APPENDIX B: Equation List

B.1 |-V Model

B.1.1 Threshold Voltage

Vih = Viho+ K1(/@s— Vbsefi— /@ § — K2 V bseff

D NLX
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Leff ]D\/_ ( SEfb Wett + Wo
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[t = \/EsiXdep/ Cox(l+ D vV bsef)
lw = \/EsiXdep/ C 0x(1+ Dve W bseﬁ‘
[to = \/é‘siXdepD/ C ox
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Xdep =
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I-V Model

(51=0.001)

Vbsett = Vet 0.5 Vbs— Vb 01+ \/( Vs Vo d1)° — 401 Vo

K12
Vbe = 0. -
be = 0995~ 52)
Vo = wIn (NchNDS)

B.1.2 Effective Vgs-Vth

Vos — V D
2thInEl+exp( o= Vi

1+ 2 n Cox Z(DS exp(— Vgs Vin- 2Vof'f)
g&siNch 2N v

(Cdsc+ CdscV dst C dsc/ bséﬁ%Xp(— D wﬂrlﬂ)+ 2 expft Dvnﬂ @
2l It + Cit

Vgstef'f =

N =1+ Nractor +

Cox Cox Cox

_ &
Xdep

B.1.3 Mobility

For Mobmod=1
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I-V Model

[Jeff = Vgstef'f '|l:102Vt
1+ (Ua + UcViser) (L2 2V 4 U

Vgstef'f + 2Vth)

For Mobmod=2

Ho

Vg steff Vg steff

)+ Ue(

Heft =

1+ (Ua + Uchseff)( )

For Mobmod=3

Ho
Vgstef'f + 2V

[Jeff = Vgstef'f + 2Vt

T+[Ua( =720 4 U2 2V 219 4 Uolbser)

B.1.4 Drain Saturation Voltage

For Rds>0 oA#1:

-b-+b* -4ac

2a

Vdsat =

a= AbquZV\kfstatCOXRDS‘F (} - 1) Abulk
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I-V Model

b= —QVgsteﬁ + 2Vt)(§ - l) + AvukEsatleft+ 3 Abul% V gsteft 2 \bt Wt saC OR%S

c= (Vgsteff + 2Vt) Esatleft+ 2( V gsteft+ 2 V)t2 Waeat saC oR s

A= AlVgsteff + A

For Rds=0)A=1:

Esat Leff(Vgsteff+ 2V)
Abuik Esat Leff+ (Vgsteﬁ+ 2 V)

Vdsat =

Ao Lett Lett Bo 1) 1
J

K1
Abuik = (1+ [1— AgsVgst ) ] +
( 2\ Ps— Vbseff{ Lett + 2,/ XJXdepl e e(' Leff + 24/ XJXdepl 2] Weff+ B 1+ Kera \bset

2\kat
Heft

Esat =

B.1.5 Effective Vds

Vdseff:Vdsat—;-(Vdsal- Vd5'5+\/(Vdsa'r V as5)? +40V d%at
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I-V Model

B.1.6 Drain Current Expression

|dso( Vdsefj Vs — Vdsef Vs — Vdsef
lds = + +
RdSI dSQ Vdse1)‘ VA VASCBE

1+
Vdseff

V\kff,LleffCongstef(l — Abuk Vaset )Vdseﬁ

2(Vgsteff + 2Vt)
Leff[1+Vdseff/ ( E saL ef)]

ldso =

Pvangsteff) ( l + l )_1

EsalLett ~ Vacm  VabiBLC

VA = Vasat+ (l+

AbulkEsatleff + V gsteff
VacLm = (Vds - Vdseff)

PcuvAbuikEsat litl

VabiBLC =

(Vgstef'f + 2Vt) Q_ AbuikVdsat Q
6rout(l+ PoisLceVbsef AbuikVasat+ Vgsteft+ 2V

Bout = PoisLct %Xp(— DROUTIZ_Ierf)+ 2 expt DROUTII_eff + PoisLc2
t0 t0

1 Psche [ Pscoa litl [
= ex

VascBe  Leftf 'ds — Vdseff
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I-V Model

