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.

o gN, c
=— . [ phl - % 'Tsi2 +Vnonideal + AVDIBL] +17, — . (Ves _VFBb)

Viso = C.+C C.+C
si T Lgox Es; si ¥ Lpox
Esi €ox €ox
where Cy, = —=+,Cyy = ——,Coy =—_|_
Si BOX ox

L L
AV = DvdeLeXp(_ Dvbdlz_r +2exp| - Dvbleﬁc '(Vbi - Zq)B)

Lot Lett
Me =Ky =Ky exp[— Di2b %]+2exp = Dyap i D

Vth,FD _Vgs _eff _VOFF ,FD
Norr oVt

. . C
phi = phigy — _1°X n=s Norr oV 'In[1+exp[
Cox +(CSi +Cgox )

Vgsteff FD (\/gsteff T 2K1,/2® 4 )J

phigy =205 +V, In| 1+ : >
MoinFD - K1-V,

Vgs_eff =Vinep —Vorr Fo D

Vstett Fp = Norr FpVt * |”[1+9XF{ N Vv
OFF,FDVt
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Here Nch is the channel doping concentration. Vg, 1s the backgate flatband voltage.
Virp 1s the threshold voltage at Vi,=Vis(phi=2®g). V| is thermal voltage. K1 is the body effect
coefficient.

If SoiMod=1, the lower bound of Vs (SPICE solution) is set to Vps. If SoiMod=2, Vs is pinned
at Vg 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, Vismos, 1S then
calculated by

__GCsi
20N ¢ Ts;
=V, else

Vbsmos = Vbs (VbsO (TOX g oo)_Vbs )2 if Vbs < VbsO (TOX - oo)

The subsequent clamping of Vpsmos Will use the same equation that utilized in BSIMPD.

BSIMSOI4.0 Manual Copyright © 2005, UC Berkeley C-2



Equation List for BSIMPD 1V

Body Voltages
Vish 1S equal to the Vs bounded between (Vipse, @,). Vbsh IS used in Vi, and

Apuik calculation

Ty =Vpge + 0'5|:Vbs ~Vpse =8 + \/(Vbs ~Visc _5)2 _4évbscj| ’ VbSC =-5V

Vigsh = @51 —0-5|:¢51 -T,-6+ m] , @ =15V

Vish is further limited to 0.95¢, to give Vises.

Vosett = P50 — 0.5[;1550 —Vy =5+ \/(¢SO Vi — )" + 4V, } $y, =0.954,

Effective Channel Length and Width

' W WW WW
dW = Wint + LW:n + WWWn + LWmVVIan

AW = AW+ AWV + AW, (D, = Vi — /@,

L L L

+ W wl

dL - Lim + LLlu WLwn + LLan Lan

L = Ly, —2dL

— =drawn
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W Wdrawn Nbchbc - (2 - Nbc )dW
W = Wdrawn Nbchbc - (2 - Nbc )dWI
Weff'
Wiiog = + decp
seg
Weffy
Wdios = N_ + Psbcp

seg

Threshold Voltage

 LPEB

Vi, =V, + (K, SArtPhisExt — Kleﬁ,/ )

eff

[ LPEO T
+K10x( 1+ Leﬁ —l)dq)s + (K3 + K3beseﬁ )WCDS

We €] e Le
D1 ow (€Xp(=Dyr 1y 2ﬁ| d )+2exp(—Dypy, T i NNV —
tw tw

Leff
)+2exp( Dyry )M, — @)

t t

—Dyro(exp(- DVTl

Leff Leff
—(exp(— Dsub ?) +2 exp(— Dsub I_))(Etao + Etabvbseff )Vds

to to

L
—nv, -In il
‘ (%+DWP0@MDW%J

gsi Xdep /Cox (1 + DVT 2Vbseff )

_ 1
sgrtPhisExt = 1/¢s = Viert s(Vbsh - Vbseﬂ) S= _m

b

K = K, 1+,K$
Weﬁ + Ko
TOX
K10>< = Kleff AV
TOXM

20x

bseff

D)
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TOX
20x Kz
TOXM

Itw =4/ i Xdep/cox (1+ DyrawViserr ) Ito =4/&si Xdepo / Cox

X _ 2‘s'si(q)s _Vbseﬁ ) X _ 2€Si¢)5
dep — qN ) dep0 — CIN A
cl c

NN
Vi = v In(305)

