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A b s tra c t . T h e  p a p er  fo llo w s th ro u g h  th e  evo lu tio n  o f S P IC E  m o d e ls  fo r  M O S F E T s p la c in g  th e  
em p h a sis  u p o n  th e  la tes t co m p a c t m o d e l g en era tio n  (B S IM 3 v3 , B S IM 4 , M M 1 1 , E K V , S P ). T h e  
M O S F E T  m o d e ls  a re  exa m in ed  fo llo w in g  th e  tren d  o f sh r in k in g  tec h n o lo g y  s izes , lo w  vo lta g e  a n d  
lo w  p o w er d es ig n . T h e  p r in c ip les  o f th e  m a in s trea m  m o d e lin g  a p p ro a ch es  a re  o u tlin e d . M a jo r  
p h ysica l e ffec ts  a r is in g  fro m  tec h n o lo g y  d o w n sca lin g  to w a rd s  su b -1 0 0 -n m  a n d  th e ir  
im p lem en ta tio n  in  th e  m o d e ls  a re  a d d resse d . C o m p a riso n  b e tw ee n  m o d e ls  re v iew e d  is  p ro v id e d  
a s  w e ll a s  g en era l c o m m en ts  fo r  m o d e l a p p lica b ility . T h e  p ro sp ec tiv e  d irec tio n s  o f m o d e l 
d eve lo p m en ts  h a v e  b ee n  p o in ted  o u t 

I. INTRODUCTION 

O v e r th e  p a s t 3 0  ye a rs  th e  p ro g re ss  in  th e  p e rfo rm a n c e  o f  S i V L S Is  h a s  b e e n  
fu e le d  b y th e  re m a rk a b le  d o w n sc a lin g  o f  S i d ev ic e  fe a tu re  s iz e s  to  le ss  th an  1 0 0  n m  an d  
th e ir d e n se r in te g ra tio n  o n  a  s in g le  c h ip  (F ig . 1 ) . D u e  to  th e se  p a ra lle l o n g o in g  
d ev e lo p m e n ts  re q u ire m e n ts  fo r c irc u it s im u la tio n s a re  ris in g ; a c co rd in g ly , d ev ic e  
m o d e lin g  is  b e c o m in g  in c re a s in g ly  r ig o ro u s . T h e  m o s t im p o rta n t m o d e lin g  issu e  is  to  
e n su re  su ff ic ie n t s im u la tio n  a c c u ra c y a n d  ap p lic a b ility  fo r a n y  te c h n o lo g y. A  m ajo r  
m o d e lin g  g o a l in  th e  d o w n sca lin g  C M O S  V L S I tec h n o lo g y  is  to  se t u p  a  co h eren t m o d e lin g  
in fra stru c tu re  fro m  p ro c ess  th ro u g h  d e v ic e /c irc u it to  sy ste m s le v e l. F in d in g  a n  o p tim a l trad eo ff  
b e tw e en  m o d e l c o m p le x ity  an d  s im u la tio n  tim e  
is  an o th e r m o d e lin g  g o a l. 

In  th is  co n tex t th e  d ev e lo p m e n t o f  
p h ys ic s -b a se d  m o d e ls  fo r c ircu it s im u la tio n s  
th a t co v e r  g e o m e try , b ia s , te m p e ra tu re , D C , 
A C , R F , a n d  n o ise  c h a ra c te r is tic s  b e c o m e s  a  
m a jo r  g o a l. F o r a c h ie v in g  th is  ta sk  it is  
n e c e ssa ry  fo r th e  p h ys ic is ts , e le c tro n ic  
e n g in e e rs  a n d  c ircu it d e s ig n e rs  to  h av e  a  
g o o d  k n o w led g e  o f  th e  e x is tin g  d iv e rs ity  o f  
m o d e ls  an d  th e  sp u rs  o f  th e ir  d ev e lo p m e n t. 

