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PORTABLE HIGH SENSITIVITY MAGNETIC MEASUREMENT
BY HIGH TEMPERATURE SUPERCONDUCTOR PROBE , TYPE YBa,Cu,0,

Chakrit Intaraprasong

Dhoranin Boonbumrung
Asst.Prof.Dr. Wisut Titiroongruang  Advisor

1996

ABSTRACT

This report presents the study of the portable high sensitivity magnetic measuring
by" superconductor probe, type YBa,Cu,0,, .This equipment is designed for high performence in
practical field. Four Point Probe is designed for detecting magnetic field that has property biasing
along the characteristic of superconductor materials. The signal that varies to magnetic field is

applied to amplifier, then to A/D Converter. Finally,the signal is monitored on LCD display.
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Uni 2
pamiameiandisingyves SUPERCONDUCTOR

2.0 amnnsrhinvhisena (Superconductivity)

v 3 3 ¥
msnanhvwn  wasdammsiudnhlvihtwa @i desegnoldnu

»
auiia 3 Usznis asae il

1. nszuanilouldioms Bias Tvinmudeatosnimsenity nssua
INQA (Critical’ Current)
I, < I,
4 A . a4 ¥ o 4 ¥
1o 1, AvFINszue Bias guganFhmoanmanuiiudnitena 4
amoiugniisssum

[] 3 o Y 9 Y ] - * o ] 3 a
2. ﬁmmmmamn’]au“lmms.c. ﬂmuaummsmanﬁumum‘namnqm
(Critical Magnetic field)
H < H

a [+

4 U [T { A © o o A
e H, Aefhaumuimangegaisuesihmoanmanuiiudnizwa

3. quugiinldfeniosnimienhiuguingiiinga (Critical Temperature)

e T, Aesgungiligaganisussihmoanmanuiudniaa

msmasasmanuduaniiiiteers awson1dlaely



Temperature, T
Critical surface

(material is
a superconductor
{or vatues of T, H,
and J inside,
normal if outside)

Tc = Transition {or crit}
temperatuce

H = Critical field

o = Critical current
density

Magnetic
field
strength,
H

Current denslity, J (= electric
current divided by cross-sectional
area of conducton)

512 Tec-He-Je Characteristic 404 S.C.

*¥

ammmsthfhbeein  (Superconductivity) hualsingnisalfifaiuluTans
mshsinimazasdsznouma o Agumgiid q midanmanudmumumna Ifhidugudiu
i gumgdivhidarudnmihdumd vieansfouromy Sonh qumngiiinga
(critical temperature) Htazens NI Aouaoe Gond anih InThsee (Superconductor)
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faullugud wieousziiugud uozlddunanszualvithil Inaluraumaud i hsasae
aneAszozaNANIMil dsinginiudns naegisuin Sunnszuelvithitinaluaamon
Hunszualihaseanm (persistent current) FILEWozMILLS lAhn1snaceauazJanmaaty
A7 (decay time) vonszua IThlaelitoAumdrnmimaniiundes (auclear magnetic
resonance) JaaumiMAnduRuSAuNssaGIa (supercurrent) mﬁ’aamﬁzﬂ'h naaaesa
veanszuabewadiiidoosnimitauanid

nsAnmaiineaaimdnludnh ithtenn  Snawnmeusumnia
malih ndnde dniiWihdanadoeglummuimingou q Sussilszwgddaniousy

r 3 . . 1 < o £y v o 4 o ¥
m3nimanlae) (diamagnetic) steanysalh Wdenunimanamehudiugud Tasndnaandy
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8YABY (atomic magnetic moment) Fulunnitiddnasouathulusug Tithiansdaniinihas
3 3 ivf 2 ao, °.
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2.2 sngmsainslianudrmulvidh (ZERO RESISTANCE EFFECT)
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M = HY, (2.3)
W = 1+ 24)

[} o ¢ 1 d

= unuﬂ11unu1ssuuﬂanmmman

= unuANMSUAUINEN

1 <
UNUTMALUINAN (magnetization)

X ZT & W
]

] 1 v 4
= unumANeU 117 (susceptibility) voauiman
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M = -H . (2.5)
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W, = 0 @7
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123 umasmsiialsingnisel MEISSNER EFFECT
2.4 Unngmsanszuansammwhinaumiudanilwihssea

(PERSISTENT CURRENT EFFECT)

o ] ] d A ] o o
#91501910 Tanggthaumaugnavegluauninimaniisanumuudundng

A 4 a o _ o’;’
(B) m;ﬂﬁuuuﬂaamunm ﬂmf]uwam‘lﬁmﬂnszuﬁ‘lﬂ% )| 1"21’11!1‘1&’)\3“"')111111

Tagezdhullmunguesous @en's law) AFouiluanns1dh
- AdB/d) = RI + L(dl/dt) (2.8)
Taounudl
R UNUAIAINAIUMUYDUNIY
L unumanumilenit (inductance) Y4MUHIM A wnuvfuﬁnﬁﬁﬂmu"lmaumuv
auns (2.8) Sanatluesalunsdi hifeumsimdnaouen Fadouauns &y
0 = RI+ Ldl/d) (2.9)
$F 1, unusnszua IS udy Maeuvesaums 2.9 szilu
I = I,exp(-RYL) 2.10)
vnaums (2100 suruhnszua it vamluaumuszaaasueng T
e uddnamu@aaamnsih hsaea ftiearudumuihiiugud auns

(2.10) Avz@ou 18y

1 = 1, (2.11)
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[~ ’ ci ci =
naums  (2.11)  szmunnssua Iddhinlvaruluramussashaasanay  Son
aszua IMthasamw (persistent current) tisannnszua I Inalursumanezne Widaauw
] 4 P o v P, 4 ¥ 1 o 3 ¥ =94
wianuy  Fuldndulmannnatusslawiniy L1 lunsdindiawumiivinmousndae
a o ' =4 o’: P
Wandimannanuandumelurumaueady

¢ = AB+LI (2.12)

avieisuFeaauns (2.12) Movdunawz1d

(dd)/dt) == . A(dB/dt) + L(dl/dt) (2.13)

NNAUANTT (2.8) HAZTAUNT (2.13) wld

G = -RI (2.14)

dioraumaveg uanmwmahIvihdws aums 2.14) widou1diiu

(ddp/dty
weasn ¢

0

=u.

AN

Ohmic Loop of Wire

Magnetic Field?

i)

_jU¥2.4 CURRENT LOOP

2.5 ngugamavesmsin inthieena
& ° a v o A4 A
Wesnnaammsthinih  dungdnssuvesmwadesilumsinasuiives
b ng 9 o o A' ) o o
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b 4
o a a ad o 1Y o ]
vInYvia lumsesnenganssuvedianasouiiey Tussaugamaiivzordongma i

b 4
IMan (electromagnetism) LOZAMIQUMNAMAAS TURNgIM

2.5.1 NGYHveIasuAdY (London Theory)

1) w.e 2477 ﬂmﬁﬁmmzqaaaumu (F. London and H. London) 14%a
m']uﬁé’rm%"ua%muamwmsﬁﬂﬂﬂf}wm‘ﬁ’u Tavfinsenmsindoufivesdidnasouludni
Tihdsoaadionglummy Iish E Sesiiaunsvesnsindousidiu

m (dv/dt) = eE (2.15)
o m umnnavesdidnaseu
e unulszylifhvesdidnasou
v umunuswedilinasou

t UNUO/N

[] . o a A'i o ad
anunumiunszuea It (current density) Mifannmsindeunvesdianasou seiilu
J = npev (2.16)
We I unuanuwumdunsee Wi

n UNUANIUNMUUUYDIBIENATOU

anaisuTen aums (2.16) Wvufunm « udwmus v luauns 2.15) w'ld

dydt = (ne_fm)E 2.17)

S § a 4 5 ad
AMutuEIMEn naninmsindeufivessanaseu luaun e

annsomIdnnaumsvouunFIad (Maxwell ' equation) A1

M, @H/dD) = -VxE (2.18)
wozr VxH = J + (dD/dt) (2.19)
waz VxH = 0 ) (2.20)

(dD/dt) UNUATLHANITYIA (displacement current)

dmsuluaniinfoaoa fAnssuanIsvdRla N Ben NAM MU UNLY
t 4
aszuaiifheguin q dnlu auns 2.19) Sudon 18

VxH = J (2.21)



& 2 2
%39 d H/dx
Tas A

unua E 9nauns (2.17) luaums (2.18)

(dH/dt) = - {@/Hgne)) . V x @iy

unum J 9naums 2.21) luaums (2.22)

(dH/dt) = -m/ge . Vx V xdHa

BumnsaauMms (2.23) 12ld
H = -m/uonez.VxVxH

VINNGNNNNIABS UNTIEN (vector analysis) N

VxVxy = V Ve -V’ u

NAVNT (2.20) , (2.24) uag (2.25) 9214
2 2

H = (m/lpe). V

Tunsdives 1 1@ (2.26) veouldidu
(m/l»lonez) .d’ H/ax’
WA

[/ tone )

H

fMnouNaeandoInuauns (2.27) swwivon gy

H H, exp (-x/A\)

(2.22)

(2.23)

(2:24)

(2.25)

(2.26)

2.27)

(2.28)

(2.29)
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qUNT (2.29) 5un auNIadUADU (London equation) %Q%Z!ﬂﬂ’ﬂﬂ’lﬂ’ﬂﬂﬁ?ﬂ‘“ﬂ\l
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AANUFUAN (cm)

3X10~ :
5 :
2X10 -
s :
1X10 :
A,
1

0 1 2 3 TC 4

Nl (K)

7Ui 2.2 madunsvssmanuddnmugumgh
v = ] ] 2 =2
A1 A MINAUMS (228) B AANUFUANUBIABUABY  (London
% 3 1 ] g @ o A
penetration depth)  ButluszosmamdsiiaunuuimanauisoFudn T ludni e ald
dwmsvanih ldhtaniaidaniosn eanunuvesanivinihina anuua
g v o a : ) ° a d o @ o o
manmeludniMihswimiunsziuguideshififadsngmselludues dwmsvdinihii
a 5 ' Ty ] @ o a ' o o o
Hhtawanitia mnahmanumuunivvessnih Iifhssa anudvaunuuimanaoludni
a v 5 o a [) -1 ] 1 a 4
Iihgaaes lidlugud Sz idAaanmaimidn ualiifadsnagmsaludiuesmany
anauvesdni Ifhdaudazviiaia lined Tasezualsnldou llawgungi
= I ] as ' o 2 ' o
nngli 22 emmuniguugiiat q sanudnduilin manududnemn:
(characteristic penertration depth, A, IavszdlusunmevesdiniMihtinaudasyila uas
a a ] an 1 - | A -; v [ o
Mgungiidszana 08 v vesguugiiinga AnnuFudneziiuiuetusiaii Taveziian
as tfd' an 4: o o’ J -~ 4 o <t
dueiudiquugiiingn  aumsiceandostunsiualsaniududnamgungiedonld

W

2

A= An-amyy’ (2:30)
T unuguungiivesiniliihteea '

Te  unugungiingavesdni ufhtsa

2.5.2 MUY BCS (1950)
»
agl1ddail
ad o o S o an o 1 3 ’ . o an A
1.ﬂlﬁﬂﬂSﬂulﬂuU’JuﬂuS.C.‘illefJuﬂiﬂStJ'lﬂ‘Lll‘ﬂut]ﬁUﬂ’J'l Cooper pair DUATNTUIU

' =] o

' . ad 4 o 3 @
SuniBlectron-Lattice-Elecrontaidnasou lugiidiavnumeudumeiu uai K T~K{
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Y] -y ] 4 t a Y] an 4 ad 1 1 a
NRYBBIANAsOUIMENTBYUTIIN  Fermi wilduasisounniiqga  didnasoufieguiing
»

o o . ] [ & 1
FermillnaanuaaadM 1Wan1us  Ground state 1iaz Excite state ¥AUNINTY FiIHanDau
Inge,autiannuou,auliAniaMagaetics

[ -y = 4 ad o 2 o o an o
2.0UATAIU1UBY Electron-Lattice-Electron INALOUDIANATOUAINTIIOUASATOINY
lattice Hazilaouutaaly dlnasousanasuionouty lattice Wasunvas WiuSmeowilsy
ar L= ar o' d‘! o @ oo ar . d' d' -1 ar :
Abiindinudon  MemduasiSoduaum  laticein/aouTUnioauw  phonondaiiy
ad o o 2 A @ an v ad s o w an ' . a d
DIONATBUAINADINIUOUATNINAUDANATOUAMIN TAUNOUATASHHIU lattice MUBou)aq
& ar an o o .’,' 2 o 9 o o
1 Wiesnnduasasondunamens Aniuuaszaeudvh Iiinals1ngn1sal Isotope
3.ANNANMIFUiUTndeumToalinnud iy 910NN London WA
1 g - . a a o & 4 <2 a
wimani/aouulasanaauy Exponential Tuilsgll dniu w PAFUINANYDY S.C. Dallngd
{ .
ﬂiimﬁuﬂﬂﬂgﬂﬁfu Meissner
4.9UNYIINGATA TN UWUUBENATOUVBI1TASNTZAY  Fermitlly DEF) Uzl
ar [ Poo-N ] ad [ . 3 9 Y o [
NAINUBUATNIOITENINBAAATOUNY lattice (11U U Fam1donanudumulvih sy
UDER<<1 midmueldh
Te=1.40Exp[-1/UDEF)] (2.30.1)
A &
e O Ao Debye temperature
Uflandanuduasisonauenu
. d' v - K [ & 1 [
5.Magnetic field ffuldluramau sc. Sdnvasitlunisusunasniliniedma
(effective unipyoulszyiiiudu 2¢ wnndwzdu ¢ A0UZGround stateszlsngifiugues

ad o« o . . s ' 2 a o o ' a
alanaseu AU flux quantization Tuneriveqilsyysg 2e VWUNNVNAYADNHYS BCS

