A, S
0 Miluma® s
Ql,m o :\)0

Q a a (4
TususasINg BN

%] a a Q %] = w ~
YnNaINagIag @ani1uwin ﬂ‘[%‘[a ANITIDNEINRTNIETUATILIUD

é o -é A W = d‘d ; d' a

1309 2995ve8dyY ATl IALILTUD ANNRANTENUM NN Aeuu asgumngil
4 a

Tay wowIy HNavlseans

a v @ H é v
I8sueidltiuiiudiunilassnsAnuandngas

agmansgaamnssuuvtiudia i lwdh

O~

o @ a o o
(919158 A7.19A0 W NADNNYNY)

AMUUATUNAINGIRY

17 WOHNTAN 2550

a a o
AULNITUNTABUINYTIUNUD

! UseHUNTINNS
9 L4 a aa (v v
(B0 ans 19158 As.NUAT ASUTyIium)

M NITUNT

) L QJ a
(é‘lﬂﬂﬁ'lﬁﬂi']%'lig AT.TAUANA ﬂiﬁﬂ‘ﬂlﬂf‘)‘ﬁ)

Q/ G NITUNT

Geamans1nsdisaall nuinm)

AN
A B~

da o a
(FONFAANTINTYVITANA ‘Iﬂiy'g@l’ﬁiill)

AITUNIT




a

o A Ao = At ° ~
NITVIY ﬂJUﬂJUWmLﬂi’E'NiJf]’mlL‘U‘UGlﬂJfJ’dVIiJW’dﬂi$ﬂﬂﬂﬁﬂﬂﬂﬁlﬂﬁﬂul!ﬂﬁiqm‘ﬁﬂll

U

o a Q‘f
WANY MaElseans

a a o"dyd 1 2 = [
’mElmwu‘ﬁmﬂumuwuwmm‘iﬁﬂymmwam;fm
5’ U a
ﬂ§ﬁ1ﬁﬁ5@‘ﬁﬁ1ﬁﬂiiﬂﬂﬂ1ﬂm“ﬂﬁ

avin i madnazenans Wil

&% a [ &g

NIy a01iuma luTadngzI0unaINIZUATINILD

Umsdnu 2549

avansvesanniumaTuTagnszvoundInizunsmiio



A L4 a
¥ C WY vaddseans

y a a J @ 4 @ { °

FOINGITNUT . sveedyananiesleiaunuFueaiinanssnua11n M3
nasunilasgurgil

A19713%7 -l

aonfuma TuTadnszaeund Nz unIvilo

A (= a a 4 9 4 Aa aa (o @ 4
NTAYINOUNUS H¥I0ATN319138 A3, WUAT ATUTHRYITUN
4
é%lﬂﬂ]ﬁ@]i”ﬁ]ﬁé A3. AUANA B3TANUINA
= =1
InsAneI . 2549

UNAAEID
a a 4 v dye [ d’ A v a A d‘ Y a
Aneriiwusatuihinauelsvesdygramiosoiayiagueanaiuau laluga
ad a 4 Y= 4 =1 £ & 4 VoA ~
arannseing Tasodeiiisaginaal ueanWauilumsiszgnaresamemunszuayunaodn
v D, ¥ Ao 2 o q ooy A v ) £
auaudenszud A lassaiuimiuauell ld Idesidanudumuvrudigs saiu
1 ' ) Y
AuautAnianAveINITIeIed Yy aInTol i UpNMTBINTLAD 2T WNTDABUAUDY
1 ~ [ % [ a [~ a [
apAud Ideunie annsnsessudyanaumedauna lananilusadulaelidwa
1 [ 4 [ [
NIZNUABOATINITVOIONTZUANANLDIANA  dTolTudasivens]la Tasmaniuguain
Y
HFIFUIINMGUBN DNNI1D3T UdoInMIadumumensn
o a a o o a 4 [ 4 Y]
MIAUTUNUUVDINTITE 1ANINTUATISHIITTINUDINITVTuAT 007

