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ABSTRACT
The goal of this thesis is to present the simple instrumentation amplifier using five
operational transconductance amplifiers (OTAs) in connection with two resistors. The
differential gain of the proposed circuit can be electronically varied by changing external bias
currents of OTAs. In addition, the high common mode rejection ratio (CMRR) can be obtained
without requiring matched resistors. PSPICE simulation and experimental results are used to

verify the operational characteristics of the proposed circuit.
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i, 0 1 0f|v,
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o ° a Y 0 - o o '
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Iy, =1,
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v, =i.R, =iR, =?2(v, —vz) (2.27)

I'J = [
2.4 Qmamﬁ‘n111J1|anwﬂmuauaﬂgmuﬂ [1]

mainsesvesduaaguua W 1dnuTania lduds dl¥nunsdrilafguaua

Tumisvhaee 9 imeduan lamnunluenasdszneuns 19 (Data sheet) o ld

Aldnuamsaidendsesvosduaaguud IfasavpauiivniThhlszgnaldaonldedis
o o dl

[ wa o o 2 &2 A 9 o a [ o
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2.4.1 Yommuamaamminaden

Formuaniaanmiandon (Specifications) 9xUAAIBGARIUVUTAVO BN
Usznoums 1o Fazuaasisnnuamselumsihauiiannznaderiimnymmes
JesveIBuTAgUAANTY 9 nsAaAmAsuTInanmuIadeniiimuaetedanal
NsvBUARgIUmINTINTOIIIdaiee199z TdRTY ondaatiary

1ITVWBUAAFNUAIIDS ADS221 VBIUTHN Analog Devices iifafmua fio
T,=25°C,v, =15Vuaz R,=10kQ

¥

a o oo 2 o
1ITYYWIUAAFMUAILDS AD620 ¥8IUTHN Analog  Devices Hifonmuna fio

T,=25°C,v,=%15Vuas R,=2kQ

E
)
o3

-~ a ¥ .
D QUM AUIIATDY (Ambient Temperature)
v, Ao unasnw Ivlinus (Supply Voltage)

R, fo A7A M Tnan (Load Resistor)

2.4.2 MANUAANDIAYDIDATIVENY
ANUAANAIAYDIOAT IV (Gain Error) ansaina ldninminuianaiavesdd
2 o ' o g P

aumuneluvesginsaldniu q hillwaseguuginn/aouly anvdanaiavinai
Ly A ' 1 ' A & - 4:? =
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o L H - J
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' a i o @ £ 1w an v

AmAnuAanaIavessnvnelaea llvrszy linswamdasvesi'ldninms

o & o 9/ - - =Y 4:: I~ ' o ¥ "
Annuiieti 1l 1daueiesiisnnudanaiauniigaiiuils ond2ed iy 29959010



16

a o o w 5 1 a o =

SudAgIuuAlUDS AD8221 Y83131M Analog Devices LmanmAawaaunisasweuiiy
A4 o o a a o

0.03 1ifodAT 1oy 1 1AI993VEBUANFIWUAILBST AD620 YDIUTHN Analog Devices

= a o a A4 w =
Uﬂ'lﬂ'.!'lllﬂﬂﬂﬁ'iﬂ‘llﬂﬁ)ﬂi']‘UUTUI.'LIU 0.1 Lllﬂﬂﬂ'i'l‘llﬂ'lﬂll[u |
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ATaaueoinn (Offset Voltage) Y8299 V00BUAAIINUANITIZTIAIVDINTIAY

P | a s 1 =P & a &2 W w ' -
paviad1 1IMBI9INRTVLWBUTAFINUANAIUALAMMITUDATEFIAULAZAL 2 dIufD
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U538 Analog Devices Na1voausanuaorisnlizm 60 pv uazia9svnvduaaguug

(195 AD620 ¥891THN Analog Devices HAvoausaduoavianlszinm 30 pv

2.4.4 s hiiihuFadau
& 1 = " da 2 o a A o 3
Tav lamnudanataaa 4 Minavuawsaimslsuaanioiinmsyaeld
o (A 1 = ]
Tavns1dnsdiuudaeesnoluld uannyliithiFaduues1aes (Non Linearity) i
o ¥ v A (=1 a Y A a wea o
asoimsud lvldiieavinau lifluFaduiiifavinguanidmmuizdives
= o ¢ = 1 1 o a Y A a 5 :{ = o LT
2vsvrwduaazuuaoi iy q mnn lidhuFaduninavuiiveinansznui ldm
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epnuanewyan laenmsanon tuldamwanns

Actual t— t
NenlLinedrity= ctual Output — Calculate Outpu 2.28)

Rated Full Scale Output

& A o s Ao yyva
(W] Actual Output 7o mu'iwmmﬂvgﬂmw"lmsamﬂmﬂnﬂam
Calculate Output fin AMTIAUBIANAN IA01AMTAILIV

Rated Full Scale Output fio Asaduodnngaganiieldeswearans

v =] a9 a s @ o
ﬂ1ﬂ]ﬂ§1ﬂ37n1ﬂiﬂul‘“\ilﬂ'umﬂqflqﬂi“lﬂ']uﬂuﬁﬂglnuﬁﬂlulﬂnﬂ']ﬂixu']m 0.01% lla::'lj'izll'lm

o w a Sai
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2.4.5 9A5IM VAT YR HIATIN

oasIMsviadyy v InuaiIw Mie 6a51 CMRR vztavendanwaiiselums
¥

o w  w = - oy Vo o
NIATNUIUIUNIU ‘]Nﬁ’lll'}iﬂlﬂqullﬂ'ﬂQlﬂuﬁnﬂﬁ‘IﬂﬂQu

d

CMRR = (2.29)