2.5.3 NQUfves CHARLES BEAN (1963)
Bean @M muaguuniieflostumsidouduonisvea Vortices moly
Superconductor éaﬁumﬁ Pinning
AUNITUBY BEAN Ao

VxBr| = p,Jc 2.31)
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GhipIRti]
S P d'n
58l SUPERCONDUCTOR HUU type two nszuail inafidaiiuuuuneg)
; ’ ] a J J 1 o o ] 9/ . a 3
aiane ulhesdoiuar Jo Manniu udvaz@orsusiuszdawald vortices (Ransiaou
» b 4
aiimia Tl Idifadeudunuiunisluds SUPERCONDUCTOR (S.C) mszasiiy
T 1 i a & o t 4 o a
A 9 Midunuuildtuludnhwssmsmimindmiy s.c. type wo Avsgnaraldimuzay
A [ & (-3 ] . a as d' (-3 * . dyd '
wiefleatumisidoudmmiauss vortices 5floafumsioudumiaes vortices  i3un
3 A o [ é S
PINNING (M3A39) (iWD93A3Y vortices 1ARBUNNITINTZIAB vortex Faziimalioglu
o . d' d' ] L4 9 \J d' ' ar d' =
dumisiinsiuiveu ¥nsevdosznivanmithidu s.c. fuaamiidlu s.c. 12719 vortex
v g ' as v W ]
Pidonamstagamami Iflunimanes vortex #o image vouiu Tumandudu e
o § 1 a 4 as 1 5 4
manngnilouliesdwmal®iia pressure fiozndnld vorex Whlludau  s.c. nsdiftqund
Yot v ] &' d'n o 9 [ d 0 J -~ A
flouldlidannn e miuif Hs) lH pressure vounimdniisnganimsdga isasn
e’: d’ [} :‘ 9/ o ar d'd J \J 1 A =1
boundary iaflauwdrunniildiussiumnaulowavesauuilisunnndii Hs Fnisdaga
% boundary veaummman seawmal@ldliunnin  Boundary szninlanessuamay
S.C. AMNTOTUTINGNAD vertex $1671 normal WuuTlU 10 111WOIAIAINEN coherence Free

v F d
energy dzinuAUUA2 s.C. 13 TasmsamruninveandsnuludulSuasveaununan (core)

AG(ore) = HeclzTpol? p2 (2.32)
e AG(core) = free energy 1HOANKAYO core,
Lz = ANVYIIVEN core
Lo =permeability ¥6901M# ey 47%x10'° Hy/m
i =coherence lenght

SUVANNTOAATEAY free energy YOIRWUINRIRITA0IH vertex ®¢Tud M normal wn
3 9 ¥ i o & - 2 o as as " '
nhldegludm s.c. Maiinsz core Aoan12Z normal Fezundsnutiuegluiy normal
\ 3 ar ¥ ~ ¥ A v
W INNIMTABIASN normal core UBAAD S.C. BUsHUAMTUTBIINGIN normal VB4

@uMiaRiing pinning 1 normal slab vesauMuwes Tut s.C. ueaadegilii2.sz
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31]ﬁ2.5.3 (a)ﬁ1lmﬁ~1vortex0q1ut’hunormal

(b)iunsidvortexogfluenus.C.
HAAIIUDY free energy lﬁi) vortex a(jszm'n normal (Gb) N S.C. (Ga)
LR ILUNIT

Gb-Ga

H' ¢ LzE TTlol/4 (2.33)
1 = ‘;ﬂﬁ‘l}ﬂ\i core
HIIVU core n'i"aamnwa normal boundary ¥19100UNIT
fp = -0G b - G a)/O1 (2:34)
-H' ¢ LZE Mo/ (2.35)

fp

i d’ = :5 U L3 9 11 1] dd'd
fil f p HozAnaumenaainiiunisie vortex 1111‘1ﬂag1uu1u normal ASUNY boundary WIN

¢ARTUZUIS? pinning AOMUILANOIVOS vertex (f p)

Vi 92 | 32muRE 2.36)

A = London penetration depth

dlenmumuiniunssuannaouen Jext gndleurnudh 1 vortex lattice

Wi Je adrusuailounsiaeud dorentz force) #BMUIWAMNEIIVY vertex (L)
fL= JextxiZ d)o (2.37)

a1 £L suiluusefififiameas sty £ p

$1 £'p > £'L 921 vortex gnaTalifogiia frmdzﬁ’ﬂz'lﬁﬁf'hﬁ'aqq,uﬁu'luﬁo S.C.

1 £p> L w 9a Jo vishdwald vortex Sundousmmis unzdummg e
fdvgdy
M Je Sehiffuriniwenfunndessnhsannsiihifimsquidola o fuanmeii

o 3 o o v o
mMsgadoludl SC. type two MT1MGR vortices Wudatazuy Taice Tusmunimén
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<2 . ' d’ o o =) 1 o : <4 1 9V A
¥ lattice imehil sxdudunilouniunn Aniu & vortex gnnSeszdanalil vortex du q gn
© s o § i o o & 1
asalidolwhuesfoady &1 vorex gaiindoudinvzinln vortex @adufteglndifivs
& o v P> b 4 U ] b= U A . . v o
wasuAwmialide Ndesmsediuniven fie M3zt lsi pinning voARL vortex 12
» » » b4
W latice  9z1WlsY  pinning  mBvsaNTaMUATUBIAIVINANBZMINTEIIBVBIR WM
pinning 1AAM1 q Auanumiloaniuves latice M3TIMAUVDITIMAAZIUSY pinning 9z 1S
fnlszinavesnnagagaves Je annndhites 133R0sams fp &m0 9 vortex gnaalavsh

1 4 v
fp AU HAYDI Je AITITBYAAN Jc (max) M50 A 9@ Jc (max) A 'p =L

Jc (max) = Py 1 32mu & (2.38)

Je (max) awsoeglu S.C. Taosuss Wndenufimuuud cooper pairs W1
Aimddamilaves pairs SaAumuAiUnITHARGON T Jpair Fasniiphuamumiuniy
ASTUE B core B vortex (v) uaziilumauaininly core Suiluanim normal

Jpair = ENEYIR 7 - (2.39)

» 1 ] A o a .
WU Jo (max) Wound Jpair tszanas 10 v o9z diAans pinning
3 J 1 L 2 ? : 4
M ldlumeangueenlimammuuniunszuagegaly sc. #d18 a0am” vinfu e
sz Jemax) 39 19dmmuitionldd sy Nv3sn Ao
A = 0.2 um
g = 2 um
& 11 2
INTIZREUY Jc (max) = 3*10  A/m

A 7 2
nis = 3*10 A/cm

4 4 4 4 3 P [N @ o & a '

iy 107 shvesnszuadicnnsodeiululanzdnhdng wu cu lao
W93 & QN (Tp) v nazsmennsgudomdanulu cu wiedsaeinmsvaoy
armevedvaada  iliesnnnavesniwion Anlszutaivues Jomax) g o gamgiim 9 (T

<<Te) o Tp Ind q Te i1 A waz & seliigannild Jemax) Wiiatuluvaz1nd Tc
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{ v o v '
Tuaamngniloudveummimdnidhlndm He2 phase  boundary mANw
’ b v » »
MUWUUYDS vortices 1T overlap INONTI TR InuATian1I2 normal & ANWMUNNINTTIM
o 1 3 a 0o 5 ' ° ' .. o @ ¥
wasoniiity iRendiezifianss Tomidmsuuny vortex fszagludumis pinning 14 vl
Ao Y a . . s o ’ da o a ar d’
ussi e pinning HAuitugud uazem Jc AldnuuzRsafuiidae Tums
»
UPUA Je Yuegiunass TuMAVeIRNUIDLNMINTLIWVOIR WML pinning
» v vy »
TudrTagiiu wu dwmia pinning  MegluTanzid@ouanmgnamud iy
d
pefsznovYes S.C
o 5 ' a = 4; vaor 3 d’ o o Y o
AU ABITUMNAYEN Je TupgiumnugInvesvIumshiaginlih s.c.
o @ 3 ! o o CREA 4 ]
@MV He2 uaz Te Yuiudag ua livuduvuiunsad detlouanuminniunszumnn
AN Jo MM vortices Sundoudwmiv (lign-aSedadel) WuaumglWiFamsquidonda

4 [ 4 [ ar ; 1o J .
IuMsINABUAIYB vortex BNIINTUNY £'p taz L udada¥usgius viscous drag force

' d)
HSIMANUAYBA vortex (' (total))
f'(total) = fd+f1+fp (2.40)
astimnugnilowuwaunu z, ammuwniunszuagatlouunu v, uswaz
anuTigndeuunu X 9218 £ oty = 1D p-1u, (2.41)

T] = drag coefficient
»
Tuaanzegea (seeady state) AusRanUALY vortex seiinuiiugud

ro 4
AMMTIBIAN TGN IND I > Jc fiD
1

u (x) = 0D, - f'p) p (2.42)

fr=rcmlfux =0, cp= fL)

HONTSIATOURMNUIYBI vortex GanaldiAg voltage AiD
dd

- = D o, hu(x) (2.43)

vV =
n, = vortices Density
vV = (i-ic) Rff (2.44)
lﬁzﬂ Rff = flux flow resistance, Pff = 1/Rff

»
<8

\J = 5 1] é t o
o9 R iAo Wilan11g pinning Faansolouaums viotage 1maidail

v = (1-Jc) Pffh (2.45)
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eh = AWV sample TutuINamManszualva

VNAUMIUAAIN v = 0 1118 T < Je ANWAUTUS v-J Aegaliiz.s32
v

J4H)) I (Hy)
q1fi2.5.8.2 V-J Characteristic ¥84S.C.
vingdoring il a voltage &1 9 Tl tinear ms w108 Jc I £ L>fp
Msiins Tl linear SradNAABMTOBALULAIINARDUTDIIT L voltage
wavumlasen o Tl s.c. gAInT (Nb3Sn, Nb Ti) 95110M T Je Aiv MANUNUMNUNTZIA
W"lusample 81 1 cm udhliina voltage drop luv
vwavesmwdouinld  sc. ihganmr  nomal 18 Senvuaunsi
quenching 1 Rff gafmuadisanmdeuiilfuuuiuiiula me sc. Tanndezuaay
cu sodlumsvimnszua Wilimsed s.C. ez nomal exiifaImEmMIANAT
cu uenvnfl cu duhaawdoulds
pinning D4 vortex NANIAMIU S.C. type two uddditlym Ao ms
NSZIWYBY vortices M S.C. Tidnwuzetnlsdoma pinning whit§Aemsnsyawes i
afweenameluiazmouen s.C.
ot slab  Tumnumouendsauniiignleuvuuivives s.c. e
AUMINNATY Hel vortices 9TURANIZIN  thermodynamic FITNARADMSIAAINN S.C. T

W vortices il lufwozgnaSelilndA  aoumuuniuves  vortices 83110420

nunumdsveuduUsTULIMANUUA vortices MBI Br vnng Ampere VxB=u,J

waea  Msisauuven UL wiiannnsnsiifieiuauevesiues i uiia
] a - ] < ¥ .. v & ' A

ANUMUIINUATIIAIRaY (J) adnlsnaw 81 J<Jc M3 pinning 92 WuSausarhiinag

» v [ } 4 } 4

CHARLES BEAN (1963) lAfmuagiuyuiiedt s.C. ims pinning fudausanngadu dail

Vx Br|= U, JC

(2.46)

1 4
<

moldnmumuuiy flux #HaRA Jo othaaniuaue modle 1158071 critical state

& a 1o ’ v A A
models M1 Jo DSl scalar fDAsEN T M1 B annsoiiduiunioaaie i 1duina
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AITUATIINY AU VU@ absolute MUNWAY B vznan Jo Tasluyususiamaves J uaze B

IRAVITANAINNVOURT

dB j
AWANUMS dx z2(x)| = Uy Jo (2.47)
fi1 flux penetrate HARIAIWAUAT
X, =a - (H,/Jc) (2.48)

A ar %
WeX, wliunduny H,
a=AMUNUWDY S.C.
Ho= applied field
apl
~ 3 A ° ] N ]
1. USINNAADMISIDUMMUIYBY vortices IRMA

U990 vortices VAV

- applied field NNWUDN
- UI9IN boundary
- Jext
- The viscous drag force ' d)
4 @ ¥ wy ¥ t 4
2. vortex WIANBUAVIGUM S.C. ABald Happ > Hs
& =
BINUWOY Hel > Hs
Taoh Bs =" @uu,EA = HeW2 (2.49)

3. S.C. MUAWIvIzeeh IR vorex Woudhgiialdde

A o 3/ A b L= [ o
4. Ilisi‘ﬂ‘ﬂﬂﬂ vortex TINAR IUBININUIY vortex VWIAGINUVIITIVNIA Happm

W vortices SaFvaduiiugyl triangular latiice FrdamaRidemmdniuisznie B uaz M
) Happ > Hel % B=ul ¥ B mAufaanm uniform 1% Japp Twashw s.c.
WUV uniform #ouazdai i Je 1 gype one qa?:uﬁ'ou

5. Unpinning INAIANITNTLIWAINOY vortices YRULINA pinning Nanyuz 1)
aiuaveuaziiaeg T uflulaeld critical state modie Y09 Bean

(et B fumn vortex fiAundomiiu)
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2.6 mamaeamumnninihdsnatsmnusivan
mshmoanmmsihiihtwainilie mvgangdligenh T, wazdns
wils A wveumimEndh lann 9 nunsz*f;’amnm'mmu%nqm He (T) aadleulsay
qungil wwamnsomhamwsanmumstih Wi danld ﬁ'qmﬁgﬁ%nqm (Te) Mvssauingaiiu
fud fiv He (To) = 0 mwduiuivesaumingn uazgamgiivessigni o ﬁuﬁm"lu;ﬂ 23

