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A SYUDY SUPERCONDUCTIVITY MAGNATIC SENSORS

Mr.Chathuporn Srichan

MISS.Wannada Aswpronmongkol

ABSTRACT

This thesis presents the study of Superconductivity Magnetic Sensor , including the
supplementary study on I-V and magnetic properties of superconductor which is necessary to the
applications as following briefly.

The fabrication and measurement method of magnetic sensor were specially developed
by Superconductor Laboratory of Electronics Research Center , King Mongkut ’s Institute of
Technology Ladkrabang. The ingredicnts were tablet — pressed into 4 forms which were thick
magnetic sensor 3 mm , 2 mm , 1.5 mm and 1 mm. The I-V and magnetic characteristic showed
that thick magnetic sensor 1 mm are the best to measured magnetic field low level. It is found

that magnetic field and critical current of magnetic sensor are linear proportional.
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Li+ Ab, =const (2.8)

% s A Bi °
j.;ﬁ:ABu

j}
L\
: e

ds' A Y w v o v <
(N) NUNTIUIAA (@) WanasLUHanMeUDN
$ o/l o7 <3 YR ] ool o A
gﬂﬁ 2.6 (N) wanmmmaﬂmﬂuaﬂﬂﬂmmmmumm"lﬂﬁwQﬂfm

e N < 1 @ o A
@) Wanduimanaeauaznszuaasaninludniinihosna

~ oy v 3 Yy T 3 24 Y3 1y
nnaunsn 2.8 awunduwaswasadngutimanluasestinaasldmiuindu
[ o (] =3 ey o A Z v { 4 o
usagnasmanlugii v denadu bidmswfeunlas  sazlimsmileninszuald
o 9 (o Sk, v \'eF 1 ~ 4:’ :II ~ £ =y o L;' A
wywdiuasnan dldvdnguaman (8i) amelusumsiulianumineniulunnivunuag
aa v Y Y] 9 D) ) (] < & 1A A
ffeasstudwsudunswesdndimanneuen  Feaznszneeen lifednHinisuen
dy = & 3 v o 1 @ [N 4 v =4 ' <4
YoulomInmln 2.6 (V) gudludnih llgasilesturdnduimannnauunimanme

9 b4 v
won'lildn 1 lwiloas madinaniidlunaves prefect diamagnetic vosain lndheean

2.2.3 Usmgmsainszuansamuwlusinin e

(PERSISTENT CURRENT EFFECT)
a 1 v g Aa ' o ok =
Ansangiaugaweglumuuuimannianumuuiudndgaanaoumlag
9
anm  suflumadhldifanszue i naluamaniu - Teedhulimungveuauds

(Len's law) tHeuidhuaums i
-A(dB/dt) = RI + L(dI/dt) 2.9

Taegmsunufl = R 4nUAIANNATUNUYDIINIU



16

L LmuﬁwmmmﬁmﬁwmwLm U

4? A Y w
A LW]UWUVIHHWWH]"IEJGLH’NLM’JH

E4
Yo A

aumst 2.9 Senadluasslunsdn iaummdnnouen Fudeuduaums 1ddil
0= RI-+ L(dl/dt) (2.10)

3% (1) unusnssueniudua Id
[ =1, exp (-Rt/L) (2.11)

= & 1 A 2 =
nnauasn 2.1 szwiunszuai laauluremauazasasuuiend liuuren
3 a o A { <! {
uagamuRaan i lvihaeaitanudun hidugud aumsi 2.1 swdenld
il
I=1, (2.12)
A < A A a 1
nnaunsh 2.12 ssmuhnsgia i lnasulusamouszasiinaeanar Seadn
4 d‘ Aﬂ' U Y A
AUEAAIANTN (persistent current) tosAanszud I lvasulursmiusz e lviinaauu
1 a3 dg, £ v i d Aa g =1 o o AaA [ < 9
uimaniy  Feldnduimaninadusziawing L1 Tunsaindauuimanaisusnaie
@ g 3 u’j A v <
Wanduimanianuaismuluwnaueziiv
®=AB +LI (2.13)
a a { IS
frlwleuFoaaumsi 2.13 ez 1dillu

(do/dt) = -A(dB/dt) + L(dl/dt) (2.149)

PNAUNIN 2.9 wazaumsi 2.14

(do/dt) =-RI (2.15)
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v & A = . .
2.2.4 aunuiykanInge (Critical Magnetic Field : H)
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H, =Hy[1—(T/T,)"] (2.16)
o H = enuuimdndngs
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T, = gunguInga
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19

mauimaningagnlfidfudririfanseua e I lnarmuani Indhasea
do  nazualithgagan Ivarudni lwihisenszdes ldinnsui ldiRaaunuuimaneia

14

[ 1 ] < { a o
Ausauuimanigama i
A a ] I~ T o o

wonnAMsuguugll waz Ifaunuuimanmige aunsaihmednmmsii
fhoserauda mwmsziasanwmai ihgsealdonarenszua i nanfe el
A ] < -4 < o ]
nszua I Inaszdamnuumimaniu  iinszua lwih Ivadudwaumnng  sulauuu
< A d? ' a <3 o o A Y o )
manfavunANawInganianeanmmsth ldihasenald  msdaieaninmsia

TthasenadenszualitihiSoni Usagmsalsaadl (Silsbec effect)

o v
2.3 HUU31884)A5I85 WU A
d‘ [ ) c'\ =y 9 wAa 1 =% [ q’/’
issnnanih iho segungigeldudasnuaninaieg  vesmswsiiaaariu
asfanandalszaenlideduaesdiu ndanfe daudnhldidnlnd Feudesdegiin 29
é v { ' ' o ! e o a v o -2 o Q' 3
(M Feadun lilsadmnetediudniwiilnd  sazdudaae  dnhlWihdeeaded
[ d'w 9 1 d'l (9] oazlay v A o 9 o f.i' Y
Snunendudou  uazdattlsfunsrumitasiszianyagidunai Wihnaaazuau
] H a I~ a H 4 QX { ] ]
Tasdufiuausggannsauiiussnanimsgeuaeiuedanasuniodiunea w3 eonie
& A a d'a/ 1 d' ) ‘; o slﬁ' 1 ::'
nilsfe vSnandasendludiunsn Weannzihlwihiseagniaienelddouludieg 7
[ [ a [] 3 -3
M ATy M5 s anszualsuinmn tagn s UauNuNIManMeueALINIZ1 A0
Aeunuudaesedieiielangii 2.9 ) lasAandauih iihaseingnaedalumsuu
a gz’ Y Qy o A Tl & < Y [ U 3 o
uazlanevsresduresrumisgniwuyeuseny  suilumawaldussduanasouiugud

d’ = % Qy 1 Y
LllE]llﬂi$Lkﬁqﬂ8ﬁ%uﬁ1iﬂ1‘uﬂﬁm

druani Wi sena

(n) wuvdeeelaseasaurinig



20

@) BUUIBIE199Y

a

51l 29 wwviweswesmswiiai Wihesngungiga

PG £



UNN 3

NMINAav

3.1 pszvaumsasmsanih vhawenagamgiigariia Yba,Cu,0,,

IS ~
3.1.1 MN8N

Qd

annsoms ouldnnmsilsenoudams sueen lod (v,0,) anuusans  99.99 %
= 4 a = 4 o a =
wuSeuasueia (BaCoy) AdmuSans 99.99 % aeiileseenlud(Cuo) ANMUTANE
9
99.99 % tensseneuisauriauuanauiuTaslidaTduvessg Y Ba: Cu i 1:
. h 2 N\ ;
2 3 Feenusaataiiumsdsenendath lnfhdseiau Yea,Cu,0, MReasmmatinin
Thteena’la
d o (v \ d'
3.1.2 ginsaichnSumanmazldasnazen
(1) NT0IFI 2 LAY
(2) AINUATT
() freEnnuANuSeU
(4) FouAnmMS waznTEAMEIIINA
do g A ] d o v 9 ) ~
(5) gunsaituiluoun wu ueaneseidmIvANTIIANNATBIATINATZATY

4 d? a Y [~ 9
Wspea ATZLLUDIEINANUAIINIOU ey

et
.
=D).

d o o
3.1 gUnsaldmiunauanslunszuaumsaing



22

3.1.3 munmadain i neamgiiqe 1,050 esruvaiFea
Fulsznoudadiudify 3 dau fie
.13 dmmnvemannuden  Hhumwnunadn  Ailduaaiannudeunu
VTR-E dnnaziailunsenszuen dseaoudie whwsilanuanuiounuaisvanin
Aoy miwunvaainanudeud 19 WA nssuaady 220 Tada liifyaaiugu

Q

QaUNy) ”auﬁm“luiﬂ‘w o)

Q

a =

sin 3.2 mummm"l%lﬁwamﬂamﬂnnmm 1,050 oefyalgsee

U

3.13.2 ¥hiagamgiiienwt  sznoudisvasamslanuanuieudmiuldiaia
Y v o a J [ A
Wl e tagvinTagamglimes luAulasiia K (Type K, Chromel Alumel)

Aa

3.1.3.3 4N IUANYUTHN ‘Igﬂﬂ’mﬂl@ﬂm@‘ﬁ%’f Electronic Temperature Controller
F1 & umes Tududa wila K mmmmuquqmﬁqﬁ"lﬁ'é:uwi 0-12,000 DY IHALTHET
msmuquemngiveualdnedl  dremsdedaann ON-OFF 91 Controller il
Elctromagnetic Switch tes1n15An-ao WA 9UARIAA I LU DA UNANURANATIAYDS

gaungivounlszana ity +-20 esrnaisd



TWnszuaadu 220V

23

Adg

WTANeS

input

output

Thermocuple

19}

v
YAAIANIPIOY

out

711 3.4 gamuqugunglmALToURe 1,200 serumaised



24

3.14 Sumeumsnanse i ihdena
(1) Feesilsznoy Y,0,BaCoinzCuo Tnodasidnsig Y :Ba: Cu:0 flu1:2:3
) uamsdseneuarta iy Wnaadszina 1 $lug
3) fnmswendadenul Wldwniioungd 900 ssmneaien e lunsmn
20 $2Tu
(@) vhenshwmnidediufideieen mﬂf}’uﬁwmimmﬂﬁ’azlﬁﬂﬂ%ﬂmgﬁ
(5) 1 llwniigaung il 9030 pasuaoa 1Im 20 $aTne Bnnda

v
(6) ualiaziBondnase

¥9e15 Y:Ba:Cu=1:2:3

.

Yy & A o w
Hﬂslﬁlsu’llﬂ‘Hlualﬂﬂ'Jﬂu

.

KNG 900 °'C

a1 20 % 1N

5

9y = = c::’
ualiazvendnAsY

'

H
~ a

ENRAUNYN 900 °C

' v
1a1 20 ¥ 1N9DAAT

.