Poly depletion effect

cly p o N X
| Y | ly =~ ~.
poly 2 poly = poly 2€si

Eox on =& Epoly = \/ 2qgsi N gateVpon

Vgs ~Vig — ¢x =V

\Y

poly +Vox

a(vgs ~Ves — 4 _Vpoly )2 _Vpoly =0

820x
a= 5
2q€siNgateT ox

. N Tzox 282 V - V —
Vgs off — VFB + ¢s + qgsl gate 1+ OX( gs FBZ ¢S) —l
- & ox qgsiNgateT ox
Effective Vg for all region (with Polysilicon Depletion Effect)
m* —Vth
nv, In[1+ exp( Vos e ))]
v nv,
gsteff
1—m* —Vth) —Voff
m*+nCox | 22s exp(—( WWVos e ) )
qgsiNdep th
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arctan(MINV)
T

m*=0.5+

Le Le
(Cdsc + Cdscdvds + Cdscbvbsef'f )|:6Xp(— DVT1 TI“) +2 CXp(— DVTl ff):|
it

t It

&g/ X

dep
+
factor
C

0oxX C

[

n=1+N

Effective Bulk Charge Factor

2
K, -+/1+ LPEB/L L
A)ulk = 1+ = al AO - 1 - Agsvgsteff LEH BO
2\/(¢ + Ketas) _ Vbsh Leff + Z\ITsi Xdep Leff +2\[Tsixdep
s

1+ Keta -V,
Aoulko = A)ulk (Vgsteﬁ = O)

Mobility and Saturation Velocity
For Mobmod=1

Ho
Hett = V. +2V V. +2V
o (U UV () + Uy (55—
For Mobmod=2
Hy
Heg = vV vV
1 + (Ua + Uchseff )( gt ) + Ub(Leﬁ)2
TOX TOX
For Mobmod=3
_ Ho
Het 1+ [U (Vgstef + 2Vth ) +U (Vgstef‘f + 2Vth )2](1 +UV )
a T b T ¢ " bseff

Drain Saturation Voltage

For Ry4s>0 or A#1:
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—~b-+/b*-4ac

Vdsat = 7a

1
a= AbquZWeff VearCox Ris + (E - DA

2
b= _[(Vgsteﬁ +2 Vi )(E - 1) + Abulk Esat Lef‘f + 3Abu|k (Vgstef'f +2 Vi )Wef'f Vsat Cox Rds :l

Cc= (Vgsteff +2 Vt)Esat Leﬁ + 2(Vgsteff +2 Vi )2W v Cox Rds

eff ¥ sat
A= Alvgsteff + Az
For R4s=0, A=1:

Esat Leff (Vgsteff +2 Vt)

Abulk Esat Lef‘f + (Vgstef'f +2 Vt)

dsat —

2v,
Esat = :
eff
Vdseff
1 .
Vdseff = Vdsat - E Vdsat - Vds -0+ \/(Vdsat - Vds - é‘)2 + 46Vdsat

Drain current expression
I _ 1 Idso (Vdseff) (1 n vds " Vdseff )
s, MOSFET N Rds Idso (Vdseﬁ ) VA

S Ry
dseff

Wff
ﬂ = Hest Cox LL
eff
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ﬂ\/gsteff [1 - Abulk Vdseﬁ] Vdseff
2 )

| _ Vgsteﬁ + 2Vt

do Vdsef'f

1+
E._.L

sat —eff

SPY)
VA :VAsat 4 (1 n vag " gsteff ](V 1 + 1 )—1

Esat Leff ACLM VADIBLC
E.L:+V
VACLM — Abulk sat —eff -gsteff (Vds _Vdseﬁ)
I:)clm Abulk Esat I Itl
VADIBLC — (V95t9ff * 2‘/‘) (1- Abulkvdsat

erout (1 + I:)DIBLCBVbsef'f ) Abulkvdsat + 2 Vt

0. =P D e 2 D e P
rout = Poisci [€XP(—=Dgoyr = + 2 exp(—Dggyr I_)] + FpisLe2
t0 t0

AV
Esat Leff + Vdsat +2 Rds Vsatcoxweﬁ Vgsteff [1 _ Ik Vdsat

g

2(V steff + zvt)