Esatleff + Vdsart 2 Roy saC oWV eV QStEﬂ.— M]

2(\/gsteff + 2Vt)
2/ A — 1+ RosVsaColWeftAbulk

Vasat =

it = |ZsiToti
EOX
B.1.7 Substrate Current
o Bo ldso Vs — Vdseft
lsub= s — Vdseff) @XP(— ) Qlﬁ' Q
Left (V ) p( Vds—Vdseffll_I_ Rusldso VA
Vdsef'f
B.1.8 Polysilicon Depletion Effect
Ngate X2
Vol 21X0|E0|= L Zpoly
poly 2 poly = poly zgsi

EoxEox = € siE poly= \/qu sNgateW poly
Vgs = VEB~ @s= V poiy*t Vox

2 —
a(Vgs = VEB~ ®s~ Vpoly) ™ = Vpoly= 0
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I-V Model

2
€ox

2
2q€siNgateT 0X

a =

. 2 2 _ _
O€siN gatel ox (\/1+ 2e5,(Vgs = Veg— @9 -1)

V =Vept+ @+
gs_eff FBT @s 2 2
€ox Q€si NgateTox

B.1.9 Effective Channel Length and Width

Leff = Ldrawn— 2d|_

Wett = Whrawn— 2 dW

Wesit = Whrawn— 2 dW

dW= dW + dVy Wer+ dW. /@ — M~ @)

WoW, W,

dW = Wﬂ + LWIn Wan + LWInWWWn

_ L L Lwi
dL= Lint + LLIn + Wlil\\;vn + LLIn\\;VVLwn
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I-V Model

B.1.10Drain/Source Resistance

Ric = Rdsm[l+ Pr wgVgstert+ Pr wl(,/(p sV bseﬂ-ﬁ}]

T (10° Werr )"

B.1.11Temperature Effects

Vin(ry = Vi Tnorm) + ( Ku+ Kui/ Leii+ K2V bse)( T/ T nomr 1)

T

)

Ho(T) = Mo Tnorn)(

norm

Vsat(T) = Vsaf Tnorm— A ( T/ Tnomr 1)

T
Rdsw(1 = Rdsw Tnom+ Pr (

norm

-1)

Ua(T) = Ua(Tnorn) +U a(T/ T nornr 1)

Ub(T) = Ub( Tnorn) + U ll(T/ T nornr 1)

Uc(T) = Uo(Tnorn) +U Q(T/ T nornr 1)
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Capacitance Model Equations

B.2 Capacitance Model Equations

B.2.1 Dimension Dependence

Wi Ww Wwil
LWIn + WWWn + L WIW Wwn

3W,, = DWC+

LI Lw Lwl
6Leff = DLC + LLIn +WLwn + LLIrVV Lwn

28

active ~ = drawn

W

active =W - 26W eff

drawn

B.2.2 Overlap Capacitance (for NMOS)

B.2.2.1 Source Overlap Capacitance
(1) for capmod=0

Qoverlap S _ CGS(.VgS

ctive

(2) for capmod=1
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Capacitance Model Equations

if (Vgs <0)

U / 4V, U
Qoverlap s _ CGSQ/gS + CKAPPACGSl%—l+ 1- gs %
W, ctive 2 CKAPPA

else

Qoverian s = (CGSO0+ Gaprpa @s1) Vgs

active

(3) for capmod=2

1 2 U
\/gs,ove”ap:2§V95_51)+\/(Vgs_51) _451E Whel’e 51: 0@

[ 4V
Qoverlap s — CGSO/QS + CGS%/QS _ Vgs Over|ap+' CKAPPA E—l + 1+ gs, overlap
W, § 2 \" CKAPPA

