BSIM4.2.1 MOSFET Model

- User’'s Manual

Current BSIM Team: Xuemei (Jane) Xi, Kanyu M. Cao, Hui
Wan, Mansun Chan, Chenming Hu

Previous Contributors: Weidong Liu, Xiaodong Jin, Jeff Ou

Project Director: Professor Chenming Hu

Department of Electrical Engineering and Computer Sciences

University of California, Berkeley, CA 94720

Copyright © 2001
The Regents of the University of California

All Rights Reserved



BSIM4.2.1 Developers:

Professor Chenming Hu (project director), UC Berkeley
Xueme Xi, UC Berkdey

Kanyu M. Cao, UC Berkeley

Hui Wan, UC Berkeley

Weidong Liu, Avanti! Co.

Xiaodong Jn, Marvell Technology

Mansun Chan, UC Berkeley

BSIM4.2.0 Developers:

Professor Chenming Hu (project director), UC Berkeley
Weidong Liu, UC Berkdey

Xiaodong Jn, UC Berkdey

Kanyu M. Cao, UC Berkeley

Jeff J. Ou, UC Berkeley

Xueme Xi, UC Berkdey

BSIM4.1.0 Developers:

Professor Chenming Hu, UC Berkeley
Weidong Liu, UC Berkdley

Xiaodong Jn, UC Berkeley

Kanyu M. Cao, UC Berkeley

Jeff J. Ou, UC Berkeley

BSIM4.0.0 Developers:

Professor Chenming Hu, UC Berkeley
Weidong Liu, UC Berkdley

Xiaodong Jn, UC Berkeley

Kanyu M. Cao, UC Berkeley

Jeff J. Ou, UC Berkeley

Web Sites:

BSIM4 web ste with BSIM source code and documents:

http:/Amww-device.eecs.ber keley.edu/bsm3/~bsim4.html

Compact Mode Council: http:/Mmww.eigroup.org/~CM C







Preface

BSIM4, as the extenson of BSIM3 model, addresses the MOSFET physical effects into sub-
100nm regime.

The continuous scaing of minimum feature Sze brought chalenges to compact modding in two
ways. One is tha to push the barriers in making trangstors with shorter gate length, advanced
process technologies are used such as non-uniform subdtrate doping. The second s its
opportunities to RF gpplications.

To meet these chalenges, BSIM4 has the following mgor improvements and additions over
BSIM3v3:

(1) An accurate new model of the intrindgc input resistance for both RF, high-frequency
andog and high-speed digitd applications;

(2) Anaccurate gate direct tunneling mode;

(3) A gate-induced drain/source leskage (GIDL/ GISL) current model, available in BSIM
for thefirg time;

(4) Hexible substrate resstance network for RF modeling;

Other improvements include: 5) A new accurate channd therma noise modd and a noise
partition modd for the induced gate noise; 6)A non-quas-datic (NQS) mode that is
consggtent with the Rg-based RF modd and a consstent AC modd that accounts for the
NQS effect in both transconductances and capacitances. 7)A comprehensive and versatile
geometry-dependent parasitics model for various source/drain connections and multi-finger
devices, 8)lmproved model for steep vertical retrograde doping profiles, 9)Better model for
pocket-implanted devicesin Vth, bulk charge effect modd, and Rout; 10)Asymmetrica and
bias-dependent source/ drain resstance, ether interna or externd to the intrinac MOSFET
a the user's discretion; 11)Acceptance of either the eectricd or physical gate oxide
thickness as the mode input at the user's choice in a physicaly accurate manner; 12)The
quantum mechanical charge-layer-thickness modd for both 1V and CV; 13) A more
accurate mohility modd for predictive modding; 14)An improved unified flicker (1/f) noise
modd, which is smooth over dl bias regions and consders the bulk charge effect;
15)Different diode IV and CV characteristics for source and drain junctions, 16)Junction
diode breskdown with or without current limiting; 17)Didectric congant of the gate
dielectric asamode parameter.



