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EE415/515 Fundamentals 
of Semiconductor Devices

Fall 2012

Lecture 11: 
MOSFET 

(Chapter 10.3, 10.4)
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Reminder:
Here is what the 
MOSFET looks like
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N-channel MOSFETs:
Enhancement & Depletion modes
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P-channel 
MOSFETs:

Enhancement 
& Depletion 
modes
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Triode operation 
at small VDS:

Space charge regions
Carrier injection
Induced inversion
Conducting channel
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ID=gDVDS as VDS→0
=(W/L)µn|Qn

/|VDS
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Increasing VDS:
Onset of saturation

Increasing VDS:
Onset of saturation
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At the saturation point:
VGS-VDS(sat)=VT

i.e.
VDS(sat)=VGS-VT

Note space charge region ∆L at drain 
in saturation. 
E-field sweeps carriers across. 
Approximation: 

Assume ∆L<<L → ID(sat) constant.
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N-channel MOSFET characteristics:
Note non-linear triode region
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↑ VGS≤VT

N-channel depletion mode
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I-V Characteristics
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I-V Characteristics: Charge neutrality
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I-V Characteristics: Gauss’s Law
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I-V Characteristics: Oxide field
Vx is channel potential (wrt S) at x
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I-V Characteristics: Oxide field
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:Hence

I-V Characteristics:
Final equations
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Ex 10.7 N-channel Si MOSFET: µn=650cm2/V-s, tox=8nm, 
W/L=12, VT=0.40V. Find the drain current for  (a) VGS=0.8V, 
(b) VGS=1.2V, & (c) VGS=1.6V, if the transistor is biased in 
the saturation region.
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&
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Ex 10.8  N-channel Si MOSFET: W=6µm, L=1.5µm, tox=8nm. When 
the transistor is biased in the saturation region, the drain current 
is ID(sat)=0.132mA at VGS=1.0V and ID(sat)=0.295mA at VGS=1.25V. 
Determine the electron mobility and threshold voltage.
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P-channel
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Transconductances
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ID is quadratic function of (VG–VT)  

→ by plotting √ID vs. VG we 
should get a straight line (see fig)
What does intersection of this    

line with VG axis give?

Slope of the curve → kN

Problem: saturation values of VT

and kN not the same as linear 
region values!

How about in saturation? VD(sat)=VG-VT

Same idea, but we now use sat eq → gm is ??
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Substrate bias effect
(So far assumed substrate at zero source potential)
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VSB ≥ 0
VB < 0

Space charge region width increases.
Incr -ve charge → incr +ve gate charge

→ increase VT.
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Substrate bias effect:
Body effect coefficient
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Ex 10.9 N-channel Si MOSFET: Na=1016/cm3, tox=12nm. 
Find (a) body effect coefficient, & (b) the change in VT
for (a) VSB=1V & (b) VSB=2V.
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High frequency effects
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Small signal equivalent circuit
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CgsT = Cgs + Cgsp

CgdT = Cds + Cdsp

Simplified small-signal models
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Vgs=Vgs
/ +(gmVgs

/)rs

=(1+gmrs)Vgs
/

rds neglected
rs, rd neglected
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Cutoff frequency
Channel transit time (L/vsat) not usual limitation

10/29/2012 J. E. Morris 31

  
gdTL

gsLmgdTgsT

gs
gdTL

Lm
gdTgsTi

gsdgdTgsm
L

d

dgsgdTgsgsTi

CR
VRgCCj

V
CRj

Rg
CCjI

VVCjVg
R

V

VVCjVCjI

1
for    1

1

1
  

0)(  :Output

)(  :Input











































Cutoff frequency/Miller capacitance
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Ex 10.10 N-channel Si MOSFET: µn=420cm2/V-s, tox=18nm, 
L=1.µm, W=24µm, VT=0.40V. Find the cutoff frequency if the 
transistor is biased in the saturation region at VGS=1.5V.
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CMOS structures
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CMOS inverter
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Note p+npn+ structure

CMOS p+npn+ structure: Latch-up
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Gate oxide tunneling

Time-dependent 
dielectric breakdown 


