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This project presents an ECG monitor for displaying ECG signal on the LCD
screen. The system includes circuits using an instrumentation amplifier to amplify the
heart signal.The driven right leg circuit used as the reference point of the
measurement. The low pass filter circuit is used to eliminating noise. The modulation
circuit to overall
uses opto isolator to prevent current flowing into the body. The demodulation circuit

to extract the heart signal . The ADC circuit uses pic18f3520 microcontroller. The

Abstract

graphic LCD is used to display the ECG signal.

heart signal with high frequency. The leakage protection circuit
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inden wislud (dn) wasdiiunzamnsesiamils szgnusuuuiiemadotuiungaudn
wian yhliiushumeadansedlwanlsdmiiaesls uasnTamigngandulassnsesinanlsdin
usn widna3ailssmumeaiansosdnda

v

ilouszqluiigninglndedaluih Tuanavesndnivasfigndssunuivaunlviia vinls
anmsuyuwsauasiiiuily mnsdnwargmyuuuiiendaeauysal wasiiiumzafiay
gnusulwanlsdlifanniudnsesiiiiaes vliiAnnistiatuadasanysal Aneatufay
fln 9nn1smuRuMIyuYednvaluLiaginea iliuasinmeglaludiuiasiee du

o Y =l 1 ! Lo
lvnwainuainaenaeiuly



= U o L4 d = 1 dl a s =f & 1
Tnguninisusuiiawmesinanlsdinefinealusuas Wiewnss waviivuaudongluauiulwi
2e9lsAnI UaRTIRARNARTIAUTY duSULOWNARUUNLAY

p— *MLW/ i\\’“‘fl e e Polarizer

% s e, Colour Filter
?mw Mm : m Colour Filter glass
Liquid “*17 ‘, x
Crysral ARy S - - -
Voltage ‘4

Smarihin, e

e, Polarizer

Backlight

g‘dﬁ 2.10 WAASEIUUTENBUVBIRDNINHENNAT

2.2.1. ¥AUD9DNIN
TN4Film (Twisted Nematic)

Wuwmalulagvessendnivas ftenldogaunivans ilosniidununiuandi
i uagnisamnagisdeLiles Geluilagtiu Wamnauamsarliiiaanusiveanis
novaueItieAUSguRsane ey lfauunmadoulmanaslduin viliae
WUU TN+Film ﬁ'«nﬂLﬁiuﬁﬂumsmauauaﬂé’a&hﬁam%’a ('vuaTN+FiLm sldnsianig
mevaUBd [WuLUY grey to grey FazuAnA19aINAT ISO f¥owu black to white)
uigLve99BLUY TN+Film HuRedifrfimanoadiuiiuay Tnsianizuuass wazdau
Tngjazlianusouansdlansu 16.7a7ud (24-bittruecolor)

IPS (In-Plane Switching)

Andulaguitm Hitachi Tul w.e. 2539 AsfinmautBAuninTN+Film siafu
Safinisuaaiiu wagnsuanddi 8-bit udn1sUFuuTeenan vlfAnnsmeuauesd
41 fa 50ms  wazdaunsundndae 9nululnm. 2541 Hitachi Wihsguu SIPS
(Super-IPS)  @BNUIUNLTiTTUY IPS LA %d1ﬁ§ﬂ’]‘iﬂ§UU§dU‘i$ﬁﬂ%ﬂW‘W'L‘uﬁ’luﬂ’ﬁ

Aok Y o o ¢ =
mavALRITATY wardduilndlAssenimuwuy CRT wuldlulnsvimiszuuaendnvan
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MVA  ( Multi-domain Vertical Alighment )

dunissiudersening TN+FilmAUIPS Wihdefuvinlil Response Time s
uae View Angle finradufivey uadsniunean
PVA ( Patterned Vertical Alignment )

Humsiaunanuuu MVA BilsiangnasdainlifiidnContrast Ratiofigaann

wawdl Response Time 71A1 ldlusanmuuuninanszdugs
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Uni 3

N13BDNLLUULLATNIILLEIAINT

ﬂﬂiaaﬂLLUULﬂc‘i‘mLLamﬂguﬁmmv”ltuWﬁ’]ﬁ’ﬂﬂ (Electrocardiagram  Monitor) gLUs
panilu 2 dyudfny Ao druvesgunsal (Hardware)  wazdiuvesnisdeulusunsy
(Software) Fadruvesgunsniarusznaumislsasinnduluiiiale (Electrocardiagram
Amplifier) 24930783100 Ua99sdaaflngs (Protection Circuit) iitatpsunssualmiin

agsene wardiunis@eullsunsy dagldlulasnoulnsawmes PICI8F4520 vinis

L aa é L =Y =l
wlasdeaanneuaendumdsia uazdsuuaninsmedulniilavusensinueads

Filter

A

A 4

ECG Amplifier Auto Zero | Inverting Amplifier

Clamper Demodulation Floating Circuit |« PWM

h 4

A 4

A/D Converter Graphic LCD

= =3 o
E'ﬂ‘ﬂ 3.1 UAoNlABzATNIERINITHIY

1 L2
3.1. @wesguniad (Hardware)
3.1.1 wavippaulwi1ila (Electrocardiagram Amplifier)
dWanedulwiivlavesywdlinnuduazvuinaiuin Tnevluaviiauie
Uszaas 1 fadlias Audussunnd 0.05 - 200 B5ed Tun1sindsdasyinnisueie
dyaaunlel inelilddyaruedulwihwilanduuelveg eunsousaiuladnou
199579RaUlWAIMILA (Electrocardiagram Amplifier) Usznousigeasdounail
3.1.1.1 2959edy g uuangiuundu (Instrumentation Amplifier)
[ 6 o s o =
Waseeuwenddmivldlunmsinuaznszuiunsauauinday
¥ v & o LY =l o
gnsosas neluavdszneumesatuaui3 M uagAuAIUNILEN 6 AR

Y v

wansluguin 3.2 uagldminuduniu R doniguansewinetadususan

DNTIVLY



VD = Av(Vz = Vl) (31)
dladhsvesuseiuie 4, = 1 + E—R (3.2)
G

]
'
i
'
i
'
i
i
i
1
'
'
7
3
i
v
]
i
i
1
i
i
i
i
i
1
H
1
¥
1
i
I
]
"
¥
t
i
i
¥
"
v
¥
]
¥
b
¥
¥
I
b
i
[
i
1
1
1
i
1
1
i
'
[
i
[
i
'
i
[
i
'

(3
1 13
1 13
4 ¥
1 E
v i i
: O !
]
. H
Inverted input ;
" §
H
13
a1 ¥
1 13
i '
T
H o
Rl'} t €

;

: : Jurput
" 1 ¥
Gain set ' ¥
1 3
1 :
£ 13
1 ]
1 *
1 ¥
o— :
' ¥
] ]
i (3
v i i
2 ()‘‘‘'""''“""“""""‘“‘""‘q 3 '
1 i
R o f ! :
Noninverting input ! H
1 R 13
1 E
1 t
] E
1 13
. R Wy AR - . - S o WS S o, B WR—.

= v & A !
UN3.2 Imaamwugﬂumaa Instrumentation Amplifier

lagnsasvereduanguwumdululassuiayly sadusudiues AD620

s

d! = a ‘4
Faildnuagnuludaguin 3.3

a2
stk
o HQD:&i-l
rg L] AP r
wla 2] GAIN  BAIN_
a2 " SENSE  SENSE
Vg IZ ADB20 Zl PEF T
_\',15

TOP VIEW

gﬂ‘ﬁ' 3.3 lassasevespavuandiuns AD620
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95U dy I duan gy gnesnwuulviiidnnveedssuam 7

Wi @13150v1 AN
_ R1+R2

Y +1 (3.3)

G

Faoenuuuliien R, uae R, W 25 kQ @ R, Wu 8.2 kQ

25+25
8.2

wle G = 41 (3.4)
G =7.09756 (3.5)

wlPons1ve18UTEINN 7 Win

3.1.1.2 25egdyanmLuunauma (nverting Amplifier)

L)

s

WITVYIYFYYIULUVUNAUINE Ao 299598 UlanUNeankuUN iDL

Lo

=

voltage gain 3iAuau vssliA L wiwsUaEuAATaIINElUINAY

gﬂﬁ 3.4 1TV IWFYY UL UNEULWE (Inverting Amplifier)

WINTUIINNIINLIAUINFIUMY R, wagfdumiu Ry uagyin

v i o a a ¢ & a1 v
MNIUWNITUUILTIY IneiinseuaBunnastealusndiuziianniovuin
stuauInasUlanAranseuanlvai uiIi UL R, uazieunu R,

) L | w i ) ¢ Vo a
WuREdAIiL AU INLAGENN1T9 (3.6)

V,=— (2—:) -V (3.6)

waz wonTvEedyaulan

Gain = % = — (—) (3.7
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Faoenuuulian R, Ju 1 ko uaze R, Wi 100 ka

gla Gain = —g (3.8)
Gain = —=100 (3.9)

3.1.2 W9sUSuAudRluiR(Auto Zero Circuit)
Wedyaralwiivlaiusesveeanuuansednasiidnalwiooniangn

PW18IMILTNTEUAINTINSEUART anansamdalalaedAuusey wadymifiausn

i
L2 s @ =

A9 Walindyyrueanienaiee 919aziinann1snaulteduil adulwiialantu

dufivdsgragassinainseauguinazidngsesuguddiunn tesaindl Time

' 8/
I @ a

Constant  wesALiudszgiuATMAIUMIUBUNNTEIRsialUAiTAmIn Fady

1
4

@ P | ol [/ & v Y
dyarniilavzassvinaingaguduazidignguitinn anguilaiidygialui
pavkan 1.2 ¥50 -1.2 Laan(whiudnanluiianasoulaleasansia fulmesivaves
a s = a ¢ ° v o ! o ¢ o § w
NIMUBANDIQINTEQ2) NI T TIzVimTITu Uiy UaInTIe Yl

naasiildranaundeiisaiiuguinanuvesmiivuszyiuanusiunungly

R l i

YOI IUTANDITITA DY

Rz ] 2anzaee

WA
THHEAeE 20k
Re ok
R1 1
instrument emc .~ ";?:'2' i

) y Inartne ame
Ve A7 opaup )
Re o
¢
c1 n

'[0!1 &1¢
RZ §1 M l

3

JUN 3.5 ’Nﬂiﬂ%’uﬂuﬁé’miuﬁﬁ(Auto Zero Circuit)



15

3.1.3.’}\‘]7\]'iﬂ‘§a\1ﬂ’.l’mﬁl (Filter Circuit)

3.1.3.1 1995N509ANNDGEIUARUNEDY (Low Pass Filter Circuit)

| L.
&Y

1 o

SUN 3.6 19AINTBIAIUDANIUAIAUNA D

u

a e 1 o w a o @ v 5|
2995vIRMURAH U A URaRs a1nnsaaiieladielaglteeyuend

A v oa Y = & =~ i =
Wigadaaes Aslugui 3.6 2995891913801 199INTBIAIMDUUL Sallen
and  Key Be69U8n uK@BNULUUNTT d1nTUe9slinuden (Cut  off

e 11

frequency , £) @wnsafivualaainAgunsalifagnigusnnINENnIg

(3.10)
LR AT VA (3.10)
AN 27T R1R2C1C2 ’
VINLSIANUAL LA d1n1s (3.10) mmaaawgﬂlﬁlﬂu
1
oy 2mRC (3.11)

@UFIAIUNIY Ry Uay Ry ﬁliﬁmﬁuﬁ’aﬁﬂﬁumﬁmiwmamamwsgﬂ
Un (Ac) 18 uilnounudusiasdnisimuald Ay, d5d iy 1.586
Welisasanunsavieuldosaivszansaniian dunansiiigiaig
funen Ry Sieudu 0.586 wihwed R, lssarnestuendseiduisasveny
wuuldnduina damiusn R, way Ry fimunzaufie R, = 47ko uas
Rs = 27ko
2NLUUNIINTRIALAGTUEGUT 2 TidiAnudsn agjﬁ 200Hz
\donAfaiuuseaumsgiu 0.01 pF

AWIVIAN R 9nnaums (3.7)

1 1
T 2nf.c” 2m (200 Hz) (0.01 uF)

R = 82Ka (3.13)

(3.12)
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- ' 2 v o o @ a
LlHaNA1 R HIAIPIUAD 82 ka 1@']@"\]5ﬂ5@\1ﬂjquﬂmqwquaqﬂumﬁaﬂ LLﬁﬂ\ﬂU