B.2.2.2 Drain Overlap Capacitance

(1) for capmod=0
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Capacitance Model Equations

Qoverlap d

= CGDOV,,

active

(2) for capmod=1

if (Vgd <0)
O { 4V O
Qoverlapd — CGDO\/gd + CKAPPACGDla_l_I_ 1—- gd %
W, ciive 2 CKAPPA
else

Qoverlap d

= (CGDO+ Gkappa Gsp1) Vad

active

(3) for capmod=2

1 2 U
ng,overlap:Zﬁvgd_52)+\/(\/gd_52) _MZE where 6, =0.(2

Qoverlap d

B 4V,
ol d - CGDOV,, + CGD gd_vgdove”apJ,mE_“W
Wacive E 2 CKAPPA
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Capacitance Model Equations

B.2.2.3 Gate Overlap Charge

\
Qoverlapg = _(Q overlaps + Q overlap d

B.2.3 Instrinsic Charges

(1) for capmod=0

a) Accumulation region (Vgs <Vfb+Vbs)

Qg = V\éctive LactiveC o>( \és_ \bs— \ﬁb)
qub = _Qg
anv =0

b) Subthreshold region (Vgs <Vth)

O™

~ Vi~ Vbs)
2

K,? HVgs
Qb = _V\élctive I-activec L1+ \/1+ (

X2 K,

O™
(]
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Capacitance Model Equations

Qv =0
c) Strong inversion (Vgs>Vth)

_ Vgs - Vith
Abulkl

Vdsat cv

LE

[

0 j
Avu' = Ao %"' E%Lﬁcﬁ

Ab o = @_I_ K1 AO Leff + Bo 1 D 1
ulk0 —
2J®s— Vs Lett + 2/XoXaep Wert + B HL+ KeraVos

Vih = Vib + Ps+ K1/ Ps— Vbst
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Capacitance Model Equations

(i) 50/50 Charge partition

if Vds<Vdsat
' 2
Qg - C:O)(V\éctive Lactive[ Vgs— Mo— Ps— V7ds + Abuik V:Sb Ik, Ve
12(Vgs - Vih— . S)
! VdS 12 \ASZ
Qinv = _V\éctive Lactivecox[ Vgs— Mn— Pou + Pouie ]

12(Vgs— Vih— Ab;”(Vds)

(1- Ay’ ) Vas _ (1- Auk') A \IASZ
12(Vgs— Vih— Ab;”(Vds)

Qo = W,ctive Lactivecox[ Vib— Mh+ Qs+ ]

' V 12 w 2
QS = Qd = O'San = _WactiveLactiveQX[ \és— Mh— Abu”; ds + Ab””‘ AZ . ]
12(Vgs — Vin— T“”‘Vds)

otherwise

Vdsat

Qg = V\éctive Lactivecox( \és— Vib— @ s— 3 )
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Capacitance Model Equations

1
QS = Qd = _§ V\éctive LactiveG)X( \gs— \’{@

Qb =-W,

active aCtIVE

Gox( Mb+ @s— Mn+ (1= Agy') Vusat
3

)

(ii) 40/60 channel-charge Partition

if (Vds <Vdsat)

Vi A ' Vv 2
Qg = C:O)(V\éctive Lactive[ \is— Mb— @s— ; + bulk dASb Ik' v
12(Vgs— Vinh— . S)
Vds 12 Vjsz
va actlve actlvecox[ Vos— Mnh— Abu”; AbU”( ]

12(Vgs — Vih— Ab;”(Vds)

(1- Ay’ ) Vas _ (1- Auk') A \bs?

