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TWK CHARACTERIZATION OF MOSFET WITH BSIM MODEL

MOSFET Model Based on the BSIM Group University of California Berkeley

I Physics.com

http:/~mxphysics.com/Integrated%20Ci/
http://bsim.berkeley.edu/models/bsimcmg/
http:/Amww-device.eecs.berkeley.edu/~bsim3/

BSIM 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. BSIM is based on its predecessor, BSIM3v3.1. Its many improvements and enhancements include

* A new infrinsic 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.

BSIM-CMG (Common Multi-Gate) Model
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Note:Used Excel to import RMA's data file.
Gotrecords "a0=0.7," into N columns of
"name=data" and then into 2N coumns by - :
removing " =" as delimiters. Fillin empty '
cells to get rectangular matrix. Concat ™

BSIM3v3.1 MOSFET SIMULATION

P := READPRN("MNLPRN.prn")

AIKN:: 0.35-um

around text. Then copy into MathCad PRN
file format with Rows and 2N Columns, e.g.
examine files NCH.PRN or MNLPRN.PRN.
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DEFINE: VARIABLES = BSIM3 CHARACTERIZATION DATA EXTRACTED FROM MNL TRANSISTOR

JL(string) :=

for j € 0..(cols(P)-.5) — 1 FUNCTION:

for ie 0..rows(P) — 1

if string = (P<2'j>).

1

T (p2)

1

break

Find param
etersin P
that match
the string.
Flag match
failures.

T iff(T=0)( =rows(P) - ). T, |.T|

2 -1
c2_vs:= cm -(volt-sec)

a0 := F("a0")

alpha0 := F("alpha0")-m-V !

betal := F("beta0")-volt
cgbo := F("cgbo")

cj:= F("¢j")

diflens := F("diflens")
dvtOw = F("dvtOw")
dvi2w = F("dviaw" )-volt '
ctab := F("etab" )-volt |
k3 := F("k3")

kt11 := F("kt11")

mjsw := F("mjsw")
ngate := F("ngate")

pbsw := F("pbsw")

pdiblch := F("pdiblcb™)-volt” |

It
pscbel = F("pscbel")-&
m

wr = F("wr"

al := F("al")

cdsc:= F("cdsc")-f m2
Agvl,v:: F(Halll)

Agvl,v:: F(Halll)

drout := F("drout")

dvtl := F("dvtl")

f m2 := farad-m 2

b0 := F("b0")-m

f m2v := farad-m 2‘V01t_ !

ags := F("ags")-volt !

bl == F("bl")'m

cdscb := F("cdscb" )-f m2v cdscd := F("cdscd" )-f m2v

a2 == F("a2")
9= F("delta")-volt
dsub := F("dsub")

dvtlw = F("dvtlw")m |

cit:= F("cit")-f m2
at:= F("at")
dvt0 := F("dvt0")

dwb i= F("dwb")-m-yolt 03 jwg = F("dwg")-m-volt | etad == F("eta0")

kI == B("k1")-volt™

I3b = F("k3b")-volt |
al=F("al")
al=F("al")

nlx := F("nlx" )-m
pclm = F("pclm")

K2 = F(nkzn )I

keta := F("keta")-volt !

lint ;= F("lint")-m
nch := F("nch")-m 3

nsub := F("nsub")-m 3

pdiblcl := F("pdiblcl")

prwb := F("prwb")-V 05

pscbe2 := F("pscbe2")~i pvag := F("pvag")
volt

,j,§v\:: F("jsll)
A?J:V:: F("at")

A?J:V:: F("at")

nfactor := F("nfactor")

