APPENDI X B: Equation List

B.1 |-V Model

B.1.1 Threshold Voltage

Vy, =Vyoo + Kioy %JF 2 - Vi - Koo Vi

20x

Nix O T
+ Ky, 8 /1+— 15 F,+ (Ky + KV J—2—F
S L W, W,

W L W,
- DWOwéeng Dyriv——— 2l _+23Xp DWlw%jvu s)
w @ w 20

—Dwoéexpg— Dm +2ex pg Dy~ _%vb. F.)

) éeng D, —+ Zexp D,, Ieﬁ :('_J(Etao + B Voser )‘/ds

to ﬂ to 20

thOox - thO K SV

Koy = Ky %2
o ' Toxm
 Jox

K20x = K2 TO
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-V Model

It = «/EsiXdep/ Cox(l"‘ DVTZVbseff)
lw = «/EsiXdep / Cox (1 + DVTZWVbseff)

lto = —\/esiXdepO/ Cox

Xeep = ’2651'([:3' Voset )
N

2eiFs
QNen

Xdepo =

(d1=0.001)
Vit = Ve +0F Vbs- Voo Oit/(Vis- Ve - di)? - 4ciVie |

& K’0
Vi = 0GF - —1%
4K, 5
NchNbs
Vbi = Wt In(——5—)
ni

B.1.2 Effective (VyVy)

2nwi Ingl + exp(VQ’S - Vth)z
e 2N u
Ve = oF Vas- Vin- 2V
1+2n Cox > exp(- g V- Off)
gesiNen 2Nnw
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-V Model

G

(G + GV + s Vet (- Dm%) +26xp(- Dvr—)®

Lei
I Q+Gt

N=1+ Nator— +
Cux Cox

B.1.3 Mobility

For mobMod=1

Mo
ms =

Vsett + 2Vth) + Ub(

oX Tox

1+ (Ua+ UcVosert ) (

For mobMod=2

Mo
Vgsteff) +Us (Vgsleff
Tox Tox

Mt =

1+ (Ua+UcVosett )( )2

For mobMod=3

M =

Vet +2Vin

Mo
Vgsteff + 2\/th) + Ub(Vgsteﬁ + 2V

(04 OX

1+[Ua(

)21 (1 + UcVoser)

C
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-V Model

B.1.4 Drain Saturation Voltage

For Rx,>0orl 1 1:

-b- +/b? - 4ac

2a

Vdsat =

a = Abuk"WeiNsatCoxRos + (I1 - 1) Abuik

2 P
b=- ?\/gsteff + 2Vt)(|_ - D) + AvukEsatl et + 3 Aouik (Vosteft + Z\A)WeffnsatCoxRDS%

c= (\/gsteff + 2Vt) Esatlert + 2(Vgs’[eff + 2Vt)2WeﬁnsatCoxRDS

| = AlVgsteff + A2

For Rix=0and| =1:

Esat Lef (Vostett + 2V1t)
Abuk Esit Lei + (Voseit +2\1)

Vdsat =

P
02 g =2

Klox Q '% + B0 T 1
Au= 2\/|: - gLE“ +2JX xdepg S gstEffgLeﬁ +2Jx )(dep‘a V\éﬂ'+aé51+Keta¥9”
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-V Model

2Nsat
Esa =
st

B.1.5 Effective V4,

Vit =Vt - %-(Vdsat - V- d +\/(Vdsat - Vis- d)? +4Vest

B.1.6 Drain Current Expression

| dso(vdseff) ? N Vs - Vaseit (3 N Vs - Vaseft §
1+ Rusl dso(vaseff) Va @ Vascee 9

Vaseff

las =

Vdsest Wt
2(\/gsteff + 2Vt)
Leit [1+ Vaseit / (Esatleit )]

