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Electrocardiogram Tester

Mr. Thochart Limpong
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Abstract

On the design and implementation of an electrocardiogram (ECG) tester, which
can be displayed its ECG waveform on the computer screen, is presented in this
project. The project concept is based on the use of the ECG principal co-operated with
some basic electronic circuits. The proposed project mainly consists of an ECG
amplifier, a ADC converter and the computer-based data acquisition system for

displaying the ECG waveform on the screen.
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4.2 MIvBAULLKBza N MYENandy AT e

vienlnszunsuuaainailssnoufidgyvoarsnsminvesniuiale (ECG Amp.)

o4 d é 1 f [ ¥
uaaalAdegi 4.2 FelnwaziBuavenses luuanzdaadl

42.1 nosiumoniulifiviale

20 5UNea Y8 HA (differential amplifien) Kauaaaluz il 4.3 Whiresusniivmy
atu I lefitvunavesdygnanfosnmifivadszuia 1 mv MTasmsfudygruen
SidnTnsafiuuRanladsdimanudiumuge uneiidggnusuaunn Tifhfunseuaady

A 50 Hz thndae deunssvenefesiunlébedquautasde |y
o Sunpduineudgann defoufunnudnmimveRamis wefleafumsfuauga
ye2v3 s Tuneudyg i tewdigdunn Simadeaugavosrseseziing
Fusersevens fie Fygrusunufidun ludnsazdygu Tnuai (Common
Mode Signal) Tiautsairineenly 1§ unzdsififadna Tufhooridn daazgn
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29sfdin
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L > L wrilfugqud > iAo NIUBRANDT
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RL . dygnunn Anun (f=50Hz)
A
ST y -

> Jenshueagaine | aaesivided » AD

Ao radasuns
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31U 4.2 vdenlaesunsuvesniaveieaduale

Ay

, ' 4
® 71 CMRR (Common Mode Rejection Ratio) §J3 L‘ﬂuf]mﬁwu DUNMHIVDNITVLY

¥
Y o =

Aygunadafimusedfadygiasuniuld quavliasuiinfe nslidasvee
yo1dayg e InuaAnan1 (Differential Mode Signal) geilaz HSATWEBVEITYR W
o4 2 d a4 4 Yy da w

Truadwdrieil Meanndygruidssmsvoondrlindunnudnuszdygu
Tnuasau

resvnednyanunadedi ifuaaslugli 43 Uszneudavseduond 3 d2

< o | Qs A
dmfveoueuildai 4 Hurwsiloundvuvvay ieldununsng nieuniiRL
a iﬂ' o ¥ & = J ¥ T
Driver (Right Leg Driver) finnihfiaadnan 1uih Inuasu Fafintuldsznieinnme
[ o 's
fihefunsdueaesasy
i o & 1 & (=] =
9102993 THgUR 43 U1 tas U2 Whisesvoeiivived GeaslidBuymdui-

waudganndszia 60 M Tavdasweudaa 1ifl (Volage  gain) 4892393

ey
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Avl =1+ (2R)R, =1+ (2(20K))/39k = 2.02 I

U3 funsnsveudayanaenacs laefinl R6=R7 tiaz R8=R9 fidanvendnar vl
WY

Av1 = R8/R6 58 RO/R7 = 50k/10k = 5 1}

S 8RB AUV I T IEE Y N MHAR 1YL

Avt = Avl *Av2 =2,02*5 =10.1 1"
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10x Re H

R . R _ .

2 > M— A—

R» By Rg

20k 20k 53k

4

Ry -

39k !

-

R B R

3 20k 7

10k ~ 20k 10k

L y - hf \Af

Rg é l Ca

50k T 0.1 pF

6.8pF

T

- N | = =

5

v

10k /

R —_
N

C1
T 2nF
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|
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#ale Sanuddioglutiag 0.05 Hz -200 Hz Anfudududseghlddeadaimn tield
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sanTnsawu dadihwuiudesildmanudumuitosdudavesdidn Insai
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=

= b =1y U ) o - o = ar Qr
NTIUF AR D IHIUATUDHUIN ﬂ'ﬂuﬂ'ﬂﬂﬂﬂllﬂﬂ‘ﬂlﬂuqqﬂiﬂulﬁﬂiﬂﬂﬂ UDAT1VEIBFNAT
#unid

Av = IM/10K = 100 111

FELAUNITUNBUAD

[
™

Volt (mV)

N\

Time(s)

[y 4
TEAUTIH-

oo
fian Tnagnsuniu

] ]
=t T =

51 4.5 usrasndu Ifhvi leideiudufnlizfiiidwnn Wedidn Tnsagnyuniu

4.2.3 WosMdauaunNd
@ 8y o 1 Ao e
faunasvnslumausnaziiursesvedayanananie selguaulialy
b & ] 19 - ¥ 3 o
midsadggasuniu ldfauuaduianmu luaugavedrsesyuindyanasuniy
A T dl 1 ] d 4 LY = i
FaamInailunud 50 Hz Amwrsadn 118 udiesnnadu Iiihwalelinnud
A1og1u¥29 0.05 Hz 200 Hz 41511929930509H1UA10A (Low Pass Filter) Wi
! { g 1 ' [~] o o ) o
ssyuarfwoulianuddnds so Hz inl18 Aeeih i daana i lehliany
1 o ol ot Q’J’ = 3 LY o o - .
gani 50 Hz gnihdeeen la dafusiiedesdrnsmiaununaud (Bandstop Filter)

T o

Faazwouldgygonudgaunzdind 50 Bz il 1d daudagnasuniu 50 He
szgnindaeen il nesuanadsgilii 4.6
fiarsanarngald 4.6 dunssidedemseenuuy Aeannsnilfuaandnas

(center frequency, f,) Teefanudumuuud gt lai ldmunsadfuresawuud
35 (bandwidth) tie Q llnfAvuas memnandnms €) ausadanIdon

f= 1270C N (3RaRb)

Cl1=C2=C3=C

R1=6(R2+R3+R4)
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2

il8  Ra=R2+R3a
Rb=R4 +R3b

TaeN  R3 =R3a+R3b

R, 680k
T~ o/
I/P 0,047 0,047 C OQTEIE /  d <
B—‘l—'
. é Rg
68
R; Ry
4.7k 75k

R3
20k

Rg

= 2.2

P 9w - A
I‘I.J'Vl 4.6 WITANMAUAUAITUN

Tuftifoans £, = 50 Hz uaz9z A C = 0.047 UF ,R2=4.7KCD,
R4 = 75 KO unzanudmmmuliustle r3 = 20 kQ g
R1=6(R2+R3+R4)
R1 = 6(4700 + 20000 + 75000)= 598200 £2
R5=68 (2
R6 = 2200 {2
Wounusiasmunirezld £ ogtugaedad Ao U5 R3a = 0CLRb = 20 KO
ve A Ra = 4700 + 0 = 4700 ()
Rb = 75000 + 20000 = 95000 {2
sofueeld £ fe
£ =127ICV3RaRb
~ 1/2750.000000047Y/3 * 4700 * 9500
=92.52 Hz
UTU R32=20KE2 R3b=00)

w14 Ra = 4700 + 20000 = 24700 {2
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Rb=75000+0 =75000C2
Atz 14 £ Ao
£ = 1/2TC\3RaRb

= 1/27[0.000000047‘!3 * 24700 * 75000
= 4542 Hz

9
o 3 3

vinmseanuuudieduz’ld £ g9 45,52 Hz §992.52 Hz aaiudidesns £ = 50 Hz T
U§u R3a 1814 £ = 50 Hz Taufid Q w1ldann
Q

i

£ /BW

50/(55-43) = 4.16

! § a LY P
¥a2993M0onuULTUAIFUY 4.6
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Thet3192192493 Pulse-Width Modulator Fanasezdkadagalii 4.8

6.8nF

m\ _’—[‘__r.[_ 100k 1c2 /\/\/\ o3
1 V IV\I f} :Ewg G/

10k

W L

8.2k -

1 g
sU% 4.7 M0TUDAGIIADT



36

WM
SIGNAL

Y

= ) o
117 4.8 mydsuanuniiawad

4.2.5 JoTariui QN
4 s { 1 L] d L [} o/
ilonsesdggnui lidosmseenll1Auda Aduininavsdewudygunanaa

A e ' | EEET w o 4 o
MEJ‘VI”IﬂﬁLLUﬂi]ﬂﬂSTJﬁi$H’J‘1~1’N‘ﬂiﬁ’mﬂﬁmﬁﬁﬂﬂiNﬂ‘IUﬂ‘LI’JWiﬂﬂ‘hJ lﬁaﬁQQﬂuﬂiguﬂ

]
s

$3 lnannndaldmsunsiedonufld 1ine0s lugUd 4.9 avwduniu R1 sandhii
Wieudnar Iihdlunszua i Weflouldfuddidygranmedauiiulalen any
Fummirz gae VR ssfuiatlounszunlusalifudads nrsdad s lusmin1é Taoms
diudaamud o118 VR sunseitsdnanvihfineainine fuasiasudye ol

1 4 A " 1 H
ﬂ'lﬂ'J'ZII'lﬂlﬂ‘iiﬂuﬂﬂ‘i)illﬂaﬁﬂ’lﬂqﬂlﬁﬂd +V



37

I/p +9V

4N26 /P

< ' o
917 4.9 23 mdgy g Iudoua

42.6 NeTANBAgIaINE]
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) d Y o of ey
4.3 mifnneneineynsutazmulasiyaaemndeniuiinea

é 1 L ¥
Fatsznov U936 199 Aad]

4.3.1 2vutsdygnaeindendluddnea (ADC)