 



II. MOSFET MODELING APPROACHES 

M O S F E T  c o m p a c t m o d e ls  m u st ac co u n t fo r  th e  ch an g e s o b se rv ed  in  d ev ice  
ch a ra c te ris tic s . M o d e ls  a re  su p p o sed  to  b e  s im p le  (c o m p a c t) a n d  h ig h ly  a c c u ra te . T o  f in d  
a n  o p tim a l c o m p ro m ise  b e tw e e n  th e se  co n trad ic to ry  re q u ire m e n ts , d iffe ren t a p p ro a ch e s  
a re  u se d : re g io n a l, su rfa c e -p o ten tia l-b a se d , h yb rid . 
R E G IO N A L  A P P R O A C H  —  M O S  tran sis to r  o p e ra tio n  in  th e  lin ea r re g io n  an d  in  sa tu ra tio n  is  
d e sc rib e d  b y  tw o  se p ara te  eq u a tio n s. A  fu n d a m en ta l p ro b le m  o f re g io n a l m o d e ls  is  th a t th o u g h  
ID  an d  d I D /d V D S  a re  c o n tin u o u s a t V D S

sa t, d 2ID /d V D S
2  is  n o t. C o n tin u ity  is  en su red  b y  m e an s o f 

sm o o th in g  fu n c tio n s ; b esid e s, a  s in g le  e q u a tio n  fo r th e  d ra in  cu rre n t is  o b ta in e d . M o d e l 
eq u a tio n s a re  e xp lic it  fu n c tio n s o f ap p lie d  v o ltag e s an d  h av e  m o d era te ly  s im p le  
im p le m en ta tio n  in to  s im u la tio n  to o ls . S ca lab ility  is  im p ro v ed  b y  b in n in g . P ro b le m atic  is  th e  
la rg e  n u m b er o f n o n p h y sica l p a ra m ete rs  in tro d u c ed  fo r sm o o th in g  w h ich  in d u ce  ad d itio n a l 
p a ra m e te rs . In  re su lt, th e  to ta l n u m b er o f p a ra m ete rs  ea sily  e x c ee d s 1 5 0  (B S IM 3 /4 )  [1 ].  
S U R F A C E  P O T E N T IA L  B A S E D  A P P R O A C H  g iv e s m o st ac cu ra te  re su lts  w ith  th e  m o d e ls  v a lid  fo r  
a ll re g io n s  o f tran sis to r  o p era tio n . D isco n tin u itie s  a re  e lim in a te d  w ith o u t sm o o th in g  
p a ra m e te rs . T h e  d ra in  c u rren t is  d e sc rib e d  w ith  th e  su rfa ce  p o te n tia ls  a t th e  so u rc e  s id e , φs0 , 
an d  a t th e  d ra in  s id e , φsL . T h ey  a re  th e  k e y  q u a n titie s  c a lc u la te d  b y  ite ra tiv e ly  so lv in g  th e  
P o isso n  eq u a tio n . A  d ra w b ac k  is  th e  n ee d  fo r ite ra tiv e  co m p u ta tio n  o f φs0 an d  φsL  a s  fu n c tio n s  
o f ap p lie d  v o lta g e s (n o  an a ly tic a l so lu tio n ) . A d d itio n a l p ro b le m  is  th e  re la tiv e ly  c o m p le x  
im p le m en ta tio n  an d  s lo w  e x e cu tio n  tim e . H o w ev er, so lu tio n s  to  o v erc o m e  th e se  d iffic u ltie s  
h av e  b e en  p ro p o se d  in  rec en t m o d e ls  l ik e  M M 1 1  [2 ] , [3 ]  an d  S P  [4 ] .  

H Y B R ID  A P P R O A C H  c o m b in e s ad v a n ta g e s o f  b o th  p re sen ted  ap p ro ac h e s. H ere  th e  
ch a rg e  lin e a riz a tio n  m e th o d  is  u tilize d . T h e  su rfa ce  p o ten tia l a t th e  so u rc e  s id e  is  d e sc rib e d  
an a ly tica lly , an d  th e  d ra in  s id e  p o ten tia l is  ap p ro x im ated  b y  V D S

sa t. T h e  E K V  m o d e l a d o p ts  
su ch  m e th o d  [5 ] , [6 ] , [7 ] . 

A ll M O S F E T s d o w n sc a le d  to  th e  su b -1 0 0 -n m  su ffe r  lo ts  o f u n w a n te d  sh o rt-ch an n e l 
an d  q u a n tu m  e ffec ts : c h an n e l-len g th  m o d u la tio n  (C L M ), v e lo c ity  sa tu ra tio n  re su ltin g , d ra in -
in d u ce d -b arrie r  lo w erin g  (D IB L ), re v e rse  sh o rt-c h a n n e l (R S C ) e ffe c t, su b s tra te  cu rren t 
in d u ce d  b o d y  e ffe c t (S C B E ), so u rc e -to -d ra in  an d  g a te  le ak ag e  cu rre n ts , p o ly d e p le tio n , e tc . 
T h e se  e ffe c ts  re str ic t o r  ev en  co m p ro m ise  co n v e n tio n a l M O S F E T  o p era tio n . 

