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Abstract

In this work, TSMC S1Ge0.354 m technology 1s used to design a low noise
analog integrated circuit. This work is called " Noise Improvement of
Low-frequency , Low-power Rail-To-Rail Differential Input Op-Amp ; , and 18
simulated by H-SPICE. It uses BICMOS technology replacing CMOS technology
in the differential input stage to improve noise in Op-Amp circuits. Through
simulation and comparison, the results show that noise in the BiCMOS
rail-to-rail differential input Op-Amp 1s better than noise in CMOS rail-to-rail
differential 1nput Op-Amp. Finally, rail-to-rail instrumentation Amps are
integrated by these two kinds of Op-Amp, and then they are simulated and
compared again. The simulation and comparison results show that noise 1s
significantly 1mproved when using BiCMOS rail-to-rail differential input
Op-Amps. In addition, this paper mentions the designed rail-to-rail
instrumentation Amps could be applied as ECG Amplifier in the medical

electronic. This paper also introduces what 1s ECG and ECG related electronics.
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Fi*IFf MOSFET 7 {5 {1 = | BIT 7+ f -

22



Py A I LG » I AT BIT % 8.
Ite - %ﬁﬁfjﬁiﬁﬁjfﬁj?“ » BT ERIRTUON [ Nl e pu it
SR O T (5] ) SR [ RO
T D 2.10 T 0 T = P ST R T T RG]
FET - o HORRL ] -F.B(layout)Eﬁ LR ﬁﬂ F;,,[,*T?E 1+ (symmetry) * FY

FL{fl ™ [T (common-centroid Y iy b =% o & i > Z5{PIRr I ARy

Iﬁjﬁiﬁ U~ fet = 54 ffr MOSFET FjiT‘"é‘.l_, 4 {5 {™(optimization) e

23



BIZ Jh S Pl TV YRR
3.1 f

IV FL H SR A PR R PR R S

FE T IpE AR IR TR AT BV R PURL W B R

FI 8 (Rail-To-Rail Operational Amplifier » R-T-R OPA) » 83~ FEikLE

kT
=y

_H

P AkdeRY = N-channel i * S5FAYE SRR FTS Y gy = FE R =
N-channel i * 55555 BIT fiij * Sffuetei @i prie i - I iﬁ}i - -
ﬁ%’%,&‘lﬁﬂFV*é‘F'( Jjﬁ f‘?&ﬂ FHEEATA - i“"FV_'—'FL‘,”FjiT‘E%@?%ﬁ P
Bl o

30 TR IS P T

3.2.1 A

a. Jiar * A%(Input stage)

VDDT
) Vdsat
- ———- 1+
Vgsp
Vem= ;o ’|—° =Vcm
Vgsn
Vdsat
1 vss

q%‘]' 3-1. N-channel * P-channel 3§$$*Jﬁfarj R

24



~ AR AR TR SO AR DN 31 (141 T LY
NMOS i * SHED Y » I H1 i * SHEER] o ) B Exnput

common mode voltage * Vel iLVip Vi CANAGDF

Vn::m,rnin >vdsat JFVgsn ( 3.1 >

H UL SEETRC UK TR (A e [ o ¥ R
5 {17 PMOS ] ™ 5 > FIRR] * FUBIFEESH] 7 L 0.2

vcm.max < 1hlrr:isat +vgsp ( 3.2 )

LR A 2 (SR (power supply)f > HT2 i SfRpo e =
FrodaTRUR D I £ i e USRS ICMR > input common
mode range) | Ui R - AT ,‘-{fﬁ’?ﬂ h‘ﬁ‘?“ | Jqﬂ—clsm;iy Ay
fiag * 35f > I'J= 35 N-channel 2 iy * 3570 5~ 35 P-channel 7 iy * 35
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P-channel Fjififii M10 YA fERER] T a8t - fift - 2 ' A 2 £ Y Class AB
. - ' L N [ = ,_‘W 49 ey ¢ S~ [
PEUTERPR M8 2 MAS JYBIEs P Agrsm | ik i 1 > Al

B » 3y N-channel il MALO [OFEA ARG 1181 « ) - et
%%ﬁ%ﬂ}[ﬁ’?ﬁjﬁﬁygAB z:‘ggﬁjy 'Jj'l?‘—k;’lﬁgzﬁ\ﬂj ; }“JF[J Elj[ﬁj;%iﬁ’[fjﬂj;h‘ﬁjﬁﬁj/ o

d. #i=¥| (¥ (Frequency compensation)

T R LR OB 2 T S e R Co

33



MR - F R IS R 2 I T & PSR 7 - R B
(AL P AT 32 (Phase. Margin)[i' 1™~ Rf SERPERATI A 5T 180
N E R AR CctME’JchTFL T T DR R BEE S RO f
Rk B PR RS S (Pole splitting) » T gL B 1
APV ART U 55 B MR S EDR R (R - T feRL— e 1
B] > ISR 4T Nulling Resistor » ¥ % BIJihlif  — {4

PRI S AR - RS = BB BRI -
HAER 90 A EJJTF f’”j;'ﬁi%ﬂwﬂ H’:E#[LT %u,?ﬂg I agrap BT AR b S5 EL o

Y 30,0 AT A 2 RS R
?‘L—Tf% YT AR U it F%“'é? PP Class AB ft! 7% ~ Z=1i %
FT—J_/”%\ FIRIFEEE ~ Nulling Resistor #f EE’JJ*FL W’%—T"‘E‘,Eﬁﬁéﬂf ey
B [ SRR D ) B R Ry o i ERER A IR TUL R 3-6 Fl1
B Vo T ﬁ%ﬁ%r&’aﬁ%?%\'%%&~ LR 5Y 3.2.2 Y -

34



Ml e Bt 14 T oo

SSA

119N

W - ﬂ@ 7‘L Tﬁz

K
Al

019N

T
03@@ — L ‘ \AW:E

35

-

N Fom—{ o “
| .
- | | VI [zvin
190 | 8N | 6N
- EEJ J J
O:\LW
™ TTVIN
e [ :
we@ Mean [
Z1AN |99
SSL NN Ll | |

T i




32.2 PN
-1 I SR BT f[ PR T TR < m)

|

|

|
ﬁ

36



*¥bicmos ecg opa simulation**
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