A1 ﬁmmﬁm?:qﬁﬁuu{iﬁ%mmm'mﬂ'lu 8255 fiaan1s
RESET | dyyoumsgmasaninaunielu 8255 iaiusiulus
PAO - PA7 | nguesftyryns 8 (du GlevnsAnsefunem A 164 8255
PBO - PB7 | nguaeddtyyini 8 1fu Wennsfiasefunaim B 184 8255

PCO - PC7 | nauyesdtyryinu 8 1y diavianissiasiaiuweiv C 184 8255




MUONBEYANDTIN  RITIBIANDIMINNITLU

o7 * urfntaslusirounu> 1=ACTIVE 0= INACTIVE
D6 TuumnITineuTes Group A
00=Tum 0 01=Tuun 1 10 =Tuum 2

D5

D4 Port A 1=8unn 0= 1a1inn

D3 Port C (Rl 1= furm  0=181inn
Group A

D2 PortC (ADMRY) 1=8uyn 0= 10K

D1 > PortB 1=8unn 0= aniym

e TMuANITINULEN Group B
Group B 0=Twumo 1=Tuum 1

e

U7 2.14 psmnsresdnluluddayaniunudmiv 8255

2.5.10 gUWLLARUNBNMUANITANIULE 8255
o L4 o ‘-1/ © o t o A oot ] °
nanvue Winaimiagiuees 8255 iwnuludnwnissing q fuirenizends uuanisinau
a ) 9
(Mode) azFusmanzdedtdieyalusimilaiiuadamesasuaunisnmnielu 8255 dayaiiasFandn
Y ] o & c:l’ =1 - -3 k%3 ] o
lusidayanauAn (Control word) Tnausiasdinvesdeyafiasiinaumunaisvyiaanusasnisiag 4 lud
1 b3 + t v v
uanalugiln 2.14 medadeyalustiassesGusiuiudaduusndeuniazlaineadiunislaiu 8255 fiedu
auaNnssaddinneluniswesdeyagi 2.15 azdiudmadeniwe mlaviawinidu
P v
waimaunniieudinvuadtdaya 1 Wiiuanineedasiuneimiu vsansdinsesdandmiunisianviny
< ° (73 . ‘." : < b v «;lld 1 k4 < v
ARaenisimuaAdaya 0 vindu etnlsinunisima i lusideyancunuiiinaatingnsies favsia
1 b
nnsinuualitia D7 Handly 1 wre dwmFuiisiuendatuunnisnieu @n D6 -D5 uaz D2) Hali

nanmaasaanluindeselu

2.5.11 MaiEiausia 8255 iU 8051
HaRANTUNUNUNTNTEY 8255 aziiuinTiandyiniuaniasadiua 2 du As A0 uaz A1 1K
Anumitassuaaasanasg Wi laiAuy 2° viawiniu 4 fauvmiie TusssAtumisaziinuninatanag

snfRsweiianainniylu 8255 Mnswselil

o™



AN 2.7 ugmaianltlunis@annaim

A A favedaames
110

oo nain A
0|1 nain B
110 wain C

1] 1 FRapaiAAN

WaRanTuAtIaduenIasdamaiisaNiLsEAUaaaNTaIIdtYtyIns RD\ uaz WR\ aziflunasenu

Anitadeudeyanndyyin DO - D7 WiniFRawefiusmuaiy Anirwealuil

A7 2.8 ugsdniililunsdeuaziuzaanainsingg

RD\ | WRV | A1 | AD ANNUUNE
0 1 | 0 | 0 |duired@sudayaliiunai A
1 0 | o | o |¥nTedwdeysainweinA
0 1| 0 | 1 | dwFeduudeyalituneiv B
1 0 0 | 1 | fwidedwdeayaainnein B
0 1 1 | 0 |dwidedaudayaliiuwaivC
1 0 | 1| 0 |FniFedudeyaanneinC
0 | 1 1| 1 | dedadoudeyalimiTaamainouan
1 o | 1| 1 | duanzilignees

aaiulasialidainasimusliuaninsazes 8255 Madatumiall agfluuanmsadatladomii

Y8ITEUL (4 10h, 11h, 12h uaz 13h Insdyqyruesmsaiiuenmileldan A0 uaz A1 tinndnds

\ 4 ar ]

Fananmiauamasa iaaiwdyaroudanglnal (Cs) ludnuanirsaisiaanis 1aligsaatinasasiy
1 2.15 &ryeyns €S\ Hazifluaniavasdanmfiradiadluianannsa A2 - A7 JAWITL 0000100xx
(Fadines xx MiRessyfisFaawmesniglu 8255 animeawide@audaya) Aniuainasasiiuaniass

yadFaawmasniely 8255 arfiAminansase luUi
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AT 2.9 UAAIFIUMLALDAIATATBINATNFN]

fuminennsa ATUMINE]
10h nam A
11h nwain B
12h nain C
13h FRawmaiauAy

o A 4 ' o ' .
adyanniAILANEY 1 Al RD\ taz WR\ iinasd@iendedniumdunyndedeniuees 8051

IMaanm inliuaninsanaimaes 8255 agfluiuiiadnuanaiuandayaeed 8051 dwmiuandtygyin

RESET 784 8255 Seaziinann iianmssgmiaiuaninenminaulndidiassausasmduryronilu

v ) 1
ananga sniumindnazldfyanumsTamBaaiuees 8051 inefiasiian 8255 saefiazannisosialilng

FT

ANRINITAUEAATATIATNNDAATHA A7 AB A5 A4 A3 A2 A1 AD

000100 XX

74HC138
AT —— - ny
AB———— ()G2A
A5———— (G528
Al IC
A3 B yop————J)cs
A2 A
A1 A1 8255
AOQ A0

gﬂ"i‘i 2.15 ununmuaainsaindygroudanduneni (CS\Y) iy 8255

Taan 1snenITia’aINUauanaTa A2-A7
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74HC138 ussmsaluninian 8255

Al———————G1
AS—C G2A 10H
As———(JG2B 1H
L — L
e 1h s
A2 A
iztutmmﬁ'm Al At
UA189 8051 AD A0
RESET RESET
WR (Owr
RO 8?2_0'
00 po 8255
D1 D1 )
D2 D2
D3 D3
D4 D4
D5 D5
06 06
o7 o7

217 2.16 WHUNINNATUAAINTEBNADITNIN 8255 (1L 8051

dauandtyoyans DO - D7 AgnnsminhlGeusalasssadndiuinges 8051 liduiu valigaeas
1 H 1 (R4
ReuLanIns@ansaTEdng 8255 uax 8051 Tugili 2.16 SeluitlanuFdnhisufusedtinngldaas

wieleTimefudunnaiadeya

2.5.12 M uuum 0 184 8255
L] ¥ L]
dle 8255 TEsumatnaualivinailulnnil asinldnefang  infiiduneauynvise
- v Ao - 7 % P o v L Ve o « o
i ldResdnsusFaoriniy nedufuasinlasnisdalusideyaauailifaaanesaunu (vald
grramIeTaalin angLlit 2.15 sznew) selazlduandliiutapuunisimuain dessansi
[ v 2
wam A, B uaz C vwididlunaimeninmiaian fansesialuil

An3197 2.10 uamsdeyanldlunimitauiuum 0

swnialin | Ardeya ANNUNE
D7 1 : sy bimswdaihulusidayaniunu
D6 uax D5 00 fuualuuanisnnauldiuwaim A duluus 0
D4 0 s A dunisievinndeys
D3 0 smslidudyanndinuuaesem C lunsie iy deya

Aualuuanamineuiiuwedn B dluluun 0
DO 0 szydmain B uniseninnieya
D1 0 Avualidudyyrading weeseiy C dunneniym daya

D2 0
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Y or mlay

ﬁwm‘luﬁ-ifagammuﬁqzﬁmm (W3a [@aw) WiiiTaawmesrauay "ﬁqmn'h’{qmmugﬂ‘i';
2.16 auifuuannd 130 uazawnTaUAAIANARIER]
MOV DPTB,#4003H ; SET THE CONTROL REGISTER ADDRESS
MOVX @DPTR,#80H ; OUTPUT THE CONTROL WORD TO 8255
ansatrednedu ilesanueaunsaiinliiiu 256 (OFFh) Asanansadiaiumiueninsaras
FAamaF ATLANTEY 8255 HUNWTAGIATAILIANTEY 8255 HuNdTAgmes-RO I usluunansdiAiees
waninsaiiayudasiiildnfunini vy uaawnsa 40000 fia 4003h fazdadlinistritalnedantinumda
dnef DPTR unudail
MOV  DPTR,#4003H ; SET THE CONTROL REGISTER ADDRESS
MOVX @DPTR,#80H ; OUTPUT THE CONTROL WORD TO 8255
memdaann 8255 Idsunstilsunsuaindreastuieyaniugiiuda fazannsaldamumefnia
uum‘lujﬁuwm'mmﬁwLﬁfadmﬂnﬁ’mﬂa'lﬁmuﬁmnw Foagaity wnsenirdedayadi 23h eanly

J L4
nanain A Andaya 410 eanlinianeiv B Ardeya 73h aanluntawain C asiiguuudAndadiail

MOV  RO,#10H ; SET UP PORT A ADDRESS
MOV  @RO,#23H ; OUTPUT DATA TO 8255
MOV  RO#11H ; SET UP PORT B ADDRESS
MOV  @RO,#41H ; OUTPUT DATA TO 8255
MOV  RO#12H ; SET UP PORT C ADDRESS
MOV  @RO,.#73H ; OUTPUT DATA TO 8255

~ L ¢ 2 < = :lz g e [ o [ ] 20 L4
natisielu wndsiaamslineivaes 8255 InanaimBunnuaziaing faetnagu seansv
waim A uaz C ihunaimiewiym dufuwein 8 huwefmaunm sauununanlugiln 2.18 Agedlusd

2 3 o

Fayanuauiazusiai

A3 2.11 usssdinivauansdnaiv A uazwain Cilunainievinm

uazwain B iluneimauym

Aumetis D7 D6 D5 D4 D3 D2 D1 DO

AR 1 0 0 0 0 0 1 0

phatsAaduiantsauAdeya, damaneiv B
MOV RO#11H ; SET UP PORT B ADDRESS
MOV  A#RO ; READ DATA FROM PORT B
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2.5.13 navinauluum 1 194 8255
e 8255 LN situaliinelulnu 1 axfiuaiinlinein A uazwaiv B eannsalieu
Funsduwmitaienindeyaludnruzi@naiuiueg 0 fisiun deausinain C azgniinliunedn
duiuntsuangniaznishinga (Handshake Signals) Wi Tmmﬁué’tgnvnm'?\;ﬁﬂuu (PCT - PC4) aLld
udandunisiasedeyantanedn A uasiduftyndingw (PC3 - PCO) azlduuianriunisinsiede
yanwuweim B nsinenludnenmdutiasnudiulfae dlafinsfinseiugunsainieen Fainazin
y

ldininlulnzreuinsanesinn dedufusiasendonisuenantnzraaniminausnidudoyio

- vy v v o Ay o o - v
Wau U ﬂqq“‘lu'ﬂ?@uluﬂ’ﬁﬁ‘u‘ﬂ‘ﬂgﬁ “?@N‘B@Haﬂqqun'\ﬁ‘mmmﬂ Lf]u[ﬂu

-
! wain A
o .
) diunsiensinm
8051 i 18ia B .
—_— { 8255 X guUnsaineuan
SYSTEM - ; dunrdunn )
=
7057 C
H - .
¢ Wumanansin

) |
N NT [ Y

1

Tud¥eynanuan A1 82H
37 2.17 uunmuAenuanednzuninaureswein 8255 mevdanisdslusidiayamauauiiian 82h

alaTudygoutiess
Janaliiiu 8255

Wudtyoyan Qﬂ nod
fawsdn | paguen

82664\

INPUT
BUFFER FULL

71171 2.18 (a) usn WS Frueunnuuananazanunianlunisiiasiaszuing 8255 fuginsainauan

alsufygouied

v o
¢ dayaliiu 8255

P dufo ’E}‘LI nIng

8255 fognsdn | paeuen

OUTPUT
BUFFER FULL

U7 2.18 (b) weunnas ddynniuananiazacumienlunisiasiaszuing 8255 Augunsninteuan



23

a1ng1li 2.18 (a) deyaargndteanangunsnineuanidrandanainen 8255 usirauiazia
mrdedayaiiu gunsnineuensevinnmsesauanizrsadudtyoyiniiuandn Aufilunisiudaya