1 4
o

Hanudunus sl

500

[=]
[=
<

1 (T) in ganss

300

0 : 4 d 8

Temperature, in K

31]‘?; 2.6 asmmmEiusszrihauimndngn uargamaiivesiga q
o T<Tc aummouen Ha = 0 duasmzmsthihtaa
T < Tc AuwMouen He > Ha >0 uaanzmistinihsen
T < Te duumouen Ha > He duannizin@fiorhmoammiifhsaoa
2.7 ﬂiTﬂQﬂ‘lSQﬁ‘%aﬁ (silsbee effect)
fis  dsingnalimoanmmsiiudni Mihiawadaonszuaiamud iy

anhiihtewan Sawnanhnszuadnga mlddnih IWihswanavanmiludnisssuen
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v

JUN2.7 V-I vaidmlsingmssl silsbee effect

2511

Funsilusevesseadalaalnl ogluunu v nmiuseuiunszualiinh
Tfhdarandn Funadunslazdon q WueenINUAL Y ueestiRanueindiutuie
msdnhihtaa iufie anmnmihiihdaadugnimondadagy Anszuagagaiiv
ThRaanmmsi IMfhsenGond ASTUAINGA (Ic)
Usingnisallelalml ISOTOPE EFFECT)

uanmnﬁyﬁaﬁmsﬁ'uwuﬂsmgmsm”laiﬂml (Isotope  effecty  NANIAB
qungiingavesmnsdnhtaatusannalelsTml ludsen Te wdowmlamn 4185 k
Wi 4146 K vuzfiviovesssaoumnds M wdownlacnn 1995 Tifh 2034 mia
UIABLABY (atomic mass unit) angﬁ‘ummxsﬂﬁauuﬂmv:xﬂﬁau1ﬂad1daxﬁaa%‘l 9 s
wa To T Imlfideruvessguilaidvafudhdaoiu nadnionmsnaasinoluudazeynsy
vod loloTnu Idnnuduiusidhumnves M fewravesleTalm

MaTc = ﬁ‘lﬂdﬁ ; MO = Ma)

uAd MR Yo al = a2 = a3 = . f1wed a s 9 Whmualuaiss mefiuoa
vodlolaTmlfuiy T hlfsmsuhmsdutouanfiviassuasiSossnadidnason
wazianfizieswegluanimiteean  nouidFemSuusnlinadwives
Te abDebyead —1/2 Fufu a = 172 Tuaumstaedu uamsiinsonasuisznindidnasou
sweghuiinuduiuiiliouy hifinglafihlie a = 12 95 9 uaiidsanalnd

-]
33E
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(SUPERCONDUCTOR FABRICATION)
8.1 muAsanmsniivia YBa, cug 0,
u HoulfiiansaniInfhtenn quitsudidanseiind ERC) KMITL
mslszneuiildlunismion
1. dmm3oueonlad (v, 0,) ArmuSaus 99.99%
2. nuSoumivein (Baco,) ArwuSans 99.90%

4 o o Q’
3. aodnleseenlud (cuo) A1wLSENT 99.90% .,

o v o &
3.2 msmmmﬂ%mmmswwuﬁ
s -} 3 <t L4 dy
nnlgnsomaniivesmnsilszneuns 3 Meuaums1ddail
1/2Y, 0, + 2 BaCo; +3 Cu0 + 1/4 0, ---> YBa, Cu, 0, , + 2Co,

Wﬂ’i'lé’ﬂ‘i'lff’]uIﬂUiJ’Ja‘UENfT‘I'ill'iZﬂ’rJiJ‘il'lﬂ?mﬂ'li 2w 1d Y:Ba:Cu t‘ﬂ'l.l 1:2:3

HIAVIIDZADUVDIG )

1AMINDY 92 1RuInezaouvedsIg Ao

Y = 88905 g
0’ = 15.9994¢g.
Ba = 137.34 g.
C = 1201115g.
Cu = 63546 g.

v
WIS UsLnouAIdY fio

Y,0, = 2x889+@Bx16) = 2258 g/mol
BaCo, = 1373+ 12+ (3x 16) = 197.34 gfmol
Cud = 63.546 + 16 = 79.5  g/mol
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NIAHIN

NNETUNITIAL
1. Y,0, 1mol AouATENNS = 2258 g
1 12 mol AouATONENT = 225.8/2 g.
= 112904 g.
2. BaCo3  1mol @BuUASHNMI = 19734 g.
M 2mol AvuASoums = 2x 19734 g.
= 39469 g.
3. Cu0 1mol ABAATONANT = 795 g
1 3mol AduASHNMS = 3x79.5 g.
= 238.63 g.
WS 0, 1mol Nwalumana 16 g
& 1/4 mol Turaluana 16/4 = 4g

A Y "o ) z [ oy e
%3 0, > 4 g. 11 9z hihihwnAalunaluanavesmnsdsdu mszvasiilfisn s
W) 1579z Iaduannnenaegudn
» »
-, wialupnaswvsamsMdunmua

= 112904 + 394.69 + 238.63

746239 g.
2 ' a o
Famnodenz 1dndaduat YBa, Co, 0, = 746.239 .
dSnam X wnede USinaues oxygen #id Tamaniluly1dvanear awudmsina

Ugnseuadl usisrlidesms

. L2 v @ 2 ° o g a
S W X msaabiifiugué (X > 0) Fwpumsnsfiida oxygen il Son

¥ A -3 .74
71 CALCEINE PROCESS #uiluvuaumsida oxygen Tntldnnuiou
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FmTuIEmsmsunm oxygen Tuans s.c. 1511975 IODOMETRIC TRITRATION
Futuvuumsmauniiieldm/Suna 1opINE lumsazaw Tavldasazan Na, s, 0, Tu
715 TRITRAE lumsvaaed IODINE 92fin0In oxygen NUINAIBBANIN S.C. Nignazaw
y Y o aaa o a aa 4? P v o a
A28 HC1 udnimlgisnnumsazaw K1 Y3uaved IODINE Mnavuzliaumiuyinm
oxygen NgniFllulgnso dufase

YBa, Cu, 0, +2HCl -—>Y  +2Ba  +3Cu +zcl + (n-x) H,0 + XO

J o & Yy A4 =
msnniminasadune 15 lumsinsSou
s b4
nmlgseunil wialumgamsasduniun 746239 g.
doald v, 0, =112904g

8190919 YBa, Cu, 0, 100 g. Aval¥ Y, 0, = 112.904 x 100/746.239 .

Y,0, = 15.1297 g.
. dvald Baco, = 314.69 x 100/746.239 g
". #oald cuo = 238.63 x 100/746.239 g.
Y,0, + BaCO, + Cu0 = YBa, Cu, 0,
(15.1297 g.) (5289g) (31978g) . (100 g.)

(-3 ke A s A
AWuNsTUIUMSAEN S.C. nanIdIsuruRs AagUi 3.3

aBUENIsadg
1. dwnsdszaey v,0, win 15129 g
BaCo, WP 5289 g.
Cu0 win 31978 g
2. vanauliidhiu Taoldamszna 1 $aTue
3. dnonswanldnszides vina 2 x 2 wdni lendigungd 900°c

turnat 20 $3Tu9

v S 4 b 4
4. thasnldnnmsmunuadnaswazdaeunanthintuns udnilsa
=4 9 o - ] o
Whudiansanaunuu M¥ussdadszun 4 Ton (~ 4 Ton) Tidurgud

18N 1 cm,, 3 cm., 52U 2-3 mm.
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o o w 9 a8 a ° &
5. et MR 900° C A 10 ¥ 1ua
6. UM 400° C 1701 24 ¥ 1

7. duSsvuaunmsadi udnild TEST

EQEIT

~

< o < < & & o Vo
NITDUNYUN Y 400 C 1A 24 ¥ 1ug mi‘lu‘uuﬂaumzaﬂmmmsoﬂ"lﬁfm

CERAMIC Mafun1stae

3.3 UNUAINIZUIUMIEIN S.C.

F1o5 17 1ADA5 189U Y : Ba : Cu MNADIN1S

Y v o
valinnu

v
= a

wWINguUM RN 900°C 111 20 ¥ TaN

LY = - :f
valiazidoadnasy

o -
saliiiutiauuanudons

[]
<4 o~

W NguMgl 900°C a1 10 Ha i

HINQUHYI 400°C 13 24 F2Taa

nadeLANANLA

JUN 3.3 uwudamsadne 8.C.
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4.1 a1
INAUAVIRA 1-V characteristics Y84 Superconductor 31lfi4.1 WU saAIY
a 1y a 1 [} g as
AulTIIUNTIAN oupur vea s.c. lddwUTnusnuuuivmnuuimin @) Iaverd
v » v
Usingsel Sillbee effect AARTUMEIUFNI W G020
Weld Bias nzuanafiun S.C. WU Vse azudlsAuAMISINY Flux Density
§ 5 1Y 3 Y 4 o 1
@) ntleuldnnmeusn Fededlundnnisfiuglumai ldszgndadraes Saauu)
< d’;
manay lgelivu
a 1Y ] o L ° a
MW (Sensitvity) TunmisTamumimanezganTod fintsannn
8ATIAIY Vsc/B 11D I-bias Af
1 3 ] g < t
- & vse TannaluvasilfeuuimannnmeuenySuades q uaaeh
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gunsaifadazuiliinnulag
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- 0 Vse finnfeslasnfloumununimnyFinamnn q uaashgunsaiada
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Futiinny
91NMIANY1ITAaITUIAYea Superconductor ¥R Yba, cu, o,
v ] » ¥
vosguidtudidnnselind  KMITL  wudhdnh Ivfhdenafia? e 180U ing vse
- ] < a H ] b 4
output  guAluvaziitloumumumimdnnnmeuenlulSinud q  Fwnnrsneass ozld
' . t e & 'Y S8 1 a,
Vsc USTunl 1 - 5 mV @BNsZUA Bias AR 9 UTEinm 200 mA  FeAwsaduvuiaiisedniian
° (L o a ¥ ° {
qunnlums ThlhlszgnalFaudmivlassnuiiswainer vse #ilfuumanioen Display
4 =4 a 1 { a ] 1 1Y
Wouaaaliiuinlfina vse fulsniaou llaslSinuauuivmdnsinaousnsdials Aegy
#1 4.1.1 Fwans Block diagram maiavenes faaumimanaiw hasyilaadodni
IWihbso2n
4.2- Block Diagram

HERIRegUn 4.1.1
d
4.3 NATANYIN

uzAdaiiFig 4.3
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4.4 aFUEMINMNU
4.4.1 HTSC SENSOR : dhiirdadniInihdesa #ildnnvuiunmsadas
@Buneluunii 3) udntandadugide q Weldmnzfuiuysas q fseeih Y19
tozdnedins A L-Bias Taothuluawmannis Four Point Probe asgll
nnmsisovesuinlSygn Tnvosuéisudidnnsoting KMITL Wy 15

v InfhBawaaTingne 1 - V characteristics 8614310 FewoasUstuunvearesitdoyld

t 4
@

Al

- § i fhBasaagudmdeuuumuas ) fqlfiaz  ezdeslduFunm 1 -
Bias uazTinaamuimandun q SevzIWiAausingnisel siisbee effect 3118 Sede uiiu
‘uaxammwvumnﬂuuumnauum'lmuuuu Portabie IN512AB08nuUL9T WA Supply
fieunsagaunszuaBias Sedoiuumsdunldes nazranw i Ténuhiinnu ladh

- dnhfhdaaa sﬂﬁ"uuuv (AUBEE) uﬁmﬁiﬁﬂ‘v’i 42
nundealflinalbias  nasSumauunaimdnsnies q ﬂﬂﬂmﬂﬂﬂi‘lﬂ{]ﬂ‘lim Sillbec
effect 314 (W HTSC Hyvdudfidnunneils YSum I - Bias Sevtovae) Sedeiufiudeives
M3 150U uuy portable i¥msm T nuldndosinndy  mswmsoenuLLIeYs
mh Supply  Tisuiludessiwnszuer Bias quudsionszue Bias Weadndesiamisolina
output ¢ ﬁﬂﬁmm‘1waqﬁ'ﬁmmuuummhqq wazdhuyydiion 19 ludonlfiing Erc.

KMITL

Yeftegeialunis BIAS e S.C.

