
OTA based instrumentation amplifier 


c! 
e::f L::\ V L::\ v 

UlillnU)flffn~ AUJ~~~ 

Mr" J(iattisak J(umwachara 

" 

, /"\ 

1J;l'U'H1J ... .. .. .........~ ........... _ 

' J;l'lJ 'I1 ~ 1 U,! ~L ..§J..~. gJ_ ~110czbnJ::-..b ..................•....••••••••. 
1'U,IAfl l-A,u ...:t..l..D..f.L.. ~g · .1 . . ...•.••.•. •••.•••••••••••••••• 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 



OTA-Based Instrumentation Amplifier 


.:j 1 'U 1~Util~'U fll:i1111bY'U Bl'J ~:i 'IlU1tlll iJiJ5'U bY'Yl ~1lJ'ml (Instrumentation Amplifiers) 

hwl~ OTA IlJ'U'I1 ~f11 'Uf11:iBBf1UiJiJ ~'J~l~\PI,)l'IJtI1(Jflll1JII\PIf1~l'J'lJB.:jl.:j ~')b1'11Jl'HlIllh~ 11~ 

1~(J'Yll.:j51~f1mm1f1rl' 1.:j~')~111IbY'Umh~f1BiJ~lV OTA 31'l1~B111Jf1Ufnl1J~1'U'Yll'U 2 ~l ~[1 

An operational transconductance amplifier (OTA) based instrumentation amplifier 

circuit, where the differential gain of the circuit can be electronically varied, is proposed in this 

research. The circuit comprises of three OTAs and two resistors. The thermal voltage (VT) 

affecting transconductance gain (gm) of OTA has been compensated. The proposed circuit has 

high common-mode rejection ratio (CMRR) over a wide bandwidth. Experimental results that 

confirm the circuit performance are also included. 
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(11) 

(12) 

(13) 

(V - V ) = 2kT (I _ I ) = 2kT I 	 (14)
x Y 121 10 q B q B 

I,~ (" )(V, -V,) 	 (1S) 
2 kT 

q 

I =~(V -v ) 	 (16)
o 	 2V x y 

T 

" v 
1l1fH1'lJf111l1 (2) ll~'l~m~UIl'l1lmy]Yj~"tJtl.:j 1tlYiw 10 nfh~.:jti 

I - g (V - V ) 
0- m\ x y 	 (17) 

9J G.I ~~ 1 d d I 91 91 / d I 'jI q 9J 
m~Ull'fll1J~lJ IB mll'~~lw.'Vltl'UYj~"tJtl.:j .tl'VlWlJfl1'UtltJ'V'WfllJUC'll 10 lei ll~lJfl1I"tJl bflC'l 

'\1 ~.:j 1l~y']11'\1"~n ifl11lJ ~l1'I:r'U 15J ~'\111.:jm .:j~'U~~h.J'V'I~IIC'1~ m ~1l1l'~lmy]Yi~"tJtl.:j 1 tlYiltl~.:jIlIl'~.:j
• 	 q 
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"w~tl~ 6 OTAi' OTA2 H~~ R 'il~Vhmrl~!'lJlJl'1'il)!tl~tllJftfWllfr:l1lJU\9lfWh'l (V I - V) ltl'W 

m~H~ I ~ 1 11~~llJfll1lJl9i'llJ'VlllJ R l11 OTA, l!~~ OT~ ijfll1lJ~lJ~'1"rtllJ l!~ ~ m~u~1'lJ'5~ 

IB l = I132= I8 fll 1 lJElJYrlJ,j)~'\111'1m ~ l!~ Ill~ ~ ftf1 ~llmllJH\9lf1~l'1 (VI - V
2

) ~llJl)t111l119i''illfl 

1= Rgm (18)
(Rgm+l) 

lrieJ gm f1eJ~lmllJ'iJl'UeJ'I OTA, ll~~ OT~ ~ij~hryhtl'lJ Is/2VT l\9ltl~ VT fieJfllftfl\9l1fll1lJ~eJlJ 
, &' 

l11fh'i1'w\9l111' Rgm » 1 OTAI U~~ OTA2 'il~v'ill1.wl'Yi!tl'Wl'1'il)\9l1lJftf1\9l1 (Buffer) CJf'l'illf1~tl.yj 6 
v I ,'jJ 

'il~11'l' V' I = V llln~ V' } = V 2 ~'1'1!lJ~lJf1l).yj (18) 'il::;!~tllJl'}nJll'l'~'1~'lJf1wYi (19) ~'1ij 

