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ABSTRACT

This thesis presents an integrate circuit technique for Instrumentation Amplifier in
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3.43 MINTIVVVUALAIVYUNIBIANNIBTNE (Monitor and Control Electronics)
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4.4
A33IgNRaN

WIIFOINTINA (rectifier) [16] 1Wn9snimsiamuuy lddwFadunsinei
v 4 A& o H 4 s
Tl ldlseTemlunsnanoinaiiqalsesnils Tasasesesimihfindeudayga Iwihnssue
adU (ac signal) THilludayanaIiihnszuaass de signal) ndnfe FyanaWaduiisy
Whanmsduynuesesszgadsi T iludygaeiynanzdygudouinnie
= ' 3 = J ci 9 = LV | ey
FNAUMIIU 29935 0anszuaiug 1y la Teafssdudoauazns g auiiAveses
HaAIAIgUN V.1
P a P wa y . =
13U v.10) auudlaleafildnuiiguanialungaund (ideal diode) v2iviu
1 [V = (] Qs s 9 o v: ]
NusudunnInuInawsader laliiuus sdueninn ¥y Tnaa lévanua ualums
o arey 4 Q q’: s 1 A
Ugiaudrvazh la Teahnszivezliusssuannsonlaloa(,) Uszum 0.6y iilo’lalen
1 uriadaneu (silicon diode) Aagalil v.1 (v) Tar I lufiusadueniynsioldiy
‘ v a = o 1 -
ana (Vo =0) Iuvsisiusaduduymdnuaniaidindio.ey szifiudins 14auves
=1 Hq v = 1 = v w A A ‘3' '
visvanszuanly laleafivsediudon limossmsainifan nuamamaeuauuas limunse
9 as [ < . Al -- T 9 3 A as s '
l¥udya uuuaan (small signal) AllAdind 0.6v 18 Auiumeviailymdanaiiuas
¥ [ Y
e e Soanszuaimsinuisasanntudeisueenuuyies 1asldlaToa
° ' w &L o Y 2 a ] e
MeusauivesioudFuSontens ludnuaeii « 139550905 2umAN0IAT9 (precision
[l ¥
Rectifiers) ” 2993130903 sudiflsens stidiuns oudtennidiugoriialuagq fo 1993509

{ 4 A X o A
ﬂix!lﬁlﬁﬂﬁﬂiﬂﬂiﬁ@ﬂﬂﬁu (precision half-wave rectifier) LIDg ‘N‘i]‘il?ﬂ\‘iﬂ'iﬁliﬂlﬁﬂ@ﬂﬂﬁu

a
(precision full-wave rectifier) IasfliswazidoavsI2993A9de 1i

Vin Vou Vout
A Jr A
1.0 1.0 1.0
0.5 0.5 //ﬁ\\ 0.5
0 t 0 P t <& P>
....... + L ke 1.0 L
-0.5 Vi A 0.5 -0.5
L Vou
1.0 1.0 1.0
\ 4 v v

(m
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Vin Vout Vou

A A Jr
1.0 1.0 1.0
05 0.5 [\ 0.5
0 i 0 >t ¢ Pt

______ + » - 1'0 »
-0.5 Vi N -0.5 -0.5
L Vou

1.0 1.0 1.0

A\ 4 A 4 A 4

(V)

' £
3UM v.1 295 vanssnanug un 19 laloafosanden

(n) laTenlunisgaund @) laloalumaljia

1. 29930389N 3= UAINRNAIINTIgNADY (Precision Half-Wave Rectifier)

g

P £ q o { [ = as (L
23EsINTUANNBINTINTIgRAUIE RIS UF Y e uyn Iladunaz deriu

s

o & a A £ - a [ 4 &
Y unnIzas T ImaauInnsonslafaauvesdyanaduym Wduemiun e

. ¥ i gl o 2(Y e nir -
dyaaueniymusswsh Idseiinnani@umiomudy feivuiumsnedwmivesda