US1na I - Bias Rflouldun s.c. d2 < Ic vee s.c. fiadede 1c H1duls
ul?wu'11Jﬂmmsﬁ“l%’a?w,ma%ﬂ15ﬁ§'1q,n151m,usqé'uﬁ°l'?ﬂumsé'ﬂmsﬁawm
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mazazuu neuszth sc. lildnudevhmsdaquantifvesiudorounie
1 41 L é L - 1 L} ar y -} s
M1 Ic, He, Te 1Waum s Fuaazansoziian lumfuy AN VUIUNISIALITY)
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diohfidou  desnunuifeylunuanidiauizuaasanmms i
o a 9/
hgawnld
. 4 ' a ° LY o P~
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2. msTAnieane S.C. ﬂ"eati‘lﬁ"lﬂmwﬁnmwaa Four Point Probe 1oz langh
MianIdesdianmnsihnihiia ieldsosdodiusosaonuy ohmic Contact naumﬂﬂuu
Voltage AnATou 396110y ohmic Contact vxdanalst output fuazyi W Sensitivity #1808

"3. NTTUT Bias 910 Constant Current Source (CCS) apa)sulviai lias514s
manffounatveanszue Bias auaudsdrufios

4. munaamﬂwmmnmiqu"lu Nittogen @@ 123ad 20 Dryer it
Hostuirianinanuiy qmumuinmumﬂmmuaamaﬂ fogn1s aueudy

5. "luwfluﬂaa“l‘nmmmmﬂﬂmmmmmaﬂmeqms’iﬂmswz A iauuy

@ 4 v o Y (Y [] o
S.C. l'ﬂuﬂ')')ﬂ“ﬂll"l“‘UUﬂU'ﬂﬁﬂ'N W'ﬂﬂUﬂ')'liJfoﬂ'Jﬂi‘Hﬂ']TJﬂﬁu'llﬂquﬂﬁﬂ

4.4.2 Constant Current Source (CCS) fumaundssionszuansd

mmmmsu'lﬂaammu“lnmmsnﬂmﬂs sualdmaud 0.1 A (Vee=9V) i Bias 19Auviada
dniWthdan @TsC SENSOR)
9T CCS lana 18da31I71 Fig 4.5
-~ )
2UEMININIU
- U (OP-AMP iwes ua741) sedludnueizaes Volage follower
TaY output 41 6 AB feedback ALY 2 Faun Inverting Amp 1% Gain 499 OP-AMP
NAWINAY 1 Fananofe usadu outpur 9ivAULS I UEIL input
- dmiy input. 19 Zener 14 LM336 iy Reference Voltage NamnsoUsy
AU Voltage MU input BYTENIN 2-3 Volts  Tasd$udi VR,, (10K) Favimihiidlu voltage
Adjust , R,, Wa¥ VR, A0ANYUY Voltage Divider (Wourausasuswly Lmase MNszIagn
1119A20 R,,
] Y d' . d' s s 9
Cie Ci0:Co0 Yty Filter IN2INYIILAY  Refference Voltage 951U
Fovadiuaue
- Ryg, Ry, imifidianszuer Bias W input OP-AMP 33809155207 Bias
o -1 LY 1 :
Moaanteaminiu
- Q1, Q2 Yiwmdhiudly Driver nvzuar Iaousenu output 1N Y1 6 VDY
OP-AMP Undvelinszud ourput Wou liiamnsavionszualy Load 18un dvainisen

savdSuunssuaney
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- Ry Yimmiiiitlosiu output 404 op-AMP nsdiH Q1 1ARdA2993 tozleaty

T Q1 deundylinnuidomeud op-amp 18

»
P-4

- Q vimihiitudrenszualviiun Load (IufiiiAe HTsC SENSOR)
USnunssuaqegadi @3 91018 Annwnn
V.—Re fVoltage
ICJ (max) = R29

&y o Y J o a
¥ Ie, Nldvsiunszuagege Uszina 1 A udennsoUiuySinanssue

18w VR, FomhmhiliulSnunszuaein drver Tifunssie base (5, ) AURUTIIN

Ic, v94 Q,
Ic
91N B,=—=
P s,
Iey = 3,13,

dliewsonuguilfing 1 fiswldud HTsc SENsOR 18daoiSunn
Iy, Tag5uii VR,
Vee—-Re fV olz‘age1
I = Iy +15 = [53 + R29 |

y M ' y *
0o L uaz I, aeit dewald 1, nafidae
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4.4.3 Mann15Y9 08 AD 624

WANMT AD 624 Mauludnsue instrument Amp Afindnnsiug

4.4.3.1 Basle Differentlal Amplifier

& o
WNITWUITTUUFAN GNE]JY] 4.3

mr
A"
+i5v
{=] {nput A i
o A >
l" 1k 2 0OP-07
E, = {+) tnput ! 3 pip 8 .
- O— AAAA f/ 4 " v, =
¢ L mlg, -,
€y mR =15V

Gt}
1

BASIC DIFFERENTIAL AMPLIFIER

lasl¥R= R,RF = mR wlduaduaninn (v,)

V, = Ad (V,-V,)
Lf‘la Ad = Differential mode gain
= RF/R
Taids
.2 A _. 4 -
- Zin ¢ ; laefl Zin Haween v, =

MU V,, Zin = R+mR
) s ., a3 ) P o ™ o - o ° v
TN Zin Ierdnann Limunzianh ldesssudygruidivmnad s

4.4.3.2 Floating Load Differentlal Amplifier

Lﬂmmmnnﬂmﬂwmmn Basic Differential Amp. walwlet zin o8

R

. uavﬂmmmmﬂlmmmsﬂn 4.4
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_E-E,

} Ve r(E ~E1 ¢ 2)

+

E,~Ey
E"-—'—-L
a

Eﬂﬁ 4.4 FLOATING LOAD DIFFERENTIAL
wanns  landa Buffer WL v, uaz v, qouauti@ Butfer fia 1 Zin NN

o v | e - N v
rliAovusuasdadganuivmad 9 16

¥
dan
- W Zin &4
AT
- 7 wnTadTuGain lade
- Low-noise
Joldy

- naa maniwnaniulnaasas (Floating Load)
4.4.3.3  Instrument Ampiifier

IS P ; . Pl [
Lﬂmmsnﬂmﬂ;qmmms Floating Differential Amp (WalWsanulnaa

fidany Ground 16 (Grounded Load) LLH@NGTJEIJ'?'; 4.5

. 4w 4
il iuuas Yo 142
uieAknouuanlnug

jUN4.5 2993instrument Amplier
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=]
c)f
ho) |

- ¥ zin g9

- YSuinmusildine
- mnzldivnunlnaa R, deainng
- Low-noise

4.4.3.4 auanli@yas AD 624

*

Lﬂuvlafnnnaanuuu'lvsmmsmﬂammmmmam 9 lad ua:ummmmmm uas
ﬂauauaaammmmmum (High precision Low noise) mwsmmumﬂ'lu
(Internal Compensated) 133w Band Width =~ 25 MH, (Mu1sNUI% Low Level
Transducers (1% Strain gauges, Pressure transducer, High resolution Data
Acquisition Systems, Biomedical Signal, etc.
nnamsuTRTeduiad  SanaulAfesih AD 624 anldiuaTiedy
T 9 10 Superconductor vl@m
ANBMEATYINM @ unT0diy Offset Voltage ddas VR, VR,
Tygnauarinn  wa3 AD 624 (11 9) xgnidanidiu 2 wuy Ae deldvensuuy
DC-Amp w38 AC- Amp Ala TamBanlasin ‘
- DC Amp = ammma*nnmmuuuﬂ@uma (Direct Coupling) il
FyQnana AC uax DC mwsorwlUfime Amplifier l¢¥
- AC Amp ammﬁmﬂ:nnadmuuuumummuﬂi’i} (Capacitor Coupling)
lidygnm b gniwly uddygm ac mmmmu‘lﬂ‘lmwamlumﬂ Amplifier
ol
4.4.3.6 mydSuudsinom
lafiuaf AD 624 ldansanuuuldmansadaninueimvensle
lasidanain sw, (Detect Gain) Haanuuu'ly 3 ¢ e INMTIIUIR 100, 200,
500 Lwa'muum-muammwmﬁﬁﬂmn y Wwmalngdu  AD 624 leaanuunly
Cier Ci7 LIIWIRFYYIUTUNIUGN J89NTIIGUSE 1A @Y Wnuas AD 624
lenanuuuly ¢, vmihii sypass ammmmmumaammnm'nunmaanﬁm
Syouf Detect W n HTsC WYNAUTIBAILa1Y Shielded (Ratlaariu

U tyﬂmmmumq g NNLUan
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4.4.4 NN IUYDY u,

i 'umué'zyzywmﬁgna’qmmnmﬁvimaq AD 624 uszviwmiiiduag

IINTAANNTAHIU (Low Pass filter)
aruddfsansoiwlule dunaldnn
Fo, =1/2TR,C, =B,
"fm'lmqasvlﬁaanuuuvlf Fe, = 2 KH, 4 Voltage gam (A) = 22 tdygiu
ﬂ'mmaon'n 2.2 KH, 33qn short WA, = 1 Faugasi o 1> f, U, 3zv

wifiiu Buffer umaq

’
o~ o

ANWIEMIAT U, 9zdauLy Inverting Amp fifiinousinsveny = R/R,
Vo = ®NTNUIY offset voltage leean VR,

4.4.5 N13NUVBS U, (# 0p-07)

ﬁmmﬁ‘?‘immué’mmr‘uﬁ%’umn U, (116)  ansuzusouszuuuyy Non-
inverting Amp T@Uammmm U, atlauithen3 ‘Udlﬂum Noninverting v
YUY mmwnmﬂammnuauwn

nydfinsvmevas Us IUImuan A, = [Vpo+RGI/R ¢

mmaas"l@aanLLuu'lﬂmmmﬂ'mﬂmnmfn“l@ Tasmaiu v, Rataeilas
MuuTIeuigadudm (Saturation)  uazaunsamguInmetldnmIiuating
Range S,/, ‘mrﬂaaunu 1 Inverting 783 U, (11 2)
- M S, aumtmum 2 9zl U, yhmihfdu Noninverting Amp
Aifnausinsueme AVy = [Vgae+Rel/Rg
- 118,y agduniy 3 axvi it U, i fidiu Buffer Afinmuaims
V8 iunila (Unity Gain)
R4 mmmnmnmﬁmmmvua‘luaaauwn Rys Amhiiulnaavess Us
Vag PTILSUL 96 offset 109 U3

4.4.6 NI UV U, (# 0p07)

vmignsfitwdony U, lasfudygimien 6 vaq U, SNwoems
veneduuuy Noninverting Amp nmmmmunummm wdInY U, lasmsusy
Varo Wazdiuaing Range s,,,
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- T S,,, afeunds 1 il U, i Noninverting Amp fifi
INUANTUENY AV, = [Va,o+Rol/R,

- 1 S,,, atdumils 2,3 st U, vwiiliin buffer AfinausimIveny
iy wila (Unity Gain) ﬁﬂ'lﬁ'ﬁ'qjmﬂmmﬁwnﬁmmmLﬁﬂﬁuﬁuwmta:twmﬁmﬁu
nuuwn

Ry,  Fmiiiilu Load wad u,

R8 Y‘imﬁ'ﬂﬁi‘hﬁ'ﬂm:uﬂuSaauvgmaa u,

Vas  UTLUTIGU offset 19 U, Tﬂumm:ﬁ‘hiﬁé'mrynmmﬁ'aauvgn
(11 3 R ref.) uTIAULEWIWN (116) dasidu 0 voit Tamunsodsuldeae Vgs
4.4.7 N3N IUBEI Uy

v - a L o~ =l ve Y .
ﬁﬂﬁwmlﬂu’mi]ﬁﬂanm’l’uadthty’]m LWEJﬂEluJ.MﬂU A/D  ’INBUZNITABN

anfluvas  Invering  Amp lagduwnitvanan 6 289 U, inmainsues
fIUIUIN Avy = [R,5/R,,] = 1

D1, D2 ﬁﬂwﬁﬂfitﬂgéf'zL‘s'mm:uauum‘éoﬂﬁu (Half wave rectifilter) lag
2497 output aanuuvliariyniussdudmuinnuuuainiy (dhdasmaiariwniiln
Fnay lasninduda 0, b, WaseudufdelwrsmisasRudindidan
POLARITY)

Vas = Thmiifitfuusesn offset 1a4 Us

fygronaniundlénn U, Wuuuuededn  ifadselitumerLTER
(Cop)udraslWA/D mifAsuszauusadwiuuyy Digital
waemq Uy awnsodiwsanisnszusuuniduain (Ful Wave Rectifier) laaa
31J17'i 4.6

3Uf 4.6 FULL WAVE RECTIFIER



49

4.4.8MINNNABIY,

i Aduesinmusisusnidenei (Reference Voltage Regulator)n3a
U390 AC-GROUND $1aszduussaudndaud U,, U, U, , U, Us, A/D 3z@UUT
audndsmanTnUiuladev,,,v,,, fdsuuy Voltage Divider \Naa$aTzdy
WRIaUEIBIUri113 U89 Uy Fadauny Voltage follower (Buffer) ﬁw'l'ﬁlmﬁ%‘mﬁszé'u

ALUTIaH Bunn (1n3)

Cqq = YwhfinTesusadu a1 3 189 U, WrmamuGsunniue. danalt
output TrAUUTIGUTARIRGAY

Cyp = FmifinToausIcuszNG9 AC-GND 71 DC-GND

Ry; = vnmihfildulnaasesu,

Wgmg  TrauunIaudedined drlidaanTuuwden WlF Zener Diode uny

Var l0UTUIAUTIOUYDY Zener Diode mufidasnyle

4.4.9 A/D (ICL 71086)
Y‘hnvf'lﬁ'u_laiuuu.wé’uamﬁamﬂuuﬂé’uﬁﬁﬂaa'[@u%“ué’qrywmﬁgmmm:ua
wyunTIaduan Us #u Ry, Weranmunzualiinderas 9
W31 A/D eiasm3 nazus ldaduwnyTinaudnidas miniudslian IN HIGH
a‘z’tynumuﬂ‘%‘oﬂ?z‘uﬁuﬂﬂﬂé‘uumuﬂ?mmamuu.;imﬁnﬁﬂau'lv\”ﬁaﬁwﬁam@
wpnuasuliiuirdudygo dgital iiadsliiy Display fflu LoDuwL 3 '/,
wanszusaniueduas,  Ry,,C,, Amifiadis osc ur A/D, V., Hmiiafidiy
Calibrateluri A/D iRalWdrdaaafi Lco feIndidganuanuduaisiinniga

qmé’nﬂm: ICL7 106 (Features)

. [ A t - .
- Display uga1du o volts 1iialifdunn (i/p = o volts)
& a v v - -
- mmammmaamyryﬁm"l@gnﬂaa wzlu IC §7997 Null Detection 4
N EIATY

- M9 i/p NunTzuakasuIn ~ 10 PA

fWNIduMe  Display lalasat laglidasdagunsainauanta q

sanuuuliilasiunndyyimsunau (Low-noise) < 15 wv,

chip ldaanuuulilimenaiunsnseny cock usz Reference ey v
Wszaanlunmsldnm
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- gunsnlldvanuuulwiiunszuada ldggFondsauden < 10 mw
' v . Ve o o -

- lidaams1993 Active la 9 andarfiudmivladi

- #wneanuuuiuga Kit ladie tmanzlummeaaassng o

swgaztdaanaly

& 1 [ =
ICL7106,ICL 7107 iilu A/D Converter 3 2ubli muluaanuuuiiiu

LY
@ w

CMOS & MIUd active device 'Fifhmy TYNTANAATAT  7-segment , 70
Display, 7@ refernce Uaz7a clock

