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BSIM3v3.1 MOSFET SIMULATION

http://www.leapcad.com/Other Tech/BSIM3V3.mcd

University of California Berkeley MOSFET Model from BSIM Group

http://www.eecs.berkeley.edu/Pubs/TechRpts/1998/3486.html
http://www-device.eecs.berkeley.edu/~bsim3/

BSIM3v3 is the latest industry-standard MOSFET model for deep-submicron digital and analog
circuit designs from the BSIM Group at the University of California at Berkeley. BSIM3v3.2 is
based on its predecessor, BSIM3v3.1. Its many improvements and enhancements include

* A new intrinsic capacitance model (the Charge Thickness Model), considering the finite
charge layer thickness determined by quantum effect, is introduced as capMod 3 It is very
accurate in all operating regions.

* Modeling of C-V characteristics at the weak-to-inversion transition is improved.

* The T(ox) dependence is added into the threshold voltage model.

* The flat-band voltage is added as a new model parameter to accurately model MOSFET's
with different gate materials.

* Substrate current dependence on the channel length is improved.

* The non-quasi-static (NQS) model is restructured to improve the model accuracy and
simulation efficiency. NQS is added in the pole-zero analysis.

* The temperature dependence is added to the diode junction capacitance model.

* The DC junction diode model now supports a resistance-free diode model and a
current-limiting feature.

* Option of using C-V inversion charge equations of capMod 0, 1, 2 or 3 to calculate the
thermal noise when noiMod == 2 or 4 is added.

* The small negative capacitance of C(gs) and C(gd) in the accumulation-depletion regions is
eliminated.

* A separate set of length/width-dependence parameters is introduced in the C-V model to
better fit the capacitance data.

P:= READPRN("http://www.leapcad.com/Other_Tech/MNLPRN.prn")



BSIM3v3.1 MOSFET SIMULATION

F(string) := | for jOO0..(cols(P)Lb) — 1

Note:Used Excel to import RMA's data file. for i0d0..rowgP) -1

Got records " a0=0.7, " into N columns of  Features: . . ( (2@)

"name=data" and then into 2N columns by if string = \P i

removing " =" as delimiters. Fill in empty L := 0.350ir (20+1)

cells to get rectangular matrix. Concat "™ W= 0.60 T <« (P )i

around text. Then copy into MathCad PRN L ';_4ﬁUJD;Qn

file format with Rows and 2N Columns, e.g. - break

examine files NCH.PRN or MNLPRN.PRN. W := 4[UDR T if[(T =0)qi =rows(P) - 1),T , 1,1—}

DEFINE: VARIABLES = BSIM3 DATA

c2 vsi= cmzmvoltﬁec)_ 1 wr = F("wr") f m2:= faradn 2 f m2v:= faradin 2ot L

a0:= F("a0")
alpha0 := F("alpha0" )V
betad := F("betad" ) Wolt

al:= F("al")
1

cdsc:= F("cdsc" ) _m2

alphal := F("alphal” )molt_ 1b0:= F("b0" )i

ags:= F("ags')olt 1
bl:= F("b1")n
cdsch := F("cdsch" )l_m2v cdscd := F("cdscd” )[_m2v

cgbo := F("cgbo™") al:= F("al") a2:= F("a2") cit:= F("cit")@_m2

¢ = F("g") al:= F("al") 0 := F("delta" ) Wolt at:= F("at")

diflens := F("diflens") drout := F("drout") dsub := F("dsub") dvt0 := F("dvt0")
dvtOw := F("dvtow") dvtl:= F("dvtl") dvtlw ;= F("dvtlw" ) 1 dvt2 := F("dvt2" ) Wolt 1
dvtow = F("dviow")wolt & dwb:= F("dwb")inwolt O dwg:= F("dwg" )olt * etad := F("eta0")

etab = F("etab" )wolt * k= F("k1" ) o™ k2:= F("k2") is:= F("js")

k3:= F("k3") k3b := F("k3b")olt 1 keta:= F("keta"')olt boas F("at")