III. THE EVOLUTION OF SPICE MODELS 

S P IC E  is  w id e ly  a d o p te d  to o l (a  d e  fa c to  s tan d a rd ) fo r s im u la tio n  o f  e le c tric a l  
c ircu its . It  is  m a d e  u p  o f  tw o  d is tin c t p a rts : s im u la to r  an d  d e v ic e  m o d e ls . T h e  s im u la to r is  
th e  m a th e m a tic a l in s tru m e n t fo r n u m e ric a l a n a lyse s . D ev ic e  m o d e ls  rep re se n t th e  d e v ic e  
in  m a th e m a tic a l te rm s;  th e y  a re  a t th e  co re  o f  th e  s im u la tio n  p ro g ra m .  

H is to ric a lly  S P IC E  M O S F E T  m o d e ls  h a v e  fo rm e d  u p  in to  th re e  g e n e ra tio n s . F irs t 
m o d e l g e n era tio n  is  c o m p rise d  o f L ev e l 1 , L e v e l 2 , a n d  L ev e l 3  m o d e ls  th a t co n stitu te  th e  
o rig in a l re le a se  o f B erk e le y  S P IC E . T h e y  a re  p h y sic a lly  b a sed  m o d e ls , try in g  to  in c lu d e  a ll  
g eo m e try  d ep en d e n c y  in  th e  m o d e l eq u a tio n s , ra th e r th an  fo cu sin g  o n  th e ir  m a th e m atica l  
rep re sen ta tio n . S e co n d  g e n era tio n  co n sis ts  o f  B S IM  (B e rk e le y S h o rt-C h a n n e l IG F E T  



M o d e l), B S IM 2 , a n d  m o d ified  B S IM . I t sh ifts  th e  fo c u s to  c ircu it s im u la tio n  an d  p a ra m ete r  
ex trac tio n . T h e  e q u a tio n s a re  su b je c t to  e x ten siv e  m ath e m atica l co n d itio n in g . T h ird  
g en e ra tio n  re tu rn s to  a  s im p le r a n a ly tic a l  m o d e l s tru c tu re  w ith  red u c ed  n u m b e r o f  
p h ys ic a lly  b a se d  p a ra m e te rs . M o d e ls  re ly  o n  sm o o th in g  fu n c tio n s to  o b ta in  s in g le -
e q u a tio n s fo r th e  I-V  a n d  C -V  ch a ra c te r is tic s  an d . T o  th ird  g e n e ra tio n  b e lo n g  B S IM 3 /4 , 
M M 9 , E K V  v 2 .6  a s  w e ll a s  M M 1 1 , E K V  3 .0 , S P  a n d  o th e r  n e w  m o d els . 
o B S IM 3  is  a  p h y sica l m o d e l b a sed  o n  a  c o h eren t q u a si tw o -d im e n s io n a l an a ly sis  o f th e  
M O S F E T  stru c tu re , ta k in g  in to  ac co u n t th e  e ffe c ts  o f d ev ic e  g e o m etry  an d  p ro c e ss  p a ra m e te rs . 
A s su c h , sca lab ility  is  in h e ren tly  in c o rp o ra ted . B S IM 3  in c lu d es  m a jo r h ig h -fie ld  a n d  sh o rt-
ch an n e l e ffe c ts : m o b ility  re d u c tio n  o w in g  to  v e rtic a l fie ld , c a rrie r  v e lo c ity  sa tu ra tio n , D IB L , 
C L M , su b stra te  c u rren t, S C B E , su b th re sh o ld  cu rre n t, p a ra sitic  re sis tan ce  e ffe c ts . B S IM 3 v3  
(1 9 9 5 ) is  th e  la te s t p h y s ic a l b a se d , d e ep  su b m ic ro n  m o d e l th a t is  a p p lic ab le  to  L g a te ~  0 .1 8  
µm ; its  m o s t re c e n t v a ria tio n  is  B S IM 3 v 3 .2  (1 9 9 8 ) [8 ] . 

