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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 0.35�m 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. 

 



 

 iii 

 

 

 

 

 

 

 

 

 

 

 

   

93 7  

 



 

 iv 

 

......................................................................................................................i 

.....................................................................................................................ii 

.......................................................................................................................... iii 

...........................................................................................................................iv 

.......................................................................................................................vii 

.........................................................................................................................x 

 ...............................................................................................................1 

1.1 .......................................................................................................1 

1.2 .......................................................................................................2 

1.3 .......................................................................................................3 

 .......................................................................................................4 

2.1 ...............................................................................................................4 

2.2 ...........................................................................................5 

2.2.1 .........................................................................5 

2.2.2 ....................................................................................6 

2.2.3 .........................................................................7 

2.3 ...............................................................................................8 

2.3.1 .............................................................................8 

2.3.2 (Synchronous Detection) ..............................................9 

2.3.3 (Switched Capacitance) ..................................12 

2.4 .................................................................................................14 

2.5 .............................................................................................................15 

 



 

 v 

 ..........................................................................17 

3.1 .............................................................................................................17 

3.2 ....................................................................................................17 

3.2.1 ...........................................................................17 

3.2.2 ...............................................................18 

3.3 .........................................................................................20 

3.3.1 ......................................................................................20 

3.3.2 ................................................21 

3.4 .....................................................................................................22 

3.5 .............................................................................................................26 

 ..........................................................................................28 

4.1 .............................................................................................................28 

4.2 (Pseudo-differential Sensing Circuit) ............................28 

4.3 .....................................................................................31 

4.3.1 .............................31 

4.3.2 ....................................................32 

4.4 ............................................................................................................35 

 .....................................................................................................36 

5.1 .............................................................................................................36 

5.2 .....................................................................................................36 

5.3 OPS OPA ................................................................................................38 

5.3.1 ..........................................................................................38 

5.3.2 ..........................................................................................38 

5.4 (Output Buffer)........................................................................44 

5.4.1 ...........................................................................................44 

5.4.2 ...........................................................................................45 



 

 vi 

5.5 .............................................................................................................50 

5.5.1 ...........................................................................................50 

5.5.2 ...........................................................................................51 

5.6 .............................................................................................................52 

 .....................................................................................................53 

6.1 .............................................................................................................53 

6.2 .................................................................................................53 

6.2.1 OPS OPA......................................................................................53 

6.2.2 .......................................................................................57 

6.2.3 ..................................................................................................60 

6.3 ..................................................................................62 

6.4 .............................................................................................................65 

 .............................................................................................................66 

7.1 .................................................................................................66 

7.2 ....................................................................................................67 

...................................................................................................................68 



 

 vii 

 

2-1 .....................................................................................................4 

2-2 ..................................................................................5 

2-3 ..................................................................................9 

2-4 .......................................................................................................10 

2-5 ....................................................................................... 11 

2-6 ....................................................................................... 11 

2-7 ...................................................................................12 

2-8 ....................................................................13 

3-1 ...............................................................................................18 

3-3 .......................................................................................20 

3-4 ........................................................21 

3-5  Range 200fF ~ -200fF  Step 10fF  CINT 0.5pF .................................21 

3-6  Range 400fF ~ -400fF  Step 10fF  CINT 1.0pF .................................22 

3-7 RC ............................................................................23 

3-8 ...................................................................................23 

3-9 ...........................................................................................24 

3-10 .........................................................................................25 

3-11  �C VOUT ...................................................................................26 

4-1 ...............................................................................................28 

4-2 .......................................................................................29 

4-3 ....................................................31 



 

 viii 

4-4 .......................................................................................32 

4-5 ...........................................................................................33 

5-1 .......................................................................................................37 

5-2 ................................................................................38 

5-3 .................................................39 

5-4 ...............................................................................................40 

5-5 ............................................................................40 

5-6 ...............................................................................................41 

5-7 ................................................................................42 

5-8 ....................................................44 

5-9 .......................................................................................45 

5-10 .....................................................................................46 

5-10 .........................................................................................49 

5-11 ..............................................................................51 

5-12 ..........................................................................52 

5-13 ..........................................................................52 

6-1  OPS .................................................................................................54 

6-2  OPS .............................................................................................55 

6-3 (CMRR) .....................................................................................56 

6-4 (PSRR).......................................................................................56 

6-5 (Slew Rate) ........................................................................................57 

6-6 ...................................................................................58 



 

 ix 

6-7 ...................................................................................58 

