=
| 4-
¥
(=
ju
W

oL 2

R AR AR LB ST AT R
2 o gl e

The Design, Simulation and Fabrication of
Differential Capacitive Sensing Circuits of

Micro Gyroscope

‘ C e 4 s
e

—_—

S T e



The Design, Simulation and Fabrication of

Differential Capacitive Sensing Circuits of Micro Gyroscope

iAot EaR Student : Chih-Chiang Mao

R R E L Advisor : Dr. Jin-Chern Chiou

ML e

A'Thesis
Submitted to Department of Eleetrical and Control Engineering
College of Electrical Engineering and Computer Science
National Chiao Tung University
in Partial Fullfilment of the Requirements
for the Degree of Master
in
Electrical and Control Engineering
July 2004

Hsinchu, Taiwan, Republic of China

PoE R4 L= =

ii



e

Awme 2 P F AR F AR ERITER DRI R o F AL
ST IR B0 55 HFe BT ik P2E f]%ilF/w\ﬂ}‘r BEFLALD WHRRLREY T FRPIR
Bk BRITEHE - HEITIRBTIRE2AFCTEIRBITE - 2 Ed 0
B FF eh7 T e iR A L d»f# Fernrd] o 1 1F i 1&#1 AR -
SRt P oo F > A U AL BN T A Beo ,?Z-i»g@ a1 £ & 50
T AR BT o &fl* TSMC 0.35um Mixed-Signal 2P4M Polycide 3.3/5V % 4% i
Bz e s v g 2L FRPIDRE ] B RAPREREGFTR » {13

7
e & MO IS AR R & - %Ak A o



E
The Design, Simulation and Fabrication of

Differential Capacitive Sensing Circuits of Micro Gyroscope

Student : Chih-Chiang Mao Advisor : Dr. Jin-Chern Chiou

Department of Electrical and Control Engineering

National Chiao Tung University

ABSTRACT

The purpose of this dissertation is to discuss the structure and implementation of
sensing circuits of capacitive micro gyroscope. First, the structure of ring-type
vibrating gyroscope will be analyzed. Then we will introduce the synchronous
detection, switched-capacitor sensing schemes, and fully-differential sensing circuit.
As a result of the external mismatch and the natural restriction of structure of micro
gyroscope, however, those sensing schemes will not be suitable for application
discussed in this dissertation. Therefore, the differential sensing circuit based on
differential charge amplifier is used in this thesis. From the post-layout simulation
which uses TSMC 0.35um Mixed-Signal 2P4M Polycide 3.3/5V process and HSPICE
results the outputs have quite high linearity and sensitivity. It is good for integrating

with micro gyroscope.
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BT oA ERRTKY ENAF SRR EARRY A
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o ﬁq?] :l‘ VOUT %—*{l‘é E‘f’réq]‘ ﬁfbﬁg"}l :hl o

|
L i | VOUT
Cs —Cso'AC CP Sl + .
I . fz 55
+VS a - _ _
(a) XK
-V
. (‘:H\‘IT
|
Cs+—CS_’0+ ACT
|
L L ) | VOUT
G —Cs,o AC Cp jjl + a
I - S, 5
+V . ) - -
(b) FZA R RIFFE
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S C‘H\‘IT
||
CS+_CS,O+ ACT
|
L L l i } } VOUT
Cs.=Csp- AC Cp 5 + l
I | S, S

(C) MELR Ik £
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VOUT
JAL
JLH —
- ;
S
VSS VSS
VSS Vss Vss
B 33 BalFE s ®E
F 3.1 & sk B L
Open-loop gain 55 dB Slew Rate 80V/us
Phase Margin 75° Output Swing 33~-328V
Gain Margin 33 dB CMRR 72 dB
Bandwidth 190 kHz PSRR+ 77 dB
Unity gain freq. 117 MHz PSRR- 57 dB
Offset Voltage 14.78mV Power Dissipation 6.3 mW
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8] 3-6 Range : 400fF ~ -400fF Step : 10fF Cpr - 1.0pF

A HY HE TS BAYE 05pF 2 1.0pF ¢h3 % > 1% RC 2% F R e

HEERIDTFELS TS AT RI T FEN Gi R B

(a)R=33MQ C=0.5pF
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-2 Agilent Technologies

(b) R=33MQ C=0.5pF

Bl 3-7 41* RC %2 F Rimp §

FER 3-6 91 ] 3-7 ¥ - R 3
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% RE RESRET 2

ﬁﬁm&wmgMBﬁmﬁap,g;

Agilent Technologies

B 3-8 H i ¥ 40 etk
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4.1 %=

hip- R¢ 0 R ERARCE Y LOTRITAL L2 A ERE RS L
BN R RIA AR g R @R R RE PR 0§ Hp P gL R AR R

4.2 ¥ £ ¥ ;% g P| 7 Fa(Pseudo-differential Sensing Circuit)

- Ak > A 5 5% (Fully-differential) méﬂ‘]& vl 2T F X A e iR
o o Flpt B g F e m i R Bl e s 4 ¢ 70 " M 48 & (Noise
Couple) ~ i} ",ﬁ% [ ) S (Harmonic Distortion) ¥ :x £ T R I % b