§mTU ICL7106  sanuuudwivdadany LCD uardIuvu Blackplane
(é’zynpmﬁa"u'ﬁv"zﬁﬂau’l'ﬁLCDLﬁa'zhu'lvTLCDﬁmqmﬂ'ﬁ’mumu%u), icL 7107 l&
BANUUUEMTUTY LED (NI2Ud o/p 3TFININICL 7106 )

w3l chip ldeanuuyliliaugndasgs (High Accuracy) Tasfl Auto-
Zero < 10 puv , ﬂ’nuﬂmmﬂsau <1 uv /°c NISUF i/p = 10 PA max , A7NHa

WRIGMIUFAINAUALNIT 1 naflay

NO¥ANUIIK A/D Converter 711414 ICL 7106 ICL 7107 ldwanms

A/D wyualaysg (Dual Slope)

2995 A/D wuvalailg
v | A (3 - -~ . . ' !
Bgaasluzud 4.7n> Fufluserdudinnaes (integrator circuit) WULWW
Cmlat o Y ¢ - < o - o v A
JuwgdninlffisyydnsoldumumisuiuiivasduaudAviamia i wrsesvensg
FYPIUUANAN R Uas C 'lmqaﬂﬂuqﬂnsrﬁﬁﬁﬁ'zyﬁﬁﬂﬁiﬁﬂn'ﬁm{aﬂszqLil")‘lﬂ'lu
v d -« o " e o -~ - -~ -
c ﬁw'lw“lﬂgﬂﬂaummumaan‘mLmnmﬂumsaumnmatytywmauvgm

———<1uIn

J UIIRUTIBEN

woud) _E°

nIMue
e <y

JUN 4.7<n> NeTBUAINTIAY
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FuuAduieu E, Jowhmeduna azifianszur i Tofid E/R Inaru R
W ldluaees m.uaum‘lu‘lwamaaﬂuawﬂ wmyaa1Juauﬂummmummnmm
vz marulumsadniuds: N C vanua Lﬂuua'lmnmumau C aa‘uuwau ‘j P
suvasaatuandazlandluih (u o Taart iidudaandsdasining §adiuusy
ountay ¢ Jadwussduaudaiouiunoud usadunean E, Favinuusadu
atey C Juluay ussduiifozdan 9 Rudwdan 9 uduas UTAUTID8NTDIN
whindaunuiiun1dufinsaussdurnd wnzdamdufinaaefiazldidu
oA unasmuiaan

53‘_
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(3) E.:Dwhawn

E, :k ' .: . UAZRU

el
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N 4.7<9> sﬂﬂavmaan

- (1) E,>0

51J'n 4.7<> uamsﬂﬂaumaanmao’miaumnmwaﬂaummuauwammo
9 \TU nsmauwmﬂumn mmauwmﬂuau ua*nmmauwmﬂummnua~au lay
Wuvan wu t, WA uaz uJu.aumut U AU mauwmﬂummmmwm,
dhduassidalatiinay wazdduwauavazldalatiiuuan mﬂmmfaum
msmﬁﬂmsauﬁmsmuua:aouum‘fm:‘ls’ﬂé’umdaTmJgj
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wiswioy E'I r‘E' l
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ﬂﬁ'n{aaammﬂﬁ 4.8 \uUuaaananmitiueasnees A/D u.uuaTmJﬂ'
auwmamwsaumnimaﬂﬂuuimu'lwmmﬂ E u,a:uanauwwuuﬂmmmu’lﬂ
NMAIU E,, auwmmaaam IhsduimansuazazndaiuaaIt AL99 73RN
t@ad ﬁ'l'lﬁﬁn'naumnmmuua:mLﬂu{ﬁm:ag@aaﬂnm 1BanNa E, 18929938u#
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ANALOG:
DEVICES .Precision Instrumentation Amplifier

AD624

FEATURES AD624 FUNCTIONAL BLOCK DIAGRAM
Low Noise: 0.2uV p-p 0.1Hz to 10Hz

Low Gain TC: 5ppm max (G = 1)

Low Nonlinsearity: 0.001% max (G = 1 to 200)

High CMRR: 130d8 min {G = 500 to 1000) ~puT
Low Input Offset Voltage: 25V, max

Low Input Offset Voltage Drift: 0.25uV/°C max
Gain Bandwidth Product: 25MHz G =200
Pin Programmable Gains of 1, 100, 200, 500, 1000
No External Components Required

Internally Compensated RG,

ADS24

10kst

10) BENSE

20air 10t

20k41 10%81 S ) QuTPUT

ovt
% ) HeFendace

PRODUCT DESCRIPTION PRODUCT HIGHLIGHTS

The AD624 is a high precision low noise instrumentation amplifier 1. The AD624 offers outstanding noise performance. Input
designed primarily for use with low level transducers, including noise is typically less than 4nV/VHz at 1kHz.

load cells, strain gauges and pressure transducers. An outstanding 2, The AD624 is a functionally complete instrumentation am-
combination of low noise, high gain accuracy, low gain temperature plifier. Pin programmable gains of 1, 100, 200, 500 and 1000
coefficient and high linearicy make the AD624 ideal for use in are provided on the chip. Other gains are achieved through
high resolution data acquisition systems. the use of a single external resistor.

The AD624C has an input offsct voltage drift of less than 0.25,V/ 3+ The offset voltage, offset voltage drift, gain accuracy and

°C, output offset voltage drift of less than 10pVFC, CMRR gain temperature coefficients are guaranteed for all pre-trimmed
above 80dB at unity gain (130dB at G =500) and a maximum gaws. . . .

nonlinearity of 0.001% at G = 1. In addition to these outstanding 4+ The AD624 provides totally independent input and output
dc specifications the AD624 exhibits superior ac performance as off’se.t x.:ullmg terminals for high precision ?pphat.xons. This
well. A 2SMHz gain bandwidth product, 5V/us slew rate and minimizes the effect of offset voltage in gain ranging

15ps settling time permit the use of the AD624 in high speed appicatons. ) L
darta acquisition applications. 5. A sense terminal is provided to enable the user to minimize

the errors induced through long leads. A reference terminal

The AD624 does not need any external components for pre- is also provided to permit level shifting at the output.

trimmed gains of 1, 100, 200, 500 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 set the 624’s gain to any value in the range of 1
to 10,000. '
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=1V, R = kQ and T, = +25°C unless atherwise specified)

SPECIFICATIONS .

Min

AD624A
Typ

Max

Min

ADé624B
Typ Max

Min

ADS24C
Typ

Max

ADE24S

Min Typ

Max

Units

GAIN
Gain Equation
(External Resistor Gain
Programming)

Gein Range (Pin Programmabic)
Gtin Error

G=1

G =100

G = 200, 500

G = 1000
Noalinearity

G=1

G = 100200

G = 500, 1000
Gain va, Temperature

G=1

G = 100,200

G = 500, 1000

[

49

110 1000

000
—l-—n]:zox
Re

*0.05
£0.25

%10

[

40,000
—'-—H]:zou
Re

110 1000

=0.03
=0.15
£0.35
=1.0

=0.003
=0.003
=0,005

[ ‘OR.GON

e

1to 1000

20%

=0.02

=10

40,000

[i—{-l]:m‘%

1101000

20,05
=025
%0.5
£1.0

=0.005
=0.005
=0.003

RERR

AR

ppm/*C
ppavC
ppavC

VOLTAGE OFFSET (May be Nulled)
Inpuc Offset Voluge .
vs. Temperature
Qurput Offact Voltage
vi. Temperature
Offset Referred to the
Input vs. Supply
G=1
G = 100,200
G = 500, 1000

70

100

75
105
110

110
115

75
105
110

nv
pV/AC
mV
wVrrC

E&S

INPUT CURRENT
Input Bias Current
vs. Temperature
Input Offset Curcent
vs. Temperature

=50

=25

=15

=15

=10

pASC

pASC

INPUT

Input Impedance
Differeatial Resistance
Differential Capacitance
Common-Mode Resisuance
Common-Mode Capacitnce

Input Voltage Range
Max Differ. lnput Linear (Vo)

Max Commoan-Mode Linear(Vey)
Common-Mode Rejection de
10 60Hz with 1k} Source Imbalance
G=1
G = 100,200
G = 500, 1000

12v -

70
100
110

10

10°
10

x10

12V - (?— x v,,)

78
105

12v - (g xVp

110

10°

10"
10

=10

2v- (-zq- xvn)

B&&

QUTPUT RATING
Vour, Ry = 2k}

<

DYNAMIC RESPONSE
Small Signal - 3dB
Gel
G =100
G = 200
G = 500
G = 1000

x
X
~

EEEE
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Model AD624A AD624B AD624C AD$245
Min Typ Max Mia Typ © Max Min Typ Max Min Typ Max Units
Slew Rate 3.0 3.0 5.0 5.0 Vius
Sewding Time 1o 0.01%, 20V Step
G = 110200 13 13 13 13 ns
G = 500 s 33 s 35 ns
G = 1000 - 78 75 73 73 1)
NOISE
Voltage Noise, IkHz
R.T.L ] 4 4 4 aVIVHz
R.T.O. 7$ 73 73 75 avrviz
R.T.I1,0.11010Hz
G=1 10 10 10 10 WVpp
G=100 0.3 0.3 0.3 0.3 wpp
G = 200, 500, 1000 0.2 0.2 0.2 0.2 WYp-p
Current Noise
0.1Hzto 10Hz 60 60 60 60 pAp-p
SENSEINPUT
Rin 3 0 12 ) 10 12 8 10 12 8 10 12 kN
lin 30 30 30 30 nA
Voltage Range =10 =10 =10 =10 v
Gain to Qutput _ 1 1 i 1 %
REFERENCE INPUT
Ren 16 20 24 16 0 24 i6 20 U1 16 20 2 L1t
Iin 30 30 30 30 nA
Volusge Range =10 =10 =10 =10 v
Gain 10 Output 1 1 1 1 %
TEMPERATURE RANGE
Specified Performance -2 + 85 -25 +85 -2 +85 -35 +128 *C
Storage ~65 +150 —-65 + 150 - 65 +130 ~63 + 150 °C
POWER SUPPLY
Power Supply Range z6 =13 =18 x6 =15 =18 =6 =15 z138 =6 =13 =18 v
Quiescent Current 35 H 35 H 18 H 5 mA
PACKAGE!'
Ceramic(D-16) ADS2A AD6248 AD624C AD624S
NOTES

'See Section 18 for package oudine i

<

Specitications subject to change without notice.

shown in boldface are tested on all production units at final
electrical test. Reaules from. those tests are used to calculate ourgoing quality
levels. All inin and max specifications are guaranceed, although only thase
shown in boldface sre tested on all production units.

PIN CONFIGURATION

-weur (1] i8] aG,
+weut (7] 15 ] outruT nuLL
re, [3] 1e] ouTPuT ML
ADS62e
eyt nuw (7] 3] 6 = 100
goro
on
weur nu, [3] 17) a =200 302108
GAIN
nererence [ | T1] 6 =500
-V, E 10] SENsSE
*Va E [Floumur  ron Gam of 1000 sHORT Ra, 1o P 12
AND PINS 11 AND 13 TO AG,

INSTRUMENTATION AMPLIFIERS 4-51




Typical Characteristics
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Theory of Operation

The AD624 is a 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 QI1-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 == + 1, The value of Rg also sets the transconductance
of the input preamp stage increasing it asymptotically to the
transconductance of the input transistors as Rg is reduced for
larger gains.. This has three important advantages. First, this
approach allows the circuit to achieve a very high open loop
gain of 3x 10® at a programmed gain of 1000 thus reducing gain
related errors to 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 to a value determined by the collector current of the
input transistors for an RTI noise of 4aV/VHZ at G = 500.

Figure 26. Noise Test Circuit

INPUT CONSIDERATIONS"

Under input overload conditions the user will see Rg+ 1000
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 maximum overload 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 voltage.
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Figure 27. Simplified Circuit of Amplifier; Gain is Defined as
({R56 + R57)/(Rs) + 1. For a Gain of 1, Rg is an Open Circuit.

The ADS524 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 to augment the internal (5002) 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 stll provide 10mA of current limiting under
maximum continuous overload conditions. In selecting the value
of these resistors, the internal gain setting resistor and the 1.2
volt drop need to be considered. For example, to protect 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 4040); the internal protect resistor is 1000. There is a 1.2v
drop across D1 or D2 and the base-emitter junction of either

Q1 and Q3 or Q2 and Q4 as shown in Figure 27, 14000

of external resistance would be required (700Q in series with
cach input). The RTI noise in this case would be
VA4KTR;, + 4nVIVHzZ) = 6.20VIVE:.

INPUT OFFSET AND OUTPUT OFFSET

Voltage offset specifications are often considered a figure of
merit for instrumentation amplifiers. While initial offset may be
adjusted to zero, shifts in offset voltage due to temperacure
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




directly proportional to gain i.e., input offset as measured at the
output at G = 100 is-100 times greater than at G = 1. Queput
offset is independent of gain. At low gains, output offset drift is
dominant, while at high gains input offset drift dominates.
Therefore, the output offset voltage drift is normally specified
as drift at G = 1 (where input effects are insignificant), while
input offset voltage drift is given by drift specification at a high
gain (where output offset effects are negligible). All input-related
numbers are referred to the input (RTT) which is to say that the
effect on the output is “G" times larger. Voltage offset vs. power

supply is also specified at one or more gain settings and is also
RTI.