294 8255 (WFTIFENGT Input buffer) Wi AUy iliFad Input buffer full Faliluacu

winasial il
a; L LA &
AN 2.12 uAAIENUT TR UNIIVINGS
Aaaandtyyn ANTHNHNE
Input Buffer Full
A3 dayandiiu 8255 neumihlideAwegluiies esndiy 8051 dalildau
dayaiilanivinesaes 8255 Aniudslianusoiudaysdmnlagn
e funWainiglu 8255 tiudneuda laaindity 8051 Iidudayaithiaiadu
8 o ’:’ - e v =y L } 4
uda AniiRsamnsiudeysluddaluangunsainteuenls

angufi 2.18 (b) Fayaazgndseanann 8255 Wliiugtinsalnieuen wiirlaui 8255 azddaya
ganluiiu avfeninnisdanazaesdynnueeniyiewdaliguUnsalniauenneudniideyaiianasds
aanly dynniiidadn Output buffer full uazilequnsalnauenldfudeyadayfenuda Aeazinse
TrsUldtynuno@ndumiiaiieudal 8255 nsusely

nsinauLas 8255 Wiluaa 11 wefndwilnisiinitededeya Aewei A uaz B gwnsn
aniliTnedasy i usieriu dratnelugd 2.20 Fdldtuualsiven A dunefiewinn uasnein B

Thmeinduwm Areslusdeyaniunuaziudsil

AT 2.13 naasnasnnanululuue 1

Aumiaiin D7 - D6 D5 D4 D3 D2 D1 DO

Aaaslin 1 0 1 0 0 1 1 0

nsnvuaiadsiuiazinlideyaassiasdeeaniinimein A neadryunns PAC - PA7
&tyrynns Output buffer full (OBF) Mdi&udtyunn PC7 dynyruseuivaingnsal nauen (ACK) 14
Wudtyuaou PC6 dwmiunasiudayaidinnaingdnsainauenazidinimane i B nsandycyins PBO

- PB7 andrytynns PC1 Mdifhudtycynns Input buffer full (IBF)  was w1dtygyns PC2 il idudtunynng
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alnnldayaliiiy 8255 (STB) Tugulit 2.19 MAuasaliiiufiandirireanain C woumagnidanilubuas

1 dAmFumsuenaniaznisinsadudogiu

8255

OUTPUT BUFFER FULL

ACK
PAQ - PA7

A 4

PBO - PB7

»

NIEUaN

INPUT BUFFER FULL

STB

gunsnl

917 2.19 Mafimuanaiuees 8255 uluia 1 ialinai A Wunaimdmiunag

deaandaya uazwain B uneimdmiunisiudrdeyasangunsainauan

o o N -
A9 2.14 wihiraadudyyrumelunaiv C datmualivinaluluug 1

INaLIENANITIBINTBUNNUAT MTilaniymdeya

anarRafadmMiLN1TEYIWm

Wudyoyng anachnrad mIuNIsBuwm
PCO drytunns INTR 999Waim B
PC1 &ryrynou IBF 989weiv B
PC2 Atyrynu STB\ 199Waiv B
PC3 Arununny INTR T89Wa50 A
PC4 Frytynau STB\ 999naiv A
PC5 Aryrunnu IBF 48308 A
PC6 nIBuWN/IRINNANLNG
PC7 AU R WIRNRINLNR

&ryunod INTR 129n95n B
&oyoyns OBF\ 1@enwaiv B
Arytunns ACK\ 199nain B
Aryrynd INTR 989naiv A
nsauY/ I vinnRNLNg
nsBuRnRMNNRINUNG
oyt ACK\ 79908 A

frynytu OBF\ 199nain A

2.5.14 NM1INIUINNA 2 1849 8255

dia 8255 Funtsnavualivaelulvues 2 Sanmua Bl lfnisiunimicuaseanei A

winlu Tngasfianruailuneimdeyauuuaasiiania (Bi-directional data port) nanamadayanialudy

Ayyrauzaanein A vanueannsadhdaysiinanmsduwnvdewninnild seliRatsanuwmninly

31 2.20 azwiwdndudyeyans PAO - PA7 azgnidensiediniuufansasnasuaniionun lnauand
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dmiudayadeaan (Output latch) FuridmiumsAnedndayai 8051 Hmsd@aunndanem A uasse

raalgUnnineuanugudeyaiiluann 8255 dounantdwmintayaduudi (Input latch) ivudai

Amiuiuteysfigunrainauandaniiuwaim A

: i—————-——" ~— C=r
: ‘—‘—_ “— ACK
tafonaniwiu : Transmit| | : ’
_ L :

8255 Buffer i

Receive <
Buffer

:— §T5

< ) :

waim A : I : .

- o tatch i”—_—", IZF
Wermenluluna 2 ' :

7111 2.20 wnuMwaAIANENIENNIIINUTRd 8255 Waldfunimimualiinaiuluen 2

AumeNTTaiiiie 8051 fiaanitazdedayananidiiugunrainiauen axdulnamsdedaya

u

- | P ) ° o - o - o
AANNIMNININATN A 199 8255 L'ﬁuﬂﬂﬂ ‘ﬂ\juuﬂﬂqlﬁ'ﬂ'\ﬂﬂ&lmflm OBF\ Lﬂﬂf_‘a' Lﬂlﬂu?:ﬂuwa’iﬂﬂ'l e

‘ v L4 ' v
gUnsaimausnamaseudyyraiiiasnaulddancififeyanasiasaullain 8255 dyqrouiids

& ol ol

anusaldlunsuda@ive 8051 Iidwdaaiu (IngntsarunasnriaaauAniin D7 1aenein C) aniviives

Y

194 8255 wianfiaziudeyalvsivnluviali diegunsainrawenlddudesaaniviiesiiuda Aazsied

Aamralarldtyoyins ACK\ Svasiinan Wiandtyryans OBR 184 8255 wifeunautilitlussiuasinga
- o
anaTanil
] U 4 « o u a: v L& L J <
drunmsaudrdeyaatngunininisueniduldudnwusiiadreiu Insneuigunsalasds

v

Fayaudhan iy 8255 azfasnsasauanoraesandynan 1BF ddanau vanddussduaednanad

o

aramnsaasiayasanunld wianiuiansalnsddoyoyios STB wwdali 8255 TaFunsiu Teaciingi
Wity 1BF duseiunadngalaadnlui® s 8051 fiaziumeulddfideyanangunsainie
wan (Ingn1seuAuasRanTunAl iin D5 1aenein C) uarniaudanlatinmsauanllainwaim A 189
8255 uda fazinianazdyyn iBF wihsuldifussiusedansdusiu
‘J Yy < A v d‘ - 1 « d‘ Yer o
auueun A1 ugUR 2.15 uasiiuianiieesdinene q Tuwein C daldfumeiiuun
Wivinanluluua 2 Faihwundidulinuenaniaznisiiasaszuing 8255 Augunsniniauenaudnuil

1Anautesuiauumies
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AT 2.15 winfeedianiglunain ¢ Wanmualivaeululnug 2 ieven

anzraaudyrnniasaniamain A

Wudtyryou ANBOILNIINY
PCO msduwwiaiwndayanung
PC1 nsBunn/aninndaysniung
PC2 nsduwnaaindayanung
PC3 &tyouncw INTR 199nain A
PC4 &tucuncu STB\ 189naim A
PC5 &oyryrnd IBF 2@9naivn A
PC6 FryryIn ACK\ 183WaN A
PC7 Atynunns OBR\ 184mein A

2.5.15 gUuuun1rdwAmiueninTded 8051

nsfAunisuaniaTd (Address modes) uATNsT lulazaauinsanafazanisnsy

o [ S -ﬂl o “a 4. -l 273 o 7 1 } 4 [ o
ATUNINTDITDHANATANUUNIT LN’E']JJﬂ'\ﬂ‘H‘I!ﬂﬂ’]ﬁ(}ﬂ’N i I ( ‘C'aLﬂmumﬂmumqLm::ﬂmavm) AN

N13EUBALATATEN 8051 TVIAUNA 5 ANMUY An

1.

2.

NITEUBAATAINANRIUMUIIUT (Immediate Addressing)
narELenIATdanTadwmes (Register Addressing)
AIENLanmTdaNUUIEAINANLaER3Y (Direct Addressing)
nafueawnsdlnedentnuTagmes (Register-inderect Addressing)

Py v . ' ala o v 1 e A o e P .
nstnueamsalaedaniuAgumelifianefroniumdsiiluaniaanes (Base-register

Plus Index register Addressing)

2.5.15.1 N1TENUBAATARINAGIUMUIIUR (Immediate Addressing)

v b2 = d‘l ar d!, dl 4’ ,:J b v d’d 4
mﬁmquﬂmmﬁmomﬁnﬂ?utﬂuanmm:wugqum FIUNATINT T AFIN N9 uannTa

wuufianaBandailu Adandedaiuminenandn (Memory Reference Instruction) aeTailefusuan 14

Augaddeanasziiusiowaviindesedlud evendfiahhivduuivlihF@Ramefadnedaau e

8051 finniauualidnazfasiitidaaunng # (pound sign) dmtiatsaaerasieilafusudasung

ABENIAEY
MOV DPTR,#0BOCH
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2/ v

Wunrsuendrdeyasiuneianiunfiulimeluiiames oPTR Wudrdaya 0BocH Taugunsnuana

t P

Whaununawlasai

ANAIN 0BOC

FRawmas” DPTR 08 0oC

bDPH DPL

2.5.15.2 NIauaninIdaniadines (Register Addressing)
iunsdusumniesdeyaiiazinfiunmnaniiasned fuiddnsliiesediame

douraslanlefusudduninFelaemradeys adwlsindaameiazannsoldiunisduens

afnensiacliamziianes A Taawmes DPTR uasdadmes RO - R7 dwiaamefiliduiiasiu I

% [y Y 4 o« v . ° A
qzmﬂﬂi‘ﬁ']ﬁﬂﬂi‘ﬂ’lq UWBAATALLLAY AR n']?’ﬂ']\iu.'ﬂI'r"llﬂ?ﬂ"\qﬂ'ﬂu')ﬂﬂqquqqtﬂﬂﬂ?ﬁWl'luu

Aati1ARa
MOV ARO

3 v

dhunisuendndayasunssimaiulihddawme; RO s ufiulinehiddawmad A Tnuaunso

ar

1 4
uanuiluuuunnlginag

FAawmes RO Soure
FAamef A - Destination

2.5.15.3 NM17ausasaaInuiaaalIN’nlasnga (Direct Addressing)
Wunisdnadumisresdeyanazantiunis Taginniaeasiunieniasasaamisaainudin

TnedaRu uazimuassdiazsisaduiawiswmiaanudndayanialy 8051 winiu (FesaniiiFonida

ameflinuiivar (SFR) fae) ilidwdaarresueamsaniflunisdisulewlefusufvasgaindadiule

= A -

teauaniialus

uaaasareniaANddeyaniely 8051 A1 lAGus 00H - 7FH uazAuaamsamioaAN

ifurediaanaiaiduiiasaglugosaus 80H - FFH

AIBENNATRS

MOV A20H



28

Hunsuentainumiennsaiasiiindayadunian Jaduieaasa 20H seamiaarudndayaniy

1 8051 1L GRawmes A Insannsouanuduusunnlgsal

Rawmef A XX

wirganadayanely

XX

YY

20H
21H

‘: n= - [ i o a J
AT 2.16 wihiiesdinnielunei C dedwmualimienluluun 2 tieuenania

gaafudtyounuinisansenianain A

Fasanad ANRNNAAIH ANAIHATD LUBDS
wuuiin
ACC ACCIMULATOR i
B REGISTER B i
PSW PROGRAM STATUS WORD %
SP STACK POINTER 1
DPTR DATA POINTER(DPH & DPL) i
PO PORT 0 &
P1 PORT 1 i
P2 PORT 2 &
P3 PORT 3 i
P INTERRUPT PRIORITY &
IE INTERRUPT ENABLE &
TMOD TIMER / COUNTER MODE hLilst
TCON TIMER / COUNTER a1
CONTROL
THO TIMER / COUNTER 0 (HIGH) Lila
TLO TIMER / COUNTER 0 (LOW) Tl
TH1 TIMER / COUNTER 1 (HIGH) Tl
TL TIMER / COUNTER (LOW) Tils
SCON SERIAL CONTROL Tl
SBUF SERIAL BUFFER il
PCON POWER CONTROL il
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2.5.15.4 nMranuannralaadaniniFaaines (Register-indirect Addressing)