(Power-Supply Rejection Ratio, PSRR) -

VIN 1 VOUTl

x
VIN2 > VOUT2

W 4-1 2 485
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78 (3 Brend 0 et R (Micro-machined) s * ¢ E R 2 £ 650
o A EPRFENLZFRRTF (Cp, Co)e TE LY - BRAE > £240H 4-1
- R A b~ o Bl 50 MR kA 2 A BN iR T I R
ZB Sk o KR A2 T g N S A LR Ve b BRIT Fchi by > 70
BRI TIE B 0 Bend g0 o dedt - KT @B ML 2 ] A
Wg 0 2 A hiREE9] -

_|_

Bl 42 B daaipi PIT B

B AEAS R RITET - B ik B L E ek B fon o~ B
(Input Common-mode Level) € ##% & A 458 @ 2~ B a0 F L L Behs i
T~ o e R AR R (AT o 2t BB SN0l d 203

i BRI F B4R (Virtual Ground)sharf# » F]pt 52 £ 5 5% BRI T B e 3 O
€ 1 ggﬁl rRaE A T Mo
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LBy Bl £57 ~ @ 75 8 » 54§ - Ek (Virtual Short)ehik. % -
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3. C5, =Cs,+AC; ~ Cg_=C5 —ACs ~ Cp ) =C, (+AC, ~ Cp, =C,, —AC,, -

¥ Veid ~ 3 RGP BB ﬁ,,])»ﬂfr’ﬁ%] S E fj?ﬂgé_i-’%w ,Z_@dw\ﬁ;}
SR R UEE = R R SRR S M S R R
PR LR R AL S A FIEs -

FA o Vealdeediy » & 08 A Vi) 5

= C
Vin-mi =@&-Vs 5 a= ¢ @1
Ci+C,+Cp+— L
CINT + C
‘:—J Vicm—im‘i% > —rﬁﬁ;i ﬂ: '/E ﬁf:ﬁ ff_% it :\% :
V :ﬁv L ,B_ CINT (4_2)
ocm—ini wcm—ini ’ -
C[NT + CL
R B R e R O e AR Bl SR S R A %
Z S
‘/icm—final = ‘/icm—ini L ocm=ini (4‘3)
=a(1- B7)Vs (4-4)
=0V (4-5)
CINT C[NT o . s i
2 y= = ~O=a(l-py)<l e FCpr 23 C,EC B> T

Cpy +Cs+Co+C, G,

C
‘/icm—ﬁnal = C_S ) VS (4‘6)
T

d 0 HEE A o TR SR S

V.
Vo :[_ACS(CINT+CP+CIP)+ACP 'Cs}'% (4-7)

1~T
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7] 4o 4-4 -
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|
N
R - B
—1+
Hplinh v
VS \Y . (0]
— +
|| ]
| -
C,
|
|
CINT

7 IR N F AR
WIABNTRRAFS R0 - PEERNE S AR Bl kR
¥ 3

- @;—] » = B e 528 (Virtual Short)»c g » i@

MAEATAG T AT F R RIOP s

P

fe
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Nai
CS+ f: ‘ ‘
- vV,
Cgy. — +
V2

B 45 H33 fmict B

B AR o @ doR] 4-5 ¢ onfdk Sl
v, =—aey - Sty (4-8)
CINT CINT

§ - BFELRELE N 5 LRFEHEHE tp ke (V|2 - BRV =V,

AC,

C
+AV, 22 (4-9)

INT INT

V,=—(2V, +AV;)-

FA9 7 FHL PR - R RIGAHET A E A G FDFLA o i
I A B n B o T ) E AT o BH R
PORFL R FT LRI AR L 1807 » B3k

V,=Vgsin(a@r) ~ V,==V sin(wr—¥) > ¢ W I 4pizL o % »35% 4-8 {75 :

v, =-S5y sin(ar)-So= v, -sin(or- ) (4-10)

INT
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V, = _(/Y_S[C&O (sina)t—sin(a)t—‘l’))—ACS (sina)t+sin(a)t—‘1‘))}

N

(4-11)
£ 2% = & 3 dk? efo i ff sinA—sin B=2sin((A—B)/2)cos((A+B)/2) » 5% 4-11
Bl

2Vs -{CS,O sin%cos(a)t—‘P)+ACS cos%sin(a)t—‘l‘)} (4-12)
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¢ CINT

0TGRS BN 4412 £ 5

v 2Vs

(wt—B) (4-13)
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I AE BATR LSS d i 4-12 258 4-13 1 F]

\PZ
¥ (Cy,—AC; (:4(gO+AC:)

A= 4-14
sin2B ( .
lI]Z
Cso +2AC;
B=tan'—2 " (4-15)
YAC,
Yo . N . A . g
mm@m,ﬁﬂx@m%ww-suﬂzz TERAC TR Sl ™ AR
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BoE BT 2N 413 BN 415 T R N BRI KRR e R B
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I ¥ WEX:
51 m 3%
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38 OPA 2= 11 (s - d %:“‘;z‘%%i%k”ﬁ ﬁaal FF RTR Veedg > FIp & f g ¥
P~k 4% T B (Sample and Hold Circuit) % j& % & Lﬁ%‘l Ao Ets o i e o
d P FESAERT IR TG R ofd sl K ARIEEF S ;ﬁ_@?] A= R