By separating 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.L) or output (R.T.0.) by the following formula:

Tortal Error R.T.I. =

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

input error + (output error/gain)

As an illustration, a typical AD624 might have a +250pV output
offset and a ~50pV input offset. In a unity gain configuration,
the roral output offset would be 2001V or the sum of the two.
At a gain of 100, the output offset would be —4.75mV or:
+250pV + 100(—50nV) = —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-wrimmed 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 coefficient 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

~INPUT ©

Vour

OUTPUT
O SIGNAL
COMMON
+INPUT O

Figure 28. Operating Connections for G =200

Applying the AD624

Temperature
Gain Coefficient  Pin3
(Nominal) (Nominal) toPin  ConnectPins
1 -1.5ppm”C - -
100 - 1.5ppm/”C 13 -
125 —5ppm/°C 13 11t016.
137 —5.5ppm/°C 13 11012
186.5 -6.5ppm/°C 13 I1tol12t016
200 —3.5ppm°C 12 -
250 -5.5ppm/C 12 11013
333 —1Sppm/°C 12 ilwlé
375 -0.5ppm/°C 12 131016
500 —10ppm/°C 11 -
624 —Sppm/°C 11 13to 16
688 - 1.5ppm”C 11 11wo12;131w016
831 +4ppm/°C 11 161012
1000 Oppm/*C 11 161012;131011
Table I~

pins 3 and 16 programs the gain according to the formula

Rg = G-I (se 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 R57.
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
interconnections.
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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
precisely set the gain without affecting CMRR. CMRR is deter-
mined by the match of Rl and R3.
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Figure 30. Gain of 2500
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NOISE

The AD624 is designed to provide noise performance near the
theoretical noise floor. This is an extremely important design
criteria as the front end noise of an instrumentation amplifier is
the ultimate limitation on tne resolution of the data acquisition
system it is being used in. There are two sources of noise in an
instrument amplifier, the input noise, 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 unaitered; 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) voltage noise due to the output
stage is 10uV p-p, the contribution of the input stage is 0.2V
p-p. At a gain of 10, the RTT voltage noise would be 1.V P-ps
VI + (0.2 The RTO voltage noise would be 10,2V
PP, ‘(/102 + (0.2 (G))X. 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 1o signal voltage and temperature.) Input
offset current is the difference between the two input bias currents.
The effect of offset current is an input offset voltage whose
magnitude is the offset current times the source resistance.

Although instrumentation amplifiers have differential 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 to saturate. Therefore,
when amplifying “floating” input sources such 2s transformers
and thermocouples, as well as ac-coupled sources, there must
still be a dc path from each input to ground, (see Figure 31).
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Figure 31a. Transformer Coupled
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Figure 31b. Thermocouple
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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 equal amounts. These
specifications are usually given for a full-range input voltage
change and a specified source imbalance. “Common-Mode Re-
jection Ratio” (CMRR) is a ratio expression while “Common-Mode
Rejection” (CMR) is the logarithm of that ratio. For example, a
CMRR of 10,000 corresponds to a CMR of 80dB.

In an instrumentation amplifier, ac common-mode rejection 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 phase shift due to varied
stray capacitances or cable capacitances. In many applications
shielded 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
differential phase shift.

ReFeRencE

Figure 32. Shield Driver, G = 100

10013

Figure 33. Differential Shield Driver

GROUNDING

Many data-acquisition components have two or more ground
pins which are 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
errcrs (see 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 amplifier output. If heavy load currents are to be
drawn through long leads, voltage drops due to current flowing
through lead resistance can cause errors. The sense terminal can
be wired to the instrument amplifier at the load thus putting the
IxR drops “inside the loop” and virtually eliminating this error
source.

Figure 35. AD624 Instrumentation Amplifier with Output
Current Booster

Typically, IC instrumentation amplifiers are rated for a full

%10 volt output swing into 2kQ2. 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 significantly degrading overall performance.
The effects of nonlinearities, offset and gain inaccuracies of the
buffer are reduced by the loop gain of the IA output amplifier.
Offset drift of the buffer is similarly reduced.

REFERENCE TERMINAL

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

Figure 36. Use of Reference Terminal to Provide Output
Offset

When the IA is of the three-amplifier configuration it is necessary
that nearly zero impedance be presented to the reference terminal.
Any significant resistance, including those caused by PC layouts
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 rejection of
the IA. Inadvertent thermocouple connections created in the
sense and refezence lines should also be avoided as they will
directly affect the output offset voltage and output offset voltage
drift.

In the AD624 a reference source resistance will unbalance the
CMR trim by the ratio of 10kQ}/Rgger. For example, if the reference
source impedance is 102, CMR will be reduced to 80dB (10k)/
102 =80dB). An operational amplifier 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 offset voltage performance of the in-
strumentation amplifier.

An instrumentation amplifier can be turned into a voltage-to-cur-
rent converter by taking advantage of the sense and reference
terminals as shown in Figure 37.

Figure 37. Voltage-to-Current Converter

By establishing a reference ac the “low” side of a current setting
resistor, an output current may be defined as a function of
input voltage, gain and the value of that resistor. Since only a
small current is demanded at the input of the buffer amplifier
Ag, the forced current Iy, will largely flow through the load.
Offset and drift specifications of A, must be added to the output
offset and drift specifications of the IA.

PROGRAMMABLE GAIN

Figure 38 shows the AD624 being used as a software programmable
gain amplifier: Gain switching can be accomplished with mechani--
cal switches such as DIP switches or reed relays. 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.
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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 to 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 AD547 used as an active attenuator in the
output amplifier’s feedback loop. The active attenuation presents
a very low impedance to the feedback resistors therefore minimiz-
ing the common-mode rejection racio degradation.
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DAC. The AD7528 dual DAC which acts essentially as a pair of
switched resistive attenuators having high analog linearity and
symmetrical Ripolar transmission is ideal in this application.
The multiplyipg DAC’s advantage is that it can handle inputs of
either 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).

Figurg'39. Programmable Output Gain
Another methdd for developing the switching scheme is to use a
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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
Jeta in high gain configurations. At room temperature the offset
effects can be nulled by the use of offset 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.

Figure 42. Auto-Zero Circuit



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 one to the A/D reference, the proper program calibration
cycles can eliminate both initial accuracy errors and accuracy
errors over temperature. The auto-zero cycle, in this application,
converts a number that appears to be ground and then writes
that same number (8 bit) to the AD7524 which eliminates the
zero error since its output has an inverted scale. The auto-gain
cycle converts the A/D reference and compares it with full scale.
A multiplicative correction factor is then computed and applied
to subsequent readings.

conmoL

MICRO-
PROCESOR

ADOAESS BUS

Figure 43. Microprocessor Controlled Data Acquisition
System

WEIGH SCALE

Figure 44 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 10% transducer sensitivity tolerance. The high linearity
and low noise of the AD624 make it ideal for use in applications
of this type 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 system {0 remove
offsets, gain errors, and drifts making possible true |4-bit
performance.

LAY, K2 ene R) SELICTED FOR ADSSL OUTIUT WV & 1

Figure 44. AD624 Weigh Scale Application

AC BRIDGE

Bridge circuits which use dc excitation are often plagued by
errors caused by thermocouple effects, Uf noise, dc drifts in the
clectronics, and line noise pick-up. One way (o get around 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 dc signal at the
output of the synchronous demodulator. The low frequency
system noise, dc 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
IMeg 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 demodwlator and the bottom trace is the
filtered dc system ourtpur.’

This system can easily resolve a 0.5ppm change in bridge im-
pedance. Such a change will produce a 6.3mV change in the low
pass filtered dc 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
is 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.

Figure 45. AC Bridge
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Figure 46. AC Bridge Waveforms
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+10V

Figure 47. Typical Bridge Application

ERROR BUDGET ANALYSIS .

To illustrate how instrumentation amplifier specifications are
applied, we will now examine a typical case where an AD624 is
required to amplify the ourput 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
IA feeds a 14-bit A to 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
the operating range is from ambient to + 85°C (85°C-25°C
=60°C).

In many applications, differential linearity 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 value. 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 a auto-gain/
auto-zero cycle will remove all reducible errors and may eliminate
the requirement for initial calibration. This will also reduce
errors to 0.002%.

Effecton Effecton
Absolute Absolute Effect
AD624C Accuracy Accuracy on
Error Source Specifications  Calculation at Ty = 25°C atT, = 85°C Resolution
Gain Error +0.1% +0.1% = 1000ppm 1000ppm 1000ppm -
Gain Instability 10ppm (10ppm/°C)(60°C) = 600ppm - 600ppm -
Gain Nonlinearity +0.001% +0.001% = 10ppm - - 10ppm
Input Offset Voltage =25uV,RTI *25uV/20mV = +1250ppm 1250ppm 1250ppm -
Input Offset Voltage Drift =0.25uV/rPC (£0.25uVPCY60°C) = 150V
15uV/20mV = 750ppm - 750ppm -
Output Offset Voltage! =2.0mV +2.0mV/20mV = 1000ppm 1000ppm 1000ppm -
Output Offset Voltage Drift! = 10pV,C (% 100 V/PCY60°C) = 600V
600.V/20mV = 300ppm - 300ppm -
Bias Current - Source +15nA (= 15nAX50) = 0.075uV
Imbalance Error 0.075uV/20mV = 3.75ppm 3.75ppm 3.75ppm -
Offset Current~Source *10nA (£ 10nAXS8) = 0.050uV
Imbalance Error 0.0501.V/20mV = 2.5ppm 2.5ppm 2.5ppm -
Offset Current - Source +10nA (10nAX175Q) = 3.5uV
Resistance - Error 3.5uV/20mV = 87.5ppm , 87.5ppm 87.5ppm -
Offset Current— Source + 100pAr-,C (100pA/PCY1750X60°C) = 1uV
Resistance - Drift 1uV/20mV = 50ppm - S0ppm -
Common Mode Rejection 115dB 115dB = 1.8ppm X 5V = 9V
SVde 9uV/20mV = 444ppm 450ppm 450ppm -
Noise, RTI
(0.1-10Hz2) 0.22pVp-p 0.22uV p-p/20mV = 10ppm - - 10ppm
Total Error 3793.75ppm 5493.75ppm 20ppm

'Output offset voltage and outpuc offset voltage drift are given as RTI figures.

Table Il. Error Budget Analysis of AD624CD in Bridge Application
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@ ANALOG
DEVICES

Low Cost
‘High Accuracy IC Op Amps

AD741 SERIES

FEATURES
Precision Input Characteristics
Low Vet 0.5mV max (L)
Low Vs Drift: 5uV/°C max (L)
Low Ip: 50nA max (L)
Low lgs: SnA max (L)
High CMRR: 90dB min (K, L)
High Output Capability
Aol = 25,000 min, 1k load {J, S)

Tmin 1© Tmax
Vo = £10V min, 1k$2 load (J, S)

GENERAL DESCRIPTION

The Analog Devices AD741 series are high performance
monolithic operational amplifiers. All the devices feature
full short circuit protection and internal compensation.

The Analog Devices AD741], AD741K, AD741L and AD741S
are specially tested and selected versions of the standard
AD741 operational amplifier. Improved processing and ad-
didonal electrical testing guarantee the user precision perform-
ance at a very low cost. The AD741], K and L substantally
increase overall accuracy over the standard AD741C by pro-
viding maximum limits on offset voltage drift and significantly
reducing the errors due to offset voltage, bias current, offset
current, voltagc gain, power supply rejection, and common
mode-rejection. For cxample the AD741L features maximum
offset voltage drift of 5uV/°C, offset voltage of 0.5mV max,
offset current of S5nA max, bias current of SOnA max, and a
CMRR of 90dB min. The AD741S offers gua.rantecd perform-
ance over the extended temperature range of -55°C-to
+125°C, with max offset voltage drift of 15uV/°C, max off-
set voltage of 4mV, max offset current of 25nA, and a mini-
mum CMRR of 80dB.

AD741 SERIES FUNCTIONAL DIAGRAMS

TO-99

OFFSET NULL

INVERTING INPUT OUTPUT

OFFSET NULL

NOTE: PIN & CONNECTED TO CASE

NONINVERTING INPUT

TOP VIEW -
8-Pin Mini-DIP
ofsser nuw 7] U (8] nc
INVERTING iNPUT [Z] [7] vs
NONINVERTING INPUT E * (e] outpur
v-[4] [6] oFFseT NULL
TOP VIEW

HIGH OUTPUT CAPABILITY

Both the AD741] and AD7418S offer the user the additional
advantages of high guaranteed output current and gain at low
values of load impedance. The AD741] guarantees a
minimum gam of 25,000 swinging 10V into a 1k§2 load
from 0 to +70°C. The AD741S guarantees a mmunum gain
of 25,000 swinging 10V into a 1kQQ load from -55°Cto
+125°C.

