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Outline

B Modeling Tradeoffs and BSIM approaches

B The Meyer’'s model and its deficiency

B Formulation of the basic BSIM model
B Simplified BSIM3 model for hand calculation
B Additional Features in BSIM4

B Summary
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Modeling Tradeoff

B Ultimate goal of model: Accurate and Simple

B Modeling tradeoff polygon

simplicity < R universality

1 \
A/z / physical

extendibility '« — >< I
\ | ?accuracy

empirical \ number of

parameters

# University of California at Berkeley, Department of Electrical Engineering & Computer Sciences 27



Various Modeling Approaches
B Charge based model

« terminal charges are associated to terminal voltages
* most compatible with the conventional design methodology
» simple, flexible but maybe more empirical

B Surface potential based model

* more physically and ensure smooth transition between
operation regions

« usually more complex and less flexible

B Conductance based model

» good for circuit design with simple and predictable behavior
* need to improve on accuracy
« still a bit primitive for predictive purpose
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Positioning of BSIM Models
B Physical based

 basic derivation is from physical device parameters
« important for predictive property

B Traditional design compatibility

 most popular model among circuit designer is still the level 1
(basic Meyer) model

 BSIM was first intended to be compatible with the level 1 model

B Flexibility to fit most existing technology

 modular approach for flexible addition of new and complex
technology modules quickly
- capability to fit a wide range of technologies (good or bad)

* by using some empirical fitting and tuning parameters
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Some facts in BSIM development

B Starts out as a simple physical model with a
small number of parameters

B Closely follow process development with lots of
advanced features such as
* Super steep retrograde well
* Pocket implant

 Gate current model
 GIDL/GISL

B Allow early adoptions of new process modules

B Under the guideline of industrial partners in the
direction of development




Preliminary solutions to Charge model

B A new capacitor model (BSIM4 CapMod=3) has
been formulated with the following features

 No asymmetry or negative resistance problem
 About 1,200 lines of code

* About 50% slower than CapMod=2) for single transistor
voltage sweep

« Share most parameters with other parts of BSIM model, but
used very few internal results from other part of BSIM

* Quantum effects

« Embedded surface potential
 Polysilicon depletion effects

« 2 new parameters for retrograde doping

 Built-in infrastructure for possible expansion into I-V and
parasitic model
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Preliminary result from CapMod 3
CapMod=3 (red) vs. CapMod=2 (blue)

v — EmzZOfcds] — @Eml9lcds] il — BEm20Lcged Pml?logse]

T e T 4 T PP PPPPIS:
Vg sweep :
Vd=Vs=Vb=0V
= FTEPUTTTRUUUPNS JUUURRUUUPUTIY: UUUUTUUUUPORRY I ARUON | BUURSIUUURROUPPUTRYS. WS-, « T + I PUUSUUUUUIS TURE DUSRRORY RO
: : : : : : : ng
¥ : : : LR P PP PP
; : ; : : Vg sweep
Vd=2V, VS Vb= ov
—2 O e D T RPN PPN i, s
=3, =2, -1,0 0,0 1.0 2,0 =20 0,0 240 4,0

SWesR W SWeeR W
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Preliminary result from CapMod 3

CapMod=3 (red) vs. CapMod=2 (blue)

Cbs and Cbd

Vd sweep Vg =2V, Vs Vb=0V.

i Eml9lcgst Eml3lcgd]
— Em20Locgsd— EmZ0logdl

I+ SRR SICTNIE SIS SIS L 16000

0,0

Vd sweep. Vg=25 :

5,0 VT VETMV L E ...............................
: ng(CapMod—3) 0,0
e L+ T = PR ................. ................. o : : : : :
< NP | P A Cbs(CapMod -3).L
e L B T T iy T iveede- (G GA (€ . ........... ¥: = .
_ _ _ de(CapMod—3)
—20L 0 [ ................. ................. ................. =40, 0 Wt
26,0 L e, e, e, I ________________ o Daiap OUTL )
0,0 0,5 1,0 1,5 2.0 7 T an 0.5 1.0 1.5 2 0
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The Meyer’s Model