9 o o 4 £ ] ]
aunu uezlalealuing ndnmshinuussinsiBomnszidiioms nTiganaugnuia

@ ! & @ i
poniunesdnyazlvajafe uuunan uaskuuay Jawaaslddegli vz Tasfiaa

¥
Y ar

dunusagllddaiife

Vin Vout

A A
1.0 1.0
0.5 0.5

Vin Vout

0 t ——— _/ e —— 0 t
-0.5 -0.5
1.0 1.0

A 4 Y

()
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Via Vou
A F s
1.0 1.0
0.5 0.5
Vin Vout
0 t ———————P —--\ — 0
0.5 -0.5
1.0 1.0
A 4 v
(V)

< Y ° P 2 4
11]“ 4.2 ‘Haﬂﬂﬁ‘i’l%‘ﬂﬂ‘\lﬂ&%‘ﬁl?ﬁﬂﬂﬂizuﬁmﬂﬁﬁﬂﬂﬁ@ﬂﬂﬁu

(n) LUBVUIN (¥) wuvay
= = £ Y y .
IVILI U~1ﬂi:’,uﬁ'mU\‘lﬂ‘i\‘lﬂidgﬂﬂﬁuuﬁﬂﬁ’}ﬂ (positive half-wave rectifier)

=V,

in

de ¥, >0V (¥.1)

out

TGH Pa€ W \iie V., <0V (v.2)

out

. \: L
299515 09N EUANVIAT aﬂsagnﬂﬁmmnau (negative half-wave rectifier)

v, <oy e v, >0F (4.3)
uag K. = iile Via <OV (v.4)

) a ) - a =
2. madszgnalFannssunsduangdinilunumsGaanssumnesnsansagn
AAUUVVLIN
~ = & A 9o P °
21955 vanszuafisansensagnaauinuunuaasiaaigun v.3 msinuves

Q@

vsensneiueldedisiion Tavusamsnasalunsdial v, >0V uaznsdlh v, <0V

Vo

R, z ,:,
Vii b i :

.:Z o ° { 24 A
JUN 9.3 MaNMIINUYD9299515 03NTUAMNBIATIATIGAAAUUUDLIN
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3
nsdl v,>0V :lalea D, vinszualiussduanason v, = 0.6V Aniun
Auauidvesestuend v =v Sehld v, =V,
= o =4 ] = o ar : =2 o
nsdl v, <0V :lalea D, ngminszuanlsouaiiouaiadidalns Aaiudem
Wv, =0V
o o A o J n:; '
namsfiaeamsimauidedmuald v iauilu 10mv a21ud 100 Hz uag1 R,

=3.7K(R,)vz 1as1 v, uaaslansgil v.4 Tag

20mvV

10mV A

oV 1

Vout

-10mV

-

-20mV 1 T T - T 1 T T
Os 2ms 4ms éms 8ms 10ms 12ms 14ms 16ms 18ms 20ms

Time

- o o o i =& :
;'ﬂ‘ﬂ V.4 HWANTIVIABDINIIN 131““3@3@%51583ﬂ531!ﬁ1ﬁ UQﬂﬁQﬂngﬂﬂﬁuu'ﬂUUQﬂ

3. madazynalfansesveeduangsiumiluanumsBaenssumiensaniagn
AAMILDAY
= & S Sl (o A
29955 anszudisIns wsIgARaNIVLauLaas AR U 4.3 MeianYeedns

aunsoeiineldetiedien Taouonmsivsalunsdiii v,> 0V uagnsain v, <oV

Vo

4 @ = M A i)
U vs wdnmsihanueesesGeansumilsns g gnaauIuYay

u

E
nidl v,< 0v :lalea D, shinszuafiussduannsen ¥y, = 0.6V auiuvin

Auauidveseetuond v =v fuhid v, =v,
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A8l vV, >0V :'laTea D, nyanszuanSoumilouadafiilaiens auiudeai
Mv, =0V

wamsdraeamisiianudedmuald v, Saufu 10mv aa1ud 100 Hz ez
R,=3.7K(R,) wldm v, nanalddagy v.6