/P

Vee
cS VCC
CHO CLK k)l ¢
T 0.1u
CH1 DO
GND DI e

ADCO0832CCN

51l 4.11 2esulaedgygruemdendiudinea (ADC)

o 3/ " g =
Tnowaluda ADc szgnuilaiiusiialfioniymiwavguduuazinugiv

= ar =)

a4 ADC M mihiulasudygraeudeniiudtaeanlwinadfivwavgudy
ar Yt an o 4 1 o a 4
dneglwiluAtnoaiiinoduargn e luumNInIURUUUUATADY 2995 ADC finlaey
o =] o o o e < ] = o 5‘3 r
dygnaeudeniludygrudtaoafilioviymiiumuguaessziiemiya i 4
¢ = 4 o @ g 4 @ an o o o
11NN 3 16 1Ay Aulasdgyguewndentludygyrudtneanieiaynily
= a & i o g
ugruans snfluginsalduymyiianids uszuuidl luTas Tl swmaefithiavg u
Tumsalugu Fendr ADC uuy UP-Type
¥ o g w ¢ A 2 g

wad Ida1nnsiiaues ADC Wuduavgwaes layniisenuvaiumey
wuyraneda dmvsuunlterdymesninthaasgudy (151w Dymm) wafi 18T
o = o § o |
auavlugudy Taeia liuda Apc ffedymidiasgwaesziidruandmiu 4,

= = = Y s ¥ A ¥,
6, 8,10,12,14 ufzl6 Um 919UNTILNA error YHUHUIUANUDY 15199910015 1% discrete
A o 1 - A 1 .

binaty step MoLMUF g uouAenfiianuABLIoaRE 8N quantizing error

Tunsélves ADC wuw 8 T A2592H discrete step UMM 255 2°~ 1 =

A or lé =y =

255) Faaziv1iv 0.39 %o (1255 X100 = 0.39%0) ¥s ADC uuu 8 in IaNuazdyA

uiudINI vHA 4 U
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r

ANALIATE (accuracy) ¥0910% ADC Hifiordwniluavgumeaiveantiann
+1/2 LSB il +2 LSB 6w accuracy 189 ADC uunfifiowiyailumug iy o=l
F29n3198 1A 0.01-0,05%

fanamlasdyain (conversion time) iUIwazBuAImKIZYDY ADC
sunilsiddgFaiiunmi apc Wiums1Hled wasuseudonmesduyn Wiy
Soynoyninugiuaes misgudn) Taoskaluiudaconversion time Y04 ADC 13
wwyminugAusinoglugag 200 ms - 400 ms dau ADC Aferymimarg
a841nog 1139 0.05 us -1000 us

Fmumzimmizdug Taoia llueamifeninfinainudaves ADc fodwuss
sunnunaesiebidndedszina +5 v at1elsfien ADc madafiirauin s ey
+5V f9+15V

nﬁuusaﬁmmﬁwmﬂuﬁmuu TTL, CMOS, #30 tristate 32303194030 U%A
uyaudinozidlu s v mmsgouiidgegeves ADC Fnliftogszning 15mw i
3000 mW

43.2 1ouvendelulnsneninsaced

Veo
lec
T 0.1u
; 10k Vee
L RST vVpp VCGC
(R——P3.0(RXD) P1.7— lc
(K )——iP3.1(TXD) P1.6— o
XTAL2 P1.5— =
XTAL1 Pldr—
(c8 —{P3.2(NTO) P13—
—_ﬂl_—_ (i )——P3.3{INT1) Pt.2——
¢ 11.0592M c
26T T 220 (50— P3.4(TO) P1.1—
(B P3.5(T)) P1.0{——
= l_ GND P3.7|--—
ATB9C2051

5117 4.12 2endouse luTnsnouInsamed
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Qs é
TuTnsaoulnsamed Wudnlszuiananaranis 3Ry (CPU) vasszywialing
il uduiuezfaadiledusznountouenfudud Il ¥ s suufauysel 19u
] a o Iy ofcl r'd o
wiheanuiwazweianugy WuduluTasneu Insameflseddsznouvssmaviaunas
| & Yo 1 1 o o w o 1 : or : ° 3 o
daude1dfunsoanuuuldussyegnioluledmfvadafoavniu daiunisiir ld1Faud
| | A o 4 o1 1 3
Aoudraszazanfivainmsaenirasamoiiuiugunawazunasis I ¥mniuivedu
sruunouRmes oA IURUA Yol
o a o - ) o da -]
Tulnsnoulnsamesuuuswie) felulnsaeunumesuuuniivinadnTasussy 14
o o - P a A o sy a =
una lodifsawiRe g dmivaunugugdnsaiduquuude Tul@mnzennsofiozdiou
Tdsunsunrugumainminidandens luTasnouInsamesuuudnfvinizga MCS-51
4 -
ao'lulnsnoulnsames e 8051 uazlulnineuTnsamed wes 8052 dafilaseata
uanaafudndesduaaslumsed 4.1 lulnsroulnsameiaszga MCs-51 airhiam

3 ] b
v 8 davaneanuhduihimihinlumsdusmseihnugeganisos 8 da

< a o
a1519% 4.1 TulnsneuInsamesuuudwines luaszga MCS-51

wianuiinmelu wiﬁmnm . f:ﬁ
HUBI VAN I
wos Tasunsy doya
8052AH 8kx8 ROM 256x8 RAM 3x16 1in 6
80S1AH 4kx8 ROM 128x8 RAM 2x16 1Ua 5
80581 4kx8 ROM 128x8 RAM 2x16 Un 5
8032AH gt 256x8 RAM 3x16 1in 6
8031AH 1adl 128%8 RAM 2x16 1n 5
8031 udl 128x8 RAM 2x16 U9 3
8751H 4kx8 EPROM 128x8 RAM 2x16 1n 5

¥
o o o

luTnsneulnsaaninszga MCs-51 fidefaeil
1. #unsni1doyauIAND, OR HiammIndumouzyosdy1n (Complement)
¥ I 4 ¥
NuUUnTIay 8 U9 uay aseag 1 Ia
9 o v o a & ﬂ r
2. mnsoldiumibisanuiidminldsiunsy (Program  Memory) da1tlunay

] o o g o " o
audilddmiufumdsfiniuguldlulnsnouTnsamed Mcs-s1 hamulavhausg
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o 1&qaga 64 Ala'lud Kilobyte) (64 x 1024 'Tusd) i l¥muisafivz@eulusunsy
Aqumshiowldun

3. awiradedumiunnuiidmiudoya (data  memory) Fudunioniiuéa
dmfufudeyaluszuinnisinuveslisunsyldgaga 64 flalud

2. W'l TnsneuTnsmaed wef 8051 uazlulnsneuTnsamed wed 8751 i 9
wirwanusrdmivTdsuasudnau 4 Alalod QululnsneuInsamesives 8052 uas
TulnsaeuTnsamed wef 8752 wzImisennudrdmuldsunsusnom s flalud) of
molu ¥ lidesdomizerawirdmin Tlsunsuniouen Sei lfszuurutanuaves
TuTnsneuTnsamoilvwadnuazilosfudyausunuainneuen snfunisiauwes
TuTnsneuTnsamed Mcs-51 shaudanainldun

5. Twefauuuunn (parallel por) dmfudoyaduazoani i 32 Safidoyaud
avdatludaTzaoiu

o 2 - . g

6. vesdanmaiumia 16 0n 2 ya (lulasneuTnsameiued 8052 1 3 ya)
fikanuluTnuadien 1469 4Tnua

7. ﬁﬁ??ﬂ—ﬁ'ﬁ‘l’l’ﬂya (universal asynchronous receiver/transmitter) EGRNE U%ui’faga-
dedoyauuueynTY (serial) unmRRAM IR T Is IR AUYLMITY-tedoynld 4 uuy

8. Tunaaiuiledgygudadaniznatianuuss TUsunsy (interrupt request signal) 6
unas FeensaiinizTanliauasyausan1s¥asenaz Gaterrupt service routine) &
A9 i1 5 AWMU

9. musnidenmirinuliegluInuaveamangaiia (idiey woz Inuasznda
WA (power down) Fevztazndanmy4md I lumahau

Fannderrndn hildluTnsneuInsamed Mos-s1 duiiioninnldnvguizuy

SaluiAun quonniadenaussq 5 luBniae (single chip) 119 40 171 FufuSamunso
senuuyldrzuuimustiniandn uas g lfmansereumdoRananduialussuuh
18410 liaduFudou mmf«aﬂﬁﬂ;mz?mnnﬁﬁtgfgmsumu“lmguuﬂuﬁﬂﬁﬁwm
Aamaraliusmsnoztiner e Tnsnou Insamed MCs-s1 inlfansIdiusnitu Kosdny i
A leferiy I wuasosddsznouden Bedew Wees 1A ladsnwinuuas
3Ems Idaueaneianieg veslulasnouTnsaiaes Mcs-s1 udrdaimsdeouTisunsy

domugumsmaulfidiuluaudosms
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43.2.1. aalnonisuvedlulnineulnsaaed MCS-51 1wed 3051
TuaouduldnandelnssadumeluvesiulnsaeuInsmans 1wed 051 1Had1s
& P i ) a a
n¥199 GafiwenezuenlATasduvdinlszneudodudsznoung exlsthelaefilug s
a 1 &
4130z uglRuansndygwdieg vesluTnsneuInsames MCS-s1uey 8051 daag
a & 1 y 4 ¢ o @ a
afuwisdmdosn aoluvesinTnsneuInsamos wef sos1 Taodggumely seviims
] ! o 4 A a ]
asvenniouenlauyiaisg vedlulasneuInsaiansiuey sos1fifing 40 R
1 = é 1
TulnsnouInsamed wod s0s1 dlulnTnsnenInsamedussqey lulefuuudd ) Faum
azdavesd lulasnoulnsamesiued sos1 Duregdieas 20 91 52uvrveslulng

I o = 3 n’: 5 ] or g 0 d’ld
nouInsames wof 8051 Miavua 40 amiuez 1Fud19q fudsde lUiife