Y = = q’/’
ualvaz@endnasy

H E '
51 3.5 usudeduneumswndnilwihisanviia YBa,Cu0,,



25

3.1.5 msoaiamsn i ihdena
° Ay ¥ 3 9 o v < o A @ @
(1) thasn lannnsenlududuuiinisgade Waag 1 TN ALTIAU 1 AU
) i lwnfigamgil 900 oee Elunm 10 ¥ 19
(3) angungiman 400 ssruwaiFoe wide ludnflunm 24 49 Tua

o ] 1 4 a
4@ MldiBunsediedng Ngungiivies

) PURY
u1ﬁ15ﬂ‘lﬂ INNIILNT

v
Tududuuyimsoaio

Y

= a

WINYUN YN 900 AN

q

Fluran 10 99 T

‘

anQUUNULHAD 400 8471

IWABDN 24 ¥ T34

l A

o q Ya = 9
R TEET REI R PR

Y @ 3 < ‘gl @ o A
51l 3.6 ususduseunawriliasuamsani Indheen




26

= > o Q'
3.2 manageumsiamuna i lwiha e
wdonldsuasiaih lithssmaiirunssadauds deshmimaneuguauiia

] Y v v
ma liihaesdni lWfhssen hyuemnsilatnaautavesani lWihaswansela

d 4
3.2.1 minamevlnngmialludiues
& ad .i' P o A o < A v
fhiatnagouiugmvesmstianmihiiihasesn  Tesmsihuliacnsimunsmn
A 4 <] a o A
udr lasgangilululaswumar  Wediamsinafianwhlihowaudizuanslsing
g 2 o 13 g9 A I ¥ o A rizid gt o
msal ludiwes TasmsmdnusimanItassmilediacsdniliihesen  Tasuimandmsuy

o 7 ¢ ¢ . v v g
Wﬂﬁ@ﬂﬂiWﬂgﬂTimiﬂﬂm@i I,Lﬁ$‘]Ji”lﬂ{‘]ﬂ"lﬁmﬂ”l\‘]m\lmﬁﬂﬂquﬂi"mﬂutmLﬁﬂﬂlL‘Ll‘]J"h’TJJ"I

a Jd 2L a Y 1 v 3 o A o
15 83U 0 (Sm-Co) %QNﬂ’J'lllL‘iliquiﬂ'ﬂLLNLﬂﬁﬂVl’J"l,ﬂL‘Wi’]ﬂ'J'm‘ifﬂL"ﬂuﬁluﬂ”ﬁuﬁﬂﬁwﬁ

Superconductor digk

Rare Earth Magnet

The Meissner Effect

Y a o 2l
51/ 3.8 wavesmsifatlsingmsal ludmesn ldninnmismanes

3.2.2 manadevnaandiamdluvh
msnadeugaauianwtufumsmamnuduiussendunssuaiuusedy e

9 v v Y v
Tdmanszuadngavessumsanir lwihseaiadwiu  Teslduvasnenszuaasiilium

9 '
Taudriaussduanasonsumsani g Taseziiaesindagll

C Ibias s Vout

;; Aq Yo 1 v o d v o [
3‘1.]11 3.9 ’N*D‘i‘ﬂsl%’}ﬂﬂWﬂ’J'lllfTiJ‘W‘Ll‘ﬁﬁZ‘H’JNﬂi&'LLﬁﬂ‘]Jﬂ’J"lllﬂu



27

3.2.2.1 yadanamuiamdlnihvesdnilnihi swingamgiige
A { o W 1 é 1 4 4 v
auautiameliihiiddy fe amoudumumelitih - Gdeddauiiuguiieg
o A (Y] A v o A 4 I [
Tuaammsilithisen  mstanaauiianevfhvesdniinihseintiziumsingu
wa (T I T I v [ [
autiaanuduiusszninszuaiusRy yanaassazilszneudae
(1) UHAIBNT LU
v
= 74 T & T
) Fumsiesngaocs WS sudoouan
3) lulaseumian
(4) Nanovolt Meter
U S 1 :’J > o Q' =Y
3.2.2.2 yatian3 e vamesni I wiagamglige
Tunmsiians deaediidsudnir Idhosenesiamin  swdssldnatinnisy
A ) ' ¢ A ., v v v A o L A
oldsesdailuleruin  yatansisznoudioaziatiand ganaoumaddl  FelaIundy

YOIBUIALY AT FARIUANGNUHNT I

4 do [ 1 v o A a a
s 3.10 yegunseidmiuans demednhlWihBsniaviiamsiiin

3.3 TupeumsvuilBumsanilnvhaen

3.3.1 dnvazmsvuglvesumsdaninliihdea

) 2 { o v 3 [
Wruasn ldimssadianias lulilvnadagl

SR e

o v
(M) LAAIFUEINIIMIDALA



28

9
(v) Llﬁﬂ\‘i"lf‘l‘lﬁ1ﬁﬁ‘ﬁ1ﬂ"li@l$"l‘]Jﬂ”Ill"llu”lﬂ

v 9 '
51t 3.1 uansFudsdnh Il

3.32 maahagaduiavessumsdniinrlihiseaa

o 9 ¥ o z v o A A o ' W A
mms’cﬁwﬁmﬁuwmawumimm'lﬂﬁnwa”l%"luﬂﬁmam NAwmieAagUn 3.13

€

i

1 v v
51l 3.12 wamsgadudauugumsAnihiwn

9 o @ Qy @ o Q' % P N ] @ o Y o
singd maafadufruuduasdni iihswn Tunsdand demoaniunn

) A a A 4 [ d a o 1 gl’
S ldsena  wdesldmaiamiauie Wissdedlulevduiin  Taeldyatianidediae

g1 T senaausiatein 3.2.2.2

3.4 19950 1FluMsnAag
d' 9 (] I v v o A 1y
'N‘ﬂi‘VlGlGIfdluﬂ'li‘Vlﬂa@QWﬁﬂig‘ﬂﬂ‘ﬂ@\‘lﬁu'}ﬂuul‘ﬁﬁﬂﬁﬂﬁ'ﬁﬂ?u’]ulwﬁ'mﬂﬂ'Jﬂllﬁﬂﬂﬂqzﬂ
d‘ ° [} 1 d' ] d' o Y r [ <3 a zs'
N 3.13 Iﬂﬂ‘ﬂgﬂ1ﬂ15ﬂiﬂﬂ1ﬂigLLﬂ‘V]ll'ViﬁN"Iu"Uﬂﬁ’JﬂL‘W@‘VﬂTﬂﬂ’]ﬁunﬂLul‘ﬂaﬂlﬂﬂﬂ”ﬁlﬂﬁﬂu

walag



29

C‘> B = Vout

511 3.3 naasgilnesilalummanes

v
U
3.5 YunaulunIsnaaed
o ; vy prl NS A
(1) ‘mmﬁmJiﬂm’;mwuwmﬁvumsmm"lwﬂwamﬂ
o 1 a3 [ Ay k. .o A
2) vnmﬂﬁﬁmmmmaﬂmﬂuaﬂﬂuwumimm"lwﬂwamﬂ
o < RN TN 4 v [ 1Y) Q’I v o A
3) mmswaaﬁﬂﬂﬂmmﬁu‘wuﬁszmwﬂszuaﬂ‘uLmﬂuﬂlm%uﬁHmmMﬁmq
mﬂﬁﬂ'mummjmﬁnmﬂuaﬂmﬂﬁzﬁwﬁm 0, 30, 50 &ta 100 ma

9y v b4
@) Suhmsiadaud o7 1-3 Tashmsulsannununang awddudedl 3,2,

1.5,1 mm.
S T @B , 6B/
3 mm @ 2 mm @
s 1
(1152) (D D
1.5mm 1 mm

a o 4 aiiko A A A
gﬂ‘ﬂ 3.14 Ltﬁﬂﬂﬁﬂ‘}:lm%ﬂl@ﬁ%uﬁﬁﬂ’)uﬂ‘ﬂﬁwQEJ’JﬂVIﬂ’NﬂJYiu”IﬂWI”I\i“]



30

=
BUAT

plsarAIumul N

t=3,2,15,1 mm

v

Winsilaseaiauiy

I IMANA B =
0.30,50,100 LA &

'

=3 v
nseans1wWszuIg

ATTUANLT IAU

[ 9
51l 3.15 nEaUEUAITLABUNITNAADY



a
VNN 4

d
Wﬂﬂ]i‘nﬂﬂi‘)Q!!ﬂ%!ﬁ-ﬂ‘ﬂﬁﬂ]‘iﬂﬁ%gﬂﬂ

4.1 pamsnaassnaaatiana iihwesgumsdninihaea
4.1.1 ileninsandamsulasulasanuninvesiuansandin lWlvha seanm

ANANIHANAIN 1Y

4 2 Ay
(1) tBFUAITUMANNYIUT 3 mm

0 0.01 0.02 0.03 0.04
V(mV)

H v o v [ Y { ] Tl
g‘l.lﬁ 4.1 ﬂi'\WLLﬁﬂQﬂ’JﬁJﬁiJWM‘ﬁ’ia‘iﬁ’]Nﬂi%LLﬁﬂ‘ULLiﬂﬂuﬁﬁuTNLLﬂJmaﬂﬂWﬂNﬂ

¥ Y
WOTUATHAMUNUT 3 mm



32

ey P
(2) WOFUTITUAINIINNUT 2 mm

—— B=0mT

"B=0.3mT

~4— B=0.5 mT

—%— B=1mT

0 0.01 0.02 0.03 0.04

v(mV)

{ o Q) v Y [ { v < 1
g‘l.lﬁ 4.2 ﬂi"IT\lLLﬁﬂQﬂ'J”IlIﬁﬁJWH'ﬁi&i‘ﬂ’J'Nﬂi%’,LLﬂﬂ‘ULLiﬂﬂuﬁﬁu']NLmLWﬁﬂﬂTﬁN"]

) Y
HIBFUTUAMUNUI 2 mm



33

) Y
(3) WoFUAITIAINIWNUT 1.5 mm

I(A)

0 0.01 0.02 0.03 0.04
V(mYV)

$ Qs ar ' Y Y { v < SIS
gﬂ‘ﬁ 4.3 ﬂi'ﬁ’\lLlﬂ'ﬂ\iﬂ'ﬂu’L’fll‘W‘Ll‘ﬁﬁ%W'J'Nﬂ‘im!.ﬁﬂﬁlﬁﬂﬂuﬁ’du1uLLSJL’Hﬁﬂﬂ']ﬁNG]

¥ 9
WBFUMNTUANUHUI 1.5 mm



34

A4 2 N
(4) WOFUATUAAINNUT 1 mm

1(A)

0 0.01 0.02 0.03 0.04
V(mV)

Y W e d v o o { [} < o
?,‘Ij‘ﬁ 4.4 AT AIANUTUNUTILHIN ﬂim!ﬂﬂ‘ﬂl!ﬁﬂﬂuﬁ FUINULNEVT AN N

¥ ¥
HRFUNTUANUNU 1 mm



35

4.1.2 wamsnaaesnaatiane liihvesFumsdnilivhdma  isfiorsan

= 4 . Poa v 2 o o o '
damsnfAsunlasmmnumimanaedumsii vhdseanmanumineig

A Q’, Yo [ <
(€)) Lili’]‘ifuﬁ"lﬁulﬂ?ﬂﬁﬂ?ﬂllﬂtﬁﬁﬂﬂ?ﬂu@ﬂ 0mT

1.5

I(A)

0.5

R P S S R
-
i
L

fe=)
T EEEE

0 0.01 0.02 0.03 0.04
V(mV)

1 Qe o ' @ Y ) 1
Eﬂﬁ 4.5 ﬂiTV‘ILlﬁﬂﬁﬂ’ﬂilﬁllwu‘ﬁigﬁ’ﬂﬂﬂizLLﬁ'ﬂ‘lJLLiQﬂu‘ﬁﬂ'lﬂ’]'mﬂu”lﬂ"lﬂc]

4 v 3 o
Lﬁ'ﬂﬁﬁu?ﬂLLNLﬁﬁﬂﬂTUuaﬂﬂJTﬂﬁg‘V]T 0mT



36

A Qy Yo ' <
2 LiJf]‘iﬂ‘lﬁ']ﬁllﬂiﬂﬁu"ISJLLiJLﬂﬁﬂﬂWﬂuﬂﬂ 0.3 mT

I(A)

—&— t=3mm

o — tzl .5 mm

—¥— t=1 mm

0 0.01 0.02 0.03 0.04
V(mV)

{ iy, -4 ' o Y i 1
gﬂﬁ 4.6 ﬂ'i”I‘V‘l!,Lﬁﬂ\iﬂ’lmﬁilwuﬁigﬁ’ﬂ\‘lﬂSZLLﬂﬂ‘ULL?\?ﬂMﬁﬂ"lﬂ’N‘JJﬂHWIN“]

4 v 3 o
Lﬁ@ﬁﬁmmm ManNMyUBnuINIEN 0.3 mT



31

A Qy Yo v <
3) LﬂJﬂ‘lfuﬁ’]‘illﬂiﬁﬁu'liJLmLﬂﬁﬂﬂ'lflu@ﬂ 0.5mT

1(A)

"""" #— t=1.5mm
= t=1 mm
R v 1
0 0.01 0.02 0.03 0.04

V(@mV)

H v o J 3 o Y] {1 v
g‘l]ﬁ 4.7 ﬂ'iW‘lLLﬁﬂ\?ﬂ’]"liJﬁilwu'ﬁﬁﬁiﬁ’J"Nﬂig’;LLﬁﬂ‘ULLiﬂﬂuﬁﬂ'lﬂ’nilﬂu"m%?"]