Qb= W.ciive LactiveCOX[ Mb— Mh+ @s+ S
12(Vgs— Vin— 7;”‘ Vds)

]
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Capacitance Model Equations

Qd = _V\élctive I-activecox

EV Ao Ve (Vgs— Vth)z _ Ak Mis( Vos— Vi) +( Ak VS)ZS
Dgs—Vth_ Al g+ 6 x 8 40 G
O 2 2 (Vgs— Vin— AVds)z 0
= 2 =

Qs =—~(Qut Qo+ Q)

otherwise

Vdsat

3 )

Qg = V\éctive Lactivecox( \os— Vo— P s—

4
Qd == TS V\é\ctive I-activec-\‘i’x( Vos— \’ﬂ)

Qs = ~(Qg+ Qb+ Qd)

active —active

Qb =-W L COX( Vo + @Ds— \hn+ (1_ Abulk )Vdsat)
3

(i) 0/100 Channel-charge Partition

if Vds <Vdsat
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Capacitance Model Equations

' 2
Qg - C:O)(V\éctive Lactive[ \s— Mb— @Ps— % + Abuik VdAsb Ik, Ve
12(Vgs - Vih— . S)
! VdS 12 \ASZ
Qinv = _V\éctive Lactivecox[ Vgs— Mn— Abu”; + Pouie ]

12(Vgs— Vih— Ab;”(Vds)

(1- Ay’ ) Vas _ (1- Auk') A 5

Qo = W,ctive Lactivecox[ Vib— Wh+ @s+ .
12(Vgs— Vitn— 7;”‘ Vds)

]

D 0

—_ ! 1 2 |:|

Qd = _V\élctive Lactivec'\ox%/gs 2 Vin + AbUIk Vds - (AbUIk V(Z . 0
E 4 24(Vgs - Vih— 7;”(Vds) E

Qs = —(Qg+ Qb+ Qd)

otherwise

Vdsat
3 )

Qg = V\éctive Lactivecox( \os— Vo— Ps—
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Capacitance Model Equations

“W,qive L

active —active

(1— Apu') Vasat
3

Qo = Gox( Mo+ @s— Mn+

)

Qi=0
Qs =—(Qo+ Q)

(2) for capmod=1
if (Vgs <Vib+Vbs+Vgsteffcv)

Qu1= ~Wictive LactiveC o>( Vgs_ Vb - V¥s— \ésteffc)

else

V,

gstef

O™

Qo= W L. C K,? ~ Ve~ 1CV— Vb;
g1 =

—l+\/1+ 4(Vgs

active —active

2 K2

|

Q1 = —Qu1

(I
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Capacitance Model Equations

V

_ Vgsteffcv

Vdsat cv \
Abulk

0 cred O
A=A poH+ 0 —0 H
bulk b Ikoﬁ‘ DLeﬁ |:| E
Aouo = 5_’_ K1 Ao Let Bo N E 1

+ . 7
0 2\/ @Ds — Vbseft  Left + 2\/ XiXdep Wett + B 1+ Kera Vbseft

Vgs -V U

Vgsteficv= N vin %"‘ eXp( )]
N nvw [
if (Vds <=Vdsat)
0 ]
Vs Avuic' Vs 0

Qg = Qo+ Woggve Lactivecog\ésteffc" - 7 + Aok
1 ov— 2k %
gsteff ds

L 0
- ' 1- 1 Y/ 2 [
Qb = le + V\éctive LactiveCo Mvds - ( AbUIk )AbUIk . ds O
H 2 1 _ Pou’ %
E gsteffcv 2 ds
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Capacitance Model Equations

(i) 50/50 Channel-charge Partition

U U
D 1 1 D
— - _ Wactive I-activeC 0oX _ Abulk Abulk ? Vd52 ]
Qs = Qd - gsteffcV Vs + '
2 D 2 1 — Abulk V %
H gsteffcv 2 ds

(i) 40/60 Channel-charge partition

W, cive L aciiveC

active —active

2%lgsteffc" - Ab;”( Vs g

4 2 2
%lgsteffcv?’ - gvgstefcv%(A bulk V c)s+ 5 \ gstef(:\A bull/ )js_ E)( A )3@

0X

Qs:_

Qi =(Q+ Q@+ Q)