20mv

10mV

0V
Vout

-10mVA

-20mV-

Os '2ms 4ms 6ms éms 1'0ms 12ms 14ms 16ms 18ms 20ms

Time

P ° ° { £ A
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V-1 converter SS

U7 .1 30esfaussdudunseia
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nmaesiasssduiiunszuanldhinoinusiuaas 1adag i a1 Tasaunse

Aowihinwsauyalédufagilin 2
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117993 ug# A.2 msTinseiiiemdwesnsudaws sudigadv,) Tihiue
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31n35189 KCL 91 11ua x 9214

1 1
V1 = —+—+gml |v,

a1 Te2

193121 KCL 7 Tnua A 9214

[g_gﬂi_L}_gv_& ML}
" Fiv  Tar Tw ! e e Fas g

a d a F A
ANTIZH KCL Nya y 92 149

1 1 1
— — L INROREL M/ FV 7 — ™
Faq Yoo Tas

Tagdaums (a.2) waz @.3) ImilAdludsaunsh (a.4) uaz (0.5)

[g_i_imLJ
[y Taz o Taz. Th . o 2

v, = %

N Faz

v

A [g __11_) X
m3 rdz

aums 1 (a.4) Yaumnu (a.5) Ml lan

@ UL_L_LJ (img]
" Yoy Yap Twm Em2 'y " Em2

" Y2
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(.1)

(n.2)

(n.3)

(n.4)

(9.5)

(7.6)

a.7)
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vr —3 - = = VA (ﬂg)
ng

1 1 1
gm3_m _+7
Faz Foo  Ta2

UNUauMs (a.8) aalu (a.1)

1 1 o Faz Poa  Taz ) |
TN e B ) Yy P e A=y, (n.9)
Fai — Tha
gm’Z - gr!lz
Sy T =/ WISV
B \( % e TR / |
ng + gm2
S W 7, r
M\ " b 4 d2 b2 d2 / | v, (71.10)

unuaums (0.8) asalu (a.1)

vA — gm] [2gm2] V; (ﬂll)
1 1 1 2 1
—+—+gml|||2g, ——-—-—
L TRY Fas Tan Ty

1,1 no>g svannsalseinaeumsi a.11 Sludsaumsii a.12
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= gl ml v, (A.12)
(— e gml]
oy T2
Mvesmsilasusaduiigaishey,) Tifusussdudigaeen (v,)
¥,
v, = (M]vl (ﬂ_13)
1 z mlrbz

dy I dl Y o U 14 dl = I gj 1 Y o ¥ € Y 14
wnanstluenasianulidmsunisidnuienisfinwivintu ldeygnlriluldusslevisunisen

| P~ O L a Yy agve & Y Y a = v & A ° P
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V-1 converter S8
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v, =( (gml+scl)rb2 ]vl (Q])

1+ (gmt + s¢; )rbz

wim Ina(P, : Pole)vae1393 lavdagiaums(a.15) Ieglugll (1 +iJ =094
by

1+(gml +s¢ )rbz =0 (1.2)

(g”,, +5¢ )"bz =~ (9.3)

Scl :-_[L_I_g"”] (q-4)

¥

A11Wacs : Pole)ud92995 1491

2y 1

s =-{L+gm]l (\.5)
c

AANUDARDON £, ;) VOI9TTUNU IRA NN (.7)

1 1
j:-3d3 r —+gm1 (0-6)
1 27
[ b
auudlrnmsilmesaeguesaesiie lenniludsl simuale rb, = 2MQ
g, =161 4V ey ¢, =138.5/F anudgegaiasesaiursaniniuldiauidy

116.24 MHz
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r

d
msdmnzvidyanasunuluglnseilsznmueniivl (Active Device Noise) [17]

o o

qunsailszinnueniin 1su nswFmaeseetueniuzidygyrasuniusinnioly
9 Fd

uAneuvznaNfdy IMIUNIMma TuriadetisgnandinmsSauasfmuadya

' 1 d} o = ' ) ' s :d'
sumauduiluednls FohldiRanguuesmniinesdgvesdyyrasuniufiozidiy
UszTomilunmsdmnsidyarusuniuvesgunselialy 557195t 1 ez dmua
dygrusunulugivesgunsaififloiu 2 33ae esdunames (Noise factor) Hag a3
Paesdyanusuniulugilusdu