Msdnanannsalaedanisi dumninAueansaeassuianisgaus R aaniesadiu 1y
mehiFdawmasd ﬁqﬁutﬁ'ﬂﬁmquﬁmmsﬁq:ﬁﬂﬁiﬂﬁuuﬂoﬂmmﬁqﬁtﬁmLtﬁl'ﬁﬁﬂﬁtﬁuafﬂu??mLma?'wh
i megauemmssludnenmtuienadonidd Bames it idunatiines (Pointer) visasn3 s
LOALATATEINUILAINRY '

Jaqmefes 8051 Ramnsnlimsdauenmsadaani lfssii3aames RO ie R1 Suihiss
awafng 8 In Mlfiumiresnisanud i fhufaridaus 0 - FEH  uininasdaanisinei
wirtarmar I luseusafinnndnt fardedliiaamas DPTR SafhFaqwesaun 16 DAuny uanann

P 3 ala cd o o ¥ v e v - v - ' ' R
uuﬂ']n'ﬁ"l\'ﬂ TRAADTINANINTURNHIULUALADIU IV UITDIRITAALADTAELATAINNNEY @ ('E]'m’J’l at Slgﬂ)

FiaatiARa
MOV  A@RO
Wunrsuenteuvisuesmsanacliideyasuman TngldAmivegnieluiidames Ro flu

L
usamIa ﬁumwmuﬂwmmmmLnu‘l"iﬂ'ﬁwLmﬂ? A Taggnunsauanaiuusunindaneil

Flusnumisuennsg zz
Rawai RO 77

¥ XX 274—
FAames A b YY ZZ + 1

2.5.15.5 matueamsalredantudgunishifdamefmuiuasailuiniaames
(Base-register Plus Index register Addressing)
1% v - e - 4 g taia <o Y o @ o do ,
nsduenmsansenludndnwuzniiees 8051 MldTaawmefMmimidlusadnumisaes
b ] [l -l 1 ol e =8 o b 3 [ o ) o ] dl 2
Foyauiu WeausiinildTasmeitasassindundanlunismmusdiiudueamsarasiiumisiieanis
IneFRawmaiivilsaznuifiiuAGusurewmiceninan (Base register) Teazfaslisauiuaiaua
P P P . o Y X o gy -t
8 fimhagneliFaamesansianila (Index register) 38nsdnuasasawuuil asnn Wins@sullsunuly

' H 1 4
anwuriiiluntsfindedayaainiasaaFeiiduns (Lookup table) Mnldlasazaonunniu

Aot

MOV A@A+DPTR
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Wunsuenivsiuminaamsaazihizdayasiunian agAmamuandd 16 TanifvegmeahizRamed

DPTR wanfuAfifivegmehidiama A dialihindeyansrwnituanmsatiudalhinniulisda

Zke 3

awaf A lnsansouanaduwnunanlin

Fawmef DPTR | YY | XX mituAnuidays
DPH  DPL XX | vy
Faawmaf A z YY YYXX # 1
1

Www YYXX +Z

JRawmef A | ww AtRNTAaLRes A————T

v 1
MUNAUATARUNINNARY

v t v J
Az wsie liRuansiiuddeimuarasguunmaninnldluniseduismnuifeaiuyaaidenes 8051
+v
melunsnuanilagnass

A1INT 2.17 uasdan uuaATeIgnAIdI1ee 8051

fryanmnd ANNNLNE
Rn 3aaneslduinly Ro-R7
direct miteAnudteyanitlued 8051 feamaziludumbnedaames

uliriiua (SFR) ve witsAodInAfls

@Ri nrgwteswismieanddeayalaadendniFames RO waz R1
@DPTR nedntanissanndndeyslaedentndames DPTR
#data Avdalaatayatun 8 Im Faiflusnldfous 00 - OFFH
#data16 AdaardieyaTe 16 In Faiilusinl#daus 00 - OFFFFH
addr11 Aatuaninsalanldifies 11 Da dwFuAIE ACALL uaxy AJMP
addr16 Aaauennsalneidifies 16 fin dAwFuAds ACALL uaz AIMP
bit fayarun 1 On

2.5.16 nslaudhedayaiumisnanddeyanialy
winsanudndeyanieli (Intemal Data Memory) tlumiennniidn RAM fidisznavagnisiu
sinladees 8051 e nasleudhedaysietludawsasnissrndimeluliansaldisnisduanmai

+ } 1 34 v 1 4 ] J ol o o ar : o el - mia
nanaunlanaisuuy ElnL’Jun’li"ﬂ"NLL‘E]ﬂLﬂﬁ"cﬂﬂﬁﬂ’ﬂﬂ“']uﬂ'lﬁ']uﬂ’mlu&"ﬂﬂLﬂﬂi‘?’!ﬂﬂhﬂ’]ﬂ“ﬂlﬂl&ﬂﬂi‘q
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amafinii flesannfiauamisanoudniies 256 Tud annueumwlugtil 2.23 usadliiiudianasin
mﬁq‘lunqiT'auﬂ1ﬂ‘ﬂﬂuawﬂq'luuwmﬂmm'mammﬂ'lu mnqvLﬂum‘rmLuun'\?nmmgammmum‘lum
s dAanes A 3aaweF RO-R7 Taamefuthiifiay (SFR) uazwioendmdn RAM {ufhindunadn
mslaufiadayarzwitmieanudn meludanifuiu mmmm‘loﬁm‘lumm‘lmamm RO R7 vie3a
awaf A e doudieyafilaudheldifFRames DPTR mtﬂuﬂmmawmmaﬂum (16 Tim) 1iu AldiAeia
1mn a@edlus (Immediate Data) aliifiFAamesls yenantuudadefinnsdnfiunisiudiaysuuy

1 4

- 1 ° 3 o R o ' o o -
findae Fanseinzevanunanna (Carry register) fumisgrandni ideuuuuinldlaams

PR TTOWDAATH RAM ]
udnna Gaswmes C) Taumss (Direct) JAawmaf DPTR
T v pY
dfnxya 1 1in ]
whan - -
FARAnT v fratAFIaY
RR-R7 7 Ll mnuintmesuaniss RAM (Immediate)
{aumsa (Direct)
7y
i Y .
vy
FAdmnf A
} 3 v . -dew « v
missalnadantinidiames Fratalae
@RO, @R1 faNHUNNAUAN

- o - v e . o v
71l 2.21 masnfiunislaughedeyanislumissanudndeyanialy

saasielUiugnliiuda el g q sesdndinsteudnadayantelu 8051 Tnefi

514
43
e 2.18 MnindeyanfinlidiiRames A
guuuAngd ALINUINNE
MOV ARn TWiidayaaniaawes RO - R7 ufiuliddiamas A

MOV Adirect | WihAdayaanmmissanadrdeyanialu iifuliddiames A

MOV Afdata | Whirddeyaduamniiuliddiamed A

a
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v oo -l

AR 2.19 nasindayaniuidFaameiialy

DL LS ANV

¥ o L

MOV RnA Whindauaanniaawmas A vuiulidFasmes Rn

o
1% [

MOV Rndirect | WiinArdayaanmissramdandayanislu nuiulidimRanes Rn

-

MOV Rn#data | WhirAdeyssnaniuliddaames R

-J o % o 1 4 1 o
AN 2.20 mmwauﬂammuhmumamwﬁmmm
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amas Rn

An319% 2.22 nsteufihedayauuuiln

sYuuuAd AITNUNNE

Mov cpit | Whieysundiaanmissacsdmndivlifundnme Ganes C)
Mov bitC | Whindadeyaainuidnng siivlidaniseanudiFuunamnsafivieya

wuutiale

fratihereluiszuandliiviuianislddnds Mov Wemstaufihedeys ludnwuzaenslddd
NIENUBAATAAN ]
FaatinaAnds AUV
MOV A#OF1H WhinAvsiaae F1H IW3E5ames A

MOV 20H.#0AH Ihindasaee 0AH Tudulddamitaaruanmeluueninsa 20H



33

Ve o

MOV DPTR#1234H  WhinAndaias 16 TnfinAn 1234H W3d@Eaawmes DPTR

MOV ARO dlunninArdeyaaniaamefliiulddGaamnes A
MOV 40H,A Thirfeyaariaawas A ldivmicerrudinieluwaninsa 40H
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aeh | \Tuites | ciuites | BeAN | 19ulTed | wtes | e | usuites | guites
1 2 1 2 1 2
0 6.291 6.104 120 6.1 5.978 240 6.146 6.239
10 6.275 6.091 130 6.084 5.991 250 6.167 6.25
20 6.269 6.085 140 6.071 6.011 260 6.177 6.252.
30 6.258 6.074 150 6.055 6.033 270 6.188 6.249
40 6.253 6.067 160 6.027 6.052 280 6.197 6.243
50 6.24 6.059 170 6.015 6.071 290 6.217 6.234
60 6.23 6.038 180 5.988 6.084 300 6.227 6.216
70 6.212 6.025 190 6.031 6.022 310 6.233 6.209
80 6.189 6.009 200 6.058 6.148 320 6.25 6.184
90 6.152 5.965 210 6.087 6.18 330 6.267 6.153
100 6.116 5.959 220 6.109 6.212 340 6.281 6.148
110 6.104 5.967 230 6.13 6.233 350 6.296 6.128
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NARDY NAKD NAABY AN AU AL
2:5 -1.531 7.051 -8.008 -2.078 7.578 -9.656
2.6 -271.5m 5.914 -5.779 -1.063 6.663 -7.726
2.7 577.9m 5.182 -4.387 -0.047 5.747 -5.794
2.8 1.746 4.167 -2.443 0.9684 4.831 -3.862
2.9 2.633 3.350 -818.9m 1.984 3.815 -1.83
3.0 3.132 2.94 104.8m 3.00 3.00 0
3.1 4.019 2.37 1.813 4.0157 2.0842 1.9315
34 5.208 1.073 4.061 5.0315 1.1684 “ 3.863
3.3 6.523 -123.6m 6.533 6.0472 -0.2527 5.7944
34 7.447 -920.8m 8.269 7.063 -0.663 7.726
3.5 8.426 -1.759 10.07 8.078 -1.578 9.656
3.6 9.326 -2.524 11.11 9.094 -2.2494 11.588
3.7 10.55 -3.619 11.10 10.11 -3.4102 13.52
3.8 11.20 -4.176 11.09 11.126 -4.326 15.452
3.9 11.19 -4.176 11.09 12.141 -5.241 17.382
4.0 11.20 -4.176 11.09 13.157 -6.157 19.315
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2IA" usasu(lann) usasu(laan) 2947 usanu(laan) usemu(laan)
uLas 1 uLTas 2 uLTas 1 uLTas 2
0 9.691 5.992 180 223 5.872
10 9.638 5.258 190 2.984 5.877
20 9.392 5.06 200 3216 6.108
30 9.049 4176 210 373 6.44
40 8.754 4.424 220 4.26 6.749
50 83 4,028 230 4.706 7.115
60 7.742 3.388 240 496 7.349
70 7.371 2.959 250 5.78 8.106
80 7.031 2,541 260 6.412 8.706
90 6.314 2.065 270 7.226 9.094
100 5.687 2.278 280 7.698 8.773
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8051 Cross-Assembler (1.3) (C) 1987, 1989 Binary Technology
pro4a.asm '