4 o o 1
e A4, dudasvnorani

= [ '
A lﬂuaﬂi’]ﬂﬂ]ﬂiﬂlms’lﬂ

(-3

s

2 ' LY 1 E=% 5
luyuasidanmsviadyyin Tvuas ditiosians lumizsve uagiua (Decibel dB) ¥4

L]

weu'ldan
CMR = 20log,, |[CMRR| (2.30)

115 CMR 69319101191 Common-Mode Rejection W30na118mioniian CMR fife 843
CMRR lumiiay dB 1uies unAae01a%u A1 CMRR 1A1 10,000 v2'1am1 CMR i 80 dB

A 1w 4 X o ' 4 X
HaZiynnIons; wmummwﬁ‘imumui}:m‘lﬁm CMR 1“1]1!115,\’10

2.4.6 oM sviadyaadnuasmlunszuaaay
8R3IN15YIATYYIYU IMUATIN (AC Common-Mode Rejection) 9UDANINIIM
0 v ' .a’
e lumsmiadygiusuniu Taeia liveiiaasua 60 dB aud 120 dB Tao wa'lilee

a o ¥ v = o
ummnﬂaaﬂummwnwmmin‘lamu'Iﬂuﬁznmmmmin“lumsmimﬁtgiywmiumu

Aron i ¥ nuaiuiu

2.4.7 MBUWABNANALCE
TaoinAud ABunABuALAUT (Input Impedance) Titziiuvverodyg iy
naume (nverting) uaz ifimsnduie (Non-inverting) @399 vsoduaagwudaia T

veiifgann Uszanw 107 —1070Q

2.4.8 AuuAIan
" fa o ) & .:E o a o
ANIIUAIAN (Adequate  Bandwidth) 9z10nfar3nmAvesdn B unATiaegg

L]

orwduaagudaunioiiauldodgndsuiisinss aumniana lvesrsesvers

105114
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a = aa v 3 = °
dudngIuUALUAITIZHARDUAUBIN AR N I asesianuauisoui T 14y

v
ar

= o 9/ ' ::d' 3 o ] 1 a ot
nisvorwdyyiuidaldludiunnuaindie snArediasu 29esvorwduanagiuudil
o 2 ' 4 .. .3 ' i
Bn31veeniu 1 U3190139191UAA 500 kHz D9 4 MHz ¥U10A1I012995n0enuuting

o dN
nyualavaellszuin 3.5 MHz

] " T
2.4.9 mnsziavaannasnglvl
U t o N
ANsLIAVDIUNad910 1Y (Quiescent Supply Current) 1um At venfanImdnIns
9 o - a < o s v &
voanszua IMihuazusaduluvnginsvoduaagmudiiou i ldaunsaiden
= dq IV 1 1 " a 9
295vnwdudagua ITimzauasnis 15 1dedramuzan wu a1 16asa
< o o Y ) Ha o ¥ o w '
gUnsalmnwisuiunezdesldrsesniinamdeants Iiihd vnar0d105u 29959010
dudazuAIIeT AD8221 YBaU3HN Analog Devices i mApanisnszua Wil 30 pA #
Yo o i = o o o e =)
sV az1dmaaliih 03 mw 29esvneduaagiuuaiues INA113 ¥9395%% Burr-Brown 3

AuAaIMsMad ISz 135 mw

2.4.10 mnszuaduna luueaunzeainn

' = . =] J

ﬂ1ﬂ‘i::tlﬁ'f]'l.l‘l’!ﬂvlmmmlﬂxﬂi:’,llﬁﬂ'ﬂﬂl‘-’m (Input Bias and Offset Currents) 1uan
AMULANANTZMIIINTZUA U AN UYANIaD szne IHINAMDaWIFARANA1A (Offset

Error) tiloAnuduniuvesumassienszua ldnuassdunaiin lumifu

2.4.11 $2MFNOUMAN5IAY
#2940 159119TUNU5 AU (Operating  Voltage Range) Y8999 Y0108 UANFILNUADE
v
VaNDIAMA N30 TUNITHINUY02993 V0 WBUTAFINUAITUY 9 M151a0R 19299374
= Yt ) o @ v o vy 4 2
AN MM wswudeandesnuras o lvesszuusau teiluns
anunanie Ilvess sy snd2ed195u 1995 v0wBUAAINUAILDT AD8221  vaIuTHN