P10 " o IRY, nto
1 al
CER I P N 30 |- roovaDO
r2 |3 x| roaram
M3 ], a7 | fn2rap2
LR A P a5 |- PoaraD3
s Jg a5 |- POdraD
5 |7 3¢ | POS/ADS
T s z3 | POS/ADE
RST g = |- PO /ADT
RxD rP30 A o] =y
TXD/PAS gy 8051 x| ALE
WTasrIz bz 29 | PSER
WTisra3 3 = | r2rsais
Tarr3e Ly, o L ressan
TIPS s 25 | P25/A13
WR/P3s Ji6 25 | r2araz
Rosp3g Jur 23 L P2aran
XTALL g 3 | P22 /810
XTalz2 s 22 |_P2isna
vss 1x 29 |.P20/88

31 4.13 Faygaisneg voslulasaouTnsames MCs-si wof 8051

! o g . v

vee 1 40 fuvindoadlonnssdiu iy +5 vid ladl ivo 1 le @i 1dsedu
usadn i vesnein (Logic) 0 uag 1 lulasnouTnsamed wef 8051 Terodhfugunssl
apdn (Logic) wuufinuea 1aTasase

P ] Y 1 1 o‘:

vss 11 20 unfidesdaidnfiunsnavesumasis Wi msdegUnyalenuassdes
= o ar 3 9 o
finsavesgnsaide iy

Woin 0 (Port 0) %1 32-39 (Huwofnvuiunia 8 da oghvi 39 8 32 (Fuarnia o e
= s w ' P o & o
I 7 ad 1y uaazv19z@eud P00, POL, ....... ,P0.7 uwdedia 7 veawein 0 Fududa

LY s

= o . A o a da o P
Tludfeygaqa (Most Significant) Liaz P0.0 A U 0 veaneda o iludanfidudi1fydiga

=n.
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>

[
(Least Significant) woin 0 Hozl¥14 HanisFu-dadunids uaznisiu-dedoyady
' o A ay 4 e 1w du ¥ 4 ¢ ¥ pyd
wiwanus violidunesafu-dudoyad IAdoyanidsoonnianeda o szgade invwes
wasalnssadnuaazdavemesn 0 szfunnudlaiuiazdedoyaldnoafianis (open drain
bidirectional)
y A a. g a o3 o 4 3 63
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Vin = 500 Vp-p (Sine wave)

f(Hz) Vout (Vp-p) Gain

1 3.5 7

2 3.5 7

3 3.5 7
4 37 7.4

5 4 8

6 4.5 9

7 4.5 g
10 4.8 9.6
20 5 i0
30 5 10
40 5 10
50 5 10
60 5 10
70 b 10
80 5 10
90 49 9.8
100 4.8 8.6
120 4.8 8.2
140 46 9.2
160 4.6 9.2

180 4.5 9
200 4.4 8.8

250 4 8
300 3.8 7.8
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Vin = 5 Vp-p (Sine wave)

f(Hz) Vout{mvp-p) Gain
1 2 0.0004
2 4 0.0008
3 4 0.0008

4 5 0.001
5 [+] 0.0012
6 6 0.0012
7 7 0.0014
10 7 0.0014
20 7 0.0014
30 8 0.0018
40 8 0.00186
50 10 0.002
60 10 0.002
70 10 0.002
80 10 0.002
90 12 0.0024
100 14 0.0028
120 14 0.0028
140 14 0.0028
160 14 0.0028
180 14 0.0028
200 16 0.003
25Q 16 0.0032
300 17 0.0034
350 17 0.0034
400 18 0.0036
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HANTINARDIYDINDT

Ardauounnut

( f. =50 Hz)
Vin =5 Vp-p
(Sinewave)
f(Hz) Vout(Vp-p) CLER TR
10 5 1
15 4.8 0.96
20 4.7 0.94
25 4.6 0.92
30 4.5 0.9
35 4.4 0.88
40 4.2 0.84
41 4 0.8
42 3.8 0.76
“43* 3.5 *.7*
44 3.3 0.66
45 3.2 0.64
46 2.5 0.5
47 2 0.4
48 1 0.2
49 0.2 0.04
50 0.4 0.08
51 1.2 0.24
52 2.2 0.44
53 2.7 0.54
54 3.4 0.68
*55* - 3.5 0.7
56 4 0.8
57 4.1 0.82
58 4.2 0.84
59 4.3 0.88
80 44 0.88
65 4.6 0.92
70 4.8 0.96
75 5 1
80 5 1
85 5 1
80 5 1
95 5 1
100 6 1

o d | a
AR5 19N 5.3 MU S0 Hz U

Q

il

f,/BW
50/(55-43) = 4.16
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Delay :
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Tsupsumuueaesuuad sy MCS-51
ORG 0000H

;#**************************************************;
CS EQU P32
DO EQU P34
DI EQU P35
CLK EQU P33

o 0 o o oo oo o ok e R R R Rk R R K Rk kL
3 H]

CHO EQU 30H
DELAYTIMEEQU 5BH
;n*nu***H***u**u********u*u****Hu#uuu**;
START:
MOV DELAYTIME,#10
MOV TMOD,#20H
MOV TL1,#0FDH
MOV THI1,#0FDH
MOV SCON,#50H
SETB TR1
MAIN:
CLR CS
SETB DI
ACALL CLOCK

ACALL CLOCK
CLR DI
ACALL CLOCK

MOV RI1#7
MOV A #00H
SETB DO
DATAL:
ACALL  CLOCK
JNB DO,NOT_SETI
INC A
NOT_SETI:
RL A
DINZ R1,DATALI
SETB CS
MOV SBUF,A
CLR TI
INB TL$
SIMP MAIN

oo o 30 3 o o o oo ol ke ol ook o ok ok oo o i ol sk ok ok R R kR kL
* ]

;CLOCK;
;***************************************************;
CLOCK:

SETB CLK |
ACALL  DELAY
CLR CLK

76



ACALL DELAY
RET

o o 3 ok a3 ok ok s ok ok ok ok e o ol ko sl e e e ok s sl ke sl ok ol ik sl ke sk sk ole s ok ol ke ok ke ol ook skok ke,
s H

:DELAY 50uS;
;***************************************************;
DELAY:

MOV RO,#10
LOOP:

NOP

NOP

NOP

DINZ RO,LOOP

RET

END

77
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ANALOG
DEVICES

Ultralow Offset Voltage
Operational Amplifiers

0P07

FEATURES

Low Vgg: 756 pV Max

Low Vg Drift: 1.3 pV/°C Max
Ultra-Stable vs. Time: 1.5 pV/Month Max
Low Noise: 0.6 pV p-p Max

Wide Input Voltage Range: £14 V

Wide Supply Voltage Range: 3 V1o 18V
Fits 725,108A/308A, 741, AD510 Sockets
125°C Temperature-Tested Dice

APPLICATIONS
Wireless Base Station Control Gircuits
Optical Network Control Gircuits
Instrumentation
Sensors and Controls

Thermocouples

RTDs

Strain Bridges

Shunt Current Measurements
Precision Filters

GENERAL DESCRIPTION
The OPG7 has very low input offset voltage (75 'V max for

. OPOTE) which is obrained by timming at the wafer stage. These
low offset voltages generally eliminate any need for external nuli-
ing. The OPQ7 also features low input bias current (4 nA for
OPO7E) and high open-loop gain (200 V/imV for OPO7E). The
low offsets and high open-loop gain make the QP07 particularly
useful for high-gain instrumentation applications.

The wide input voltage range of £ 13 V minimum combined with

high CMRR of 106 dB (OP07E) and high input impedace pro-
vides high accuracy in the noninverting circuit configuration.
Excellent linearity and gain accuracy can be maintained even at

PIN CONNECTIONS

Epoxy Mini-Dip (P-Suffix)
8-Pin SO (S-Suffix)

vosTRM[T] ® oro7 14 Yos TR
- [z] '
+N[3] > (5} our
v-[7] AL

NC = NO CONNECT

high closed-loop gains, Stability of offsets and gain with time or
variations in temperarure ie excellent. The accuracy and stability
of the OPQ7, even at high gain, combined with the freedom
from external nulling have made the OP07 an industry standard
for instrumentation applications,

The QP07 is available in two standard performance grades. The
OPO7E is specified for operation over the 0°C to 70°C range, and
OP07C over the —40°C o +85°C temperature range.

The OP07 is available in epoxy 8-lead Mini-DIP and 8-lead SQIC,
It is a direct replacement for 725,108A, and OP05 amplifiers;
741-types may be directly replaced by removing the 741% nulling
potentiometer. For improved specifications, see the OP177 or
OP1177. For ceramic DIP and TO-99 packages and standard
micro circuit (SMD) versjons, see the OP77,

W O —ip

7
R2A RZR* l
OFTIONAL
qD oL 1 ( C)
l 8
*NOYE: .
A2A AND FA2E ARE R1A :; R1B -]—
ELECTRONIEALLY
ADJUSTED ON CHIP '
AT FACTORY FOR Vs o
MINIMUM INPUT Ko
OFFSET YOLTAGE. - y - o
i
03 06 [ - {f

NON- o3 cz 17
INVERTING 027
INPUT 1 AE

28

2 R4 1/
INVERTING . s
INPUT oWY— F%G } 04
. ® D You | @
V- O + +

Figure 1. Simplified Schematic

REV. A

Information furnished by Analog Devices is believad to be accurate and
reliable. However, no responsibility is assumed by Analog Devices for its
usa, nor for any infringements of patents or other rights of third parties that
may result from its use. No licenss is grantad by implication or otherwise
under any patent or patent rights of Anaiog Devices.