Wi CoxVgstett (1 - Abuik

ldo =

Pvangsteff 1 + 1 -1

Esatlett ~ Vacim  VapieLe

Va =Vasat + (1+

AvukEsatleft +Vgstest
PcimAbukEsat litl

Vacim =

(Vs - Vaseft )
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-V Model

VabieLC =

(Vostett + 21) g AouikVasat o)
Qrout (1 + PoibLos Vbseir) AvuVast + Vs + 2vi 8

é
Gout = PoiBLc1

Lot )u+ PoisLc2
lo " H

1 _ Pscbeze( a@ Paperlitlg

Vascee Lest ngs- Visett @

AbvuVasat
2(Vgsteff + 2\/t)
2/1 - 1+ RogkatCoxWkitAvuik

Esil et +Vusat + 2 RosbatCox WiV gseet[ 1-
Vasat =

eq4 T, X
lit) = |22
€ox
B.1.7 Substrate Current
| = ay ta, xLeff & | 40 a?[ Vs = Vaserr 0
sub L dseff é R.| + Vv =
eff s dseff g1+ ds_ d0 A %]

dseff

B-6 BSIM3v3.3 Manual Copyright © 2005 UC Berkeley



-V Model

B.1.8 Polysilicon Depletion Effect

2
1 ANgate' X poly

Violy == XnolvE =
2 poly = poly 2eq

poly

€oxEox = €5 Epoly = \/quSi Nyate V poly

V.- Vep- F =V +V,

gs S poly ox
2 -
a6/gs - VFB -F s Vpoly) - Vpoly =0

e 2

a= oX
2
2qesi N gateTox

Vgs_eff :VFB +F s +

2 2
s NgateTox (o 1+ 2eox (Vgs - VFB - Fs)
€ ? e Cpsi Ngat;r ox2

OX

B.1.9 Effective Channel Length and Width
Let = Ldrawn - 2dL

Wet = Whrawn - 2dW
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-V Model

Wt = Worawn - 2dW

dw = d\N'"dVVngsteff + dV\é(\/F s~ Vosett = AF s)
. W W, W
dW _\/Vir'lt + LW:n +vam + LWInvv\\A/\NWn

_ L Ly L

B.1.10Sour ce/Drain Resistance

— F\):lsw(1+ Prwgvgsteff + Prwb (‘\' F s~ Vbseff - '\/F—s))

foPw, )"

Ris

B.1.11Temperature Effects

Vinm) = Mnemorm) + (Kr + Kian / Lett + Kr2Vbsett)(T / Trom - 1)

.
m(m = Mnorm(—) ™

norm

Vsat(T) = Veat(Tnorm) - AT(T/ Thorm- 1)
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Capacitance Model Equations

T

norm

Rdsw(T) = Rdsw(Tnorm) + P t( - l)

Ua(T) = Ua(Tnorm) + Ual(T [ Trorm - 1)
Ubm) = Ub(mnorm) + Upt(T / Trorm - 1)

Uc(T) = Uc(Tnorm) + Ucl(T / Trorm - 1)

B.2 Capacitance Model Equations

B.2.1 Dimension Dependence

_ Llc, Lwc Lwlc
dLeff =DLC+ LLIn +WLwn + LLIn\NLwn

W, :DV\/C+V\AC+\MNC+ Wwic

LWIn Vv\NWn LWInvv\N\Nn
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Capacitance Model Equations

B.2.2 Overlap Capacitance

B.2.2.1 Source Overlap Capacitance

(2) for capMod =0

Qoverlaps - CGSOVQS
W

active

(2) for capMod =1

If Vs <0
& a 0
Q overiap - CGSO W, + CKAPPA >CGS1E | ,1_ e 2
Wcive 2 g CKAPPA =
%)
Else

Qotens _ (CGS0 + CKAPPAXCGSL)

active

(3) for capMod =2

e N 03]
QO"e”aB =CGI >Vgs + CGS'Q\/QS - Vgsoverlap- CKAPP% 1+,/1- gsove”apz
Wactive 8 2 8 CKAPP%

_1 [( jz 5 4 —
Vgsoverlap_ E gs + dl - Vgs +d1 +4d1§ dl =002
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Capacitance Model Equations

B.2.2.2 Drain Overlap Capacitance

(2) for capMod =0

Qover s
~®d = CGDOV,y
active
(2) for capMod =1
If Vg <O
& aq_ 0
Quiertand _ CGDOW,_ + CKAPPA-CGDLE | | fl_ o O
W, e 2 < CKAPPAZ
Else

M = (CGDO + CKAPPA xCGD 1) A 4

active

(3) for capMod = 2

2 7y &
Qeen _ CGDOW,, +CGOIN,, - V.o e CRAPPAE 1+ /1- o
Wieine ¢ | 2 ¢ CKAPPAZ

1

gd,overlap — E

N ?gd +d1 B \/(ng +d1)2 +4d1§ dl =0.02
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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 < Vi, + Vi