Analog Devices UF9MINIMUMIUTIAU 2.3V O9 £18V

¢ A s
2.5 JAAUVDIIIVIVENBDUAA FHUANDNSUAUIIDTVNBANIHIANAIL

¥ oy ' a /% d a 5
VINVHAUITWUIINDTVYIODUTATINUATU NNDIIRTVIIBAIUUANAFTIAN LI

niguauiAamnIzAIUIlTZMINLANAI99INIIs VIR NLANA 1 TALn

2.5.1 MOA51 CMRR IMgammsifnunszuansaasnszuaady
i1 CMRR Imgansnms I5unszudasauaznszuaaay Anfooiigavainl CMRR

A392MFININTIV0IN N TY Y B unandoanisazite 59uldslin CMRR #ig
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o

ameuiuamnon inlFauna ldawihusaswazannsomsame Tuiindudun

GIE (Z"d Harmonic) 14

2.5.2 musaiueovisanazmesiznaiva

2195v00BuARTINUAAB s I uBOHIYAAT i8N0 T VB UTAFIIUA
Usznevldruaosdauiiiludassaedu fle druBunanazdIuvevoIdnm HasIYes
ianaeaviraszinuminumdunaeeviya sfumeediraiininuoisedna (nulu
2993V UTAFINUA) unFIBd YU MBunAvevivALazA e IANABIERAT HATIAY
I pVPC 1Az 10 pvAC  awady Anernnaoawisasziing 11 pvrC moevisainsiau
(3uAU (Initial Offset Voltage) dnsnluzaldlasmssuuasninniouen uameovian
asvrtu liasoud 118 msazaziuses v uangmudiiinooisnaiwaa

%8ﬁ11ﬁﬂ’]’mﬁﬂ“ﬁ1ﬂi IWVDINIT ﬁﬂﬁ’ﬂﬂﬂ\l

2.5.3 MANUIUMUBUNAT
ANNMUMUBUNAYBINIVIF Y IMUUUNAUMA  (Inverting) taz Tulinsnau
. F = o o Yy A - o w ' - &

W# ( Non-inverting) HA1mT 1 uAalifIgaazinuaumadnusnINvINIAod H4ns
= v Yy a Y e ¥ A a4 ) = 3
fnnwdumududuna dealimgaiu mendnidvanisaaneuvesdyyraiiloud
nmsdwsune  TasnAmadumudunavearsssvaeduaagiua laoia Teziia
gawn sz 10° —102Q  uativiasesiondu wu 29vsvewduaaguuaiues
AD629 TiminnwAmmudunadl uaaunsmirhhlszyndldivauidenisa CMR ga

Tandatils=@nsnn

2.5.4 minszua luneauaznszuasaisasi
mnszua luneauaznszudeevisadl (Low Input Bias and Offset Current Error)
& ’ ) a o e - P
29939 uAAFIUAL12993 1naTulad FET  wie luTnarinsuameizadoants
H A o a Pl Pl
nszud luneaduin q Avllszanm 1nA-50nA dmiulsesversdudaguuduyyluTwas
uaz 1pA-50pA  Mgmuivesd il vuwBudAZINUALLY FET  Falinavirlim

da a oy ¥
ﬂﬂﬂl"ﬂﬁﬂﬁﬂﬂﬁ'lﬂnﬂ"luUUﬂTUﬂ')U

2.5.5 Ty ITUNIUA)

4 a s ' o v a da v
1ee9In2995 VB uaagnudAdes 1FIuI AV s UBUNANTIATBUNIA 9
[ :’a a o' wa ° 4 ' o
niulesvowduaazinuavIfesliguaialunisiinuinuaedygyiusuniu Tay
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' o o a ¥ 1w a ro&
Tilddyamsuniuums minunludygiuduna 16 mdygriasuniudunaselinmain

sz 10nv/+ Hz 9 1kHz nazoasivewiinuinni 100

2.5.6 1 hnithaFadum
v o = a (] o d = o
aw hidhuFudulnfvzuaasegluzgveanlefiudvesniniugaund Tavlndm
a v & - o o L o
awAanaravean I ithuFuduvesnssvoeduaagmudvziianlszam 0.01 dmsy
2095 wBuaAguANTnaMwge1vziinn hidhuFadudminlszum 0.0001%
2.5.7 anuazanlumsUiuonsivenn
' " a FE P ' Y] a
dulngravsveduaagmuaniismitnlutesaaialugduyvvesledause

YiumsasveeldTasmsiiumanudumiunisuen sz hidiwaneniugnasaves

a o A

2907UAZABATIVINAANA IR INgUNYH 1TuADITVBBUARFIIUAYETIn WazAIn Y

-

M351/518n319010 (Simple Gain Selection)

2.5.8 AMuuaian

ANIVUAIAN (Adequate Bandwidth) 9218n03%9AWAVDITYQIUBURATNIINT
vyorwduaajwuadnisaiauldediagndsaiesnss puaniiana ldvesrsesvery
a 7Y = dd ¥y A qw - o
duaazumiunlsezinaneuausimuauann e Iiesiinuannsoir 114l

o & o ' o o " U = o

nsveedyyiunialdludiuniiudiinde sndrediaru 19vsverwduaaguuail
o = o ° 2 3 ' § 3
sns1vrioilu 1 §529013919710630A 500 kHz 3 4 MHz M110A2107312995 08N uiian

e o
nuaInvAelszun 3.5 MHz

9 v a d
2.6 m‘nl‘szqnm‘lmmaaﬂﬂmuauamgmuﬂ [1]-[9]
2.6.1 maszgaalFluauianmamonm
TumsilszynaldluanianIm1aniun v (Transducer Interface Applications) 2495
=a o 2 " ' [
yowduaazmuagn 15 uninvewis udu (Preamplifiers) TumsdszgndlFausauiuns
a o [ - a o
asrvdamanunwniunannunds gunsafananenmiiliguamgasliguaouiag
¥ 7 ' w s Y ' A a v 4
lﬁu‘uﬂQlﬂ'lﬂﬂﬂqﬂ llﬂﬁ'lﬂTuqﬂﬂﬁ'mﬂﬂﬂuﬂmﬂ']Wﬂ'J'l HAZIUDUAITUATUNTIUUDIUDIAWAN
74 9zAnaiaeTAmusIunT 09T WMo s (Buffer) n1stlszgnd I9aruinnmianionin