One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106, U.S.A,
Tal: 781/329-4700 www.anglog.com
Fax: 781/326-8703 © Analog Devices, Inc., 2002



IPO7-SPECIFICATIONS
PU-’E ELECTRICAL CHARACTERISTICS (Vs = =15V, T, = 25°C, unless otherwise noted.)

rameter Symbol Conditions Min Typ Max Unit
PUT CHARACTERISTICS
nput Offset Voltage! Vos 30 75 Y
.ong-Term Vpg Stability? Vog/Time 0.3 1.5 WV/Mo
nput Offset Current Ios 0.5 3.8 nA
nput Bias Current Iz +1.2 4.0 nA
nput Noise Voltage e, p-D 0.1 Hz to 10 HZ® 0.35 0.6 1V p-p
nput Noise Voltage Density e fo =10 Hz 10,3 18.0 nVVHz
fo = 100 HZ? 10.0 13.0 nVVHz
fo =1kHz 5.6 11.0 nVvHz
nput Noejse Current I, pp 14 30 PA p-p
nput Noise Current Density I, fo=10Hz 0.32 0.80 pAvHz
fo = 100 Hz? 0.14 0.23 pAVHzZ
f5 = 1 kHz 0.12 0.17 pAVHZ
nput Resistance—Differential Mode* Ry 15 50 ms)
nput Resistance—Common-Mode Rivem 160 GO
nput Voltage Range IVR 13 t14 v
Sommon-Mode Rejection Ratio CMRR Veu =213V 106 123 dB
*ower Supply Rejection Ratio PSRR Vg=23VriwztladV 5 20 uvv
.arge-Signal Voltage Gain Avo Re22k), Vo =210V 200 500 V/mV
RL25000Q,Ve=210.5V,
V=13 V4 150 400 VimV
JTPUT CHARACTERISTICS
Jutput Voltage Swing Vo RL2 10k 12,5 +13.0 v
R.22kQ +12.0  112.8 \%
Rpz 1 kQ t10.5 t12.0 v
YNAMIC PERFORMANCE
ilew Rate SR Ry 2 2 k? 0.1 0.3 Vius
Closed-Loop Bandwidth BW AvoL=1° 0.4 0.6 MHz
Slosed-Loop Output Resistance Ry Vo=0,Ip=0 60 9]
Yower Consumption Py Vs=115V, No Load 75 120 mW
Vs=113V, No Load 4 6 mWw
Mfset Adjusument Range Rp =20 kQ} 4 mV

YTES

put offset yolrage measurements are performed by automated test equipment approximately 0.5 seconds after application of power.
mg-term input offset voltage atability refers to the averaged trend time of VOS vs. Time over extended periods after the first 30 days of operation. Excluding the ini-
hour of operation, changes in VOS during the first 30 operating days ere typically 2.5 LV refer to the rypical performance curves. Parameter is sample tested.

imple tested.

uaranteed by design.

uaranteed bur not tested. .

scifications subject to change without notice,

REV. A



0P07

: UP[”C ELECTRICAL CHARACTERISTICS (Vs= =15V, T, = 25°C, unless otherwise noted.)

Parameter Symbol Conditions Min Typ Max Unit
INPUT CHARACTERISTICS
Input Offser Voltage! Vos 60 150 Y
Long-Term Vg Stability? Vos/Time 0.4 2.0 /Mo
Input Offset Current Ios 0.8 6.0 nA
Input Bias Current Ig tl.8 7.0 nA
Input Noise Voltage € P-P 0.1 Hzto 10 HZ 0.38 0.65 UV p-p
Input Noise Volrage Density €, fo= 10Hz 10.5 20.0 nVvHz
fo = 100 Hz? 10.2 13.5 nVWHz
fo=1kHz 9.8 11,5 nVvHz
Input Noise Current I, p-p 15 35 PA p-p
Input Noise Current Densiry I, fo=10Hz 0.35 0.90 pAvVHz
fo = 100 HZ? 015  0.27 pAvYHz
fo = 1 kHz 0.13 0.18 pAVHz
Input Resistance- Differential Mode* | Ry 8 33 mf)
Input Resistance- Common-Mode Rmem 120 GQ
Input Voltage Range IVR +13 14 vV
Common-Mode Rejection Ratio CMRR Vem =113V 100 120 dB
Power Supply Rejection Rartio PSRR Vg=+3Viwzl8V 7 32 uviv
Large-Signal Voltage Gain Avo R 22k, Vo=210V 120 400 VimV
Rp.25000,Vo=205V,
V=13 V! 100 400 VimV
OUTPUT CHARACTERISTICS
Output Voltage Swing Vo Ry 210k0 +12.0 £13.0 \Y%
Rz 2k t11.5 +12.8 v
Ry 2 1kQ +12.0 v
DYNAMIC PERFORMANCE
Slew Rate SR Ry 22 k? 0.1 0.3 Vius
Closed-Loop Bandwidth BY AvoL = 1° 0.4 0.6 MH:z
Closed-Loop Output Resistance Rg Vo=0,Ig=0 60 2
Power Consumption Py Vs =115V, No Load 80 150 mW¥
Vs=%13V,No Load 4 8 mW
Offset Adjustment Range Rp=20k0 4 mV
NOTES

'Tnput offset voltage measurements ace performed by automated test equipment approximately 0.5 seconds affer applicadon of power.
1 ong-term input offset voltage stability refers to che averaged mend time of VOS vs. Time over extended petiods after the first 30 days of operation. Bxcluding the ini-
tial hour of operation, changes in VOS during the first 30 operating days are typicaliy 2.5 uV refer to the typical performance curves. Parameter is sample tested,

3Sample rested.
‘Guaranteed by design.
’Guaranteed but not tested.

Specifications subject 10 change without notice,

REV. A




JPO7-SPECIFICATIONS

PU-’E ELECTRICAL CHARACTERISTICS {¥s= =15V, 0°C < T, < 70°C, unless otherwise noted.)

arameter Symbol Conditions Min Typ Max Unit
{PUT CHARACTERISTICS
[nput Offset Voltage? Vos 45 130 Y
Voltage Drift without External Trim? | TCVqg 0.3 1.3 Bv/eC
Valtage Drift with External Trim? TCVosn | Re= 20k 0.3 1.3 uvrC
(nput Offser Current Ios 0.9 53 nA
{nput Offser Current Drift TClgs 8 35 PArC
{nput Bias Current Iz +1.5 5.5 nA
Input Bias Current Drift TCIy 13 35 pA/°C
[nput Voltage Range IVR 113 1135 v
Common-Mode Rejection Ratio CMRR Ve =113V 103 123 dB
Power Supply Rejection Ratio PSRR Vs=143V1io 118V 7 32 pviv
large~Signal Voltage Gain Avyp Ri22kO), Vo=£10V 180 450 VimV
UTPUT CHARACTERISTICS
Durput Voltage Swing Vo RL210kKD 12 +12.6 v
OTES
1put offset voltage measurements are performed by automared test equipment approximately 0.5 secands after application of power,
raaranteed by design.
ample rested.
«ecificarions subject to change without notice.
p[]‘}c ELECTR]BAL CHARACTENST]BS (Vs= =15V, —40°C <T, < +85°C, unless otherwise noted.)
arameter Symbol | Conditions Min Typ Max Unit
JPUT CHARACTERISTICS
Input Offser Voltage’ Vos 85 250 uv
Yaoltage Drift without External Trim? | TCVpg Q.5 1.8 TAY/5d )
Voltage Drift with External Triny® TCVosw | Rp=20kQ 0.4 1.8 Bv/°C
[nput Offset Current Ios 1.6 8.0 nA
[nput Offset Current Drift TClgs 12 50 pASC
[nput Bias Current Iy t2.2 +9.0 nA
{nput Bias Current Drift TClg 18 50 pA/FC
[npur Voltage Range IVR 13 1135 \Y
Common-Mode Rejection Ratio CMRR Vem= 113V 97 120 dB
Power Supply Rejection Ratio PSRR Vg=13Viwotl8V 10 51 Ay
Large-Signal Voltage Gain Avo Rp22k, Vo=110V 100 400 VimV
UTPUT CHARACTERISTICS
Ourput Voltage Swing Vo Rz 10 k{2 111 12,6 \Y
JTES
wput offset voliage measurements are performed by automated test equipment approximately (.5 seconds after application of power.
‘tuaranteed by design.
ample rested.
«ecifications subject to change without notice,
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ABSOLUTE MAXIMUM RATINGS*

Package Type Opa* Oc Units
Supply Voltage (Vs) - v ievt i iinre i t22v -
Input Voltage® . v o iie i e i 22v 8-Lead Plastic DIP (P) 103 43 *C/wW
Differential Input Voltage ... ovvevienrnreeennann, 30V 8-Lead SOIC (S) 158 43 °Cw
Qutpurt Short-Circuit Duration ................ Indefinite e ) o ) , o
Storage Temperature Range By 18 specified for Worst case :.ondlt:ons, i.e. B4 i spemﬁec! for de_wcg in sacket
g P B o o for P-DIF package, By4 is specified for device soldered to printed circuit board

S,PPackages ......... .o ~§5°C 10 +125°C for SO packege.
Operating Temperature Range

QPO7E ......... e 0°C to 70°C

P07 . i —40°C to +85°C
Junction Temperature Range .. .. .. couviunenenannn 150°C
Lead Temperature Range (Soldering, 60 sec) ........ 300°C

*For supply voliages less than 122 V, the absolute maximum input voltage is equal
to the supply voltage.

ORDERING GUIDE
Temperature Package Package | Branding
Model Range Description Option Information
OPO7EP 0°C to 70°C 8-Lead Epoxy DIP P-8
OPO7CP —40°C 10 85°C 8-Lead Epoxy DIP P-8
OP07CS -40°C 10 85°C 8-Lead SQIC S-8

CAUTION

ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily WARNING!
accumulate on the human body and test equipment and can discharge without detection. Although S

the QP07 features proprietary ESD protection circuitry, permanent damage may occur on devices Sy ‘“
subjected to high-energy electrostatic discharges. Therefore, proper ESD precautions are recom- ESD SERS{ITIVE DEVICE

mended to avoid performance degradation or loss of functionality.

