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Appendix C: Equation List 

                    

 

Equation List for BSIMSOI Built-In Potential Lowering 

Calculation 
If SoiMod=0 (default), the model equation is identical to BSIMPD equation. 
 
If SoiMod=1 (unified model for PD&FD) or SoiMod=2 (ideal FD), the following equations (FD 
module) are added on top of BSIMPD. 
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Here Nch is the channel doping concentration. VFBb is the backgate flatband voltage.  
Vth,FD is the threshold voltage at Vbs=Vbs0(phi=2ΦB). Vt is thermal voltage. K1 is the body effect 
coefficient. 
 
 
If SoiMod=1, the lower bound of Vbs (SPICE solution) is set to Vbs0. If SoiMod=2, Vbs is pinned 
at Vbs0. Notice that there is no body node and body leakage/charge calculation in SoiMod=2.  
 
The zero field body potential that will determine the transistor threshold voltage, Vbsmos, is then 
calculated by 
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The subsequent clamping of Vbsmos will use the same equation that utilized in BSIMPD.  
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Equation List for BSIMPD IV 
 

Body Voltages 

Vbsh is equal to the Vbs bounded between (Vbsc, φ s1 ).  Vbsh is used in Vth and 

Abulk calculation 
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Effective Channel Length and Width 
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Effective Vgst for all region (with Polysilicon Depletion Effect) 
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Drain Saturation Voltage 

For Rds>0 or λ≠1: 
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Drain/Source Resistance 

 

• rdsMod = 0 (Internal Rds(V)) 
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• rdsMod = 1 (External Rd(V) and Rs(V)) 
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Gate-Induced-Drain-Leakage (GIDL) 
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 Oxide tunneling current 

In inversion, 



BSIMSOI4.0 Manual Copyright  ©  2005, UC Berkeley                                                         C-10 

( )

0

23

3

EVB

g
EVB

gb1

gb1gb1
N

oxref
2

30
24

3
28

8

V
1V

V1
T

tox

m.m
eV.

hq
m

B

h
qA

V
explnV

V
TVB

exp
TT

VV
AJ

ox

b

box

b

ox
aux

ox

oxox

oxqmox

auxgb
gb

=

=

=

=

⎟
⎟

⎠

⎞

⎜
⎜

⎝

⎛
⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛ −
+=

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛

−

−−
⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
=

φ

φπ

φπ

φ

βα

    

 
In accumulation, 

( )

0

23

3

ECB
ECB

gb2

gb2gb2
N

oxref
2

40
13

3
28

8

V
1V

V1
T

tox

m.m
eV.

hq
m

B

h
qA

VV
explnVV

V
TVB

exp
TT

VV
AJ

ox

b

box

b

fbgb
taux

ox

oxox

oxqmox

auxgb
gb

=

=

=

=

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛ −
−+=

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛

−

−−
⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
=

φ

φπ

φπ

βα

 

Body contact current 

⎟
⎟

⎠

⎞

⎜
⎜

⎝

⎛

⎟
⎟

⎠

⎞

⎜
⎜

⎝

⎛
=

2
seg

'
eff

halo
eff

seg
'
eff

bodybp
NW

R||
L

NW
RR , R R Nbodyext bsh rb=  

For 4-T device, Ibp = 0   

For 5-T device, 

  I
V

R Rbp
bp

bp bodyext
=

+
 



BSIMSOI4.0 Manual Copyright  ©  2005, UC Berkeley                                                         C-11 

 

Diode and BJT currents 
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BJT collector current 
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+
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Total body-source/drain current 

I I I I Ibs bs bs bs bs= + + +1 2 3 4  

I I I I Ibd bd bd bd bd= + + +1 2 3 4      

 

Total body current 

 Iii + Idgidl + Isgidl + Igb  - Ibs - Ibd - Ibp = 0 
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Temperature effects 

 

V V K K L K V T Tth T th Tnom T t l eff T bseff nom( ) ( ) ( / )( / )= + + + −1 1 2 1  
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⎥
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Eg is the energy gap energy. 

 

 

 

 

 

Equation List for BSIMPD CV 
 

Dimension Dependence 

  δW DWC W
L

W
W

W
L Weff

lc
W

wc
W

wlc
W Wwn wn

= + + +
ln ln
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  δL DLC L
L

L
W

L
L Weff

lc
L

wc
L

wlc
L Lwn wn

= + + +
ln ln

 

  

bgactiveBactiveBG

activeactiveB

effdrawnactive

LLL
DLCBLL

LLL

δ

δ

2

2

+=
−=

−=

 

dbcp
seg

active
diodCV

sbcp
seg

active
diosCV

effbcbcbcdrawnactive

P
N

WW

P
N

WW

WNdWNWW

+=

+=

−−−= δ)2(

 

 

Charge Conservation 

Q Q Q QBf acc sub subs= + +0  

Q Q Qinv inv s inv d= +, ,  

( )Q Q Qg inv Bf= − +  

Q Q Q Q Qb Bf e js jd= − + +  

Q Q Qs inv s js= −,  

Q Q Qd inv d jd= −,  

Q Q Q Q Qg e b s d+ + + + = 0  

Intrinsic Charges 

 (1) capMod = 2 
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Front Gate Body Charge 