kt11:= F("ktll") al:= F("al") lint := F("lint" ) at:= F("at")

mjsw := F("mjsw") al:= F("al") nch:= F("nch" ) 3 nfactor := F("nfactor")

ngate := F("ngate") nix := F("nIx" )

pbsw := F("pbsw")
pdiblch := F("pdiblch" ) olt 1

pschel := F("pschel” )E—i\glt
m

pclm:= F("pclm")
al:= F("a1")

psche2 := F("pscbe2")[—i% pvag := F("pvag")
Vo

nsub := F("nsub" ) 8

pdiblcl:= F("pdiblcl")
prwb = F("prwb" )V

at:= F("a")

pdiblc2 := F("pdiblc2")
0.5 - " -1
prwg := F("prwg" ) ot

rdsw := F("rdsw") hmmm"



rsh:= F("rsh")
tcls:= F("tcls")
tox := F("tox" )

al:= F("al")
al:= F("al")
u0:= F("u0" )82 vs

ub:= F("ub") v~ 2 ubl:= F("ubl") v~ 2
ute:= F("ute") vbm := F("vbm" ) Volt
vsat = F("vsat") 3 vth0 := F("vth0" ) ot
Sec win+1
win := F("win") wl = F("wl" ) in
wwl = F("WWI")mnwwthWanr1
10

xt:= 1.5510 ' fox ;= 8500010 [

PHYSICAL CONSTANTS:

_ ad _
go:= 885410 A% q= 1602110 rgoul
cm
19_ -3
€ox:= 398y €g:=119E, Nc:= 2810 &m
DEVICE PARAMETERS: T := 300.15
toxm:=tox  dL:= lint nds:= 100 >

CALCULATIONS:

T
vii= ki

q T + 1108
dWp = wint + wi LW wwl

LW| n Wan LW| nENWW”

€ T h
COX = ﬂ (ps = 2d<_ D}](ﬁj

tox q ni

J2@Egmch J20E g Msub
yi=—— y2i=

COX COX

a2:= F("a2")

a2:= F("a2")

ua:= F("ua")mv !
2

uc:= F("uc")mV
vbx ;= F("vbx")olt
w0 := F("w0" )
wwn := F("wwn")

Xj := F("xj" )
dWeff := 03710 [

k= 1.380658(10 >

Nv = 1,040 8m™

Vps := Olvolt

01 := 0.001volt 2.2.26

Weftp := W - 2[dWp

Joule

nsub = 1020~

at:= F("at")

tnom := F("tnom")

val = F("val” )i~
ucl := F("ucl" )mhzw_ 2
voff := F("voff")olt
wint := F("wint" ) n
WW = F("ww")mnWV\mJr1
at:= F("at")
dLeff = 025010 %

7

lint=117%x 10 'm

3

-4 _2 15
7.02x10 O . T Egold) . -
Ego:= | 116 - ~o—"—=— |molt ni := 14510"f —— | exp| 215565981 - —— |em °
300.15 2T

Lef = L — 20int

kO nchinds
Vpj = —
q ni2

Kii=kl Kp:=k2



Koo (y1 - yz)[(L/(pS ~Vpx - \/ES) Berkeley example defines k1 and k2
i [Z%W - \/as)] + vbm Ki=vy2- 2K2q @s — vbm

2
K1 2
Vie:= 0.901¢s ~ (szzj Viseif = Vi + 0-5[EVbs = Vp - 81 + J (Vbs = Vbe - 81) - 4[51Wch
. _ tox
2[84[Ps 2117 B11 Xdep = \/[ZESJQ(pS VbS)] Klox = K1 toxm
X = 1 . :
depo qch glmch
£ Xy €4 Xyg
o= |——0 li= [P + dVE2V ety 21.16
COX COX
£4Xyg £g
ltw = 3 ep[@l + thZWWbseff) Cq:= 3
(04 ><dep
Vip= vth0 - gs - K1fos  A1g Vihoox := vth0 - K1 s Kiox:= K1 Kaox:= K2

Note: Circular defn. Weff is function of Vgsteff(Vth). Therefore Substituted Weffp for Weff in Dvtw.

