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4. Intermediate Summary

5. Sub-threshold (depletion) current
6. Super-threshold, inversion current
7. Conclusion

Ref: Sec. 16.4 of SDF
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Small Signal Equivalent Circuit
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Small Signal Equivalent Circuit
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Junction Capacitance
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Junction Capacitance
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Definition of  m for later use
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1.1 ≤ m ≤ 1.4

in practice:

WT depends on the voltage
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J u n c t i o n  C a p a c i t a n c e  in accumulation

10

0
, 0

0

ox
j accC C

x

κ ε≈ ≡ ,

,

0
, ,

s acc

s

s
j acc s ac

ac a

o

o c

c

cc

C C
WC

C

C

C κ ε= ≡
+

Wacc

-Q

+
Q

Low frequency
C/Co

1

+
Q

Arrows is the charge induced by small signal
Two blue arrow� C0
Two red arrow � Cs
These two capacitors are in series 



Klimeck – ECE606 Fall 2012 – notes adopted from Alam

Junction Capacitance in depletion
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Junction capacitance in inversion
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Equivalent Oxide Thickness
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High frequency curve at inversion
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Response Time
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High frequency response in MOS-C
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Ideal vs. Real C-V Characteristics
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Blue dot: Flat band voltage …

Red dot: Threshold voltage …

C/Co
C/Co
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Large Signal Deep Depletion 

20

0 0
,

0

0

1

s
j dep

oxs

s

C C C
C

WC C
x

κ
κ

= =
+ +

1

o

G

C

V

Vδ

=
+

(even beyond threshold)
High frequency

Low frequency

C/Co

VG

-
∆Q

∆Q
Wdm

NA

x0

ρ(x)

-
∆Q

∆Q Wdm

NA

For large signal, the green do not have time to response;
� continue to deplete.
Small signal there is green because of the DC  bias builds it.



Klimeck – ECE606 Fall 2012 – notes adopted from Alam

Relaxation from Deep Depletion
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Ideal vs. Real C-V Characteristics
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Low or High frequency?
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typically observe hi-
frequency CV
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typically observe low-frequency CV
No deep-depletion as well
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n+-Si n+-Si

What happens if I shine light on a MOS 
capacitor?
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Intermediate Summary

24

1) Since current flow through the oxide is small, we are 

primarily interested in the junction capacitance of the 

MOS-capacitor. 

2) High frequency of MOS-C is very different than low-

frequency C-V. 

3) In MOSFET, we only see low frequency response.

4) Deep depletion is an important consideration for 

MOS-capacitor that does not happen in MOSFETs. 
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Ref: Sec. 16.4 of SDF
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Subthreshold Region (VG < Vth)
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Subthreshold Region (VG < Vth)
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Subthreshold Region (VG < Vth)
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Recall the definition of body coefficient (m)
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Post-Threshold MOS Current (VG>Vth)
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2ψ B

Effect of Gate Bias
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A. Grove, Physics of Semiconductor Devices, 
1967.
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The Effect of Drain Bias

Alam  ECE-606 S09 34

2D band diagram for an 
n-MOSFET

a)  device

b)  equilibrium (flat band)

c)  equilibrium (ψS > 0)

d)  non-equilibrium with VG and 
VD >0 applied

SM. Sze, Physics of 
Semiconductor Devices, 1981 
and Pao and Sah.

FN
Depletion very 
different in source and 
drain side Gate voltage must ensure channel formation=> LARGE
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Effect of a Reverse Bias at Drain
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Inversion Charge in the Channel
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Inversion Charge at one point in Channel
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Approximations for Inversion Charge
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Approximations: 

Square law approximation …

Simplified bulk charge approximation …
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The MOSFET
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Elements of Square-law Theory
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Another view of Channel Potential
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Square Law Theory
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Square Law or Simplified Bulk Charge Theory
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Why does the curve roll over? 
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Linear Region (Low VDS)
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Summary
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1) MOSFET differs from MOSCAP in that the field from 

the S/D contacts now causes a current to flow. 

2) Two regimes, diffusion-dominated Subthreshold and 

drift-dominated super-threshold characteristics,  

define the ID-VD-VG characteristics of a MOSFET. 

3) The simple bulk charge theory allows calculation of 

drain currents and provide many insights, but there 

are important limitations of the theory as well.  