REV. A ~5~



P07 — Typical Performance Characteristics
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YPICAL APPLICATIONS
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Figure 8. High-Stability Thermocouple Amplifisr
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Figure 8. Precision Absolute-Value Circuit

APPLICATIONS INFORMATION

QP07 series units may be substituted directly into 725, 108A/
308A+* and OPQ5 sockets with or without removal of external
compensation or nulling components. Additionally, the OP07
may be used in unnulled 741 type sockets. However, if conven-
tional 741 nulling circuitry is in use, it should be modified or
removed to enable proper QP07 operation, OPQ7 offset voltage
may be nulled to zero through use of a potentiometer (see offset
nuiling circuit diagram).

PRECISION ABSOLUTE-VALUE CIRCUIT

The QP07 provides stable operation with load capacitance of
up to 500 pF and = 10 V swings; larger capacitances should be
decoupled with a 50 Q decoupling resistor,

Stray thermoelectric voltages generated by dissimilar metals at
the contacts to the input terminals can degrade drift performance.
Therefore, best operation will be obrained when both inpur con-
tacts are maintained at the same temperature, preferably close to
the package temperarure.

*T0-99 Package only
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OUTLINE DIMENSIONS

Dimensions shown in inches and {mm).

8-Lead SO DIP

(S-Suffix)
0,1968 (5.00)
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u.1mg;o-; ! *}l 02440 (8.20)
Eﬁ"ﬁ"r;—(a.m 1 4| 0-2284 (5.80)
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vooss (025 4 S0 § goeea a8
A 0.013"('0'.49) e 00800 tlan)
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MAX232, MAX232i
DUAL EIA-232 DRIVERS/RECEIVERS

SLLS047[ - FEBRUARY 1989 ~ REVISED OCTQEBER 2002

® Meet or Exceed TIA/EIA-232-F and ITU MAX232... D, DW, N, OR N5 PACKAGE

Recommendation V.28 MAX232l ... D, DW, OR N PACKAGE
. (TOP VIEW)

® Operate With Single 5-V Power Supply w,

® Operate Up to 120 kbit/s C1+]1 7 16]]Vee

® Two Drivers and Two Receivers ;{I:‘\* E ¢ 18 % '?NC?UT

-3 14]] T1

® +30-
+30-V Input Levels . c2+ [} 4 13f RN

® Low Supply Current. .. 8 mA Typical ca-5 12[] R10UT

® Dasigned to be Interchangeabie With Vg [| & 11} THN
Maxim MAX232 T0UT[l7 10l T2IN

® ESD Protection Exceeds JESD 22 R2IN[] 8 9] R20UT

- 2000~V Human-Body Model {A114-A)
® Applications
TIA/EIA-232-F
Battery-Powered Systems
Terminals
Modems
Computers

description/ordering information

The MAX232 is a dual driver/receiver that includes a capacitive voltage generator to supply EIA-232 voltage
levels from a single 5-V supply. Each receiver converts EIA-232 inputs to 5-V TTL/CMOS levels. These
receivers have a typical threshold of 1.3 V and a typical hysteresis of 0.5 V, and can accept £30-V inputs. Each
driver converts TTL/CMOS input levels into EIA-232 levels. The driver, receiver, and voltage-generator
functions are available as cells in the Texas Instruments LIinASIC™ library.

ORDERING INFORMATION

ORDERABLE TOP-SIDE
Ta PACKAGET PART NUMBER | MARKING
PDIP {N) Tube MAX232N MAX232N
Tube MAX232D
S0IC (D} MAX232
Tape and reel MAX232DR
(°C to 70°C — SO
upe WLA2
50IC (DW) MAX232
Tape and reel MAX232DWR
SOP (NS} Tape and reel MAX232NSR MAX232
PDIP (N) Tube MAX232IN MAX232IN
Tub MAX232ID
SOIC (D) e MAX232|
—40°C to 85°C Tape and resl| MAX232IDR
Tube MAX232IDW
SOIC (DW) MAX232I
Tape and res! MAX232IDWR

T Package drawings, standard packing quantities, thermal data, symbolization, and PCB design

guidelines are available at www.ti.com/sc/package.

Please be aware that an Imporant notice concerning avallabliity, standard warranty, and use in critical applications of

Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

LInASIC is a trademark of Texas Instruments.

PRODUCTION DATA Information ks currend ap of publication dats,
Products confarm to spesiications per the terma of Texas Instrumenta
standard warrarty. Production procaasing does net nacessarily includa
testing of all perametsrs,

‘E’ TEXAS

Copyright @ 2002, Texas Instruments Incarporated

INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



MAX232, MAX232l

DUAL EIA-232 DRIVERS/RECEIVERS

SLLS047| - FEBRUARY 1888 — REVISED OCTOBER 2002

logic diagram (positive logic)

Function Tables

EACH DRIVER
INPUT [ OUTPUT
TN | Tour
L H

H L

H = high level, L = low

level

EACH RECEIVER

INPUT | OQUTPUT
RIN ROUT
L H
H L

H = high lavel, L = low

level

T1IN bl >0 14 T10UT

T2IN 10 > 4 T20UT
R1QUT 2 {@ 1 R1IN
R20UT i O@ d R2IN

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75266



MAX232, MAX232I
DUAL ElA-232 DRIVERS/RECEIVERS

SLLS047] - FEBRUARY 1988 - REVISED OCTOBER 2002

ahsolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Input supply voltage range, Vo (seeNote 1) ......... .o oLl

Paositive output supply voltage range, Vg+
Negative output supply voltage range, Ve

Input voltage range, Vi: Driver ... s

Receiver

Qutput voltage range, Vo T10UT, T20UT
R10OUT, R20UT

Short-circuit durafion; T1OUT, T20UT

Package thermal impedance, 6 5 (see Note 2): Dpackage ..................
DWopackage ................
Npackage ..................

' NS package
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds
Storage temperature range, Tgtg

------------
.......................................
................................

................................

...................................

................

..................................................

...........................................................

.................

.................

.................

...............................

~0.3ViogvV
Ve -03Vio 15V
—03Vtio-i6V
-0.3VioVee+ 03V

30V

Ve_.~03VioVge 0.3V
-03VtoVeo+0.3V
Unlimited
73°C/wW

t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are strass ratings only, and
functional operation of the device at these or any other conditions beyend those indicated under “recommended operating conditions” is not

implied. Expasure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTE 1: All voltage values are with respect to network ground terminal.
2. The package thermal Impedance Is calculated in accordance with JESD 51-7.

recommended operating conditions

MIN NOM MAX | UNIT
Voo Supply voltage 4.5 L 5.5 v
VIH High-level input voltage (T1IN, T2IN) 2 v
ViL Low-lavel input voltage (T1IN, T2IN) 0.8 v
RiIN, R2IN Recaiver input voltage 130 \
. MAX232 0 70
Ta Operating free-air teamperature AAX2301 - 55 g

electrical characteristics over recommended ranges of supply voltage and operating free-air

temperature (unless otherwise noted) {see Note 3 and Figure 4)

PARAMETER TEST CONDITIONS MIN TYpt MAX| UNIT
Voo=56V, Al outputs open,
lcc  Supply current Ta = 25°C 8 0] mA
T Al typical values are at Voo = 5 V and Ta = 25°C.
NQTE 3: Test conditions are C1-C4 =1 pFatVoc =5V 105V
'b TEXAS
INSTRUMENTS 3
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MAX232, MAX232l
DUAL ElA-232 DRIVERS/RECEIVERS

SLLS5047} - FEBRUARY 1589 — REVISED OCTOBER 2002

DRIVER SECTION

electrical characteristics over recommended ranges of supply voltage and operating free-air
temperature range (see Note 3)

PARAMETER TEST CONDITIONS MIN TYPt MAX| uNIT
Vgu  High-level output voltage T10UT, T20UT R =3 k{2 to GND 5 7 v
VoL  Low-leve! output voltage¥ T10OUT, T20UT RL =3kl to GND ~7 -5 v
ITo Qutput resistance T10UT, T20UT  jVg+=Vg_=0, Vo=+2V 300 Q
1log8  Short-circult output curent T10UT, T20UT |Vpoe =55V, Vo=0 +10 mA
ilis Short-circuit input current T1IN, T2IN V=0 200 nA

T All typleal values are st Vo = 5 V, Ta = 25°C.
I The algebralc convention, in which the least positive {most negative) value is designated minimum, Is used in this data shest for loglc voltage

levels only,
§ Not mora than one output should be shorted at a time.

NOTE 3. Test conditions are C1-C4 =1 pF atVoc =5V 105V,

switching characteristics, Voe = 5 V, Ta = 25°C (see Note 3)

[ PARAMETER TEST CONDITIONS MIN  TYP MAX| UNIT
; . RL=3kQto7 kQ,
; SR Driver siew rate Ses Figure 2 30| Vs .
(_SR(t) Driver transition region slew rate See Figura 3 3 Vipns
Data rate One TOUT switching 120 kbit/s
NOTE 3: Test conditions are C1-C4 =1 uFat Vo =5V 0.5V
, RECEIVER SECTION

electrical characteristics over recommended ranges of supply voltage and operating free-air
temperature range (see Note 3)

PARAMETER TEST CONDITIONS MIN TYPT MAX| UNIT

Vo High-level output voltage R10UT, R2CUT | loH =-1mA 3.5 v

VoL Low-level output voltaget R1QUT, R20UT |loL =3.2mA 0.4 v
Receiver positlve-going input _ R

VIT+  hreshold yoltage R1IN, R2IN VoG =5V, Ta = 25°C 1.7 24) V
Receiver negative-going input _ -

VIT- threshold voltage R1IN, R2IN Veo=5V, Ta =25°C 0.8 1.2 v

{ Vhys  Input hystsresis voltage RTIN, R2IN Vog =58V 0.2 0.5 1 v

] Receiver input resistance R1IN, R2IN Vee =5, Ta = 25°C 3 5 7 k2

T All typical values are at Vo = 5V, Ta = 25°C.

¥ The algebraic convention, in which the lsast positive {most negative} valus is designated minimum, is used in this data shest for fogic voltags
lavels only.