g 9

NITFArEguUUl taz Iasedd e lureasmenunszua U dosNAIuANAIIN T

a wva

= d’ [ d' o o 2 9

HUVFNRANDHIFNANUDUR TR tazdraeansiiauueees laglylsunsu PSPICE 14
Y v Y
usaau Iiaean +5v Uoasaulaeafidsnu 98.5mwW S UIATINTUSEUDINDT TIU1TD
F2 an ad a 4 A A 9
Uy 1A TaedTminesiannseting 1995M00NUUDEINTOADDTUBIATIND IAgIga 11.548
MHz #-3.0dB 1azions1n5u9a IMuasIy 285 dB 9951N15Y818U092995 HANTENUIN
nasuulasvegumngiia 0.003%/ °C TagriimMsnaaeugungian 0-100°C WaMINAALH
Adonaineuninseafuduna’ld -300mv 89 +300mV Haglidns1veenIHAN A UDIANA
1 v 1 v

nnan Tag lunlasuulasnuszdunssdu Ii@eann £2.1v a9 5V

a a JA o 3 Qy 9
ONIIUAUDTUIUIUNIAU 109 Y1)

Mdy : Fued 1ITVeTYYIUATEETA daT1vda TuaTn USuAA189EMINN

adc a J
INNIDUNT

s (=R a a 4
E]’li]’lﬁ‘(’lﬂﬂﬁﬂ‘]&l’l')ﬂﬂ’luwu‘ﬁ




Name : Mr.Saweth Hongprasit
Thesis Title : Low Temperature-sensitive CMOS Instrumentation Amplifier
Major Field . Electrical Technology
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Academic Year : 2006

Abstract

This thesis describes a CMOS instrumentation amplifier with electronic controllability based
on second generation current controlled current conveyors as active building blocks. With the
proposed topology, the circuit has a high input impedance which is a desired performance in an
instrumentation amplifier In addition, the proposed instrumentation amplifier has a wide-range of
frequency responses, a large available input range with linearity without affecting the current gain,
current gain controllability by input voltage. The circuit does not require any external resistor.

The procedure of the thesis is to propose the design of the instrumentation amplifier
employing integrated circuit principle. The design method includes a temperature compensation
circuit, internal construction of the CMOS current-controlled current conveyors. Subsequently,
evaluation of operating frequency of the proposed circuit is disclosed. The simulations using
PSPICE are also represented. By consuming +5V supply voltages, the proposed circuit has
98.5mW power consumption. The current-gain can be controlled by electronic method, as
mentioned in theory. The maximum operating frequency is 11.58MHz with common-mode
rejection ratio of 285 dB. The current-gain is deviated by temperature from, 0-100°C below
0.003%/ °C. The input dynamic range is from -300mV to +300mV. By varying supply voltages from
+2.1V to £5V, the output magnitude provides a constant value.

(Total 109 pages)

Keywords : CMOS, Instrumentation Amplifier, CMRR, Electronically Adjustable
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. v :( ViRy, ViR, j
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V. = ﬂlVlez +ﬂ2V2RX|
BV, =
RXI +RX2 + SRXIRXZCa
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iCa = IBVXSCa

— SﬂlelRXZCa + SﬂZVvZRXICa
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“ RXI + sz + SRXIRXZCa

minszud Ip &

uny @-12) Tu (u-15) 9214

,BV _ SﬂlVlezca +S:B2V2RX1Ca
: - RXI + sz + SRXIRXZCa
IRXI = R

X1

(U-10)

(U-11)

(V-12)

(U-13)

(U-14)

(U-15)

(V-16)



97

— ﬂlVlRXl + SﬂlVlRXlRXZCa _ﬂZI/ZRXl

%30 i, (V-17)
RXI(RXI +RX2 +SRX1RX2CLJ)
Wdﬁlu i = IB1V1 +SIB1V1RX2Ca _,Bsz 418
o RXI +RX2 + SRXIRcha ( ) )
minszua Iy &
o =iy —ig. 19
Uy (¥-14) taz (¥-18) Tu (v-19) 9214
i = ﬂlVl +Sﬂ1V|RX2Ca _ﬂsz _ SﬂlVlezca + SﬂszRXICa (1-20)
e RXI +RX2 + SRXIRXZCLJ RXI +RX2 +SRX1RX2CLI
‘Vi?ﬂ i = ,BlVl + SﬂII/IRXZCa _ﬁsz _SﬂlVlRXZCa _SﬁszRmCa (U-21)