T h e  g e n e ra l fo rm  o f  th e  d ra in  c u rre n t e q u a tio n  is  g iv e n  b y 
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(2 )    eff

eff

eff

eff

eff

0,

22

1

1
DS

GST

DSbulk

effsat

DS
eff

GSToxeffeff
DS V

q

kT
V

VA

L

V
L

VCW
I



























+

−












+

′
=

ε

µ
    , 

C ’o x  —  o x id e  c a p a c ita n c e  p e r u n it a re a , V D S
ef f —  effe c tiv e  d ra in -to -so u rc e  v o lta g e , V G S T

e ff  
—  effe c tiv e  sm o o th in g  fu n c tio n  o f  (V G S  –  V T h) ; A b u lk  is  th e  b u lk -ch a rg e  c o eff ic ie n t.  
o B S IM 4  is  th e  la te s t a d d itio n  to  th e  B S IM  fa m ily  (2 0 0 0 ). Im p ro v e m e n ts  a re  m a d e  in  I-
V  m o d e lin g  o f  th e  in tr in s ic  tran s is to r , n o ise  m o d e lin g , in co rp o ra ted  a re  e x trin s ic  
p a ra s itic s , e tc . In c lu d e s q u a n tu m  m e c h a n ic a l (Q M ) c h a rg e  th ic k n e ss  m o d e l, g a te  
tu n n e lin g  c u rre n t m o d e l, h o lis tic  th e rm a l n o ise  m o d e l, su b s tra te  re s is tan c e  m o d e l, e tc . T o  
f ix  th e  a sy m m e try  p ro b le m , a  d yn a m ic  re fe re n c e  a p p ro a ch  is  in tro d u c ed  [8 ] . 

T h e  g en era l d ra in  cu rren t e q u a tio n  is  th e  sa m e  a s  in  B S IM 3  (E q . (1 ))  w ith  th e  
ex p re ss io n  fo r th e  I D S ,0  c h an g e d   

(3 )    eff

eff

,

eff

eff

,

0,

22

1

1
DS

GST

effDSbulk

effsat

DS
eff

GSTeffoxåôôåôô

DS V

q

kT
V

VA

L

V
L

VCW
I
























 +
−









+

′
=

ε

µ
 

T h e  d iffe ren ce  is  in  th e  e ffec tiv e  ca p a c ita n c e  p e r u n it  a rea  C ’o x ,eff w h ich  rep lac e s C ’o x  o f  
E q . (2 ) . T w o  ty p es  o f  g a te  o x id e  th ick n e ss  a re  in tro d u ce d  in  B S IM 4 : � p h y sic a l o x id e  
th ic k n ess  ( to x ,p h)  —  th e  ac tu a l g ro w n  th ick n e ss , an d  � e le c tr ic a l th ic k n e ss  ( to x ,e)  —  th e  o x id e  



th ic k n ess  th a t fits  b e st to  th e  m e a su re d  d a ta . T h is  m o d ifie s  th e  ex p re ssio n  fo r  th e  o v era ll g a te  
ca p a c ita n c e : C ’o x  → C ’ox ,eff [1 ] . 
o M O S  M o d el 9  (M M 9 ) is  a  th re sh o ld -v o ltag e -b a se d  (V T h-b a sed ) m o d e l w ith  v e ry  c le an  
an d  s im p le  m o d e l e q u a tio n s d e v e lo p ed  b y P h ilip s  S e m ic o n d u c to rs  in  th e  e a rly  1 9 9 0 s . T o  
a c h ie v e  c o n tin u ity  in  d ev ic e  c h a ra c te r is tic s  s m o o th in g  fu n c tio n s  a re  u se d . T h e  m o d e l 
e x h ib its  g o o d  b e h av io r  in  a ll re g io n s o f  tran s is to r o p e ra tio n . It is  in te n d ed  fo r u se  in  b o th  
d ig ita l an d  a n a lo g  c irc u its  [9 ] . 
o M O S  M o d el 11  (M M 11 ) (2 0 0 0 ) is  su itab le  fo r d ig ita l, an a lo g  an d  R F  c irc u it d e s ig n . 
I t in c lu d e s a ll th e  p h ys ic a l p h e n o m e n a  im p o rta n t in  m o d e rn  a n d  fu tu re  C M O S  
te ch n o lo g ie s , su c h  a s  m o b ility  re d u c tio n , b ia s -d ep e n d e n t se r ie s  re s is ta n c e , v e lo c ity  
sa tu ra tio n , c o n d u c ta n c e  e ffe c ts  (C L M , D IB L , e tc .) , g a te  le a k ag e  c u rre n t, g a te -in d u c e d  
d ra in  le a k a g e , g a te  d e p le tio n , Q M  effe c ts , b ia s -d e p en d en t o v e rlap  c a p a c itan c e s , e tc . [2 ] , 
[3 ] , [9 ] . M M 1 1  is  a  sy m m e tric a l, su rfa c e -p o te n tia l-b a se d  m o d e l th a t u tiliz e s  sm o o th in g  
fu n c tio n  to  in te rp o la te  th e  I-V  c h a ra c te r is tic . T h e  c h an n e l c u rre n t is  sp lit u p  in  a  d rif t, Id r ift,  
a n d  a  d iffu s io n , Id iff, c o m p o n en t, diffdriftDS III += , w h ich  a re  a  fu n c tio n  o f  th e  g a te  b ia s  