2/ A =14+ Ry v Co W Ay

ds  sat

Drain/Source Resistance

* rdsMod = 0 (Internal Rds(V))

R. = 1+ Prwgvgsteff + I:)rwb (\/ ¢s _Vbseﬁ - \/¢_s )
ds — "M

" (10w, )"

* rdsMod = 1 (External Rd(V) and Rs(V))
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RDWMIN +RDW -| -PRWB -V, + 1
1+ PRWG '(ng _Vfbsd)

(te6-W,, )" -NF

Ry(V) =

RSWMIN + RSW -| ~PRWB -V, + !
14+ PRWG - (Vs —V )

(1e6-W,, )" -NF

R(V)=

k.T N
where Vg = —-£ In (L;Le for NGATE larger than 0, otherwise V., =0.
q 10

Impact lonization Current

V.
l. =a. (1 +F..1 )ex a
" o(asmosrer + Figule) p(ﬂZ + B Vi +ﬂ0vdiff2J

Vdiff = Vds -V,

dsatii

Vsaii = VOSStEP + | Vyeaiio| 1+ T L —11|- i
Tnom Leff

E_.L S..V
VgsStep — satii —eff 1 + Siiz ii0 " gst
I+ Egiler 1+ SV et 1+ S5V

Gate-Induced-Drain-Leakage (GIDL)

loo. = AGIDL-W,, , - Nf - &

V, -V, - EGIDL [ 3-T0XE~BGIDL] v,
-exp| —

3T, V, -V, —EGIDL ) CGIDL+V,,

Oxide tunneling current

In inversion,
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NtOX
Jogp = Avgbvaux [Toxref ] exp[_ B(agbl - ngllvoxDTox ]
g 2
T

0x TOqu 1- |Vox |/ng1

Vaux = VEVB In l+ EXp m
VEVB

q3

" 8ahg,

B 87y2Mey 47
3hq
y = 4.26V

My =0.3m,

In accumulation,

3= AngVaux {Toxref ]me EXp[_ B(Olgbz - ng2|vox|)Tox]
g

T02x TOqu 1- Ivox |/ ngz
Vg =V
Vo = VecaV, Inf 1+ exp[— MJ
VECB
8zah gy,
B 87\[2m,, ¢2?
- 3hq
¢b = 3leV
Moy = 0.4m,
Body contact current

Welff / N seg We‘ff / N seg
Rop =| Roody Q. l| Rhato ———

> Rbodyext = Rosh Nrp
eff 2

For 4-T device, I,, =0

p

For 5-T device,
pr

I b -
p
Rop + Rbodyext
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Diode and BJT currents

Bipolar Transport Factor

Leff ’
Qe = exp| —0.5 L

Body-to-Source/drain diffusion

. V
I S W iosTsi Jaits exp( = J - IJ
™ ’ o ( ndiodevt
. V
I =W io Tsi J i exp( o J - 1}
bd1 diod difd ( ndiOdeth

Recombination/trap-assisted tunneling current in depletion region

Ibsz =WdiosTsi jrecs eXp L —exp, VSb Vreco
0.026n, 0.026n__. V +Vsb

recr recO

H \ Vv Vrec
Loar = Waioa T Jrecs | €XP| ——2—— | —€xp - =
0'026nrecfd 0'026nrecrd VrecOd +de

Reversed bias tunneling leakage

Ibs4 = WdiosTsi jtuns 1- eXp VSb VtunO
0.026N,,, Vo +V,,

tun tun

. v V.,
logs =Waiog Tsi Juna| 1—€XP d unod
0.026N,,, Vs +Vap

tund

Recombination current in neutral body

loss :(l_abjt)len exp Vi -1 L
Nyioge V' N Ei +1
V 1
Ly =\—a )., | ex bd B | E———
bd3 ( th) e |: p[ ndiOdethJ j| E. +1
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' ijt
W, . 1 1
Iens = N o Tsi Jsb]t|:Lth0[ Leff + rj:|
W . Nt
. 1
Iend = N:g T5| Jdbjt|:Lth0( Leﬁ J]