1. Vosdurlmnos

a o4 LA o Uy e & o o At
wwaIRmnuInutsudurmaes TagnWanniulunmssui 1940 Tludnuazitie:
s o v o 1 L 4

mdyausunuluvasagInduezdinslsuwsnaoluilvgiu Tnsdweaosdurn

(]

w1 ldvInauduRuSaI UM 9.1

) %
Noised factor(F)=—22- 2.1
P
A
1o
F = ﬁaﬂﬁllﬂﬂlﬂﬂf(Noise factor)
Ppo = Masuvesdygasunauieniynveglasaiaia
Py = Mmiasmdieniynussdyanasuniuioninuvasiiiia

as

¥
uenvniidfesdirlames dsaunsafoulugivessandinvesdyyiude
1991943 1N 2U(Signal-noise ratio) 1BUWN w13 RI0TAT1dIuRBIT YR M Ae Tayey 108

JUNIUTIL NN Keaums 1.2

S /N
Noised factor(F)=_'/_' 2.2
SD/ND
A
3o
S,/N, = oandmvesdyyuredygusuniufisunn

v 1 a | ) - Jd
S,/N, = sandivesvesdyanuredyausuniufieniym
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Device with
R Voltage R
Gain(A)

31 2.1 wamnesiiioulumsmaniosdurames

o

TugU# 2.1 uaastamsminniesdurames Tasliuvassuiladayaaufininduym
¥

L7

b

9 Aé ! 1 -] _ ar s ar
ATTUATUNIU Ry °]Nﬂ’]ﬂ7.l'|1Jﬂy'lu'ﬂ']uﬂ'lﬂhluﬂlﬂﬂ!.l'ﬂﬁﬁﬂ'lluﬂﬁﬂgﬁg'Iﬂlﬂ‘;N AIHUTUYIN

FUMIUITIDINAMBS 31 084 (Thermal noise) V84 R Amaounmiludsrunsi 0.3

V, = JAKTBR, 2.3

r-
1o
v, = dYANIUTUAIUNTIAUNDURN(Y)
V, = dQesuniuusauiemIndynissununounnuasiinann
gilnsal(v)
K = f1A9NUD3 Boltsmann HAWIAY (1,38 x 107 J/K)
T = A1QuUUNIK)
B - ﬁﬂﬂklﬁuﬁﬁﬂﬁ’(noise bandwidth , Hz)
¥ 9y )
Ry = ARNMUMUIBUMEINUTAQ)
R, = sanuaumuveslnaaQ)

¥
= 1 o o

¥ s & i G .. A PRV 7
ﬂ’lQﬂﬂimu‘uuﬂ'lﬂﬂ‘i'i‘lltl'lﬂ!.l.i\‘lﬂu A ﬂiﬂaﬂ R, AU Imesvauaye

¥ o A

4 I's T ] n,: ] n’a’ 1 4
MMy niIfY AV, Mminussauiianasey R, Nanuaiial vV, insigaziu arvesiood

s Y
upmes Tson lannaums 1.4

Noised  factor(F)= % 2.4
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unumauns 2.3 adluaums 1.4 91214

2
Noised factor(F)= E(%}%F 2.5
S

= wa 9/ o o &
VINAUNS 9.5 nanstenuauirvesiosdunnnesie
i
1. luvurInaa R,
4
2. PUAUMANUAUMIUYD AR IR R,
3. fgulnsaliu lifidyanasuniu (moiseless) Avesissdunames selisuiiv 1
Aweafeudurames lumisnaBiua Sund1 eedWines (NF : noise figure) Taudi