Q C (V s~ Vbs - Vfbcv)

aCII ve aC'[I ve = ox

qub =- Qg

Qn =0

b. Subthreshold region (Vs < Vi)

4( gs fbcv bs)
-

Q‘S V\éctle-actlveCox x_é 1+ \/1+
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Capacitance Model Equations

Qn =0
c. Strong inversion (Vg > Vi)
Vd t _Vgs_ \/th
Y Abulkl
, ® aico 9
A= Aol + Leff T 2
§ Mo 4
A, _g_l_ K ox é% ALt + B, Qv 1
ulle — ! =
& F s = Voser gLeff +2 X X Wet +B, % 1+KetaV

Vin = Vipey T F st Kigia|[F s = Vosers
(i) 50/50 Charge partition
If Vds < Vdsat
ae 0
¢ v, AV, -
Qg :COX\/VaC'[iVA_aCtiV%\/gS- \/fbcv_ Fs- ?4- S \/ -
Q 1 gs-\/th_ &ulk dsg+
& e 2 oy
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Capacitance Model Equations

Apuik Vs + Abulklz Ves®
2

Qinv = - Wigiive Lactive Cox[ Vs - Vitn - ]

12(Vgs- Vin - L;”(Vds)

- 1 - 1 1 2
Qb = Wgivo L agrive Cox[ Vi - Vin +F s + (1 Ab;”‘ Was (1~ Avuie )AbXL" Vs ]
12(Vgs - Vin- %vds)

Ay Vs + Ak ? Vis*

Q =Qy = 05Qy =~ Wtie LoneCo Ves- V- =42 A
12(\/93' \ih - Tkas)
otherwise
Qg = \Nactive LactiveCOX(VgS - Vib- Fs- Vc;sat)
A~ 1
Qs=Qd =- gwactive L active Cox(Vas - Vin)
1- AV
Qb = - WagiveL activeCox (Vio+Fs- Vin+ ( Abgk ) dsat)

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

|f (Vds < Vdsat)

' 2
Qg = CoWgive Lactive Vas- Vib- Fs- E + s Vd,:b Vi
12(Vgs- Vih - ulk ds)
2
inv = Apui Vs Aok % Vas®
Qinv = - Wactive I-activecox[ Vgs- Vih - +

—]
12(Vgs- Vin - Ab;'k Vas)

(1- A WVes - (1- Ay )Abulk'VdSZ
Q> = Wgive Lagive Cox[ Vib- Vin+Fs+ - .
12(Vgs - Vih- Ab;k Vds)

]

Qd =- V\Llactivel-activeCOX

g Ab "V [ (Vgs- Vth)2 ) Abu”('Vds(Vgs- Vih) + (Abu”('Vds)zl;I
Ve~ Vi A kT 6 8 40\
e - Ves + Ao u
e 2 2 (Ves- Vin- 22k v0)2 g
g 2 B
Qs=-(Qu+ Qo+ Qu)
otherwise

Vdsat

Qg = V\éctiveLactiveCOX(VgS - Vio- Fs- 3 )
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Capacitance Model Equations

Qd:-iW

15 activeL COX(VQS - Vth)

active

Qs = - (Qu+ Qo+ Q)

Qb = - Wive LacriveCox(Vib + F s- Vin +

active —active

(1- A )Vdsat)
3

(iii) 0/200 Channel-charge Partition

if Vds < Vdsat

' 2
Qo= COXVvaCtive l-active[\/gS - Vio- Fs- E + Abuik Vd;b v
lZ(VgS- Vin - ulk dS)
2
inv = Apui Vs Apui % Vas®
va - - Wactive LactiveCOX[VgS' Vih - + ]

12(Vgs- Vin - L;”(Vds)

(1- Abulk')VdS_ (1- Api’ ) A Vas®
2

QO = \NactiveLactiveCOX[ Vio - Vih +Fs + Ab ]
12(Vgs - Vith- % Vds)

]
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Capacitance Model Equations

e u
Vs - Vin ' ( 'Vds)z u
Qu = - Wasive Lactivecoxe > + Abzlk Vs - P Aoy [;|
e 24(Vgs - Vin - —;'k Vas) U
e u