1 ; PROJECT 4A DIGITAL COMPASS
2 ; PROGRAM FOR 8051
3
8000 4 ORG 8000H
FCO0= 5 PORTA EQU OFCOOH
FCO1= 6 PORTR EQU OFCO1H
FC03= 7 CPORT EQU OFCO03H
8257= 8 SELCH1 EQU 8257H
B258= 9 SELCHO EQU 8258H
8259= 10 TOOLMM EQU 8259H
825A= 11 TOOLMM+1 EQU 825AH
12
825D= 13 S1LBYTE EQU 825DH
825E= 14 S1HBYTE EQU 825EH
825F= 15 S1RESULT EQU 825FH
8260= 16 S2LBYTE EQU 8260H
8261= 17 S2HBYTE EQU 8261H
8262= 18 S2RESULT EQU 82621
19
8267= 20 RESULTL EQU 8267H
8268= 21 RESULTH EQU 8268H
22
23 ;**** MAIN * % % %
8000 908258 24 MOV DPTR, #SELCHO ;CHO = OOH
8003 7400 25 MOV A, #00H
8005 FO 26 MOVX @DPTR,A
8006 1582 27 DEC DPL
8008 7401 28 MOV A, #01H ;CH1 = 01H
800A FO 29 MOVX @DPTR, A
800B 7802 30 MOV RO, #02H
31
32 ;¥**% START PROGRAM SELECT PORT ****
800D 7F0A 33 STARTO: MOV R7,#0AH ; LOOP FCOUNT
800F 90FC03 34 START1: MOV DPTR, #CPORT ;FCOUNT 10 LOOP
8012 7482 35 MOV A,#82H ;82H IS CONTROL WORD
8014 FO 36 MOVX @DPTR, A ; PORTA = INPUT
8015 7402 37 MOV A, #02H ; PORTB = OUTPUT
8017 58 38 ANL A,RO
8018 7006 39 JNZ CHO
801A 908257 40 MOV DPTR, #SELCH1
801D EO 41 MOVX A,@DPTR
801E 0124 42 AJMP SELECT
43
44 ;*%¥%*% SENT TO PORT A OF MCS-51 #**%%
8020 908258 45 CHO: MOV DPTR, #SELCHO
8023 EO 46 MOVX A,@DPTR:
8024 90FCO00 47 SELECT: MOV DPTR, #PORTA
8027 FO 48 MOVX @DPTR, A
49
50 ;*%%% START PROGRAM FREQ. COUNTER ***%
8028 908259 51 FCOUNT: MOV DPTR, #TOOLMM ; TOOLMM = O00H
802B 7400 52 MOV A, #00H .
802D FO 53 MOVX @DPTR,A
802E 0582 54 INC DPL ;TOOLMM+1 = 0OH
‘8030 FO 55 MOVX @DPTR, A
8031 90FCO1 56 MOV DPTR, #PORTB
8034 EO 57 MOVX A,@DPTR

8035 20E004 58 JB ACC.0,FC1l2



8051 Cross-Assembler (1.3) (C) 1987, 1989 Binary Technology
pro4a.asm

59
8038 EO 60 FC11l: MOVX A,@DPTR
8039 30EOQFC 61 JNB ACC.0,FCl1
62
803C EO 63 FC1l2: MOVX A,@DPTR
803D 20EOQOFC 64 JB ACC.0,FC12
65
66 j¥%%% COUNT LOGIC 0 ***%*
8040 90FCO1 67 FC13: MOV DPTR, #PCRTB
8043 EO 68 MOVX A, @DPTR
8044 20E008 69 JB ACC.0,FC14
8047 128149 70 LCALL F¥DL100U
804A 128151 71 LCALL INCTOOLMM
804D 0140 72 AJMP FC13
73
74 j¥%%% COUNT LOGIC 1 ***%*
804F 90FCO1 75 FC14: MOV DPTR, #PORTB
8052 EO 76 MOVX A,@DPTR
8053 30E008 77 JNB ACC.0,CALFREQ
8056 128149 78 LCALL FDL100U
8059 128151 79 LCALL INCTOOLMM
805C 014F 80 AJMP FC1l4
81
82 ;j¥*%% CALCULATE FREQUENCY *#%%
83 j**%%x FREQ = 10000/TOOLMM **+*=*
805E 908259 84 CALFREQ: MOV DPTR, #TOOLMM
8061 EO 85 MOVX A, @DPTR
8062 FA 86 MOV R2,A
8063 0582 87 INC DPL
8065 EO 88 MOVX A, @DPTR
8066 FB 89 MOV R3,A
8067 DFA6 90 DJINZ R7,START1
8069 128162 91 LCALL DPDIV .
806C 18 92 DEC RO
806D E8 93 MOV A,RO
806E 6003 94 JZ FINALCALL
8070 02800D 95 LJMP STARTO
96
97 ;¥*** FINAL CALLCULATE **#*%* _
8073 7E00 98 FINALCALL: MOV Ré6,#00H ;L-NO__
8075 7F00 99 MOV R7,#00H ;H-NO__
8077 90825F 100 MOV DPTR, #S1RESULT
807A EO 101 MOVX A,@DPTR
807B FD 102 MOV R5,A
807C C3 103 CLR C
807D S081B2 104 MOV DPTR, #SENS1
105
8080 EO 106 FINCALL1: MOVX A,@DPTR
8081 9D 107 SUBB A,R5
8082 602A 108 JZ R6RES
8084 4012 109 dc FIN1
8086 FC 110 MOV R4,A
8087 EE 111 MOV A,R6
8088 3410 112 ADDC A, #10H
808A D4 113 DA A
808B FE 114 MOV R6,A
808C 5004 115 JNC NEXTDPL
808BE EF 116 MOV A,R7

808F 2401 117 ADD A, #01H



8051 Cross-Assembler (1.3) (C) 1987, 1989 Binary Technology
pro4a.asm

8091 FF 118 MOV R7,A
119
8092 C3 120 NEXTDPL: CLR C
8093 0582 121 INC DPL
8095 028080 122 LJMP FINCALL1
123
8098 FB 124 FIN1: MOV R3,A
8099 7400 125 MOV A,#00H
809B C3 126 CLR C
809C 9B 127 SUBB A,R3
809D FB 128 MOV R3,A
809E EC 129 MOV A,R4
809F 9B 130 SUBB A,R3
80A0 400C 131 JC R6RES
80A2 C3 132 CLR C
80A3 EE 133 MOV A,R6
80A4 3410 134 ADDC A, #10H
80A6 D4 135 DA A
80A7 FE 136 MOV R6,A
80A8 5004 137 JNC R6RES
80AA EF 138 MOV A,R7
80AB 2401 139 ADD A, #01H
80AD FF 140 MOV R7,A
141
80AE 508265 142 R6RES: MOV DPTR, #8265H
80B1 EE 143 MOV A,R6
80B2 FO 144 MOVX @DPTR,A
80B3 0582 145 INC DPL
80B5 EF 146 MOV A,R7
80B6 FO 147 MOVX @DPTR, A
148
80B7 7D00 149 FINCALL2: MOV RS, #00H
80B9 908262 150 MOV DPTR, #S2RESULT
80BC EO 151 MOVX A,@DPTR
80BD FD 152 MOV R5,A
80BE 9081C5 153 MOV DPTR, #SENS2
80C1 EO 154 MOVX A, @DPTR
80C2 C3 155 CLR C
80C3 9D 156 SUBB A,R5
80C4 5020 157 JNC FINRES
80C6 908265 158 MOV DPTR, #8265H
80C9 EO 159 MOVX A,@DPTR
80CA FC 160 MOV R4,A
80CB 7460 161 MOV A, #60H
80CD C3 162 CLR C
80CE 9C 163 SUBB A,R4
80CF D4 164 DA A
80D0 FC 165 MOV R4,A
80D1 0582 166 INC DPL
80D3 EO 167 MOVX A,@DPTR
80D4 FB 168 MOV R3,A
80D5 7403 169 MOV A, #03H
80D7 9B 170 SUBB A,R3
80D8 D4 171 DA A
80D9 FB 172 MOV R3,A
80DA 908267 173 MOV DPTR, #RESULTL
80DD EC 174 MOV A,R4
80DE FO 175 MOVX @DPTR,A

80DF 0582 176 INC DPL
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80E1
80E2
80E3

80E6
80E9
80EA
80EB
80ED
80EE
80EF
80F2
80F3
80F4
80F6
80F7

80¥K8
80FB
80FC
80FD
8100
8101
8102
8104

8105
8107
8108

810A
810C
810E
810F

8111
8113
8115
8116
8118

811B
811D
811E
811F
8121
8122
8123

8125
8128
8129
812A
812D
812E
8131
8132
8133

EB
FO
0280F8

908265
EO

FC
0582
EO

FB
908267
EC

FoO
0582
EB

FO

908267
EO

F9
908268
EO

FA
74F0
59

7B14
C4
311B

7B15
740F
59

311B

7B13
740F
5A
311B
0280F8

7800
FD
68
6004
08
ED
80F9

9081A8
ES8

93
90F800
FO
90F801
EB

FO
3140

177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
218
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235

MOV
MOVX
LJIMP

FINRES: MOV
MOVX
MOV
INC
MOVX
MOV
MOV
MOV
MOVX
INC
MOV
MOVX

(C) 1987, 1989 Binary Technology

A,R3
@DPTR, A
DISPLAY

DPTR, #8265H
A,@DPTR
R4,A

DPL

A,@DPTR
R3,A

DPTR, #RESULTL
A,R4
@DPTR,A

DPL

A,R3
@DPTR, A

;¥%%* DISPLAY SUB *%#%

DISPLAY: MOV
MOVX
MOV
MOV
MOVX
MOV
MOV
ANL

MOV
SWAP
ACALL

MOV
MOV
ANL
ACALL

MOV
MOV
ANL
ACALL
LJMP

FLOOP: MOV
MOV

FLOOP1: XRL
Jz
INC
MOV
JMP

SUBB: MOV
MOV
MOVC
MOV
MOVX
MOV
MOV
MOVX

DPTR, #RESULTL
A,@DPTR

R1,A

DPTR, #RESULTH
A,@DPTR

R2,A

A,#0F0OH

A,R1

R3,#14H ;MIDDLE DIGIT

A
FLOOP

R3,#15H ;RIGHT DIGIT

A, #0FH
A,R1
FLOOP

R3,#13H ;LEFT DIGIT

A, #0FH
A,R2
FLOOP
DISPLAY

RO, #00H
R5,A
A,RO
SUBB

RO

A,R5
FLOOP1

DPTR, #TBL
A,RO0O .
A,@A+DPTR
DPTR, #0F800H
@DPTR,A
DPTR, #0F801H
A,R3

@DPTR,A

ACALL DELAY
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8135
8137

8138
813A
813C
813D
813F

8140
8142
8144
8146
8148

8149
814B
814D
814E
8150

8151
8154
8155
8157
8158
815A
815D
815E
8160
8161

8162
8165
8167
8169
816B

816D
816E
8170
8171
8172
8174
8175
8176
8178
817A
8178

817D
8180
8181
8182
8184
8185

3138
22

1582
7400
FO
3140
22

7808
7E0O
DEFE
D8FA
22

7B11
7400
33
DBFB
22

90825A
EO
2401
FO
7007
908259
EO
2401
FO

22

902710
7C00
7D00
7EQ0
7400

c3
E582
9B
FD
E583
9A
FC
402F
7402
58
6015

90825D
ED

FO
0582
EC

FO

236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294

{(C) 1987, 1989 Binary Technology

FIST:

DELAY:
DELAY2:
DELAY1:

. kkkk
7

FDL100U:
FDL100Ul:

< kkkk
’

INCTOOLMM:

RETURN1:

;****

DPDIV:

LOOP1:

SENSOR1:

ACALL FIST
RET
DEC DPL

MOV A,#00H
MOVX @DPTR,A
ACALL DELAY
RET

MOV RO, #08H
MOV R6,#00H
DJNZ Ré6,DELAY1
DJNZ RO,DELAY2
RET

FD100U SUB ***%*
MOV R3,#11H.
MOV A, #00H
RLC A
DJNZ R3,FDL100Ul
RET

INCTOOLMM SUB ****
MOV DPTR, #TOOLMM+1
MOVX A, @DPTR
ADD A, #01
MOVX @DPTR, A
JNZ RETURN1
MOV DPTR, #TOOLMM
MOVX A,@DPTR
ADD A,#01
MOVX @DPTR,A
RET

DPDIV SUB ***%*
MOV DPTR, #2710H
MOV R4, #00H
MOV RS, #00H'
MOV R6,#00H
MOV A,#00H

CLR C

MOV A,DPL
SUBB A,R3
MOV R5,A
MOV A,DPH
SUBB A,R2
MOV R4,A
Jc RETURN2
MOV A,#02H
ANL A,RO

Jz SENSOR2

MOV DPTR, #S1LBYTE
MOV A,RS

MOVX @DPTR,A

INC DPL

MOV A, R4

MOVX @DPTR,A

; SENSQR1
;R5-LBYTE
;R4 -HBYTE
;R6 -RESULT
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8186 OE 295 INC R6
8187 0582 296 INC DPL
8189 EE 297 MOV A,R6
818A FO 298 MOVX @DPTR,A
818B 8D82 299 MOV DPL,RS5
818D 8(C83 300 MOV DPH,R4
818F 02816D 301 LJMP LOOP1
302
8192 908260 303 SENSOR2: MOV DPTR, #S2LBYTE ;SENSOR2
8195 ED 304 MOV A,RS5 ;i RS5-LBYTE
8196 FO 305 MOVX @DPTR,A ;iR4~-HBYTE
8197 0582 306 INC DPL ;R6 -RESULT
8199 EC 307 MOV A,R4
819A FO 308 MOVX @DPTR,A
819B OE 309 INC R6
818C 0582 310 INC DPL
819E EE 311 MOV A,R6
819F FO 312 MOVX @DPTR, A
81A0 8D82 313 MOV DPL,RS5
81A2 8C83 314 MOV DPH, R4
81A4 02816D 315 LJMP LOOP1
81A7 22 316 RETURN2: RET
317
81A8 3F065B4F 318 TBL: DB 3FH, 06H,5BH, 4FH,66H
81AC 66 1
81AD 6D7DO77F 318 DB 6DH, 7DH, 07H, 7FH, 6FH
81B1 6F :
320
81B2 28272625 321 SENS1: DB 28H,27H,26H,25H,24H, 22H
81B6 2422
81B8 201E1C1A 322 DB 20H,1EH,1CH, 1AH,17H, 15H
81BC 1715
81BE 13110E0C 323 DB 13H,11H,0EH, 0CH, OBH,O0AH
81C2 0BOA
81C4 08 324 DB 08H
325
81C5 18 326 SENS2: DB 18H
327

