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Lab 6: Parameter Extraction in SPICE  
MOSFET Model 

張孟凡 

清華大學電機系 
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Metal-Oxide-Semiconductor Field-Effect 

Transistors (MOSFETs) 

A voltage-controlled current source 

Vgs 

Ids 
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Example: Operation of a N-type MOS 
Transistor 

3 

p-type silicon 

n+ n+ 

Source 

(VS = 0) 

Gate 

(VG > 0) Drain 

(VD = 0)  

e-e-e-e-e-e- 

（一） 

（二） 

p-type silicon 

n+ n+ 

Source 

(VS = 0) 

Gate 

(VG > 0) Drain 

(VD > 0)  

e-  e- e-e-e- 

 步驟二：增加drain電
壓，將所累積之電子吸
引過去，便形成電流（
由drain流到source) 

 步驟一：增加gate電壓，
吸引drain及source端
電子累積在矽基板表面 
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Cont’d: Threshold Voltage 

4 

p-type silicon 

n+ n+ 

Source 

(VS = 0) 

Gate 

(VG > 0) Drain 

(VD > 0)  

e-  e- e-e-e- 

 VGS > Vt (Vt: threshold voltage)，則在silicon表面形成n channel （可
稱之為channel inversion） 

 VGS < Vt，則電晶體可能不導通、或導通微量的sub-threshold current 
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VGS > Vt : Triode and Active (Saturation) 

Regions 

5 

p-type silicon 

n+ n+ 

Source 

(VS = 0) 

Gate 

(VG > 0) Drain 

(VD > 0)  

e-  e- e-e-e- 

 Given that VGS > Vt: 

1. VDS < VGS – Vt（即VGD > Vt） : the transistor operates in 
the triode region 

2. VDS = VGS – Vt (VGD = Vt ,此為n channel在drain端成立的最小
VGD值): the channel becomes pinched off  

3. VDS > VGS – Vt（VGD < Vt）: the transistor operates in the 
active (or saturation) region 
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MOSFET I-V Relationship 
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n: mobility (m2/(Vsec)) 

Cox: gate capacitance per 

unit area (F/m2) 

Vt: threshold voltage 

In saturation region:  
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Threshold Voltage Measurement 

Vt 
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Large-Signal vs. Small-Signal Models 

• Under a fixed DC bias  By linearization to get the small-signal model 

• Definition of gm (transconductance) 

 tgsoxn
gs

D
m VV

L

W
C

V

I
g 






tgs

D
m

VV

I2
gor






EE2245 電子電路實驗 9 

Non-Ideal Effect: Finite Output 

Resistance in Saturation Region 
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• For example: Vsd = 2.5 V, Vsg = 2 V: use the connection as 
shown on the right-hand side 

10 

Important for the Lab: Use Two Power Supplies for 

PMOS I-V Measurement 

+ 
_ 

+ 
_ 2.5 V 

S 

G 

D 
0.5 V 
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MOSFET Level 1 SPICE Model 

Parameters 

0.0 F/mDrain-body overlap capacitanceCGDO

0.0 F/mGate-body overlap capacitanceCGBO

0.0 F/m2Zero-bias body-source capacitanceCBS

0.0 F/m2Zero-bias body-drain capacitanceCBD

0.80 VBulk junction potentialPB

0.0 V0.5Body-effect parameterGAMMA

1 10-7 mThin oxide thicknessTOX

0.0 V-1Channel-length modulationLAMBDA

2 10-5 A/V2Transconductance parameterKP

1.0 VZero-bias threshold voltageVto

Default valueNameParameter

0.0 F/mDrain-body overlap capacitanceCGDO

0.0 F/mGate-body overlap capacitanceCGBO

0.0 F/m2Zero-bias body-source capacitanceCBS

0.0 F/m2Zero-bias body-drain capacitanceCBD

0.80 VBulk junction potentialPB

0.0 V0.5Body-effect parameterGAMMA

1 10-7 mThin oxide thicknessTOX

0.0 V-1Channel-length modulationLAMBDA

2 10-5 A/V2Transconductance parameterKP

1.0 VZero-bias threshold voltageVto

Default valueNameParameter

Note: threshold voltage is positive for a NMOS, negative for a PMOS 
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A More Complete MOSFET Model for 

Advanced Technology 

• BSIM (Berkeley Short-channel IGFET Model ) CMOS model (the major 

 MOS model used in industry) 

    semi-empirical model 

• BSIM model ~ 250 parameters 



EE2245 電子電路實驗 13 

CD4007 MOSFET Array 

• To avoid damaging the transistors, make sure that you always turn  

  the power off before making any circuit changes  