6-8 ...................................................................................59 

6-9 .......................................................................................60 

6-10 ...................................................61 

6-11 ......................................................................................61 

6-12 ..................................................................................62 

6-13 ..................................................................63 

6-13  CINT = 2.5pF �C = 20 fF ~ -20fF ................................................................63 

6-14  CINT = 2.5pF �C = 100 fF ~ -100fF ............................................................64 

6-15  CINT = 2.5pF �C = 200 fF ~ -200fF ............................................................64 

6-16  CINT = 2.5pF �C = 200 fF ~ -200fF 10fF ..................................65 



 

 x 

 

2-1 .............................................16 

3-1 ...................................................................................20 

5-1 ................................................................................42 

6-1 OPS ....................................................................................................55 

6-2 .......................................................................................59 

7-1 ........................................................................66



 

 1 

  

 

1.1  

 

1959 (Richard P.Feynman) (

There is a plenty of room at the bottom)

[1] ((Micro 

Electro-Mechanical Systems, MEMS)

1960

MEMS

 

(Micro machining)

(Micro Sensor) (Micro Actuator)

(Micro Electronics)[2]

( ) ( ) (

RF ) ( ) ( DNA )

( )  



 

 2 

Global Positioning System, 

GPS Inertial Navigation System, INS  

 

1.2  

 

 

Coriolis

Centrifugal

 

 

 

 



 

 3 

1.3  

 

 

 

 

 

 

 



 

 4 

  

 

2.1  

 

 

 

 

2-1  



 

 5 

2.2  

2.2.1  

 

2-1

[3]

45

(Driving Mode)

(Sensing 

Mode)[4] 2-2

 

 

 

 

 

 

 

 

  (a)                   (b)  

2-2  

 

 



 

 6 

0

4sense g drive S

Q
q A q

ω
= ⋅ ⋅ ⋅Ω                                 (2-1) 

 

qsense  

qdrive  

Ag   (Angular gain) Ag  

 

Q    (Quality factor)  

0   

S   

 

[3]  

 

2.2.2  

 

(Electrostatic Actuation) (Capacitive 

Sensing)



 

 7 

 

2

2
biasCVE

F
x x

� �∂ ∂= = � �∂ ∂ � �
                                     (2-2) 

Vbias

2-2

 

(Fringing effect)  

0 r A
C

x
ε ε=                                              (2-3) 

0ε rε A

x

2-3 x

 

 

2.2.3  

 

2.2.1

2-2(a)

2-2(a)

0 90 180 270 45

135 225 315  

2-2(b)

45 45 135 225

315 0 90 180 270  



 

 8 

45 135 225 315

( CS,0)

(CS,0+ C)

(CS,0 - C)

C  

 

2.3  

2.3.1  

 

10-14 (Farad)

 

(Relaxation Oscillator)

(Impedance Bridge) (Charge Amplifier)[7]

(Quality factor)

 

 

(a)  



 

 9 

 

(b)  

 

 

(c)  

2-3  

 

(Synchronous Detection)

(Switched Capacitor)

 

 

2.3.2 (Synchronous Detection)  

 

2-4 CS,0

C VS

CP 2-4

(CS+ , CS-)



 

 10 

C

C  

2
O S

INT

C
V V

C
∆=                                          ( 2 -4 ) 

 

 

2-4  

 

Vs

( )

Vx ( 2-5

2-6) 1/f

(Chopper Stabilization)

(Virtual ground)

(Buffer) 2-4

[8]  

 



 

 11 

 

2-5  

 

2-6  

 

 

22 2
,02 1 4S INT P IPon n

INT INT DC

C C C C kT
f C f j C R

ν ν
ω

+ + +� �
= ⋅ + ⋅� �∆ ∆� �

              (2-5) 

2
n

f
ν

∆ (Input-referred spectral density) CIP

2
n

f
ν

∆ CP CIP

CINT

CINT( 2-4) CINT (Sensing 

Range) (Resolution)

 

 



 

 12 

2.3.3 (Switched Capacitance)  

 

[9]  

 

 

2-7  

 

 

(a)  

 



 

 13 

 

(b)  

2-8  

 

2-7

( )

2-8(a) VS

(CL) 2-6 2-7

( 2-4)  

2
O S

INT

C
V V

C
∆=                                             (2-6) 

S1 (

kT/C ) kT/C

(Output-referred spectral density)  



 

 14 

22 1kT C T

S INT T

C kT
f f C C

ν � �
= ⋅ ⋅� �∆ � �

                                 (2-7) 