Y o i
annsaaslladanisem 2.1



1 e o o
ﬂ'l‘i'ld‘ﬁ 2.1 f]NﬁHUW‘UBQQ‘]Jﬂ'imﬂi NIANNMUNTIN

21

Transducer Type | Type of Output Output Z, Recommended
ADI In-Amp/Diff Amp
Thermistor Resistance changes 50 Q 1o AD620,AD621,AD623,
With temperature (-TC), IMQ AD627,AD629,AD8221,
4% / °C @ +25°C, @ +25°C ADB8225
High nonlinear output,
Single-supply
Thermocouple Low source Z, 2002 to AD620,AD621,AD623,
10 uV/°C to 100uV/ °C, 20k Q2 AD627,AD8221,AD8222,
mV output level (10Q typ) AD8230
@+25 °C single-supply
Resistance Low source Z 2002 to AD620,AD621,AD623,
Temperature With temperature (+TC), 20k Q2 AD627,AD8221,AD8225,
Detector (RTD) 0.1%/ °C to 0.66%/ °C, @ 0°C ADRg230,AD8250,AD8251,
(In Bridge Single-or dual-supply ADB8555,AD8556
Circuit)
Level Sensors Thermistor output (low), 50002 to AD626,AD628,AD629,
Thermal Types Variable resistance, 2k Q2 ADB8225,AD8553
Float Types Output of mV to several 10092 to
volts, single-supply 2k Q
Load Cell Variable resistance, 12002 to AD620,AD621,AD8221,
(Strain Gage 2mV/V of excitation, 1kQ AD8222,AD8225,AD8230,
Bridge) 0.1% typical full-scale AD8S555,AD8556
(Weight change, single-or dual-
measurement) supply
Current Sense Low value resistor output, A few ohms | AD626,AS628,AD629,
(Shunt) High common-mode voltage | (or less) ADS8201,AD8205
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M5190 2.1 puauiinvesginisingoianianiunin (ao)

EKG Monitors Low level differential, | 500k Q2 AD620,AD621,AD623,
(Single-supply Output voltage, AD627,AD8220,AD8221,
Bridge Configuration) | 5SmV output typical, AD8222,AD8225,AD8553

Single — or dual-supply

Photodiode Sensor Current increases 10°0 ADG620,AD621,AD622,
With light intensity, ADG623,AD627,AD8220,
1 pAtolpA [ AD8221,AD8222,AD8555

OI«II'PMI ?

Single-supply

Hall Effect Magnetic 5mV/kgto 120mV/kg | 1Q to 1kQ | AD620,AD621,AD622,
AD623,AD627,AD8221,
AD8222,AD8230,AD8250

2.6.2 SzUUMABNAITIU

FTUUAMAWBNAITFU (Data Acquisition) 1HuszIIMIIAVTIITIMTOYATIATIZT
foyassalumsisomeinnmand Fufununaaeudgunmuazilszandameum
aoufiauaed Tasarunnezitl1$ifeaduaunisasiefadyyramianioniw sy
UMl ANUAY Fadyyrai 1dszivinadnn uazldygIusunIugs Fnfumslfam

o " 1 (Y a o o o ] ] [ o
v lilae 199 msunuisesuias lumsverodyg i onAle613TU MTTAISIAUIAE

¥
° @

vminTaulgTnanaa (Load Cells) wionsinguuniiTasly RTDs Aanaaslugli 2.10

Supply +

B

Load cell Gircuit | R

V. — / Display

Supply — V-

U7 2.10 M3 192995 v wduaazwua lumsverwdygunaa s W UINRUYD T

a0 d ' & a o
wﬂmﬂumunuwanwimm
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2.6.3 mstszgnaliluanmanisunmg
Tumsilszgnal#1uammamsunnd (Medical Instrumentation Applications) 1113
1¥1uedraunivatn e lfiiludiunilavossesadamissiiomanisunng Tasldia

3 ' a

4 a X a 4 ada a ¥ w Y ¥
VOUAATT 9 VINAVUIINATEUIUNITNINEINTWUDIAINEIN Tﬂuﬂﬂﬂum’dtgﬂpmﬂ'lmsu

1 9

Anfouunn sz smv  waslidganasuniunn Tihafunia ligs Saiawsui
atdazAnaiingnailelunisasaeianazuondygrueensindygiusuniunds
uumsdy i Iiimuzavaenisiir 114 sndredrasu1dlua EKG wie ECG (Electro
Cardiogram) Monitors 1i8191un13asiesanau IMiiniale n1saseiaseauniusuion

' ) &
ﬂ1ﬂ1u71§ﬂ10 ﬁd'iﬂsﬂ'l.-!'i’l1\?ﬁ1ﬂﬂ15ﬂﬂﬂﬂﬂﬂﬂ1ﬂllﬂ3ﬂ”?'J'ﬂ'l.-lz‘m‘]\lﬂﬁ"]lll'l—lﬂ

Supply + V4
V,+ Heart Beat
R Signal
+
Q [_'.___{:'\ Buffer Amplifier Rag 1A \“.‘-\ O i
Human |- = Ay
V.-
ECG Display
Supply ~ V-