All devices feature full short circuit protection, high gain, high
common mode range, and internal compensatlon The
AD741] K and L are specified for operation from 0 to
+70°C, and are available in both the TO-99 and mini-DIP
packnges The AD7415 is specified for operation from

—55°C to +125°C, and is available in the TQ-99 package.
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SPEC'F'CAT'ONS {typical @ +25°C and +15V dc, unless otherwise specified)

AD741C AD7414 AD741) .
Mode] Min Typ Max Min Typ Max Min Typ Max Unics
OPEN LOOP GAIN
Ry = 1k§2, Vg = £10V 50,000 200,000 vrv
Ry, = 2k, Vg = 10V 20,000 200,000 50,000 200,000 vrv
Ta = min to max Ry = 2k§2 15,000 25,000 25,000 viv
OUTPUT CHARACTERISTICS
Voltage @ Ry a 1k, T4 = min to max £10 +13 v
Voltage @ Ry, = 2k§2, Tp = min to max | £10 213 *10 13 'y
Short Circuit Current 25 25 25 mA
FREQUENCY RESPONSE
Unity Gain, Small Signal 1 1 1 MHz
Full Power Response 10 ’ 10 10 kHz
Slew Rate 0.5 0.5 0.5 Vius
Transient Response (Unity Gain)
Rise Time Cy, < 10V p-p 0.3 0.3 0.3 Ms
Overshoot X 5.0 5.0 %
INPUT OFFSET VOLTAGE
Initial, R < 10k$2, Adj. 1o Zero 1.0 6.0 1.0 5.0 1.0 30 mv
Ta = min to max 1.0 7.5 1.0 6.0 4,0 mV
Average vs. Temperature (Uncrimmed) 20 uvsec
vs, Supply, Ta .= min to max 30 100 uviv
" INPUT OFFSET CURRENT
Enicial 20 200 20 200 5 50 nA
Ta = min to max ' - 40 . 300 8s 500 100 nA
Average vs, Temperature i i - 0.1 na/°c
INPUT BIAS CURRENT ) .
Inicial 80 500 80 500 40 200 nA
Ta = min to max 120 800 300 1,500 400 nA
Average vs, Temperature 0.6 nA/°C
INPUT IMPEDANCE DIFFERENTIAL 0.3 2.0 0.3 2.0 1.0 MQ
INPUT VOLTAGE RANGE!
Differential, max Safe +30 v
Common Mode, max Safe £12 £13 12 13 £15 v
Common Mode Rejection,
Rg = € 10kQ2, T4 = min o max,
Vpy = 212V 70 90 70 90 80 90 dB
POWER SUPPLY
Rared Performance 215 115 *18 \%
Operating 15 *18 v
Power Supply Rejection Ratio 30 150 30 150 HVIV
Quiescent Current 1.7 2.8 1.7 2.8 2.2 3.3 mA
Power Consumption 50 85 50 85 50 85 mwW
TaA = min 60 100 mw
Ta = max 45 75 mwW
TEMPERATURE RANGE
Operating Rated Performance 0 +70 -55 +125 0 +70 °c
Storage -65 +150 -65 +150 -65 +150 °c
NOTES
' For supply voltages less then 15V, the absoluce maximum input voltage is equal to the supply volcage. Speclﬁuu’_ons shown in boldface are tested on all production units at
Specificacions subject to change without notice. final clectrical test. Results from thosc rests are used co calculate out-

going quality levels. All min and max specificacions are guaranteed,
although only those shown in boldface are ested oa all production
units,

Standard Nuliing Offset Circuit
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AD741K AD741L AD741S
Model Min Typ Max Min Typ Max Min Typ Max Units
OPEN LOOP GAIN ‘
Ry = 1k, Vg = 210V 50,000 200,000 vIiv
R = 2k, Vo = £10V 50,000 200,000 50,000 200,000 \7A4
Ta = min to max Ry, = 2kQ2 25,000 25,000 25,000 viv
OUTPUT CHARACTERISTICS
Voltage @ Ry = 1kQ2, T4 = min to max v
Voltage @ Ry = 2k{2, To = min to max | +10 %13 £10 t13 £10 *13 v
Short Circuit Current 25 25 25 mA
FREQUENCY RESPONSE
Unity Gain, Small Signal 1 - 1 1 MHz
Full Power Response 10 10 10 kHz
Slew Rate 0.5 0.5 . 0.5 Vius
Transient Respone (Unity Gain) .
Rise Time 0.3 0.3 0.3 Hus
Overshoot 5.0 5.0 5.0 %
INPUT OFFSET VOLTAGE
Initial, Rg < 10k§2, Adj. to Zero 0.5 2.0 0.2 0.5 1.0 2 mV
Ta = min to max 3.0 1.0 4 mV
Average vs. Temperacure (Untrimmed) 6.0 15.0 2.0 5.0 6.0 15.0 uvs’c
vs. Supply, T4 = min to max 5 15.0. 5 15.0 30 100 uviv
INPUT OFFSET CURRENT
Inicial 2 10 2 H 2 10 nA
Ta = min to max 15 10 25 nA
Average vs. Temperature 0.02 0.2 0.02 0.1 0.1 0.25 na/’c
INPUT BIAS CURRENT
Inidal 30 75 -30 50 30 75 nA
Ta = min to max 120 100 250 nA
Average vs, Temperacure 0.6 1.5 0.6 1.0 0.6 2 nA/C
INPUT IMPEDANCE DIFFERENTIAL 2 2 2 MQ
INPUT VOLTAGE RANGE!
Differential, max Safe 30 *30 30 v
Common Mode max Safe £15 215 *15 v
Common Mode Rejection,
Rs € 10k§2, T4 = min to max
Viy = £12V 90 100 90 100 90 100 dB
POWER SUPPLY
Rated Performance %15 *15 15 \4
Operating +5 22 15 22 x5 £22 v
Power Supply Rejection Radio nvIiv
Quiescent Current 1.7 2.8 1.7 2.8 2.0 2.8 mA
Power Consumption 50 85 S0 8s 50 -4 mW
Ta = min 60 100 mw
Ta = max 75 115 mw
TEMPERATURE RANGE
Operating Rated Pecformance 0 +10 0 +70 -55 +125 °c
Storage -65 +150 -65 +150 -65 +150 ‘c
NOTES
' For supply voltages less than =15V, the absolute maximum input voltage is equal to the supply voltage. Specifi shown in boldface are tested on all production unics ac
Specifications subject to change without notice. ﬁn'al electrical test, Resul:} from those tests are. used o calculace ouz-
going quality levels. All min and max specifications are gusranteed,
although only those shown in boldface ace tested on all production
units
ORDERING GUIDE ABSOLUTE MAXIMUM RATINGS
Temperacure Package Initial Off-
Model Range Options® Set Voltage Absolute Maximum Ratings AD741,),K,L,§ AD741C
AD741CN 0to +70°C Mini-DIP (N-8) 6.0mV Supply Voltage +22V 18V
AD741CH 010 +70°C TO-99 (H-08A) 6.0mV Intemal Power Dissipation 500mw' 500mwW
AD741JN 010 +70°C Mini-DIP (N-8) .omv Differential Input Voltage +30v 30V
AD741JH 010 +70°C TO-99 (H-08A) 3.0mvV Input Volrage +15V 15V
AD741KN 0 to +70°C Mini-DIP (N-8) 2,0mV Storage Temperacure Range -65°Cto «150°C  -65°C 1o +150°C
AD741KH 0to +70°C TO-99 (H-08A) 2.0mV Lead Temperature 300°C 300°C
AD741LN 010 +70°C Mini-DIP (N-8) 0.5mV (soldering, 60 seconds)
AD741LH 010 +70°C TO-99 (H08A) 0.5mV Output Short Circuit Duration  Indefinite? Indefinite
AD741H -55°Cto +125°C TO-99 (H08A)  5.0mV NOTES
AD741SH -55°Cto +125°C  TO-99 (H-08A) 2,0mV ! Rating applies for case temperature to +125°C. Derate TO-99 linearity

*See Section 16 for package oudine information.

at 6.5mW/°C for ambient temperacures above +70°C,
? Radng applies for shorts to ground or cither supply at case emperacures
10 +125°C or ambient temperacures to +75°C.
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Typical Performance Curves
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ANALOG
DEVICES

Ultralow Offset.
Voltage Op Amp

AD 0P-07

FEATURES

Ten Times More Gain than Other OP-07 Devices
{3.0M min)

Ultralow Offset Voltage: 10pV

Ultralow Offset Voltage Drift: 0.2V/C

Ultrastable vs. Time: 0.2pVrC

Ultralow Noise: 0.35p.V p-p

No External Components Required

Monolithic Construction

High Common-Mode Input Range: *14.0V

Wide Power Supply Voltage Range: =3V to =18V

Fits 725, 108A/308A Sockets

Military Parts and Plus Parts Available

8-Pin Plastic Mini-Dip, Cerdip, Small Qutline or
TO-99 Hermetic Metal Can

Available in Wafer-Trimmed Chip Form

PRODUCT DESCRIPTION

The AD OP-07 is an improved version of the industry-standard
OP-07 precision operational amplifier. A guaranteed minimum
open-loop voltage gain of 3,000,000 (AD OP-07A) represents
an order of magnicude improvemenc over older designs; this
affordsincreased accuracy in high closed-loop gain applica-
tions. Typical input offset voltages as low as 10pV, typical
bias currents of 0.7nA, internal compensation and device pro-
tection eliminate the need for external components and
adjustments. An inpuc offset voltage temperature coefficient
of 0.2uv/°C (typ) and long-term stability of 0.2uV/month
(typ) eliminate recalibration or loss of inirial accuracy.

A truc differential operational amplifier, the AD OP-07 hasa
high common-mode input voltage range (£13V, min) common-
mode rejection ratio (typically up to 126dB) and high differen-
tial input impedance (50MQ typ); these features combine to

- assure high accuracy in noninverting configurations. Such
applications include instrumentacion amplifiers, where the
increased open-loop gain maintains high linearity at high
closed-loop gains.

The AD OP-07 is available in five performance grades. The AD
OP-07E, AD OP-07C and AD OP-07D are specified for opera-
tion over the 0 to +70°C temperacure range, while the AD
OP-07A and AD OP-07 are specified for -55°C to +125°C
operation. All devices are available in either the TO-99
hermetically sealed metal cans or the hermetically sealed
cerdip packages, while the industrail grades are also available
in plastic 8-pin mini-DIPs and small outline packages.

AD OP-07 CONNECTION DIAGRAMS

TO-99 (H) Package

w

Plastic Mini-DIP (N) Package
and
Cerdip (Q) Package

OFFSET
NULL

OFFSET
NULL

n +Vy

-IN nl
sin (2] [ ] oureur
i [

NC = NO CONNECT
TOP VIEW

-vy
NC = NO CONNECT
TOP VIEW

Small Outline (R) Package

OFFSET
NULL Dq 1 s LT NuLL

=1 T3 vy,
+IN O I OUTPUT

-vg e |« [] = == ¥ Y

NC = NO CONNECT
TOP VIEW

PRODUCT HIGHLIGHTS

1. Increased open-loop voltage gain (3.0 million, min) results
in better accuracy and linearity in high closed-loop gain
applications.

2. Ultralow offset voltage and offset voltage drift, combined

with low input bias currents, allow the AD OP-07 to main-
tain high accuracy over the entire operating temperatuce
range.

3. Internal frequency compensation, ulcralow input offset

voltage and full device protection eliminate the need for
-additional compopents. This reduces circuit size and com-
plexity and increases reliability.

4. High'input impedances, large common mode input voitage

range and high common mode rejection ratio make the
AD OP-07 ideal for noninverting and differential instrumen-
tation applications.

5. Monolithic construction along with advanced ciceuit design

and processing techniques result in low cost.

6. The input offset voltage is teimmed at the wafer stage, Un-

mounted chips are available for hybrid circuir applications,
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SPEC'F'CATIONS (T, = +25°C, Vg= = 15V, unless otherwise specified)

Mode! AD OP-07E AD OP-07C AD OP-07D
Parameter Symbol Min Typ Max Min Typ Max Min Typ Max
OPEN LOOPGAIN Avo 2,000 5,000 1,200 4,000 1,200 4,000
1,800 4,500 1,000 4,000 1,000 4,000
300 1,000 300 1,000 300 1,000
OUTPUT CHARACTERISTICS
Maximum Qutput Swing Vom *=12.5 =13.0 =120 =13.0 =120 =13.0
=120 =128 =115 =128 =115 =12.8
=105 =12.0 =12.0 )
*120 =126 =11.0 =126 =110 =126
Open-Loop Output Resistance | Ry, 60 60 60
FREQUENCY RESPONSE
Closed Loop Bandwidth BW 0.6 0.6 0.6
Stew Rate SR 0.17 0.17 0.17
INPUT OFFSET VOLTAGE
Initial Vos 30 75 60 150 60 150
45 130 85 250 85 250
Adjustment Range =4 =4 +4
Average Drift
No External Trim TCVs 0.3 1.3 0.5 1.8 0.7 2.5
With External Trim TCVosn 0.3 1.3 0.4 1.6 0.7 2.5
Long Term Stabilitv V(./Time 0.3 1.5 0.4 2.0 0.5 3.0
INPUT OFFSET CURRENT
Initial {os 0.5 38 0.8 6.0 0.8 6.0
. 0.9 5.3 1.6 8.0 1.6 8.0
Average Drift TClos 8 35 12 50 12 S0
INPUT BIASCURRENT
Initial In =1.2 =4.0 =1.8 *7.0 =20 12
. =15 =5.5 =22 *9.0 =30 =14
Average Drift TClg 13 35 18 S0 13 50
INPUT RESISTANCE
Differential Rin 15 S0 8 33 7 31
Common Mode Rines 160 120 120
INPUT NOISE
Voltage €. p-p 0.35 0.6 0.38 0.65 0.38 0.65
Voltage Density [N 10.3 18.0 10.5 20.0 10.5 20.0
10.0 13.0 10.2 13.5 10.2 13.5
9.6 11.0 9.8 1.5 9.8 1.5
Current in PP 14 30 15 35 15 35
Current Density in 0.32 0.80 0.35 0.90 0.35 0.90
0.14 0.23 0.15 0.27 0.15 0.27
0.12 0.17 0.13 0.18 0.13 0.18
INPUT VOLTAGE RANGE
Common Mode CMVR =130 = =13.0 =140 =130 =
+13.0 =1 =13.0 =135 *13.0 =
Common-Mode Rejection N
Ratio CMRR 106 123 100 120 94 110
. 103 123 97 120 94 106
POWERSUPPLY
Current, Quiescent I 3.0 4.0 3.5 5.0 35 5.0
Power Consumption Pn 90 120 105 150 105 150
6.0 9.0 6.0 9.0 6.0 9.0
Rejection Ratio PSRR’ 94 107 90 104 90 104
90 104 86 100 86 100
OPERATING TEMPERATURE
RANGE Teowns Tenan| 0 +70 0 +70 0 +70
PACKAGE OPTIONS? ’
Small Oudine (R-8) ADOP-07CR X
Plastic Mini-DIP (N-8) ADOP-O7EN ADOP-07CN ADOP-07DN
Cerdip(Q-8) ADOP-07EQ ADOP-07CQ ADOP-07DQ
TO-99 (H-08A) ADOP-07EH ADOP-07CH AD OP-07DH

NOTES

'Inpuc Offset Voltage measurements are performed by

d test

appr

power. Additionally, the AD OP-07A offsct voltage is guaranteed fuily warmed up.