A?J:V:: F("at")

pdible2 := F("pdiblc2")

dvt2 == F("dvi2")-volt |

-1
prwg := F("prwg" )-volt

rdsw := F("rdsw" )‘ohm‘um1



rsh := F("rsh") al=F("al") a2 =F("a2") at:=F("at")
tcls ;= F("tcls") Aa}\}N:: F("al") a2;:= F("a2") tnom := F("tnom")
tox := F("tox")-m u0 := F("u0")-c2 vs va:= F("ua")m-V ! val := F("ual")-mV !
ub = F("ub")~m2-V_ 2 ubl = F("ubl")-m2~V_ 2 uc == F("uc")m-V 2 ucl = F("ucl")-m2~V_ 2
ute := F("ute") vbm := F("vbm" )-volt vbx := F("vbx")-volt voff := F("voff")-volt
vsat := F("vsat")~£ vthO := F("vth0")-volt w0 := F("w0")-m wint ;= F("wint" )-m
sec
win := F("wIn") wl == F("wl") wwn = F("wwn" ww = F("ww"
wwlx := F("wwl") xj == F("xj")-m at:= F("at")
—7 - 10 -6 -6 wr=1 wln=1
xt:= 15510 "-m fox := 8500-10 " -m dWeff := 0.3-10 "m dLeff := 0.25-10 "m
PHYSICAL CONSTANTS: . _7 wl = —146x 10~ 13-m2
14 farad _ 19 _23 lint=1.17%x 10 m MW
€, := 8.854-10 c_m q=1.602-10 “-coul k:= 1.380658-10 ~-joule ww =151 x 10” 14
19 -3 19 -3
Eox = 3.9, g4:=119¢, Nc:=2.8-10 "-cm Nv:=1.04-10 "-cm wwn = 1 W= WW-m
0 3 wwlx = -6.02x 107 2
DEVICE PARAMETERS: T:=300.15 Vis == 0-volt Asub = 10""-m
- 1:= wwlx~m3
toxm := tox dL := lint nds := 1020~m 3 8;:= 0.001-volt 2.2.26 Wk
CALCULATIONS:
-4 _2 1.5 -6
T 7.02x 10 T T Egq) - =
v = k— Egoi= | 116 - = volt ni= 145100 —— | exp| 21.5565081 - -2 |.cm~ 3 W= 14x 10 "m
q T+ 1108 300.15 2k-T _6
L=14x10 "m
1 1
dWp = wint + AL kil + W Leg =L —2-lint
! e\ e\ e\ Wetr, := W —2-:dWp
(1.4>< 10 m) (1.4>< 10 m) ~(1.4>< 10 m)
2
€ox kT nch q-nch-xt kT nch-nds
Cox=— O = 2—11’1(—) Vix = Gg ——— Vii = —ll’l( j
tox q ni 2-gg q 2
ni
1/2~q-€si~nch 1[2-q-€si-nsub
M= Y=
COX COX
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Berkeley example defines k1 and k2
K, = (ﬁ{l _FYZ)'('\'(I)S_VbX_\/aS)
T O P R S OSE

2
K, 2
Vie = 0.9 b — (K) Visett == Vie + 0'5'|:Vbs = Vpe — 8 + \/(Vbs — Vi — 61) - 4'61'Vbcj|
Ko
tox
2~€si‘¢s Xd = I:Z.Esr(d)s _ Vbs):l Klox = Kl'
Xgepo = 21.17B11 ep - q-nch toxm
q-nch
£ "Xd I3 Xd
= |——2 L= [——2(1 + dvi2-Vieeqy) 2.1.16
COX ox
Esi'Xdep Esi
Ly = |——(1 + dvt2w-V, Cy:=
tw COX ( bseff) d Xdep
Vi = vth0 — by — K[ Ajg Vinoox = Vth0 — Ky-\[dbg Kiox = K Koox = Ky