e RXI +RX2 +SRX1RX2Ca

o Z-RX2 _ ,31V1 _:Bsz B SﬁszR)aCa (¥-21)
RX] + sz + SRXIRXZCa

nInseLLe L

F4
NnguaNAYes ceell nuvay nzualinan1a lvandga x ¥es ccoll vuemy 3 9zl

v v Y . [
Anmdunszuad lvaseninda z use L, Warsan laaeaunisi (v-23)
I

out =Ry, =z Tl =g T Qly (v-23)

UNUFUNITN (V-18) thag (v-21) Tu (u-23) 218

. ,BlVl + SﬂlI/lRX2Ca _ﬂsz ﬂlVl _ﬁsz B SﬂszR)mCa
lnut - al + a2 (V-24)
RX] + sz + SRXIRX2Ca RX] + sz + SRXIRXZCa



98

W30
. _ BV HSPVRGC, = BVs) o (BVi = BVs = SPVRC.) (1-25)
out RX1 + RX2 + SRXlRXZCa
W30
PGBV aSBVRGC, —afily + BV B, ~aSAVRC, |
out RX] +Rx2 + SRXIRXZCa
Saru
_ @+ ) BV +BV) + &SPV RC, =SBV Ry C, (v27)

" RXl +RX2 +SRX1RX2Ca

WSIAU V.

out

=) 1

#150191029950 A U1 nszud L, =15 uazanuduniu R fAea anw

9 1
@9])1‘LWHHLLPJQLLﬁ%ﬂWﬂ’N?J‘QLMQle’ENSIT’J Z 494 CCCll HUNELaY1 LagCCCll HINBLaY 2 FIADUUIU

[

(B4 v
Ui R, niemanudumuusdenagg X ves cocil 3 dwnsom ¥, Tdasaumsae 11

I/out = iout ‘Rout (511‘28)
il R =R /IR,/IC, (1-29)
A9 R Ry Ry (U-30)

“" Ry +R,+SR,R,C,

UNUA (v-27) wag (v-30) Tu (v-28) %311@9]}

|- (o +a,) BV, +ﬁ2V2)+alSﬂ1V1RX2Ca _azSﬂszR)nCa RRys (¥-31)
" Ry + Ry, + SRy Ry, C, Ry; + R, +SR,R,C,



99

Aviuald K = ! (1-32)
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. 2 v., KK,
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V
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130
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T Measured
T Current
LEVEL

L

W

LD

WD

VTO

KP
GAMMA
PHI
LAMBDA
RS

RSH

IS

JS

PB

PBSW

CJ

CISW

MJ

MISW

PT
PMOS
27
27
3
100.000000E-06
100.000000E-06
30.000000E-09
140.000000E-09
-.58
34.531440E-06
.76
.905
0
886
1.81
10.000000E-15
380.000000E-09
911
911
850.000000E-06
467.000000E-12
429
.631

NT
NMOS
27
27
3
100.000000E-06
100.000000E-06
40.000000E-09
110.000000E-09
.62
159.017300E-06
.69
.905
0
417
2.73
10.000000E-15
1.800000E-06
.761
761
764.000000E-06
568.000000E-12
357
302



CGSO
CGDO
CGBO
NSUB
NFS
TOX
XJ

uo
UCRIT
VMAX
DELTA
THETA
ETA
KAPPA

KF

PT
PMOS
138.000000E-12
138.000000E-12
345.000000E-12
208.000000E+15
52.000000E+09
10.000000E-09
100.000000E-09
100
10.000000E+03
113.000000E+03
.81
12
0
2

10.800000E-30

NT
NMOS
138.000000E-12
138.000000E-12
345.000000E-12
171.000000E+15
120.000000E+09
10.000000E-09
150.000000E-09
460.5
10.000000E+03
130.000000E+03
42
129
0
1

307.000000E-30
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