V G B  an d  φs. T h e  su rfa c e  p o ten tia l φs is  im p lic itly  re la te d  to  th e  g a te  b ia s  V G B  (E q . (4 )) a n d  
th e  q u a s i-F e rm i p o ten tia l ΦF , an d  c a n  o n ly  b e  c a lcu la ted  n u m e ric a lly  u s in g  an  ite ra tiv e  
so lu tio n , ra th e r th a n  a n a lytic a lly . T h a t is  w h y  in  M M 1 1  an  e x p lic it a p p ro x im a tio n  o f  th e  
su rfa c e  p o ten tia l is  u se d . φs (in  th e  m o d e l it is  d e n o ted  w ith  ψs) c a n  b e  c a lc u la ted  f ro m  [9 ]   
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ϕT =  kT /q  —  th e rm a l v o lta g e , φB  —  su rfa c e  p o ten tia l a t th e  o n se t o f  s tro n g  in v e rs io n , m 0 ,  
k 0  (d en o te d  w ith  K P  in  o th e r  m o d e ls ), φp  —  p a ra m e te rs .  
o E K V  m o d el, d ev e lo p e d  a t th e  S w iss  F ed era l In stitu te  o f T ec h n o lo g y  in  L au sa n n e  (E P F L ), 
ad o p ts  a  p h y s ic s-b a se d  ap p ro a ch  th a t e x p lo its  th e  in h eren t sy m m e try  o f th e  d e v ic e  b y  re fe rrin g  
a ll th e  v o ltag es to  th e  su b stra te  (n o t th e  so u rce ). T h is  a llo w s th e  so u rc e  an d  d ra in  to  b e  tre a te d  
sy m m e tric a lly . E K V  v2 .6  (1 9 9 7 )  is  a  sca lab le  c o n tin u o u s co m p ac t m o d e l v a lid  fo r  a ll b ia s  
co n d itio n s [7 ] . T h e  m o d e l is  w e ll su ited  fo r s ta tis tic a l c ircu it s im u la tio n  a n d  en ab les  th e  
s im u la tio n  o f u ltra  d eep  su b m icro n  C M O S  in te g ra ted  sy ste m s , fro m  D C  to  R F . In  2 0 0 0 , E K V  
v 3 .0  h as  b ee n  a n n o u n ce d  [1 0 ]. T h e  c u rre n t I D S  is  n o rm alize d  th ro u g h  a  sp ec ific  cu rren t IS : 
(5 )     )(2)( 2
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i f ,  i r  —  n o rm a liz e d  fo rw a rd  a n d  rev e rse  c u rre n ts , n  —  e le c tro n  c o n c e n tra tio n . 
o S P  (su rfac e  p o te n tia l)  m o d e l is  a  p h y sics-b a se d  co m p ac t M O S F E T  m o d e l d e v e lo p ed  a t th e  
P en n sy lv an ia  S ta te  U n iv e rsity  (2 0 0 1 ). I t is  sy m m e tric  an d  u se s  su b stra te  a s  a  re fe ren ce . 
P ro v id e s a cc u ra te  d e sc rip tio n  o f a ll tra n sis to r  o p era tin g  re g io n s w ith  n o  d 2ID S /d V D S