U 3.6 2995U4ANNDANEUTAIANURFR 200 Hz

0.01uF
R 1 R 28
Vi Opemnen 8 fo Ay il e Sy it - ‘i i

82K 82K ‘ | :
| | opamp e — Y0

g | |
oone || L %

i | 27k

. Ra
Iuk

o

JUN 3.7 1asnTesAnudifiaudanoan 200Hz

3.1.3.2 1IINTOIANNNGNTUFPUNABS (Filter Circuit)

R
M
C C
: [ 2.4 B
Y "*‘{& 1€ +
s v Yy
g &
£ §2?A51

R,
47562

&Y M5 o o

UM 3.8 1993NTDIAIUDGITUAUTIARY
2ITNTRIANNDGUHIUA IR UTIAY ddnungRTAa1eiueeInTes

AN UUFUR 3.7 gaudaduaunitwed R uag C windu dauandly

=

JUN 3.8 dauAranuddn (f2) ansnsamilaainaunis (3.14)

1
2nRC

f. =

(3.14)

@

A:i 5 1 o a: Y| al' Id.
DBNWUUMNITNTBIAMNDAEIUAIAUNED PsAILDGR 28l 0.03 Hz
\@onAdafiulszquinsgiu 22 pF

ANIUYIAT R 91n@UN1s (3.15)

1 1
R = 2 f,€  2m(0.03 Hz) (22 uF) (5.15)
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R =241.1ke (3.16)
Ry =500 ke (3.17)
R, =120 ke (3.18)

\."“u':t‘, *

120k

Vi o—i| [j—
L .
G1 cz Vo

= S )
3UM 3.9 293nsasmuananngeawee 0.03 Hz

3.1.4 295Wad-In% Heaguanines (Pules-Width Modulator)

!
> > > © hd
= 10 ot -
vez 2% RT Sho i gpar e omn

L5

& LN S AL oo

=R
¢

-
-y

| i
R | Lo
; e ! 2 P
j 100K o B |
% [ ppar e
i 15¢ r Az‘ CPAMP
v | d

G

+15v

UM 3.10 2esad-I0 wenganinDS
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) o | = o v oA v o |
wdnn1svinuesdIuiife way it iasedygiuaiunion ey
doyaanuTeuiieu Winw Buwnlinduma ves Fuhwhiwssudisudyginlae
Fyarunauilanesnuaniasidnsssiuanizanunuuulsuamlaandeudnn
= o [ - s o =1 s € a 14
BUNNNAUWEYRIIC FyayruiiinnvesiCaelianwaziluiad lasnianuning
vasiadazldsunUasnudyguaduidlaidun i Bunnndumaduanddugui

511

source signals
T
.Y
=
7L
— N
~E 0
=
==

<
Y:
i

T

PWM signal

CET D O TA TSR ENTERY A U

Time
7UM 3.11 mawfsuwdaimunivaesiadlasnisnisueaguaniuy PWM

=

3.1.5 gUnseli¥eusen e (Optocouplers)

pUnsalidoudenauas wiei3ondt “eeuldduians” (Opto-Coupler) e
\ugunsaididnnsetinddmiunisidensdemauas Tnsnsidsudmyaadluialndu
wasudvAsundududynailwinady dealddmsuns deudedyyrasening
4992997 wardosntsueniumaliinlasfiaun edesfunissuniuiumalin
sewindeees neluvesgunsoiszanil Ussnaudulalonasas (LED) Fuvin
wirduidsuas (Optical Transmitter) 15U WABUNT IR (Infrared) wardm3u
f¥uuas (Optical Receiver) dainflealdinlinsudanes (Phototransistor) 1
mulagazgniinsaneglumiduneany

Wlinsudawmes imnulaludnuuifesiunsuBamesseseduuu NPN ud
liffivva@uazgnunuiiisdiniuuas Welduuamiseynirveuas viefigend
Tnou (Photons) Twu3mamnnwe axvinliiAneynindasefussgluuiinusesss
sEWINLvaLazARalannes (Base-Collector Region)uazlvikamiiouiinszualnaidn

RN



19

§ 3
L4 § b4
Ak i

1

i

SUl 3.12 dydnuaimsliinvesgunsaiidendeniauas

qUﬂifﬁL%amiamaLmemm%Ué’mmﬂmﬁuwm (A397a) 19U 91N
lilasnevlnsaiaes wield 1Wa-Un lalemwswasiiognielusigunsal (iliinseus
Inasiulalondauas) wagvimiiinuunisvieuweanlivsudanesdsuas
FetuFshluliludnuusdugunsalaiadin-Un uiothlu defursasmudawnes

arsueaniieldaruisadunssualfludsiuimuiigedy
oussiuduwnagluszduiigeaniussiuludansvedlalandsuasvr)asyinli
Annszualva u3efi3endt nszuadunn uia nssualudanss (F) vilwlalen
WawawmuuTnmnszualihilva lunisdessesesdesdidiiumusosynsuey
fy Liedinusinmensruaiinaliiligaiu Sduuagtugunsaiudassiailld u
Tneviluuds mseglvieglugae 5-50 fiaduend (mA) Welnlivsudameslasunas
aghlanansairliilfszninancuaredeinamioulunsdidionszua it
wa (B) vemsnudainessosseduuy NPN wazfiflusadunnaseniiunC waven E

=

WCEB>Vfi 9 ¢ il ddnseuateordnnlua
favosgunsalidoudonauasiinuiiuldvos Ae Mdauuy 4 91 wazdas
wuu 691 usisllalenwasuauaginlimsudanosiiomiag sunsalioudoniaues
Tushdsuuu 6 91 audaegte Tuguit 3.13 axfluntua (Base Connection Pin) fildey
sonnanuinauaradlnlinsudameiegnisly uazllunisusumnilalunis
novauBTIIaIvedyy Wil MTenanalaan amnsade - Yaaiadludnlais,
$u ) Tnsnisinualddeiu Fafuniuiifidioglugae 200kQ 8¢ 1MQ LU
§1 GND vesnasiewing widhiaulazesmublunsmevaussilisuiudosieve

LUA



ANODE BASE
20
COLLECTOR
2
CATHODE EMITTER
(@)
ANODE [ 1 6 || BASE
CATHODE 0 2 4N35 s COLLECTOR
NC (] 3 4[] EMITTER

HEC # bis sk sooesssan

U 3.13 dydnuainslwiuagidaues AN35 WUy 6 9

Vee
AN25
R1 QRTEG P RAHY = 1k
MOD AN } R DeNdd
1K

0

SU# 3.14 2993tlasiulnga (Floating Circuit)

3.1.6 WITAUDAYIALADT (Demondulator)

wisnnilddaaanisusdndudygiaiaduds avdawhnsulas

o

s ! L @ o 7] v & 174 ¢ A o
dyaaiananlidudygyruedulwihiladuiy lnenslieasueaguanes 3aaesni

'
=

L5 du = ﬁ‘ 5 ) dl v ) 1 A s A LY 1
Uil fia 299snsasmnudauigaulraualugauRvesdy g andulwiw lonu
Tl

2 A1 3V I

w Oolo /‘_.:“' T T e S Q s _
T 20k 0 G2 OP27 . 6

OPARP

v -

UM 3.15 WasAuengaLmes
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3.1.7 WATWAANLUDS (Clamper Circuit)
Junsasnimihiviuasussduvesdygrnlnadu Taissduwasdiums
gndeanufionts Tasmaifiuuseiulwasslidyalnady vildsedudygralv
aduidsuuvasiy wigUsdyaalwadulidsuudas 29asunaues Jagn
\38n71 29951ANlWATe (DC  Restorer  Circuit) 38 2995@0AUNIN WA (DC
Reinserter Circuit) gunsalimaniihanlévinuluacas fe flelen dufuusey

WAZFIATUMIY MANN1TVDINITUARNWDS AIFUN 3.16

"
O QE \/ Ll
E,

/w "\\ D]
, i—\m—“r“ > 1 E q393unaNile’ ;

| A / - O 0 .

} N W L e AN N

i

JUN 3.16 naNNTYRINATUAANIUDS

3.1.7.1 WATUABUWUOIUUUUIIFUUIN
vsuAauUeTuULTIAUIN WunaesuiussiuadulaeimualisUdy o

deoaniordwe dszaudynudouwdaciy Tugmussiuuin lavendolalaafu

MndAnsde9ns AuAulsey vminusey aevsqussilunses daguil 3.17

q

E ? ! ﬁ hGh |

;‘ { ER AT L 1

% LA L

s o R E, TE

| =T

. i

g : + —O €7 | 3
e || L,
Dg L b iy M 3

(n) 1193 (n) agyonHu

EUﬁ 3.17 MNITUABULUBSUUUWTIAUUIN
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3.2. @uresnsilisulusunsu (Software)
TudrwveslUsunsuldldlulasroulnsames  PIC18F4520 WudUssuianadygyiu

tr}

aa o

Ao 1 - 1 [ as P
auaeniiulinuaINNesveeifeuanludyyiundsa  mswanssUdyauadulnii
wila wazdnsinisiiuvenidlariusenininueadluga  ABG240128N09-BIW-R A3

auldyn 240x128 90 IMuANSUWERINALUY STN/ Negative transmissive / Blue mode

TCRN##RE3 —=[] ‘o a0 [J ~—= RE7/KBIZPGD
RELVANG »—a[] 2 38 [] =—e RESHBIZFGC
RAHANT ~—e[] 3 38 [T w—e RBS/HKEIUPEN
RAZANZ\RE=/CVREE w4 37 [J »—s REGHBIAN
RAX AN —[]& 35 [T »— RBIANGCCRZY
RAGTOCKICIOUT «—=[] 5 a5 [J «—= REZINT2/ANE
RAEANABEHLVDIN/C20UT «—e[]7 34 [J a—= REUINT T AN
RECRO/ANE [ 2 o o] 33 [ =— REBUNTOFLTIANZ
RE1TTRANE ——w[] g B an Fre——vos
REZCSANT «—ej®0 F & 31 [ w—— st
Woh — [ \44 oo oo 35 [ »— ROTFSFT R0
Ve w2 05 20 [J e RDEPEPSPIC
CSCUOLKIRAT ——a 113 = & 28 [T =— ROSPEPEFIE
DSC2ACLKOIRAS w—e [ 14 27 [] =—= RD4/PEP
RCOT10SOT13CK! w—w[] 4% 25 [T +— RCT/RXDT
RCHT10SHCCPZ Y w—w[] 18 25 [T e—w RCETRCK
RCZCCRUPIA a—w[] 47 24 [J =—= ROSSDO
ROBCH/SCL = [ %8 23 [T «—= RCHSDISDA
ROOPSPY w-—a ] 10 zz [] =— RODAFSF2
RDYPSPY w—w[] 20 24 [] —= RO2/PSPZ

JU 3.18 dhumisn3dawnesves PIC18FA520

3.2.1 nMsuanazUdmnadulwihmlavuaensifinuead
dmsunisulasdyameuiasmdudyyrudineassldluganislud

lulasaoulnsaaes laudynyimeuiaaniasgniuainAN2 dvuiausesulugie0-5

=

Tiad wazvinsuUasdudygufidnoasuin 10 On 1010 mS AndiuAui100 Hz

'
s a = o

=3 i\ﬂrd 1 s = A v 1 =
FEUIUATADANUYUIALNINY 10 Tanlel %ummqmﬁa OLLﬁgﬂWE"‘Nﬁ!(ﬂﬂa

as

(2'° — 1) = 1023 FrmualvnisuanwarasgUdyaadivouwauusanwluunu

L7 7]

M99 100 90

1023 _ -
e 10.23 = 10 (3.19)

aunisil (3.19) wansmsmiimsaAtvesteyaiiveszivunlideyanivuney
lugisvesrenimuIaunums 100 9a Belanadnsuszam 10 wuiedia nqnis

al g 1 1 L q’ ‘éf‘ o
meusuadm%’a:&amﬂmmﬂaa 10 A TCAUVBNYAVUIBNINITIWAUUU 1 0 ANLLERN

Tuaunisi (3.20)

y = adc;;ead (3.20)
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INAUNTTA (3.20) ENHNTOIVUATNUBYAUAL TEAUVDIRAULIDNNLARIRNT197I3.1

