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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. 
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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)  
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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  

 

���������

���������

��������

����������
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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
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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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