0000= 328 END
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calfreq = B0O5E 84 77
ch0 = 8020 45 39
cport = FCO3 7 34
delay = 8140 245 235 242
delayl = 8144 247
delay2 = 8142 246 248
display = 80F8 195 179 217
dpdiv = 8162 271 91
fcll = 8038 60 61
fcl2 = 803C 63 58 64
fcl3 = 8040 67 72
fclda = 804F 75 69 80
fcount = 8028 51
£d1100u = 8149 252 70 78
£41100ul = 814B 253 255
finl = 8098 124 109
finalcall = 8073 98 94
fincalll = 8080 106 122
fincall2 = 80B7 149
finres = 80E6 . 181 157
fist = 8138 -~ 239 236
floop = 811B 219 206 211 216
floopl = 811E 221 225
inctoolmm = 8151 259 71 79
loopl = 816D 277 301 315
nextdpl = 8092 120 115
porta = FCOO 5 47
portb = FCOl 6 56 67 75
r6res = 80AE 142 108 131 137
resulth = 8268 21 198
resultl = 8267 20 173 187 195
returnl = 8161 268 263
return2 = 81A7 316 284
slhbyte = 825E 14
sllbyte = 825D 13 289
slresult = 825F 15 100
s2hbyte = 8261 17
s21byte = 8260 16 303
s2result = 8262 18 150
selchO = 8258 9 24 45
selchl = 8257 8 40
select = 8024 47 42
sensl = 81B2 321 104
sens2 = 81C5 326 153
sensorl = 817D 289
sensor2 = 8192 303 287
start0 = 800D 33 95
startl = 800F 34 90
subb = 8125 227 222
tbl = 81AS8 318 227
toolmm = 8259 10 51 84 259 264
toolmm+l = 825A 11
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TLO71, TLO71A, TLO71B, TLO072
TLOT2A, TL072B, TLO74, TLO74A, TL074B
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

SLOS080C ~ SEPTEMBER 1978 ~ REVISED AUGUST 1994

14

15 DEVICES COVER COMMERCIAL, INDUSTRIAL,
AND MILITARY TEMPERATURE RANGES
Low Power Consumption ® | ow Noise

Wide Common-Mode and Differential Vn =18 nVAHz Typ at f = 1 kHz
Voitage Ranges High Input Impedance . .. JFET Input Stage

Low Input Bias and Offset Currents Internal Frequency Compensation
Output Short-Circuit Protection Latch-Up-Free Operation
Low Total Harmonic Distortion High Slew Rate ... 13 V/us Typ

0.003% Typ . Common-Mode Input Voltage Range
Includes Ve,

description

The JFET-input operational amplifiers in the TLO7_ series are designed as low-noise versions of the TL08_
series amplifiers with low input bias and offset currents and fast slew rate. The low harmonic distortion and low
noise make the TLO7_ series ideally suited for high-fidelity and audio preamplifier applications. Each amplifier
features JFET inputs (for high input impedance) coupled with bipolar output stages integrated on a single
monolithic chip.

The C-suffix devices are characterized for operation from 0°C to 70°C. The l-suffix devices are characterized
for operation from —40°C to 85°C. The M-suffix devices are characterized for operation over the full military
temperature range of —-55°C to 125°C.

AVAILABLE OPTIONS
PACKAGE
T Viomax | sMALL CHIP CERAMIC | CERAMIC | PLASTIC | PLASTIC TSSOP FLAT
A AT 25°C | QUTLINE | CARRIER DIP DIP DIP DIP | PACKAGE | PACKAGE
(D)t (FK) () (JG) (N) (P) (PW) W)
10mv | TLO71CD TLO7ICP | TLO71CPWLE
6mv | TLO71ACD - - e — TLO71ACP — —
3mv |TLO71BCD TLO71BCP -
rcto | 10mV |TLO72CD TLO72CP | TLO72CPWLE
270°C 6mV | TLO72ACD - — — — TLO72ACP - —
3mv | TLO72BCD TLO728BCP —
10mV | TLO74CD TLO74CN TLO74CPWLE
6mV | TLO74ACD — — — TLO74ACN - — -
3mVv | TLO74BCD TLO74BCN -
. TLO71ID — TLO71IP
“g)so%m 6mvV | TLO72ID - = = — TLO72P — —
TLO74ID TLO74IN -
_ssecto | 8TV TLO71MFK — TLO71IMJG —
195°C 6 mvV — TLO72MFK — TLO72MJG — — — —
9mv TLO74MFK | TLO74MJ — TLO74MW

t The D package is available taped and reeled. Add the suffix R to the device type (e.g., TLO71CDR). The PW package is only available left-ended
taped and reeled (e.g., TLO72CPWLE).

PRODUCTION DATA information is currest ss of dats, Copyright © 1994, Texas instruments Incorporated

Products conform to specifications pef the terms of Texas Instruments i
Prod o g does ety include
g of i prsers. ™ ‘b TEXAS
- INSTRUMENTS - _
POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 2-1

POST OFFICE BOX 1443 ® HOUSTON, TEXAS 772511443



TLO71, TLO71A, TLO071B, TL072

TLO72A, TL072B, TL074, TLO74A, TL074B
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

SLOS080C - SEPTEMBER 1978 — REVISED AUGUST 1994

TLO71, TLO71A, TLO71E
D, JG, P, OR PW PACKAGE

TLO72, TLO72A, TL072B
D, JG, P, OR PW PACKAGE

TLO74, TLO74A, TLO74B
D, J, N, OR PW PACKAGE

(TOP VIEW) (TOP VIEW) TLO74... W PACKAGE
(TOP VIEW)
OFFSETN1 [ 1 = 8[INC our 1~ sflvec. )
IN-[] 2 71 Vees 1IN=[] 2 7[] 20UT 10UT[] 1 14]] 40UT
IN+ [} 3 6 out 1N+ |3 s[]aIN- 1N-( 2 13f] 4N
Vee- [] 4 5 (] oFFseET N2 Vec- ] 4 5] 2IN+ 1N+[}3  12f] 4N+
Vee L[ 4 1{lVee -
2IN+[] 5 10{] 3IN+
2IN-[] & o[] 3IN-
20UT({} 7 8]l 30UT
TLO71 TLO72 TLO74
FK PACKAGE FK PACKAGE FK PACKAGE
(TOP VIEW) (TOP VIEW) (TOP VIEW)
z b/ 2 (I~ '
2 Q o] 2
b ODOOO = z
% 4 vo- 2 9 b= - -o— (Z) 9 <
[T S S A N . J AR N N W ) 8
OLQOOOQ (
3 2 1 2019 1IN-[]s 17[ 20UT NC [Is 17[] NC
NC ] 4 18E NC NC [] 6 16[] NC Vees [ 6 16 Veo -
IN-[]s 17 Vecs 1N+ []7 15[] 2IN- NC [I7 15[] NC
NC [J6 16(] NC NC [ 8 14[] NC 2N+ {] 8 14[] 3IN+
IN+ []7 15[] ouT 9 10 11 12 13 910 11 1213
o e X oy o o § o
NC I8 14} NC o o +0 L = O =
9 10 11 1213 Zozz2 Zo=z3Z
o Vi Vo T ATANT, NQ Q28
O loyo > 1
pd 8 zZZ2z
= b
(2]
18
U
o
NC - No internal connection
symbols
TLO71
: TLO72 (each amplifier)
OFFSET N1 TLO74 (each amplifier)
IN+ IN+ :
out out
IN- IN- -
OFFSET N2
/
"«‘ TEXAS ul
INSTRUMENTS
2-2 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265

POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77251-1443



TLO71, TLO71A, TLO71B, TL072
TLO72A, TLO72B, TL074, TLO74A, TL074B
LOW- NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

SLOS080C - SEPTEMBER 1978 ~ REVISED AUGUST 1994

schematic (each amplifier)

vees Y . .
IN + )
3
IN - 64 Q
128 Q
ouT
64 Q
Vee- i *
OFFSET OFFSET
NULL NULL
(N1) (N2)
AN /
V
TLO71 Oniy
All component values shown are nominal.
. COMPONENT COUNT?
COMPONENT
TYPE TLO71 TLO72 TLO74
Resistors 11 22 44
Transistors 14 28 56
JFET 2 4 6
Diodes 1 2 4
Capacitors 1 2 4
epi-FET 1 2 4
1 Includes bias and trim circuitry
‘b TEXAS
12 INSTRUMENTS -
POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 2-3

POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77251~1443



TL071, TLO71A, TLO71B, TLO72
TLO72A, TL072B, TLO74, TLO74A, TL074B
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

SLOS080C — SEPTEMBER 1978 - REVISED AUGUST 1994 .

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)T

Supply voltage, Voo (See Note 1) ... o e e 18V
Supply voltage, Vog—(seeNote 1) ... ... i e -18V
Differential input voltage, Vip (see Note 2) ... ... i e 30V
Input voltage, Vi(see Notes 1and 3) ... ...t e e 15V
Duration of output short-circuit (see Note 4) ... i et iianan unlimited
Continuous total dissipation .........ciiiiiiiii i i e See Dissipation Rating Table
Operating free-air temperature range, Ta: Csuffix ...l 0°Cto 70°C

Psuffix ... —40°C to 85°C

MSUIIX oot s ~55°C to 125°C
Storage temperature range ... .....viii it i e e —65°C to 150°C
Case temperature for 60 seconds: FKpackage ...ttt iiiaeeanns 260°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: J, JG, or Wpackage ............ 300°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D, N, P, or PW package ......... 260°C

t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTES: 1. All voltage values, except differential voltages, are with respect to the midpoint between Voo and Vo -.

2. Differential voltages are at IN+ with respect to IN—.

3. The magnitude of the input voltage m st never exceed the magnitude of the supply voltage or 15 V, whichever is less.

4. The output may be shorted to ground or to either supply. Temperature and/or supply voitages must be limited to ensure that the
dissipation rating is not exceeded.

