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EE415/515 Fundamentals 
of Semiconductor Devices

Fall 2012

Lecture 10:
MOS Capacitor  

(Chapter 10.1, 10.2)

MOS capacitor
Assume p-type substrate, i.e. N-channel device
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Negative gate bias
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Positive gate bias
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Negative space charge region is depleted of holes  
→ immobile negative acceptor ions
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Band-bending with applied bias:
accumulation & depletion regions
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“Flat band” 
condition

Increased positive bias: “Inversion”
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“Inversion” layer:

EF>EFi → n-type 
→ electrons

“N-channel” 
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N-type substrate
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Accumulation, 
depletion, & 
p-channel inversion
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Surface potential φs, 
depletion width, & inversion
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Ex 10.1  Find xdT for an oxide to p-type Si junction at 300K with 
Na=2x1015/cm3. Does xdT increase or decrease as Na increases?
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P-channel inversion threshold
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xdT variation with Na, Nd
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Surface 
charge density
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Note ns incr rapidly with φs (gate voltage), 
so xdT approx constant

For ns=1016/cm3 

at threshold
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Work function effects

10/17/2012

eχi ≈ 0.9eV 
for SiO2

Φm
/ & χ/ “modified” for e- injection into oxide conduction band

Work function effects
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Ex 10.2  Find φms for Al-SiO2 φm
/=3.20V and Si-SiO2 χ/=3.25eV. 

Assume Eg=1.12eV and Na=1016/cm3.
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(Degenerate) polysilicon gates
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N-type substrate (negative bias)
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Φms vs substrate doping 
for various gate materials
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Flat band voltage
(=gate voltage for zero semiconductor band bending

i.e. for zero net space charge)
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Ex 10.3  Find VFB for a MOS capacitor with a n+ poly-Si 
gate and Na=2x1015/cm3, tox=4nm, Q/

ss=2x1010e/cm2. 
What is φms?
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Threshold voltage
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Ex 10.4  Find φms & VTN for Si MOS device at 300K with a p+

polysilicon gate, Na=2x1016/cm3, tox=8nm, Q/
ss=2x1010/cm2. 
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Depletion/enhancement modes
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Enhancement
(heavy doping necessary) 

Depletion

P-type 
substrate

N-type substrate
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Ex 10.5  Find VTN for n-type Si/SiO2 MOS capacitor at 300K 
for: p+ poly-Si gate, Nd=2x1016/cm3, tox=20nm, Q/

ss=5x1010/cm2. 
Determine the threshold voltage.
Is it a depletion or enhancement mode device? 
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Capacitance-Voltage Characteristics:
Accumulation, depletion, & inversion modes
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C-V Depletion mode
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C-V Inversion mode
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C-V characteristics
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Ex 10.6  MOS capacitor:  n+ poly-Si gate, Na=3x1016/cm3, 
tox=8nm, Q/

ss=2x1010/cm2. Find C/
min/Cox & C/

FB/Cox.
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C-V for n-type substrate (p-channel)

10/17/2012 ECE 415/515  J. E. Morris 35

Low/high frequency
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At high frequencies, inversion electrons cannot respond, so C→Cmin
(Inversion electrons come from minority carrier diffusion from p-type or EHP generation)
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Effect of fixed oxide charges Q/
ss
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Interface 
charge effects
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Interface states:
Negative charge on acceptor states if E<EF

Positive charge on donor states if E>EF

Charge can flow between substrate and states
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Effect of interface states on C-V
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Assignment #5
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