NF = 10logF

7.4 fnﬁic]l'lElﬂ\?ﬁﬁll@TﬂﬁUﬂ']“cluaﬂ!ﬁQﬁu
1w 2 ad & Aa oA ¥ ° o
ﬂ1‘§‘H’lﬂ’]ﬁmﬂj’]mﬁﬂﬂ'}uﬂﬂjﬁ'ﬂuQﬂuﬂﬂﬂﬂﬂ151¥uﬂnﬂ’]'ﬁﬂq mupmsumuhgﬂ

sy Taguuasadeulumsmaueaslansgali 0.2

R, ] A I v
Ideal Niseless
Vi Network R
i Gain(A)
B AN EL ]

3 2.2 uaanssaioulumsmmdyanasunmlugilussdu

» 4
vV, = unudyanusuniuvesglnseiiie R, Wuaud
o o @ a " 4
msunudyanusunulugiussduanso1¥ldtugdnseivaroyiia wuly Twans

N3 udmaes FET esorlueni duduy
ussAuTIa e nvesdy g usunIURB UM vV, vesgiaseiitlumisines ndsy

Qs 55 Y
aanile Tddaeunis 1.6

V, =+4KTBR, +V,’ 2.6
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1iie V, Aoussduvesd gy s unIuYeITTUULUNILUAIAT B Feiis1deans
= ' 3 9 P @ " @ @ A "
AvaAn1vBIaNMs 1.6 IMsuiigqa Taona lmidgygusuniusineesindevueylugl

UIIAUTINVBITYIUTUNIUNDUYNARI IR ABIVBIILUR I ATITUAIaUAS 2.7

2
v, v, )

n — |4KTBR, +| -2 2.7
VB g (JB
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=y d a
HAADM AN VOINIIHT aIne

T_Measured
T_Current
LEVEL

L

W

VTO

KP
GAMMA
LAMBDA
RSH

IS

JS

PB

PBSW

CJ

CISW
MJ
MJSW
CGSO
CGDO
CGBO
NSUB
TOX

XJ
UCRIT
DELTA
KF

AF

NMOS

27

29

i
100.000000E-06
100.000000E-06
.609746
207.188600E-06
0

0

or3
1.000000E-15
705.000000E-06
7556

.68638
775.870000E-06
344.850000E-12
35297

26477
138.000000E-12
138.000000E-12
345.000000E-12
40.000000E+15
10.000000E-09
235.000000E-09
10.000000E+03
.01
367.000000E-30
91

PMOS
27
27

7
100.000000E-06
100.000000E-06
-.610347
207.188600E-06
0

0

2.1
1.000000E-15
800.000000E-06
78469

.6935
815.770000E-06

354.560000E-12

36667

27422
138.000000E-12
138.000000E-12
345.000000E-12
40.000000E+15
10.000000E-09
300.000000E-09
10.000000E+03
01
120.000000E-30
1.1

89



DIOMOD
K1

K2

LETA
WETA
uo
XPART

VTHO

W0
NLX
DVTO
DVT1
UA

UB

UucC
VSAT
RDSW
VOFF
NFACTOR
CDSC
PCLM
PDIBL1
PDIBL2
DROUT
PSCBE1
PSCBE2
A0

Al

A2
NPEAK

XT

2

.636932
146.916500E-06
0
0

588.4313

0

.609746

29.501
8.809842E-06
188.452600E-09
5.774999
447459
2.155132E-09
1.327310E-21
93.241840E-12
112.884400E+03
283.6187
-.12456

842528
-100.000000E-06
.880485
.013209
1.273320E-03
153273
452.617000E+06
50.000000E-06
1.280555
0

.8
200.000000E+15
155.000000E-09

90

2
685133
84.654070E-06
0
0

148.6428
4
-.610347
21.94
4.310000E-06
101.913000E-09
5.414501
477359
2.266657E-09
35.714090E-21
-15.343300E-12
666.642400E-+03
874.4421
-.11568

733528
~100.000000E-06
1.533237
248.941800E-06
738.399400E-06
1
600.000000E+06
50.000000E-06
1.257121
0
8
200.000000E+15
155.000000E-09