AU BNAINNITUURS .
ﬁmm1;4(adc_read) FEAUIAVUIDNIN(Y)
0-9 0
10 -19 1
20 -29 2
30 - 39 5
990 - 999 99
1000 - 1023 100

AN599 3.1 ansauassnsulasteyaldiduganin

\Wesanveuannaziinissusdsumiloulussneufiannes Aesuiiueainyn

=

uaRnggaan (0 §3127) Audaraniimn 127 11auesnaneA1vasaunIsi (3.20)

Favzlanadnsie gandruiwdennsaw seuansluaunisa (3.21)

q

(3.32)

plot = 127 — (*=21)

10

A o < v o 1 £ .« = | W v
ﬂi&a‘ﬂﬂ']u'gmtﬁi"ﬂLLaUQEQﬂuqluLﬂ‘lﬂ,u@’ﬁﬁﬂ“ﬂu’]ﬂ 240 FILNINUAIIUNIG

e

Y84YIBUANINANITIIIN 240 90 FeansaldArdumisvesioyaluensisddu
@ V¥ oAl =] v ] [ ' £ =
MB19BeRLNUNBUTBIN TNGRYA IAlaetayavziulusurisgaine 239

( Data[239]) usudeudmumislianasiefudoyaiiuilva audewhumiusni 0

( Datal0] ) Faawuidyauidaudeulunsdialovesduns

3.2.2 MIMBASINSIUTDIRILR
lumsAwinmdnaniswuvesilasglideyantuiinluesisdvenisuaning

dygrulagyiinisviAiiafevesdeyans 240 Aeuansluaunisn (3.33)

avg = % (3.33)

U E!' b < A o = a s U L d.
AMbaaInaunIsn (3.33)  azillifisuduiuaivesdyiaieniaiuees

Fuaadunnagn1ssuen 240 ATY wastlUAINMIERTINLAUTDIRI 1
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HeartRate = —— x 100 x 60 (3.34)
p_sum

aunTil (3.34) uanagnInismdnsinisiiuvesiilalag k Aediuiugnaduues
Ty uituld p_sumAenaTiuvenuaIIvLA ANAILAIIND 100 Hz uaza

dne 60 WawUasliduniieassoundi
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Main function Interrupt Service Routine
( start ) Gimerl Overﬂow)
v v
Set Timerl for 10mS Set Timerl for 10mS
v
Y / ADC Read from RA2 /
Show A
average line Calculate Data for
plot on GLCD
Y
v
Plot signal Calculate Average
value

v
Skip Data Address

Period counter >=2

A

Detect Period

Calculate Heart Rate ¢

Clear Timerl

A

Show Heart rate Interrupt Flag

v

=

Clear graphic panel

UM 3.19 usualusunsa
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NANISNAADY

4.1 wan1IveassaInAsesTIaesdygIunfuliiila

4.1.1 1959wy INBuaRsumdU(nstrumentation Amplifier)

SUN 4.1 nomiuansnadtyamdasspaulniiilanniesueedyyaduan gy

YUIALIIU (Voltage) = 312 mVpp

A (Frequency) = 989.2 mHz

4.1.2 29935U5uAudanluii (Auto Zero Circuit)

3N 4.2 nuanwadygradaesaaulniilanneninniesusuguisnludd

YuAKksIaU (Voltage) = 752 mVpp

D (Frequency) = 987.7 mHz

26



4.1.3 9a5veneluundumalinverting Amplifier)

(BEEE NEEN]

1in

IRE N}

JUN 4.3 nsmluanamadyaudiassndulniiilaainiwsveswuundua

uIALFIsl (Voltage) = 7.2 Vpp

A (Frequency) = 988.1 mHz

4.1.4 dyorauiiassraulwiinlasinisesniesninud (Filter Circuit)

4.1.4.1 1993n589A MDA (Low pass Filter)

JUN4.4 Fyayrudrassndulnihilaainiasnsatanuam

YUIARIAY (Voltage) = 7.04  Vpp

A (Frequency) = 988.2 mHz
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4142 'msﬂiadmmﬁz;ja (High pass Filter)

U7 4.5 dygradassnaulniinlannissnsesauig

YALTINU (Voltage) = 7.20  Vpp

e (Frequency) = 988.1 mHz

4.1.5 1935Wad-Intl ueagianees (PWM)

|
%
|
1

o g )
lli|§'ll\|\:llltl;l'ill
; H . . [

i
1
T
i
i
i

£ 7

(RRE

3N 4.6 nsmluansradygradaesaaulnihiilanniasiad-iny veaguannes

YUIALTIAY (Voltage) = 7.52 Vpp
Al (Frequency) = 429.4 Hz
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4.1.6 dygyraudiaosrdulninilasnisestesiulnga (Floating Circuit)

- -

SUN 4.7 nemiuaneradygrudiassnaulwiitlaniniesdesiuluia

YUIALTIAU (Voltage) = 7.36  Vpp

A (Frequency) = 484.2 Hz

4.1.7 19shuangames (Demondulator)

B e o i s i, e v A A 8 A 53 B 5 B

JUN 4.8 nemnanswadygiudiassrdulniimlanniasfivengiames

YUIALTIAUY (Voltage) = 5.12  Vpp

Aud (Frequency) = 989.1 mHz



4.2 Nﬁﬂ’]'ﬁ%ﬂﬂﬂﬂﬁ]”lﬂéﬂﬂﬁ@ﬂ

4.2.1 19shuengawnes (Demondulator) UugEVInaDIEY

bt

U 4.9 nsmuanssadyaundulwinialasiniasivengiame svazgnaasidu

YuALTIAU (Voltage) = 1.12  Vpp

Ad (Frequency) = 1.471 Hz

4.2.2 asAveAgaAes (Demondulator) vaurEMAaBa

YUALTIAU (Voltage) = 968 mVpp

A (Frequency) = 657.9 mHz

30



o/

4.3 nswanawagudysmaulniilavueenaiinueads

HeartRate @59 brem B.99 Hz|

| o~ | o,
I Y, " P " -
- b ™ o
sl i oy p WL SRS —— - et & SN B
il S S AL LLLLE LS L T .

SUT 4.11 msuansmadyaasiasnaulwiilavussueads
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undl 5
A37UuATAATIZINANITNAADS

5.1 unasu
Tusrsrulananfernuduinvedlasanu wwfe gl wazsvazdeanisaiaeie

wanawanauiile Tandensvegeun viulessiu laege Instrumention amplifier Luad
AD620 Favineudu Differential amplifier [Wuveedyyinnauilaniuenn ECG

% = ar o v = = ¥ o = & v
Simulate  1HoINFYIAILvwIAAnNIn waalUuveednnseiels  Non-

inverting amplifier uAzN38IANLAT ABINT3RIL3995HiIgh-Pass FilterionsosAudgean
mI8Low-Pass Filter LLTc’hL%”Iej’aww%’msﬁuLﬁﬂﬂ?UﬁﬂgiyﬁmlﬁﬁszﬁULLaxﬁ’lwﬁegﬂﬁaddau
iignszurumsuengiadunuuiiaddnn ueagavimediietiluidisesdestunszuatalag
l60ptocouperiazfnandmyy1tuoanu ﬁ'ﬁgm_ﬂmeuriauﬁ%ﬁwﬁﬁfjA/D Converterlmgld
Tulasreulnsaaes PIC18F4520 iWuiUssananadyninewaeniisuidiuisinieasuene

{ @ aa o d' o P @
wenvandudyarnnidameihlUlsvinanauasuansaeanundunsimeauiilavussLcD

5.2 Yymuasiuamniauile

1 lumsmeaeugdryanaiteenummnldosaslaaleuuuueuaengdyynilidnmy
Jududndldosadalaalaunuu Digital Storage Oscilloscope

2..'Lumsuam@Laeﬁl’uﬁauﬁ'fymuﬂmﬂﬁuﬁalauﬁnamﬁﬁLmﬁaﬁmtmmﬂamﬂﬁau FJudusaal
JvsuaauUesieUsusEiud a0

3 ludhuuansnaenududianud feliuiugndedouivumeneduy i

4. mamdeuivesnswlueLCouArMIMbIa o namevesdusunsy uily
Ineniseanuuulyuunsulmi

5.3 Usglonifildsu
Uagduiimalulaginiedidnnselindunuisgnianldusslominiadinmuasnienis

wwvdiilediemdsuazssmuazanlunsinu lassuiilhdlanguiniseenuuy

inSemandudunaniila uazansoudlelyvmeessdnnseiindsnunnune



LONE1591994
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ANALOG
DEVICES

Low Cost, Low Power
Instrumentation Amplifier

FEATURES
EASY TO USE
Gain Set with One External Resistor
(Gain Range 1 to 1000)
Wide Power Supply Range (+2.3 V to =18 V)
Higher Performance than Three Op Amp IA Designs
Available in 8-Lead DIP and SOIC Packaging
Low Power, 1.3 mA max Supply Current

EXCELLENT DC PERFORMANCE (“B GRADE")

50 nV max, Input Offset Voltage

0.6 nV/°C max, Input Offset Drift

1.0 nA max, Input Bias Current

100 dB min Common-Mode Rejection Ratio (G = 10)

LOW NOISE
9 nV/VHz, @ 1 kHz, Input Voltage Noise
0.28 pV p-p Noise (0.1 Hz to 10 Hz)

EXCELLENT AC SPECIFICATIONS
120 kHz Bandwidth (G = 100)
15 ps Settling Time to 0.01%

APPLICATIONS

Weigh Scales

ECG and Medical Instrumentation
Transducer Interface

Data Acquisition Systems

Industrial Process Controls

Battery Powered and Portable Equipment

PRODUCT DESCRIPTION
The AD620 is a low cost, high accuracy instrumentation ampli-
fier that requires only one external resistor to set gains of I to

30,000

25,000

20,000

TOTAL ERROR, PPM OF FULL SCALE

15,000 o
ADG620A
10,000 — @Q—
Rg
5,000
0
0 5 10 15 20

SUPPLY CURRENT - mA

Figure 1. Three Op Amp IA Designs vs. AD620

REV.E

Information furnished by Analog Devices is believed to be accurate and
reliable. However, no responsibility is assumed by Analog Devices for its
use, nor for any infringements of patents or other rights of third parties
which may result from its use. No license is granted by implication or
otherwise under any patent or patent rights of Analog Devices.

CONNECTION DIAGRAM

8-Lead Plastic Mini-DIP (N), Cerdip (Q)
and SOIC (R) Packages

RGE EIRG

-IN E 3 +Vg
+IN E E| QUTPUT

s [¢| AD620  [5]rer

TOP VIEW

1000. Furthermore, the AD620 features 8-lead SOIC and DIP
packaging that is smaller than discrete designs, and offers lower
power (only 1.3 mA max supply current), making it a good fit
for battery powered, portable (or remote) applications.

The AD620, with its high accuracy of 40 ppm maximum
nonlinearity, low offset voltage of 50 UV max and offset drift of
0.6 UV/°C max, is ideal for use in precision data acquisition
systems, such as weigh scales and transducer interfaces. Fur-
thermore, the low noise, low input bias current, and low power
of the AD620 make it well suited for medical applications such
as ECG and noninvasive blood pressure monitors.

The low input bias current of 1.0 nA max is made possible with
the use of Superfeta processing in the input stage. The AD620
works well as a preamplifier due to its low input voltage noise of
9 nVAHz at 1 kHz, 0.28 uV p-p in the 0.1 Hz to 10 Hz band,
0.1 pA/NHz input current noise. Also, the AD620 is well suited
for multiplexed applications with its settling time of 15 s to
0.01% and its cost is low enough to enable designs with one in-

amp per channel.

1,000 7

TYPICAL STANDARD

BIPOLAR INPUT

IN-AMP

4
100 )/ /
"4 y \
AD620 SUPERBETA

§ BIPOLAR INPUT

IN-AMP
_/'

1k 10k 100k ™ 10M 100M
SOURCE RESISTANCE - 2

10,000

-
o
o

RTI VOLTAGE NOISE
(0.1 - 10Hz) — pV p-p
-
o
@
n

0.1

Figure 2. Total Voltage Noise vs. Source Resistance

One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106, U.S.A.