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

Wesso Loy Wesso Loy _
Dvtw := —dvtOw-| exp —dvtlw~$ + 2-exp —dvtlw-$ ~(Vbi - d)s) Dvtw = 7.152 x 10 3~Volt
“ltw tw
Legr Legr
Dvt = —thO(GXp(—dvtl-ﬁj + 2-exp(—dvtl~lL -(Vbi - d)s) Dvt = —-0.233-volt
“lt t
eta0 =0
Lest Legr
D(Vds) = —1+| exp| —dsub- » + 2-exp| —dsub-— -(etaO + etab'Vbseff)'VdS D(6-V) =0-V
Lo t0
nlx tox
Do = Kjpx| [1+— -1 + (k3 + k3b-V, —_— Do =-0.012-volt
fox ( eff j \las ( bseff) Weffp + w0 s
To = dvt2-Viygesr To=0 Vinoox = 0.85-volt
Vit(Vas) = Vinoos + Kiowy[@s = Viserr = Kooy Visetr + Do + Dvtw + Dvt + D(Vy) Vin(0-V) = 0.638-V
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2.2.11

Vi V) 1= [0 + Ko-( 8, = Vi = fa]] - [Kz'vbs + KI‘( v Elx ) lj\/&} Vir(0-V) = 0.876-V

eff
—dvtl-L —dvtl-L
(cdsc + edsed- Vg, + CdSCb'Vbseff)'(eXp( Vtzl effj T z'exp( th effj]

- ! t cit
temp4(VdS) = factor COX " Cox CoX
MVds) = (3 + 8~temp4(Vds))_ : n2(VdS) = (1 + 3'temp4(Vds))‘T0(Vds)
n(Vds) = if(temp4(Vds) >-0.5,1 - temp4(VdS),n2(VdS)) n(3-volt) = 0.384

Vs = Vin(Vas)
2.n(Vds)~ut.ln(1 + exp( 2~n(VdS)-vt jj

Vestett( Vess Vas) =

1+ 2n(v )C . Zd)s ex _Vgs — Vth(Vds) — 2'V0ff
ds) “ox q-&¢nch p 2~n(VdS).Ut

dW<Vgsans) = dWp + de'Vgsteff<Vgsans) + de'(\' s — Visefr — \/gs)

Wer( Vs Vas) = W = 2:dW( Vi, Vi)

0
Meff(vgsavdg) = u -
Ves + Vi V. Vs + VoV,
L+ (va+ uc'Vbseff)'(Lth(dS)j + ub.(L‘h(dS)j
tox tox
w N B
G(VgS,VdS) - T.ueff(VgS’VdS)‘Cox Op(L) = exp(ij + 2~exp(1_j
it t

Velocity, v, is not used explicitly in model

2-vsat
Metr Eete MettEete

1
EolVoe, Vyg) i = ———— ‘
sat( s dS) Meff(vgssvds) V= ifl ——m > Vsat,Vsat,—
Eefr
1 1+ =
sat

Eer
Esat

Eefi(Ves: Vas) 1= 6-tox
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2
A V.= L
bU1kX(VgS ’ ds) =1 agS‘Vgsteff (Vgs d Vds) ( T j

Leff + 2'\’ Xj'Xdep

Kiox a0-Legr b0 1
Abulk(Vgsans) =1+ : " ‘(Abulkx(vgsavds)) + :
2'\' d)s - Vbseff Leff + 2'\' XJ'Xdep Weffp + bl 1+ keta'vbseff

Esat(vgs > Vds)'Leff' (Vgsteff(vgsa Vds) + Z'Vt)
Abulk<vgs7 Vds)'Esat(Vgsa vds)'Leff + (Vgsteff(vgsa Vds) + Z'Vt)

Vdsat(Vgs > Vds) =

1
Vdseff(Vgsans) = Vdsat(Vgsans) - E‘[(Vdsat(vgsavds) - Vds - 6) + \/ (Vdsat(vgsavds) - Vds - 6>2 + 4‘6'Vdsat(vgsavds):|

Abulk(vgs > Vds) : Esat(vgs ’ vds) . Leff
pclm- Abulk(vgs ’ vds) . Esat(vgs ’ Vds) : 1itl