: ol et
el AUNHLMANNBUBNUINTZNN 0.5 mT



38

[} Y
(4) WeFums IAsvauuuimanaeuen 1 mT

0 0.01 0.02 0.03 0.04

V(mV)

H Clamas o 1 v [ {1 1
gﬂ‘ﬁ 4.8 ﬂi']‘l"lLLﬂﬂﬂﬂ?Wﬂﬁﬂwu'ﬁﬁg‘H’JNﬂS&’LLﬁﬂULﬁQﬂuﬁﬂ"Iﬂ’nuﬁu"lﬁ”lﬁ“]

Welauuul Lﬂﬁﬂﬂ"lﬂi.lf)ﬂiﬂﬂiz‘ﬁT 1 mT



39

4.2 wamsnaaeuileRnsanuSaunaumnszuaIngatumauLal

HANTIAIAINHUIENY

—®— 3mm

#-- 2mm

B(mT)

4 o ar .o ' a a v 1 ]
gﬂﬁ 4.9 ﬂiﬁ'\lLtﬁﬂdﬂ’ﬂllﬁuwuﬁigﬂ’ﬂﬂﬂiml’d’.}ﬂf]@lﬂ‘]Jﬂ"lﬁuﬁJLLiJmﬁﬂ

v Y
Lﬁﬂ%uﬁﬁﬁﬂ’ﬂmﬁHTﬂ'mN



40

a 9
4.3 IANNTHNANTIINAAB

9 v
mﬂmiﬂﬂamaﬂmmmwuwawumimﬁﬂ‘ﬂﬁwQmﬂm Naﬂlmﬂmﬁuummﬂw
v o o AyY A A n:’\l v o A
ﬁw‘iw’mﬂizLLchﬂmmﬂuw"LﬂﬂzuﬂmﬂafJuLL‘}Jmmummwuwm%umimm"lw‘ﬁwamﬂ
4 4 A4 A 4 2 = - o .
aasuly  WonasunsMAINAasieFUAITUANNAUT 3 mm  WNIU NN
< v a 4‘ 9 = ] v @ d' (] < L= [ d‘i
wman 0mT mﬂizumﬂqsam"lmwmmmu 1.4 A. NAUULUHANAUASINU  LUDAAA TN
NUIAGNAD 2 mm fazﬁﬂﬁﬂ'mizuﬁ’iﬂqmﬂmmﬁa 13 A. AWK 1.5 mm  AINTSLE
Tngaaiim 1.2 A. uaginnunul I mm maeAINIEUaINgaes 1.1 A.
d’l ) A 4 ] < Yo A" @ o A a d' v
ma‘w"nm‘iﬂﬂamlfwumﬁumLmmaﬂ“lwﬂu%umimm"lvlﬁwwm Tagnnsanal
v @ (] g A dg’ o 914” v o A =1 =y
ANUUUUNINU waéumﬁmmmmaﬂmwnmuwﬂw%uﬁwmm"lﬂﬁwamwuﬂﬁﬁmmﬂtm
A v ] 3 A Yoo A1 A v a @ o A 2
3N Lummﬂ’nﬁummeaﬂ‘w"lﬂi‘uummum’dmmﬂqmmmm"lﬂﬁwwaﬂ FITUTD
a [ [ 4 [] a [ v v =3 H ‘i’
wm’amﬂﬁ'mﬂﬂiwwmmﬂnwuﬁzmwﬂixu,mﬂq¢1fmﬂmmmmmaﬂﬁmmﬁuwawu

asaah Il seaiinine fuaegin 4.9

lilﬁl 4: o ull ‘N Q' ﬂ W o ]
4.4 l!u3ﬂ13ﬂ15ﬂ§$fgﬂﬂ PYITHBHUAT1IFIIUT ‘V‘I 18I IAUUHURIINTHINUN
(<3
ran
v 9 ]
MANaMsNaandi lae1nde 4.1.1 uaz 4.12 Mldaunsathyuasanilwigeena
I v @ v < a o o A
s Saauuuimanla Tasmsnnsansavesnmsiaiean st lwihdsenaae
v =] A o [ ny . o A YA v [ A Y LR
auuuman  werhms ludaduamsani Wihdssalitd ity vietesnainssue
a 4 ] I~ o w lgl a v a @ tg’ o a
Snga Welimunuuaimanunssihiusumstuaauingavesdasuars s ldinaus
(9] { 4?’ n{w Qy Y Qy o Uo A Yo ] < A
FuanATaNTUNIFUETs  1ansnaasstsumsdni inihasern 1dsuanuiimanivy
d? [ ] d'g o o Q' =y iy Q' 42’ 9 L] Y % o’/) = o ¥
U ussauanaseunsuasani lWihgwieezlia iy U A9tUIIaINITaA1
d' (-7 d‘ 1] (7] ‘gl 7] o Q' é o L7 T
msulasuntlasveusisunanaseudizuasani oot Fanlsdumsudumauw

uimannunseh lU st faauunmanla



a
UNN S

a ¢
unajiuazinsal

va ] < v o A
NNITNANDINUTNY Gl't’l"l\‘lll“/‘lﬁ"l LAgnNNN ET‘L!"I%Jmeaﬂﬂlﬂﬂﬁ’au'lll‘ﬂ‘ﬁ”lﬂﬂﬁl’m I

Y v H
alsngmsaiae vosgniihdsenaiifise Tenivumslssgad ldamuiiuiiaaum

De

[

v =4 P=1
wman Yael
d‘ Qy @ o Q' Yo ] I~ a v v
(1) Woruesdni it sea 145 uNavBIaUMLIMANINABUBNNUAIT UL
S A o SIQy a 3 o o ‘ﬁ A o Y a LY 1 o t:’x)
ManInga wilvauasdoannmsduaanih lndhses dildnausauanaIoualIvu
2
AU
A o Qy @ o A o Y1 a
() Sethmsasvuieanunuivessumsani ihgeen i lnanszuadnge
Qy 1 é Q’l { 1 H A\ 1 ]
Y uUmSTAanaY FI0IANITNARDIULIAANINMINVEFUAINEAT 1 mm Aeauuu
I~ ' v [} d' v Qy @ _No t; =R v &' P=1 =% [} Qy
HANATANG usasuianaseuduasani e welinunnd Wenls sumeunusues
) A ad ' A AN d' (] 3 & [ o Y v
S lWdhdssnafiianuruannnd1  Weinsaniauusimana iR ldansaia
v 0 < v :; Yt
MauuLManaa 1 laa
d‘ a =2 c’x] L] ‘5 d’d 1 42, v % v
3) wenmsandeduasani Idihganiisnnurinnau 22 launsadann
] I~ :: [ ] Qy v o A { v
aunimande 18 Mszusssuanasousuasani Wihssene i deumasies ua
4'1 v ] g A v @ o z:,.} o o, Q' a1 d'
demauuaimantianng  ussduanasensuasdni lwihownezimmanasualas
v 3 o Yo Y ' v < ]
081952901527 1790 lIaa Iz A dUILLEIMANAILING
Y o’/’ t:’ Y o A d‘d L] Y
Sunnninaassguassaiiifhoseenivneenunu ldun - szansols
@ ] 3 I v Qy A v o 76 9/ :
A519 5 a U NN TAA N TBFUTITNUANUHUILINAN Tumsii ldszgnaldanuriu
d‘ A d‘o [ [ L] Q’} -7 o A' x:{d ] o =1 1]
SsafiefrimsSausasuanasousuasdni Iihsnaiinruudiudigs  wlvwnng
A ] 9) a [ QSJI 9 o [ ' Qy d‘ o 9J
Feliazarnlunsldaues  fuiUAsMIVEBULIAVBLITITUANAT BUTUAITINOTINTH
w { [ Y d? ° o I~/ 4 [
aunsoauanuasunlawewssiu 1oy fahlhhlszgndldauihuniosda

' 3 Aa ' @ Y d?
UL L‘Wﬁﬂ‘Vlllﬂ’JTiJﬂﬁﬂQﬁ?iﬂﬂ'\ii‘]ﬁ?ﬂiﬂﬂﬂlu



L et' Yo o v ::1' = o i v o v v Y
nasiuenansianulidwiunisidanuienisfnyivinuu leygislmhluldusslosiaunisem

ludnsailag edu BnvienudilvidauUadienuazdesdsdaduinvesenaisynasaminisiiluly



[

' [ P
MaRIn A mienazdyanyainuaule

4
A15199 n.1
a 4 v d
SIERRL Foririe deyanoIvRIHLIY
ANNY A3 4.(m)
FUALLAT a534.(cm)
Uaawag 23.(mm)
ua A3 n.(g)
nan ¥ T34 ¥, (h)
~ ~ k.
UM U (min)
=Y =1 a =3
IUMN AU (sec)
IEY nauy AU (K)
. ~
AL AL ©
Y | < L4 o
ANV VAN e 1A (G)
LI au Ton
o
Az Wvh ouLals A
o 4
usaau Tnlih Tad \%
AMUAIUNTY Toviu Q
a 4
IF1naes Tua Mol




[ o [ [ a
MARNUIN Y WIiNLﬁEﬂJLliﬂﬂuﬂﬂﬂ"\l’@ﬂmﬂiIﬂﬂﬂlﬁﬂﬂﬂqmﬂgu

d' 1 o = a o [
AN U1 LAAIAULTIAUDDANYUNHNAN SUE]\‘iL‘VIEJiIlIﬂ‘lJLﬂﬁ

p -
aedih-angdddluganiugugumgln i

TO©

10

20

30

40

50

60

70

80

90

-200

-.5891

-6.035

-6.158

-6.262

-6.344

-6.404

-6.441

-6.458

-100

-3.533

-3.852

-4.138

-4.410

-4.669

-4.912

-5.141

-5.354

-5.550

-5.730

(-0)

0.00

70892

-0.777

-1.516

=1.527

-1.889

-2.243

-2.586

-2.920

-3.242

()0

.000

0.973

0.798

1.203

1.611

2.022

2.436

2.805

3.266

3.681

100

4.096

4.508

4.919

S 9]