2T S INT P IPC C C C C= + + + Sf

 

22 2

2
opamp n uT

INT S

fC
f C f f

ν ν π� �
= ⋅ ⋅ ⋅� �∆ ∆� �

                            (2-8) 

2
n

f
ν

∆ (Input-referred spectral density) uf

[8]  

 

2.4  

 

(Brownian motion)

 

(Signal to Noise Ratio)

 

2
min

o
no o

dv
v v C

dC
= = ⋅ ∆                                  (2-9) 

2
nov 2-9  

2

min
no

o

v
C

dv
dC

∆ =                                        (2-10) 

2.3.1



 

 15 

(RDC)

( 2-4) ( 2-5)  

( )
2

min 1
2 n

S INT P IP
S

vC
C C C C

f f V
∆ = + + + ⋅ ⋅

∆ ∆                (2-11) 

( 2-6 ~ 2-8)  

2 2

min 1 2T n u
T

kTS S S
C

OPAMP

C v fC kTC
f V f f

π� �
� �� �∆ = ⋅ +� �� �∆ � � � �
� �

                  (2-12) 

2T S INT P IPC C C C C= + + + S1 kT/C

(Micromachined) kT/C

kT/C

 

 

min,

min,

sw u

syn S

C f
C f

π∆
=

∆                                       (2-13) 

2-13

 

 

2.5  

 

 



 

 16 

 

 

 

2-1  

   

  
 

 
  

 
 

 

 

 

 



 

 17 

  

 

3.1  

 

(Offset Voltage) (Flicker 

Noise) (Charge Inject Effect)

(Correlated Double Sampling)

 

 

3.2  

3.2.1  

 

(Threshold Voltage)

 

 

 



 

 18 

 

 

 

3-1  

 

3.2.2  

 

3-2 

S1

CH



 

 19 

VS

CH

VOUT  

 

(a)  

 

(b)  

 

(c)  

3-2  



 

 20 

3.3  

3.3.1  

 

3-2 3-3  

��� ��� ��� ���

���

���

��� ���

���

 

3-3   

3-1  

Open-loop gain 55 dB Slew Rate 80V/us 

Phase Margin 75° Output Swing 3.3 ~ -3.28 V 

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 



 

 21 

3.3.2  

 

3-2 PAD

3-4  

 

 

3-4  

 

3-5 3-6 CINT 2-6 CINT

C  

 

 

 

3-5 Range 200fF ~ -200fF  Step 10fF  CINT 0.5pF 



 

 22 

 

 

3-6 Range 400fF ~ -400fF  Step 10fF  CINT 1.0pF 

 

3.4  

 

0.5pF 1.0pF RC

 

 

(a ) R = 3.3M  C = 0.5pF  

 

 



 

 23 

 

(b) R = 3.3M  C = 0.5pF 

3-7 RC  

 

3-6 3-7 3.69pF 4.13pF

3pF  

(Unit-gain Buffer)  

 

 

3-8  

 

 

 

 

 



 

 24 

 

(a) R1/R2 = 0.5 

 

 

(b) R1/R2 = 0.1 

3-9  

 

3-8

3-9

R1 R2

 

 

 

 

 

 



 

 25 

 

(a) CS1 = 3.3 pF  CS2 = 2.7 pF 

 

 

(b) CS1 = 2.7 pF  CS2 = 3.3 pF 

 

 

(c) CS1 = 2.7 pF  CS2 = 3.6 pF 

3-10  



 

 26 

CS,0 C

 

 

 

3-11 C VOUT  

 

CS,0 3.18pF C 400fF 3-10

3-11

3-8  

 

3.5  

 

3.4

 



 

 27 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 28 

  

 

4.1  

 

 

 

 

4.2 (Pseudo-differential Sensing Circuit) 

 

(Fully-differential)

(Noise 

Couple) (Harmonic Distortion)

(Power-Supply Rejection Ratio, PSRR)  

 

 

4-1  

 



 

 29 

(Micro-machined)

(CS+, CS-) 4-1

4-2 VS

[9]  

 

4-2  

 

(Input Common-mode Level)

(Virtual Ground)

 

 

1. (Virtual Short)  

2. (Common-mode Feedback, CMFB)  

 



 

 30 

3. ,0S S SC C C+ = + ∆ ,0S S SC C C− = − ∆ 1 ,0P P PC C C= + ∆ 2 ,0P P PC C C= − ∆  

VS

 