VBM
LDD
LITL
KT1
KT2

UAl

ucC1

AT
PVAG
KETA
ETA0
ETAB
KTI1L
K3B
DVT2
DSUB
UTE
CAPMOD
CDSCD
AGS
PRWG
PRWB
PRT
PDIBLCB
DWB
BO

B1
LINT
WINT

DLC

-10

0
83.964280E-09
-.301032
-.065746
1.737957E-09
-2.956110E-18
16.921940E-12
24.971530E+03
20417
=862.584400E-06
07

-.054
-31.728470E-09
-.68

-.02516

495773
-1.609602

1
~100.000000E-06
.240442

<

-.082727
-57.23893
.090022
11.100000E-09
363.660000E-09
2.337947E-06
13.536140E-09
-52.301790E-09
-29.900000E-21
13.536140E-09

-10
0
94.868330E-09
-.252207
-9.047095E-03
1.511701E-09
-5.058820E-18
-55.673300E-12
100.000000E+03
-.189408
-.018708
221867
-.099853
-18.677220E-09
~.065
-.010286
547
-1.045139
1
-100.000000E-06
170677
5
-.092895
190.1525
=
9.339000E-09
105.972900E-09
137.761200E-09
17.119790E-09
-92.700000E-09
-5.000000E-21

17.119790E-09
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DWC
CF
NOIA
NOIB
NOIC
VTM
PBSWG
MISWG
CISWG

JTSCD

-52.301790E-09
0
100.000000E+18
50.000000E+03
-1.400000E-12
.025864

.68638

.26477
344.850000E-12
705.000000E-06

-92.700000E-09
0
9.900001E+18
2.400000E+03
1.400000E-12
025864

.6935

27422
354.560000E-12

800.000000E-06

92
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A Low-voltage CMOS Instrumentation Amplifier

Sukhum Luikitmongkol, Wandee Petchmaneelumka, Vanchai Riewruja,
Chalcompun Wangwiwattana. Amphawan Chaikla

Faculty of Engineering, King Mongkut's Institute of Technology Ladkrabang,
Ladkrabang. Bangkok 10520, Thaland
(Tel: 66-2-739-24006-7; Fax: 66-2-739-2406-7 ¢xt, 103; Emailvanchaveees eng kimithac th)

Abstract: An instrumentation amplifier with the low supply voltage 1s proposed in this paper. The realization method s

smtable for fabricauon using CMOS twechnology.

The proposed circuit consists of two voltage-to-current converters i

balancing cireuit. This converter combines accuracy with differential signal handling and a high common-mode rejection ratio
(CMRR). Morcover, the high differential gain and bandwidth can be achieved simultancously. PSPICE simulation results,
demonstrating the characteristic of the proposed circuit. are included.

Kevwords: instrumentation amphficr, lows=voltage circuit. CMOS-hased circuit

1. Introduction

An instrumentation amplifier, which s also known as o
differentinl voltage controlled voltage source (DVOVS) s
a uselul building block in analog clectronic systems Wy
the realization of intelhgent sensors, the instrumentation
amplifier 15 very often required moorder 1o deteet small
differential signals m the presence ol a farge commoen
mode signal. Such amplitiers should have very low otfsel
and large CMRR. and cespecially for biomedical
appheations. they should consume as less. current as
possible and be able 1o operate at o low supply voliage

Early configurations ol mstrumentation amphibier are
the convention resistive feedback differenual ampliticr,
consisting o the  standard _two or three operational
amplifiers (op-amps) and the resistors "CThese structurey
are nol sutable Tor low supply voltage operatimg and high
CMRR are simultancousty required. They need op-mps
with low output impedance to drive the feedback resistors,
which implies high currents and large. power drain.
Morcover, they need perfectly matched resistors in order
to achieve a high CMRR. A much beuer approach, which
can be implemented in- monolithic mtegrated form. s
based on the use of the vollage-to-current converter '
However, there is a problem associated with this method
which the bandwidth of the circuit 1s not dependent on the
adjusted voltage gain. In addition, two new approaches
based on the use of op-amp supply-current sensing
second current conveyor (CCH) —“ have been introduced
These techniques obtain high CMRR performance over a
wide bandwidih without the need for closely matched
resistors, However, these approaches need igh supply
voltage.