NB3

6.137

6.539

6.939

7.338

Tal37

200

8.137

8.537

8.938

9.314

9.974

10.151

10.560

10.969

11.381

11.793

300

12.207

12.623

13.093

13.456

13.874

14.292

14.712

15.132

15.552

15.974

400

16.395

16.818

17.241

17.664

18.088

18.513

18.938

19.363

19.788

20214

500

20.640

21.066

21.493

2.919

22.346

20072

23.198

23.624

24.050

24476

600

24.902

25.227

25.751

26.176

26.599

27.022

27.445

27.867

28.288

28.709

700

29.128

29.547

29.965

30.383

30.799

31.214

31.629

32.042

32.455

32366

800

33.277

33.686

34.095

34.502

34.909

35.314

35.718

36.121

36.524

36.925

900

37.225

37.724

38.122

38.519

38.915

39.310

39.703

40.096

40.488

40.879

1000

41.269

41.675

42.045

42.433

42.817

43.202

43.585

43.968

44.349

44.729

1100

45.108

45.486

45.863

46.228

46.612

46.985

47.456

47.726

48.095

48.462

1200

48.828

49.192

49.555

49.916

50.276

50.633

50.990

51.344

51.697

52.045

1300

52.398

52.747

53.093

53.439

53.782

54.125

54.466

54.807

1 @ A v I a A 4
LY LLﬁﬂQﬂ"ILLNﬂu?JHU’JEJL‘]Ju Jaa laa




AANUIN A

m3f a1 wansguaviavessigluasysenouilFlumsadedni iihbwn

%A YBa,Cu,0,
519) ihwvihezaen gATiARNIKA) (24f1) | QAIARA (2M)
Y 88.905 1,509 2,927
Ba 137.34 725 1,637
Cu 63.546 1,083 2,538
O 15.9994 -218.8 -183
12.01115 3627 3927
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nunsasau laswavesasilszneunnaumseeld Y :Ba:Cu @y 1:2:3
UINOLAONVDIFA
1NANTNEG 92 1ANIR0ZADNYBIEIY AD Y = 88905 g , O = 159994 g
Ba = 13734 g, C = 1201115 g , Cu = 63.546 ¢
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PVBITTUsZNOUAIAU AD

Y,0, = (2x88.905) + (3x15.999) = 225.807 g/mol
BaCO, = 137.34+12.011 +(3x15.999) = 197.348 g/mol
CuO = 63.546+15.999 = 79.545 g/mol

MIAUIN NNANMNT o

1.Y,0, 1 mol dpamiauds = 225807 g

Il

8 Yamol deuwienens = 112.9035 g
2.BaCO, 1 mol ADUATENAS = 197.348 ¢
§1 2 mol deumSeuEs = 394.696 g
3.Cu0 1 mol ABUATONENT = 79.545 ¢
81 3 mol @ewaSeums = 238.635 g
dauaam’fmmz"lu'ﬁmwﬁﬂiumaiuLaqa611'eNmsgﬂﬁ’u!,ws"lzﬂlmzﬁwﬂﬁﬁ?aw(ﬂmm)
e Idunaneimeeguda

9 9 b4
dofy aluanaiuresdsAsdunanue = 112.9035 + 394.696 + 238.635
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746.2345 ¢
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Fenuenedneg lanaasug Yba,Cu,0,, 746.2345 ¢

A a a { 3 9 1 v a
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112.9035x100

tdoald Yba,cu0, 100 ¢ dodld  Y,0, = 15.129¢
746.2345
394.696x100

An419 BaCo, = 52.891 g
746.2345
238.635x100

doald cuo =3198¢
7462345
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(15.129g)  (52891¢) (31.98¢) = (100 g)

2269 + 1934 + 4797 = 15 ¢
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ANALOG
DEVICES

Ultra-Low Offset Voltage
Operational Amplifier

F
FEATURES
© LOWV(QS cvvvvnnnamenenmnsnsseensmnnnnaecess 25uV Max
o LowVogDrift . ....ooiiieiiiniiinnn 0.6uV/°C Max
e Ultra-Stablevs Time ............... 1.0uV/Month Max
o LowNoOISe ........ocmmiimerinnaneenens 0.6uVp.p Max
e Wide Input Voltage Range .................c-o.- =14V
e Wide Supply Voltage Range ............. +3V to =18V
o Fits 725, 108A/308A, 741, AD510 Sockets
e 125°C Temperature-Tested Dice
ORDERING INFORMATION '
T,=425C PACKAGE OPERATING
Vg MAX CERDIP  PLASTIC LCC  TEMPERATURE
“V)  T0-99 8-PIN 8-PIN 20CONTACT  RANGE
25 OPO7AST OPO7AZ’ = - MIL
75 OPO7EJ OPO7EZ OPO7EP £ com
75  OPO7S OPO7Z — OPO7RC/883 MIL
150 OPO7CJ ©OPO7CZ OPO7CP — XIND
150 — —  opPo7Cs™ - XIND
150  OPO7DJ — 0P070P — XIND

even at high closed-loop gains.

Stability of offsets and gain with time or variations intemper-
ture is excellent. The accuracy and stability of the OoP-07,
even at high gain, combined with the freedom from external
nulling have made the OP-07 a new industry standard for
instrumentation and military applications.

The OP-07 is available in five standard performance grades. The
OP-07A and the OP-07 are specified for operation over the full mili-
tary range of -55°Cto+1 25°C;the OP-07E is specified foroperation
over the 0°C 10 +70°C range, and OP-07C and D over the —40°C to
+85°C temperature range.

The OP-07 is available in hermetically-sealed TO-99 metal can or
ceramic 8-pin Mini-DIP, and in epoxy 8-pin Mini-DIP. ltis a direct
replacement for 725, 108A, and OP-05 amplifiers; 741-types may
be directly replacedby removingthe 741'snulling potentiometer. The
OP-207, a dual OP-07, is available for applications requiring close
matching of two OP-07 amplifiers. For improved specifications, see
the OP-77/0OP-177.

PIN CONNECTIONS

Fordevices processed in total compliance to MIL-STD-883.add /883 atier part
number. Consult factory for 883 data sheet.

t  Burn-inis available on commercial and industnal temperature range pans in
CerDIP, plastic DIP, and TO-can packages.

#  For availability and burn-in information on SO and PLCC packages. contact
your local sales office.

GENERAL DESCRIPTION

The OP-07 has very low input offset voltage (25uV max for
OP-07A) which is obtained by trimming at the wafer stage.
These low offset voltages generally eliminate any need for
external nulling. The OP-07 also features low input bias cur-
rent (+2nA for OP-07A) and high open-loop gain (300V/mV for
OP-07A). The low offsets and high open-loop gain make the
OP-07 particularly useful for high-gain instrumentation
applications.

The wide input voltage range of £13V minimum combined
with high CMRR of 110dB (OP-07A) and highinput impedace
provides high accuracy in the noninverting circuit configura-
tion. Excellent linearity and gain accuracy can be maintained

SIMPLIFIED SCHEMATIC

s Vos TRV
N
A%, Tho 2

N2 ' / 6ouT ] =l
o :“(_C,/'“auc EPOXY MINI-DIP (P-Suﬂli)
4 v (CASE)

8-PIN HERMETIC DIP

TO-9¢ (J-Suffix) {Z-Suftix)

8-PINSO
oz (S-Suflix)
g fy 8¢
NC [e] ne
NG . OP-07RC/883
NG [e] ~e LcC
- 7] [ our (RC-Suftix)
we [ [ ~ne
3]
< PR
z >z T

V¢ O—
7 R2A azg-
(OPTIONAL
NULLY
\ D)
OTE <
R2A AND R28 ARE R1A 2=
ELECTRONICALLY 3
ADJUSTED ON CHIP
AT FACTORY FOR

OFFSET VOLTAGE.

NON- 3 A3
INVERTING O
INPUT

INVERTING
INPUT

REV. A

OPERATIONAL AMPLIFIERS  2-537



0P-07

ABSOLUTE MAXIMUM RATINGS (Mote 1)
Supply Voltage
Differenticl Input Vouiage
Input Voltage (Note 2) .... .22V
Output Shont-Circuit Duration.........ccccevoeeevee S Indefinite
Storage Temperature Range

J, RC and Z Packages

P Package..
Operating Temperature Range

—65°C 1o +150°C
—65°C to +125°C

OP-07A, OP-07, OP-07RC....cccceovvereneees —55°C to +125°C
OP-07E 0°C 1o +70°C
OP-07C, OP-07D —40°C to +85°C
Lead Temperature (Soldering, 60 s6C)............cccceueeune. #300°C
Junction Temperature (Tj) ........................................... +150°C

PACKAGE TYPE 9“ (Note 3) Glc UNITS
T0-99 (4) 150 18 cMW
8-Pin Hermetc DIP (2) 148 16 Cw
8-Pin Plastic DIP (P) 103 43 “Cw
20-Contact LCC g8 38 ‘Cw
8-Pin SO(S) 158 43 *C/W

NOTES:

1. Absolute maximum ratngs apply to both DICE and packaged parts, unless
otherwise noted.

2. For supply voltages less than +22V, the absolute maximum input vollage is
equal 10 the supply vottage.

3, elk is specified for worst case mounting conditions, i.e., 8 , is specified for
device in socket for TO, CerDIP, P-DIP, and LCC packages: GM is specified
for device soldered 1o printed circuit board for SO package.

ELECTRICAL CHARACTERISTICS at Vg = £ 15V, To = 25° C, unless otherwise noted.

OP-07A oP-07
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
input Offset Voltage Vos iNote 1) &~ 10 25 - 30 75 uVv
Long-Term input Offset "
Vos/T (Not — 0.2 10 — 02 1.0 V/M
Voltage Stability SYopide 00! & o
Input Offset Current los - 03 20 - 04 28 nA
Input Bias Current lg = [ £0i7) (=20 — *10 =30 nA
Input Noise Voltage €np-p 0.1Hz to 10Hz (Note 3) - 035 06 - 035 06 pvp_p
1o = 10Hz (Note 3) - 103 180 —_ 103 18.0
Input Noise Voltage Density e, 1o = 100Hz (Note 3) — 100 130 ~3 100 130 aV// Hz
{o = 1000Hz (Note 3! - 96 1.0 — 9.6 10
Input Noise Current inp-p 0.1Hz to 10Hz (Note 3) - 14 30 - 14 30 PApp
o= 10Hz (Note 3) - 0.32 0.80 - 032 0.80
Input Noise Current Censity Iy fo= 100Hz (Note 3) — L014) 02 — 0'4 023 AN Hz
o= 1000Hz (Note 3} - 0.12 0.7 o 0.12 0.17
Input Resistance —
R 4 30 - 60 —
Differential-Mode N oty 8 < MO
Input Resistance — A 200 200 an
Common-Mode et
Input Voltage Range IVR 13 = —— *13 *14 - v
Common-Mode Rejection Ratio CMRR Veu =13V 110 126 = 110 126 - dB
Power Supply Rejection Ratio PSRR Vg= 3V to *18V - 4 10 - 4 10 uVIV
R 2 2k0, Vo =210V 300 500 - 200 500 —
-Si (RY/ > = +0.
Large-Signal Voltage Gain Avo R_ 25000, Vo= *0.5V, 150 400 _ 150 400 _ V/mV
Vg =23V (Note 4.
R =10k *125 =130 = *125 =130 -
Output Voltage Swing Vo Ry 22kl +120 =128 — *120 2128 - v
Ry 1k +10.5 =12.0 — *10S5 =120 _
Slew Rate SR R > 2k0 (Note 3! 01 03 — 0.1 03 — V/us
Closed-Loop Bandwidth BW Aycy = +1 (Note 3) 04 0.6 = 04 0.6 - MHz
Open-Loop Output Resistance Ro Vo=0.1o=0 - 60 —_ == 60 - 0
Vg = %15V, No Load — 75 120 = 75 120
w
Power Consumption Py Vg = £3V, No Load _ 4 6 _ 4 6 m!
Offset Adjustment Range Rp =20k} = =4 — - =4 — mV

NOTES:

1 OP-07A grace Vgg 1s measured approximately one minute after applica-
tion of power. For all other grades Vg is measured approximately 0 5
seconds atier application of power

2. Long-Term Input Otffset Voltage Stability refers to the averaged trend fine of
Vos vs. Time over extended periods after the first 30 days of operation.

2-538 OPERATIONALAMPLIFIERS

Excluding the initial hour of operation, changes in Vg during the first 30
operating cays are typically 2.5uV — refer to typical performance curves.
Parameter is sample tested

3. Sample tested.

4. Guaranteec by design

REV. A




0P-07

ELECTRICAL CHARACTERISTICS at Vg = +15V, -55°C = (5 < +125°C, urless otherwise noted.

