APPENDI X B: Equation List
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-V Model
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-V Model
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B.1.3 Mobility
For mobMod=1
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-V Model

B.1.4 Drain Saturation Voltage

For Rx>0o0r A #1:
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-V Model

Esat = 2V
et

B.1.5 Effective V4

Vot = Vetsat _;(Vdsat Vs —0 +\/(\/dsat Vs —0)° +45/dsat)

B.1.6 Drain Current Expression
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-V Model

VapiBLe =
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B.1.7 Substrate Current

+a, [L vV, -V
oo :M&ds ~Visett )eXpE‘ Ao EI a0 %+ s doef E

L Vs = Vet + Ras ! aso Va

Vdseff

B-6 BSIM3v3.2.2 Manual Copyright © 1999 UC Berkeley



-V Model

B.1.8 Polysilicon Depletion Effect

2
1 INgte X poly

poly =7 X polyEpoly =5

EoxEox = €5 Epoly = \/qusi Negte'V poly
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B.1.9 Effective Channel Length and Width

Let = Ldramn —2dL
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BSIM3v3.2.2 Manual Copyright © 1999 UC Berkeley



-V Model

Weit™ = Warawn — 2dW

AW = dW+dWV, . + AW ([ -V, — /@, )

Woow, W
dW:VVint + LWI|n +wVWVn + LW|FIV\A\A/V\NVH

Lo, Ly, Ly
LLIn WLwn LLInWLwn

dL = Ling +

B.1.10Source/Drain Resistance

— Rdsw(l+ Prwgvgsteff + Prwb(\/q)s _Vbseff _\/35»
W

foew, )"
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B.1.11Temperature Effects

Vinm) = Vin(rnorm) + (K1 +Kea / Lert +Kr2Vhbeet )(T / Trom =)

T\
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Po(T) = [T (Tm)

nor
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Capacitance Model Equations

T—

norm

Rdsw(T) = Rdsw(Tnorm) + Prt( 1)

Ua(T) = Ua(Tnorm) + Ual(T / Trorm _1)
Ub(T) = Ub(Tnorm) +Ub1(T [ Trorm _1)

Uc(T) = Uc(Tnorm) +U01(T [ Trorm _1)

B.2 Capacitance M odel Equations

B.2.1 Dimension Dependence
Lactive = Ldrawn _26Leff

W

active

= Wdrawn - 26Weff

_ Llic Lwc Lwic
&Eff =DLC+ LLIn +WLwn + LLIn\NLwn

Wic Wwc  Wwic

dNeff =DWC+ LWIn +VVWWn + Ler\va\m
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Capacitance Model Equations

B.2.2 Overlap Capacitance

B.2.2.1 Source Overlap Capacitance

(1) for capMod =0

Qoverlap,s — CGSOVQS

active

(2) for capMod = 1
If Vg <O

CKAPPA [€GSLH ., | V& |
2 A CKAPPA []

Qoverlap,s - CGSO wgs +

active
Else

M = (CG&) + CKAPPAH:GSL) m/gs

active

(3) for capMod = 2

Y
Qoverlaps - CGS)WQS + CGQ.E/QS _Vgsove”ap _ CKAPP@_]-_'_ 1- gsoverlap &
W, 2 CKAPPA%

active D

1
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Capacitance Model Equations

B.2.2.2 Drain Overlap Capacitance

(2) for capMod =0

Qoverlap,d - CGDOng

active

(2) for capMod =1

If Vgg < O
N
Quetandt _ ~pg v, + CKAPPACGDLH 1 e N E
W, 2 u CKAPPAL
Else

Qo _ (CGD 0 + CKAPPA [CGD1) [V,

active

(3) for capMod = 2

N
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Capacitance Model Equations

B.2.2.3 Gate Overlap Charge

Qoverlap,g = _(Qoverlap,s +Qoverlap,d)

B.2.3 Instrinsic Charges
(1) capMod =0

a. Accumulation region (Vg < Vipe, + Vi

Qy = WaaivelactiveC: _Vbs_vfbcv)

active —active ~ox \" gs

QIT'IV:o

b. Subthreshold region (Vg < Vi)

? ’ S -V, cv Vi s‘
wa = _V\«/’;lCTiV ctiveCox d%%l-k \/1+ 40/9 K:::(Z : ) E

Qg = _Qb
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Capacitance Model Equations