DISSIPATION RATING TABLE

PACKAGE Ta <25°C DERATING DERATE Tp = 70°C Ta = 85°C Tp = 125°C
POWER RATING FACTOR ABOVET, POWERRATING POWERRATING POWER RATING
D (8 pin) 680 mW 5.8 MWPC 33°C 464 mW 377 mW N/A
D (14 pin) 680 mW 7.6 mMWIPC 60°C 608 mW 494 mW N/A
FK 680 mW 11.0 MWFC 88°C 680 mW 680 mW 275 mW
J 680 mW 11.0 MW/ C 88°C 680 mW 680 mW 275 mW
Ja 680 mwW 8.4 MWPC 69°C 672 mW 546 mW 210 mwW
N 680 mW 9.2 mWFC 76°C 680 mW 598 mW N/A
P 680 mW 8.0 MWPC 65°C 640 mW 520 mW N/A
PW (8 pin) 525 mW 4.2 MWrC 70°C 525 mW N/A N/A
PW (14 pin) 700 mW 5.6 MW/PC 70°C 700 mW N/A N/A
w 680 mW 8.0 mWFC 65°C 640 mW 520 mW 200 mW

2-4

‘V TEXAS

INSTRUMENTS -

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265
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TLO72A, TL072B, TL074, TLO74A, TL074B

LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

SLOS080C - SEPTEMBER 1978 - REVISED AUGUST 1994

4

P

"sjqissod se ainjeseduel Jusique ey} 0} 850}0 se einjeIadwa) UOKOUN] By} UBIUIBW 1M TRy

Pasn eq isnw senbiuyoa) asind “p 8Bl uj umoys se aAIsUSS ainjeladwal BJE UdIUM ‘SJUBLING 8519A83 UOKOUN| [Bwiou are Jaydwe [euoyeiedo indut-134 © Jo SjuaLNd selq indul g
1720711 10} D088 0} Qc0p— = VL S| PUB OF™£07TL 'OV 207TL'D72071L 40} Do0Z 01 D.0 = V1 51 86Ukl [y t

‘paljoads asimIayj0 ssajun 90e)j0A SPOI-UOWIWIOD 0J8Z YiIM SUOIPUOD dOo}-USdo Jopun PaINSEaW 68 SOISUaIoRIBYD IV 1

ap ozt ozt 021 0zl 0452 001 =0Ay |  uonenusye yeissory” 20A/HOA
. . . . . . : r o - (sayidwe yoes)
vw sz © v1 §2 ¥l s2 ¥ sz ¥l 0052 peojoN  ‘0=0p Jauno Kddng 90
(OlAv/+00Av)
=5 ‘0=0
ap ooL 08 00+ 08 00l 08 00L 0L 0052 m MWH Qm\_, mnm oo» otjes uotoales HASy
+= abejjon-Addng
Bv0s=Sy ‘0=0x ojies uopoefes
ap 0ol QL 00}k SL 00t SL 0o} 0L Q.82 ‘upwbiOlp = Ol 8POWI-UOWWIOD) HYWO
v 2101 2101 2101 2101 .52 eouejsisal nduy I
ZHIN € £ € € .52 yipmpueq ueb-Ajun g
AWIA . S¢ o4 S¢ Gl obuel |n4 miezy . uoneoyiidwe abejjon ahy
002 05 00z 0§ 002 0§ 002 S 2,52 A 01F=0A | [enuasayp teubis-abse
01 OLF oL o ez Y
— abuel |Ing =3 Guims abejjon WO
A 2LF 2IF 453 21F DAL M| o yead wnwep A
SELF giF SEIF CIF SELF CLF SELF CIF 0.5¢ WioL=y
St Gi Si Si
ofuv) ofivyjon
A MﬂT HF M_T LT MT L M_T HF 0.5¢ Indu; epows-uowiwio) HOIA
u abues in
v 02 ¢ L - A lind 0=0p gluaino seq Indu 8h
vd 002 G9 00¢ g9 00¢ S9 00¢ S9 0052
u Buel jin
v ¢ ¢ ¢ 4 ik L) 0=0x ua11n2 1950 Induj Ol
vd joor s 0oL S 00t S 0oL S 0052
_ o _ abejjon jesyo induy jo A
Do/AM 8l 8l 8l 8l ebueliind | 5 og=Sy  ‘0=OA 1uBole09 areadwal Olo
: abuel n
8 5 5L et ind v505=Sy ‘0=0np abeyjon josyo induj Olp
AW 9 € € c 9 € ol € D052
XYW dAL NIW | XYW dAL NIW | XYW dAL NIW | XYW dAL NIN
1IN w2011 JEVL01L JvbL01L WL0TL $V1 | ysNolLaNoD 1S3t HILANVYHY
1220711 2492011 IveLoL J¢L071L
1120711 2912014 OVYIL01L OLL01L

(paj0ou astmuaylo ssajun) A GLF = FOOp ‘soysiaiorieyD [Bo1I}23]9

2-5

%

TEXAS
NSTRUMENTS
POSFIOSTRIFE IBEDE 03 595808/ TIRUFESKAE AR T626643



TLO71, TLO71A, TLO71B, TLO72
TLO72A, TL072B, TLO74, TLO74A, TL074B
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

’ SLOS080C —- SEPTEMBER 1978 — REVISED AUGUST 1994

operating characteristics, Vog+=+15V, Tp = 25°C

PARAMETER TEST CONDITIONS TLO7XM ALL OTHERS UNIT
MIN TYP MAX | MIN TYP MAX
. . Vi=10V, RL=2kQ,

SR Slew rate at unity gain CL = 100 pF, See Figure 1 5 13 8 13 Vius
\ Rise time overshoot Vi=20mV, RL=2kQ, 0.1 0.1 pus
r factor Ci = 100 pF, See Figure 1 20% 20%

Equivalent input noise f=1kHz 18 18 nVAHz
Vn Rg=20Q

voltage f=10 Hz to 10 kHz 4 4 uv

Equivalent input noise - _
In current Rg=20Q, f=1kHz 0.01 0.01 pANHzZ

- Vorms) =10V, Rg £1kQ, o
THD  Total harmonic distortion RL 22k, f=1 KHz 0.003% 0.003%
PARAMETER MEASUREMENT INFORMATION
10 kQ
—AAA
Vo 1kQ
Vi —AAA—¢
Vi + v
o
C|_=100pF RL=2|'(Q
RL I C =100 pF
Figure 1. Unity-Gain Amplifier Figure 2. Gain-of-10 Inverting Amplifier
TLO71
IN—
- out
IN+ N2
1.5kQ
Vee--
Figure 3. Input Offset Voltage Null Circuit
3 1,
EXAS
INSTRUMENTS - -
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TLO71, TLO71A, TLO71B, TLO72
TLO72A, TL072B, TLO074, TLO74A, TL074B
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

SLOS080C -~ SEPTEMBER 1978 — REVISED AUGUST 1994

electrical characteristics, Ve = £15 V (unless otherwise noted)

TLO71M
TLO74M
PARAMETER' TEST CONDITIONSt | Tp# TLO72M UNIT
MIN TYP MAX | MIN TYP MAX
\ Input offset volt V 0, Rg=50Q 25°C 3 8 3 3 \2
nput offset voitage =0, = m
10 P g 0 S Full range 9 15
Temperature coefficient of Vo=0, Rg=50Q |Fullrange 18 18 Vae
“vio input offset voltage 0=% Rs= g H
| | ff v 0 25°C 5 100 5 100 pA
t ent =
1o nput ofiset curren o Full range 20 20 nA
: 25°C 65 200 65 200 A
hs Input bias currentt Vo=0 £
50 50 nA
. ~-12 -12
ViCR S;gm:::‘“fe input 25°C M to 1 to v
g g 15 15
) Ry =10kQ 25°C +12 *135 +12 +135
Vom Maxdmum peak outpyt RL > 10 kQ 12 12 v
voltage swing Full range
RLz22kQ +10 =10
i i i = f 25°C 35 200 35 200
AvD Large-signal _dxffe!'entlal Vo=210V, VimV
voltage amplification RL22kQ 15 15
B4 Unity-gain bandwidth Ta =25°C 3 3 MHz
0 Input resistance Ta = 25°C 1012 1012 Q
N S - Vic = Vicrmin, |
CMRR Common-mode rejection ratio Vo=0, Rg=50Q 25°C 80 86 80 86 dB
Supply-voltage rejection ratio Ve =19 Vtio£15Y, 4
kSVR AV 4/aVi0) VO =0, Rg=500Q 25°C 80 86 80 86 dB
Icc Supply current (each amplifier) |V =0, Noload 25°C 1.4 2.5 1.4 25| mA
Vo1/Vo2 Crosstalk attenuation Ayp = 100 25°C 120 120 dB

1 Input bias currents of a FET-input operational amplifier are normal junction reverse currents, which are temperature sensitive as shown in
Figure 4. Pulse techniques must be used that will maintain the junction temperature as close to the ambient temperature as possible.

% All characteristics are measured under open-loop conditions with zero common-mode voltage unless otherwise specified. Full range is
TA ==-55°C to 125°C.

A ‘{5‘ TEXAS A
INSTRUMENTS
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74VHCA4046
CMOS Phase Lock Loop

General Description

The 74VHCA4046 is a low power phase lock loop utilizing
advanced silicon-gate CMOS technology to obtain high fre-
quency oparation both in the phase comparator and VCO
sections. This device contains a low power linear voltage
controlled oscillator (VCO), a source follower, and three
phase comparators. The three phase comparators have a
common signal input and a common comparator input. The
signal input has a self biasing amplifier allowing signals to
be either capacitively coupled to the phase comparators
with a small signal or directly coupled with standard input
logic levels. This device is similar to the CD4046 except that
the Zener diode of the metal gate CMOS device has been
replaced with a third phase comparator.

Phase Comparator | is an exclusive OR (XOR) gate. it pro-
vides a digital eror signal that maintains a 90 phase shift
between the VCO's center frequency and the input signal
(50% duty cycle input waveforms). This phase detector is

quency than phase comparator |, but provides better noise
rejection.

Phase comparator ill is an SR flip-fiop gate. it can be used
to provide the phase comparator functions and is similar to
the first comparator in performance.

Phase comparator Il is an edge sensitive digital sequential
network. Two signal outputs are provided, a comparator out-
put and a phase pulse output. The comparator output is &
TRI-STATE® output that provides a signal that locks the
VCO output signal to the input signal with 0 phase shift be-
tween them. This comparator is more susceptible to noise
throwing the loop out of lock, but is less likely to lock onto
harmonics than the other two comparators.

&National Semiconductor

more susceptible to locking onto harmonics of the input fre- -

October 1995

In a typical application any one of the three comparators
feed an external filter network which in tum feeds the VCO
input. This input is a very high impedance CMOS input
which also drives the source follower. The VCO'’s operating
frequency is set by three external components connected to
the C1A, C1B, R1 and R2 pins. An inhibit pin is provided to
disable the VCO and the source follower, providing a meth-
od of putting the IC in a low power state.

The source follower is a MOS transistor whose gate is con-
nected to the VCO input and whose drain connects the De-
modulator output. This output normally is used by tying a
resistor from pin 10 to ground, and provides a means of
looking at the VCO input without loading down modifying the
characteristics of the PLL filter.

Features
u Low dynamic power consumption (Voo =4.5V)
m Maximum VCO operating frequency: 12 MHz
(Veg=4.5V)
® Fast comparator response time (Vcg = 4.5V)
Comparator & 25 ns
Comparator II: 30 ns
Comparator lli: 25 ns

u VCO has high linearity and high temperature stability
B Pin and function compatible with the 74HC4046

Package .
Commercial Number Package Description
74VHC4046M M16A 16-Lead Molded JEDEC SOIC
74VHCA4046N N16E 16-Lead Moldéd DIP

TRESTATE® isa ot National C

Note: Surface mount packages are also available on Tape and Reel. Spacity by appending the suffix letier *X™* 1o the ordering code.

©1996 Natonal Semiconducior Comporation  TL/F/11676

RRD-830M125/Printad in U. S. A,

doo 30077 aseyd SOND 9YOVOHAYL



Block and Connection Diagrams

SIGNAL
N Vee
14 |16
V o
COMPARATOR |
COMPARATOR ! 2 PHASE COMP1OUT
IN 3 - l
r _ * PHASE
13 COMP It 0UT
1 > prase >0 L~ /
34 COMPARATOR il fommidpdm PHASE PULSES  /
+N /
R 15 o‘
! Vo {s a - n
! out
L e
et
[ Low
’ veo g YEOIN Pass
¢ FILER
.o 1 1
GND 2
n 12 SOURCE 10__ DEMODULATOR
GND FOLLOWER Q out h
INHIBT t t Rs
T ¥ss
{2
GND
Pin Assignment for
SOIC and PDIP
PHASE PULSES —] 1 16— Voo
PHASE COMP 1 OUT —] 2 15 |— PHASE COMP 10 OUT
COMPARATOR N —1 3 14 = SIGNAL IN
VGO OUT 4 13— PHASE COMP 1 OUT
e —| s 12} n2
ta—{s i~a1
e 10 {— DEMODULATOR OUT
Vss—|8 Sl vCO IN
TOP VIEW
TUF/11675-2




Absolute Maximum Ratings (otes 1&2)