OP-07A oP-07

PARAMETER SYMBOL CONDITIONS MIN  TYP MAX MIN  TYP MAX UNITS
Input Offset Voliage Vos (Note 1) - 25 60 — 60 200 mi
Average Input Offset

Voltage Drift With-

out External Trim TCVos (Note 21 — 02 06 - 0.3 13 wvrec

With External Trim TCVosa Rp = 20k{1 (Note 3) =5 02 0.6 = 03 13 wvreC
Input Offset Current los - 08 4 &= 12 56 nA
A I i

verage Input Oftser Curzent TClos (Note 2) - 5 25 - 8 S0 pAsC

Dnft
Input Bias Current Ia - =1 24 = *2 *6 nA
A';Q:r:ge input Bias Current TClg (Note 2) _ 8 25 _ 13 50 pASC

i

{nput Voltage Range IVR #13 =185 = +13, *135 - v
Common-Mode Rejection Ratio CMRR Ve =213V 106 123 — 106 123 - d8
Power Supply Rejection Ratio PSRR Vg=%3V1o +18V - 9 20 - 5 20 nVN
Large-Signal Voltage Gain Avo R 22k}, Vo =*10V 200 400 = 150 400 = v/mV
Output Voltage Swing Vo Ry 2 2k 2 | 2126 - *12 =126 - v
NOTES:

1. OP-07A grade Vg is measured approximately one minute after applica-
tion of power. For all other grades Vpg is measured approximately 0.5
seconds after application of power.

2. Sample tested.

3. Guaranteed by design.

TYPICAL OFFSET VOLTAGE TEST CIRCUIT

TYPICAL LOW-FREQUENCY NOISE TEST CIRCUIT

= (" 10Hz FILTER)

Sm\ cm

25000 2000V/em

Vo
INPUT REFERRED NOISE * 5 055"

(SEE SCOPE PHOTO IN TYPICAL PERFORMANCE CURVES!

PINOUTS SHOWN FOR J. P. AND Z PACKAGES

OPTIONAL OFFSET NULLING CIRCUIT

BURN-IN CIRCUIT

ouTPUT

PINOUTS SHOWN FOR J, P, AND Z PACKAGES

PINOUTS SHOWN FOR J. P AND Z PACKAGES
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0P-07

ELECTRICAL CHARACTERISTICS at Vs = 15V, T.=25°C, unlecs ctherwise noted.

OP-CTE OP-07C OoP-07D
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP  MAX UNITS
Input Offset Voltage Vos (Note 1, - 30 75 — 60 150 - 60 150 uV
-Term V,
Long-Term Yos Vog/Time  (Note 2) - 03 15 - 04 20 - 05 30 #V/Mo
Stabllity
Input Ottset Current los - 05 38 - 08 60 = 08 6.0 nA
Input Bias Current Ig - =12 +40 - +18 =70 - *20 *12 nA
0.1Hz to 10Hz
i t Noise Voltage e - 03s 06 -_ 038 065 - 038 0.65 v,
npy ' N no:p (Note 3! #o-p
Input N 1o = 10Hz - 03 18.0 - 105 200 - 10.5 200
oise
r\\:’“ Densi e 1o= 100Hz (Note 3 - 100 130 - 10.2 135 - 10.3 135 nV/\/Hz
af ni Vv
Lot sty 1o = 1000Hz - 86 1o = 88 ne e 88 1ns
0.1Hz to 10Hz
Input Noise Current [} - “ 30 - 15 35 - 15 35 A
P s (Note 3) Phop
\nout No o= 10Hz - 032 0.80 = 0.35 080 - 035 0.90
n| oise
P ; in 1= 100Hz (Note 3 LUl ‘o.44 " uged LC | 0.5 w027 — 015 027 pA//HZ
Current Density
1o = 1000Hz - 0.12 0.17 - 0.13 018 = 0.13 0.18
Input Resistance —
P ) Ry (Note 4: 5 50 g 3o0] 33 - 7 31 - M0
Differential-Mode
input Resistance —
R - 160 - - 120 - = 120 - n
Common-Mode INCH 9
Input Voltage Range IVR =13 14 — -+ *+14 - *13 +14 - \"
Common-Mode
) CMRR Ve =213V 106 123 - 100 120 - 84 110 - a8
Rejection Ratio
Power Supp! Vg = *3V
R PSRR s= = s 20 3 7 32 = 7 2 WV
Rejection Ratio to £ 18V
R n,
Sk 200 500 - 120 400 - 120 400 -
) Vo= =0V
Large-Signal
! Avo R = 5000 v/mv
Voltage Gain
Vo =205V 150 400 T 100 400 - - 400 -
Vg = =3V (Note 4
R = 101 =125 =130 = +120 #1130 - +120 *130 =
Output Voltage
Swin Vo R =20 =120, I12€ e +11.5m, 2128 = =115 2128 - v
9 Ry = 1k =10.5"==120 - — 2120 _— — *120 =
Slew Rate SR Ry > 2kl (Note 3 01 03 - 0.1 03 - 01 03 - V/us
[o]] d-Loo| A =+1
osed-Loop BwW Mg 04 06 - 0.4 06 - 04 06 == MHz
Bandwidth Note 5
Open-Loop Output
R Vo=0.1g=0 — 60 = - 60 = —_— 60 = n
Resistance o C o
Vg ==15V. No Load - 75 120 - 80 150 —_— 80 150
Power Consumption Py mwW
Vg = 3V. No Load - 4 6 — 4 8 - 4 8
Offset Adjust: t
SEHGRIEEROS Rp = 20k0 - - - =z = — =4 - mv

Range

NOTES:

1. Input Offset Voltage measurements are performed by automated test
equipment approximately 0.5 seconds after application of power.
2. Long-Term Input Offset Voltage Stability refers to the averaged trend line
of Vogvs. Time over extended periods after the first 30 days of operation.

Excluding the initial hour of operation, changes in Vgg during the first 30

operating days are typically 2.54

Parameter is sample tested.

3. Sample tested

b

Guaranteed by design

5. Guaranteed but not tested.

2-540  OPERATIONAL AMPLIFIERS

V — refer to typical performance curves
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0P-07

ELECTRICAL CHARACTERISTICS atVg = =1 5V,0°C =T, = +70°Cfor OP-0TE.and-~0"C < T, < +85°C or OP-07CD, unless
otherwise noted. o

OP-07E opP-07C oP-07D
PARAMETER SYMBOL CONDITIONS MIN  TYP MAX MIN  TYP MAX MIN  TYP  MAX UNITS
Input Offset Voltage Vos (Note 11 - 45 130 - 85 250 - 85 250 n
Average Input Offset
Voltage Drift With-
out External Tnm TCVos «Note 31 - 03 13 - 05 18 - 07 25 uv7°C
With External Tnm TCVosn Rp =20k (Note 3* - 03 13 — 04 16 - 07 25 uvreCc
Input Ottset Current los - 08 5.3 - 16 80 - 16 8.0 nA
Ave I t Otfset
verage Inpu se! TClos \Note 21 \\ 8 35 _ 12 50 - 12 S0 pAS°C
Current Dnft
Input Bias Current g - *195 255 = *22 =90 - =3) 214 nA
Average Input Bia:
vemgeIngt Y J  TEw Note 2 AR NERS 7 - 18 %0 - 8 %0 pASC
Current Drift
Input Voltage Range IVR =130 2135 -, +130 =135 - =130 =135 - v
Common-Mode
mnen CMRR V= =13V 03 123 i sz B 9 106 = a8
Rejection Ratio
Power Suppl!
ower Py PSRR Vg=+3V10 218V b 7 32 8 05 1 0 s v
Rejection Ratio
La! S | R 22k
rve-SUng Al 22 180 450 £ 100 400 e 00 400 = v/mv
Vottage Gain Vg =210V
Output Vot
utout Rigpe Vo R 2 2k0) 212 2126 — a1 z26 — n =26 — v
Swing
NOTES:

1. input offset voltage measurements are perdormed by automated test
equipment approximately 0.5 seconds after application of power.

2 Sample tested.

3 Guaranteed by design
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0P-07

TYPICAL PERFORMANCE CHARACTERISTICS

TOTAL INPUT NOISE VOLTAGE

OP-07 LOW FREQUENCY NOISE vs FREQUENCY

1000 T
ﬁw_m--1.!!! - e
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SmViem & AT OUTPUT I g xS 0ED \
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TA=25C ...
1.0
10 10 100 w
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CMRR vs FREQUENCY

PSRR vs FREQUENCY

CMRR (dB)
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CLOSED-LOOP RESPONSE
FOR VARIOUS
GAIN CONFIGURATIONS

—~ | ST - 1T ]

Tar25C 80 ——7 - :/SZ'SZ ]
AT 25

OPEN-LOOP
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3
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0.1 1 10 100 Tk 10« 100k 1M 10M
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AMS NOISE (V)

OPEN LOOP GAIN (V/mV)

PEAK-TO PEAK AMPLITUEDE (VOLTS)

INPUT WIDEBAND NOISE vs
BANDWIDTH (0.1HzTO

FREQUENCY INDICATED)

10
1.0
0.1 s ‘ { i
100 R Y
BANDWIDTH (H2)
OPEN-LOOP GAINvs
POWER SUPPLY VOLTAGE
00g i
LTp-e2SC = R
00 '
- e . .
‘._.1 2l- ; st S
a0 | — -
' 4 S
| |
Y mn o,
f AR
0 5 110 €15 120
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7 i i H 1
! LN ¥ 1
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20 : . ;
16 - \ S
12 \ . L
4 ¥4 )
8 T - -
. i
o Il Hn

10k 1004 ™M
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0P-07

TYPICAL PERFORMANCE CHARACTERISTICS

MAXIMUM OUTPUT VOLTAGE

POWER CONSUMPTION

OUTPUT SHORT-CIRCUIT

vs LOAD RESISTANCE vs POWER SUPPLY CURRENT vs TIME
1000 i T il T bt 1 3%
< R (- SUE JER SEShe. S
E
z B z
z z o 30 [ 1 VN (PIN 31 = 10mV, Vo = *15V |
g ; 100 < ) 2 VIN mNﬁ:) = +10mV, VQ - -15V
: g N
-] - -
g g S
2 d 2 < N
= i z S \
z <] - NS (R . <, )
H H ) s \-\ <
= ! < 2.l O+
= T IR Kl =2 & " -
[ : < 2 S+ 115V i
| L it 4 S ey Ta--25°C |
i1 I i c {
EEEER i Vo 1 l |
4 Pt i \ o K7 15 1
100 0 100 4 20 0 6 o 1 2 3 4

LOAD RESISTANCE TO GROUND (::}

UNTRIMMED OFFSET VOLTAGE

TOTAL SUPPLY VOLTAGE, v+ TO V- (VOLTS)

TRIMMED OFFSET VOLTAGE

TIME FROM OUTPUT BEING SHORTED (MINUTES)

OFFSET VOLTAGE STABILITY

vs TEMPERATURE vs TEMPERATURE vs TIME
es 7 ; E ) -+ 6
K i J1 A0 VOS TRIMMED TO - SuV AT 25 C |
75 |— Vs=z15V __:__yom,c 44— NULLING POT = 20k 12
|__Rg- 1000 H R YR L5 Ao ﬂ_ 3 .
8 WAL A 1. 0P07A  § A/] g |_03Vimo. G i s e
L/ 2 0OPO7E / TREND LINE T 2x }
\ 3 oro? ! ~T===7 0.2.V/mo.TREND LINE.
7 4 ororc | = -
4 f=pm= 0.2V
¢ i ' 0.3.V/mo. TREND Lmzr Y%‘E’Nmmi

Lo.hvlmo. TREND LINE 0.2uV/mo.
TREND UINE

ABSO.UTE VALUE OF OFFSET VOLTAGE (V)

ABSOLUTE VALUE OF OFFSET VOLTAGE (uV)

]

TOTAL DRIFT WITH TIME V)
)

It

RS |

TEMPERATURE (*C)

TYPICAL APPLICATIONS

HIGH SPEED, LOW Vgg, COMPOSITE AMPLIFIER

1 2 3 4 5 6 7 &8
TIME (MONTHS)

9 10 1 12
TEMPERATURE (CC)

ADJUSTMENT-FREE PRECISION SUMMING AMPLIFIER

RF

R1

RF
T BNy

PINOUTS SHOWN FOR J, P. AND Z PACKAGES

R4
10k
AAAS !
R
10k 1
€1 0———AAA——— Qv i
R2
10k¢2 2 1
€0 WA N |
R3
[
10k$2 oPO7A €0
€30— 3
.
/‘ 4

RS
2.5k

O 15V

PINOUTS SHOWN FOR J. P, AND Z PACKAGES
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0P-07

TYPICAL APPLICATIONS

HIGH-STABILITY THERMOCOUPLE AMPLIFIER

FRECISION ABSOLUTE-VALUE CIRCUIT

R1

SENSING
JUNCTION

REFERENCE —
JUNCTION

PINOUTS SHOWN FOR J, P, AND Z PACKAGES

R3 R4 RS
10k 10&:2 0K
r AV A VW———
|
|
H FD333
Ve v o1 LA

€0

b—o
10V

PINOUTS SHOWN FOR J, P, AND Z PACKAGES

APPLICATIONS INFORMATION

OP-07 series units may be substituted directly into 725,
108A/308A° and OP-05 sockets with or without removal of
external compensation or nulling components. Additionally,
the OP-07 may be used in unnulled 741-type sockets. How-
ever, if conventional 741 nulling circuitry is in use, it should
be modified or removed to enable proper OP-07 operation.
OP-07 offset voltage may be nulled to zero through
use of a potentiometer (see offset nulling circuit diagram).