=h
w
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BRI BHE DT A BRI D E - BRI E T AT
Lo ol 540 R B R  ORAGR A S Tikdor AL o f - BT
BRI e BRA O N RGeS R T AT
PR A BT & W (MOSFET) ficf ) en 12 - iﬁg A RN o Bt 2R
LR & PSS R AT & & R R SRS LS

1150

ﬁf\“
=

1
o
LB
&3

%
SRR (TR R AR TR DR A
%k

Perc s o FAR TR RETRWARR D XFF O TR - F ki

39



x._qz"k PR e
# #3 ¥ (Constant Transconductance).® & @ = [17] °

Wl EIs KR B KRR ABA R T IR R G ik

vDD vDD vDD
| | [ I __
jﬁ | [ B
(D)
IBIAS
F—% ]
Bl 5-4 % LipES N
WY R BRI IRET N
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ELRUE: Sl e

urrent Mirror)¥?
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W Av LRt o F BT Feninad %"%J A1 fie 5% (Output Buffer) ™ 7 & * » gx iy
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Tkl R Ay Vour 7 i /1 @ 8 Q2 Q4B 3 # % (Active
Region) » # B loyr=Iy > R

_y 21,

v, =V = —=n
o ﬂl’lCOX (W/L)

ov ov2

(5-1)

. f"Ql‘Q4 ¥ Q5 mﬁ*_g\,l,u W] 4F A th: Q2 -~ Q3én \(n+1) B o FIp R o

Al E iy (m+D)P R RN 5]

V,s=(n+1)V, (5-2)

Vovl = Vov4 = nVov (5'3)
(AP

Visa = Vas = Vs :[(”"'1 )V, } )=V, (5-4)

Vpsy B Qo 3 1%t 2 & % e | 2177 % B "“‘i’”ﬁ% NEC TR
Vout > Vovl +V0v2 (l’l+1)V (5'5)

L0 0 Bonslo B Vour> 2Vl 7] o R4 FAER R > % G E_ 0.5V 24 o 4p

Bt - AR T R A IV RIRF T AT 5 BT - B ATUBLIE -
VDD VDD
BIAS

Iy
@) @) Vour lIOUT

Q]| | %l
Lo

Bl 5-6 % itg = indL
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%51 B 562 5 Ew

Ql Q2 Q3 Q4 Q5
_ W/L w w W/L W/L
n’ L L n’ (n+1)

VDD VDD

e [
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L e

BIAbiﬂ }—{ E Mg
BIAS44{
My ——1 [ My

B 5-7 4 dpde sV g 5 X B

Bl 5-7¢ > Viy3 Vourev ] W5 E 5 ¢
Ay =8, (Rps Il Rpg) (5-6)

’71:;! v R gm4 04 r;)6 N R gm]O 010 08 #Bﬁ;{%/\— ﬁimi@%éfj{%ﬁb ’ ﬁg-‘%’ii‘gét

T8l e
ﬁ?}ﬂ!%ﬁ'i-@{ﬂ My~ Mg~ Mg~ Mppize 30T T2 0 F My~
M6 gl ﬁ_?" ¢ d Pi]ﬁ@"%ﬁg a m—§7 ’ E] DS4 DS6 Vov » ? tbﬁ;ﬁﬂ’li{t

B hgo % g G
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VOUT(MAX) =Vop =2V, (5-7)

o Mg~ Myg RIE A My~ Mg M & R g0 FiRtgR e >

VOUT(MIN) = VDS(MIN) =2V, (5-8)

B R ILRIE 0 B TR P R B MMy My 5

Viewuaxy = Voo =Vois =V (5-9)
‘/ICM(MIN) - ‘/ovl + V + ‘/ovll (5-10)

A ﬁbﬁ?ﬂi@?] I i e Vi B e+ B (2-stages Op Amp) @ 47 8p 8 5 50
PR A T F Coo B8R40 7 Co i m?‘f& 37 8 B 4% 3% g
FMBRARAE SR o B Qm}%qﬁ}{éﬁ T A RRFEHEE AL (T

1 1
P = == (5-11)
1 (R06 Il Ros ) ’ CL ROUT 'CL

@, =2 (5-12)

é‘f??“ﬁ%‘ Ao SgAT FAE R 2 ¢b o 4 A% 0 2 ¥ & (Slew Rate) - £ H §_OPS
Eh g $lEnR FA sy r TEEG RRTF P FAMBEFEME O giE S
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1
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AR E B A AT BT R el e 112
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5.4 ﬁi%] 41 % 7% (Output Buffer)
54.1 & Abeh
PEATH TR A4 0 F)E 2o OPS &7 OPA - #

& =g
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HAEX A % - g d £ K+ B(Common Source Amplifier) = o & {8 E@%J
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drpt - ko BERR B AT F § IR R i B R AP R
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F ok
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542 AR

Mmj }74{ EMBZ

MB3J }74{ ng

Mgs }74{ g Mg

B 5-9 # #cs HimRTE

Rytend - H LRRS BRCIEGRRE - R T AW 2 L
FE R enge [ o At * ¥ #c3 3 (ConstantTransconductance) <0 B » 4] 5-9 -