'(Vds - Vdseff(Vgsa Vds))

litl = '\' 3'Xj‘t0X Vaclm(VgS,Vds) =

, Legr Legt ,
Brout = pdlblcl(exp[—drout 2'1toj + 2‘exp(—drout~ » jj + pdiblc2 wr = 1
I'dSW'|:1 + erg'Vgsteff(ngVds) + erb'(\’ d)s — Visetr — \/Es)il
Rds(VgSans) = )
Weffp

(Vgsteff (Vgs > Vds) +2 Vt) Abulk(vgs > Vds) : Vdsat(vgs > vds)
Vadiblc(vgsavds) = . 11 =

erout'(l + pdlble'Vbseff) Abulk(vgsaVds)'vdsat(vgsavds) + Vgsteff<vgs7vds) + 2'Ut

Abulk( Vgs > Vds) : Vdsat( Vgs > Vds):|

VAsat(Vgsans) = Esat(Vgsans)'Leff + Vdsat(vgsavds) + 2‘Rds(Vgsans)'Vsat'Cox'Weff(VgsaVds)'Vgsteff(Vgsans)'|:1 - 2'<Vgsteff<vgsyvds) N 2'Vt)

+
Esat<vgs > Vds) : Leff Vaclm<vgs > Vds) vadiblc<vgs > vds

pvag: Vgsteff(vgs > Vds) j ) ( 1 1 -1
)

VA(Vgsavds) = VAsat(Vgsans) + [1 +
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Vv Vs, V,
Weff(Vgs,Vds)'Meff(VgSaVds)‘cox'vgsteff(VgSaVds)‘|:1 - Abulk<Vgs’Vds)' > (V dsszv( éi/ )d S_’)_ 2w
"\ Vgsteff\ Ygso Vds Yt

Leff‘(l + Vdseff(vgsyvds) j

Esat(vgsa Vds)'Leff

):|‘Vdseff(vgs > Vds)

Idso(Vgs > Vds) =

1 _ pscbe2 —pscbel-liy .
- P alphal = 0-volt_ alpha1 added in BSIM3V3.2. Rouchoz has not yet extracted.

Vascbe Leff vds - Vdseff
alpha0 + alphal-L g —betal Idso(Vgs’Vds) Vs — Vdseff(VgS’ Vds)
Top( Ve, Vi) = (Vi = Vieari( Vass Vo)) : 11
SUb( e dS) Leff ( @ dseff( e dS)) eXp(vds - Vdseff(vgsyvds)j Idso(vgsavds) " VA(Vgs’ Vds)
1+ Ryg(Vegss Vigs) ———~
Vdseff (Vgs > vds)
Idso(vgs’ Vds) ( Vds - Vdseff(vgsyvds)j |: pSCbCZ _pSCbel'litl 103
(Vi Vio) = 11+ L1+ (Vg = Vet Vi, Vao) ) : :
dS( e dS) Rds(vgs’Vds)'ldso(vgs7vds) VA(Vgs7Vds) ( @ dseff( e ds>> Leff P vds - Vdseff(vgs’ Vds) amp
Vdseff<vgs > Vds)
Vgs:=0..6 Vds:=0,05.9 Ryg(3-volt, 4-volt) = 601.46-Q  L(14-V,10-V) = 2407 x 10 " A
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MSIM3V3 Model for MOS Transistor Drain Current (Id) versus Drain to Source Voltage (Vds)

MNL 14x1.4um Idversus Vds

1

I45(6-volt, Vds-volt)o'9
—— 0.8
I35(5-volt, Vds-volt)

0.7

Igs(4-volt, Vds-volt) ,

I45(3-volt, Vds-volt)0.5

I45(2-volt, Vds-volt)0-4

Ids (mA)

0.3
Igs(1-volt, Vds-volt)
— 0.2

0

Vds
Vds (volt)
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