*TO-99 Package only

2-546 OPERATIONAL AMPLIFIERS

The OP-07 provides stable operation with load capacitance
of up to 500pF and £ 10V swings; larger capacitances should
be decoupled with a 5002 decoupling resistor.

Stray thermoelectric voltages generated by dissimilar metals
at the contacts to the input terminals can degrade drift per-
formance. Therefore, best operation will be obtained when
both input contacts are maintained at the same temperature,
preferably close to the package temperature.

REV. A




ANALOG
DEVICES

Precision Instrumentation Amplifier

AD624

FEATURES

Low Noise: 0.2uV p-p 0.1Hz to 10Hz

Low Gain TC: Sppm max (G = 1)

Low Nonlinearity: 0.001% max (G = 1 to 200)
High CMRR: 130dB min (G = 500 to 1000)
Low Input Offset Voltage: 251V, max

Low Input Offset Vottage Drift: 0.25uV/°C max
Gain Bandwidth Product: 25MHz

Pin Programmable Gains of 1, 100, 200, 500, 1000
No External Components Required

Intemnally Compensated

PRODUCT DESCRIPTION

The AD624 is a high precision low noisc instrumentatio., amplifier
designed primarily for use with low level transducers, including
load cells, strain gauges and pressure transducers. An outstanding
combination of low noise, high gain accuracy, low gain temperature
cocfficient and high lincarity make the AD624 ideal for use in
high resolution data acquisition systems.

The AD624C has an input offsct voltage drift of less than 0.25V/
°C, output otfset voltage ¢rit of less than 10 V/°C, CMRR
above 80dB at unity gain (130dB at G=500) and a maximum
nonlinearity of 0.001% at G=1. In addition to these outstanding
dc specifications the AD624 exhibits superior ac performance as
well. A 2SMHz gain bandwidth product, 5V/us slew rate and
15us sertling time permit the use of the AD624 in high speed
data acquisition applications.

The AD624 does not need any external components for pre-
trimmed gains of 1, 100, 200, S00 and 1000. Additional gains
such as 250 and 333 can be programmed within one percent
accuracy with external jumpers. A single external resistor can
also be used to sct the 624’s gain to any value in the range of 1
to 10,000.

REV. A

CONNECTION DIAGRAM

""‘"E 6] G,
-WIE 15 | OUTPUT UL
~c, [3] abeae 14] ouTPUT MOLL
werut wot [ 13]G - 100 o
n-mnuu[: 17] G - 200 } P2 FOR
rerenence (o] o -se ) N
-v. [} 0] sense
v [s 3] outrut

FOR GAIN OF 1000 SHORT AG, TO PIN 12
AND PR¢S 11 AND 13 TO RG,

PRODUCT HIGHLIGHTS

)]

74)

The AD624 offers outstanding noise performance. Input
noise is typically less than 4nV/VHz at 1kHz.

The AD624 is a functionally complete instrumentation am-
plifier. Pin programmable gains of 1, 100, 200, S00 and 1000
arc provided on the chip. Other gains arc achicved through
the use of a single external resistor.

. The offset voltage, offset voltage drift, gain accuracy and

gain temperatuic cocfficients arc guaranteed for all pre-trimmed
gains.

. The AD624 provides totally independent input and output

offset nulling terminals for high precision applications. This
minimizes the effect of offset voltage in gain ranging
applications.

. A sensc terminal is provided to enable the user to minimize

the errors induced through long leads. A reference terminal
is also provided to permit level shifting at the output.
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AD624 — SPESIFICATIONS (@, = =150 = 20 a1, = +25% e ot spocten
AD624A AD624B AD624C ADSUS i
Mode! Mia T Max Mia Typ Max Min Typ Max Mia Ty Max Unies
GAIN
Gain Equation
(External Resistor Gain
- 2l | (2o | [92fon | (520
Programming) { e 1] =20% R 1] =20% R 1| =20% » 20%
Gain Range (Pin Programmabie) 110 1000 1101000 1101000 1101000
Gain Error
G=1 +0.05 +0.03 20.02 $0.85 %
G - 100 20.25 20.15 z0.1 2025 %
G = 200, 500 205 £0.35 20.25 0.5 *
G = 1000 z1.0 xl.0 z1.0 z1.9 %
Nonlincarity
G=1 =0.005 = 0.003 =0.001 =0 005 %
G = 100,200 = 0.005 =0.003 =0.001 =0.00% %
G - 500, 1000 = 0.005 = 0.005 =0.005 =0.00% %
Gainvs. Temperature
G- 1 b § b} S pp/"C
G - 100,200 10 10 10 10 ppe/C
G < 500, 1000 25 13 15 13 ppe/C
VOLTAGEOFFSET (May be Nulled)
Input Offsct Voluage 200 75 25 7 wv
vs. Temperature 2 0.5 0.25 20 wvrC
Output Offset Voltage s 3 2 3 mV
vs. Temperature S0 25 10 %9 wvrC
Offset Referred to the
Input vs. Supply
G=1 70 75 80 75 dB
G = 100,200 5 105 110 105 dB
G = 500, 1000 100 110 115 110 dB
INPUT CURRENT
Input Bias Current x50 x25 =iS 250 BA
vs. Temperature = =50 =50 = pA/C
Input Offset Current z35 x15 z10 s 23S oA
vs. Temperature - =20 = — pASC
INPUT
Input Impedance
Differential Resistance 10° 10" 10° 10° n
Dufferential Capacitance 10 10 10 10 pF
Common-Modc Resistance 10° 10° 10° 10° 0
‘Common-Modc Capacitance 10 10 10 10 pF
Input Voltage Range'
Max Differ. Input Linear 'Vp, ) =10 =10 =10 =10
Max Common-Mode Linear (Veya) uv —(f— va) 12v -(;—‘ :vn) 12v -(;—; xv,,) |zv-(§—;xvp)
Common-Mode Rerection dc
1060Hz with 1kf2 Source Imbalance
G=1 7 75 80 70 dB
G = 100,200 100 105 110 100 dB
G = 500, 1000 110 120 130 110 dB
OUTPUT RATING
Vout Ry = 2kl =10 =10 =10 =10 v
DYNAMICRESPONSE
Small Signal - 3dB
G=1 1 1 1 1 MHz
G = 100 150 150 150 150 kHz
G - 200 100 100 100 100 kHz
G = 500 50 50 S0 S0 kHz
G = 1000 25 25 25 25 kHz
Slew Rate 5.0 5.0 5.0 5.0 Vips
Setding Time 100.01%, 20V Step
G = 110200 15 15 15 15 us
G = 500 35 35 35 33 us
G = 1000 ) 75 75 75 us
NOISE
Voluage Noisc, 1kHz
RT.L ‘4 4 4 4 aVVHz
R.T.O. 7 75 75 75 aV/VH:
R.T.1.,,0.1t0 10Hz
G=1 10 10 10 10 aVpp
G =100 03 03 0.3 03 uVpp
G = 200, 500, 1000 02 0.2 0.2 0.2 rVpp
Current Noise
0.1Hz10 10Hz 0 60 60 60 PA pPp
SENSEINPUT
Rin 8 10 12 8 10 12 8 10 12 8 10 12 K
Tin 30 30 30 30 uA
Voltage Range =10 =10 =10 =10 v
Gain to Output | 1 1 1 %
REFERENCE INPUT
Rin 16 20 24 16 20 24 16 20 24 16 20 24 k
Iin 30 30 30 30 wA
Voltage Range =10 =10 =10 =10 v
Gain to Output 1 1 1 1 %
4-72 INSTRUMENTATION AMPLIFIERS REV. A



AD624A AD$24B AD$24C AD624S
; Model Mia  Typ  Max Min  Typ  Max Mia  Typ  Max Mia  Typ  Max Uit
i
TEMPERATURE RANGE
H " Specified Performance 25 + 85 -25 + 85 -25 + 85 ~S5 +125 g o
! Storage -65 150 - 65 + 150 -65 150 - 65 + 150 b5
{ POWER SUPPLY
Power Supply Range 6 =15 z18 z6 =18 x18 x6 =15 z18 z6 =1 =18 v
Quicscent Current 35 s 3 s 3 5 3.5 s mA
PACKAGE OFTION?
Ceramic (D-16) AD624AD AD624BD AD624CD AD624SD, AD624SD/883B
Chups Available AD624AChips AD624SChips
NOTES
Vo s the mamum dufferental input voluge 3t G+ 1 for spevified nonlincanty. Vi, at other gains « 10V/G. Vy, + actual dufferental input voltage. Example: G = 10, Vg = 0.50.
| Ve = 12V (102 = 050V) - 9 SV
*For outline sec Package Inf section

| Speaifications subect 1o change without sotice.

Speciiicauons shown un boldface are teated o all production units at final electrical test. Results from those tests arc used to calculaic outgoung quality kevels. All min and max specifications are
guaranteed, although oaly those shown in boldface arc tested on all production units

ABSOLUTE MAXIMUM RATINGS* FUNCTIONAL BLOCK DIAGRAM
Supply \Voliage oo™ o, Sll LA w | +18V
Internal Power Dissipaton . . . . ... ....... 420mW
} Input Voltageony. - .2 . Froee L.CNN. W/ A *Vg
i Differential Input Voltage . . . . . ... .. ....... *Vsg Ape24
Output Short Circuit Duration . . ... ... ... Indefinite
Storage Temperature Range . . . . ... .. —65°C to +150°C
Operating Temperature Range L - -
ADS24ABIC.eel- Y. . ANINT . = . -25°C 1o +85°C
AD624S . . ... .. ... .. ) -55°Cto +125°C beva
i Lead Temperature (Soldering, 60secs) . . . . . ... +300°C jout | 3joueur
*Stresses above those listed under “Absolute Maximum Ratings™ may L o\ nerensnce

cause permanent damage to the device. This is a stress rating only and
functional operation of the device at these or any other conditions above
thosc ind.cated in the opcradonal sections ot tus specificatior is not
implied. Exposure to absol i rating  conditi for ded
periods may affect device reliability.