T ABK (W/L), =(W/L), & V=V, sp1a @ gl
Vo=V, +1,:R, (5-14)

ov5

NS4 ouy Lo

21 211)5

+1,.R 5-15

\/ (W/L) \/kn(W/L)S ps™ts (5-15)

k,=u1,C,. > HIERT L8R I =1, » FI

21, 21,

= +1, R 5.16

\/kn(W/L)6 \/kn(W/L)S v (5-16)
EATEIL N 516 £ ATHERT FF|
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(5-17)
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8ms = R (5-18)
; 7 S s §

78 5-180 g P Ms 2 Mgen B £ 5 B > A 23t TR WA
LR db

“4 mﬂ.. BH —*FS/” @#Bpﬁmm VI q’]“‘ =

CEREhSE o d REBTE

"ﬁ‘\

Hih g, 58 F 8 M B Mg s £ 00§ BE(17] -

VDD

VDD VDD
| JM5 } ﬁ M() \@P
M\j mez 1 EM“’

VOUT

i -
M%E__4ﬁﬁ
5 —1Lw

7

M3j }—"—{EMAL — -+

- — — HRB BB
16 B E 2% EEHMAR
B 5-10 & &3V i# 5 2+ B
Ao i R BE i*,u%dﬂﬁh&&ﬁinkaz‘ﬁﬁ»&&%@;
“ £ HF 5L (CMRR)

i dpseIps %1 3 5 ERFE A Bengd i 8 F

46



45~ fean 2 i V2 5 (Slew Rate) o £ 5 dig » e LN F 5

~E

A=g,(r,ln,) (5-19)

=2k(W/L)I, > / A 1% & (Barly Voltage) o ' 7 A= Ips 2. * >

? 4 Ei—Liﬁ'J d'ELJ/j VGSO "-ﬁ;tjigﬁu ’ qkmlﬁ@ﬂ_‘/n—r ’ ?i‘a%t}%‘;imgg’g&
R E L B E R Voo dost— k0 SIUREE R HAERRE - B K4 e
I TR S AT e TS BEEIES SR E

BAERE TS o

¥

h
L9

£

52 A - B E R F o 17 PAlai b | Mo Pl A gock

Ay=—g,.,(rellr,) (5-20)

¥ AR ARG RR o d 3 Mg REPFR AT RE L > T LL»}; c3
< AR G RS2 48 B (Source Follower)s 3. & :T‘*u{’** K e b i 2 U %] i
Vo ERAEIE S B BT Tt B o Mo iR 2 i (Body Effect) § M AT o
B ff 8 enfizil 2 »T*’«L#” M, i i AR i ,T*% ¢ A2 AWk o e A A
Fimenglazd > < 5305 i n-well poa g Twin-well & & p-well 1R3> F]p

"f Lg% PAIFH R Sl 0 A AREERIRIEY ABER o F s B ot AT

g\"’/z“‘ Fo PR e o 75 M]o:ﬂié’gﬁéiﬁzﬁj A ign 45

A — gmlO (5 21)
GL+gm10+g010+g09
mE Mol XD AP HERE
8m
A, = L (5-22)

G+ &m0t &0t &otot &oo

GLEf 7% g, LP FIrcfid & o fis ol g LBM IO BT E - d %
GL~ g AR BCT g, BTl Bt § My AN £ 7 igit- o @ g 113
PFEAGL g5 N521 5 083 AT L AMRERME L S - 0 1

47



d 3ty {Bﬁ,}ﬁﬂi"{%&ggmﬁiﬁ Mmoo O HEF RS T LA B LB
B~ BBk i §ORAE T
FHAE Y 3T S W T T @ s FE W 0 E el

PSR

gmlO
A, =— rollr,): r.llr.)- 5-23
V gml( 02 04) gm7( 06 07) GL +gm]0 +g“0 +8010 +g09 ( )

B 523 7 L @R M E T g, T M N

FIRL I F AR T R(VOE V56 240 o @ E AT BRfcd il E RS T
AVETRY. S &

B BB IR AT LR Tl SR S B ARG T R > e e

ﬁﬁ B @B EARA ﬁ%z#ﬁ@%i‘“ﬂ
Vouraaxy = Voo Vs siVasio (5-25)
Vouraum) = Vowo (5-26)
ER IR T ER LR Y-SR E N DR P

B2 59~ 38 5-10 4p#g 02 -

VICM(MAX) =Vor = Vo =V = Vous (5-27)
Viewoawy = Vous TV (5-28)

EAMES PR B 0 B 510 LB g B s U R E o BP0 Re

v

AM Eragre, HEs

Re =1y = 1 5-29
C dsll (W/L) - ( - )

48




F AR AL~ My 4 2L Re=00 A7 5-10 7 #3 ;

1
0, ~———
8RR, Ce
( 5 - 3 0 )
gm7
5-31
P”C+C (5-31)
_gm7
@ =—1 5-32
= (5-32)

R1:r02Hr04 R2:r06Hro7

C1 = Capa T Cogy T Cyp €, = Capr T Cans T Coa

F 5-10 -} 3oL i

FEAI B2 T o F RN L iEd 22T ReRfiFid-o § ReFO P
o BARELTY AR N 520 2238 5300 @ 3l ek = BAREEF] R VR B AR 0

$HIF 5 B B ] o A BE B DR B L

-1
o, = 5-33
(Vs k) o
P R Lo g BT S ERT R D Re K dap
B TR R.=1/g,, 8 FRSIE VR ;o4 T UER