(i) 0/100 Channel-charge Partition

[l [l
. 2
- _ El‘/gstefcv Apui' Vs _ (Abulk Vds) S
Qs - WactiveLactiveCo + 1
0 2 4 5 ~ A Y %
H gsteffcv 2 ds
Qi =~ (Q+Q+ Q)
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Capacitance Model Equations

if (Vds >Vdsat)

Vdsat
Qg = Qo1+ Wgive Lactivecog\ésteffc" - Tﬁ

V, -V
gsteffcv dsa
Qb = QOl_ V\éctive I-activecox( )

3
(i) 50/50 Channel-charge Partition
W iV L ivC X
Qs = Qd = ——ade 3act — gsteffcV
(if) 40/60 Channel-charge Partition
2W, iV L ivC X
Qs =~ aclve —adve=o Vgsteffcv
Q= (Qt+ Q@+ QY
(i) 0/100 Channel-charge Partition
f
Qs = _WactiveLactiveC oX g;te =
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Capacitance Model Equations

Qi =(Q+ Q@+ Q

(3) for capmod=2
Qg = _(Qinv + Qacc+ qulﬁ) +0 qua

Qb = Qacc + qulﬁ) +6qub

Qinv = Qs + Qd

Vegerr = vfb—0.5{\/3 +y W+ 45, v where V= vfb V-5, J,=002

vib = Vih— @s— Kl\/as

Qacc = _Wactive L activeC o>( \IL—Beff - Vfb)

2 O : 0

Q = _W |_ C L _1+ 1+ 4(Vgs - VFBEf‘f - VgstefCV Vbseff) |:|
sub0 active — active™ ox 2 D K 2 D
U 1 g

Vdsat, cv =
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Capacitance Model Equations

0 pgeLed™
Aouic = Ay ||4)§L+B—D
) ) DI-activeD
K1 Ao Lest Bo |:J 1

Avuiko = %l+ 10
O 2J®s—Vosert Lefi + 24/ XJXdep Werr + Bl 01+ KetaVosert

Vs — Vin U
Vgstetiov= N vin %'l' eXp( : - E
nw

cveff —

0

- U
u I Abuk ? chef'f

Qinv = _V\(alctive I-activeco Vgsteﬁv - Abzlk cheff %4- | Ab D

12 gsteff® - cheﬁ%

[l [l
% ' O
&g =W L C B Abulk \Vj _ (1 Abulk )Abulk cvef'f2
sub — active — active™ o cveff
E 2 12 gstef'fcv Abulk cheﬁ%

B.2.3.1 50/50 Charge partition

_Vdsalcv_O'E{\/Al+\/\42+454\6531CV} where y: Mat,cv_ ys_54; 54: Q02
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Capacitance Model Equations

0 0
0 0
W, iV L ivC X Abu l AbU|k fo
Qs = Q =0. 5Q|nv - % g/gsteﬁcv_ levcveff + 1 _ AZuTk %%
B gsteffcv 2 cveff

B.2.3.2 40/60 Channel-charge Partition

Q=- Wesie I:;\SCOX %,gsteﬁ O:l% _:\éstef fcfi( ALV "’4'4-\’2), V gs(enA oY c);_125( ALY ﬁ%
%@sterfv"_szeﬁg

— V\édlve aalve OX 3 5 2 1
Qj - steffoy _*\éste v Aﬁulk \{veff Ahlk \4eff - '%Jlk \4
2 gsteffov Ab;k Vweﬁﬁ @ 3 " ( ) E@'( et) %

B.2.3.3 0/100 Charge Partition

0 . B
Q =—W. L.C EVJSteﬁCV_I_ Abulkl chef'f_ (Abulk cveff) 0
s active —active O)D 2 4 o4 _ Abu|k v
E gsteffcv 2 cveff
0 0
2
- _ Eklgsteffcv 3Abu|kl chef-f (Abulk cveff) B
Qd - actlve actlveCO +
E 2 4 8 Abulk V %
gstef'fcv 2 cveff
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NQS Model Equations:

B.2.4 Intrinsic Capacitances (with Body bias and DIBL)

— ms, d,g b dvgstef‘fcv
(s,d,gb,9 N N

gsteffcv gt

C

- _ 0Qs,d,g,b + 0Qs,d,g,b Wgstef‘fcv Edvth + dvth E

C(s,d,g,b),s_
dvds dvgstef‘fcv dvgt |:b‘,\/ds ok'\/bslz|

C _ acgs,d,g,b _ acgs,d,g,b dvgstef‘fcv Nh
s,d,gh,d
( t) st W stef'fCV Wgt st

g

— a(35, dgb acgs,d,g,b Wgsteffcv Nh
(s,d,gd,b ™
OV, Nygeriv Ny WNg

gste

C

B.3 NQS Model Equations:

Quasi-static equilibrium channel charge:

Qeq = —(Qg+ Qp)

Actual channel charge a@defobtained from subcircuit (Figure 5-2):

Qch = Qeq~ Qqef

11 1
O =-= +
T Tgift  Tdiff

BSIM3v3 Manual Copyright © 1995, 1996, UC Berkeley

B-25



Flicker Noise

CoxWeft I—eff3 ~_ 5
Heft £|Qeq_anef| ‘Q ‘

4
eq

Tarift =

where,
€ = Elmore Constantdefault=5 ) 0.0<a < 10(default= 05

and
3
Z - Cox\Neff I—eff

Heff €

.
6 KT

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

. . Krlas™
Flic kerNoise= %
COxLeff fe
2. For noimod=2 and 3
1. Vgs>Vth+0.1:
. ) th2 |ds[,leff No+ 2)(1014
Flic kerNoise= Noia log(——————— )+ Noib(No— NI
FE Lot 0P 1o 100G oo g )t Now )

Vtlas’ALcm  Noia + Noin NI+ Noic NP
f 5 Le®Werrl0® (NI + 2x10%)?

'|‘0.5Noic(NO2 - le)]+
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Flicker Noise

whereVimy is the thermal voltaggies is the effective mobiity at the given
bias condition,Lgff and Weff are the effective channel length and width,

respectively. The parametdpis the charge density at the source given by:

_ Cox(Vos=Vrn)

The parametel| is the charge density at the drain given by:

Cox(Ves=Vrn—Vps)
q

NI =
Vps = MIN (Vpg Vpsap

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

|:|VDS_VDSAT R

Oo——— +EmC
| itl x IogD C if VDS > VDSAT
E g Esar C
AL, = U
clm 0
O 0 otherwise
2 x Vsat
Esar = U
eff

2. Otherwise,
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Channel Thermal Noise

FlickerNoise = S—-'m't S

Simit * Swi

Where, Simit is the flicker noise calculated at Vgs=Vth+0.1 &g is
given by:

NoiaVﬂds2
WersiLett 5 4x10%¢

Swi=

B.5 Channel Thermal Noise

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

by thenoimod flag.

1. For noimod=1 and 3

8‘(3T<gm+ gds+ gmp

2. For noimod=2 and 4

AK T eft
Leff2

‘Qinv

Ab Ik
==-W.L.C V_(1-— >V
va eff —eff ~ox gstef( 2(Vgsteff + 2Vt) dsef‘f)
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Channel Thermal Noise

The derivation for this last thermal noise expression is based on the noise
model found in [35].
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Channel Thermal Noise
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Channel Thermal Noise
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Channel Thermal Noise
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Channel Thermal Noise
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Channel Thermal Noise
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Channel Thermal Noise
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Channel Thermal Noise
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Channel Thermal Noise
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Channel Thermal Noise
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