+ L

L

Enis = Aui f'f|:exp :|
dlode

Vi
Enic = Auii_err |:9Xp[ ndlodedV J_ :|

: = L ex -
AhlIS _eff Ah|l p|: ndiOdth T

Avia et = Aniia eXp|: T

ndiodedvt

BJT collector current

I, =a;l {exp [ Ve } exp [ Y
=a, —
’ e ndiodesvt ndiodedvt

_ Eely + \[ Eely2 + 4'Ehli

Eznd - 2

Eely 1+ Vis +Vha
Vit + Auy Lt

Ehli = Ehlis + Ehlid

Total body-source/drain current

Ibs = Ibsl + |b52 + Ibs3 + Ibs4

Lo = Do + loga + loas + os

Total body current

lii + lagiar + lsgiat + Igb - los - lbd - lbp

—~ E,(300K) [1 T
T N; it

nom

—Eg(3OOK)X (1 T
bjt

w)

nom

bd

|

=0

1

e

2nd
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Temperature effects

Vinery = Vinemom) T (Kyy + Ky / L + Koy Ve (T / T = 1)

T
-

nom

),ute Vsat(T) = Vsat(Tnom) - AT(T /Tnom - 1)

b

:uo(T) = zuo(Tnom) (

T
Rdsw(T) = Ryau( T, ) + Prt (T__ 1)

dsw( " nom
nom

Ua(T) =U + Ual(T /Tnom - 1)

a(Tnom)
Ub(T) = Ub(Tnom) + Ubl(T /Tnom - 1)
UC(T) = Uc(Tnom) + Ucl(T /Tnom - 1)

Rino Werr +Wing
Rin = ; : » Cn=Cpho—
(Weff +Wino )/ N geq N seq

. . - E,(300K) T

Jsbjt = Lspjt ©XP g—X(l——j:|
& o |: ndiodevt o T

. . —-E,(300K) T

Jdbjt ) Idbjt exp|: ng(liiodedvt ijt [1 ) T ]:I

_ _ [~ E_(300K) T
it = sai p_ NyiogeV. " [ Toom ]i|

et

o [~ E_(300K) T
e =1, €X e 7 X 1—-—
Jagit = aair EXP NV, dlfd( T :|

— E, (300K |
jsrec = isrec exp[M X rec(1 - L}

nrecf OVt nom
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n V,

recf0d ' t

[~ E_ (300K
jdrec = idrec EXP M Xrecd Ll - Lji|

. . T
Jstun = Vsun €XP Xtun [ﬁ - 1}

no

. . T
=1, exp| X ——1
Jdtun dtun p|: tund [T

nom

T
Nrects = Nrecto 1+ ntrecf (T -1
nom

Neecta = Nrectod |:1 + ntrecf LTL _ IJ:|
nom
T
nrecrs = nrecr0|:1 + ntrecr [T_ - IJ:|
nom
T
nrecrd = r]recrod |:1 + ntrecr [T_ - 1}i|
nom

Eq 1s the energy gap energy.

Equation List for BSIMPD CV

Dimension Dependence

W W W

é\/veff - DWC + L\Allli + W\\//\V/v(in + L\Nln\;\v}cwwn
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L L L
éLEff =DLC+ Lllli + Wﬁn + L'—m\‘}v\llcl-wn
Lactive = Ldrawn - 2é]—eff
LactiveB = Lactive - DLCB
LactiveBG = LactiveB + 26]‘bg
Wactive :Wdrawn - Nbchbc - (2 - Nbc )évveff

Wac ive

WdiosCV =2 ¢ Psbcp
seg
W v

Weosoy = 5+ Pibep

seg

Charge Conservation
QBf = Qacc + qubo + qubs

Qinv = Qinv,s + Qinv,d

Q, = ~(Qu +Qu)

Qp = Qg — Q. +Qjs +Qj
Qs = Qinv,s — Qjs

Qd =Qinv,d — Qja

Qy+Qe+Q+Qs+Qy =0

Intrinsic Charges

(1) capMod =2
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Front Gate Body Charge