Operating Conditions

Supply Voltage (Vco) —-0.5t0 + 7.0V Min Max Units
DC Input Voitage (Vin) —1.51t0 Vg +1.5V Supply Voltage (Vco) 2 6 v
DC Qutput Voltage (VouT) -0.5to Vg + 0.5V DC Input or Output Voltage 0 Veo v
Clamp Diode Current (Iik, lok) +20mA Vine Vour)
DC Output Current per pin (louT) £25mA "
DC Vg or GND Current, per pin (lcc) +50 mA Operating Temp. Range (Ta) o +85 .
Storage Temperature Range (TsTa) —65°C +150°C 74VI-fC —4 8 c
Power Dissipation (Pp) input Rise or Fall Times
(Note 3) 600 mW (t.t)  Veo=20V 1000 ns
S.0. Package only 500 mW - Ve =4.5V 500 ns
Lead Temperature (Ty) Vg =86.0V 400 ns
{Soldering 10 seconds) 260°C
DC Electrical Characteristics (Note 4)
74VHC
Tp=25C .
Symbot Parameter Conditions Vee A Ta=—40t0 85°C | Units
Typ Guaranteed Limits
Vin Minimum High Level Input 2.0V 1.5 1.5 v
Voltage 4.8V 3.15 3.15 \
6.0V 4.2 4.2 Vv
ViL Maximum Low Level Input 2.0V ‘0.5 0.5 v
Voltage 4.5V 1.35 1.35 v
6.0V 1.8 1.8 \
Vou Minimum High Level Output VIN=Viy or Vi
Voltage lloutl <20 pA 20V | 20 1.9 1.9 v
45v | 45 4.4 4.4 v
6.0V | 6.0 5.9 5.9 \'%
Vin=Vin or Vi,
lloutl£4.0 mA 45V | 42 3.98 3.84 v
lloutl£5.2mA 6.0V | 57 5.48 5.34 v
Vou Maximum Low Level Output ViN=ViHor Vi
Voltage flouti<20 pA 2.0V 0 0.1 0.1 v
4,5V 0 0.1 0.1 "
6.0V 0 0.1 0.1 A
ViN=Vig or Vi
llout|$4.0mA 45v | 0.2 | o026 0.33 v
flout|£5.2mA 80V | 0.2 0.26 0.33 v
IiN Maximum tnput Current (Pins 3,5,9) | Vin=Vcgor GND 6.0V +0.1 +1.0 pA
N Maximum Input Current (Pin 14) Vin=Vgg or GND 5.0V 20 50 80 nA
loz Maximum TRI-STATE Qutput Vour=VcgorGND | 6.0V +0.25 +25 pA
Leakage Current (Pin 13)
Icc Maximum Quiescent Supply Vin= Vg or GND 6.0V 30 40 65 pA
Current lour=0 pA
Vin =VccorGND | 6.0V | 600 | 750 1200 pA
Pin 14 Open

Note t: Maximum Ratings are those values beyond which damage to the device may occur.
Note 2: Unless otharwise specified all voitages are referenced to ground.

Note 3: Power Dissipatl P

g — plastic “N" package: — 12 mW/°C from 65°C to 85"C.

Note 4: For a power supply of 5V £ 10% the worst case output voitages (Vow, and Vo) oceur for VHC at 4.5V. Thus the 4.5V values should be usad when
designing with this supply. Worst case Vy,; and Vy_occur at Voo = 5.5V and 4.5V respectively. (The Vi value at 5.5V is 3.85V.) The worst case leakage current (i,

lec, an

and Igz) occur for CMOS at the higher voltage and so the 6.0V valuas should be used.




AC Electrical Characteristics vec=2.0 0 6.0v, CL=50 pF, t, =ty=6 ns {unless otherwise specified.)

Symbol parameters Conditions Vee T=25C | 7avic Units
Typ Guaranteed Limits
AC Coupled C (series) = 100 pF 2.0V 25 100 150 mv
Input Sensitiv- fin =500 kHz 4.5V 50 150 200 mV
ity, Signat In 6.0V 135 250 300 mv
t b Maximum Output 2.0V 30 75 95 ns
Rise and Fall 4.5V 9 15 19 ns
Time 6.0V 8 12 15 ns
Cin Maximum Input 7 ' pF
Capacitance
Phase Comparator |
teHL: tPLH Maximum Prop- 3.3v 65 117 146 ns
agation Delay 4.5V 25 40 50 ns
6.0V 20 34 43 ns
Phase Comparator |1
tpzL Maximum TRI- 3.3v 75 130 160 ns
STATE Enable 4.5V 25 45 56 ns
Time 6.0V 22 38 48 ns
tpzH, tPHZ Maximum TRI- 3.3V 88 140 175 ns
STATE Enable 4.5V 30 48 60 ns
Time 6.0V 25 41 51 ns
tpLz Maximum TRI- 3.3V 90 140 176 ns
STATE Disable 4.5V 32 48 60 ns
Time 6.0V 28 41 51 ns
tpHL tPLH Maximum Prop- 3.3V 100 146 . 180 ns
agation Delay 4.5V 34 50 63 ns
High to Low 6.0V 27 43 53 ns
to Phase Pulses
Phase Comparator Il
tPHL, tPLH Maximum Prop- 3.3v 75 117 146 ns
agation Delay 4.5V 25 40 50 ‘NS
6.0V 22 34 43 ns
Cep Maximum Power All Comparators 130 pF
Dissipation Vin =Vcg and GND
Capacitance
Voltage Controlled Oscillator (Specified to bperate from Voo = 3.0V to 6.0V)
fMAX Maximum C1 = 50pfF
Operating R1 = 1000 4.5V 7 4.5 MHz
Frequency R2 = @ 6.0V 11 7 MHz
VCOq = Vco
Ct = 0pF 4.5V 12 MHz
A1 = 1000 6.0 14 MHz
VCOi = Voo
Duty Cycle 50 %
Demodulator Qutput
Offset Voltage Rs = 20kQ 4.5V 0.75 1.3 1.5 v
VCOin-Vdem
Offset Rs = 20k 45V i
Variation VCOyp = 1.75V 0.65 v
225V 0.1
2.75V 0.75




Typical Performance Characteristics

FREQUENCY (Mz)
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Muitiplexer/Demultiplexer
Multiplexer/Demuitiplexer

Muitiplexer/Demuitiplexer

General Description

These analog multiplexers/demultiplexers are digitaily con-
trolled analog switches having low “ON” impedance and
very low "OFF" leakage cuments. Control of analog signals
up to 15Vp.p can be achieved by digital signal amplitudes of
3-15V. For example, if Vpp =5V, Vgg =0V and Vgg= ~5V,
analog signals from —~5V to +5V can be controlled by digi-
tal inputs of 0-5V. The muitiplexer circuits dissipate ex-
tremely low quiescent power over the full Vpp—Vss and
Vpp — Veg supply voltage ranges, independent of the logic
state of the control signals. When a logical “1" is present at
the inhibit input terminal all channeis are “"OFF".
CD40518M/CD40518C is a single 8-channel muitiplexer
having three binary control inputs. A, B, and C, and an inhibit
input. The three binary signals select 1 of 8 channels to be
turned "“ON" and connect the input to the output.
CD40528M/CD40528C is a differential 4-channel multiplex-
er having two binary control inputs, A and B, and an inhibit
input. The two binary input signals select 1 or 4 pairs of
channels to be turned on and connect the differential ana-
log inputs to the differential outputs.
CD4053BM/CD4053BC is a triple 2-channel muitiplexer
. having three separate digital control inputs, A, B, and C, and

NNational Semiconductor

CD4051BM/CD4051BC Single 8-Channel Analog
CD4052BM/CD4052BC Dual 4-Channel Analog

CD4053BM/CD4053BC Triple 2-Channel Analog

October 1989

an inhibit input. Each control input selects one of a pair of
channels which are connected in a single-pole double-throw
configuration.

Features

m Wide range of digital and analog signal levels: digital
3-18V, analog 10 15Vp.p

m Low “ON" resistance: 800 {typ.) over entire 15V sig-
nal-input range for Vpp—Vgg = 15V

& High "“OFF" resistance: channel leakage of =10 pA
(typ.) at Vop— Ve =10V

= Logic level conversion for digital addressing signals of
3~15V (Vpp—Vss=3-15V) to switch analog signals to
15 Vpp (Vop—Vee=15V)

® Matched switch characteristics: ARgn=5 (typ.) for
Vop—Vee =16V

m Very low quiescent power dissipation under all digital-
control input and supply conditions: 1 pW (typ.) at
Vpp—Vss=Vpp—Veg =10V

B Binary address decoding on chip

Connection Diagrams

Dual-In-Line Packages

CD4051BM/CD4051BC CD4052BM/CD40528C CD4053BM/CD4053BC
LiLls MQUT  gurn INOUT _outan it
Voo 2t 3 A B ¢ Voo T o A 8 v e ¢
he by iz I o s he fis_ e i3 D2l e _E is b o B i e s
b 2 3[4 5 ¢ T ]e : P RUNG i FI I L i LA
4 ouTIN N Ve Ve & 3 vy 3y Iy WA Ve Vs M L
nIGuT WIOUT wrout  OUTAR Tigur WUy SUTm tauT
TOP VIEW TOP VIEW TOP VIEW TU/F/5662-1

Order Number CD4051B, CD4052B, or CD40538

© 1996 Natona! Semiconductor Corporation TUE/5682

RRD-830M105/Printed In U, 5. A,

stax3a|dnjnwaqg/iaxajdnny bojeuy

D8ES0vaD/INEESOYAD ‘D8a2s0vyAD/INgzsora) ‘ogisovad/Nglsorad



Absolute Maximum Ratings

Recommended Operating

It Military/Aerospace specified devices are required, Conditions
please contact the National Semiconductor Sales v
Otfice/Distributors for availability and specifications. IDCUS;‘\';"::Y oltage (Voo) +5 VDO"\",(? ;15 zDC
DC Supply Voltage (Vpp) —0.5Vpgto +18 Vpg nput Vottage (Vin) ° Voo Voc
Input Voltage (Vin) —0.5 Vpc to Vpp+0.5 Vpg Operating Temperature Range (Ta) i i
Storage Temperature Range (Ts) 65°Cto + 150°C 4051BM/4052BM/40538M -55°C to +125'C
Power Dissipation (Pp) 40513C/4052BC/40538C -40°Cto +85°C
Dual-In-Line 700 mw
Small Outline 500 mW
Lead Temp. (T) (soldering, 10 sec.) 260°C
DC Electrical Charactéristics (ote 2)
Symbol Parameter Conditions —S5°C +25 +125°C | ynits
Min | Max {Min| Typ | Max { Min| Max
lop Quiescent Device Current | Vpp =5V 5 5 150 pA
Vpp= 10V 10 10 300 rA
Vpp =15V 20 20 600 | pA
Signal Inputs (V)g) and Outputs (Vos)
Ron “ON" Resistance (Peak | R =10k Vpp=2.5V,
for Veg<Vis<Vpp) {any channel | Vgg= —2.5V
selected) or Voo =5V, 800 270 | 1050 1300 1
Veg=0V
Vpp =5V
Vegg= -5V
or Vpp =10V, v 310 120 400 8§50 0
VEg =0V !
Vpp=17.5V,
Vgg= -7.5V
or Vpp = 15V, 200 80 240 320 [y}
Veg =0V
ARon | A“ON" Resistance R_=10kQ | Vpp=2.5V, i
Between Any Two (any channel | Vgg= —2.5V 10 o
Channels selected) orVpp=5V,
Vgg =0V
Vpp =5V,
Vegg= ~5V
or Vpp =10V, 10 Q
Veg=0V
Vpp=7.5V,
Veg=—~7.5V
or Vpp= 15V, v 0
Veg=0V
“OFF"” Channel Leakage | Vpp=7.5V, Vgg=-7.5V
Current, any channel O/1= £7.5V,l/0=0V +50 +0.01 | %50 +500 nA
“OFF”
“OFF" Channel Leakage | Inhibit=7.5V  CD4051 +200 +0.08 | £200 +2000| nA
Current, all channels Vpp=7.5V,
“OFF"” (Common Vegg= —7.5V, CD4052 +200 +0.04 | £200 +2000| nA
OUT/IN) O/1=0V,
1/10=+£7.5V  CD4053 +200 +0.02 | £200 +2000| nA
Control Inputs A, B, C and Inhibit
ViL Low Level input Voitage | Veg=Vgg R =1k} to Vgg
lig<2 pAon all OFF channels
Vis=Vpp thru 1 k02
Vpp=5V 1.5 1.5 1.5 v
Vpp= 10V 3.0 3.0 3.0 \
Vpp= 15V 40 4.0 4.0 v
ViH High Level Input Voltage | Vgp=5 35 35 35 v
Vpp=10 7 7 7 \
Vop=15 11 11 11 v

Note 1: “Absolute Maximum Ratings™ are those values beyond which the safely of the devige cannot be guaranteed. Except for “Oparating Temperature Range™
they are not meant to imply that the devices should be operated at these limits. Tha table of “Elactricai Characteristics” provides conditions for actual device

opaeration.