Tel: 781/329-4700 World Wide Web Site: http://www.analog.com
Fax: 781/326-8703 © Analog Devices, Inc., 1999



kDGZU—SPEc I FI CATI 0 Ns (Typical @ +25°C, Vs = =15V, and R, = 2 k€2, unless otherwise noted)

AD620A AD620B AD620S!

adel Conditions Min Typ Max Min Typ Max Min Typ Max Units

\IN G =1+ (49.4 KRg)

Gain Range 1 10,000 1 10,000 1 10,000

Gain Error? Vour=+10V
G=1 0.03 0.10 0.01 0.02 0.03 0.10 %
G=10 0.15 0.30 0.10 0.15 0.15 0.30 %

G =100 0.15 0.30 0.10 0.15 0.15 0.30 Y%
G = 1000 0.40 0.70 0.35 0.50 0.40 0.70 %
Nonlinearity, Vour=-10Vtwo +10V,
G = 1-1000 Ry = 10kQ 10 40 10 40 10 40 ppm
G=1-100 Ry = 2kQ 10 95 10 95 10 95 ppm
Gain vs. Temperature
G=1 10 10 10 ppm/°C
Gain >1? -50 -50 -50 ppm/°C

'LTAGE OFFSET (Total RTI Error = Vg + Voso/G)

Input Offset, Vo Vs=45Vio 15V 30 125 15 50 30 125 uv
Over Temperature Vg=45Vtokl5V 185 85 225 Y
Average TC Vs=15Vtol5V 0.3 1.0 0.1 0.6 0.5 1.0 uv/ec

Output Offset, Voso Ve=+15V 400 1000 200 500 400 1000 uv

Vg=15V 1500 750 1500 Y
Over Temperature Vg=25Viw£l15V 2000 1000 2000 Y
Average TC Vs=+5Viwo 15V . 43 25 1.0 50 15 uvreC
Offset Referred to the
Input vs.
Supply (PSR) Vi=1223Vtot18V
G=1 80 100 80 100 80 100 dB
G=10 95 120 100 120 95 120 dB
G =100 110 140 120 140 110 140 dB
G =1000 110 140 120 140 110 140 dB
2UT CURRENT

[nput Bias Current 0.5% 2.0 0.5 1.0 015 W2 nA
Over Temperature 2.5 1.5 4 nA
Average TC 3.0 3.0 8.0 pA/°C

‘nput Offset Current 0.3 0.311.0.5 03 1.0 nA
Over Temperature 0.75 2.0 nA
Average TC 1.5 I=5 8.0 pA/°C

UT

nput Impedance
Differential 10]2 10]2 102 GQ|pF
Common-Mode 10]2 10]2 10]2 GQ|pF

nput Voltage Range’ Vs=+23Vwo+5V “Ve+ 1.9 +Ve-1.2 [ -Vg+ 1.9 +Vg-1.2 | -Vg+1.9 +Vg-12 |V
Over Temperature Vg + 2.1 +Vg-1.3 | -Vg+ 2.1 +Vg-13 | -Vg+ 2.1 +Vg-13 |V
Vs=+5Vto+18V Vg + 1.9 +Vs-14 | -Vg+1.9 +Vg-14 | -Vg+1.9 +Vs—-14 |V
Over Temperature Vg +2.1 +Vg-1.4 | -Vg+2.1 +Vsg—1.4 | -Vg+23 +Vs-14 | V
Sommon-Mode Rejection
Ratio DC to 60 Hz with
I kQ Source Imbalance | Vo =0Vto 210V
G=1 73 90 80 90 73 90 dB
G=10 93 110 100 110 93 110 dB
G =100 110 130 120 130 110 130 dB
G = 1000 110 130 120 130 110 130 dB
TPUT
Jutput Swing Ry =10 kQ,
Ve=+2.3Vto 5V Vi 411 +Vg-12 | -Vg+ 1.1 We-12 | Vet 11 +Vs-12 |V
Over Temperature Vg + 1.4 +Vg-1.3 | -Vg+ 1.4 +Vs-13 | -Vg+ 1.6 +Vg-13 |V
Vs=+5Vio £18V Vet+1.2 +Vs-1.4 | -Vsg+1.2 Ve -14 | Vexl2 +Vs-14 |V
Over Temperature -Vg+ 1.6 +Vs-15 | -Vg+ 1.6 +Vs—-15 | -Vg+2.3 +Vg-15|V
hort Current Circuit +18 +18 +18 mA
-2- REV. E



AD620

AD620A AD620B AD620S!
Model Conditions Min Typ Max Min Typ Max Min Typ Max Units
DYNAMIC RESPONSE
Small Signal -3 dB Bandwidth
G=1 1000 1000 1000 kHz
G=10 800 800 800 kHz
G =100 120 120 120 kHz
G = 1000 12 12 12 kHz
Slew Rate 0.75 1.2 0.75 1.2 0.75 1.2 Vips
Settling Time to 0.01% 10V Step
G =1-100 15 15 15 Hs
G = 1000 150 150 150 Us
NOISE
Voltage Noise, | kHz Total RTI Noise =1/(e?,,; )+ (eno / G
Input, Voltage Noise, e,; 9 13 9 13 9 13 nV/AHz
Qutput, Voltage Noise, e, 72 100 72 100 72 100 nVAHz
RTI, 0.1 Hz to 10 Hz
G=1 3.0 3.0 6.0 3.0 6.0 W p-p
G=10 0.55 0.55 0.8 0.55 0.8 v p-p
G = 100-1000 0.28 0.28 04 0.28 04 uv p-p
Current Noise f=1kHz 100 100 100 fANHz
0.1 Hz to 10 Hz 10 10 10 pA p-p
REFERENCE INPUT
Ry 20 20 20 kQ
Iy Viss VRer = 0 +50 +60 +50 +60 +50 460 HA
Voltage Range ~Vs+ 1.6 +Vg-1.6 | -Vg+ 1.6 +Vs-1.6 | -Vg+ 1.6 +Vg-1.6 |V
Gain to Output 1 £ 0.0001 1+ 0.0001 1 + 0.0001
POWER SUPPLY
Operating Range’ Ra3 +18 123 +18 2.8 +18 v
Quiescent Current Vs=423Vio 18V 050wl 9 5 09 1.3 mA
Over Temperature L6 d. 4 1.1 1.6 mA
TEMPERATURE RANGE
For Specified Performance ~40 to +85 -40 to +85 -55 to +125 °C
NOTES
See Analog Devices military data sheet for 883B tested specifications.
*Does not include effects of external resistor Rg.
*One input grounded. G = 1.
“This is defined as the same supply range which is used to specify PSR.
Specifications subject to change without notice.
REV. E 3



AD620

ABSOLUTE MAXIMUM RATINGS! ORDERING GUIDE
SUpPDIVVOILAEE & v v imm 1 v 3 o sy s & s & B 5 5 +18V
* Internal Power Dissipation® ... .................. 650 mW  Model Temperature Ranges | Package Options*
Input Voltage (Common Mode) .................... Vg AD620AN _40°C to +85°C N-8
Differential Input Voltage ......... ... ... 25V AD620BN _40°C to +85°C N-8
* Qutput Short Circuit Duration . . ............... Indefinite ADG620AR —40°C to +85°C S0O-8
Storage Temperature Range (Q) .......... —65°C to +150°C AD620AR-REEL |-40°C to +85°C 13" REEL
Storage Temperature Range (N, R) ........ -65°C to +125°C AD620AR-REEL7 | -40°C to +85°C 7" REEL
Operating Temperature Range AD620BR —40°C to +85°C SO-8
ADB20 (A, B) .« vs s v s viie wams v s -40°C to +85°C AD620BR-REEL | -40°C to +85°C 13" REEL
AD620 (S) ........................ 755°C tO +125nc AD620BR_REEL7 _4ODC tD +85EC 7” REEL
Lead Tentprhnie Range AD620ACHIPS | -40°C to +85°C Die Form
(Soldermg 10 seconds) ....................... +300°C AD()ZDSQ/883B -55°C to +125°C Q-S
s e *N = Plastic DIP; Q = Cerdip; SO = Small Outline.

= IStresses above those listed under Absolute Maximum Ratings may cause perma-
nent damage to the device. This is a stress rating only; functional operation of the
device at these or any other conditions above those indicated in the operational
section of this specification is not implied. Exposure to absolute maximum rating
" conditions for extended periods may affect device reliability.
*Specification is for device in free air:
8-Lead Plastic Package: 0y, = 95°C/W
8-Lead Cerdip Package: 0j, = 110°C/W
8-Lead SOIC Package: 0y, = 155°C/W

METALIZATION PHOTOGRAPH

Dimensions shown in inches and (mm).
Contact factory for latest dimensions.

+Vg QUTPUT

r

— REFERENCE

0.0708
(1.799)

) = I} ; =
# — ? v
| 0.125 . "

[ * Rg* | (3.180)
—IN +IN
*FOR CHIP APPLICATIONS: THE PADS 1Rg AND 8Rg MUST BE CONNECTED IN PARALLEL
TO THE EXTERNAL GAIN REGISTER Rg. DO NOT CONNECT THEM IN SERIES TO Rg. FOR
UNITY GAIN APPLICATIONS WHERE Rg IS NOT REQUIRED, THE PADS 1Rg MAY SIMPLY
BE BONDED TOGETHER, AS WELL AS THE PADS 8Rg.

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. i

=1

Although the AD620 features proprictary ESD protection circuitry, permanent damage may gﬁ
*occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD e T R

precautions are recommended to avoid performance degradation or loss of functionality.

REV.E



AD620

Typical Characteristics (@ +257c, v; = =15V, R = 2k, unless otherwise noted)

| I O O 2.0
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Figure 3. Typical Distribution of Input Offset Voltage Figure 6. Input Bias Current vs. Temperature
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Figure 4. Typical Distribution of Input Bias Current Figure 7. Change in Input Offset Voltage vs.
Warm-Up Time
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. Figure 5. Typical Distribution of Input Offset Current Figure 8. Voltage Noise Spectral Density vs. Frequency,
(G = 1-1000)
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AD620-Typical Characteristics

1000

CURRENT NOISE - fA/,Hz
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FREQUENCY - Hz

Figure 9. Current Noise Spectral Density vs. Frequency
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Figure 10a. 0.1 Hz to 10 Hz RTI Voltage Noise (G = 1)

RTI NOISE - 0.1pV/DIV

TIME - 1 SEC/DIV

Figure 10b. 0.1 Hz to 10 Hz RTI Voltage Noise (G

1000)
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Figure 11. 0.1 Hz to 10 Hz Current Noise, 5 pA/Div
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Figure 12. Total Drift vs. Source Resistance
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Figure 14. Positive PSR vs. Frequency, RTI (G = 1-1000) Figure 17. Large Signal Frequency Response
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Figure 15. Negative PSR vs. Frequency, RTI (G = 1-1000) Figure 18. Input Voltage Range vs. Supply Voltage, G = 1
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30
a ﬂ/
: Y
; Vg = £15V /

;? G=10 /
o 20 /
: /
w
w
Q
E /
2 10
c /
-
=2
B /
3
-“"“
0

0 100 1k 10k
L.OAD RESISTANCE - 2

Figure 20. Output Voltage Swing vs. Load Resistance Figure 23. Large Signal Response and Settling Time,
G=10(0.5mV=001%)

Figure 21. Large Signal Pulse Response and Settling Time Figure 24. Small Signal Response, G = 10, R, = 2 kQ,
G=1(0.5mV=0.01%) C, =100 pF

Figure 25. Large Signal Response and Settling Time,

Figure 22. Small Signal Response, G =1, R, = 2 kQ,
G=100(0.5mV= 0.01%)

C, =100 pF
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Figure 26. Small Signal Pulse Response, G = 100, Figure 29. Settling Time vs. Step Size (G = 1)
R, =2kQ, C, = 100 pF

1000
* 100 /
w /
=
=
o
=z
E
w1 —_—
1
1 10 100 1000
GAIN
Figure 27. Large Signal Response and Settling Time, Figure 30. Settling Time to 0.01% vs. Gain, for a 10 V Step

G =1000(0.5mV =0.01%)

Figure 28. Small Signal Pulse Response, G = 1000, Figure 31a. Gain Nonlinearity, G=1, R, = 10 kQ
R, =2kQ, C, = 100 pF (10pV=1ppm)
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Figure 33. Simplified Schematic of AD620

Figure 31b. Gain Nonlinearity, G = 100, R, = 10 kQ
= (100pV =10 ppm) THEORY OF OPERATION
The AD620 is a monolithic instrumentation amplifier based on
a modification of the classic three op amp approach. Absolute
value trimming allows the user to program gain accurarely (to
0.15% at G = 100) with only one resistor. Monolithic construc-
tion and laser wafer trimming allow the tight matching and
tracking of circuit components, thus ensuring the high level of
performance inherent in this circuit.