CMOS technology 15 unguestionably the best
technology for micro-power circuil D Reeently, there has
been much effort to reduce the supply voltage ol analog
CMOS systems. This is due to the demand ol portable and
battery-posered equipment. I the Tast few years, there has
been 2 great deal of mterest i CMOS  teehnology
technique 1o perform mstrumentation amplifier ™" ™"

i
"und

-1058-

The purpose of this papetis (0 propose a CMOS cireuit
weehnigue dor realizanon of Jow-voltage mstrumentation
amplifier- et The advantages ol this construction are
hat small size, simple ement. symmetrical stracture, high
differential mode gain and CMRR. Simulation results thal
verily the performance of the proposed instrumentation
amplitier will be demonstrated.

2. Circuit Description
2.1 Principle of Instrumentation Amplifier
In principle based on the use ol the two voltage-fo-
current comverters on o balancing circuit is shown m
Frgure | ddeallyy 1t s required  voltage-to-current
converters with closely matehed characteriste,

Lo i
i v/l v
Ri 1
5 l R =
L
Vil Vo
T R

Fig. 1 The principle of instrumentation amphilier

The simple cirewnt in Figo | ooperates as a differemt
voltage-to-current converter, converting a differential mpult
voltage vi-v: mto a signal current i lowiny through the
yesistor R. The voltage across the resistor R vy -vs and
the signal current tean be given by

P e R (n

Hence, the output voltage can be expressed as

PRO001/03/0000-1038 Y400 ¢ 2003 SICE



R
Yoy = ";;’I“(‘ﬁ —-v) (2)

R
Voy = _71{_{"1 -%) (3)

It should be noted that a common-mode gain of zero can
be obtained without the need for any resistors matching.

2.2 Proposed Circuit

DD

¢il)3 li '

&
\.’s.'i

Fig. 2 The voltage-to-current converter

Fig. 2 shows the circuit diagram of the voltage-to-
current converter. The transistors are all matched and
operated in their saturation regions. The drain current of
NMOS transistor operated in saturation region is expressed
as

C.
R AN L L,

where K, vgs and Vi are the device transconductance
parameter, the gate-to-source voltage and the threshold
vohage. respectively.

The operation of the voltage-to-current converter is
discussed as following. According to Kirchhoff's voltage
law (KVL). the voltages at input node (v,) and node A (v,)
can be expressed as

Y E Vesi PV t VG (5)
and

Vi =V vV (6)
where Vs, Van, and vy, are the gate-to-source voltage, the
pate-to-drain voltage and the source-to-drain voltage of the

transistor M,, respectively. Considering at nodes X and Y,
we can obtain

i =y = s 97 (7)

i
Based on the equations (4) and (7). we have
Vst = Vi (8)
Substituting the equation (8) into (5),
Vi = Vet Vo Voo = Ve V0 (9)
can be obtained.

From the cquations (6) and (9), the voltage at node A is
equal to the input voltage. Then the current i) can be stated
as

o W,
= ——— = — IO)
"TRTR :

The above discussion confirms the operation of voltage-to-
current converter.

The proposed CMOS-based instrumentation amplifier,
which consists of two voltage-to-current converters in a
balancing cireuit, is shown in Fig. 3. The transistors are all
matched and operated in saturation region. The transistors
M,-M; and the bias current sources Iy,-Iy function as the
voltage-to-current converter. Similarly, the transistors M-
M, and the bias current sources ly-Iy. function as the
voltage to current converter. The transistor M, and the bias
current source lyy are used to transfer the differential
voltage input to output node, and the transistor My is
connected to balance the circuit. The operation of the
proposed circuit can be explained as follow.