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

OUTPUT 14
NULL - i 10 SENSE

OUIRYT: 15 3 oUTPUT

0.103 (2.62)
RG1 16

—INPUT 1

+INPUT 2

3 4 S
RG2 INPUT INPUT
NULL NULL

} 0.171 (4.34) i
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AD624 —Typical Characteistics
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Figure 1. Input Voltage Range vs.
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Figure 19. Large Signal Pulse
Response and Settling Time -
G 1

Figure 22. Range Signal Pulse
Response and Settling Time
G - 500
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Figure 14. RTI Noise Spectral
Density vs. Gain

Figure 17. Low Frequency Voltage
Noise - G = 1000 (System Gain -
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Figure 23. Settling Time Gain = 1000
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Figure 21. Large Signal Pulse
Response and Settling Time
G = 100

Figure 24. Large Signal Pulse
Response and Settling Time
G = 1000
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Figure 25. Setiling Time Test Circuit

Theory of Operation

The AD624 is 2 monolithic instrumentation amplifier based on
a modification of the classic three-op-amp instrumentation am-
plifier. Monolithic construction and laser-wafer-trimming allow
the tight matching and tracking of circuit components and the
high level of performance that this circuit architecture is capable
of.

A preamp section (Q1-Q4) develops the programmed gain by
the use of feedback concepts. Feedback from the outputs of Al
and A2 forces the collector currents of Q1-Q4 to be constant
thereby impressing the input voltage across Rg.

The gain is set by choosing the value of Rg from the equation,
Gain =22X 4 1. The value of Rg also scts the transconductance
of the input preamp stage increasing it asymptotically to the
transconductance of the input transitors as R, is reduced for
larger gains. This has three important advantages. First, this
approach allows the circuit to achievea very high open loop
gain of 3 x 10® at a programmed gain of 1000 thus reducing gain
related errors 10 a negligible 3ppm. Second, the gain bandwidth
product which is determined by C3 or C4 and the input trans-
conductance, reaches 2SMHz. Third, the input voltage noise
reduces 1o a value determined by the collector current of the
input transistors for an RTI noise of 4nViVHz at G = 500.

Figure 26. Noise Test Circuit

INPUT CONSIDERATIONS

Under input overload conditions the user will see Rg; + 100£2
and two diode drops (~1.2V) between the plus and minus inputs,
in either direction. If safe overload current under all conditions
is assumed to be 10mA, the maximumoverload voltage is ~+2.5V.
While the AD624 can withstand this continuously, momentary
overloads of = 10V will not harm the device. On the other hand
the inputs should never exceed the supply voliage.
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The ADS24 should be considered in applications that require
protection from severe input overload. If this is not possible,
external protection resistors can be put in series with the inputs
of the AD624 1o augment the internal (S0Q2) protection resistors.
This will most seriously degrade the noise performance. For this
reason the value of these resistors should be chosen to be as low
as possible and still provide 10mA of current limiting under
maximum continuous overload conditions. In sclecting the value
of these resistors, the internal gain setting resistor and the 1.2
volt drop need to be considered. For example, to protec: the
device from a continuous differential overload of 20V at a gain
of 100, 1.9k} of resistance is required. The internal gain resistor
is 404(}; the internal protect resistor is 10002, There isa 1.2V
drop across D1 or D2 and the basc-cmitter junction of either
Q! and Q3 or Q2 and C4 as shown in Figure 27, 140092

of external resistance would be required (70002 in scrics with
cach input). The RTI noisc in this case would L 4
V4KTR,, + (4nV/\Hz)? = 6.20V/VHz.
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Figure 27. Simplified Circuit of Amplifier; Gain is Defined as
((R56 + R57)(Rg) + 1. For a Gain of 1, Rg is an Open Circuit.

INPUT OFFSET AND OUTPUT OFFSET

Voltage offsct specifications are often considered a figure of
merit for instrumentation amplificrs. While initial offset may be
adjusted to zero, shifts in offset voltage due to temperature
variations will cause errors. Intelligent systems can often correct
for this factor with an auto-zero cycle, but there are many small-
signal high-gain applications that don’t have this capability.

Voltage offset and offset drift each have two components; input
and output. Input offset is that component of offset that is
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Applying the AD624

dircctly proportional to gain i.c., input oftset as 1acasured at the
outout 2t G = 1J0 is 100 times greater than at G = 1. Qutput
offset is independent of gain. At low gains, output offsct drift is
dominant, while at high gains input offsct drift dominates.
Therefore, the output offsct voltage drift is normally specified
as drift at G = 1 (where input effects are insignificant), whilc
input offset voltage drift is given by drift specification at a high
gain (where output offsct effects are negligible). All input-related
numbers are referred to the input (RTI) which is to say that the
effect on the output is “G" times larger. Voltage offset vs. power
supply is also specified at onc or more gain scttings and is also
RTI.

By scparating these errors, one can evaluate the total error inde-
pendent of the gain setting used. In a given gain configuration
both errors can be combined to give a total error referred to the
input (R.T.1.) or output (R.T.0.) by the following formula:

Total Error R.T.I. = input error + (output crror/gain)

Total Error R.T.O. = (Gain X input error) + output error

As an illustration, a typical AD624 might have a + 250V output
offset and a —SOpV input offset. In a unity gain configuration,
the total output offset would be 2001V or the sum of the two.
At a gain of 100, the output offset would be —4.75SmV or:
+250uV + 100(-S0uV) = —4.75mV.

The AD624 provides for both input and output offset adjustment.
This optimizes nulling in very high precision applications and
minimizes offset voltage effects in switched gain applications. In
such applications the input offset is adjusted first at the highest
programmed gain, then the output offset is adjusted at G = 1.

GAIN

The AD624 includes high accuracy pre-trimmed internal gain
resistors. These allow for single connection programming of
gains of 1, 100, 200 and 500. Additionally, a variety of gains
including a pre-trimmed gain of 1000 can be achieved through
series and parallel combinations of the internal resistors. Table I
shows the available gains and the appropriate pin connections
and gain temperature coefficients.

The gain values achieved via the combination of internal resistors
are extremely useful. The temperature cocfficient of the gain is
dependent primarily on the mismatch of the temperature coeffi-
cients of the various internal resistors. Tracking of these resistors
is extremely tight resulting in the low gain TC’s shown in

Table I.

If the desired value of gain is not attainable using the internal
resistors, a single external resistor can be used to achieve any
gain between 1 and 10,000. This resistor connected between

A

O Vour

ouTPUT
O SIGNAL

COMMON
+INPUT O

Vg

Figure 28. Operating Connections for G =200
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Temperature
Gain Cocfficient Pin3
(Nominal) | (Nominal) toPin | ConnectPins
1 =0ppm C |- -
100 = 1.5ppm C |13 -
125 Sppm C 13 1Tt 16
137 S.Sppm. C |13 11wi2
186.5 6.5ppm C | 13 1Hwl2wlé6
200 -3.5ppm C | 12 -
250 SSppm C | 12 1Twl3
333 1Sppm C | 12 11wl6
375 - 0.5ppm C | 12 131016
SO0 = 10ppm~C | 11 -
624 ~Sppm~C |11 131016
688 = 1.5ppm C | 11 11w12;13w016
831 appm~C |1 161012
1000 Oppm~C 11 161012;13 1011
Tablel.

pins 3 and 16 programs the gain according to the formula
Rg = G-I (sce Figure 29). For best results Rg should be a

precision resistor with a low temperature coefficient. An external
Rg affects both gain accuracy and gain drift due to the mismatch
between it and the internal thin-film resistors R56 and RS57.
Gain accuracy is determined by the tolerance of the external Rg
and the absolute accuracy of the internal resistors ( = 20%). Gain
drift is determined by the mismatch of the temperature coefficient
of Rg and the temperature coefficient of the internal resistors -
(= 15ppm/°C typ), and the temperature coefficient of the internal
interconncctions.

vy
0

- INPUT O

154100

T

')
+INPUT O REFERENCE

G- 49082 1= 20:20%

-V,

Figure 29. Operating Connections for G = 20

The AD624 may also be configured to provide gain in the output
stage. Figure 30 shows an H pad attenuator connected to the
reference and sense lines of the AD624. The values of R1, R2
and R3 should be selected to be as low as possible to minimize
the gain variation and reduction of CMRR. Varying R2 will
preciscly sct the gain without affecting CMRR. CMRR is deter-
mined by the match of R1 and R3.

(R,j20k) « R, + R
G- 2 )

" Rizon) (Ry + R; + Ry|[R 22k

Figure 30. Gain of 2500
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NOISE

The AD624 is designed to provide noise performance near Le
theoretical noise fleor. This is an extremely important design
criteria as the front end noise of an insirumentation amplifier is
the ultimate limitation on the resolution of the data acquisition
system it is being used in. There are two sources of noisc in an
instrument amplifier, the input noisc, predominantly generated
by the differential input stage, and the output noise, generated
by the output amplifier. Both of these components are present
at the input (and output) of the instrumentation amplifier. At
the input, the input noise will appear unaltered; the output
noise will be attenuated by the closed loop gain (at the output,
the output noise will be unaltered; the input noise will be amplified
by the closed loop gain). Those two noise sources must be root
sum squared to determine the total noise level expected at the
Input (or output).

The low frequency (0.1 to 10Hz) voliage noise duc to the output
stage is 10pV p-p, the contribution of the input stage is 0.2V
p-p- At a gain of 10, the RTI voltage noise would be 1V p-p,

/=" + (0.2)%. The RTO voltage noise would be 10.2uV
p-p, \ 107 + (0.2 (G)).. These calculations hold for applications
using either internal or external gain resistors.

INPUT BIAS CURRENTS

Input bias currents are those currents necessary to bias the
input transistors of a dc amplifier. Bias currents are an additional
source of input error and must be considered in an total error
budget. The bias currents when multiplied by the source resistance
imbalance appear as an additional offset voltage. (What is of
concern in calculating bias current errors is the change in bias
current with respect to signal voltage and tempcerature.) Input
offset current is the difference between the two input bias currents.
The effect of offset current is an input offsct voltage whose
magnitude is the offset current times the source resistance.

Although instrumentation amplificrs have differental inputs,
there must be a return path for the bias currents. If this is not
provided, those currents will charge stray capacitances, causing
the output to drift uncontrollably or 1o saturate. Therefore,
when amplifying ““floating” input sources such as transformers
and thermocouples, as well as ac-coupled sources, there must
still be a dc path from cach input to ground, (see Figure 31).

Figure 31b. Thermocouple

4-78 INSTRUMENTATION AMPLIFIERS

Figure 31c. AC Coupled

Figure 31. Indirect Ground Returns for Bias Currents

COMMON-MODE REJECTION

Common-mode rejection is a measure of the change in output
voltage when both inputs are changed by cqual amounts. Thesc
specifications are usually given for a full-range input voltage
change and 2 specified source imbalance. “Common-Mode Re-
jection Ratio™ - CMRR) s a ratio expression while “Common-Meode
Rejection™ (CMR) is the logarithm of that ratio. For example, a
CMRR of 10.000 corresponds to a CMR of 80dB.

In an instrumentation amplificr, ac common-modc rcjection is
only as good as the differential phase shift. Degradation of ac
common-mode rejection is caused by unequal drops across differing
track resistances and a differential phasc shift due to varied
stray capacitances or cable capacitances. In many applications
shiclded cables are used to minimize noise. This technique can
create common-mode rejection errors unless the shield is properly
driven. Figures 32 and 33 shows active data guards which are
configured to improve ac common-mode rejection by “bootstrap-
ping” the capacitances of the input cabling, thus minimizing
differenual phase shift.