2,y 55

( 5 - 3 5 )

ﬂt“fgﬁi“éﬁ%fiﬁ@ﬁ‘ ’?/?:‘f\iéﬂ’é‘?%f] % de e V,, & i‘g4\"_§fx“’i§j‘éﬁﬁz;~-g
ERN T 1}&%])‘ BgET PAFRT HWARF] P AFI T HBDYV,, 4 N

A ket o A iR AP A3 Pde B & B 4ed g2 2 (Thermal Noise) ©

558 %

55.1 & APr4

TELRIRRTHRAI - BRERHPAE o 3 HAFE LA BRZETE
KiT4F > { TR T FwLED R RGP o ‘?]Lbl‘érf TERPFRFEE2Z WA
HJ"‘L/J ?\':/L:‘\:’\J_ﬂ'“

RECT B A LA o d i L) R
(NSC Chip Implementation Center, CIC)*7#t it TSMC 0.35um Mixed-Signal

2P4AM Polycide 3.3/5V # 4% > Flpt 75 AT F A LU o AP 2 SR

MR E R 0 B A & AREL € Kk p AT iE R 4% (Overetching) 2 ¥ 1 £ &
B % B (Oxide-thickness variation)[17] o 4efe | % K3+ F a0 2 K| 28 BEAL

oo B 552 & ¢ e

50



552 &34z

W% TEFFETE e A A ETRLT D T AT F s Y

BN MR R SR T T ] R4 A

Bottom plate Top plate

% T R S 2t Bt 4 b L H A (Dummy Cell)s - f
THWW 2 WA T i ¥ob o d TG LA R e F R
ff‘;"*f%:,\l AA A WV LT o B RS e ootk (Edge

Effect) o
51



Main Capacitors

Dummy Capacitors

B 5-12 & * & L ¥ ;b_rr‘j’;:?l’ﬁ}%]

Top plate~

Bottom plate

B 51372 F AGERE 8 = T G

)
AN
i
-

Kl

RFRRIT R S5 R AT A
EHG Y EH MR T AHWAOT R EIF R R HA AL R RO R

Wil mtlr AR BHmRS N NTR BAT - R0 RN G AA NS

52



ME
s
—
5
i
#=

=)
[E—
=R
|

(%1

EFIRY OABNRFRBTRFTEDES G ARG LU R 2
PR ENS RT R P o Tl kR M L A

R R B

%
Eﬁ\
F
-g:
e
A
Rt

B R Y A WL BRI F O F R A BRSPS
(NSC Chip Implementation Center, CIC)#7# & TSMC 0.35um Mixed-Signal
2P4M Polycide 3.3/5V @ 4% o £ fe & LR H e LAKER®i: % i b 1 & 4 &2
Synopsys 2 & #1  e57 Hspice® 8 B B2k 2t 7 o Bofs B £ £ 2B R ¥ 4 A%

2hd kL ] E e

N
~

AN

62 )’é ,“::\' = 1=

6.2.1 OPS & OPA

OPS 22 OPA * 45 fp fp sV eni® § 2% B o ] 6-1 2.5 5 B> 2418 8 2+ Beh

*m

RyrmE ey e 653 &9 Pk o A 6-1 2H 62 7 1 f NER ARG A
TF o RAMBARER L d W OPS T RF & T Y RI TR ULEE

AT > Ap @ TR BT R OPS Y chE R F 1 -

53



_._.-

y .uﬁnﬁ -‘gvﬁg\

A [0 I A0 o e e e

o 1B

e

N=

-1 OPS

® 6

,:‘E«n

[ECRE

LS

i

7% (Guard Ring) % =

R

!

8
#

i )

b

B 6-1°

g T B

¢

BehR A

il

e

7

&

»

2

(Start-up

2
]

ircuit) °

C

54



% 6-1 OPS 1+ 4

Open-loop Gain 59dB Slew Rate 100V/us
Phase Margin 77° Output Swing 3V ~ ImV
Gain Margin 30dB CMRR 105dB
Bandwidth 100kHz PSRR+ 125dB
Unit-gain freq. 91MHz Power Dissipation 920uW
Offset Voltage 4mV
60
‘= 40 ]
il
T -20 ]
£ 40 ]
£ -60 ]
-80
1k 10k 100k 1x  10x 100x 1g
0 Frequency (log) (HERTZ) 109
_ Panel 2
T 150 '
= 100 -
g %07
£ -50 1
& -100 3
S -150 1

I T ||||||Ti T ||||||Ii TT |||||Ti TT |||||Ti T ||||||Ti TT |||||Ii TT |||||Ti TT |||||TI
1k 10k 100k 1x  10x 100 1g
g Frequency (log) (HERTZ) 10y