Qs =-(Qo+ Qo+ Qu)

otherwise
Qu = Wagtive Lactive Cox(Vos - Vio - Fs- V‘:’:‘t)
Qb = - Weeiivel activeCox (Vi +Fs - Vin + (1- Abgk' )Vdsat)
Q,=0
Qs=-(Q,+Q))
(2) capMod =1

The flat-band voltage V;, is calculated from

Vio Vi F o= KigxafF s = Visert
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Capacitance Model Equations

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

if (Vgs < Vfb + Vbs+ Vgsteffcv)

le :WactiveLactivecox (Vgs B Vfb B Vbs - Vgsteffcv)

else
2ce 4V -V, -V, -V._.)9
le :Wactive C'[iVeCO>< Klox g- 1+ \/1+ - . gStze“'CV bSEff) :
2 e KLOX Q’
Q1 =- Qa1
V Vgstef‘fcv
dsat \
e Abulk
. > &LCOCLEQ
Api =A bqu0§1+g L., B B
& & L 0
Aniro =g[+ S : A + B:O X :
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Capacitance Model Equations

- V,, - voffcvoo

\% =
noff »xnv, %

gsteffov = noff NV, |n§1+ expg gs

|f (Vds <= Vdsat)

e o]

¢ Vs A N

Q = Qo1+ Wegive Laciive Cox Qvgsteﬁw - 7 + %/ ik dz % 0:

u

é 12 oo -~ V2

& 0

gl- Ab ' 1_ )Ab [ )Ab |V 2 =

Ik Ik Vd -

Qb Qb1+\Nact|ve activeCoxg 2 Hlk Vds - ( - ) A: [ > _

1 - Dbk, OF

gsteffcv 2 dsﬂ@

(1) 50/50 Channel-charge Partition

ae :
- - _ WactiveLactivecox ¢ _ Abulk' AbulkI ? Vd52 :
Qs =Qq = > GV gstett 5 Vs + " " Aue y o+
é g/gsteffcv 2 ds ﬂg

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

W,

Q - _ active
S

R Abulklv 02
8 gsteff &V © T dsa

I-active Cox

4 2
glgsteffcv?" 3 gstefcvf (Abulk Vds) 3 gsteffcv(Abulk Vds) - (Abulklvds) g

Qy =-(Qut+Q+Qs)

(i) 0/200 Channel-charge Partition

& 0

Y ks

Q =-W. L. C gVQQEfCV +Abulk Vds _ (Abulk Vds) -
S active —active ~ox 2 4 ) % AbuIle O_
é 4% odteffov ~ 2 dSI_ZB

Qi =-(Q+Q+Qs)

|f (Vds > Vdsat)

Vdsat g

Q = Qo1 *+ Wigtive L active Cox gsteff ¢V ~ 3 &

(Vgsta‘fcv - Vd%l)

Q le active actlveCOX 3
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Capacitance Model Equations

() 50/50 Channel-charge Partition

Wil

Q _Q - ive activeCox
s — ~d — gsteff &

3

(i) 40/60 Channel-charge Partition

2W,

Q —_ active Lactivecox
S

gsteffcv

Qy =-(Q+Q+Q)

(iii) 0/100 Channel-charge Partition

2vgstefcv

Qs =- V\(active I-activeCox 3

Qy =-(Qut+Q+Qs)

(3) capMod =2

The flat-band voltage V,, is calculated from

Vfb:vth_ Fs_ K Fs_Vbseff

lox
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Capacitance Model Equations

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

considered in calculating Vy, for capMod = 2.
Qg =- (Qinv + Qacc + qubO + dqub)
Qb = Qacc + qubO + dqub

Qinv = Qs + Qd

Ve =V- 05{\/3 +,/v32+4d3vro] where \, =vib- \, - dy; d, =02

Qn: :-\Aéﬁvel-aai\,eccx(VFBe‘f - Vfb)

2 e AV, - Ve - V V)9
— lox s FBeff steff,CV bseff /] =+
qubo - activeLactivC XTE_ 1+\/1+ ? KloQZ =

e~ 0x
X (%)

_ Vgsteff,cv
Vdsat,cv - A 1
bulk

& @CLCo

Ak "= Puko §1+

I—activeg
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Capacitance Model Equations