The signals applied to the inputs are transferred to node
A and B as shown in the diagram, and the current i passing
through Ry is simply given by

e (1)

Considering at node A and output node, we obtain
Iy, = A =0y =1 (12)
and

i, = IM"ihl (13)

Based on the equation (4), the gate-to-source voltages of
My and M, are equal, so the drain current of My is equal 1o
the drain current of M,. Substituting this result and the
equation (7) into (12). the current iy can be written as

= (14)

l Tl = "m - ]n: h

Substituting the equation (14) into (13), we have

i, =1

o e

Doy 4 1y #i (15)

Hl
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Fig. 3 The proposed circuit

If we design Iy = Iy-Ina. the output current i can be given
by
i =i (16)

At output node, the output voltage v, can be written as

v, =i,R, # iR, (17)
Substituting the equation (1 1) into (17), the oulput voltage

v, can be rewrilten as

Ry,

e § Tt (IS)
R ¥ )
R,

v, ==y 19)
R (

where vy is the differential voltage.

It can be seen clearly from equation (18) that the
common-mode gain is zero. Then an “infinite” CMRR is
obtained without any resistor matching constraints, unlike
the conventional instrumentation amplifier circuits, The
differential mode gain of the proposed circuit can be
adjusted by the resistors Ry and R,

The vohltage-to-current converter gain in Fig. 1 can be
approximate written as

where r is the output resistance of the current source Iy
and &1s the converted error that can be expressed as

I
F e — (21)
1+ g

l mlrl_'

Assuming goy = Lo1 x 107" AV, 1y = 2 MEL Thus the
pereentage error ol the voltage-to-current  converter is
about 0.31%. For simple contemplation, we design that the

proposed circuit shown in Fig.3 as the unity differential
mode gain (R; = R,). Then the output voltage of the
proposed circuit can be express as
vEW-g) sl -¢,) (22)
where g, and &, are the voltage-to-current converter crror
of the input voltage v, and va. respectively, Substituting

V= -'L:" and v, —— into equation (22), the output
vollag; v, can be gi\ﬂ:i:by
AT (=6 2144 (23)
P 2
It can be rewritten as
=), ~(—!i%‘l—~) , (24)

Therefore, the percentage error of the proposed circuit can
be expressed as

- .
% error _[flf;-’_J x100% (25)

3. Simulation Result

The performances of the proposed circuit were studied
by using PSPICE analog simulation program. The BSIM
MOS model of the 0.5pm CMOS process was used in the
circuit simulation. The dimensions W/L of the devices are
shown in Table |. The supply voltage Vi, = -Vie = 1.3V,
The bias current . Iy and Ty are set to 60pA, 10pA and
SOpA, respectively. Fig, 4 shows the simulation results of
the differential mode pain against frequencey, for Ry kept
constant at 10k and R, varicd to achieve the gain
variation. Fig. 5 shows the plot of CMRR against
frequency for unity differential mode gain. Fig. 6 shows



he de transfer characteristic of the proposed circuit for the
nitv  differential gain. Fig. 7 shows the dc transfer
‘haracteristic for the differential gain as 5, 15 and 30.

Table 1 The ratio of channel widths and lengths

Device W/L (um)
M, Ms 20/1
M, M 7071
M, M,, My, M, 8072
40
= } ditferential mode gann 30dB
= 30- £ s
80 e
e | differential mode gam 20(![1\‘\
Z o I/ ™
z '“. —— e
2 ditferentiad mode gain 104013 o
Z 10 s
& o
i
0-

I T H T "
100K 300k 1.OM 3.0M 10M I0M 100M

Frequency (Hz)
Fig. 4 The simulation results of differential gain
against frequency
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ig. 5 The simulation result of CMRR against frequency
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Fig. 6 The de transfer characteristic of
the unity differential gain
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Fig. 7 The de transfer characteristic for
the differential gain as 5, 15 and 30

It is obviously seen that the proposed circuit has a wide
bandwidth for both differential mode gain and CMRR.

4. Conclusion

This  paper describes a  low-voltage CMOS
instrumentation amplifier. The circuit design is simple,
small in sizc and features, has a high differential gain and
CMRR  without — requiring  well-matched  resistors.
Furthermore, both a high ditferential gain and bandwidth
can be achieved simultancously,
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