3UA 2.1 madinaesvewduangwud I9uluszuunsaseiadyyu ECG

’ M
k4 ar

2.6.4 mstszgnalFaunineYearuidea

1un1iﬂizqnﬂ"lﬁ’f’~11u1‘f';l‘f’;t111faaﬁu1?\'ua (Audio  Application) 111151112995 9870
ﬁuﬂngu.luﬂ'uﬂ']’fﬂulﬁﬂmmsuunﬁ'q;tgmi'umuﬁ'mﬂ1n?}4mﬂa"auua:ﬁ'mumgmﬁxﬁmnn
1Al (Ground  Loop)  dawmnnezwueglunieadusiiiisnigs q sndaedians
UszgndlFoumu MlunnvnesuduvesluTas iy vieldiluninfuvoadi Tnads

o - ) . . :
ugraalugai 2.12 Audu Feamnsouaasguauia ladsnisei 2.2

lﬂ' L = et = o o
197190 2.2 AUTUUAVDIII0TVUI00U ?fﬁjlllllﬂﬂlj5$Qﬂfﬂ‘lﬂuwﬂuiﬂﬂ']ﬂﬂlﬂ'ﬂ~l

Description BW CMR (DC) Supply Features
Diff line receiver | 3 MHz 100 dB + 18V High CMR, audio
subtractor
Diff line receiver | 7 MHz (G=0.5) | 90 dB + 6Vito 18V Low distortion, audio
subtractor
Audio preamp 2MHz (G=1) 74 dB + 5Vito £ 18V | Low noise, low distortion,

audio IA
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Supply +
V+
* I{n + \
E——- o R. * A Power O
= s . Amplifier o
=
-
Supply —

; . = &
g1l 2.12 marimavsvneduangwud IFuiiunavnsiiosduveslulas Trlu

2.6.5 maszgnalFluauiiinnudeansmsdszinanadyanuninedig
A @ ) =4 9 3 - o
weaninTudegiuaumesuszsyunmiinnudeans lums 1¥aunernunis
¥
ﬂi:uiawammﬁaqa (High — Speed Signal Conditioning) ﬂnﬁ'ﬁmmsmmgnﬁmqa

U CCD Imaging torivinilundss ccb dawanaluzilin 2.13

Supply +
V+ CCD Camera
Pixel Level V o+

in +\
AV
RG{ 1A >_ Signal Out D g

Reference ——/

Level V-
V-
Supply —
Pixel Level oy E —
Reference
_ Pixel #1 Pixel #2
Inside CCD Camera

UM 2.13 mninassvewduaazud 15uswnundes CCD
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2.6.6 mtszgnalFluamdumsdeas
n31szyna 19 Tuaudinis@ons (Radio Frequency Application) 15uluauess
H I o = ar M as ' - a
duaiiouiu 1ansinesvosduaagmwud l5aulunindy - @9 dyaruunaoniisy

J e 1
manuey aanaalugilin 2.14

Ve ¥

Signal Data R, g

Input [

Signal Data _/J""
Oupur ——__ A %
P T z — Recive Data
S~

: ° = o { j
Ui 2.14 martinsvewdudaguud Fuvnedyy oo tinniuau

2.6.7 msdszgnal¥aumadudiannsetinaniaa

Tunsilszgna 19 luaumadudidnnielindiaa (Power Electronic Application)
1 ldfimsinassvnonusuaaguumn 19 lunsaseiarenzveawene? 5y asavia
A wosueimesvisussiinvoemei daaasluzilii 2,15 Hudu Tasaiidalden
uoIRB3 NIzIAAAY 3 Wd (3-phase AC Motor) vy lugilaruduiusueausanu nizie

wazinla

Signal Position Input

AV
— IA :
Signal Out

Motor 1 o /

U 215 maninavsvneduaagmualdnuesniagouzveaeine
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2.6.8 matlszgnalfluaumsaseiuuazaiunumaedidnnseding

Taoia T lunisilszgadldlusiunisasaedunazaivqunididnnseding
(Monitoring and Control Electronics) 9z1i1395venuduaaguua 145 uivamdania
monmudniwoyait 181 I mnzauaemsi I 1o Ty msadadyn

' A ¥ o o & 1
MUANAN 9 vioon I ntludygraaeuluszuuniuguai 9

Alarm Lamp

Supply +

V+
Level Sensor Vv, +
o Convert Signal + Central
. <:> Circuit R { IA > Control _::D
4-20mAto =
0-5V Vo /
- = Alarm Bell

V=

Supply —

: - e ar g
31 2.16 mainwsvnwsuangwud lFuas I IaszAND

2.6.9 msszgnalFaudmarduniuazmsTsuns
dmiunsdszgnalisvsvoeduangiud luaudwasewdiniazns Tusunsu
(Software — Programmable Applications) vgnii1ld1FamlulyTasFldmiuTusunsy

FonAnIT (Software-programmable Resistor Chip) lﬁﬂ”l‘i’ﬂun‘ﬁﬂ'mﬂua15"mn§1uizuu A4
uanalugilin 2.17

2.7 unarg

aay

a et = et
‘N‘i]S‘UU"IU‘E)HﬂﬂEllluﬂﬂﬂﬂ’]'iﬂﬂﬂlﬁﬁﬂﬂ

d.y » o 4
nannlumsvoodyauszavalda ¥
!

