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APPENDIX B: Equation List

B.1 I-V Model

B.1.1 Threshold Voltage 
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  (δ1=0.001)

B.1.2 Effective Vgs-Vth

B.1.3 Mobility

For Mobmod=1
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For Mobmod=2

For Mobmod=3

B.1.4 Drain Saturation Voltage

For Rds>0 or λ≠1:
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For Rds=0, λ=1:

B.1.5 Effective Vds
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B.1.6 Drain Current Expression
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B.1.7 Substrate Current

B.1.8 Polysilicon Depletion Effect
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B.1.9 Effective Channel Length and Width
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B.1.10Drain/Source  Resistance 

B.1.11Temperature Effects
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B.2 Capacitance Model Equations

B.2.1 Dimension Dependence

B.2.2 Overlap Capacitance (for NMOS)

B.2.2.1  Source Overlap Capacitance
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(2) for capmod=1
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(3) for capmod=2

B.2.2.2  Drain Overlap Capacitance

(1) for capmod=0
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(2) for capmod=1

(3) for capmod=2
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B.2.2.3  Gate Overlap Charge

B.2.3 Instrinsic Charges

(1) for capmod=0
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Q Qg b= −

Qinv = 0

c) Strong inversion (Vgs>Vth)
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otherwise

(i) 50/50 Charge partition

if Vds<Vdsat
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(ii) 40/60 channel-charge Partition

if (Vds <Vdsat)
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otherwise

(iii) 0/100 Channel-charge Partition

if Vds <Vdsat
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otherwise
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(2) for capmod=1
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if (Vds <=Vdsat)
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(i) 50/50 Channel-charge Partition

(ii) 40/60 Channel-charge partition

(iii) 0/100 Channel-charge Partition
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if (Vds >Vdsat)

(i) 50/50 Channel-charge Partition

(ii) 40/60 Channel-charge Partition

(iii) 0/100 Channel-charge Partition
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(3) for capmod=2

Q Q Q Qd g b s= − + +( )

( )Q Q Q Q Qg inv acc sub sub= − + + +0 δ
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B.2.3.1  50/50 Charge partition
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B.2.3.2  40/60 Channel-charge Partition

B.2.3.3  0/100 Charge Partition
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B.2.4 Intrinsic Capacitances (with Body bias and DIBL)

B.3 NQS Model Equations:

Quasi-static equilibrium channel charge:

Actual channel charge and Qdef obtained from subcircuit (Figure 5-2):
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where, 

and 

B.4 Flicker Noise

There exists two models for flicker noise. Each of these can be toggled by the

noimod flag.

1. For noimod=1 and 4

2. For noimod=2 and 3

1.  Vgs>Vth+0.1:
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where Vtm is the thermal voltage, µeff is the effective mobiity at the given

bias condition, Leff and Weff are the effective channel length and width,

respectively. The parameter N0 is the charge density at the source given by:

The parameter Nl is the charge density at the drain given by:

∆Lclm refers to channel length reduction due to CLM and is given by:

2. Otherwise,

N0

Cox VGS VTH–( )
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q
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ueff
---------------------=



Channel Thermal Noise

BSIM3v3 Manual Copyright © 1995, 1996, UC Berkeley B-28 

Where, Slimit is the flicker noise calculated at Vgs=Vth+0.1 and Swi is

given by:

B.5 Channel Thermal Noise

There exists two models for channel thermal noise. Each of these can be toggled

by the noimod flag. 

1. For noimod=1 and 3

2. For noimod=2 and 4

FlickerNoise
Slimit Swi×

Slimit Swi+
--------------------------=

Swi
N VtI

W L f x

oia ds

eff eff
Ef=

2

364 10

8

3

kT
gm gds gmb( )+ +

4
2

KT

L
Q

eff

eff
inv

µ

Q W L C V
A

V vt
Vinv eff eff ox gsteff

bulk

gsteff
dseff= − −

+
(

( )
)1

2 2



Channel Thermal Noise

BSIM3v3 Manual Copyright © 1995, 1996, UC Berkeley B-29 

The derivation for this last thermal noise expression is based on the noise

model found in [35].
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