Accumulation Charge 

( ) ( )V V V V V VFBeff fb fb gb fb gb= − − − + − − +
⎛

⎝
⎜

⎞

⎠
⎟0 5

2 2. δ δ δ

   where V V Vgb gs bseff= −  

   delvtVKVV bseffseffsthfb +−−−= φφ 1  

   ⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
⎥
⎦

⎤
⎢
⎣

⎡
−⋅⎥

⎦

⎤
⎢
⎣

⎡ −
+=

tt

thgs
tgsteffCV nv

delvt
nv

VV
nvV expexp1ln  

  Q F W L
N

A C V Vacc body
active activeB

seg
gbcp ox FBeff fb= − +

⎛

⎝
⎜

⎞

⎠
⎟ −( )  

 

Gate Induced Depletion Charge 

⎟
⎟

⎠

⎞

⎜
⎜
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⎟
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⎜
⎜
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⎛
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0

)(4
11

2 eff

bseffgsteffCVFBeffgseff
oxgbcp
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VVVVK
CA

N
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Drain Induced Depletion Charge 

 V V AdsatCV gsteffCV bulkCV= / , A A CLC
LbulkCV bulk

activeB

CLE

= +
⎛
⎝
⎜

⎞
⎠
⎟

⎡

⎣
⎢
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⎤

⎦
⎥
⎥

0 1  

 V V V V V V VdsCV dsatCV dsatCV ds dsatCV ds dsatCV= − − − + − − +
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2
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⎠
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Back Gate Body Charge 

   ( )bsefffbbesboxebcp
seg

activeBGactive
bodybe VVVCA

N
LWFkQ −−⎟

⎟
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⎞
⎜
⎜
⎝

⎛
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Inversion Charge 

( )V V V V V whereV V V
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N

A C V
A

V
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⎟
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2
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50/50 Charge Partition 

Q Q Qinv s inv d inv, ,. .= = 0 5
 

 

40/60 Charge Partition
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0/100 Charge Partition 
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⎟
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( )
⎟
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜
⎜

⎝

⎛

⎟
⎠
⎞

⎜
⎝
⎛ −

+−
+

−=

cveff
bulkCV

gsteffCV

cveffbulkCVcveffbulkCVgsteffCV
ox

seg

gbcpactiveactive
dinv

VAV

VAVAV
C

N
ALW

Q

2
84

3
2

2

,
 

 

(2) capMod = 3 (Charge-Thickness Model)  
 

capMod = 3 only supports zero-bias flat band voltage, which is calculated from bias-

independent threshold voltage. This is different from capMod = 2. For the finite thickness 

( DCX ) formulation, refer to Chapter 4 of BSIM3v3.2 Users’s Manual.  

 

Front Gate Body Charge 

Accumulation Charge 

( ) ( )V V V V V VFBeff fb fb gb fb gb= − − − + − − +
⎛

⎝
⎜

⎞

⎠
⎟0 5

2 2. δ δ δ

   where V V Vgb gs bseff= −  

   V V K Vfb th s eff s bseff= − − −φ φ1  
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Gate Induced Depletion Charge 
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Drain Induced Depletion Charge 
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Back Gate Body Charge 

   ( )bsefffbbesboxebcp
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activeBGactive
bodybe VVVCA
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Inversion Charge 

( )

⎟
⎟
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜
⎜
⎜

⎝

⎛

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−Φ−

+⎟
⎠
⎞

⎜
⎝
⎛ −Φ−⎟

⎟
⎠

⎞
⎜
⎜
⎝

⎛
+−=

=−−=++−=

cveff
bulkCV

gsteffCV

cveffbulkCV
cveff

bulkCV
gsteffCVoxeffgbcp

seg

activeactive
inv

dsCVdsatCVdsatCVdsatcveff

VAV

VA
VAVCA

N
LWQ

VVwhereVVVVVV

2
12

2

02.0;45.0

2

22

44,4,4
2

44,

δ

δ

δδδ

 

 

50/50 Charge Partition 

Q Q Qinv s inv d inv, ,. .= = 0 5
 

 

40/60 Charge Partition
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0/100 Charge Partition 
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Overlap Capacitance 

Source Overlap Charge 
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Drain Overlap Charge 
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Gate Overlap Charge 

  ( )Q Q Qoverlap g overlap s overlap d, , ,= − +
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Source/Drain Junction Charge 

For Vbs < sφ95.0  

    bsdifbsdepjswg QQQ +=  

else 

( ) bsdifsbssbsdepjswg QVCQ +−= φφ 95.0)95.0(  

For Vbd < sφ95.0  

    bddifbddepjdwg QQQ +=  

else 

   ( )( ) bddifsbdsbddepjdwg QVCQ +−= φφ 95.095.0  
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Extrinsic Capacitance 

Bottom S/D to Substrate Capacitance (per unit area)   
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Sidewall S/D to Substrate Capacitance (per unit length) 
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