= 3

3 o a0 ' i e w '
[ﬂUNﬁM1ﬂ1ﬂﬂﬂ‘iT CMRR llﬂTQQﬂﬁﬂﬂUTUﬂ'J']llﬁ'ﬂﬂﬂlﬂ’]fﬁl‘ﬁ,\nu HAZUIAINVNUHTAT1IT

mliminzauasnunivinavesdyaiudualuszdy mv wie pv
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T

UNN 3

HANMIMUVI DN

3.1 unin
= o o o o i = a o '

Tedlioniorvsvorwarminiluaesduieglnldlinsnansenuidimiielu
nonata luziluuuvesranssaunie lod 15u LM13600, LM13700 , CA3080 1y CA3280
i v ¥ A 1 - ot o o i
iudu dniudannsaniye ldTaviwnaziismni higanmin TaeToRevzvimidin

Py v a 9 d| l4 & a ° @ LTI a

Wasunssausunaliilunszuaerana Falimsianludnyuzunanions suanniungm
AI01TIAU (Voltage Controlled Current Source : VCCS) dmsunuamiani livaslefiosy
HAUA TUNIUBUNALAZIDIAWATY DANITIAINITONILAIVANAINIINLN

(Transconductance Gain: g, ) 'lﬁ'fﬁ’htm5xuﬂ"lmmﬁmuanmnmuuan

3.2 nanmsiteaduvadlaiie [2]-[3],[16]

aaudin i
nauwa
+ 0—nr

VTV NHGAHY D e nlipunndiu
waduAdmn R Iu whunazus =
A INDON
TR *

- O]
TN
niuwa

(n)

(V)

51U 3.1 (n) Tasaadraiiugiuveslofie

() 15 aUYaveeloNBN1NYANNA
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' & " %
Tugal# 3.1(n) naaaTaseadranugiuvealadie isesnsunaveslofieiilngg

a3

o ' Y w 1 la v W '
’d%’Nlﬂu’Nil‘i‘lJU'lUﬂTIlJLlﬂﬂﬂ'N ﬂ1ﬁmﬂl1mﬂ’)"lllll.ﬂﬂﬂwﬁf)u'v\jﬂ‘lmﬂw‘iﬁﬂ‘lu'ﬂﬁﬂ’)‘l

v oo

=1

50 mv vz 182995 auyavealodie fagilii 3.1 () [16)
Tassadranvluveslefievz)szneudivrsesvoionny ueaanazln 3.2 Faee
UszneulldonsmFmaes 4 Auazunasnwonszuanin 18 niugmaei O, uax O,
' - Y = o g ' a
duasesveieaiuaie deimnhinlawsdwilunszua daunsudmaes Q, uaz Q,
g . ' L ' 5
ihunsesazieunszud (Current Mirror) 3aiA18nsinsaziounszuaminumnils  Taoll
o Y ‘Y LT i s a
nszua 1, hunszualuealiduies diefleuussduduni v, =v, —v, whlvifa
_ . X 4 e .
nIZA i, uay i, Yuih O, uar O, MUAIAY  MINNIUNITAZROUNSTUAIIVAVUDA
a o 5 ¥ a H 5 A 2 a
nIuF@Aes Q, uaz Q,nszud i, sxgnazieudsiu i, =i, tWe liWnaveonvin
" o a a é’ - = o & 1 o o z A | "
ANszud i, MnATuinsuFmaes Q, ¥z ldnszumordnailunszua i, AlAunAy

Iy =¥

VCC
* =
0, o,
L "
1 1* b=hL—h

O

<
Vie

517 3.2 Tnsaadranwluveslefie Tuaiuvesrsvsverwaruaia [16]
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a : 9/ a @ o - o o
Aniuaz ldnnuduiuiszninminszud i, Aukadiay, —v, wiousanuduna v, vos

. ¥
29959010 TugUR 3.2 fail

v
i =1, tanh|] —= 3.1
I 5 fan (ZVJ (3.1

/ 4
vm = vx s vy (3'2)

VAN G.1) aunsadeunsauduiusssninmnsuaenwe i, fuAsad
Buna v, 1803101 33 wituIfhmamniwessisziinnuduiusegludnuazves
WarduTanles Tuaumueu (Hyperbolic — tangent) TaosruFaduszoglugasuny q uda
nmiuszidagiiadu
1.2
1.0 1
0.8 -
0.6 -
0.4 -
0.2 1
0.0 A
WE Y
0.4 -
0.6 -
-0.8 -
-1.0 -
12 A : . ‘ :

-200 -100 0 100 200
Vin(mV)

J(UA)

1 o w o o o ] @ a
51Jﬁ 33 ﬂ?']ﬂll’ﬂ'ﬂ\lﬂ’]'lllﬁuwu‘ﬁizﬂ'i'ld NIZUTIDIAWANUHAAULTIAUDUNA

. ' i Vo 14
NNANNTN (3.1) AunsoudasmaInnil g, 1aeail

B2 (3.3)
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d‘l‘ o =
3.3 ‘Nﬂ‘mugmuazm‘imam*llt'}ﬂm'ua
' Py o a o = » '
1Invsveeauuanallugli 3.2 annsodwwaniiluledie 1dlaninnde
Sawfufesaziounszua dwanilugiin 34 [16) TavTassadrnoluvesledie:
YsznouTddroraesveoanuae O, uaz 0, UaLITALNOUATEUAUDY Wilson i)

o 1o 1 e 5 & a o
SRz INTAEIUNTEIAIIAIMi 3 2995 Fnlsyneudiemiwamees O, -0, , O, — O,

uas Q9 i Qn

pe
i
-

v_r Ql

OJ

51/ 3.4 Tnssadranmeluveslodie [16)

a « ° = @ w
Tunmsdinsizraeeslugil 3.4 szdmualinsudmesinnaaiinuauwaiuyn
Uszn1s uazAsasinsvewnszud (b, ) fagenn q viem g >>1 e inssua