The input transistors Q1 and Q2 provide a single differential-
pair bipolar input for high precision (Figure 33), yet offer 10x
lower Input Bias Current thanks to Superfeta processing. Feed-
back through the Q1-A1-R1 loop and the Q2-A2-R2 loop main-
tains constant collector current of the input devices Q1, Q2
thereby impressing the input voltage across the external gain
setting resistor Rg. This creates a differential gain from the
inputs to the A1/A2 outputs given by G = (R1 + R2)/Rg + 1.
The unity-gain subtracter A3 removes any common-mode sig-
nal, yielding a single-ended output referred to the REF pin

potential.
Figure 31c. Gain Nonlinearity, G = 1000, R, = 10 kQ The value of Rg also determines the transconductance of the
(1mV =100 ppm) preamp stage. As Rg is reduced for larger gains, the transcon-
ductance increases asymptotically to that of the input transistors.
10k :’aﬁ} 10k This has three important advantages: (a) Open-loop gain is
11;"“?;{'; 'y s boosted for increasing programmed gain, thus reducing gain-
@\ 100y Toun related errors. (b) The gain-bandwidth product (determined by
X @ C1, C2 and the preamp transconductance) increases with pro-

grammed gain, thus optimizing frequency response. (¢) The

o
v : S
| a8 input voltage noise is reduced to a value of 9 nV/VHz, deter-
31 1 y . .
TARILS R o 100 mined mainly by the collector current and base resistance of the

input devices.

The internal gain resistors, R1 and R2, are trimmed to an abso-
lute value of 24.7 k€, allowing the gain to be programmed
accurately with a single external resistor.

The gain equation is then

= 49.4 kQ
*ALL RESISTORS 1% TOLERANCE G=——-—"7-+1
Rg
Figure 32. Settling Time Test Circuit —
o 49.4 Q)
G-1
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AD620

Make vs. Buy: A Typical Bridge Application Error Budget systems, absolute accuracy and drift errors are by far the most
The AD620 offers improved performance over “homebrew” significant contributors to error. In more complex systems with
three op amp IA designs, along with smaller size, fewer compo- an intelligent processor, an autogain/autozero cycle will remove all
nents and 10x lower supply current. In the typical application, absolute accuracy and drift errors leaving only the resolution

shown in Figure 34, a gain of 100 is required to amplify a bridge errors of gain nonlinearity and noise, thus allowing full 14-bit
output of 20 mV full scale over the industrial temperature range accuracy.

of ~40°C to +85°C. The error budget table below SI?OWS how to Note that for the homebrew circuit, the OP07 specifications for
calculate the effect various error sources have on circuit accuracy. input voltage offset and noise have been multiplied by V2. This
Regardless of the system in which it is being used, the AD620 is because a three op amp type in-amp has two op amps at its
provides greater accuracy, and at low power and price. In simple  inputs, both contributing to the overall input error.

+10V

PRECISION BRIDGE TRANSDUCER

>_ \ 10k 10k02*
B A

OPO7D — W\
5 |

10003 10k

— +

Re

4990 AD620A

>—

REFERENCE — —

10k02*

gt e Bt “HOMEBREW" IN-AMP, G = 100

AMPLIFIER, G = 100 *0.02% RESISTOR MATCH, 3PPM/°C TRACKING
*DISCRETE 1% RESISTOR, 100PPM/°C TRACKING
SUPPLY CURRENT = 15mA MAX

SUPPLY CURRENT = 1.3mA MAX

Figure 34. Make vs. Buy

Table I. Make vs. Buy Error Budget

AD620 Circuit “Homebrew” Circuit Error, ppm of Full Scale
Error Source Calculation Calculation AD620 Homebrew
ABSOLUTE ACCURACY at T, = +25°C
Input Offset Voltage, pV 125 pvV/20 mV (150 uV x V2)/20 mV 6,250 10,607
Output Offset Voltage, pV 1000 uV/100/20 mV ((150 pV x 2)/100)/20 mV 500 150
Input Offset Current, nA 2 nA x 350 /20 mV (6 nA x 350 Q)/20 mV 18 53
CMR, dB 110 dB—3.16 ppm, x 5 V/20 mV | (0.02% Match x 5 V)/20 mV/100 791 500
Total Absolute Error 7,558 11,310
DRIFT TO +85°C
Gain Drift, ppm/°C (50 ppm + 10 ppm) x 60°C 100 ppm/°C Track x 60°C 3,600 6,000
Input Offset Voltage Drift, uvV/°C 1 uv/°C x 60°C/20 mV (2.5 uV/°C x V2 x 60°C)/20 mV 3,000 10,607
Qutput Offset Voltage Drift, uV/°C 15 pv/°C x 60°C/100/20 mV (2.5 uV/°C x 2 x 60°C)/100/20 mV 450 150
Total Drift Error 7,050 16,757
RESOLUTION
Gain Nonlinearity, ppm of Full Scale 40 ppm 40 ppm 40 40
Typ 0.1 Hz-10 Hz Voltage Noise, UV p-p | 0.28 UV p-p/20 mV (0.38 UV p-p x V2)/20 mV 14 27
Total Resolution Error 54 67
Grand Total Error 14,662 28,134
G=100,Vg=%15V.
(All errors are min/max and referred to input.)
REV. E -11-




AD620

+5V
|
|
20k0 3 ]
I
3k 3k : REF
=N DIGITAL
3kQ 3k0 10k $ : ADC DATA
| OUTPUT
[ + I
AD705 AGND
o0k | / |
0.6mA | |
1.7mA* 0.10mA ¥ ik ,
Tt !
I
v
= Figure 35. A Pressure Monitor Circuit which Operates on a +5 V Single Supply
Pressure Measurement Medical ECG
. Although useful in many bridge applications such as weigh The low current noise of the AD620 allows its use in ECG
scales, the AD620 is especially suitable for higher resistance monitors (Figure 36) where high source resistances of 1 MQ or
pressure sensors powered at lower voltages where small size and higher are not uncommon. The AD620’s low power, low supply
low power become more significant. voltage requirements, and space-saving 8-lead mini-DIP and

SOIC package offerings make it an excellent choice for battery

Figure 35 shows a 3 k(Q pressure transducer bridge powered
powered data recorders.

from +5 V. In such a circuit, the bridge consumes only 1.7 mA.

Adding the AD620 and a buffered voltage divider allows the Furthermore, the low bias currents and low current noise
signal to be conditioned for only 3.8 mA of total supply current. coupled with the low voltage noise of the AD620 improve the
Small size and low cost make the AD620 especially attractive for dynamic range for better performance.

- voltage output pressure transducers. Since it delivers low noise The value of capacitor C1 is chosen to maintain stability of the
and drift, it will also serve applications such as diagnostic non- right leg drive loop. Proper safeguards, such as isolation, must
invasive blood pressure measurement. be added to this circuit to protect the patient from possible

A harm.

+3V

PATIENT/CIRCUIT
PROTECTION/ISOLATION

y

—

c1 13‘19 £ 2000 $Rg Sien OUTPUT
YA > 8.25k0) AD620A PASS O vimv
R4 $R2 G=7 FILTER
1MQ f 240k
AN OUTPUT
AMPLIFIER
‘ AD705J
+
—3v

Figure 36. A Medical ECG Monitor Circuit
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AD620

Precision V-I Converter

The AD620, along with another op amp and two resistors, makes
a precision current source (Figure 37). The op amp buffers the
reference terminal to maintain good CMR. The output voltage
Vx of the AD620 appears across R1, which converts it to a
current. This current less only, the input bias current of the op
amp, then flows out to the load.

Vin+

Vin-

b

I LOAD |

Figure 37. Precision Voltage-to-Current Converter
{Operates on 1.8 mA, £3 V)

Lo V[V - (Vv G
ST o o

GAIN SELECTION

The AD620’s gain is resistor programmed by Rg, or more pre-
cisely, by whatever impedance appears between Pins 1 and 8.
The AD620 is designed to offer accurate gains using 0.1%-1%
resistors. Table II shows required values of Rg; for various gains.
Note that for G = 1, the Rg; pins are unconnected (Rg = ). For
any arbitrary gain R can be calculated by using the formula:

_ 49.4kQ
D SHS

To minimize gain error, avoid high parasitic resistance in series
with Rg; to minimize gain drift, Rg should have a low TC—less
than 10 ppm/°C—for the best performance.

Table II. Required Values of Gain Resistors

1% Std Table | Calculated 0.1% Std Table | Calculated

Value of Rg, 2| Gain Value of Rg, {2 | Gain
499 k 1.990 49.3 k 2.002
12.4 k 4.984 12.4 k 4,984
5.49 k 9.998 5.49 k 9.998
2.61k 19.93 2,61k 19.93
1.00 k 50.40 1.01 k 49,91
499 100.0 499 100.0
249 199.4 249 199.4
100 495.0 08.8 501.0
49.9 991.0 49.3 1,003

REV. E

INPUT AND OUTPUT OFFSET VOLTAGE

The low errors of the AD620 are attributed to two sources,
input and output errors. The output error is divided by G when
referred to the input. In practice, the input errors dominate at
high gains and the output errors dominate at low gains. The
total Vs for a given gain is calculated as:

Total Error RTI = input error + (output error/G)
Total Error RTO = (input error x G) + output error

REFERENCE TERMINAL

The reference terminal potential defines the zero output voltage,
and is especially useful when the load does not share a precise
ground with the rest of the system. It provides a direct means of
injecting a precise offset to the output, with an allowable range
of 2 V within the supply voltages. Parasitic resistance should be
kept to a minimum for optimum CMR.

INPUT PROTECTION

The AD620 features 400 € of series thin film resistance at its
inputs, and will safely withstand input overloads of up to £15 V
or £60 mA for several hours. This is true for all gains, and power
on and off, which is particularly important since the signal
source and amplifier may be powered separately. For longer
time periods, the current should not exceed 6 mA (Ijy <
Vi/400 €2). For input overloads beyond the supplies, clamping
the inputs to the supplies (using a low leakage diode such as an
FD333) will reduce the required resistance, yielding lower
noise.

RF INTERFERENCE

All instrumentation amplifiers can rectify out of band signals,
and when amplifying small signals, these rectified voltages act as
small dc offset errors. The AD620 allows direct access to the
input transistor bases and emitters enabling the user to apply
some first order filtering to unwanted RF signals (Figure 38),
where RC = 1/(2 nf) and where f 2 the bandwidth of the
AD620; C < 150 pF. Matching the extraneous capacitance at
Pins 1 and 8 and Pins 2 and 3 helps to maintain high CMR.

Rg

AAA

=l
]

D> |

F
|1|L°_I|;ILI;J

-5 8

Figure 38. Circuit to Attenuate RF Interference
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AD620

COMMON-MODE REJECTION

Instrumentation amplifiers like the AD620 offer high CMR,
“which is a measure of the change in output voltage when both

inputs are changed by equal amounts. These specifications are

usually given for a full-range input voltage change and a speci-
" fied source imbalance.

For optimal CMR the reference terminal should be tied to a low

impedance point, and differences in capacitance and resistance
should be kept to a minimum between the two inputs. In many
applications shielded cables are used to minimize noise, and for
best CMR over frequency the shield should be properly driven.
Figures 39 and 40 show active data guards that are configured

to improve ac common-mode rejections by “bootstrapping” the
capacitances of input cable shields, thus minimizing the capaci-

“tance mismatch between the inputs.

+ INPUT

_VS

Figure 39. Differential Shield Driver

-I-Vs
~INPUT
2) —
7
Rg U
1000 = ik
w—e-<AD548| [T AD620 )0 Vour
+ 2 0 5
N REFERENCE
D+
+ INPUT
_VS

Figure 40. Common-Mode Shield Driver

el

GROUNDING

Since the AD620 output voltage is developed with respect to the
potential on the reference terminal, it can solve many grounding
problems by simply tying the REF pin to the appropriate “local
ground.”

In order to isolate low level analog signals from a noisy digital
environment, many data-acquisition components have separate
analog and digital ground pins (Figure 41). It would be conve-
nient to use a single ground line; however, current through
ground wires and PC runs of the circuit card can cause hun-
dreds of millivolts of error. Therefore, separate ground returns
should be provided to minimize the current flow from the sensi-
tive points to the system ground. These ground returns must be
tied together at some point, usually best at the ADC package as
shown.

