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MOSFETs

General form:
MEXKXXXX ND NG NS NB MNAME <L=VAL> <W=VAL> <AD=VAL> <AS=VAL>
+ <PD=VAL> <PS5=VAL> <NRED=VAL> <NRS=VAL> <0OFF>
+ <IC=VDS, V&GS, VBS»> <TEMP=T:>

Examples:
M1 24 2 0 20 TYPEL

M31 2 17 & 10 MODM L=5U W=2U
M1 2 9 3 0 MOD1 IL=10U0 W=5U AD=100P AS=100F PD=40U PS=40U

MOSFET Models (NMOS/PMOS)

SPICE provides four MOSFET device models, which differ in the

http://www.advancesoft.jp/

[ 1
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formulation of the I-V characteristic. The variable LEVEL specifies the

model to be used:

LEVEL=1 -> Shichman-Hodges

LEVEL=2 -> M0S2 (as described in [1])

LEVEL=2 —-> MOS3, a semi-empirical model (ses [1])
LEVEL=4 -> BSIM (as described in [3])

LEVEL=5 -> new BSIM (BSIMZ2; as described in [5])
LEVEL=6 ->> MDSé (as described in [2]1)

http://bwrcs.eecs.berkeley.edu/Classes/IcB

MOSFET#8E D ErEA, 00k/SPICE/MANUALS/spice3.html
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EEES 2alL—ETHEHLN T  zmos6 ET IV FDIEEZAS. GEH/—FRDER

DE

LELME(Von) LT

[d=0 /-oEBEFLTEFIALYS AL FEREER TR, T/AARSIaL—REREHEL

Cgs = 1/3 X Cox X Max(1+(Vgs-Von)/(2D),0) + Cgs overlap /:BEBRTOBEEMLE
Cgd = Cgd overlap

Cgb =Cox X (-1) X (Vgs-Von)/2 X Max(®,-(Vgs-Von))

Rz MR (Vdsat= Vds)

Id =Idsat X (1 + A Vds)

Cgd = 1/3 X Cox X [1-{Vdsat/(2 X Vdsat-Vds)}?]+ Cgd overlap

Cgs = 1/3 X Cox X [1-{(Vdsat-Vds)/(2 X Vdsat-Vds)} 2]+ Cgs overlap

BFNFEE (Vdsat>Vds)
Id =Idsat X (1 + A Vds) X (2-Vds/Vdsat) X Vds/Vsat
Cgs = 1/3 X Cox + Cgs overlap, Cgd = Cgd overlap

8L

Cox = eox /Tox X W

Von = Vtho + vy {sqrt(®-Vbs)-O}

Vdsat = Kv X (Vgs-Von)N, Idsat = Kc X Wg/(Lg-2 X Ld) X (Vgs-Von)N¢
A =A0-Al1 X Vbs

Copyright (©2018 AdvanceSoft Corporation. All rights reserved.
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(BIRRET JLmos6Z{FEoI=1/\—4)
BL. FEAN\—EN4EEYRLTHSDZE1EICLT,

pMOS pMOS pMOS VDD(=5V)
L 1.2pm L 1.2um L 1.2um
| W Sum W 20um W 10um pMOS
—] Vou L1.2um
Vin — Vout3 W 10um
— I pF Vout2
— J_ Vout4
_|
£nMOS L -
L lum T 1pF IpF IpF
W Sum
| ] GND
nMOS Tox 19.8nm Vth = 0.69486 V 4 EIR#2 B Dnmosz

pMOS Tox 19.8nm Vth =-0.60865 V
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MP14 11 10100 100 P12L5 L=1.2U W=5U
MNII 11100 12 0 NIOL5 L=1.0U W=5U
MN12 12100 13 0 NIOL5 L=1.0U W=5U
MNI13 13100 14 0 NIOL5 L=1.0U W=5U
MNI14 14 10 0 0 NIOL5 L=1.0U W=5U

MP21 23 0100100 P12L5 L=1.2U W=20U
MP22 22 11 23100 P12L5 L=1.2U W=20U
MP23 21 0 22100 PI2L5S L=1.2U W=20U
MN22 21 11 0 0 NIOLS L=1.0U W=5U

MP31 31 21100100 P12L5 L=1.2U W=10U
MN31 31 21 32 0 NI1OLS L=1.0U W=5U
MN32 32100 0 0 NIOLS L=1.0U W=5U

MP41 41 31100 100 P12L5 L=1.2U W=10U
EMINAL 41 31 00 NIOLS =1 00U W=5U

nl 41
n2 31

Cll1 11 0 1P
C21 21 0 1P
C31 31 0 IP
C41 41 0 1P

VDD 100 0 5
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# Circuit Definition File
+H

T

#
2
Electrode Al 4 nl
Electrode Al 5n2

4]

BT 741 )L(.cir)

VIN 10 0 DC0PWL(002N 530N 532N 0)
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**%% LEVEL 6 NMOS **%%*
.MODEL N10L5 NMOS
+ LEVEL=6 TPG=1

http://www.advancesoft.jp/
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+ KC=3.8921e-05 NC=1.1739 KV=0.91602 NV=0.87225
+ LAMBDA0=0.013333 LAMBDA1=0.0046901 VT0=0.69486 GAMMA=0.60309 PHI=1

+ TOX=1.9800000E-08 XJ=0.2U LD=0.1U NSUB=4.9999999E+16
+ NSS=0.0000000E+00
+ CJ=4.091E-4 MJ=0.307 PB=1.0

+ CJSW=3.078E-10 MJSW=1.0E-2

+ CGSO=3.93E-10 CGDO=3.93E-10
**%% LEVEL 6 PMOS **%**

.MODEL P12L5 PMOS

+ LEVEL=6 TPG=-1

+ KC=6.42696E-06 NC=1.6536 KV=0.92145 NV=0.88345
+ LAMBDA0=0.018966 LAMBDA1=0.0084012 VT0=-0.60865 GAMMA=0.89213 PHI=1

+ TOX=1.9800000E-08 XJ=0.4U LD=0.28U NSUB=4.9999999E+17
+ NSS=0.0000000E+00
+ CJ=6.852E-4 MJ=0.429 PB=1.0

+ CJISW=5.217E-10 MIJSW=0.351
+ CGSO=7.29E-10 CGDO=7.29E-10

[BE& 774 JL(.cir)

Copyright (©2018 AdvanceSoft Corporation. All rights reserved.
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T. Sakurai and A. R. Newton. A simple MOSFET model for circuit
analysis and its application to CMOS gate delay analysis and series-
connected MOSFET structure. ERL Memo No. ERL M90/19,
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March 1990.
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Ref. B. Jayant Baliga, “Fundamentals of Power Semiconductor Devices,” Springer Science + Business Media, 2008.
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Ref. S. Poli, S. Reggiani, R. K. Sharma, M. Denison, E. Gnani, A. Gnudi, and G. Baccarani,
IEEE Trans. Electron Devices, 59, p. 745 (2012).
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