VS (Vicm-ini)  

icm ini SV Vα− = ⋅      S

INT L
S P IP

INT L

C
C C

C C C
C C

α =
+ + +

+

           (4-1) 

Vicm-ini  

ocm ini icm iniV Vβ− −= ⋅    INT

INT L

C
C C

β =
+

                      (4-2) 

 

icm final icm ini ocm iniV V Vγ− − −= −                     (4-3) 

        ( )1 SVα βγ= − ⋅                            (4-4) 

        SVδ= ⋅                                   (4-5) 

INT INT

INT S P IP T

C C
C C C C C

γ = =
+ + +

( )1 1δ α βγ= − < INTC LC TC

 

S
icm final S

T

C
V V

C− = ⋅                                        (4-6) 

 

( ) S
O S INT P IP P S

I T

V
V C C C C C C

C C
= −∆ + + +∆ ⋅ ⋅� �	 
                 (4-7) 



 

 31 

2-4 2-6 4-7

PC PC PC∆

SC∆

 

(Input Common-Mode 

Feedback, ICMFB) 4-3

[1] 

 

4-3  

 

4.3  

4.3.1  

 



 

 32 

[7] 4-4  

 

 

4-4  

 

(Virtual Short)

 

 

4.3.2  

 

(Offset Voltage) (Flicker Noise)

 



 

 33 

 

4-5  

 

2-4

4-5  

1 2
S S

O
INT INT

C C
V V V

C C
+ −= − ⋅ − ⋅                                     (4-8) 

( 1 2V V≠ ) 1 SV V=

( )2 SV V V= − + ∆ 4-8  

( ) ,02 SS
O S S S

INT INT

CC
V V V V

C C
∆= − + ∆ ⋅ + ∆ ⋅                          (4-9) 

4-9

 

180

( )1 sinSV V tω= 2 sin( )SV V tω= − − Ψ Ψ 4-8  

( )sin sin( )S S
O S S

INT INT

C C
V V t V t

C C
ω ω+ −= − ⋅ ⋅ − ⋅ ⋅ − Ψ              (4-10) 

4-10  



 

 34 

( )( ) ( )( ),0 sin sin sin sinS
O S S

INT

V
V C t t C t t

C
ω ω ω ω� �= − − − Ψ − ∆ + − Ψ	 
        

                                                         (4-11) 

( )( ) ( )( )sin sin 2sin / 2 cos / 2A B A B A B− = − + 4-11

 

( ) ( ),0

2
sin cos cos sin

2 2
S

O S S
INT

V
V C t C t

C
ω ωΨ Ψ� �= − ⋅ − Ψ + ∆ − Ψ� �	 


       (4-12) 

4-12  

( )2
cosS

O
INT

V
V A t B

C
ω= − ⋅ −                              (4-13) 

A B 4-12 4-13  

( )
2

,0 ,04
sin 2

S S S SC C C C
A

B

� �ΨΨ − ∆ + ∆� �
� �=                          (4-14) 

2
,0

1
2

2tan

S
S

S

C
C

B
C

−

Ψ
+ ∆

=
Ψ∆

                                   (4-15) 

VO ( 2 S

INT

V
A

C
− ⋅ ) SC∆

B [2]

4-13 4-15

 

 



 

 35 

4.4  

 

 

 



 

 36 

  

 

5.1  

 

 

 

5.2  

 

5-1 VS OPS

OPS OPA OPA

 

OPS OPA

OPS

OPA  

OPA VS

(Sample and Hold Circuit)

PAD (Bonding)



 

 37 

OPS OPA

PAD  

 

 

 

 

5-1  

 

 

 

 



 

 38 

5.3 OPS OPA 

5.3.1  

 

( )

 

5-2

 

 

 

5-2  

 

5.3.2  

 

OPS OPA

(Folded-cascode)



 

 39 

 

 

 

 

 

 

 

 

  (a)                      (b)  

5-3  

 

(Telescopic) 5-3

 

5-4

IBIAS

(MOSFET)

 

��� ���



 

 40 

 

5-4  

 

(Wide-swing Current Mirror)

(Constant Transconductance) [17]

(Output Buffer)

 

 

 

5-5  



 

 41 

VOUT Q1 Q2 (Active 

Region) IOUT=IIN  

( )2 3

2 IN
ov ov ov

n ox

I
V V V

C W Lµ
= = =                               (5-1) 

Q1 Q4 Q5 Q2 Q3 n2 (n+1)2

n2 (n+1)2 5-1  

( )5 1ov ovV n V= +                                           (5-2) 