ANALOG P.S. DIGITAL P.S,
+15V C -15V C +5V

0.1pF 0.1pF

A i

Figure 41. Basic Grounding Practice
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AD620

GROUND RETURNS FOR INPUT BIAS CURRENTS

Input bias currents are those currents necessary to bias the input
transistors of an amplifier. There must be a direct return path
for these currents; therefore, when amplifying “floating” input

+INPUT REFERENCE

TO POWER
SUPPLY
GROUND

Figure 42a. Ground Returns for Bias Currents with
Transformer Coupled Inputs

%
i +INPUT

100k §  $ 100k

sources such as transformers, or ac-coupled sources, there must
be a dc path from each input to ground as shown in Figure 42.
Refer to the Instrumentation Amplifier Application Guide (free
from Analog Devices) for more information regarding in amp
applications.

+INPUT REFERENCE

r{a P
27 -

TO POWER
SUPPLY
GROUND

Figure 42b. Ground Returns for Bias Currents with
Thermocouple Inputs

£C
27

TO POWER
SUPPLY
GROUND

Figure 42c. Ground Returns for Bias Currents with AC Coupled Inputs
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AD620

OUTLINE DIMENSIONS

Dimensions shown in inches and (mm).

Plastic DIP (N-8) Package

0.430 (10.92)
0.348 (8.84

5
0.280 (7.11)
I 0.240 (6.10)

0.325 (8.25)
PN 1 0.060 (1.52) 0.300 (7.62)
0.210 (5.33 0.015 (0.38) 1\ Iu.ws (4.95)
M — = = 0.130 0.115 (2.93)
0.160 (4.06) (3.30)
- (2.93) — X MIN
0.115 (2.93) 2jje i SCRTING 0.015 (0.381)
0.022 (0.558) ;12.15%; 0.070 (1.77)  JFANE 2,008 (0.209)
0.014 (0.356) (22%) 0.045 (1.15)
Cerdip (Q-8) Package
0.005 (0.13)  0.055 (1.4)
MIN MAX
=4 P
0.310 (7.87)
0.220 (5.59)
i 0.320 (8.13)

f-—o'-ma:og(u'z—m-so.oso (1.52) 0.290 (7.37
015 (0.38) : L‘

0.200 (5.08) 0
MAX,
=\ = 0.150
0.200 (5.08) J L\3(3.31) I‘
0125 (3.18 —X MIN
0.015 (0.38)

0.125 (3.18) jj s ol
SEATING 2ot IOINA
0.023 (0.58) 0.100 0.070 (1.78) 15° 2,008 (0.20)

0.014 (0.36) (2.54) 0.030 (0.76
(0.36) BeC (0.76)

SOIC (S0O-8) Package

0.1968 (5.00)
P it §
0.1890 (4.80)

AR

[} B 5
0.1574 (4.00) 0.2440 (6.20)

0.1497 *(3.301 1 411 0.2284 (5.80)

'l
PINf'I 0.0688 (1.75) 0.0196 (0.50)
0.0098 (0.25) 0.0532 (1.35) "' ["‘u_’,ougs 0.25)
0.0040 (0.10)
)
i T e
0.0500 0.0192 (049) , 1005 (0.25) O 0.0500 (1.27)
0.0075 (0.19)  0.0160 (0.41)

x 45°

SEATING ey
(1.27)
PLANE ‘g3 0.0138 (0.35)
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DEVICES

Dual Picoampere Input
Current Bipolar Op Amp

AD706

FEATURES
High DC Precision
100 pV Max Offset Voltage
1.5 pV/°C Max Offset Drift
200 pA Max Input Bias Current
0.5 pV p-p Voltage Noise, 0.1 Hz to 10 Hz
750 pA Supply Current
Available in 8-Lead Plastic Mini-DIP
and Surface-Mount (SOIC) Packages
Available in Tape and Reel in Accordance with
EIA-481A Standard
Quad Version: AD704

APPLICATIONS

Low Frequency Active Filters
Precision Instrumentation
Precision Integrators

GENERAL DESCRIPTION

The AD706 is a dual, low power, bipolar op amp that has the
low input bias current of a JFET amplifier, but which offers a
significantly lower Iy drift over temperature. It utilizes superbeta
bipolar input transistors to achieve picoampere input bias current
levels (similar to FET input amplifiers at room temperature),
while its I typically only increases by 5X at 125°C (unlike a
JFET amp, for which Iy doubles every 10°C for a 1000x
increase at 125°C). The AD706 also achieves the microvolt
offset voltage and low noise characteristics of a precision bipolar
input amplifier.

Since it has < 200 pA of bias current, the AD706 does not
require the commonly used “balancing” resistor. Furthermore,
the current noise is only 50 fA/NFz, which makes this amplifier
usable with very high source impedances. At 600 A max supply
current (per amplifier), the AD706 is well suited for today’s
high density boards.

The AD706 is an excellent choice for use in low frequency
active filters in 12-bit and 14-bit data acquisition systems, in
precision instrumentation, and as a high quality integrator. The
AD706 is internally compensated for unity gain and is available
in five performance grades. The AD706] is rated over the
commercial temperature range of 0°C to +70°C. The AD706A is
rated for the extended industrial temperature range of ~40°C
to +85°C.

The AD706 is offered in two varieties of an 8-lead package:
plastic mini-DIP and surface-mount (SOIC).

REV. E
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CONNECTION DIAGRAM

Plastic Mini-DIP (N) and
Plastic SOIC (R) Packages

AMPLIFIER 1 AMPLIFIER 2
.y

ouTPuT [1 ] AD706 [5 | v
-IN || ZI OUTPUT

+IN[3] @3 -IN

V- +IN

he TOP VIEW <]
PRODUCT HIGHLIGHTS

1. The AD706 is a dual low drift op amp that offers JFET
level input bias currents, yet has the low I drift of a bipolar
amplifier. It may be used in circuits using dual op amps
such as the L'T1024.

2. The AD706 provides both low drift and high dc precision.

3. The AD706 can be used in applications where a chopper
amplifier would normally be required but without the
chopper’s inherent noise.

100
< /
e
1 TYPICAL JFET AMP
L P /]
-
=
o
Q.
£

0.1 /

/ AD708 /

0.01
-55 +25 +110 +125

TEMPERATURE -°C

Figure 1. Input Bias Current vs. Temperature

One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106, U.S.A.
Tel: 781/329-4700 www.analog.com
Fax: 781/326-8703 © 2003 Analog Devices, Inc. All rights reserved.



AD7UB—SPEC I FI CA." 0 Ns (@Ty = +25°C, Vo = 0 Vand =15 V dc, unless otherwise noted.)

AD706J/IA
Parameter Conditions Min Typ Max Unit
« INPUT OFFSET VOLTAGE
Initial Offset 30 100 uv
Offset TMIN 1o TMAX 40 150 LLV
vs. Temperature, Average TC 0.2 155 uv/eC
vs. Supply (PSRR) Ve=£2Vtwo £18V 110 132 dB
TMIN 1o TMAX VS =125V +l18V 106 126 dB
Long Term Stability 0.3 1uV/Month
INPUT BIAS CURRENT’ Vem =0V 50 200 pA
V{‘;M = i'135 V 250 pA
vs. Temperature, Average TC 0.3 pA/°C
T to Taax Vem =0V 300 pA
TMIN to TMA}{ \’r(_-;M =+135V 400 pA
"INPUT QOFFSET CURRENT Vem =0V 30 150 PA
Vem =135V 250 PA
vs. Temperature, Average TC 0.6 pA/°C
T t0 Thiax Vem =0V 80 250 PA
TMIN to TMAX VCM =+13.5V 80 350 pA
MATCHING CHARACTERISTICS
Offset Voltage 150 uv
‘ Taimv to Trgax 250 uv
Input Bias Current? 300 pA
Thsin t0 Tyax 500 PA
Common-Mode Rejection 106 dB
Tan 10 Tyax 106 dB
Power Supply Rejection 106 dB
T.\-l]t\' to TMAX 104 dB
Crosstalk (Figure 2a) @f=10Hz
. Ry =2 kQ 150 dB
FREQUENCY RESPONSE
Unity Gain Crossover Frequency 0.8 MHz
Slew Rate G=-1 0.15 Vius
TMH\' o 'I‘MAX Lul B V/}.lS
INPUT IMPEDANCE
Differential 40|12 MQ|pF
Common Mode 300)12 GQ||pF
INPUT VOLTAGE RANGE
Common-Mode Voltage t13.5 +14 \Y
Common-Mode Rejection Ratio Vem =213.5V 110 132 dB
TMIN 1o T:\L‘\X 108 128 dB
INPUT CURRENT NOISE 0.1 Hzto 10 Hz 3 PA pp
- f=10Hz 50 fANHz
INPUT VOLTAGE NOISE 0.1 Hzto 10 Hz 0.5 U p-p
f=10Hz 17 nV~NHz
f=1KkHz 15 22 nVAHz
OPEN-LOOP GAIN Vo==%12V
RI.()AD =10 kQ 200 2000 V/mV
Tain to Tryax 150 1500 V/mV
Vo=210V
Ripan= 2 kQ 200 1000 V/mV
TM]N to TMAX 150 1000 VimV
OUTPUT CHARACTERISTICS
Voltage Swing Ripap = 10 kQ 13 14 \Y
p TMH\" to TMAX g5} +14 V
Current Short Circuit +15 mA
Capacitive Load Drive Capability Gain = +1 10,000 pE
-2- REV. E



AD706
SPEC I FI CATI UNS (continued)

AD706JIA

Parameter Conditions Min Typ Max Unit
POWER SUPPLY

Rated Performance +15 v

Operating Range +2.0 +18 \Y

Quiescent Current, Total 0.75 1.2 mA

TMIN to Tm_:\x 0.8 1.4 mA
TRANSISTOR COUNT Number of Transistors 90
NOTES
'Bias current specifications are guaranteed maximum at either input,
?Input bias current match is the difference between corresponding inputs (I of -IN of Amplifier 1 minus I of IN of Amplifier 2).
’ AVos ; =5 AVpss "
CMRR match is the difference between — - for Amplifier 1 and 7. for Amplifier 2, expressed in dB.
VC‘M AV(LH
. - AVOSJ = AV
PSRR match is the difference between == for Amplifier 1 and 7, for Amplifier 2, expressed in dB.
Vsuppry AVuppLy

All min and max specifications are guaranteed.
Specifications subject to change without notice. ORDERING GUIDE
ABSOLUTE MAXIMUM RATINGS' Temperature Package
Supply Voltage ... ... o)™ Lolom LA t18V Model Range Description |Option
Internal Power Dissipati /
ey somy | AN 0Cuo10C " [P s
Input V(;ltage Fl O €8 Phoasy o' Q Ve AD706]R 0°C to 70°C SOIC R-8

Fore YOt s anl 3 Al 65— &\ P/ ~g  AD706JR-REEL  [0°Cto70°C  |Tape and Reel |R-8
Differential Input Volragé™} . m /.2 (202020 X v +0.7V { .

. -l S ADT06JR-REEL7 |0°C to 70°C Tape and Reel |R-8

Qutput Short Circuit Duration ................ Indefinite . 9
Storage Temperature Range (N, R) ... .... 1450 MR RAL D AR 2DERo HE CISPIC Rt
Opeatinig Temperinlke Ro:e AD706AR-REEL  |-40°C to +85°C | Tape and Reel |R-8

AD706] 0°C to +70°C AD706AR-REEL7 |-40°C to +85°C | Tape and Reel |R-8

............................. Z 2 _dnoe o - Ry 4

AD7064 ... AN. 0. @ Of%) 40°C to +85°C AD706ARZ-REEL* -40°C to +85°C | Tape and Reel |R-8
Lead Temperature (Soldering 10secs) ............. 300°C *Lead-free part.
NOTES METALIZATION PHOTOGRAPH

IStresses above those listed under Absolure Maximum Ratings may cause perma-
nent damage to the device. This is a stress rating only; functional operation of the
device at these or any other conditions above those indicated in the operational

Dimensions shown in inches and (mm).
Contact factory for latest dimensions.

section of this specification is not implied. Exposure to absolute maximum rating B AP
conditions for extended periods may affect device reliability. [ — L
“Specification is for device in free air: OUTPUT A —!—- 1 i w1 —}
8-Lead Plastic Package: Opy = 100°C/W = +Vg
8-Lead Small Outline Package: 0)y = 155°C/W |
*The input pins of this amplifier are protected by back-to-back diodes. I{ the ’ g
differential voltage exceeds +0.7 V, external series protection resistors should be o
added to limit the input current to less than 25 mA. o
~INPUT A 2 o
e c 7} OUTPUT B
+INPUT A 3
+
6 -INPUT B
Vg a : I +INPUT B

CAUTION i-— 0.074 (1.88) —-—-|

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

AD706 features proprietary ESD protection circuitry, permanent damage may occur on devices “
subjected to high energy electrostatic discharges. Therefore, proper ESD precautions are recommended
to avoid performance degradation or loss of functionality. ESD SENSITIVE DEVICE

REV. E -3-




“

AD706-Typical Performance Characteristics

(Default Conditions: =5V, C, =5 pF, 6 =2, Ry = Ry =1k, Ry = 2 k2, Vo = 2V p-p, Frequency = 1 MHz, T, = 25°C)
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Figure 4a. Unity Gain Follower (For large signal
applications, resistor R limits the current
through the input protection diodes.)

