
Klimeck – Solid State Devices
1

Section 29
MOS Capacitor Signal Response

Gerhard Klimeck

gekco@purdue.edu

Solid State Devices

mailto:gekco@purdue.edu


Klimeck – Solid State Devices
2

Section 27
Heterojunction Bipolar Transistor
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I = G x V

density velocitycharge area

= q x n x v x A 

Section 29
MOS Capacitor Signal Response

• 29.1 Introduction / Background
• 29.2 Small Signal Response
• 29.3 Large Signal Response
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Electrostatics under Bias
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Electrostatics under Bias
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Electrostatics under Bias
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Electrostatics under Bias
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Where do charges come from?

• Integrate charge to find potential.
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Response Time
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Capacitance Model
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Small Signal Equivalent Circuit

11

p
G0

CD

CJ

CJ/Co

1

VG

For insulated devices, 
consider only majority carrier 
junction capacitance CJ

High 
frequency

Low 
frequency

Gate semiconductor
G0 is small (only tunelling current)

kHz



Klimeck – Solid State Devices
12

Small Signal Equivalent Circuit

12

p
G0

CD

CJ

CJ/C
o

1

VG

For insulated devices, 
consider only majority carrier 
junction capacitance CJ

High 
frequency

Low 
frequency

Gate semiconductor
G0 is small (only tunelling current)

kHz



Klimeck – Solid State Devices
13

Junction Capacitance

13

p-Si

+
-~

sinG SV tυ ω+ CG ≡
dQG

dVG

=
d −QS( )

dVG

SG
S

OC
V Qψ= −

( ) ( )
1G

S

S

OS C
dV d

d Q d Q
ψ

= +
− −

11 1

S OG CC C
= +

Grey: gate
Red: oxide
Blue:  inversion
Green:  depletion 

𝑉𝑉𝑜𝑜𝑜𝑜 =
𝑄𝑄𝐺𝐺
𝐶𝐶𝑂𝑂

= −
𝑄𝑄𝑆𝑆
𝐶𝐶𝑂𝑂oG sxVV ψ= +



Klimeck – Solid State Devices
14

Junction Capacitance
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Definition of  m for later use
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I = G x V

density velocitycharge area

= q x n x v x A 

Section 29
MOS Capacitor Signal Response

• 29.1 Introduction / Background
• 29.2 Small Signal Response
• 29.3 Large Signal Response
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I = G x V

density velocitycharge area

= q x n x v x A 

Section 29
MOS Capacitor Signal Response

• 29.1 Introduction / Background
• 29.2 Small Signal Response
• 29.3 Large Signal Response
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