R 
1 

V :2 D---------r 
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http:1'1!lJ~lJf1l).yj
http:CJf'l'illf1~tl.yj


I = _( V--,-,_-_V..::.2_) (19)
R 

Ulfl'~iJ~ 6 ffn<fll~\9lnfl'imJ OTA, (V, H"::; V\) u::;ltluffn<fll~<fIl~ll~n'U OTA3 u" ::; m::;H~~<fI 

Bun 103 u::;rill~uln 

(20) 

l~U Ai ~Dfi Tel';'] 'Jl'IJtlltlm::;H~~~llJl 'JfluiJ'J~11J{1<f1t1fll 'HiJ~tlWliJ,,~5\9l'JlrilU'lJD~m::;H~ IS3 

H"::; lSI 111 DD 1 u u::;ncild lJ{';1l~15\9l'Jl'IJtJltl Ai mlJl'JflHiJ'J~11~H1J1J Vl~ fl'Yl';H)iJn~ uln~lJfll'J 

~ (20) u::;l~w.l~llvm'IJtl~ffn<fllmllJ~e)'W VT lJ{Qn"<fI'YltlUliJ rll11~'U~lffn<fll~<fItlUn Vo u::; 

11 llJ{u In 

(21) 

uln~lJfll'J~ (21) u:;;1J{111'Wmru'IJtl~5\9l'J1'IJfJlmhlltylu!~llJ (common-mode gain) VI = V
2 
~l 

ffn<fll~<fItltlf) V( u::;l'yhn'U~wJ 1<f1t1111~lltlW'ltl~'~~lmllJJ{1'W'Yll'W~(nJ'¥I~Eln'W H"::;ffn<fll Vo 
v , 

V~~U tl ~n'U fi 1BY! 'J l'IJtll q A Vi~l:lJl'Jflf11'Uf1 lJ1 J{ u 1 nm::;H~ l 'U B'rJu 1 n muu tl n 
'" I , 

H"'lJtl~~u!11 fJ iJ~liJ~tlUuiJ"~liJu::;ijt-lm111~~1 gm 'lJtl~ OTA H<fI'¥Im<flliJu1n~ 

1 J{ n111 'W <fIlD11-), 1 ~ 1)'J 'IJ tI 1t1U'U'UVU ~'Yl 'J uj'm11 'W 'JD ~ 6 ~l:1Jl'J [I ~ u::; r1 <fI ~mm::; 'Yl1J u1 n fll 'J liJ~tI'W
'" '" 

II iJ r1~'IJ tl~ ~ ru 11 fJ iJ~ D~ 1 gm ,,~1J{ 1 <fI tlf111lJ 11~ tl~U!11 fJiJ'lJtl~l~ u 'J 'IJ tJ 1 till 'U'UV'W ~'Yl tl~m-11lJ 

'JD~ 6 'rJ1lJl'itlr11H1)ln
'" 

(22) 

"i,d ,d "'"l"""'o 9'" "",,d "lw,
!<fItJ'Yl K j = i:m/(l -gmj R) uln~lJfll'J'Yl (22) u::;m'W l<fll1fJlfll11lJ<fI!11 ISIR lJm'Yl~~u::; l<flmmllJ 

11~tl~u!11lJU~~1 P11tl~1~l'l1U Is, = 100J..lA Ur1::; R = 10kQ u::;11J{11f111lJlllVlln'U -0.049 
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'V1~HH).:j OTA ~l~hJl.:j~'j~tl LM13600 u1:1~fhYl'U~m~u'(fltJ5'(f r = r = 100J.lA ~.:j~~1~SI ll 2 

~l gml = ~ = 0.019 AN ~lfll1:u1'1'1'U'V11'U R ii~llvhntJ 10kQ ril'Uml:u1'1'1'U'V11'U RI 111:1~ 

gm} ~~ll1h ~l uhJl'vJtll111~~15\P1'jl·\HJ1VI'11:u~l'1'tl.:jf11'j 1'U~LJ~ 7(fl) ltJ'U~·m f11'j'V1 ~1:1tl.:j'UeN~ 1 

5\91'jl'UV1vml:UUl'1fl~1.:j~.:j~~1~r.l1:1Vltl1J'(f'Utl.:j'V11.:jml:u~1'U'lh.:j 0.2 MHz G.:j 4 MHz rll'YI~tJ 

l'U'jLJ~ 7('U) ltJ'Ur.l1:1f11'j'V1~1:1tl.:j'Utl.:j~l CMRR ~.:j~~ii~ll'W'lh.:j 80 dB G.:j 96 dB lritl~151'1'jl
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