Figure 4d. Unity Gain Follower
Small Signal Pulse Response,
Re=0Q, C, = 1000 pF
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10k
Vin O—ANN—

Vour
=4 “
SQUARE g
WAVE
INPUT

Figure 5a. Unity Gain Inverter Connection

[n-u-:q» i
'
i

Figure 5b. Unity Gain Inverter Large
Signal Pulse Response, C; = 1,000 pF

Figure 5d. Unity Gain Inverter Small
Signal Pulse Response, C, = 1000 pF

Figure bc. Unity Gain Inverter Small
Signal Pulse Response, C, = 100 pF

Figure 6 shows an in-amp circuit that has the obvious advantage CMR is still dependent upon the ratio matching of Resistors R1

of requiring only one AD706, rather than three op amps, with

subsequent savings in cost and power consumption. The transfer

function of this circuit (without Rg) is

through R4. Resistor values for this circuit, using the optional
gain resistor, Rg;, can be calculated using

Rl1=R4=49.9kQ

R4 o 49.9kQ

Vour = (i “ZNZ)(1+R_3J J‘-"2“RzHO.QG—*l
for RI = R4 and R2 = R3, -2
0.06 G

Input resistance is high, thus permitting the signal source to

have an unbalanced output impedance. where G = The desired circuit gain.
Table I provides practical 1% resistance values. Note that
without resistor Rg, R2 and R3 = 49,9 k(/G-1.

Table I. Operating Gains of Amplifiers Al and A2 and
Practical 1% Resistor Values for the Circuit of Figure 6
Circuit Gain | Gain of Al | Gain of A2| R2, R3 | R1, R4
- L0 11.00 1.10 499 kQ | 49.9kQ
ouTPUT 1.33 4.01 1.33 150kQ | 49,9 kQ
. 1.50 3.00 1.50 100 k2 | 499 kQ
Vinz O—AAN, 0.1pF 2.00 2.00 2.00 49.9kQ | 49.9kQ
T T A 10.1 i 10.10 5.49kQ | 49.9 kQ
o o) [ sl S ] 101.0 1.01 101.0 499Q | 49.9kQ
1001 1.001 1001 49.9 Q 49.9 kQ

*OPTIONAL INPUT PROTECTION RESISTOR FOR GAINS GREATER
THAN 100 OR INPUT VOLTAGES EXCEEDING THE SUPPLY VOLTAGE.

Figure 6. Two Op Amp Instrumentation Amplifier For a much more comprehensive discussion of in-amp applica-

tions, refer to the Instrumentation Amplifier Applications Guide—

Furthermore, the circuit gain may be fine trimmed using an available free from Analog Devices, Inc.

optional trim resistor, Rg. Like the three op amp circuit, CMR
increases with gain, once initial trimming is accomplished—but

REV. E 7
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R1 R2

1MQ
" INPUT O—‘\M—J

*WITHOUT THE NETWORK,
- PINS 1 AND 2, AND 6 AND 7
OF THE AD706 ARE TIED
TOGETHER.

CAPACITORS C1 AND C2

ARE SOUTHERN ELECTRONICS
MPCC, POLYCARB +5%, 50V

1 Hz, 4-Pole, Active Filter

Figure 7 shows the AD706 in an active filter application. An
“important characteristic of the AD706 is that both the input bias

current, input offset current, and their drift remain low over
most of the op amp’s rated temperature range. Therefore, for
most applications, there is no need to use the normal balancing
resistor. Adding the balancing resistor enhances performance at

high temperatures, as shown by Figure 8.

—t
ci
R3
1M
.'A'.V
O OUTPUT
0.1nF
s
RS c5 R6 Cé
2MQ 0.01pF 2MO 0.01pF
— — |
"X OPTIONAL BALANCE
RESISTOR NETWORKS*
Figure 7. 1 Hz, 4-Pole Active Filter
S 180 =
=
4
E WITHOUT OPTIONAL ™.
:_:T 120 BALANCE RESISTOR, R3 k&
{Cm= [
£ 60 =
] [ \
o S~
E =
Z 0
[ ———
w WITH OPTIONAL BALANCE
= RESISTOR, R3
g -8
r
=]
>
= =120
w
w
w
&
WY =3 0 40 80 120

TEMPERATURE -°C

Figure 8. Viog vs. Temperature Performance
of the T Hz Filter

Table I1. 1Hz, 4-Pole, Low Pass Filter Recommended Component Values

Section 1 Section 2
Desired Low Frequency Frequency C1 C2 C3 C4d
Pass Response (Hz) Q (Hz) Q (hE) | (pF) | (WF) | (nF)
Bessel 1.43 0.522 1.60 0.806 | 0.116 | 0.107 | 0.160 | 0.0616
Butterworth 1.00 0.541 1.00 s 0.172 | 0.147 | 0.416 | 0.0609
0.1 dB Chebychev 0.648 0.619 0.948 2.18 0.304 | 0.198 | 0.733 | 0.0385
0.2 dB Chebychev 0.603 0.046 0.941 2.44 0.341 | 0.204 | 0.823 | 0.0347
. 0.5 dB Chebychev 0.540 (705 0.932 2.94 | 0416 | 0.209 | 1.00 0.0290
1.0 dB Chebychev 0.492 0.785 0.925 3.56 0.508 | 0.206 | 1.23 0.0242

NOTE

Specified Values are for a -3 dB point of 1.0 Hz. For other frequencies simply scale capacitors C1 through C4 directly, i.e. for 3 Hz
Bessel response, C1 = 0.0387 uF, C2 = 0,0357 uF, C3 = 0.0533 uF, C4 = 0.0205 pF.
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OUTLINE DIMENSIONS

8-Lead Standard Small OQutline Package [SOIC]
(R-8)

Dimensions shown in millimeters and (inches)

5.00 (0.1968)
14.80 (0.1890)
A AAA
) 7 =
4.00 (0.1574) 6.20 (0.2440)
3.80 (0.1497) [Tx 4|| 5.80 (0.2284)
¥
U
7 (005 0.50 (0.0196)
1.27 (0.0500 ERTi
ésc ) 1.75 (0.0688) *, r‘-m % 45°
0.25 (0.0098) 7.35 (0.0532)
) 0.10°(0.0040) ¥ _\ e
0.51 (0.0201 B el
PO RANBRITY e O (0.0122; 0.25 (;{;093) 0° 1.27 (0.0500)
s PLANE 0.17 (0.0067)  0-40(0.0157)

COMPLIANT TO JEDEC STANDARDS MS-012AA
CONTROLLING DIMENSIONS ARE IN MILLIMETERS; INCH DIMENSIONS
(IN PARENTHESES) ARE ROUNDED-OFF MILLIMETER EQUIVALENTS FOR
REFERENCE ONLY AND ARE NOT APPROPRIATE FOR USE IN DESIGN

8-Lead Plastic Dual-in-Line Package [PDIP]
(N-8)

Dimensions shown in inches and (millimeters)

0.475 (9.53)
__' 0365 (6.27) |
0.355 (9.02)
’ NN G- ¢

N 5| 0.295 (7.49)

0.285 (7.24)
1 4 || 0275 (6.98)

¥ 0.325 (8.26)

poh oy 0.310 (7.87)
"‘wé’s‘é‘s“’ 0.300 (7.62) 0.150 (3.81)

0.135 (3.43)
- 0603155) J f 0,120 (3.05)
4.57) 2

(M (44 19 BN

0.015 (0.38)
0.150 (3.81) SEATING 0.010 (0.25)
0.130 (3.30) PLANE 0.008 (0.20)
0.110 (2.79) 0.060 (1.52)
0.022 (0.56) 0.050 (1.27)
0.018 (0.46) 0.045 (1.14)
0.014 (0.36)
& COMPLIANT TO JEDEC STANDARDS MO-095AA

CONTROLLING DIMENSIONS ARE IN INCHES; MILLIMETER DIMENSIONS
(IN PARENTHESES) ARE ROUNDED-OFF INCH EQUIVALENTS FOR
REFERENCE ONLY AND ARE NOT APPROPRIATE FOR USE IN DESIGN
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Ultralow Offset Voltage
Operational Amplifier

0P07

FEATURES

Low Vos: 75 pV maximum

Low Vos drift: 1.3 pV/°C maximum

Ultrastable vs. time: 1.5 pV per month maximum
Low noise: 0.6 pV p-p maximum

Wide input voltage range: +14 V typical

Wide supply voltage range: +3Vto 18V

125°C temperature-tested dice

APPLICATIONS

Wireless base station control circuits
Optical network control circuits
Instrumentation
Sensors and controls
Thermocouples
Resistor thermal detectors (RTDs)
Strain bridges
Shunt current measurements
Precision filters

GENERAL DESCRIPTION

The OP07 has very low input offset voltage (75 uV maximum for
OPO7E) that is obtained by trimming at the wafer stage. These
low offset voltages generally eliminate any need for external
nulling. The OP07 also features low input bias current (+4 nA for
the OPO7E) and high open-loop gain (200 V/mV for the OP07E).
The low offset and high open-loop gain make the OP07
particularly useful for high gain instrumentation applications.

PIN CONFIGURATION

[ 8 | vos TRIM

[ 7] v+

-IN !Il
+IN[3] [ 6 JouT
V=[] [ 5 |NC

NC = NO CONNECT

Vos TRIM [ 1|

00316001

Figure 1.

The wide input voltage range of +13 V minimum combined
with a high CMRR of 106 dB (OP07E) and high input
impedance provide high accuracy in the noninverting circuit
configuration. Excellent linearity and gain accuracy can be
maintained even at high closed-loop gains. Stability of offsets
and gain with time or variations in temperature is excellent. The
accuracy and stability of the OP07, even at high gain, combined
with the freedom from external nulling have made the OP07 an
industry standard for instrumentation applications.

The OP07 is available in two standard performance grades. The
OPO7E is specified for operation over the 0°C to 70°C range,
and the OP07C is specified over the —40°C to +85°C
temperature range.

The OP07 is available in epoxy 8-lead PDIP and 8-lead narrow
SOIC packages. For CERDIP and TO-99 packages and standard
microcircuit drawing (SMD) versions, see the OP77.

V+O- i . .
2 R2AT $ $R2B! I GB
] (OPTIONAL ]
ID—? NULL) (s)—ﬂ TC1
R1A $ $R1B
L/E,g Q10
¥y Q7 y Qs L Q11 Q12
Qs Q3 Qs Q4 = {} —o
NONINVERTING "3 [ Q27 c2 Q17
INPUT 3 hQ1 R5
¥Yaz21 XKQ23 y Q26
R4 ¥ Q22 EQ
INVERTING , 0 I, Q25
INPUT 5 ;{2 ) ald
L 9 @ 1] ¢
V-o + ° @

TR2A AND R2B ARE ELECTRONICALLY ADJUSTED ON CHIP AT FACTORY FOR MINIMUM INPUT OFFSET VOLTAGE.

00316-002

Figure 2. Simplified Schematic
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SPECIFICATIONS
OPO7E ELECTRICAL CHARACTERISTICS

Vs =+15V, unless otherwise noted.