Long -Term Input Offsec Voltage Stability refers to the averaged trend line of Vo vs. Time over extended periods of time

ly 0.5 seconds after application of

and is extrapolated from high temperature test data, Excluding the initial hour of operation, changes in Vg during the first
30 operating days are typrcally 2.5uV - Parameter is not 100% tested: 90% of units meet this specification.
*See Section 16 for package outline information.
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AD OP-07A AD OP-07
Min Typ Max Min Typ Max Test Conditions Units
3,000 5,000 2,000 5,000 Rpe=2kl, Vo= =10V V/imV
2,000 4,000 1,500 4,000 RL22k1, Vo= £ 10V, Tin 10 Toux VimV
300 1,000 300 1,000 Ry =500Q, Vo= =0.5V, Vg= =3V VimV
%125 =130 =125 =130 Re2>10kQ v
=120 =12.8 *12.0 =128 Ro22k0) v
=105 =120 *10.5 =12.0 Re=1kQ v
=120 =126 =12.0 =*12.6 Re22k), Toin 10 T A
60 60 Vo=0,lp=0 0
0.6 . 0.6 AveL=+1.0 MHz
0.17 0.17 Ry22k Vips
10 25 30 75 Note 1 gV
25 60! 60 200" Tenin 10 Troax gV
=4 =4 Rep=20kN mV
0.2 0.6 0.3 1.3 Tenin 10 Tenas wVrCc
0.2 0.6 0.3 1.3 R = 20k, Train 10 Trax wVrC
0.2 1.0 0.2 1.0 Note 2 nV/Month
0.3 2.0 0.4 2.8 nA,
0.8 4.0 1.2 5.6 Tmint0 Trmax nA
S 25 8 50 Tomin 10 Tenax pA/C
=0.7 +2.0 =1.0 %3.0 nA
=1.0 +4.0 =2.0 26.0 | TmintoTrax nA .
H 25 13 50 Tenin 10 Trmax pArC
30 80 20 60 MQ
200 200 GQ
0.35 0.6 0.35 0.6 0.1Hz o 10Hz rVp-
10.3 18.0 10.3 18.0 fo=10Hz nV/VHz
10.0 13.0 10.0 13.0 fo=100Hz nV/VHz
9.6 11.0 9.6 1.0 fo=1kHz nV/VHz
i4 30 14 30 0.1Hzto {0OHz pA p-
0.32 0.80 0.32 0.30 fo=10Hz pA/VHz
0.14 0.23 0.14 0.23 fo=100Hz pA/VHz
0.12 0.17 0.12 0.17 fo="1kHz pA/VHz
=13.0 =140 *13.0 =14.0 v
*13.0 =135 *13.0 =135 Trnin 10 Trnax v
110 126 110 126 Vem= =CMVR dB >
106 123 106 123 Verw = 2CMVR, Tnin 10 Trax dB
3.0 4.0 30 4.0 Vs= =15V mA
90 120 90 120 Vs= =15V mW
6.0 8.4 6.0 8.4 Vs= =3V mW
100 110 100 110 Vg==3Vio = 18V dB
94 106 94 106 Vs=23Vto =18V, Trin 10 Tonax dB
-55 +125 —-55 +125 °C
ADOP-07AQ ADOP-07Q
ADOP-07AH ADOP-07TH

Spexifications subject to change without notice.

Specifications shown in boldface are tested on ail production units at final
clecrrical test. Results from those tests are used to calculate outgoing quality
levels. All min and max specifications are guaranteed, although only those
shown in boldface are rested on all production units.

OPERATIONAL AMPLIFIERS 2+225



ABSOLUTE MAXIMUM RATINGS

CHIP DIMENSIONS AND BONDING DIAGRAM

Dimensions shown in inches and (mm).

Supply Voltage . . ... ................ =22V
Intecnal Power Dissipation (Note 1) . . . ... ... 500mW
Differential Input Voltage . . . .. ... ........ =30V
Input Voltage . . . ... ... ... ... ......... A
Output Short Circuit Duration . . . ... ..... Indefinite —r‘
Storage Temperature Range . . . . . .. .. -65°C to +150°C
Operating Temperature Range .
AD OP-07A,ADOP-07 . ........ -55°C to "+ 125°C
AD OP-Q7E, AD OP-07C, ADOP-07D . ... Ot +70°C 0%}
Lead Temperature Range (Soldering 60sec) . . . . . . +300°C
NOTES
Note 1: Maximum package power dissipation vs. ambient temperature.,
Maximum Ambient Derate Above Maximum
Package Type  TemperatureforRating ~ Ambient Temperature, __Y
TO-99(H) 80°C 7.1mWrC
Mini-DIP (N) 36°C* 5.6mWrC
Cerdip(Q) 75°C 6.7mWrC
200k
502 .
AAA- - o
AD 0P-07 ——O Vo
> Vos = 7y
L

Offset Voltage Test Circuit

NULL

~INPUT +INPUT

THE AD OP-07 IS AVAILABLE IN WAFER-TRIMMED CHIP FORM FOR
PRECISION HYBRIOS. CONSULT THE FACTORY FOR DETAILS.

AD OP-07 ORDERING GUIDE

ALL OTHER PINS
ARE NOT CONNECTED

-18v

Burn-In Circuit

Package Temperature MaxInitial Max Offset

Model . Option Range (°C) Offset(pV) Drift(uV/°C)
ADOP-07EH TO-99 Oto +70 75 1.3 )
ADOP-07EN  Mini-DIP Oto +70 75 1.3
ADOP-07EQ Cerdip Oto +70 75 1.3
ADOP-07CH TO-99 Oto +70 150 1.8
ADOP-07CN  Mini-DIP Oto +70 150 1.8
ADOP-07CQ Cerdip Oto +70 150 1.8
ADOP-07CR  Small Outine 0to +70 150 1.8
ADOP-07DH TO-99 Oto +70 150 2.5

- ADOP-07DN Mini-DIP _ 0to +70 150 2.5
ADOP-07DQ Cerdip Ot +70 150 2.5
ADOP-07AH TO-99 —-55w0 +125 25 0.6
ADOP-07AQ Cerdip —-55tw0 +125 25 0.6
ADOP-07TH  TO-99 ~55t0+125 75 1.3
ADOP-07Q  Cerdip -55t0+125 75 1.3
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Applying the AD GP-07

The AD OP-07 may be directly substituted for other OP-07’s
as well as 725, 108/208/308, 108A/208A/308A, 714, OP-05
or LM11 devices, with or without removal of external fre-
quency compensation or offset nulling components. If used to
replace 741 devices, offset nulling components must be re-

O +Vs
o—z
- 0.014F
INPUT
+ 3 > e

i
RvA 0.01uF

Figure 1. Optional Offset Nulling Circuit and
Power Supply Bypassing

moved (or referenced to +Vg). Input offset voltage of the AD
OP-07 is very low, but if additional nulling is required, the cir-
cuit shown in Figure 1 is recommended.

The AD OP-07 provides stable operation with load capaci-
tances up to 500pF and £10V swings; larger capacitances
should be decoupled with 508 resistor.

Stray thermoelectric voltages generated by dissimilar metals
(thermocouples) at the contacts to the input terminals can pre-
vent realization of the drift performance indicated. Best opera-
tion will be obtained when both input contacts are maintained
at the same emperature, preferably close to the temperature
of the device's package.

Although the AD OP-07 features high power supply rejection,
the effects of noise on the power supplies may be minimized
by bypassing the power supplies as close to pins 4 and 7 of the
AD OP-07 as possible, to load ground with 2 good-quality
0.01¢F ceramic capacitor as shown in Figure 1:

Ferfarmance Curves (typical @ Tp = +25°C, Vg = £15V, AD OP-07 Grade Device unless otherwise noted)
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Typical Performance Curves
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INTERSIL

FEATURES

¢ Guaranteed zero reading for 0 volls !nput on all

scales.
L ]

required. — LCD ICL7106
— LED ICL7107
* Low nolse - less than 15uV pk-pk.
* On-chlip clock and relerencae.

* No addltional active circults required.
* Evaluation Klt avallable.

True polarity at zero for precise null detection,
1 pA Input current typlcal.
True dlfferential Input and reference.

Direct display drive - no external components

Low power dissipation - typlcally less than 10mw.

ICL7106, 7107
32 Digit Single Chip
A/D Converter

GENERAL DESCRIPTION

* The Intarsil ICL7106 and 7107 are high periérmance. low

power 3-1/2 digit A/D convertars. All the necessary active
devices are contained on a single CMOS 1.C.,
seven segment decoders, display drivers, reference, and a.
clock. The 7106 is designed to interface with a liquid crystal
display (LCD) and includes a backplane drive; the 7107 will

directly drive an instrument-size light emitting diode (LED)
display,

The 7106 and 7107 bring together an unprecedented
combination of high accuracy, versatility, and true economy.,
High accuracy like auto-zero tlo less than 10uV, zero drift of
less than 1uV/° C, input bias current of 10 pA max., and roll-

over error of less than one count. The versatilily of true diller-.

ential input and reference is useful in all systems, but gives
the designer an uncommon advantage when measuring load
cells, strain gauges and other bridge-type transducers. And
finally the true economy of single power supply operation
{7106), eAabling a high performance panel meter to be built
with the addition of only 7 passive componentsanda display,

"
-

1

TYPICAL CONNECTION DIAGRAMS

v
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ICL7106 with Liquid Crystal Display ICL7107 with LED Olsplay
ORDERING INFORMATION PIN CONFIGURATION
() sussLy (3 ~ W) osc.1
D (UmTe) osc. 2
C juNiTY) 2 03C. 3
Part Package Temp. Range Qrder Part # e & i ar,
4 hy
7106 ¢0 pin ceramic OIP 0°Clo +70°C | ICL7106CDL a (umira) TieaLCD g MO,
7106 40 pin plastic DIP 0°Cto +70°C  |ICL7106CPL ;':’,’;‘;::F TorLeD - mer can
7107 40 pin caeramic DIP 0*C to +70°C ICL7107CDL C (TENs) (10 3 INeUT 3
7107 40 pin plastic DIP 0°Cto +70°C  |ICLT107CPL A (rewsy m AUTO-Ten0
o T ’
7106 Kit Evaluation kits contain IC, display, circuit | ICL7106EV/Kit ¢ :u:.:: m 1] o-uur'té:uon
7107 Kit board, passive components and hardware, ICL7107EV/Kit v ooy & o Girensy
See page 10. ¢ heam gL 3 5 t100s)
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ICL7106/1CL7107

ABSOLUTE MAXIMUM RATINGS

ICL 7107
ICL 7106 SupplyVoltage'V+.................... ...... R,
Supply Vollage (V+ to Vo) 18V V- e i e, BV
Anglog Input Voltage (either input) (Nota 1) ,..... V+io V- Analog Input Voltage (either input) (Note 1) ., . ... V+tov-
Reference Input Voltage (eitherinput) ............ V+to v- Reference Input Voltage teitherinput) ......... ... V+tov-
Clockinput .................. ettt Testto V+ Clockinput ..,..,....... Cheeiiiene., veesne., Gndilo V+
Power Dissipation (Note 2) Power Dissipation (Note 1)
CeramicPackage............................1000mW -CoramicPackage................ ............ 1000 mw
Plastic Package ............ ettt eeeea, 800 mw PlasticPackage ...... Trrreeireiiiiiiiiia...., BOOMW
Operating Temperature ,..... sreeeeeena. . 0°Clo+70°C . Operaling Temperature ............... . 0°Cto+70°C
Storage Temperaturs . ....... cesseaness. —B65°Clo+160°C Storage Temperature ..., Ceetienna ~65°Cto+160°C
Lead Temperatura(Soldering. 60sec)............. . 300°C Lead Temperature(Soldering. 60sec).............. 300°C
Note 1: Input vollages may sxceed the supply vollages provided the input current is limited to +100uA.
Note 2: Dissipation rating assumes devica is mounted with all leads soldared to printed circuit board.
ELECTRICAL CHARACTERISTICS (Note- 3)
CHARACTERISTICS CONDITIONS MIN TYP MAX UNITS
Zero Input Reading Vin = 0,0V
Full Scale = 200.0 mv -000.0 +000.0 +000.0 Digital Reading
Ratiometric Reading Vin = Vrel 999 999/1000 1000 Digital Reading
‘Vret = 100 mv
Rollover Error (Ditlerance in =Vin = +Vin = 200.0mV -1 +.2 +1 Counts
reading for equal positive and
negative reading near Full Scate)
Linearity (Max. deviation from Full scale = 200mv -1 *.2 +1 Counts
best straight line fi1) or ull scaie = 2.000v
rammon Mode Rejection Ratio Vem = $1V, Vin = gv. 50 74"
(Note 4) Full Scale = 200.0mV.
Noise (Pk - Pk value not exceeded { Vin = Qv 15 "
95% of time) . Full Scale = 200.0mv
Leakage Current @ Input Vin = oV 1 10 pA
Zero Reading Drift Vin=20 0.2 1 rV/°C
0°< Ta <70°C
Scale Factor Temperature Vin = 199.0mv 1 5 ppm/°C
Coelflicient 0<Ta<70°C
(Ext.Re!.0ppm/° C)
Supply Current (Does not Vin=20 0.8 1.8 mA
include LED current for 7107
Analog Common Voitage (With 25KN between Common & 2.4 2.8 3.2 Voits
respect to pos. supply) pos. Supply
Temp. Coelf. of Analog Common 25K 'between Common & 80 ppm/°C
{with respect to pos. Supply) pos. Supply
7106 ONLY V Supply = gy 4 5 6 Voits
Pk-Pk Segment Drive Voltage
{Note 5)
7106 ONLY V Supply = gy 4 5 6 Volts
Pk-Pk Backplane Drive Voltage
{Note 5
7107 ONLY +Supply = 5.0V 5 8.0 mA
Segment Sinking Current . | Segment vollage = 3v
(Except Pin 19)
7107 ONLY +Supply = 5.0v 10 16 , mA
Segment Sinking Current Segment voltage = 3V
(Pin 19 only)

Note 3: Unless otherwise noted, specilications apply to both the 7106 and7107at Ta=25°C, fetock = 48kHz. 7106 is tested in the circuit of Figure
N

1. 7107 is tested in the circuit of Figure 2.
Note 4: Reler to "Differential Input” discussion on page 4.

Note 8: Back plane drive is in phase with segment drive for ‘off’ segment, 180° out of phase for 'on’ Segment. Frequency is 20 times conversion

rata. Average OC component is less than 50mv.
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