WetfplL eff WetfplL gff -
Dvitw := —dvtOw[Eexp(—dvtlelzp— + 20@xp —dvtlellp— fVpi - @)  Dviw=7.152x 10 °volt
W tw
L eff L eff
Dvt := —dvtOl] exp —dvt1aﬁ + 20exp| ~dvi1E— Vi - @) Dvt = -0.233volt
t
etad = 0
L eff L eff
D(Vgs) := -1 exp —dsub[-lﬁ + 2(xp| —dsub3— [{leta0 + etablV peeff) Vs D(6lV) =0V
0 t0

| t
Do = Kyl |1+ 1% _q Jos+ (k3 + K3DIV et ) F——— (s Do = -0.012volt
L eff Weffp + w0



To := dVt2Vpoeff To=0 Vinoox = 0.85volt

Vir(Vds) = Vihoox + K1oxJ @s = Vioseft = KooxVpseff + Do + Dviw + Dvt + D(Vs) Vin(OLV) = 0.638V

2211

Vin(Vais) = [ vth0 + K105 = Vs =[0g) | - {szbs + Kltﬁ ’1 + %’; - 1) Q@} Vin(OLV) = 0.876V

Cy (cdsc + cdscdWgs + CdSCbm/bseff)[E@(p( ‘thzlliﬂ-effJ + Zﬁxp( _dwimeff D it
temp4(VdS) = nfactor[—lc—c»( + Cor + C_ox
To(Vag) = (3 + 8tempa(Vgg)) n2(Vgg) := (1 + 3empa(Ve)) To(Vag)
n(Vags) := if (temp4(Vgg) > -0.5,1 - temp4(Vgs) ,n2(Vgs)) n(30olt) = 0.384

2m(vds)mtmn(1 + exp(

Vgs = Vin(Vas) D

2m(Vge) ¢
’ 200 ~Vgs ~ Vin(Vas) — 2off
1 + 20(Vgs) [Cox] e @xp( YRS j

AW(Vgs, Vis) = dWp + dwgV gees(Vgs, Vis) + dwbify[0s — Vet —[@s)

Vgsteff (Vgs: Vds) =

West(Vgs. Vds) = W - 2[8W(Vgs, Vs)

ueff(vgs,vds) = uo :
1+ (ua+ ucwbﬂf)tﬁ%;h(vds)j + ub[ﬁ%;h(vds)j

W -L -L
o(Vgs: Vds) = Tmleff(vgs:vds) [Tox Bth(L) = exp(ﬁj + mxp(l—tj



Velocity, v, is not used explicitly in model

20Vsat
Eent( Vs, Vee) 1= ————— | Mef et Heff (Eeff
sV Ve Heif(Vgs. Vas) o (Eeffj o (Eeffj
1+ — 1+ —
Vgs + ViV Esat Esat

Eeif(Vgs: Vag) = ————— 6[&;2( e
2

Abulkx(VgSans) = 1 - agslV gteff (Vg&Vds) et

Kiox 0L gff b0 1
Apuii(Vgs: Vag) = | 1 Apuiod Vas: V E
buik(Vgs: Vas) { s f%l-eff > '—XJ'DKdep[G bulkd Vgs: Vas)) + Wetrp + blﬂ 1 + ketalVpeett

Eat(Vgs, Vais) et {Vgstert (Vgs: Vag) + 2094)
Apuik(Vgs: Vas) Esat( Vs, Vas) Lett + (Vostert(Vgs: Vag) + 204)

Vd%t(VgSa Vds) =

Vaset(Vgs. Vas) = Vasat(Vgs: Vas) - %[E(det(vg&vds) - Vs~ 8) + J (Voisa Vgs: V) = Vais - 8)° + 4|:5stat(vgs:vds)}