Ao =S+ K & Al 4B Qv 1
IkO 1 =
g 2F - Vor e +2/X Xy W B o 1 KetaN

V, - voffevgd

&
\Y/ = noff xv, InC1 +ex os - =
gsteffcv t él pg noff mV &

Voer = Vit o 0.4\/4 +,/V2 +4d4V(hat,cv] whee V, =V, - V- d,; d, =002

Am 0,
Q actlve adeech gglgste‘f o « chef‘f Q

ae ('j

1- =

dqub - actlve actlvecox Ql AbU|k cheff - ( Abu”( )AhUIk CVEff -
2 12% Abulk 0_

% gsteffcv 2 cveff Qﬂ
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Capacitance Model Equations

B.2.3.1 50/50 Charge partition

éae 0
L ' 2\, B
-q=05q, = Neebunu Gy Auly P e
2 M 07
8 ™ Vo
B.2.3.2 40/60 Channel-charge Partition
_ WosvelaneCon 2 v V2. 2(p w |0
Q=- A, glgsdfw B 3 gsteffc('AMk weff) é gaeff(pbuk Vo/df) B 1_5('%“( Vwe‘f) g

el ogive 5 , , 2 1 , 30
Q = Tkt B 5 2\ Vo) PV A V) E o) 2
Anic 9]
@W"" 5 Vet
B.2.3.3 0/100 Charge Partition
& . 9
Q _ L g\‘GStEffCV + Abulklvcveff _ (Abulk cveff) :
acnve active ~ox 2 4 ] H
é 24§/gsteﬁcv - Abzlk cheff gg
e . 0
Q - g gsteffcv _ 3'A‘bulk cveff + (Abulk' cveff ) _
d actlve actlve é 4 @ Abulk 0_
gsteffev ~ 2 cveff ﬂﬂ
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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.

F s Vbseff

lox

vib=V, - F - K

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

Qacc “WLC oxeff ¥ gbace

1
Vipace = 5 "[Vo *4 ;02 + 4d3Vfb]

V,=V, +V, - V. -d

bseff ~ gs 3

VFBerf =vb- 0-%\/3 +VV32 +4d3Vfb] where V3 =fb- ng B d3; d3 =0@
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Capacitance Model Equations

Eoop o = & ssioy Vsarcy + 2K/ 2F 5 O
d — s ~ B — 1

moin xK, N, 5

QS 0 =- VVLC% . K1ox2 >g:|-+ \/1+ 4(Vgs- VFBeff_ Vbseffs_ Vgstefbv)
u xel 5 A Kjoxz

[co N =]

1 f
Vet = Vasa - E x(\/l + Vl2 + 4d3vdsat )

Vl :Vdsat - Vds - dS

Vdsat _Vgae‘f LoV 'j d

A‘llﬂk I
¢ y
) 2\ 2 G
A . 1 . A\Julk cheff /
Q= WLG X et =) d - > Ay Vevert * Y, -U
e 12 T A Vorest o
8 & gsteffev Zdj
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Capacitance Model Equations

e u
%' 1- u I X u 'VC'S l:I
dQst :WLCoxeff Xgﬂv ( Ab lk) Ab . .eﬁ lil
€ 12@ I A chef/gl;'
: st 2.

(1) 50/50 Charge Partition

é
1 WLG, & A Vet
% :Q) :_an a/ steftv J d” Abulllvcveff-i-
2 2 e 9 . ok Ve
12’”§/gstetcv Ja- - P e%

U
a
U
GJ

DD

(i) 40/60 Charge Partition

V\A-g«eff 2 ' u
Q:' %\/gsleﬂ:v Jd - gsteﬂ:v Jd '%ulk over ™ 2( gsteﬂ:v Jd Abulk cvef - 15( ulk\/cvef)sEI

2 sttty jd '%ulk cv?/

P ANV 1 o)A Vo (mk MF“

Qaz' g\/gsta‘fcv Jd - gsta"k:v Jd
. 'V
gseﬁw iy- '%mk 7/

(iii) 0/200 Charge Partition

é u
WLG,o & o1, A’ Ve d
Q=- - Vet =) d T2 Pouik Vovet - N ;
2 ? 2 12 J Abulk\/cveV
8 gsteftcv d EH
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Capacitance Model Equations

O
I|I
=
O
é) [N

DD D>

oxeff

3
gsteffev Ja- E'Abulk cheff +

N

u

12472 ]
Abulk cheff H
L;I

. 'V 0
4 - - Abulk dvey:
)§/gst ff, J d 2 d
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