2  s in g u la r ity . 
T h e  Q M  an d  p o lyd ep le tio n  e ffec ts  a re  e m b ed d ed  th ro u g h  φs-b ased  c o rrec tio n s. T h e  D C , Q S  
an d  N Q S  m o d e ls  a re  co n sis ten t a s  w e ll a s  th e  n o ise  m o d e ls  [4 ], [1 1 ]. S P  p ro c ee d s fro m  B rew s’ 
ch a rg e -sh e e t m o d e l [1 2 ]  an d  e m p lo y s an a ly tica l (n o n -ite ra tive )  co m p u ta tio n  o f φs fro m  



ac cu m u la tio n  to  in v ersio n  v ia  sy m m e tric  lin e a riz a tio n  [1 3 ] . F o llo w in g  th e  sy m m etric  
lin e a riza tio n  co n ce p t , th e  d ra in  cu rren t is  

(6 )      
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q in  —  n o rm a liz e d  in v . c h a rg e , φ —  effe c tiv e  su rfa c e  p o ten tia l, r L , α, V c ,  δ0  —  p a ra m e te rs .  

IV. COMMENTS ON THE MODELS 

F ittin g  o f d ev ic e  d a ta  fro m  d iffe re n t tec h n o lo g ie s  ac ro ss  th e  in d u stry  w ith  h ig h  
ac cu rac y  is  th e  m o s t c h a lle n g in g  ta sk  fac in g  co m p a c t m o d e ls . M o d e ls  su ch  a s  B S IM 3 /4 , M M 9  
a re  b a se d  o n  V T h  fo rm u la tio n . A  d isad v an tag e  o f th is  a p p ro a ch  is  th e  u se  o f a p p ro x im ate  
ex p re ss io n s o f I D S  in  th e  w e ak - an d  in  s tro n g -in v ersio n  reg io n s w h ich  a re  t ied  b y  a  sm o o th in g  
fu n c tio n . T h e  re su lt is  n e ith e r p h y sic a l n o r ac cu ra te  d e sc rip tio n  o f ID S  in  th e  m o d era te  
in v ersio n  reg io n  w h ic h  b ec o m es  in c re as in g ly  im p o rtan t in  an a lo g  an d  R F  d e sig n  s in c e  
M O S F E T s a re  ty p ica lly  b ia sed  in  m o d era te  in v ersio n . T o  e n la rg e  th e  p h y sic a l co n te n t, m o d e l 
d ev e lo p m en ts  fo cu s o n  ch a rg e  sh ee t m o d e ls  b a se d  o n  φs fo rm u la tio n . T h e se  m o d e ls  a llo w  an  
in h eren tly  s in g le -e q u a tio n  an d  a c cu ra te  c a lc u la tio n  o f I D S . T h e  rec en t re se a rc h  in d ica te s  th a t φs-
b a se d  m o d e ls  c o u ld  se rv e  a s  b as is  fo r  th e  n e x t su b -1 0 0 -n m  g en era tio n  o f c o m p a c t m o d e ls . 

T ab le  1 . C o m p a riso n  o f  th e  F is t a n d  S e co n d  g e n e ra tio n  m o d e ls . 
N u m b er  o f p ara m eters   M o d el Y ear  

H S P IC E  († )    S P IC E 3  (‡ )  
A p p lica b le  to  L g a te 

L ev e l 1  1 9 7 2  5  n .a . L g a te >  1 0  µm  
L ev e l 2  1 9 7 6  2 0  (7  b a s ic ) n .a . L g a te ~  1 0  µm  
L ev e l 3  1 9 7 8  2 2  (6  b a s ic ) 4 2  L g a te ~  2  µm  
B S IM 1  1 9 8 5  9 7  (1 0  b a s ic ) 7 7  L g a te ~  1 .0  µm  
B S IM 2  1 9 9 0  9 2  1 3 3  L g a te ~  0 .2  µm  
M o d . B S IM  n .a . 9 3  n .a . L g a te ~  0 .3  –  0 .5  µm  

(† )  S ta r-H sp ice  M a n u a l, R e lea se  2 0 0 1 .2 , Ju n e  2 0 0 1 , h ttp ://w w w .ece .c m u .e d u /~ ee7 6 2 /h sp ice -d o cs /  
(‡ )  S P IC E 3  U se r G u id e , h ttp ://n ew to n .ex .ac .u k /teac h in g /C D H W /E lec tro n ic s2 /u se rg u id e / 

T ab le  2 . C o m p a riso n  o f  th e  m o s t p o p u la r  an a ly tic a l c o m p a c t m o d e ls . 