B 6-2 OPS =8 1¢, B

55




Panel 1

fy] TTTTTTTA | e T P e [ i T T W T
= 1 ' 1 '
- : : " : :
o N AT N R R R
L 1 1 1 1 1
: : " : :
x ! " : : !
= P 1= P SN DL . | SR, [ . (T PN DURR
E = : ; : : : : :
ag— | | | | | | |
- 2 : : ; " " : :
k.
EEE e s
F T M i i i i i i . i i
- O : : " ; : " : :
= ~ | ] 1 1 1 1 ] I ]
x o 5 ST | = OO i I PYRRIYY s SOMIL | PPN PRIl ST SN PRITY oo P
Erm= 2 | \ \ \ h h \ \ \
F S ¢ — ! 1 1 1 1 ' ' ' '
- B T : : : : : : : "
mm g - (3 R TR S S G S R S,
ES S 4 e _ : : : : ' ' \ :
Ere = I 1 1 1 1 1 1 1 1
FT g | | | | | | | | |
I i S ! : : " : : : : :
k 1 1 1 1 1 1 1 1 1
: : ES N R T R R e
' ' F ™ | i ' ' ' ' ' ' ' '
; : i O i " ; " : ! : : :
" " G b g @ x @ % & oM g
k] () == P TS T Tty T T ] o P I o T g ey o (s T s T [P e |
' ' | E ™ ! 1 1 1 1 ' | | |
1 1 1 I 1 1 1 1 1 1 1 1 1
) _ , i L o ! : " " : _ " " "
' ' ' ' 1 1 = | ' ' ' ' ' ' ' '
; ) ! ! _ ! = ; _ _ : ;
_______________________________ ____________________
= = = = = = =2 = = = 2 = =
= == [T=] M ~d o = [==] (T=] M [x¥] 7_._ M_ __.__u
ol el —

{un) ynsay (un) unsay

1049

1k 10k 100k 1x 10 100x 1g
Frequency (log) (HERTZ)

100

B 6-4 7= 7+ (PSRR)

56



Panel 1

2.5 peomod e

Voltages (lin)

Time (lin) (TIME)

B] 6-5 zt & & (Slew Rate)

6.2.2 %?J SH i

sl R E’ﬁﬂ?ﬁ WA My B E 2O T g o e d S sl
H s B i e s Ruskg4g F (Source Follower) » "] 7 # % ey 11 €

LS I L AR e TR AR

05 el o 3 OPS A 878 R 0 3 487 11 Bl B g L 1f

THE Coo iz ¥ @ 2 F 5 F 0.5pF» i #7 ik % cha fFi7-0 & 8 1 304 e
— e F o PR S AP E B AR PRI BEG T 2 ERDIEE o ¥

57



E =™ TRl Akt
m = 1 1 1 1
C Lo 1 1 1 1 1
- 1 1 1 1 1
L = CEH AT, LA o
. - 1 1 1 1 1 1
= 1 1 1 1 1 1 1
E R |
k. 1 1 1 1 1 1 1
| = Forcaoocoacafeoao
E= e b
; i i B |
: - EERERE AR
J_ N e
H i Voo e
! E g R
1 - m 1 1 1 1 1 1 1
i L x5 F-r-a--r-1-a-fr-r-
1 - 1 1 1 1 1 1 1
= ! | v N 0 SRy
= ; om0 \
5 | & m = { P L (I
: = ot oniit sy oI 0l i
= i1 ES & &[0 v
U 1 1 L o 1 1 1 1 1 1 1
\ : , = T R
i 1 1 - e el U | | L Lo
""" S TE = T R
0 1 1 b 1 1 1 1 1 1
\ : , o E
. e e = R A
i H E = v ak oo i WA
h , : ~ Coa P W
! ! ! = G R
2 F . . - T
T . T T T
e e Y e e R e [ e e
= = = nom Rem
'r} _.__m_ — 1 __ﬂ__ﬂ

(un) ap suon (un) aseyd syon

10g

0x 100x 1g

Frequency (log) (HERTZ)

7t ]

1
-8

2

e

1x

f

58

& 2

100k

4

10k

7

k
®l 6

1

0

10



Panel 1

s —
! I
| i
L | —S——— M-
i ;
e o e it kb e | § b
£ 1 !
= !
g iR | i [ R R S R R R SRR R R Rn ) .
: i
=]
= | S S Ll EECRTCEREET R 1 _________
AT | o S e e R ARt Fooone
] i
e —— -
' 1 |LI T T T T T T T T T 1 .-II u T T |
Time (lin) (TIME)
&l 6-8 ﬁ%l a2 B eat &
% 6-2 ﬁ%l hc it S e de S
Open-loop Gain 51.8 dB Slew Rate 90V/us
Phase Margin 97° Output Swing 2.5V~ 0V
Gain Margin 35dB CMRR 70.46 dB
Bandwidth 208kHz PSRR+ 70.1 dB
Unit-gain freq. 85MHz Power Dissipation 1.7 mW
Offset Voltage ImV

59




623 % %

R AL L FI AL G e KB A TG R

iR TR HILET N-well X 2
Poly2 Poly1

B 69 - T %2 0w hE

5%

FED - R FPFRD BRATFXINDHFT - o ghgREA
T =

FAOTRe o FlP ek f A g

WA IR

A LRI 20 FAWERFF HPRATEL > € FRE B
é

N

]ﬁcf&{:&ﬁﬁ%@??fﬁﬁ&ﬁ IR s E AN R



2

PAELE 6100 BRBESCKkp 4573 % > @ e iF LER AR A %
L E B T FEAPT R AR o ho ki B 6-11 fie kS 5N T LR 4500
BRI AFLTEFNEIAR B F A cnTFEHF 5 288 BE -
.gu,j»{?;bg PRI AT RO XTI ES BELSTF X
Il R NGRS § T T4

>
—
=
—
o
&)
1S

- .J; - .

h
AEEE
AEEE
AEEE

o

—_
o

I EIE]

..._- .H ..— - -

- N - . '
)

. ..\] H E .