Table 1.
Parameter Symbol Conditions Min Typ Max | Unit
INPUT CHARACTERISTICS
Ta=25°C
Input Offset Voltage' Vos 30 75 pv
Long-Term Vos Stability? Vos/Time 0.3 15 pV/Month
Input Offset Current los 0.5 38 nA
Input Bias Current I +1.2 +4.0 | nA
Inpul Noise Voltage en p-p 0.1 Hzto 10 Hz? 0.35 0.6 HV p-p
Input Noise Voltage Density en fo=10Hz 103 180 | nV//Hz
fo=100HZ? 100 130 | nVA/Hz
fo=1kHz 9.6 11.0 | nV/VHz
Input Noise Current In p-p 14 30 pA p-p
Input Noise Current Density In fo=10Hz 0.32 0.80 | pA/Hz
fo=100Hz3 0.14 0.23 | pA/VHz
fo=1kHz 012 017 | pAAWHz
Input Resistance, Differential Mode* Rin 15 50 MQ
Input Resistance, Common Mode Rinem 160 GO
Input Voltage Range IVR +13 +14 \
Common-Mode Rejection Ratio CMRR Vem=+13V 106 123 dB
Power Supply Rejection Ratio PSRR Vs=4+3Vto 18V 5 20 uv/v
Large Signal Voltage Gain Avo Riz2kQ,Vo=%10V 200 500 V/mV
RL=5000,Vo=+05V,Vs=+3V* 150 400 V/mV
0°C=Ta<70°C
Input Offset Voltage’ Vos 45 130 uv
Voltage Drift Without External Trim* TCVos 0.3 1.3 pV/eC
Voltage Drift with External Trim? TCVosn Re =20 kQ) 0.3 13 uv/eC
Input Offset Current los 09 53 nA
Input Offset Current Drift TClos 8 35 pA/°C
Input Bias Current Is 1.5 +55 [ nA
Input Bias Current Drift TClg 13 35 pA/°C
Input Voltage Range IVR 13 £13.5 v
Common-Mode Rejection Ratio CMRR Vem=+13V 103 123 dB
Power Supply Rejection Ratio PSRR Vs=+3Vto+18V 7 32 WY
Large Signal Voltage Gain Avo Riz2kO,Vo=%10V 180 450 V/mV
OUTPUT CHARACTERISTICS
Ta=25°C
Output Voltage Swing Vo R.=10kQ 125 %130 Vv
R.z2kQ +12.0 +£128 \
Ruz1k0 =105 120 v
0°C<Tas70°C
Output Voltage Swing Vo Ru=z2 kO +12 +12.6 Vv
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Parameter Symbol Conditions Min Typ Max | Unit
- DYNAMIC PERFORMANCE
Ta=25°C
Slew Rate SR Rz 2 k03 0.1 0.3 V/us
- Closed-Loop Bandwidth BW AvoL=1% 0.4 0.6 MHz
Open-Loop Output Resistance Ro Vo=0,lo=0 60 0
Power Consumption Pd Vs=+15V, No load 75 120 | mW
Vs=%3V, No load 4 6 mw
Offset Adjustment Range Re =20 kQ) +4 mV

-0P07C ELECTRICAL CHARACTERISTICS

Vs = %15V, unless otherwise noted.,

' Input offset voltage measurements are performed by automated test equipment approximately 0.5 seconds after application of power.
? Long-term input offset voltage stability refers to the averaged trend time of Vos vs. the time over extended periods after the first 30 days of operation. Excluding the
initial hour of operation, changes in Vos during the first 30 operating days are typically 2.5 uV. Refer to the Typical Performance Characteristics section. Parameter is

sample tested.
? Sample tested.
* Guaranteed by design.
® Guaranteed but not tested.

Table 2.
Parameter Symbol | Conditions Min Typ Max | Unit
INPUT CHARACTERISTICS
Ta=25°C
Input Offset Voltage' Vos 60 150 | pv
5 Long-Term Vos Stability? Vos/Time 0.4 2.0 pV/Month
Input Offset Current los 0.8 6.0 nA
Input Bias Current le +1.8 +7.0 | nA
Input Noise Voltage en p-p 0.1 Hz to 10 HZ? 0.38 065 | pWp-p
Input Noise Voltage Density €n fo=10Hz 10.5 20.0 | nV/VHz
fo=100 Hz? 102 13.5 | nV/AHz
fo=1kHz 9.8 11.5 | nV/VHz
Input Noise Current In p-p 15 35 pA p-p
Input Noise Current Density In fo=10Hz 035 090 | pA/VHz
fo=100 Hz? 015 027 | pA/iHz
fo=1kHz 0.13  0.18 | pA/VHz
Input Resistance, Differential Mode* Rin 8 33 MQ
Input Resistance, Common Mode Rincm 120 GO
Input Voltage Range IVR +13 +14 v
Common-Mode Rejection Ratio CMRR Vem =13V 100 120 dB
. Power Supply Rejection Ratio PSRR Vs=+3Vto+18V 7 32 uviv
Large Signal Voltage Gain Avo Rz 2k Vo=+10V 120 400 V/mV
RL=25000,Vo=+0.5V,Vs=%3V* | 100 400 V/mV
-40°C<Tas+85°C
Input Offset Voltage' Vos 85 250 | uv
Voltage Drift Without External Trim* TCVos 0.5 1.8 pv/eC
Voltage Drift with External Trim? TCVosn Re=20kQ 0.4 1.6 pV/°C
Input Offset Current los 1.6 8.0 nA
Input Offset Current Drift TClos 12 50 pA/°C
Input Bias Current ls %29 +9.0 | nA
Input Bias Current Drift TCle 18 50 pA/°C
Input Voltage Range IVR +13 +13.5 v
Common-Mode Rejection Ratio CMRR Vem=+13V 97 120 dB
Power Supply Rejection Ratio PSRR Vs=+3Vto+18V 10 51 VAV
Large Signal Voltage Gain Avo RLz2kQ,Vo=210V 100 400 V/mV
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Parameter Symbol | Conditions Min Typ Max | Unit
OUTPUT CHARACTERISTICS
Ta=25°C
Output Voltage Swing Vo Ru.= 10 kQ +120 £13.0 v
R.= 2 k() 115 128 v
Ru=1kQ +12.0 v
-40°C < Ta < +85°C
Output Voltage Swing Vo RLz2kO +12 +12.6 v
DYNAMIC PERFORMANCE
Ta=25°C
Slew Rate SR Ru=2kO? 0.1 0.3 V/us
Closed-Loop Bandwidth BW AvoL=1° 0.4 0.6 MHz
Open-Loop Output Resistance Ro Vo=0,lo=0 60 Q
Power Consumption Py Vs=+15V, No load 80 150 | mw
Vs =43V, No load 4 8 mwW
Offset Adjustment Range Re =20 k() +4 mV

' Input offset voltage measurements are performed by automated test equipment approximately 0.5 seconds after application of power.
#Long-term input offset voltage stability refers to the averaged trend time of Vos vs. the time over extended periods after the first 30 days of operation. Excluding the
initial hour of operation, changes in Vos during the first 30 operating days are typically 2.5 uV. Refer to the Typical Performance Characteristics section. Parameter is

sample tested.
* Sample tested.
* Guaranteed by design.
® Guaranteed but not tested.
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ABSOLUTE MAXIMUM RATINGS

" Table 3.
Parameter Ratings
« Supply Voltage (Vs) £22V
Input Voltage' +22V
Differential Input Voltage +30V
Output Short-Circuit Duration Indefinite
Storage Temperature Range
S and P Packages —65°Cto +125°C
Operating Temperature Range
OPO7E 0°Cto 70°C
-~ 0OPO7C —40°C to +85°C
Junction Temperature 150°C
Lead Temperature, Soldering (60 sec) 300°C

Stresses above those listed under Absolute Maximum Ratings
may cause permanent damage to the device. This is a stress
rating only; functional operation of the device at these or any
other conditions above those indicated in the operational
section of this specification is not implied. Exposure to absolute
maximum rating conditions for extended periods may affect
device reliability.

THERMAL RESISTANCE

B4 is specified for the worst-case conditions, that is, a device
soldered in a circuit board for surface-mount packages

Table 4. Thermal Resistance

'For supply voltages less than 22 V, the absolute maximum input voltage is
equal to the supply voltage.

ESD CAUTION

ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily accumulate on
the human body and test equipment and can discharge without detection. Although this product features
proprietary ESD protection circuitry, permanent damage may occur on devices subjected to high energy
- electrostatic discharges. Therefore, proper ESD precautions are recommended to avoid performance

degradation or loss of functionality.

Package Type 6:a Oic Unit
8-Lead PDIP (P-Suffix) 103 43 /W
8-Lead SOIC_N (S-Suffix) 158 43 °C/W

WARNING!

ESD SENSITIVE DEVICE
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TYPICAL PERFORMANCE CHARACTERISTICS
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TYPICAL APPLICATIONS
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Figure 26. Typical Offset Voltage Test Circuit
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Figure 27. Typical Low Frequency Noise Circuit
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Figure 28. Optional Offset Nulling Circuit
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Figure 30. High Speed, Low Vos Composite Amplifier
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Figure 31. Adjustment-Free Precision Summing Amplifier
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Figure 32. High Stability Thermocouple Amplifier
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Figure 33. Precision Absolute-Value Circuit

APPLICATIONS INFORMATION

The OPO07 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 is obtained when both
input contacts are maintained at the same temperature,
preferably close to the package temperature.
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OUTLINE DIMENSIONS

" o5:00(0.1968)
L 4.80(0.1890)|
AAARAT
¥ 3 5
4.00 (0.1574) 6.20 (0.2441)
3.80 (0.1497) |(1 4|| 5.80(0.2284)
HEH H_l_
'?l(o Lo'r;cm) 0.50 (0.0196)
1.27 (0.
BSC 1.75 (0.0688) "||“o_2“5(aTosa)’ i
0.25 (0.0098) 1.35(0.0532)
0.10 (0.0040) ¥ E}’
COPLANARITY J L_o 51 (0.0201) : 2;&,{500)
010 seaTing v:31,(0.0122) 0.25 (0.0098) - g G078T)
PLANE 0.17 (0.0067)

COMPLIANT TO JEDEC STANDARDS MS-012-AA

CONTROLLING DIMENSIONS ARE IN MILLIMETERS; INCH DIMENSIONS
(IN PARENTHESES) ARE ROUNDED-OFF MILLIMETER EQUIVALENTS FOR
REFERENCE ONLY AND ARE NOT APPROPRIATE FOR USE IN DESIGN.

Figure 34. 8-Lead Standard Small Outline Package [SOIC_N]
Narrow Body S-Suffix
(R-8)
Dimensions shown in millimeters and (inches)

012407-A

0.400 (10.186;
—»| 0.365(9.27) ’-—
0.355 (9.02)
[ {
L] 51 0.280(7.11)
0.250 (6.35)
i 0.240 (6.10)
. 4 0.325 (8.26)
'?'_3‘ ?'*'ﬁ ¥ 0.310 (7.87)
0.100 (2.54) 0.300 (7.62)
BSC 0.060 (1.52) o1 [5 0.195 (4.95)
0.210 (5 33) MAX 0.130 (3.30)
S 0.115 (2.92)
0.150 (3.81) tol-:lsl 0.015 (0.38)
0.130 (3.30) GAUGE =
0.115 (2.92) ie . PLANE g.g:: g.;e)
PLANE mﬁ
0.022 (0.5 N Moo rosar! *%
0013(0 ) uoos (0.13) . ML)?- )
0.014 (0.36)
0.070 (1.78)
0.060 (1.52)
0.045 (1.14)

COMPLIANT TO JEDEC STANDARDS MS-001
CONITROLLING DIMENSIONS ARE IN INCHES; MILLIMETER DIMENSIONS
| (IN PARENTHESES) ARE ROUNDED-OFF INCH EQUIVALENTS FOR
! REFERENCE ONLY AND ARE NOT APPROPRIATE FOR USE IN DESIGN.
. CORNER LEADS MAY BE CONFIGURED AS WHOLE OR HALF LEADS.
Figure 35. 8-Lead Plastic Dual-in-Line Package [PDIP]
P-Suffix
(N-8)
Dimensions shown in inches and (millimeters)
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ORDERING GUIDE

Model' Temperature Range Package Description Package Option
OPO7EPZ 0°C to 70°C 8-Lead PDIP N-8 (P-Suffix)
OP07CPZ —40°C to +85°C 8-Lead PDIP N-8 (P-Suffix)
0PO7CSZ —40°C to +85°C 8-Lead SOIC_N R-8 (S-Suffix)
OP07CSZ-REEL —40°C to +85°C 8-Lead SOIC_N R-8 (S-Suffix)
OP07CSZ-REEL7 —40°C to +85°C 8-Lead SOIC_N R-8 (S-Suffix)

'Z = RoHS Compliant Part,
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