NOTE 3: Test conditions are C1-C4=1puF at Voo =5V 0.5V,

switching characteristics, Voo =5 V, Ta = 25°C (see Note 3 and Figure 1)

PARAMETER TYP | UNIT
tpLH(R) Recelver propagation delay time, low- ta high-level output 500 ns
IPHL(R) Receiver propagation delay time, high- to low-leval output 500 ns

NOTE 3. Test conditions are C1-C4 =1 uFat Vo =5V 05 V.

“‘:’ TEXAS
INSTRUMENTS

4 POST OFFICE BOX 665303 ® DALLAS, TEXAS 752685



MAX232, MAX232i
DUAL EIA-232 DRIVERS/RECE!IVERS

SLLS047] - FEBRUARY 1989 - REVISED OCTOBER 2002
PARAMETER MEASUREMENT INFORMATION

Ve
:

Ry =1.3kQ
R1IN L

or

Pulse
Genarator R2IN

(see Note A)

See Note C

CL =50 pF
I (sao Note B)
TEST C!RCUIT
<10 ns rf —bl ’1— <10 ns
Input 90%  90% [ 3
o% 50% 50"/ 10% oV
500 ns
k——u——t
{PHL ‘ PLH
VoH
Output 15V 1.5V
VoL
WAVEFORMS

NOTES: A. The pulse generator has the following characteristics: Zg = 50 £2, duty cycle s 50%.
B. ©Cincludes probe and jig capacitance.,
C. All diodes are 1N3084 or equivalent.

Figure 1. Receiver Test Circuit and Waveforms for tpy and tp 4 Measurements

b TEXAS
INSTRUMENTS

POST OFFIGE BOX 855303 ® DALLAS, TEXAS 75285 5



WAX232, MAX232|
JUAL EIA-232 DRIVERS/RECEIVERS

3LLS047] - FEBRUARY 1989 — REVISED OCTOBER 2002

PARAMETER MEASUREMENT INFORMATION

Pulse T1INor T2IN T10UT or T20UT
EIA-232 Output

Generator
(see Note A} _T_
CL=10pF

(see Note B)

TEST CIRCUIT

<10 ns r—— ——ﬂ |4— 510 ns
| v

input 90% 80% }
0, Oy
0% 50% 50% 0% "

i Sus

| tPLH
tPHL ——4—*'
I 90% | oo VoH
Qutput ‘]\;10% 10% A | VoL
tTHL

L- —A P—RLH

08 Vo= VoL or 0.8 (Voy = Vou!
trLH bTHL
WAVEFORMS

SR =

NOTES: A. The pulse gensrator has the following characteristics: Zg = 50 £, duty cycle < 50%,
B. Cy includes probe and jig capacitance.

Figure 2. Driver Test Circuit and Waveforms for tpy_ and tpLH Measurements {5-us Input)

Pulse
( geenﬁ;a:tao;‘ ) O 1 ElA-232 Qutput

3kQ ’_‘I: CL=2.5nF

TEST CIRCUIT

i‘* £10 ns

<10 ns
Input

90% 90%

10% 1 5V 1.5V 10%
20 1L
'THL"‘ r' fTLH
V0|-|
Cutput V
VoL
SR = oY

tTHL ©F trim

WAVEFORMS
NOTE A: The pulse generator has the following characteristics: Zg = 50 O, duty cycle < 50%.

Figure 3. Test Circult and Waveforms for try_and tyi 4 Measurements (20-us input)

{’? TexASs
INSTRUMENTS

6 POST OFFICE BOX 655303 ® DALLAS, TEXAS 76265



MAX232, MAX232I
DUAL EIA-232 DRIVERS/RECEIVERS

SLLSD471 - FEBRUARY 1989 - REVISED OCTOBER 2002

APPLICATION INFORMATION

5V
+
CYPASS = 1 HF -
16
= cat 1 uF
, Vs R
C1 < 1pF 3 ct+ Vs 8.5V
’ c1- 6
=T s | Vs~——c4—r——’ -85V
14F
T c2- T
" > ~ 14 Eja-232 Output
From CMOS or TTL 10 7
> > ! EIA-232 Output
*._.lz_‘é 13
I }—e— EIA-222 Input
To CMOS or TTL 9 8
] oV T |—4—" EIA-232 Input
15
GND

¥ €3 can ba connectad to Voo or GND.

Figure 4. Typical Operating Circuit

ﬂ

“"? TEXAS
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satures

>ompatible with MCS-51™ Products

1K Bytes of Reprogrammable Flash Memory
~ Endurance: 1,000 Write/Erase Cycles

L7V to 6V Operating Range

“ully Static Operation: 0 Hz to 24 MHz

f'wo-lsvel Program Memory Lock

|28 x 8-bit Internal RAM

{5 Programmable I/O Lines

M'wo 16-bit Timer/Counters

3ix Interrupt Sources

rogrammable Serial UART Channel

Jirect LED Drive Outputs

Jn-chip Analog Comparator

.ow-power |dle and Power-down Modes

ascription

g ATBOC2051 Is a low-voltage, high-performance CMOS 8-bit microcomputer with
. bytes of Flash programmable and erasable read only memory (PEROM). The
wice is manufactured using Atme!'s high-density nonvolatile memory technology
d is compatible with the industry-standard MCS-51 instruction set. By combining a
rsatile 8-bit CPU with Flash on a monaiithic chip, the Atme! AT88C2051 is a power-
microcomputer which provides a highly-flexible and cost-effective solution to many
wbedded control applications,

18 ATB8C2051 provides the following standard features; 2K bytes of Flash, 128
1es of RAM, 15 IO lines, two 16-bit timer/counters, a five vector two-level interrupt
chitecture, a full duplex serlal port, a precision analog comparator, on-chip oscillator
.d clock circuitry. In addition, the AT83C2051 is designed with static logic for opera-
in down 1o zero frequency and supports two software selectable power saving
sdes. The Idle Mode stops the CPU while allowing the RAM, timer/counters, serial
it and interrupt system to continue functioning. The power-down mode saves the
AM contents but freezes the osclilator disabling all other chip functions until the next
irdware reset.

in Configuration

PDIP/SOIC
L

RSTAPP (1 201 VCC

{RXD) P3.0 2 1e[1P7

(TXD} P81 3 1811 P1LE

XTAL2 [} 4 170P15

XTAL1 & 16[1P14

(INT0) P32 006 150 P13

(NTH P23 7 140P1.2
(To) P48 130 P1.1 (AIN1)
(M) P35s9 12 3 P1.0 (AIND)

GND 10 1MOP7

AIEL

I ©

8-bit
Microcontroller
with 2K Bytes
Flash

AT89C2051

Rev. 0368E-02/00
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lock Diagram

Veg |
RAM ADDR.
GND REGISTER RAM FLASH
f k
= A 4
A 4 A
PROGRAM
B STACK
REGISTER ACC POINTER ADDRESS
k 4
BUFFER =
TMP2 TMP1
PC
ALY INCREMENTER
INTERRUPT, SERIAL PORT,
AND TIMER BLOCKS
4
4 ‘ PROGRAM |o o |
PSW COUNTER >
TIMING | NSTRUCTION , . - L
RST comboL | REGISTER Y : DPTR >
]
F y
PORT 1 PORT 3
ANALOG LATCH LATCH
COMPARATOR
+
0S¢ A 4 A
| PORT 1 DRIVERS _»  PORT 3 DRIVERS
w3 3 y r'y
. 13
i3 YYVYVYYYY YYVYYYY v
= = P1.0-P1.7 P3.0 - P3.5 P37

! AT 89/C2: 0’51 0000000000000



s A T89C2051

in Description

:C
ipply voltage.

ND
ound.

it

st 1 is an 8-bit bi-irectional I/0 port. Port pins P1.2 to
.7 provide internal pullups. P1.0 and P1.1 require exter-
I pullups. P1.0 and P1.1 also serve as the positive input
INO) and the negative input (AIN1}, respectively, of the
I-chip precision analog comparator. The Port 1 output
iHers can sink 20 mA and can drive LED displays directly.
hen 1s are written to Port 1 pins, they can be used as
suts. Whaen pins P1.2 to P1.7 are used as inputs and are
ternally pulled low, they will source current (l,) because
the intemal pullups.

rt 1 also receives code data during Flash programming
id verification.

3

it 3 pins P3.0 to P3.5, P3.7 are seven bi-irectional 1/O
ns with internal pullups, P3.6 is hard-wired as an input to
e output of the on-chip comparator and is not accessible
i a general purposs 1/O pin. The Port 3 output buffers can
1k 20 mA. When 1s are written to Port 3 pins they are
illed high by the internal pullups and can be used as
puts. As inputs, Port 3 pins that are externally being
tlied low will source current (I, ) because of the pullups.

it 3 also serves the functions of various special features
the AT89C2051 as listed below:

Jort Pin Alternate Functions
3.0 RXD {serial input port)
231 TXD (serial output port)
33.2 JNTO (external interrupt 0}
23,3 INTT (external interrupt 1)
234 TO (iimer O external input)
3.5 T1 (timer 1 external input)

ort 3 also receives some control signals for Flash pro-
-amming and verification.

ST

esat input. All /O pins are reset to 1s as soon as RST
oes high. Holding the RST pin high for two machine
ycles while the oscillator is running resets the device.

AMEL

Each machine cycle takes 12 oscillator or clock cycles.

XTAL1

Input to the inverting oscillator amplifier and input to the
internai clock operating circuit.

XTAL2
Qutput from the inverting osciilator amplifier.

Oscillator Characteristics

XTAL1 and XTAL2 are the input and output, respeactively,
of an inverting 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 external clock source, XTALZ should be ieft
unconnected while XTAL1 is driven as shown in Figure 2.
There are no requirements on the duty cycle of the external
clock signal, since the input to the internal clocking circuitry
is through a divide-by-two flip-flop, but minimum and maxi-
mum voltage high and low time specifications must be
observed.