= 4 R L o o s Ay o

WAv0INs WFMABTNNAINATBININ 9 pvuAunszuanealaames otloudyn
viadnfigadduna v, vhiduiigadidunn v, vio v, —v, =0 nazueaiilnariu
a o & 5 " P ' a o & 2
NI WFAAT Q, WI0NTTUA i, WWMNUATZUAN InarkunsuTmaes O, wionszud i,
Faveiiawiny 7, /2 luvaz@oinuesazdounszua Q, — O, uaz Q, — O, w3

dwunszua ldnszua i midunszud i, (7, =4,) uaznszua i, IMAUNTZUA i
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i " o ° o 9 o 9 .
(i, = i,) awday uazhwimeafuinuirwsazdeunszua Q, — Q,, s lnnszua i
3

" e . 7 ) v o o P ' . ow A
widunszna i, (i =i;) dniulunsdiil v, —v, =0 wldmnszumerding i, Asil

=i, =i, =i, —i, =0 (3.4)

a d H a 1 H -
lunsainfloudyauvinaandiinduya v, nnnnfividuna v, nie v, > v,

~ 2 o o o§y ) a ’ ¥, WL

ﬁfyfy)TﬂlUﬂz‘UQﬂ'ﬂﬁlHﬂ?ﬁllﬁﬂﬂﬂlﬁﬂlﬂﬂiﬂﬂ@ﬂ?1u°ﬁﬁ1ﬂ85 Q] uaz QZ vl‘lJI.'V'I']ﬂlllW'i"lz
A 1 < 1 o ' aa s a
IHDIIAATINIZUTADAIAAIAD T (](,) HAZAUSIAUITEUINVUUTUASUIDUAINDT (VBE) u
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Abstract: This paper presents a simple method for realizing instrumentation amplifier with ease of gain adjustment.
The proposed circuit consists of five operational transconductance amplifiers (OTAs) and two resistors in a balancing
circuit. The differential gain of the proposed circuit can be electronically varied by changing the external bias currents
of OTAs. The high common-mode rejection ratio (CMRR) can be obtained without requiring matched resistors.
Experimental results showing the operational characteristics of the proposed circuit are included.

Keywords: instrumentation amplifier, OTA-based circuit, CMRR

1. INTRODUCTION

An instrumentation amplifier is a type of differential
amplifier that amplifies the differences between the
voltages applied to its two input terminals without being
affected by the common mode voltage on both the
inputs. It is widely used in measurement, test
equipment, and analog electronic system [1]. One
fundamental method to implement the instrumentation
amplifier is based on three operational amplifiers (op
amps) and seven resistors [2]). However, this approach
requires perfectly matched resistors to obtain the high
CMRR. Alternatively, the methods employ two voltage-
to-current (V/I) converters in a balancing circuit [3-5].
Two obvious advantages of these methods are that the
differential gain of the instrumentation amplifier can be
electronically adjusted without disturbing the balance of
circuits, and no matching resistor is required to achieve
the common-mode gain of zero. Nevertheless, the
transfer error of conversion contributes to an inaccuracy
of the circuit in literature [3]. The aim of this paper is to
present the similar instrumentation amplifier designed
by using commercial available devices. We develop this
idea in different way to improve the circuit accuracy by
minimizing the transfer error of conversion. Moreover,
the proposed circuit obtains the high CMRR and wide
frequency range of operation. Experimental results are
used to verify the operational characteristics of the
proposed instrumentation amplifier.

2. CIRCUIT DESCRIPTION

Fig. 1 shows the basic concept of the instrumentation
amplifier using two similar V/I converters in the
balancing circuit [4]. If both V/I converters have the
high input impedances, the current i can be stated as
TV 0V

R - R (1)
Based on the operation of each V/I converter with the
current transfer ratio S, the output voltages v,, and v,
can be given by

R
v, =BiR, = ﬂ-;f!_(vl _Vz) (2)

=

R
v, = PiR,, =ﬁ#("2 "vl) 3)

O-—
v Vi i
Vx val ¢
) R,
:i R
Vv
1 vn ,
o—] Voo y?'
i R,

Fig. 1 Basic concept of the instrumentation amplifier
using two V/I converters in a balancing circuit.

It is seen that the common-mode gain of zero can be
achieved without requiring matched resistors.

The method to realize the temperature-insensitive V/I
converter using two OTAs is shown in Fig. 2 [3]. The
relation between the output current i, and the input
voltage v, can be written as

. Em2
] =| —=2&__ 4
o (g,_,R-!—I]v"' @

where g,,; = I5/2Vr is the transconductance gain of the
OTA A; and V7 denotes the thermal voltage. If we let
Rgm >> 1, then the current i, can be approximately
obtained as

i =(;&Ji=[i]h (5)
gn! R 181 R

It is shown that the temperature dependence of the
transconductance gain in term of the thermal voltage ¥y
is compensated, and the current transfer ratio can be
electronically varied by changing the ratio of the bias
currents g and Ig,. In term of the transfer error &, from
the voltage v;, to the current i,, we can rewrite Eq. (4) as

; y o v
i= 1_ in 6
’ (]BZ ]( EE)R .
where
1
= T
g R+1 ™

If gy = 0.0192A/V and R = 10kQ, the transfer error &,
of about 5.181x107 is expected.