QII’]V = 0
c. Strong inversion (Vs> Vi)
V, _ Vgs ~Vin
sat,cv [
Abulk

. LC LEE
Abulk - Abulkog‘-'- Leff H P

Ao :Qﬁ Kipe H Aole + By %} 1
g 20 Vi Ho +2/X, Xy Wer By - 1+ Ketal

Vin = Vi T P + Klox\/q)s ~ Viosett

(i) 50/50 Charge partition

If Vds < Vdsat

H 2
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T Ay

HHA A
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Capacitance Model Equations

'V '2 V 2
Qinv = ~“Wgive L activeCox[ Vos — Vi — a + Ak ZZ - ]
12(Vgs — Vin — % Vs)

Cox[ Vib = Vih + @s +( ~ Abulk' ) Vs _ (1- Abulk' )Abulk'VdSZ |

Q=W ™
12(Vgs — Vin — % Vds)

active aCtI ve

"Vos "2\
k + k
12(Ves— M —A“Z‘k i)

Q=Q,=0Q, = _V\édiveI—aaivecmx[vgS W - ]

otherwise

Vsat

Qo= Wactlve actlveCOX(Vgs Vib = @s = 3

)

1
Qs=Qd = Wegiive L activeCox(Vas —Vin)

1- ")V
Qb = _Wactive LactiveCOX(Vfb + (DS _Vth +( Abl'gk ) dsat

)

(i) 40/60 channel-charge Partition
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Capacitance Model Equations

if (Vs < Vyeat)

' 2
Qg = COXWaCtive I-a(:tive[VQS —Vib — ®s _E + Ao Vd,:b ‘V
12(Vgs —\ih — ulk dS)
'Vd '2 Vas?
Qinv = ~“W,give LaciiveCox[ Vos —Vin — P Vs + A g ]

- ' - ' ' 2
Qb = Wigive LactiveCox[ Vib = Vih +@s +(1 Apir \Vas _ (1~ A" ) Apuii Vs ]

2

Qd = _V\é\ctiveLactiveCOX

12(Vgs = Vin = Ab;'k V)

EV ' Apuk Ve[ (Vos = Vin)® _ Ax’ Vos(Vos — Vin) G Vas)?
E os—Vih Ay Vit ; C A

2 ’ (Vos — Vi — Aok’ Vas)?

; 2

Qs = —(Qg +Qv +Qu)

otherwise

Vdsat
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O
O
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Capacitance Model Equations

Qd=—-—W.

15 active L

Cox(Vgs — Vin)

active

Qs = —=(Qg + Qb +Qu)

Qb = “Wive LaciveCox(Vib + @s —Vin + )

active

(1= Agu" ) Vosat
3

(iii) 0/200 Channel-charge Partition

if Vds < Vdsat

Vs Abuik Vas?

Qy = CoMW,give Laciive [ Vos = Vib =@ —— = + Avuik Ves
2

act|

12(Vgs = Vth — )

'V '2 V 2
Qinv = “W, e L Cox[ Vgs —Vih — Ppuk Vs + Ak ZZ - ]
12(Vgs — Vin — % Vs)

ive —active

Cox[ Vib = Vih + ®s 3 Ap WVas (1= Ay ) Ay Vs ]

Qo = Wactive I-active Ab '
12(Vgs — Vin — % V)
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Capacitance Model Equations

. O
= Vth ( " Vds) 2 O
Qi = “Wagtive LaciveCox 3 = 2 Ab:,lk Vs - Avuik Ab 0
. 24(Vgs — Vin — ik \ g )D

= 2

Qs = ~(Qq +Qb +Qu)
otherwise
Vsat
Qg = Wactive actlveCOX(VgS Vib —@Ps — 333 )
- " YVdsat
Qb = “Waaive L actlveCOX(Vfb +®s —Vin +( Ablgk ) )

Q=0

Qs =-(Q, +Q,)
(2) capMod =1

The flat-band voltage V;, is calculated from

Vi =V — P~ Klox\/ Dy —Visar
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Capacitance Model Equations

where the bias dependences of V,, given in Section B.1.1 are not
considered in calculating V, for capMod = 1.

if (Vgs < Vfb + Vbs+ Vgsteﬁcv)

Qo1 = ~W,giive L activeCox (Vgs Vb —Vbs —Vgsteffcv)

ese

Xz 4 S_Vfb -V, eff ,CV _Vbseff)E
le = VvactiveLactiveCox 120 E_l-'- \/1+ 2 K 952 ’ |:|:|