Accumulation Charge

VFBeff :Vfb - O'S((Vfb —ng - 5) + \/(Vfb —ng - 5)2 + 52J

where ng =Vgs _Vbseff

Vfb :Vth _¢s - Kleff 4 ¢s _Vbseff +delvt

Vi =V, delvt
\Y =nv, In| 1+exp| —=—" |- exp| —
gsteffCV t ( p|: th p th

W, L

actim activeB + Agbcp] Cox (VFBeff _ Vfb)

seg

Qacc =- I:bodyL

Gate Induced Depletion Charge

e Lot Kie 4V, —Vegr —Vogeroy — V.
qubo _ —Fbody (Wactll(el LacnveB + Agb0p jCox lsz (_ 1+ \/1 + (Vgs FBeffK gsteffcv bseff )
leff

seg

Drain Induced Depletion Charge

LactiveB

CLE
CLC
Visatov =Vstericy / Pouey > Pukev = Anulko{l +( J }

1
Vascy =Vasarcy ~5 Vasarcy —Vas —9+ \/ Vasatcv —Vas = 8)” +46 Vsarov )

W, e L

ve L V, Avucr V.2
active —activeB + Agb ] K1 ffC x(AbquCV _ 1) dsCvV_ ulkCV ¥ dsCV
N i o 2 12(Vgsteffcv ~ Avurev Vasev / 2)

qubs = Fbody(

seg
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Back Gate Body Charge

Wac ive Lac ive
Qe = kbl Fbody (IN—tBG + Aebcp Jcbox (Ves _Vfbb _Vbseff )

seg

Inversion Charge

V,

cveff

= Visaev — 0-5(V4 + \/\/42 +46,Vysarcv )whereV4 = Visaroy — Vs — 9450, = 0.02

seg AbquCV V

Wac ive Lac ive u Abu cve
Qinv = _[# + Agbcp] Cox (Vgsteﬁcv AbQI’kCV cheﬁ) IkCV ﬁ
12 (VgsteffCV 2 cveff j

50/50 Charge Partition
Qinv,s = Qinv,.d = O'SQinv

40/60 Charge Partition

W
active actlve
( + Agoep Cw

4 2 2 2 3
lnv s = (Vgsteffcv3 - gvgsteffcv2 (AbquCVcheff ) 3 gsteff (A‘oulkcv cveff ) - E(Abulkcvvcveff ) )
2(Vgsteff(lv bulkCV cveﬁf)
W,
[ active actlve + Aghcp]
VLV Vi ) + V. Vo) -1 Vour )
gsteffCV 3 gsteffCV AbquCV cveff + gsteff AbquC\/ cveff 5 AbquCV cveff

|nv d
quCV
2(Vgsteffcv - chefff )
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0/100 Charge Partition

Q' — _Wactive Lactive + Agbcp C VgsteffCV + AbquC\/cheff _ (AbquCVcheff )2
e Nseg °X 2 4 24(V _ AbquCV V j
gsteffCV 2 cveff
_ Wactive Lactive + Agbcp C VgsteffC\/ 3AbquCVcheff (A)quCVcheff )Z
Qinv,d - N ox 2 - 4 + Ag
s 8(Vgsteffcv - u; = cheff j

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

Front Gate Body Charge

Accumulation Charge

VFBeff :Vfb - 0'5((Vfb —ng - 5) + \/(Vfb —ng - 5)2 + §2J

where ng =Vgs _Vbseff

vfb = Vth - ¢s - Kleff ¢s _Vbseff
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W L .
— active —activeB
Qacc - _Fbody( N + Agbcp Coxeﬁvgbacc

gbacc =0. 5(\/ \/ ; + 46Vfb )

Vo =V +Vierr =V
Coxeﬁ — COXCCen
COX + CCen

Ccen = gsi /X DC

gs_

Gate Induced Depletion Charge

VgsteffCV -

Vbseff )

ve Lacii Ko AN _ V.. —
qubo — _Fbody(wacnl\:i LactlveB + Agbcp\]coxeff lsz [_1+\/1+ (Vgs FBeffK

seg

Drain Induced Depletion Charge

VdsatCV = (VgsteffCV - cDé‘ )/ AbquCV

VgsteffCV &gstefcv + 2 Kleff Y 2q) B ):|

moinkK ¢ v/

O, =D, 2D, =V, 1n{1+

1
VdsCV = VdsatCV - E(VdsatCV _Vds -5+ \/ (VdsatCV _Vds -6 )2 +46 VdsatCV )

2
AbquCVVdsCV

W (Y L v V
qubs = Fbody (actl\el—acteB_i_ AgbcpJKleff Coxeff (AbquCV - 14: B~

seg
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Back Gate Body Charge

Wac ive Lac ivel
Qe = kbl I:body (tN—tBG + Aebcp Jcbox (Ves _Vfbb _Vbseff )