1 4ov ov ovV V nV= =                                          (5-3) 

 

( ) ( )2 5 1 1DS G GS ov tn ov n ovV V V n V V nV V V= − = + + − + =� �	 
     (5-4) 

VDS2 Q2  

( )1 2 1out ov ov ovV V V n V> + = +                             (5-5) 

n=1 VOUT > 2Vov[17] 0.5V

1V  

 

5-6  

 



 

 42 

5-1 5-6  

 Q1 Q2 Q3 Q4 Q5 

 
2

W L
n  

W
L  

W
L  2

W L
n

 ( )21

W L

n +
 

 

��� ���

 

5-7  

 

5-7 VIN VOUT  

6 81 ( || )V m O OA g R R= ⋅                                     (5-6) 

6 4 64O m o oR g r r= ⋅ ⋅ 8 10 810O m o oR g r r= ⋅ ⋅

m og r⋅  

M4 M6 M8 M10 M4

M6 4 6DS DS ovV V V= =

 



 

 43 

( ) 2DD ovOUT MAXV V V= −                                     (5-7) 

M8 M10 M7 M9

( ) 88 2 ovD MINV V=  

( ) ( ) 88 2 ovOUT MIN D MINV V V= =                                   (5-8) 

M1~M4 M11  

( ) 3 1DD ov tICM MAXV V V V= − −                                    (5-9) 

( ) 1 1 11ICM MIN ov t ovV V V V= + +                                  (5-10) 

(2-stages Op Amp)

CC CC

 

( )1
6 8

1 1
||O O L OUT L

p
R R C R C

≈ − ≈ −
⋅ ⋅

                         (5-11) 

1m
u

L

g
C

ω =                                                (5-12) 

(Slew Rate) OPS

 

4D

L

I
SR

C
=                                                (5-13) 

 

 

 

 



 

 44 

5.4 (Output Buffer) 

5.4.1  

 

OPS OPA

(2-stages Op Amp)

( )  

5-8[17]

(Common Source Amplifier)

CC

(Miller Effect) (Zero)

(Phase Margin)

 

 

 

 

5-8  

 

 

 



 

 45 

5.4.2  

 

 

5-9  

 

(Constant Transconductance) 5-9

( ) ( )1 2
W L W L= 5 6t tV V=  

6 5 5ov ov D BV V I R= +                                        (5-14) 

5-14  

( ) ( )
6 5

5

6 5

2 2D D
D B

n n

I I
I R

k W L k W L
= +                           (5-15) 

n n oxk Cµ= 5 6D DI I=  

( ) ( )
6 6

6

6 5

2 2D D
D B

n n

I I
I R

k W L k W L
= +                           (5-16) 

5-16  



 

 46 

( )
( )
( )

6

566

2
1

2
B

n D

W L
R

W Lk W L I

� �
� �− =
� �	 


                       (5-17) 

( )6 66
2m n Dg k W L I=  

( )
( )

6

5
6

2 1

m
B

W L

W L
g

R

� �
� �−
� �	 
=                                    (5-18) 

5-18 gm6 M5 M6

gm Mi M6 [17]  

 

 

5-10  

 

M5

ID5 ID5 (CMRR)



 

 47 

(Slew Rate)  

( )1 1 2 4||m o oA g r r=                                       (5-19) 

( )2m Dg k W L I= A
o

D

Vr I= VA (Early Voltage) ID5

VGS

VGS

 

P M6  

( )2 7 6 7||m o oA g r r= −                                     (5-20) 

M10

(Source Follower)

M10 (Body Effect)

M10

n-well Twin-well p-well

P

M10  

10
3

10 10 9

m

L m o o

g
A

G g g g
=

+ + +                               (5-21) 

M10  

10
3

10 10 10 9

m

L m s o o

g
A

G g g g g
=

+ + + +                         (5-22) 

GL go gs

GL go gm M10 gs

gm/5 5-21 0.83



 

 48 

 

 

( ) ( ) 10
1 2 4 7 6 7

10 10 10 9

|| || m
V m o o m o o

L m s o o

g
A g r r g r r

G g g g g
= − ⋅ ⋅

+ + + +
 (5-23) 

5-23 gmro  

2 A
m o

ov

V
g r

V
=                                             (5-24) 

(VA) Vov

Vov  

 

( ) 6 10OUT MAX DD ov GSV V V V= − −                             (5-25) 

( ) 9OUT MIN ovV V=                                         (5-26) 