Jox

le Qo1
V Vgsteffcv
dsat 1
“ Abul k

U cLe
Api = AbulkO%‘-'- O

Auomde Ko B A B H 1
) O m%eﬁ +m Weff""BlEﬂ]l"'Keta\éseﬁ
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Capacitance Model Equations

\Y

-V, —voffcv
t

if (Vas <=Visar)

] ]
Vo "V,.2
Qq = Qo +Wagtive L activeCox EVgsteff o+ Ppuik Vs . U
. 2 15 _ Aok vV %
E gSteﬁ v 2 ds
U
U

.

_Abulklv _ (1_Abu||<')'°‘bu|k'Vds2 0

|:| 2 ds Ab 1
E 12 gsteffov ;k Vds%

Qb = le + Wactive I-activecox

(i) 50/50 Channel-charge Partition

O H
O O
W, ool i C Ao A v
Qs - Qd — _ Vactive 2actlve ox D\/gsteff ov — bulk Vds + bulk Ads ‘ O
Ik
@ 12§\/Qsteffcv - b; Vs %@

(i) 40/60 Channel-charge partition
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Capacitance Model Equations

Wactive I-activecox

2 gsteff &V T Ab;k Vds%2
2

4 2
%/gsteffwg - §Vgstefcvf Z(Abulk' Vds) +§Vgsta‘fcv (Abulk' Vds)2 _1_5(Abu|k' Vds)gé

Qs =-

Qy = ~(Qu+Qp +Qs)

(iii) 0/200 Channel-charge Partition

EEI

. . 2
gstefoy Avuik Vs _ (Abulk Vds)

2 4 24 gsteffov Mvds

Qs = “VWadtive Lactivecox

HSEIDEIEI

[

Qy = ~(Qu +Qb +Qs)

if (Vds > Vdsat)

Vdsat
Qg = Qo1+ Woggive L activeCox gsteff &V 3 E

(Vaseser ~Vesa)
_ gsteffcv dsat
Qb - le - Wactive I-activeCox 3
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Capacitance Model Equations

(i) 50/50 Channel-charge Partition

W,

Q — Qd - _ activel-
S

active Cox

(i) 40/60 Channel-charge Partition

2W,ive L activeC

Q - _ active —active ~ox
S 5 gsteffcv

Qy = ~(Qu +Qo +Qy)

(iii) 0/200 Channel-charge Partition

2V,

gstefev

3

Qs = "VWoctive LactiveCox

Qy = ~(Qu+Qv +Qs)

(3) capMod =2

The flat-band voltage V;, is calculated from

Vb=V, - ®_-K

s Jox

CDS ~ Vit

3 gsteff &V

BSIM3v3.2.2 Manual Copyright © 1999 UC Berkeley

B-21



Capacitance Model Equations

where the bias dependences of V,, given in Section B.1.1 are not

considered in calculating V, for capMod = 2.
Qg = _(Qinv +Qacc +qub0 +6qub)
Qb = Qacc +Q&Jb0 +6qub

Qinv = Qs + Qd
VA :vfb—O.E{V3 +V,2 +463qu where V, =vfb -V, -5, &, =002

anc = _V\éaive Ladivecox (VFBeT ~vib )

Quo=-W._ L C E!Eloxz H_1+ 1+ Vg ~Vegar ~Visarov ™ Vs )E
sub0 active —active ™~ ox 2 0O 2 C
0 K [

lox

_ Vgsteff,cv

dsat,cv '
Abulk

\Y/

CLE

|

@]

—
TO
[

U
A’ = Auiko ﬁl + 1

|

active

BSIM3v3.2.2 Manual Copyright © 1999 UC Berkeley B-22



Capacitance Model Equations

Ab §~+ 1ox H AbL BO 1
ulko 2/7_\/ Hﬁ +2 /X 2 Xaep W '+B 1+Keta\éSeff

O, InbL+ —voffcv
= noff (v, In[A+ex
Vst o noff [y,

Vier =Visor —0.5{\/4 + V)7 +40 Vit WhEre V, =V, Vg —0,; 9, =002

H

_V\émve adlve X oaeff &

0 0

% 0

W L C B Abulk _ (1 A )A‘oulk cveff2 0
&gsub active —active ~’ox 2 cveff Ab

@ 12 gsteffev uk cheff %
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Capacitance Model Equations

B.2.3.1 50/50 Charge partition

D
\/\étl\el_aﬂ\e x %/@df(y A-"Jk + lAh,'k'Z V ?