B Still the most widely used model in among
circuit designers

B Simplicity of the model for hand calculations
is the most important factor for its wide
spread usage

B Still being use even for submicron devices
with modified parameter extraction
technique with calculated design margins

B Provide an entry point to understand the
BSIM models
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The Basic of the Meyer’s Model [1]

Vo

V=0 v,
! i ! PE—
0 T

anywhere along the conducting channel:

[(y):]D :WQn(y)V(y) .............................. (1)
free carrier _— ™~
(inversion charge) density velocity of carriers
. dV
0. ~C.(V,—V, -V () 0= =
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The Basic of the Meyer’s Model [2]

L Vps
IO [,dy=uWcC, jo (VG -V =V( y))dV .............................. (2)
V V
= Ip= WCO{(VG _VT)_ lz)S },u ZS for Vips<Vs-Vr
/ \
average free carrier density in the velocity of carriers with average
mid-potential point of the channel E-field proportional to V.
Ia _VD: VeV
: : y7/4O%
as predicted T increasing Ve lpu 7 = V=V, )
by (2) —_ | /|

for Vo> V-V
i regarded as by— ne T

st sa [y ration
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Most important Addition in BSIM [1]

B Mobility degradation in BSIM 700 p~————————
600} .
[ ] — g
mobMod =1 2 <ol
_ /’IO NZ 400r
o V.+V, v .Y E 300
1+(UA+UCVBS)[ . T}UB[G%TJ 3200
100
* mobMod =2 0
0 02 04 0.6 08 1.0
Hoy = . a - — By Oavem
G T G~ Vr | YV T T —
1+(UA +UCVBS{ tox j+UB[ tox j 3600 ,u tox:50014'
O n .
2008 ¢ =2004
* mobMod =3 =400} .
p 5300- t =1004
Hay = ; 2 ;15200' ]
1+|:UA[VGt+ VTJ"'UB[VG:_VTJ ](1+UCV35) 100}
ox ox OO 1 2 . 3 . 4 5
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Most important Addition in BSIM [2]

B Carrier velocity saturation

- B , classical: v= uE
Y = lLleff forE < Esat IOA ; lLl
1+ E/Esat N B I
QO
O
= Viar for £ >Esat é
2 (@]
where  E, =" S5
/Lleﬁ' &
. 2
B New set of equations E
E
]Dlin — Cax Z(VG o VT _QJV Iueff >
L 2 ) P14V, JE L
]Dsat - WC ( Dsat )Vsat
(Ve —V,)E
V — sat
Where o VG - VT + EsatL /‘
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Correction to the basic Meyer Model [1]

I

Dsat 4

I

\ T basic Meyer: Dsar A |
\\ to o / basic Meyer
\\ 1 \
oCc — real
~. L
¥ T===--
real ST . WL
VDsat A / basic Meyer VDsatA basic Meyer
real /short
> VG
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Correction to the basic Meyer Model [2]

Ip 4 o (Vg-V7)

basic Meyer\
o« (V-Vr)

=———(Vs~7:) basic Meyer

f, = s (1— aeVDsafj corrected model

Ve

Em 4

basic Meyer
o« (V-Vr)

N\

short

real
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Basic Set of Parameters

B Threshold voltage

V... long channel V,at V,~0V K3, K3B: body effect in narrow
width devices
DVTOW’ DVT]W’ DVTZW’ DVTO’ DVTI’ DVTZ:
K2: second order body effect narrow-width and short channel
non-ideality effect

K1 first order body effect »

B mobility degradation
Ho: low field mobility UB: 2™ order u degradation coefficient
UA: 15t order mobility