Figure 1. Oscillator Connections

c2
3 I XTAL2

XTAL1

_J;_ GND

Note: C1,C2 =30pF+ 10 pF for Crystals

= 40 pF ¢ 10 pF for Ceramic Resonators

Figure 2. External Clock Drive Configuration

NG ——————— XTAL2
EXTERMNAL
OSCILLATOR XTAL1
SIGNAL

GND

i



secial Function Registers

nap of the on-chip memory area called the Special Func-
1 Register (SFR) space is shown in the table below.
te that not all of the addresses are occupied, and unoc-

Jied addrasses may not be impiemented on the chip.
ad accesses to these addresses will in general return

ble 1. AT89C2051 SFR Map and Reset Values

IF8H
JFOH
IESH
JEQH
IDBH
\DOH
IC8H
JCOH
)BBH
180H
JABH
JA0H
~88H
90H
88H

80H

AIMEL

random data, and write accesses will have an indstermi-
nate effect.

User software should not write 1s to these unlisted foca-
tions, since they may be used in future products to invoke
new features. in that case, the reset or inactive values of
the new bits will always be 0.

OFFH
B OF7H
00oC00000
OEFH
ACC OE7H
00000000
ODFH
PSW 0b7H
00000000
OCFH
0C7H
P 0BFH
XXX00000
P3 oB7H
11111111
IE 0AFH
0XX00000
0A7H
SCON SBUF SFH
00000000 HOOOCKKK
P a7H
11111111
TCON TMOD TLO TLA THO TH BFH
00000000 00000000 00000000 | 00000000 | 00000000 ; 000CO0GO
SP DPL DPH PCON 87H
00000111 00000000 | 00000000 OXXXOOOB_

AT 89 C 2 0051 1000000000000
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astrictions on Certain Instructions

e AT89C2051 and is an economical and cost-effective
mber of Atme!'s growing family of microcontrollers. 1t
1tains 2K bytes of flash program memory, Itis fully com-
tible with the MCS-51 architecture, and can be
igrammed using the MCS-51 instruction set. However,
wre are a few considerations one must keep in mind
en utilizing certain instructions to program this device.

the instructions related to jumping or branching should
_restricted such that the destination address falts within
+ physical program memory space of the device, which is
for the AT89C2051. This should be the responsibility of
» software programmer. For exampls, LIMP 7EOH
uld be a valid instruction for the AT83C2051 (with 2K of
imory), whereas LIMP 800H would not.

Branching instructions:
‘ALL, LUMP, ACALL, AJMP, SJMP, JMP @A+DPTR

esa unconditional branching instructions will execute
rrectly as long as the programmer keeps in mind that the
stination branching address must fall within the physical
undaries of the program memory size (locations O0H to
FH for the 89C2051). Violating the physical space limits
1y cause unknown program behavior.

INE [...J, DIJNZ [...], JB, JNB, JC, JNC, JBC, JZ, JNZ With
ase conditionai branching instructions the same rule
ove applies. Again, violating the memory boundaries
1y cause erratic execution.

r applications involving interrupts the normal interrupt
rvice routine address locations of the 80C51 family archi-
ture have been preserved.

MOVX-related instructions, Data Memory:

0 ATBOC2051 contains 128 bytes of internal data mem-
y. Thus, in the AT88C2051 the stack depth is limited to
8 bytes, the amount of available RAM. External DATA
amory access is not supported in this device, nor is exter-
J PROGRAM memory execution. Therefore, no MOVX
} instructions should be included in the program.

typical 80C51 assembler will still assemble instructions,

en if they are written in violation of the restrictions men-.

ned above. It is the responsibility of the controller user to
.ow the physical features and limitations of the device
3ing used and adjust the instructions used
irrespondingly.

Program Memory Lock Bits

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

Lock Bit Protection Modes("

Program Lock Bits
LB1 LB2 | Protection Type
1 U u No program lock features.
2 P U Further programming of the Flash
is disabled.
3 P P Same as mode 2, also verify is
disabled.
Note: 1. The Lock Bits can only be erased with the Chip Erase
operation,
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
mode. The idie mode can be terminated by any enabled
interrupt or by a hardware reset.

P1.0 and P1.1 should be set to “0” if no external pullups are
used, or set to “1” if external pullups are used.

It should be noted that when idle is terminated by a hard-
ware reset, the device normally resumes program
exacution, from where it left off, up to two machine cycles
before the internal reset algorithm takes control. On-chip
hardware inhibits accass to internal RAM in this event, but
access to the port pins is not inhibited. To eliminate the
possibility of an unexpected write to a port pin when ldle is
terminated by reset, the instruction following the one that
invokes !dle should not be one that writes to a port pin or to
extemnal memory.

Power-down Mode

in the power down mode the oscillator is stopped, and the
instruction 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
terminated. The only exit from power down is a hardware
reset, Reset redefines the SFRs but does not change the
on-chip RAM. The reset should not be activated before Vg
is restored to its normal operating level and must be heid
active long enough to allow the oscillator to restart and
stabilize,

P1.0 and P1.1 should be set to “0” if no external pullups are
used, or set to “1” if external pullups are used.

AIMEL °
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‘ogramming The Flash

e AT89C2051 is shipped with the 2K bytes of on-chip
ROM code memory array in the erased state (i.e., con-
its = FFH) and ready to be programmed. The code
.mory array is programmed one byte at a time. Once the
ay is programmed, to re-program any non-blank byte,
» entire memory array needs to be erased electrically.

ernal Address Counter: The AT89C2051 contains an
srnal PEROM address counter which is always reset to
OH on the rising edge of RST and is advanced by apply-
| a positive going pulse to pin XTAL1.

ogramming Algorithm: To program the AT89C2051,
y following sequence is recommended.

Power-up sequence:

Apply power between Ve and GND pins

Set RST and XTAL1 to GND

Set pin RST to “H”

Set pin P3.2 to “H"

Apply the appropriate combination of “H* or “L" logic
lovels to pins P3.3, P3.4, P3.5, P3.7 to select one of the
programming operations shown in the PEROM Pro-
gramming Modes table.

-Program and Verify the Array:
Apply data for Code byte at location 000H to P1.0to
P1.7.
Raise RST to 12V to enable programming.
Pulse P3.2 once to program a byte in the PEROM array
or the lock bits. The byte-write cycle is self-timed and
typically takes 1.2 ms.
To verify the programmed data, lower RST from 12V to
logic “H" level and set pins P3.3 to P3.7 to the appropiate
levels. Output data can be read at the port P1 pins.
To program a byte at the next address location, pulse
XTAL1 pin once to advance the internal address
counter. Apply new data to the port P1 pins.
Repsat steps 5 through 8, changing data and advancing
the address counter for the entire 2K bytes array or untif
the end of the object file is reached.

}.Power-off sequence:
set XTAL1 to “L*
set RST to “L”
Turn Ve power off

ata Polling: The AT89C2051 features Data Polling to
dicate the end of a write cycle. During a write cycle, an
tempted read of the last byte written will result in the com-
ament of the written data on P1.7. Once the write cycle
1s been compieted, true data is valid on all outputs, and

the next cycie may begin. Data Polling may begin any time
after a write cycle has been initiated.

Ready/Busy: The Progress of byte programming can also
be monitored by the RDY/BSY output signal. Pin P3.1 is
pulled low after P3.2 goes High during programming to indi-
cate BUSY. P3.1 is pulled High again when programming is
done to indicate READY.

Program Verify: If lock bits LB1 and LB2 have not been

programmed code data can be read back via the data lines

for verification:

1. Reset the internal address counter to 000H by bringing
RST from “L" to “H".

2. Apply the appropriate control signals for Read Code data
and read the output data at the port P1 pins.

3, Pulse pin XTAL1 once to advance the internal address
counter,

4. Read the next code data byte at the port P1 pins.

5. Repeat steps 3 and 4 until the entire array is read.

The lock bits cannot be verified directly. Verification of the
Jlock bits is achieved by observing that their features are
enabied.

Chip Erase: The entire PEROM array (2K bytes) and the
two Lock Bits are erased electrically by using the proper
combination of control signals and by holding P3.2 low for
10 ms. The code array is written with all “1”s in the Chip
Erase operation and must be executed before any non-
blank memory byte can be re-programmed.

Reading the Signature Bytes: The signature bytes are
read by the same procedure as a normal verification of
locations 000H, 001H, and 002H, except that P3.5 and
P3.7 must be pulled to a logic low. The values returned are
as follows.

(000H) = 1EH indicates manufactured by Atmel
(001H) = 21H indicates 89C2051

Programming Interface

Every code byte in the Flash array can be written and the
entire array can be erased by using the appropriate combi-
nation 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 revision.

AT 89 C2 051 s
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ash Programming Modes

ode RSTNPP P3.2/PROG P3.3 P3.4 P3.5 P3.7

rite Code Data(® 12v L H H H
~__~

ead Code Data'" H H L L

frite Lock Bit-1 12v H H H
~_~

Bit- 2 12v H H L L

—~_

hip Erase 12V @) H L L L
~__—

ead Signature Byle H H L L | L L

tes: 1.
XTAL 1 pin.