M O D E L  N u m . o f 
p ara m .  

In version  
m o d el 

D ra in  
cu rren t 

M o d el 
core  ref. 

S y m -
m etry  

Q u a n tu m  
effects  

B S IM 3  ≈ 8 5  (1 9 0 * ) V T h-b a se d  D rif t S o u rc e  N o  Y e s 
B S IM 4  (2 5 9 * ) V T h-b a se d  D rif t S o u rc e  Y e s Y e s 
M M 9  ≈ 5 0  (1 1 3 * ) V T h-b a se d  D rif t S o u rc e  N o  N o  
M M 1 1  ≈ 6 0   φs-b ase d  D rif t& D iff . B u lk  Y e s Y e s 
E K V  v 2 .6  2 7  (4 1 * ) H yb rid  D rif t B u lk  Y e s Y e s 
E K V  v 3 .0  n .a . H yb rid  D rif t  B u lk  Y e s Y e s 
S P 2 0 0 1  ≈ 3 0  φs-b ase d  D rif t& D iff . B u lk  Y e s Y e s 

*  n u m b er o f  p a ra m e te rs  in  H S P IC E  



C o m p ariso n  o f th e  th re e  g en era tio n  m o d e ls  is  p re se n te d  in  T a b le  1  a n d  T ab le  2 . T h e  
m ajo r in d u stry  m o d e ls  to d a y  a re  B S IM  3 v 3 /4 , M M 9 /1 1 , a n d  E K V  v 2 .6 . T h e  m o st p o p u la r  
m o d e l, B S IM 3 v 3 , is  a n  a d v an ce d  su b m icro n  m o d e l th a t e m p h a siz e s  p h y sica l fo rm u la tio n , 
co m p u ta tio n a l e ffic ien c y  an d  a b ility  to  ac co m m o d a te  a  v a rie ty  o f te c h n o lo g ie s . P h ilip s  M M 9  
an d  M M 1 1  a re  th e  p r im ary  n o n -B erk e le y  m o d e ls  av a ilab le  fo r  p u b lic  u se . E K V  v 2 .6  is  
o rien ted  to w ard s u se  in  lo w -v o ltag e , lo w -p o w er  an a lo g  a n d  m ix e d  d esig n  an d  s im u la tio n  w ith  
v e ry  sm a ll n u m b er o f p a ra m ete rs . S P 2 0 0 1  is  a  p ro m isin g  φs-b ase d  m o d e l th a t d o e s n o t co n ta in  
ite ra tiv e  lo o p s. I t is  fre e  fro m  u n p h y sica l b eh a v io r an d  co n ta in s  a  re la tiv e ly  sm all n u m b er o f  
p a ra m e te rs  o w in g  to  th e  in c rea sed  p h y sica l c o n ten t o f th e  m o d e l.  

V. CONCLUSION 

D e ep  su b m icro n  a n d  su b -1 0 0 -n m  M O S F E T s n ee d  m u c h  m o re  m o d e lin g  e ffo rts  to  
co m p ly  w ith  th e  in c re ased  d e sig n  c o m p le x ity . In  th e  n a n o m ete r V L S I e ra , co n v e n tio n a l 
ap p ro a ch e s to  c ircu it d e sig n  a n d  m o d e lin g  h av e  to  b e  rev ised  a n d  m o d ified . T h e  m ajo r e ffo rt is  
fo cu sed  o n  th e  d ev e lo p m en t o f p h y sics-b a sed , s im p le  a n d  h ig h ly  acc u ra te  m o d e ls  a n d  
m eth o d o lo g ie s  th a t m a k e  th e  b e st u se  o f th e  av a ila b le  te ch n o lo g y  w h ile  d o w n sca lin g  d e sig n  
m arg in s. E ffo rts  a re  b e in g  m ad e  to  a d d  a ll k in d s o f n an o m e te r e ffec ts  to  th e  s ta te -o f-th e -a rt  
m o d e ls  an d  im p le m en t th e m  in  th e  m a jo r c o m m erc ia l s im u la to rs . T h is  is , h o w ev er, a  n o n triv ia l  
ta sk  d u e  to  th e  c o m p le x ity  o f th e  p ro b le m s a s  w e ll a s  th e  m a tu rity  o f  ex is tin g  s im u la to rs  a n d  
d ev ic e  m o d e ls .  