Figure 33. Differential Shield Driver

GROUNDING

Many data-acquisition components have two or more ground
pins which zre not connected together within the device. These
grounds must be tied together at one point, usually at the system
power supply ground. Ideally, a single solid ground would be
desirable. However, since current flows through the ground
wires and etch stripes of the circuit cards, and since these paths
have resistance and inductance, hundreds of millivolts can be
generated between the system ground pointand the data acquisition
components. Separate ground returns should be provided to
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Figure 34. Basic Grounding Practice
minimize the current flow in the path from the most sensitive
points to the system ground point. In this way supply currents
and logic-gate return currents are not summed into the same
return path as analog signals where they would cause measurement
errors {sec Figure 34).

Since the output voltage is developed with respect to the potential
on the reference terminal an instrumentation amplifier can solve
many grounding problems.

SENSE TERMINAL

The sense terminal is the feedback point for the instrument
amplifier’s output amplifier. Normally it is connected to the
instrument amplificr output. If heavy load currents are to be
drawn through long leads, voltage drops due to current flowing
through lcad resistance can cause errors. The sense terminal can
be wired to the instrument amplifier at the load thus putting the
IxR drops “instde the loop™ and virtually climinating this error
source.

ISENSEL
ouTPUT

CURRENT
BOOSTER

Figure 35. AD624 Instrumentation Amplifier with Quitput
Current Booster

Typically, IC instrumentation amplifiers are rated for a full

= 10 volt output swing into 2k(2. In some applications, however,
the need exists to drive more current into heavier loads. Figure
35 shows how a current booster may be connected “inside the
loop™ of an instrumentation amplifier to provide the required
current without significanily degrading overall performance.
The effects of nonlincarities, offset and gain inaccuracices of the
buffer are reduced by the loop gain of the IA output amplificr.
Offset drift of the buffer is similarly reduced.

REFERENCE TERMINAL

The reference terminal may be used to offset the output by up
to = 10V, This 1s useful when the load is “floating™ or does not
share a ground with the rest of the system. It also provides a
dircct means of injecting a precise offset. It must be remembered
that the total output swing 1s = 10 volts, from ground, to be
shared between signal and reference offset.

REV. A

Figure 36. Use of Reference Terminal to Provide Output
Offset

When the 1A s of the three-amplifier configuration it is necessary
that nearly zerc impedance be presented to the reference terminal.
Any significant resistance, including those caused by PC lavouts
or other connection techniques, which appears between the
reference pin and ground will increase the gain of the noninverting
signal path, thereby upsetting the common-mode rtejection of
the IA. Inadvertent thermocouple connections created in the
sense and reference lines should also be avoided as they will
directly affect the output offset voltage and output offset voltage
drift.

In the AD62+ a reference source resistance will unbalance the
CMR trim by the ratio of 10k()/Rgyy. Forexample, if the reference
source impedance is 12, CMR will be reduced to 80dB (10k(}/
12 = 80dB . An opcrational amplificr may be used to provide
that low impedance reference point as shown in Figure 36. The
input offset voltage characteristics of that amplifier will add
directly to the output offsct voltage performance of the in-
strumentation amplifier.

An instrumentation amplifier can be turned into 1 volrage-to-crr-
rent conterter by taking advantage of the sense and reference
terminals as shown in Figure 37.

Figure 37. Voltage-to-Current Converter

By estabhishing a reference at the “low™ side of a current scting
. 4n output current may be defined as a function of

input voltage. gain and the value of that resistor. Since only a
small current 1s demanded at the input of the buffer amplifier
A,, the forced current Iy will largely flow through the load.
Offset and drift specifications of A, must be added to the output
oftset and dnift specifications of the 1A.

PROGRAMMABLE GAIN

Figure 38 shows the AD624 being used as a software programmable
gain amplitier. Gain switching can be accomplished with mechani-
cal switches such as DIP switches or reed relavs. It should be
noted that the “on™ resistance of the switch in series with the
internal gain resistor becomes part of the gain equation and will
have an effect on gain accuracy.

resist
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Figure 38. Gain Programmable Amplifier

A significant advantage in using the internal gain resistors in a
programmable gain configuration is the minimization of ther-
mocouple signals which are often present in multiplexed data
acquisition systems.

If the full performance of the AD624 is 10 be achieved, the user
must be extremely careful in designing and laying out his circuit
to minimize¢ the remaining thermocouple signals.

The AD624 can also be connected for gain in the output stage.
Figure 39 shows an ADS47 used as an active attenuator in the
output amplificr’s feedback loop. The active attenuation presents
a very low impedance 1o the feedback resistors therefore minimiz-
ing the common-mode rejection ratio degradation.

Figure 39. Programmable Output Gain

Another method for developing the switching scheme is 1o use a
DAC. The AD7528 dual DAC which acts essentially as a pair of
switched resistive attenuators having high analog lincarity and
symmetrical bipolar transmission is ideal in this application.
The multiplying DAC'’s advantage is that it can handle inputs of
cither polarity or zero without affecting the programmed gain.
The circuit shown uses an AD7528 to set the gain (DAC A) and
to perform a fine adjustment (DAC B).
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Figure 40. Programmable Output Gain Using a DAC

AUTO-ZERO CIRCUITS

In many applications it is necessary to provide very accurate
data in high gain configurations. At room tempcrature the offsct
cffects can be nulled by the usc of offsct trimpots. Over the
operating temperature range, however, offset nulling becomes a
problem. The circuit of Figure 41 shows a CMOS DAC operating
in the bipolar mode and connected to the reference terminal to
provide software controllable offset adjustments.

Figure 41. Software Controllable Offset

In many applications complex software algorithms for auto-zero
applications are not available. For these applications Figure 42
provides a hardware solution.

/ \ 407 veom0

Figure 42. Auto-Zero Circuit
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The microprocessor controlled data acquisition system shown in
Figure 43 includes includes both auto-zero and auto-gain capa-
bility. By dedicating two of the differential inputs, one to ground
and onc to the A'D reference, the proper program calibration
cycles can eliminate both initial accuracy errors and accuracy
crrors over temperature. The auto-zero cvele, in this application,
converts 2 number that appears to be ground and then writes
that same number (8 bit) to the AD7524 which climinates the
7€ro crror since its output has an inverted scale. The auto-gain
cvcle converts the A/D reference and compares it with full scale.
A multiplicative correction factor is then computed and applicd
to subsequent readings.

ADOAESS BUS

Figure 43. Microprocessor Controlled Data Acquisition
System

WEIGH SCALE

Figure 43 shows an example of how an AD624 can be used to
condition the differential output voltage from a load cell. The
10% reference voltage adjustment range is required to accommo-
date the 1070 transducer sensitivity tolerance. The high lincarity
and low naise of the AD624 make it ideal for use in applications
of this tvpe particularly where it is desirable to measure small
changes in weight as opposed to the absolute value. The addition
of an auto gain auto tare cycle will enable the sVstem 1o remove
offsets, gain crrors, and drifts making possible true 14-bit
performance.

11040 CULL TIO(A MI0ML %438 302G OUTRUT Tmv ¥ - ton
A2 eme A1 $1LCTD 40% 4DMA OUTRT ew - e

Figure 44. AD624 Weigh Scale Application
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AC BRIDGE

Jridge circuits which use de excitation are often plagued by
crrors caused by thermocouple effects, I'f noise, de drifts in the
clectronics, and line noise pick-up. One way to get z2round these
problems is to excite the bridge with an ac waveform, amplify
the bridge output with an ac amplifier, and synchronously de-
modulate the resulting signal. The ac phase and amplitude in-
formation from the bridge is recovered as a de signal at the
output of the synchronous demodulator. The low frequency
system noise, de drifts, and demodulator noise all get mixed to
the carrier frequency and can be removed by means of a low
pass filter. Dynamic response of the bridge must be traded off
against the amount of attenuation required to adequately suppress
these residual carrier components in the selection of the filter.
Figure 45 is an example of an ac bridge system with the AD630
used as a synchronous demodulator. The oscilloscope photograph
shows the results of a 0.05% bridge imbalance caused by the
IMcg resistor in parallel with one leg of the bridge. The top
trace represents the bridge excitation, the upper middle trace is
the amplified bridge output, the lower-middle trace is the output
of the synchronous demodulator and the bottom trace is the
filtered dc system output.

This system can casily resolve a 0.5ppm change in bridge im-
pedance. Such a change will produce a 6.3mV change in the low
pass filtered de output, well above the RTO drifts and noise.
The AC-CMRR of the AD624 decreases with the frequency of
the input signal. This is due mainly to the package-pin capacitance
associated with the AD624’s internal gain resistors. If AC-CMRR
15 not sufficient for a given application, it can be trimmed by
using a variable capacitor connected to the amplifier’s RG, pin
as shown in Figure 45.
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Figure 46. AC Bridge Waveforms
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Figure 47. Typical Bridge Application

ERROR BUDGET ANALYSIS

To illustrate how instrumentation amplifier specifications arc
applied, we will now examine a typical case where an AD624 is
required to amplify the output of an unbalanced transducer.
Figure 47 shows a differential transducer, unbalanced by =5,
supplying a 0 to 20mV signal to an AD624C. The output of the
1A feeds a 14-bit A 10 D converter with a 0 to 2 volt input
voltage range. The operating temperature range is —25°C to
+85°C. Therefore, the largest change in temperature AT within

In many applications, differcntial lincarity and resolution are of
prime importance. This would be so in cases where the absolute
value of a variable is less important than changes in valuce. In
these applications, only the irreducible errors (20ppm = 0.002%)
are significant. Furthermore, if a system has an intelligent pro-
cessor monitoring the A to D output, the addition of 2 auto-gain/
auto-zero cycle will remove all reducible errors and may eliminate
the requirement for initial calibration. This will also reduce

the operating range is from ambient o + 85°C (85°C—25°C errors to 0.002%.

=60°C).
Effecton Effecton
Absolute Absolute Effect
AD®624C Accuracy Accuracy on
Error Source Specifications | Calculation at b, = 255G atT, = 85°C Resolution
Gair. Error 0. 1% +0.1% = 1000ppm 1000ppm 1000ppm -
Gain Instability 10ppn (10ppm/°C)(60°C) = 6060ppm - 600ppm -
Gain Nonlinearity =0.001% +0.001% = 10ppm - - 10ppm
Input Offset Voltage =28 SR +25uV20mV = = 1250ppm 1250ppm 1250ppm -
Input Offset Voltage Drift =0.25uVPC (£0.25uVreCY60°Cy = 15pV
151 V/20mV = 750ppm - 750ppm -
Output Offset Voltage' 22.0mV +2.0mV/20mV = 1000ppm 1000ppm 1000ppm -
Output Offset Voltage Drift' | = 105V °C (£ 10pV/°CY60°C) = 600\
600pV/20mV = 300ppm - 300ppm -
Bias Current — Source =1SnA (= 15nA)S5Q) = 0.075uV
Imbalance Error 0.075uV/20m\ = 3.7Sppm 3.75ppm 3.75ppm -
Offset Current - Source +10nA (= 10nA)S4) = 0.050pV
Imbalance Error 0.050.V/20mV = 2.5ppm 2.5ppm 2.5ppm -
Offset Current - Source +10nA (10nAY175Q) = 1.75uV
Resistance — Error 1.75pV/20mV = 87.5ppm 87.5ppm 87.5ppm -
Offset Current - Source = 100pA”°C (100pA”CY17SQY60°C) = 1pV
Resistance — Drift 1uV/20mV = SOppm - SOppm -
Common Mode Rejection 115dB 115dB = 1.8ppm » SV = 9u\
SVdc 9uV/20mV = 444ppm 4S0ppm 450ppm -
Noise, RTI
(0.1-10Hz) 0.22u\V p-p 0.22uV p-p/20mV = 10ppm - - 10ppm
Total Error 3793.75ppm 5493.7Sppm 20ppm

'Output offset voltage and output offset volage drift are given as RTT figures.

Table Il. Error Budget Analysis of AD624CD in Bridge Application

For a comprehensive study of instrumentation amplifier design
and applications, refer to the Instrumentation Amplifier Appli-
cation Guide, available free from Analog Devices.
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