2. Chip Erase requires a 10 ms PROG pulse. _
3. P3.1is puiled Low during programming to indicate RDY/BSY.

jure 3. Programming the Flash Memory

5V
AT89C2051 ]
ADY/BSY  «——— P3.1 Vee
Y Tate PGM
PROG —m P32 Pi &— DATA
——» P33
SEE FLASH —»{ P34
PROGRAMMING
MODES TABLE | —® P3.5
L—%» P3.7
[ ¥ XTALT RST (e VIV,
TO INCREMENT GND
ADDRESS COUNTER

Figure 4. Verifying the Flash Memory

The internal PERCOM address counter is reset to 000H on the rising edge of AST and is advanced by a positive pulse at

V|H —>

SEE FLASH
PROGRAMMING
MODES TABLE

AmEL

—
—

—

5V
AT83C2051
il

P3.2 P e SET"A
P3.3
P3.4
P3.5
P37
XTALY RST [&—— Vi
GND
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ash Programming and Verification Characteristics
= 0°C to 70°C, Vo = 5.0 £ 10%

fmbol Parameter Min Max Units
P Frogramming Enable Voltage 11.5 12.5 v
s Programming Enable Current 250 PA
/6L Data Setup to PROG Low 1.0 Hs
HDX Data Hold after PROG 1.0 us
48H P3.4 (ENABLE) High to Vpp 1.0 ©s
6L Vep Setup to PROG Low 10 HS
HaL Vpp Hold after PROG 10 us
LGH PROG Width 1 110 ps
Lov ENABLE Low to Data Valid 1.0 LS
Hoz Data Float after ENABLE 0 1.0 us
HBL PROG High to BUSY Low 50 ns
o Byte Write Cycle Time 20 ms
HIH RDY/BSYA to Increment Clock Delay 1.0 s
" Increment Clock High 200 ng
‘e 1. Only used in 12-volt programming made.
ash Programming and Verification Waveforms
———
PORT 1 DATA IN (_DATAQUT p—
< lova.  laHox ‘—j
P3.2
(PROG)
] t
*u__tGLGH_-—ﬂ GHSL
RST . Ver L LOGIG 1
L ) S o ITloeicd - I
tensH ‘ —| — 1
te qv EHQZ
P3.4 P_ o~
ENABLE
( ) toppL ~ )
P3.1__
(RDY/BSY) BUSY ‘ READY
twe —— 1‘—" YitH
{INCREMENT
ADDRESS)

AT89C2051
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)isolute Maximum Ratings*

y6rating TOMPEIAIE ..cvuevevvseercercereirrasnne -55°C to +125°C *NOTICE:  Stresses beyond those listed under “Absolute
Maximum Ratings” may cause parmanent dam-
orage Temperature ... -65°C to +150°C age to the device. This is a stress rating onfy and

functional operation of the device at these or any

ltage on Any Pin other conditions beyond those indicated in the

th Respect to Ground.........oceeaimniae e -1.0V to +7.0V operational gections of this specification is not
. . implied. Exposure to absolute maximum rating
aximum Operating Voltage ..., 6.6V conditions for extended periods may affect device
refiability.
S OUtPUL CUITBME.... v irvrcsis e stme s et 250 mA
> Characteristics
=-40°C to 85°C, Vg = 2.0V to 6.0V (unless otherwise noted)
Jmboal Parameter Condition Min Max Units
L input Low-voltage -0.5 0.2 Vgg- 0.1 v
H Input High-voltage {Except XTAL1, RST) 0.2Ve+ 09 Voo + 0.5 Vv
i Input High-voltage (XTAL1, RST) 0.7 Vgc Voo + 0.5 v
nL Qutput Low-voltage") loL = 20 mA, Vg =5V 0.5 v
(Ports 1, 3) lo = 10 A, V=27V
OH Output High-voltage lon = -B0 pA, Voo =5V £10% 24 v
(Ports 1, 3) Loy = -30 A 0.75 Voo v
IOH=-12 l.lA 09 VCC v
Logical 0 Input Current Vin= 045V -50 pA
(Ports 1, 3)
L Logical 1 to 0 Transition Current | Viy =2V, Ve =5V 10% -750 HA
{Ports 1, 3)
1 input Leakage Current 0< Vi<V £10 HA
{Port P1.0, P1.1}
oS Comparator Input Offset Voltage | Vgo =5V 20 mV
‘oM Comparator Input Common ¢ Vee v
Mode Voltage
IRST Reset Pull-down Resistor 50 300 KQ
o Pin Capacltance Test Freq. = 1 MHz, T, = 25°C 10 pF
= Power Supply Current Active Mode, 12 MHz, Vg = 6V/3V 15/5.5 mA
|dle Mode, 12 MHz, Vo = BV/3V 51 mA
P1.0&P1.1=0VorVg
Power-down Mode® Voo = BV P1.O&P1.1=0Vor Ve 100 A
Ve =3VP1LO& P11 =0V or Ve 20 HA

Wes. 1. Under steady state (non-transient) conditions, Ig,_must be externally limited as follows:

Maximum {g_ per port pin: 20 mA

Maximum total |, for all output pins: 80 mA
If 1o, exceeds the test condition, Vo, may exceed the related specification. Pins are not guaranteed to sink current greater

than the listed test conditions.

2, Minimum Vg for Power-down is 2V,

A
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ternal Clock Drive Waveforms

et —
Ve - 0.5V r— forox toow = - e
0.7 Ve / —\
s asy 0.2 Vgg- 0.1V < ~ ~
— foox —
* toroL
<ternal Clock Drive
Voo = 2.7Vt 6.0V Voo = 4.0V t0 6.0V
ymbol Parameter Min Max Min Max Units
ool Oscillator Frequency 0 12 0 24 MHz
oL Clock Pariod 83.3 416 ns
HEX High Time 20 15 ns
ACX Low Tima 30 15 ns
SLCH Rise Time 20 20 ns
HEL Fall Time 20 20 ns

0 AT SO C 210051 00 S
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rial Port Timing: Shift Register Mode Test Conditions

.= 5.0V £ 20%; Load Capacitance = 80 pF

12 MHz Osc Variable Oscillator
'mbol Parameter Min Max Min Max Units
X Serial Port Clock Cycle Time 1.0 12tc oL Hs
iXH Output Data Setup to Clock Rising Edge 700 10tg o -133 ng
1ox Output Data Hold after Clock Rising Edge 50 2to o117 ns
o Inpui Data Hold after Clock Rising Edge 0 0 ns
oV Clock Rising Edge to Input Data Valid 700 10te o ~133 ns

ift Register Mode Timing Waveforms

INSTRUCTION

B e L e T L e
AE LU e e e L e
[+ » tXLXL

|

S I A [ Y B Y

2 3 4 5 3 7

CLOCK [
tovxH ‘4——»
—] Jo— tXqux
WRITE TO SBUF o | X 4
; . —
OUTPUT DATA tyHov «-——»1
| CLE:FI Al

INPUT DATA

"+ xhox SETTI T

> Testing Input/Output Waveforms!"  Float Waveforms'”

oo™ 08V 0.2 Vg + 0.8V

TEST POINTS
0.2 Vg - 0.1V

0.45V

+ 0.1¥

VLOAD

Timing Reference

LoAD Points
0.4V

Viaap™ ® V. o+ 01V

te: 1. AC Inputs during testing are driven at V¢ - 0.5V fora Note: 1. Fortiming purposes, a port pin is no longer floating
logic 1 and 0.45V for a logic 0. Timing measurements when a 100 mV change from load voltage occurs. A
are made at Vy, min. for a logic 1 and V,_ max. for a port pin begins to float when 100 mV change frothe

logic 0.

ATmEY

loaded Vou/Vq, level occurs.

11
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AT85C2051
TYPICAL ICC - ACTIVE (85°C}
20 Vee=6.0¥ ]
| 15 /-""
g 10 ////foﬂ”/
e Vee=3.0V
l: 5 ] e
-——-'___-—_‘-—_--—
0 t +
0 i} 12 18 24
FREQUENCY (MHz)
AT89C2051

TYPICAL ICC - IDLE (85°C})

3
1 ¢
c 2 : Vee=5.0v
; e
m 1 e
A
""" Vieom3.0v
o]
0 3 6 g 12
FREQUENCY (MHz)
AT89C2051
TYPCAL ICC vs. VOLTAGE- POWER DOWN {85°C}
20
i
| 15 /
c /
c 10 //
H /
A 5

/

J.0v 4.0v .0V 6.0v
Vee VOLTAGE

Notes: 1. XTAL1 tied to GND for lpp (power-down)
2. P1.0and P11 =Vggor GND
3. Lock bits programmed

AT 89/C 2051 1000000000000
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dering Information

Spead Power
(MHz) Supply Ordering Code Package Operation Range
12 2.7V 10 6.0V AT89C2051-12PC 20P3 Commercial
AT89C2051-125C 208 (0°C to 70°C)
AT89C2051-12PI 20P3 fndustrial
ATB9C2051-128I 208 {(-40°C to 85°C)
24 4.0V 10 6.0V ATB9C2051-24PC 20P3 Commercial
ATB9C2051-245C 208 {0°C to 70°C)
ATB9C2051-24PI 20P3 Industriai
ATB9C2051-24S| 208 (-40°C to 85°C)
Package Type
OP3 20-lead, 0.300" Wids, Plastic Dual in-line Package (PDIF)
0S 20-lead, 0.300" Wide, Plastic Guli Wing Smail Outiine {(SOIC)

ATmEL
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ickaging Information

AIMEL

20P3, 20-lead, 0.300" Wide, Plastic Dual Inling

Package {FDIP)
Dimensions in Inches and (Millimsters)
JEDEC STANDARD MS-001 AD

1.080(26.9)
~.980(24.5) p|N

1 .280(7.11)
240(8.10)

osu(z 29)
900{22 B6) REF

210(5.33) 50,127
MAX 005 M%r\::
SEATING
PLANE ]
A50138T) 015(.387) MIN
115282 L uzz: 559;
014{.356
070(1.78)
110(2.79)
20 O45(1.13)

.325(8.26)
7300(7.62)
,014{.358)
\008(,203) | \"I

I..._..1 .430(10.92) MAX

208, 20-lead, 0.300" Wide, Plastic Guli Wing Small

Outline (SOIC)
Dimensions in Inches and (Millimeters)

€.020 (0.508)

0.013 (0.330)

INIRIRIRIN IR

p.‘mﬂ {7.80) 0.420 {10.7)

0,291 {7.38) 0363 {§.08)

PIN1

o
IRIBHRIRIRIRIRIN

rem—— B0 (1.27) BSC

0.513 13,01
Q497 (12.8) 0,105 (2.67)
r D082 (2,34}

0.012 (0.308)

2,003 (0.076)

'REF 0.013 [0.330)
: ,f%:‘\\\; E_uoostozzn)

Q.035 (D.BEB)
©.016 (0.381) (0.381)

}

AT S C 2005 1 1500000000000
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