Fig. 3 Modified OTA-based V/I converter.

In order to minimize the transfer error of the V/I
converter in Fig. 2, the modified V/I converter using
three OTAs is shown in Fig. 3. The OTA A, functions as
the high-gain amplifier [6], and the OTAs A, and A; are
employed to convert the input voltage v,, into the output
current i,. From routine circuit analysis, the voltage v,
can be stated as

"’, :[ gnlgnz'}nR ]vm (8)
gmlgmlnnR-!- 1
where r;, is the equivalent value of paralleling small-
signal input resistances of the OTAs A, and A;. If we
design the circuit such that g,,,g,.r,,R >> 1, the current i
can be approximated as
vl ~ vii»

! R R @
Considering at the OTAs A, and A,, the difference
between their two input voltages and the output current
i, can be stated as

i v, (10)

gml - ngR
’-o:gn}(va_vx) (I])
By substituting Eq. (10) into Eq. (11), it thus results in

i ___[@J.‘h:(]_ﬂi_]ﬁ_ (12)
&m ) R Iy, ) R

From Eqgs. (5) and (12), it can be seen that the
operations of the V/I converters in Figs. 2~3 are similar
in ideal, but they are different in practice. The deviation
from the ideal relation in Eq. (12) contributes to the
inaccuracy of the V/I converter in Fig. 3. The major
factor is due to the transfer error &, from the voltage v,
to the current i,, we can rewrite Eq. (12) as

(v =%)=
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Fig. 4 Proposed instrumentation amplifier.

. 1y, Y;

i, ={=—=]|(1-¢ )= 13
o o
where

£, : (14)

EmEmtaR+1
If gy = gmz2 = 0.0192A/V, 1y, = 65k€, and R = 10k, the
transfer error g, is about 4.173x10°°. We note that the
transfer error &, can be further reduced by increasing the
value of the transconductance gain g,,; (or /) without
affecting the current transfer ratio /g://5,.

Using the concept in Fig. 1 and the modified V/I
converter in Fig. 3, the proposed instrumentation
amplifier can be illustrated in Fig. 4. Solving for the
output current i,, we have

i =@(___."-“"2)=i'£i[_"l_"=) (15)
8m2 R Iy, R
Therefore, the output voltage v, can be expressed as
Tian R
v. =Ri =S2L_Lfy —y 16
o L% 132 R ( 1 2) ( )

It can be seen that the common-mode gain and CMRR
of the proposed circuit can be obtained. In addition, the
differential gain can be electronically adjusted by
changing the bias currents Ig; and Iy, without disturbing
the balance of the scheme.

3. EXPERIMENTAL RESULTS

The performances of the proposed instrumentation
amplifier were studied through the experiment using
commercial available devices as CA3280 for all OTAs.
The circuit parameters were set to gy = Iy = Ipy = Igs =
ImA and R = 10kQ. Based on Eq. (16), the bias current
Is; and the load resistor R; were varied to achieve the
gain variation as listed in Table 1.

To test the circuit performance in the differential
mode, we connected the voltage inputs v, and v, to the
voltage source and the ground, respectively. Fig. 5
shows the plots of the results in the differential mode
against the frequency. To measure the results in the
common mode and CMRR, we connected both inputs v,
and v; together to the same voltage source and set the
differential gain to equal 10.



Table 1 Gain for different values of /s and R;.

Toksiop | f—

Iy R, Gain (Eq.16)
3.162mA 100kQ 31.62 (30dB)
ImA 100kQ2 10 (20dB)
3.162mA 10kQ2 3.162 (10dB)
2mA 100k 20
2mA 10kQ2 2
ImA 10k 1
0.5mA 10kQ) 0.5
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Fig. 5 Plots of the differential mode against frequency.
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Fig. 6 Plots of the common mode against frequency.
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Fig. 7 Plots of the CMRR against frequency.
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(a) for triangular input signal
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(b) for square input signal

00us] Al Chl 7 6.00mV

(c) for sinusoidal input signal
Fig. 8 Mesured results showing the proposed circuit
performance at 100kHz at the differential gain of 20.

(horizontal scale: 2ps/div, vertical scale: 100mV/div and

2V/div for upper trace and lower trace, respectively)
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Fig. 9 DC transfer characteristics for
the differential gains as 0.5, 1, and 2.
(horizontal scale: 2V/div, vertical scale: 5V/div)

Fig. 6 shows the plots of the results in the common
mode against the frequency. Fig. 7 shows the CMRR
against the frequency. The measured results
demonstrating the proposed circuit performance at
100kHz at the differential gain of 20 are shown in Fig.
8, where the input signals are triangular, square, and
sinusoidal waveforms. Fig. 9 shows the measured DC
transfer characteristics for the differential gains as 0.5,
I, and 2, where the difference between two input
voltages (v;—v;) was varied in the range of —10V to 10V.

From experimental results, it is evident that the
proposed instrumentation amplifier functions correctly
and provides good operational characteristics.

5. CONCLUSION

This paper has described the OTA-based
instrumentation amplifier with ease of gain adjustment.
The proposed circuit is simple in configuration and
inexpensive. The differential gain can be electronically
varied by changing the bias currents of the OTAs.
Moreover, the high CMRR can be achieved without any
resistor matching.
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