Note 2 AN voltages measured with respect 1o Vgs unless otherwise specified.
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‘DC Electrical Characteristics (note 2) (Gontinued)

—40°C

+85°C

Symbol Parameter Conditions Units
Min{ Max |Min] Typ Max | Min| Max
N Input Current Vpp=15V, Veg=0V N 5| —0.1 _
ViN=0V 0.1 10 1.0 | pA
Vop =15V, Veg=0V -5
Vi =15V 0.1 10 0.1 1.0 pA
loo Quiescent Device Current | Vpp=5V 20 20 150 rA
Vpp = 10V 40 40 300 | pA
Vpp =15V 80 80 600 pA
Signal Inputs (V|s) and Outputs (Vos)
Ron “ON" Resistance {Peak R =10k |Vpp=25V,
for Vgg£Vis<Vpp) (any channel | Vgg= —2.5V
selecte d) or Voo =5V, 850 270 1050 1200 43
Vgg =0V
Vpp=5V,
Vgg= -5V
or Vo= 10V, 330 120 400 520 Q
Veg =0V
Vpp=7.5V,
Veg=-7.5V
of Voo =15V, 210 80 240 300 4]
Veg=0V
ARon | A"ON'" Resistance R =10k |Vgp=25V.
Between Any Two (any channel | Vgg= —2.5V 10 q
Channels selected) or Vop =5V,
Veg=0V
Vpp=5§V
Vgg= -5V
of Vpp =10V, 19 o
Vege=0V
Vpp=7.5V,
Vgg= —7.5V
or Vpp=15V, 5 o
Veg=0V
“OFF" Channel Leakage | Vpp=7.5V, Veg=—7.5V
Current, any channel “OFF" | O/1= £7.5V, /O =0V +50 +0.01 | £50 £500 | nA
“"OFF” Channel Leakage Inhibit=7.5V  CD4051 +£200 +0.08 | £200 +£2000({ nA
Current, all channels Vpp=7.5V,
“OFF" (Common Vegg=—7.5V, CD4052 +200 +0.04 | £200 +£2000| nA
OUT/IN) O/l=0V
1/0=%7.5V  CD4053 +200 +0.02 | +£200 +2000| nA
Control Inputs A, B, C and Inhibit
Vi Low Level Input Voitage Vee=Vss R =1k{lto Vgg
lis <2 pA on all OFF Channels
Vis=Vpp thru 1 k2
Vpp=5V 1.5 1.5 1.5 V'
Vpp =10V 3.0 3.0 3.0 v
Vpp =15V 4.0 4.0 4.0 v
ViH High Level Input Voltage Vpp=5 3.5 3.5 3.5 v
Vpp=10 7 7 7 v
Vpp=15 1 11 11 v
i Input Current Vpp =15V, Veg=0V _ _1p-5| —O1 _
Vim0V 0.1 10 1.0 | pA
VDD =1 5V, VEE =0V -5
Vi = 15V 0.1 10 0.1 1.0 RA

Note 1: “Absoclute Maximum Ratings™ are those values beyond which the satety of the device cannot be guarantsed. Except for “Operating Temperature Range™
they are not meant to imply that the devices should be operatad at thess iimits. The table of “Electrical Characteristics” provides conditions for actual device

operation.

Note 2: All voitages measured with respect to Vgg unless atherwise specified.
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AC Electrical Characteristics® ta=25C, t,=t=20 ns, uniess otherwise specified.

Symbol Parameter Conditions Vpp | Min | Typ | Max Units
tpzH, Propagation Delay Time from Vgg =Vss=0V 5V 600 | 1200 ns
tezL Inhibit to Signal Output AL=1kA 10V 225 | 450 ns
(channel tuming on) C =350 pF 15V 160 | 320 ns
toHz, Propagation Delay Time from Vgg=Vgs=0V 5V 210 | 420 ns
tprz Inhibit to Signal Output Re=1kQ 10V 100 | 200 ns
(channel turning off) C=350pF 15V 75 150 ns
CiN Input Capacitance
Control input 5 75 pF
Signal Input (IN/OUT) 10 | 15 pF
Cout Output Capacitance
(common QUT/IN)
CD4051 10V 30 pF
CD4052 Veg=Vgs=0V 10V 15 oF
CD4053 10V 8 pF
Cios Feedthrough Capacitance 0.2 pF
Crp Powaer Dissipation Capacitance
CD4051 110 pF
CD4052 140 pF
CD4053 70 pF
Signal Inputs (V|g) and Qutputs (Vog)
Sine Wave Response R =10kQ
(Distortion) fis=1kHz 1oV 0.04 ”
Vis=5Vpp
Veg=Vg =0V
Ifreq'tfenf:y Response, Channel | Ry =1kQ, VEg=0V, Vig=5Vp, 10V 40 MHz
“ON" (Sine Wave Input) 20 10949 Vos/Vis= —3 dB
Feedthrough, Channel “OFF™ | RL=1kQ, Vge=Vg5=0V, Vis=5V,.p,,
iov 1
20 10910 Vos/Vig = —40 98 D MHz
Crosstalk Between Any Two RL= 1k, Vgg =Vgg =0V, Vig(A)= 5Vp_p 10V 3 MHz
Channels (frequency at 40 dB) | 20 logyo Vos(B)/V|s(A)= —40 dB (Note 3)
teHL Propagation Delay Signal Veg=Vss=0V 5V 25 55 ns
tPLH Input to Signal Output C =50pF 10V 15 35 ns
15V 10 25 ns
Control inputs, A, B, C and Inhibit
Control Input to Signal Veg=Vgs =0V, R =10 kQ at both ends
Crosstalk of channel. 1oV 65 mV (peak)
Input Square Wave Amplitude =10V
tPHL, Propagation Delay Time from Veg=Vgg=0V sV 500 | 1000 ns
tpLH Address to Signal Output CL=50pF 1oV 180 | 360 ns
(channels “ON" or “OFF™) 15v 120 | 240 ns
*ACP are g d by OC co testing.

Note 3: A, B are two arbitrary channels with A tumed “ON™ and B “OFF".




Block Diagrams

CD4051BM/CD4051BC
CHANNEL IN/OUT
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CD4052BM/CD4052BC
X CHANNELS IN/OUT
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Block Diagrams (Continued)

CD40538M/CD4053BC
maout
V?g r:_y) [ :; i
& 1 Os' 1 |a
] ]
" BINARY TO
o 10F2
4 DECODER
WITH INHIBIT
R
15 out/n
LOGIC P ¥0R by
3 o— LEVEL [ T ]
CONVERSION
b ot et e - —
o 4 ouTaR
¢ e OR ¢y
6
&
INH QO]
s
H <37
Vs Vee
TL/F/5662-3
Truth Table
INPUT STATES “ON” CHANNELS
INHIBIT | C | B ] A | CD4051B | CD4052B | CD40538
0 0{0}0 0 0X,0Y | cx, bx, ax
0 0{0]1 1 1X,1Y | cx, bx, ay
0 o|1;0 2 2X,2Y | cx by, ax
0 of1f1 3 3X,3Y | cx. by, ay
o} 1100 4 ¢y, bx, ax
] 1101 5 cy, bx, ay
[o} 111]0 6 cy, by, ax
0 1111 7 cy, by, ay
1 o E NONE NONE NONE
*Don’t Care condition.




Switching Time Waveforms

! !
SIGNAL INPUT TO SIGNAL OUTPUT

Voo

IN/OUT or
OUT/IN

INHIBIT

IN/QUT ar
ouT/NN

INHIBIT

ANY CHANNEL

OQUT/IN or IN/OUT

Voo
*e
ANY CHANNEL
Vos § ouriNor
IR/OUT
S¥pF

L

Voo

ADDRESS ¢

INPUTS
“,B ol ‘VBD
ADDRESS TO SIGNAL OUTPUT
i
Voo 90% ) 90%
INHIBIT 50% 50%
[] 10% YART
) .
tpzH —*1 [t
V0D s odos o puem 7 gm‘PHz
vos
A 10%
Voo 90%
INHIBIT 50%
10%
a {
L'i—‘rzt

Voo 90%
vos
0 0%
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Special Considerations ;

In certain applications the extemal load-resistor current may
include both Vpp and signal-line components. To avoid
drawing Vpp current when switch current flows into IN/OUT
pin, the voltage drop across the bidirectional switch must

Typical Performance Characteristics

“ON” Resistance vs Signal
Voltage for Tp=25'C
s

s
Jos

258 1+ Voo 'Vu'i:/ \
0 \

159

oo = Vag 2 10V 7]
(M)

19 t

s0

Vog - Veg * ISV
I D I S
?

-5 -4 -4 =2 0 4 5 3
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CHANNEL “ON” RESISTANCE (Rowl 52}
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]

AVAY

CHANNEL “ON" RESISTANCE (fow) (22}
~
2

EREECH
I
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-8 -6 -4 -2 0 2 4 & 38
SIGRAL VOLTAGE {Va) (VI

not exceed 0.6V at To< 25°C, or 0.4V at T, >25°C (calcu-
lated. from Ron values shown). No Vpp current wiil flow
through Ry if the switch current flows into OUT/IN pin.

CHANNEL “ON" RESISTANCE (Rout (12}

CHANNEL “ON" RESISTANCE (R, ) (2}

“ON"” Resistanceas a
Function of Temperature for
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TYPES TL1731, TL173C
LINEAR HALL-EFFECT SENSORS

recommended operating conditions

R TL1731 TL173C
* MIN _ NOM_ MAX MIN NOM MAX UNF
Supply voitage. Voo 10.8 12 13.2 § 108 12 13.2 v
Magnetic flux density, B =50 +50 mT
Output current. g Sink 0.5 0.5 v
Source -2 -2
Operating free-air temperature, To -20 35 0 70 °C

electrical characteristics over full range of recommended operating conditions {uniess otherwise noted)

PARAMETER TEST CONDITIONS ! MIN TYP! MAX UNIP
Vo Quiput voltage Io = ~2mA 10 0.5 mA, 5.8 ] 6.2 v
ksvg  Suopiy voltage sensitivity (AVi0/aVee) B = OmT§, Ta = 25°C 18 mvyv
S Magnetic sensitivity {AV(/AB) 8 = ~501t0 50mT§, Tp = 25°C| 13.5 15 18 VITS
AS Magnetic sensitivity change with temoearature ATA = 25°C to MIN or MAX +5 %
Icc Supply current 8 = OmT§, g =0 8 12 mA
frmax Maximum operating frequency 100 kHz

TFor conditions shown as MIN or MAX, use the aopropriate value specified under
*Typical values are 8t Vo = 12 Vand Ty = 25°C.

§The unit of magnetic flux density in the intemationat System of Units (Sl is the tasia (T). Tha testa is equai to one waber per square mater, Values expressed
in milliteslas may be converted to gauss by muitictying by 0. 0.0 50 millitesta = 500 gauss.

QUTPUT VOLTAGE
vs
MAGNETIC ELUX DENSITY

-+ T
veee 12v: I ,}
68+ Ta=25°C * -t v
L, irveeai— 7 |
8.6 —f——F—T 1 f
> {UPPER BOUNDARY — 1 ,/i y
1 6 — +
& b it i LA IA
e 3) IR WML G
s -
The north pole of 2 magnet is the ocle that is ‘E 5.8 /x(
attracted by the geographical north pole. The °| / LO\;JER BOUNDARY
acrth pole of a magnet repels tne north- o 58 7 ]
seeking poll ol I compass. Bv acceptaa --"ﬁ?"hv > 2 54 / 1
& ention lines of fiux ‘,,u A/ "
from the north pols of 3 magnet and enter the 52 S
south pols. /r I l
FIGURE 1-DEFINITION OF Sy [ea =10 R0T 1 Z0 30 40 50
MAGNETIC FLUX POLARITY 8) Sagnetici ik Ognsicy — mT

FIGURE 2

TYPICAL APPLICATION DATA

The circuit in Figure 3 may be used to set the output voltage at zero field strength to exactly 6 V {using R1), and to set
the sensitivity to exactly - 15 V/T (using R2), as depicted in Figure 4.

COMPENSATED OUTPUT VOLTAGE
v

12y ' , MAGNETIC FLUX DENSITY
_ 2 =T T T 1
. Vee = 108V10 132V
10 kﬂ;, 10K . Tasas'c |
< M ' 8.6
3
3.9kQ % oa BN
TL173C p—W\ - -~ . 3 N
> 62
TLO81 —OQUTPUT 3
R1 < & 6
v 25kQ9 f/ 8
: . 3 58 =
. : AN
10k g % A
§ 54
. 52
= 5
-50-40-30-20-10 0 10 20 30 40 50
- . 4 * B — Magnatic Flux Density — mT .
FIGURE 3-COMPENSATION CIRCUIT FiGURE 4
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