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MOSFET modelsMOSFET models

LECTURE 19

• Interim summary of MOSFET 

• Surface Potential Model

• Drain I-V characteristic

• SPICE MODEL (LEVEL 1)

• Comparison of PSP and SPICE
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SiSi MOSFET summaryMOSFET summary

yj
• Ey due to VGB causes 
depletion and 
inversion

• Ex due to VDS causes 
reduction in inversion 
(effect is greatest near 
the drain)

• VDS gives rise to a 
channel voltageVCB(x)

Secs. 
10.1, 
10.2
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Sec. 
10.3.1 Estimating the drain currentEstimating the drain current

Start with the TOOLBOX

• Why can we ignore holes?

• Why can we ignore 
recombination?

• Why can we not ignore      ψ ?
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Sec. 
10.3.1 Surface potential and the PSP model Surface potential and the PSP model 

qφB



5

Introducing the channel potential Introducing the channel potential VVCC(x(x) ) 

THE GRADUAL 
CHANNEL 
APPROXIMATION

Sec. 
10.3.1

y
x
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Sec. 
10.3.1 One expression for One expression for QQss

• Intermediate step in solving Poisson for ψ, gives the electric field E

• Gauss' Law relates E to Qs, the charge per unit area  in the semiconductor

• Qs is f(x) because of VCB(x)

semiconductor

semiconductor, but also, surface
(see fragment below)

What are the units of Qs ?
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Sec. 
10.2.1 VVGSGS = = VVfbfb, the , the flatbandflatband voltagevoltage

What is the relationship 
between Vfb and Vbi ?
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Sec. 
10.3.1 Another expression for Another expression for QQss

This comes from:

VGB - Vfb= ψox(x) + ψs(x)

and

QG = Cox ψox
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Sec. 
10.3.1 Implicit expression for Implicit expression for ψψss

Combine the two equations for Qs :

The result is:

is called the body factor. Why?

See next slide for a plot of surface potential vs. gate bias
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Sec. 
10.3.1 Surface potential Surface potential vs.vs. gate bias gate bias 

• Mark y=0 and y=L on the figure.

• At the source, initially the 
relation is linear. Why?

• At higher bias ψs increases less. 
Why?

• Same behaviour at the drain, but 
there is a dependence on VDS. 
Why?

• Mark on the graph the regions of 
moderate- and strong- inversion. 
Note they are not the same for S 
and D, and they depend on VDS.
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The Drain CurrentThe Drain CurrentSec. 
10.3.2

Charge Sheet 
Approximation & 
Depletion 
Approximation

What are the 
units of J?

DDE

Non-degenerate 
Einstein relation

IEEE convention
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Sec. 
10.3.2 GateGate-- and Drainand Drain-- II--V characteristicsV characteristics

• Diffusion dominates in weak 
inversion

• Drift dominates in strong 
inversion

• Drain characteristic in 
strong inversion
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Sec. 
10.3.3 Saturation and loss of strong inversion Saturation and loss of strong inversion 

at the drainat the drain

In Saturation: 

• Qn(L) becomes very small. (I=Qv, and v(L) is large).

• Field lines from gate terminate on acceptors in body.

• There is "no" charge at x=L that can be influenced by the drain.

• ID saturates.

• Drain end of channel is NOT in strong inversion,

• but SPICE models assume that it is !
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Sec. 
10.4.1 Development of SPICE Level 1 modelDevelopment of SPICE Level 1 model

From PSP:

Make strong-
inversion 
assumptions

Use Binomial 
Expansion

Threshold 
voltage

Body-effect coefficient
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Sec. 
10.4.3 Comparison of PSP and SPICEComparison of PSP and SPICE

VDS (V)

Differentiate wrt VDS to find VDSsat

Substitute into ID to get IDsat

• SPICE LEVEL 1 has the correct form for the drain characteristic, but is not very accurate.

• However, its use of VT is very helpful in formulating a simple algorithm for MOSFET operation.