seg

Inversion Charge

Vaerr =Vasarcv _0-5(\/4 4 ;42 +46 Vysarcv }/vherev4 =Vgsarcv —Vas =043, =0.02

Wiie Lo ey Ve
Qinv = _[ ac}ille T+ Agbcp jcoxef‘f (Vgsteﬁcv _(Db‘ - Abu;cv chef‘f )—'_ =< CAE: P
e 12(Vgsteffcv - CD(S - %cheﬁ )
50/50 Charge Partition
Qinv,s = Qinv,.d = O‘SQinv
40/60 Charge Partition
[Wactive Lactive + Agbcp ]Coxeff
se 4 2 2
Qinv‘s == : 2 ((Vgsteffcv - (Da )3 - g (Vgsteffcv - (Da )2 (AbquCVcheff )+ g (Vgsteﬁ - (Da XA‘oquCVcheff )2 - E (AhquCVcheﬁ )3)
Z(V —d. - A‘oquCV V j
gsteffCV 5 2 cvefff
[Wactli\vle Laclive + Agbcp ]Coxef
Sel 5 1
Qinv.d == - 2 (VgsteffCV - q)b‘ )3 - gﬁlgsteﬁcv - q)o‘ )2 (AbquCVcheff )+ (VgstefCVf - (Db‘ XAbulkCVcheff )2 - g (AbquCVcheh‘ )3j

Ay
2(Vgsleffcv - (I)J - %chefﬁ
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0/100 Charge Partition

_ Wactive Lactive + Agbcp C Vgsteffcv - (Db‘ AbquCVcheff (AbquCVcheff )2
Qinv,s - N oxeff ) + 4 - Ab
* 24(Vgsteffcv - q)(i - %cheﬁ ]
2
_ Wactive Lactive + Agbcp VgsteffCV - (Db‘ 3 AbquCVcheff (AbquCVcheff )

Qinv,d - N oxeff ) - 4 + Ab

IkCV
0 8(Vgsteffcv - CD& - uz cheff J

Overlap Capacitance

Source Overlap Charge

Vys overtap = %{(VQS +6)+/(Vye +6) + 45}

[ av
Qoverlap,s — CGSO ‘Vgs + CGSI Vgs —Vgs verian n CKAPPA 1+1+ gs_overlap
W ioscv - 2 CKAPPA

Drain Overlap Charge

Vgd overlap = %{(ng + 5) + (ng + 5)2 + 45}

Ay
Qoverlap,d _ CGDO .ng + CGDI ng _ng overtap 4 CKAP PA Q1+ 1+ gd _overlap
diodey - 2 CKAPPA

Gate Overlap Charge

Qoverlap,g = _(Qoverlap,s + Qoverlap,d)
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Source/Drain Junction Charge

For Vs < 0.95¢,

Qijswg = Qusdep T sa

else

QjSWg = Cbsdep (095¢s )(Vbs - 095¢s ) + Qbsdif

For Vpg < 0.95425S

Qiawg = Quacep T Qoaai

else

dewg = dedep (O~95¢s )(Vbd - 0‘95¢s ) + dedif

where

1-M;
. P jswgs

ioCV ™ jswgs 1077 1_ M

jswgs

1-M iswgd
T i Pbswgd Vbd e
Quaaep =Weiocw C jsuge 1 05_7 -M__ I-|1-

jswgd

jswgs = C jswgs0 |_1 + 1:(:jswgs (T - Tnom )J
jswgd — c jswgd 0 [1 + tcjswgd (T - Tnom )]
swgs Pbswgso - tpbswgs (T - Tnom)

bswgd = I:)bswgdo - 1:pbswgd (T - Tnom )

T U OO
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Extrinsic Capacitance

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

Chox if Vsrde <Vt
2
1 Vs1de = Vsdio .
Coox ——— (Cbox - Cmin{\;evs elseif Vg, g e <V + Ay (Vsdth _Vsdfb)
C. = Ay sdth — Vsdfb
esb — V Vv 2
1 s/de ~ Vsdth .
Chin+t—(C,,, —Crin )] ————— elseif V. <V,
min 1_Asd ( box mm{ Vsdth _Vsdfb s/de sdth
Chmin else

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

Tsi
Cs/d,esw = Csdesw log[l + T ]

box
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