Il
[l
Il
: B

Q=Q,=0R, =

B.2.3.2 40/60 Channel-charge Partition

= Penelune g %lmdfw _3 steftc (Auk wa‘f) A (Abik def)z _%(Auk' Ve )?ﬁ

Z@W Ay,

= @,@\jj\BL;::C g%@eﬁw - gsteff‘c ('Abuk ) Vgae‘fL‘(Athlvwa‘f)z _é(Amk'Vmeﬁ)SE

B.2.3.3 0/100 Charge Partition

0 2 E
QS = _VvaCtiVe Lactive 0X E\‘ég;ﬁ d + AbUIk'4cheﬁ —_ (ADUlk ;V:ff ) D
@ 24 gsetor ~ ;lk Vet %
5 0

2
Q = Vvactlve L aCtlveCox E\/gizeﬁcv _ 3Abulk4'-vcveﬁ N ( Aoulk AC;IEff ) B
@ Sm VA, s RVES %
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Capacitance Model Equations

(3) capMod = 3 (Charge-Thickness M odel)

capMod = 3 also uses the bias-independent V,, to calculate Vi, as in
capMod =1 and 2.

Vfb =Vth - ch - Klox\/ CDS _Vbseff

For the finite charge thickness (Xpc) formulations, refer to Chapter 4.

Qacc =WLC oyeft Vgbace
1
ngacc = 5 EB\/O + \ VO2 + 453Vfb]
Vo =V, tVosr ~Ves -0,

Ve :vfb—O.E{V3 + V2 +453qu where \, =vib -V, -3,; &, =002

C — Cochen
oxeff —
Cox +Ccen
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Capacitance Model Equations

d. = -2 =y InEvgsteﬁcv vasteﬁcv 2K10X1/2(DBE
5 s B t H molhD<10X t F

1O
qum :_V\/]—Qxeﬁ 10X I:[El_l_\/ 4( FBeﬁ kz)seffs Vgszeff,cv) 0
2 E Klox E
SR RNVETTI
cheff - Vdsat - E YA 453Vdsat
V1 :Vdsat _Vds _53
V - Vgsteff o ¢6
o= Abulk I
[l ]
O 12y /2 ]
1 ' Abulk cheff
va = _\Nl-q)xeff mg/gsteﬁ,cv _¢5 _E A)ulk cheff + AV, 0
12 gsteff,cv ~¢5 MK weV%
H 0% 2

BSIM3v3.2.2 Manual Copyright © 1999 UC Berkeley B-26



Capacitance Model Equations

[ﬂ_ Ani IV _ (1_ Avi I) CAnik IVC\Zleff
cveff [}
g 2 12[@/g$eﬁ’w—¢5_Abulk cheffé

H-Hooo

0 0
1 WLG, Ay Vo A
Q :QD =§an:_ 2 i |ﬂlgief‘(cv ¢6 Abulk cveff - = Y, 0
g 12 -¢ _Auk cvef/%
H gsteffov ¥S 2

(i) 40/60 Charge Partition

2 n R_2(n n, )L
Q== ZH/ Abmchv ef/ g @@seﬁw _¢6 5 gsteﬂcv ¢5) AurV. cveff+3(vgsteftv _¢6)(Abulkvcveﬁ) 15('%ulkvcveff) E
gstefk:v s
WL
QD == g;eﬁ g/gsteﬁ:v _¢6)3 _2 gsteftv _¢5)2 ’%ul Ilvcveff+6/gsteﬁ:v _¢6)('%ul |2chef)2 _;('%ul ﬁvwa)SE
2 gstetf:v 5 '%ulkv ?/ é

(iii) 0/200 Charge Partition

1 , Abulklz VC\Z/eff
osteffov ¢5 +— Ak Vot ~ .
2 —h — Ak Vot
12 2 2
O

gsteff,cv

Lo
|||
200

1O

H-Hooo
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Capacitance Model Equations

O a

WLCox U 3 Abu 2 Vc?/ =

Qo =~ > = E%Vgaeﬁ,cv ~ 95 _E Ak Vet T - ':: Y, 0
E 4 [%/gsteff,cv —¢5 — Mk dvef% %
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