=
(@)}
S
&
Ly
w3 :
Wk
frmk
&k
Y
=
s
=

I~}

—
o

H

!

61



?]612 ﬁk\“’?ﬁmm )

63 ZHT FRIPITE

ﬁﬁ%%miﬁﬁﬁ%@ﬂﬁﬁ%%’gi$ﬂ%

R ERPIR R S s

(6-1)
INT
VS{@?J SHLRCe EFHATF 2 ACEERRE BT F R o

Bt AC=10fF pF » X » ;L 6-1:

62



ZAC'V _2-10fF

= -3=0.024 (6-2)
Cur 2.5pF

V, =

RGN 6-2 2B 6-14 2B 6-16> F U BFREEE AP T AP RETT I B 6-17

¢ (9 F| g .

Panel 1
Time=0.p003086,delta=0
1.552 delita=0 :AC =20 {F
: : AC=10fF |
- R 1,575 dglta-N Vi i :
E i EA _
=) 1.497 delita=1 AC=0fF
- r H i
g : :
1 47 delta AC=-10{F .
1 M‘*,ddrl:le—" ld*c =20 F 2
[ T '[ T T T T [ T T T T l T T T T '| T T T T [|
300u 320u 340u 360u 380u

Time (lin) (TIME)

] 6-13 Cjyy=2.5pF 4C =20 fF ~ -20fF

63



Voltages (lin)

Voltages (lin)

1.8

-
]

-
=

1.2

1.8

—
o

—
i

1.2

Panel 1
Time=0.0003086,delta<0

o | it 'Tw"'ﬁ'la_a'_n'_"_r ________ :'_""_"_":' ______

____________________________________________________

__,__

v

]

]

W

W

"

v

]

]

W

u
Ll Ko

AT =IO

I T | T T T T I T T T T | T T T T [ T T T T I T T T I
300u 320u 340u 360u 380u
Time (lin) {TIME)

Bl 6-14 Cpyp= 2.5pE:AC.= 100 fF ~ -100fF

Ll
|

" Paneli

1 ypg;;ﬂ@lgjlj&deﬂaﬂ § ACE 200 fF

1.308.delta=0

1 : : Y ACE 100 fF !
e ARl s e el bl st Rl ol ob ettt sd et bl e e

1ai-i?ngnﬂfni 5 ACE  OfF

e e s St L
1l 1 ?Era delta_n : AC = -100 fF

1 086 dobtaz0 | AC =-150 fF |

" . .
B T L - cssgbecsccscssscanadesccaan
]

ACE 200 fF |

daa
I

% | | T T LI T I T T T LI I T T T T | T T T T | T T T T | ‘
s05y 310 315u 320u 325u 330u
Time (lin) (TIME)

Bl 6-15 Cjyr = 2.5pF 4C = 200 fF ~ -200fF

64



-3.00E- -2.00E- -1.00E- 0.00E+00 1.00E-13 2.00E-13 3.00E-13
13 13 13

B 6-16 Cjyy = 2.5pF AC = 200 fF ~ -200fF -+ 2L/ I 10fF

f%ﬁisaﬁ,ﬁ%ﬁiﬂﬁﬁ
2hF et A A F 4 Lig =5

o=
b

2 3]4200F > & ¥ 145
LB SR 8 2 R R Pl ) R

65



e

|
el
e
-
él

AEH BT AL - BT ERARIBREL TR RIT R R
Wi o avx ¥ o A% 4% i T (Micro Electro-Mechanical Systems, MEMS)
i y
Pl PHCAI AR R o F NIRRT T 1L d B T

S
fRini g
o

3

TR TG AR P DiRA > FItiT ok pc Al 1o i @¢%*&%*ﬁ°ﬁﬁf i
BaeFl e e F o A LendEaggpl > 2 A xR aor LRV E R DI é
MeiT kB Ma LA Feng b8 T s BN R hA TR
MR EI FNEDEH SR BT L RESAFEAENT FRER
4

2 712 g

% 7-1 28 8 U ROR TR A

Cso 3.18 pF

1.2{F @ 1°/sec

120 fF @ 100°/sec

1R R 3V
I S 4 mW
[ER R 1 fF
£ ipl§ 1200 {F

66



BAREP hE > Cyp ¥ %17‘% #ROHETEZR " AC s BT A

SEEE RS TRV N L

\Ei

o

72 A KREH

RG 2T LRFEFET P ARETREES TS BH > F
A STk RSO Eh e FINA R BEF TR 0 &
S a Flph PR R E TR S A2 B F o R i
PRI FA IR ELT PARE A GA o TET R T LS
T I ¢ % 43| PAD £t A FET(Bonding Wire)sif® 38 o F]pt > F A
TR~ B B ex 7 g;%%‘: BN E N E T OPA A4 3%~

Foen R T A G R WL REET ke

BT %ijﬁ{a iEFHIG i E > 4o OPS 2 OPA B enS r B N B4k 45 7
ﬁpﬁ@%mpy@&ﬁm%ﬁuﬁﬁéwz@mme%w’w%
1