5-9 5-10  

 

( ) 1 1 5DD ov t ovICM MAXV V V V V= − − −                           (5-27) 

( ) 3 1ICM MIN ov tV V V= +                                     (5-28) 

5-10 RC

M11  

( )11
1111

1
C ds

n ov

R r
k W L V

= =                              (5-29) 



 

 49 

M11 RC = 0 5-10  

1
7 1 2

1
p

m Cg R R C
ω ≈                                      

( 5 - 3 0 ) 

7
2

1 2

m
p

g
C C

ω ≈
+

                                          (5-31) 

7m
z

C

g
C

ω −≈                                              (5-32) 

5-32

(Phase Delay)  

 

 

5-10  

 

RC RC 0

5-29 5-30

 

( )7

1
1z

C m CC g R
ω −=

−
                                     (5-33) 

RC

71C mR g=
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( )1 2

7

1 1C
m C

C CR g C
+� �= +� �

	 

RC

 

 

5 12D D

C C

I I
SR

C C
= =                                          (5-34) 

1u m Cg Cω = 5-34  

1ov uSR V ω= ⋅                                             

( 5 - 3 5 ) 

Vov

P P Vov N

P (Thermal Noise)  

 

5.5  

5.5.1  

 

(NSC Chip Implementation Center, CIC) TSMC 0.35�m Mixed-Signal 

2P4M Polycide 3.3/5V  

(Overetching)

(Oxide-thickness variation)[17]

5.5.2  
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5.5.2  

 

 

 

 

��������	
�� �����	
��  

5-11  

 

(Dummy Cell)

(Edge 

Effect)  



 

 52 

 

5-12  

 

 

5-13  

 

5.6  
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6.1  

 

 

(NSC Chip Implementation Center, CIC) TSMC 0.35�m Mixed-Signal 

2P4M Polycide 3.3/5V LAKER®

Synopsys Hspice®

 

 

6.2  

6.2.1 OPS OPA 

 

OPS OPA 6-1

5.3 6-1 6-2

OPS

OPS  
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6-1 OPS  

 

6-1 (Guard Ring)

(Start-up 

Circuit)  
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6-1 OPS  

Open-loop Gain 59dB Slew Rate 100V/us 

Phase Margin 77  Output Swing 3V ~ 1mV 

Gain Margin 30dB CMRR 105dB 

Bandwidth 100kHz PSRR+ 125dB 

Unit-gain freq. 91MHz Power Dissipation 920uW 

Offset Voltage 4mV   

 

 

 

 

6-2 OPS  
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6-3 (CMRR) 

 

 

6-4 (PSRR) 
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6-5 (Slew Rate) 

 

6.2.2  

 

6-1 6-2 OPS

M11

(Source Follower)

 

OPS

CC 0.5 pF
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6-6  

 

 

6-7  
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6-8  

 

 

6-2  

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 1mV   
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6.2.3  

 

1.

2.

6-9

 

 

 

6-9  
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6-10 45

6-11 45

288

6-11

 

 

 

 

6-10  

 

 

 

6-11  
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6-12  

 

6.3  

 

 

2
O S

INT

C
V V

C
∆= ⋅                                              (6-1) 

VS CINT C  

C=10 fF 6-1  
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2 2 10
3 0.024

2.5O S
INT

C fF
V V

C pF
∆ ⋅= ⋅ = ⋅ =                             (6-2) 

6-2 6-14 6-16 6-17

 

 

 

6-13  

 

���
������

���
������

���
�����

���
�������

���
�������

 

6-13 CINT = 2.5pF �C = 20 fF ~ -20fF 
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6-14 CINT = 2.5pF �C = 100 fF ~ -100fF 

 

 

 

6-15 CINT = 2.5pF �C = 200 fF ~ -200fF 
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6-16 CINT = 2.5pF �C = 200 fF ~ -200fF 10fF 

 

6.4  

 

 

C 200fF

OPA

 

 

 



 

 66 

  

7.1  

 

(Micro Electro-Mechanical Systems, MEMS)

 

7-1  

 

7-1  

CS,0 3.18 pF 

1.2 fF @ 1 /sec 

S C 
120 fF @ 100 /sec 

 3 V 

 4 mW 

 1 fF  

 200 fF 
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CS,0 S C

 

 

7.2  

 

 

OPA

PAD (Bonding Wire)

OPA

 

OPS OPA

P (Body Effect)

 

(Bonding 

Wire)

(Flip Chip)
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