Abul k(Vgs: Vds) [Esat(vgs- Vds) (L gff

Vs — Vaseft(Vgs, V
peImBpuik(Vgs: Vas) Esat(Vgs: V ds)mitl[q ds ~ Vaseft(Vgs. Vas))

liy) := /3] Hox Vacim(Vgs: Vds) =
: L eff L eff :
Brout := pdiblclexp —drout[-lﬁ + 2[éxp —drout[-ll— + pdiblc2
0 t0

rswill 1 + prwgV geett (Vgs. Vas) + prwbE(k/ ®s ~ Vst ~ J@)]

wr
Wetfp

Rds(VgSa Vds) =



VadibldVgs: Vas) = (Vostet(Vgs V) + 2) EE e m Apulk(Vgs: Ves) Vasa( Vgs: Vas) j
u

erout[ﬁl + pdib|CbWbseff) Vgs,Vds) stﬁ(vgs,vds) + Vgsteff (Vgs,Vds) + 200¢

_ Apul k(VgSv Vds) stat(VgSy Vds) )
20{V gsteft (Vs Vais) + 230)

VAwt(Vgs- Vds) = Esat(Vgs: Vds) (L eff + det(Vgs: Vds) + 2DRds(VgSv Vds) (satlCox Weft (VgSv Vds) Vgsteft (Vgs: Vds) [% 1

pvaglV gateff (Vg&Vds)j 1 1 -1
ValVgs: Vgs) =V Vos, Vgg) +1 1+ +
A( o ds) A%t( o ds) ( Ewt(VgSans)m-eff EéVacl m(Vgs,Vds) Vadiblc(Vgs:Vds)j

V dseff (Vgs'VdS) [V iseff (Vgs Vas)
) :

Wt (VgSv Vds) (st (Vgs: Vds) [CoxV gsteff (Vgs: Vds) [ﬁ 1 - Apul k(Vgs: VdS) D2 [@Vgst off (Vg . Vds) + 20¢

| Vs, Vds) =
dsol V- Vi) P E€l+ Vaseft (Vgs, Vas) j
Ewt(VgSv Vds) (L et

—pschell
1 _ psche2 @xp( itl 1

V asche Leff Vs - Vdseffj aphal := Ovolt alphal added in BSIM3V3.2. Rouchoz has not yet extracted.

alpha0 + alphalll g

|sub(Vgs: Vds) =

—betad |dso(Vgs, Vds) N Vs — Vdseff (VgSa Vi
L eff

Vs — Vdseff (VgS: Vds) |dso(VgSdes) VA(VgSa Vds)
V dseff (Vgs.Vds)

laso(Vgs: Vds) Eﬁ Vds‘Vdseff(Vgs:Vds)j[ﬁ [Epscbez ( —pscbely jﬂ 3
las(Vas, V) = 1+ 1+ (Vs - Vasett (Vas, V [ex
e Vs Ve 1+ RaiVgs: V) Tisol Vgs: V) Va(Vgs: Vas) (Vas = Vet (Vos: Vas) Lot Vs ~ Vaset (Vgs: Vas) ) | 2

V dseff (Vgs-Vds)

E@Vds ~ Vdseff (Vgs7 Vds)) @XD(
1+ Rds(Vgs:Vds)

Vgs:= 0.6 Vds:=0,05.9 Rgs(3olt, 4Tolt) = 601.46 Q lqup(141V, 100V) = 2407 x 10° *A



MNL 14x14um IdversusVds

lg(6V0lt, Vdsolt) *°

0.8
| gs(5VOlt, Vdslvolt)

| gs(4volt, Vdslvolt)

0.7
0.6
lgs(3olt, Vdsivolt) 0.5

lg(20volt, Vdsvolt) 0.4

Ids (mA)

l4(10volt, Vdslvolt) 03
............. 0.2
o1l
O 3
9 10
Vds
Vds (volt)
um=10 %m  A=10" %em millihenry = 10 3[Iﬁ1enry Q =ohm mamp = 0.0012mp
eV = gvolt UDRE@
Idds:= | for VdOO0..6
for Vg 0..6
IDVd,Vg ~ lgs(Vghiolt, Vdivolt) on error 100
ID

ldds=0