TR LR AEE R L o7 I R DEIRR Y ST LR M
d

g

A
>

4
(e
Ll
=
=
Ia.\
By
“Fr
e
>—l-
\ZI

LA T IR E e Bl e b

b

£ &
%ﬁ#@ﬁ%%&ﬁﬁ&@i@ﬁ%ﬁ’wv&%ﬁ%?%%ﬁ°

Bis- B2 ZRA ) MR AR LA IR RE T FR PR fE L L
g8 750 fﬁ‘»iﬁ%i‘l RITRETFRPITERBSET > &1L 1% R (Bonding
Wll‘e)lpkﬁiq-om A Fe bR ’iﬁii)a/?'lﬁiﬁ% ¥ e %‘%’{7}5@‘5/!5( I

k3l RGRUE B R FER R 0 Pl F 1Y R b (Flip Chip)#t L

67



ER

[1] 454, RSB T, AHF DRAL, AR E o

[2] B. Minhang, W. Weiyuan, “Future of microelectromechanical systems(MEMS),”
Sensors and Actuators, A56, pp.135-141, 1996.

[3] Farrokh Ayazi, Khalil Najafi, “A HARPSS Polysilicon Vibrating Ring
Gyroscope,” IEEE Journal of MEMS, Vol. 10, No. 2, Jun 2001.

[4] Farrokh Ayazi, Khalil Najafi, “Design and Fabrication of A High-Performance
Polysilicon Vibrating Ring Gyroscope,” IEEE/ASME International Workshop on
MEMS, Jan. , pp 25-29, 1998.

[5] Bernhard E. Boser, Roger T. Howe, “Surface Micromachined Accelerometers,”
IEEE Journal of Solid-State Circuits, Mar. , pp 366-375, 1996.

[6] B. N. Lee, H.D. Park, “A Signal Conditioning Circuitry for Capacitive
Accelerometers,” AP-ASIC 2000, Aug. 29th,:2000

[7] Zsolt Kéadar, “Integrated Résonant Magnetic Field Sensor,” Delft Univ., Ph.D.

Dissertation, 1997

[8] W. Yun, “A Surface Micromachined Accelerometer with Integrated CMOS
Detection Circuitry,” Univ. of Californiaat Berkeley, Ph.D. Dissertation, 1992

[9] Naiyavudhi Wongkomet, “Position Sensing for Electrostatic Micropositioners,”
Univ. of California at Berkeley, Ph D. Dissertation, 1998

[10] R.F.Wolffenbuttel and P.P.L.Regtien, “Capacitance-to-Phase Angle Conversion
for the Detection of Extremely Small Capacities,” IEEE Trans. Instr. Meas., Vol.
IM-36, 1987, pp. 868-872.

[11] H. Maarefi, A. Parsa, H. Hatamkhami, D. Shiri, “A Wide Swing 1.5V Fully
Differential OP-AMP Using A Rail-to rail Analog CMFB Circuit,” Circuits and

Systems, 4-7 Aug, 2002.
[12] Mohamad Adnan Al-Alaoui, “A Differential Integrator with a Built-In
High-Frequency Compensation,” IEEE Transaction on Circuit and System I, Vol.

45, No. 5, May. 1998.

68



[13] Amit Burstein, W.J. Kaiser, “Mixed Analog-Digital Highly-sensitive Sensor
Interface,” The &8th International Conference on Solid-State Sensors and
Actuators, 1995 and Eurosensors IX. Transducers ’95. Vol 1, June 25-29, 1995

[14]B. Boser “Capacitive Interfaces for Monolithic Integrated Sensors,”
http://www-bsac.eecs.berkeley.edu/~boser/publications/aacd97kap.pdf

[15] Haluk Kulah, Navid Yazdi, Khalil Najafi, “A CMOS Switched-Capacitor
Interface Circuit for an Integrated Accelerometer,” Proc. 43rd IEEE Midwest

Symp. on Circuits and Systems, Lansing MI, pp 244-247, Aug. 8-11, 2000.

[16] Paul R. Gray, Paul J. Hurst, Stephen H. Lewis, Robert G. Meyer, Analysis and
Design of Analog Integrated Circuits, Fourth Ed., John Wiley & Sons, INC.,
2001.

[17] David Johns, Ken Martin, Analog Integrated Circuit Design, John Wiley & Sons,
INC., 1997.

[18] Behzad Razavi, Design of Apalog"CMOS Integrated Circuits, McGraw-Hill,
2001

[19] Hirokazo Yoshizawa, Yunténg Huang, Gabor C. Temes, “MOSFET-Only

Switched-Capacitor Circuits in Digital-.EMOS Technologies,” IEEE International
Symp. on Circuits and Systems, pp 457-460; Jun. 9-12, 1997.
[20]C. C. ENZ, C. G. Temes, “Circuit Techniques for Reducing the Effects of

OP-AMP Imperfections: Autozeroing, Correlated Double Sampling, and Chopper
Stabilization,” Proceedings of the IEEE, 84, pp 1584-1614, 1996.

[21] G. Wegmann, E. A. Vittoz, Foulad, Rahali, “Charge Injection in Analog MOS
Switches,” IEEE Journal of Solid-State Circuit, pp 1091-1097, 1987.

[22] R. Jacob Baker, Harry W. Li, David E. Boyce, CMOS Circuit Design, Layout,
and Simulation, John Wiley & Sons,INC., 1998.

69