VI. REFRENCES 
[1 ]  W .L iu , “ M O S F E T  M o d e ls  fo r  S P IC E  S im u la tio n , in c lu d in g  B S IM 3 v 3  a n d  B S IM 4 ” , Jo h n  W ile y  &  
S o n s , N ew  Y o rk , 2 0 0 1 . 
[2 ]  D .B .M .K laasse n , R . v a n  L a n ge v e ld e , e t a l., “T h e  M O S  m o d e l, lev e l 1 1 ” , P h ilip s  R es . L a b s , 2 0 0 2 . 
[3 ]  A .J .S ch o lte n , H .J .T ro m p , et al., “ A cc u ra te  T h e rm a l N o ise  M o d e l fo r D ee p -su b m ic ro n  C M O S ,”  
IE D M  T ech . D ig ., D ec . 1 9 9 9 .  
[4 ]  T .L .C h en , G .G ild en b la t, “A n a ly tica l A p p ro x im a tio n  fo r th e  M O S F E T  S u rfa ce  P o ten tia l” , S o lid -S ta te  
E le c tro n ics , V o l. 4 5 , 2 0 0 1 . 
[5 ]  C . C . E n z , F .K ru m m en ach e r, E . A .V itto z , “A n  A n a ly tica l M O S  T ran s is to r M o d e l V a lid  in  A ll R e g io n s  
o f  O p e ra tio n  a n d  D ed ica te d  to  L o w -v o lta g e  an d  L o w -cu rren t A p p s ,”  A n g .  IC  S ig n a l P ro c ess ., v o l. 8 , 1 9 9 5 . 
[6 ]  C .L a lle m e n t, J .-M .S a lle se , M .B u ch e r, W .G ra b in sk i, P .F a zan , “ A cc o u n tin g  fo r Q u an tu m  E ffec ts  an d  
P o lys ilic o n  D ep le tio n  fro m  W ea k  to  S tro n g  In v e rs io n , in  a  C h a rge -B ased  D es ign -O rien ted  M O S F E T  
M o d e l” , IE E E  T ra n s . E lec tro n  D ev ices , 2 0 0 3 . 
[7 ]  M .B u ch e r, C h .L a lle m en t, C h .E n z , F .T h e o d o lo z , F r.K ru m m en ac h e r “ T h e  E P F L -E K V  M O S F E T  
M o d e l E q u a tio n s  fo r S im u la tio n ” , T ech n ic a l R e p o rt, E P F L -D E -L E G , 1 9 9 9 . 
[8 ]  B S IM  H o m e p a ge : h ttp ://w w w -d ev ice .eec s .b e rk e le y .ed u /~ b s im 3 /  
[9 ]  P h ilip s  M O S  M o d e ls : h ttp ://w w w -u s .sem ico n d u c to rs .co m /P h ilip s_ M o d e ls /m o s_ m o d e ls /in d ex .h tm l  
[1 0 ]  E P F L -E K V  v 2 .6  M O S F E T  M o d e l W eb  S ite : h ttp ://le g w w w .e p fl.ch /e k v /in d ex .h tm l  
[1 1 ]  G .G ild e n b la t, T .L .C h en , “O v e rv ie w  o f  an  A d v a n ced  S u rface -P o te n tia l-B a sed  M O S F E T  M o d e l” , 
T ec h n ica l P ro c . o f th e  5 th  In tl. C o n f. o n  M o d e lin g  &  S im . o f M icro sys te m s , 2 0 0 2  (in v ited ). 
[1 2 ]  J .R .B rew s , “A  c h a rg e -sh ee t m o d e l o f  th e  M O S F E T ” , S o lid -S t. E lec tro n ., V o l. 2 1 , F eb . 1 9 7 8 . 
[1 3 ]  T .L .C h e n , G .G ild e n b la t, “S y m m e tr ic  B u lk  C h a rg e  L in ea riza tio n  o f  C h a rg e -S h ee t M O S F E T  
M o d e l” , E lec tro n ics  L e tte r s , V o l. 3 7 , 2 0 0 1 . 