UC: body factor on 1 degradation
degradation coefficient

B velocity saturation model

v, saturation velocity Al first non-saturation parameter

A2: second non-saturation parameter
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Example Calculation
B Given data
t =200A, W=50um, L=0.5um, V=3V, V,=0.7V, V,=1.5V

_ H _ 2
My = . 0 A =466cm°/V —sec
ol

5 3

ox oxX

using U0=670 cm?/V-sec, UA=2.25x10°m/V and UB=5.87x10-1°(m/V)?

from v =8x10*m/sec E_, = Vi 3.43x10*Vem ™
Heyr
_ (VG B VT)EsatL — 0.98V

et VG o VT + EsatL

V,=15V>V, =I1,=WCv,(V.-V,~V,,)=9mA

ox " sat

- note: if V, <V, use linear region equation

sat?

1 D~ C()x K VG - VT - VDS VDS Al
L 2 1+VDS/E L

sat
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Example calculation with EXCEL

L(cm) [W (cm) [Tox (cm) |Cox(F) |VT (V){u0 (cm2/V|VG (V)|VD (V)[mobility ({Esat(V/cmEsatL (V) |Vdsat Idsat(S) [ldsat (L)

6.00E-05| 6.00E-03| 1.20E-06| 2.88E-07| 0.7|6.70E+02| 0.8 5| 4.97E+02| 3.22E+04| 1.93E+00| 9.51E-02| 6.79E-05| 9.635E-05
6.00E-05| 6.00E-03| 1.20E-06| 2.88E-07| 0.7|6.70E+02| 0.9 5| 4.88E+02| 3.28E+04| 1.97E+00| 1.82E-01| 2.55E-04| 0.0003854
6.00E-05| 6.00E-03| 1.20E-06| 2.88E-07| 0.7|6.70E+02 1 5| 4.80E+02| 3.33E+04| 2.00E+00| 2.61E-01| 5.40E-04| 0.0008672
6.00E-05| 6.00E-03| 1.20E-06| 2.88E-07| 0.7|6.70E+02| 1.1 5| 4.72E+02| 3.39E+04| 2.03E+00| 3.34E-01| 9.08E-04| 0.0015417
6.00E-05| 6.00E-03| 1.20E-06| 2.88E-07| 0.7|6.70E+02| 1.2 5| 4.64E+02| 3.45E+04| 2.07E+00| 4.03E-01| 1.34E-03| 0.0024089
6.00E-05| 6.00E-03| 1.20E-06| 2.88E-07| 0.7|6.70E+02| 1.3 5| 4.57E+02| 3.50E+04| 2.10E+00| 4.67E-01| 1.84E-03| 0.0034688
6.00E-05| 6.00E-03| 1.20E-06| 2.88E-07| 0.7|6.70E+02| 1.4 5| 4.49E+02| 3.57E+04| 2.14E+00| 5.27E-01| 2.38E-03| 0.0047214
6.00E-05| 6.00E-03| 1.20E-06| 2.88E-07| 0.7|6.70E+02] 1.5 5| 4.41E+02| 3.63E+04| 2.18E+00| 5.85E-01| 2.97E-03| 0.0061667
6.00E-05] 6.00E-03| 1.20E-06| 2.88E-07| 0.7|6.70E+02] 1.6 5| 4.34E+02| 3.69E+04| 2.21E+00| 6.40E-01| 3.59E-03| 0.0078047
6.00E-05| 6.00E-03| 1.20E-06| 2.88E-07| 0.7|6.70E+02| 1.7 5 54
6.00E-05| 6.00E-03| 1.20E-06| 2.88E-07| 0.7|6.70E+02| 1.8 5| 00! 39
6.00E-05| 6.00E-03| 1.20E-06| 2.88E-07| 0.7|6.70E+02] 1.9 5 75
6.00E-05| 6.00E-03| 1.20E-06| 2.88E-07| 0.7|6.70E+02 2 5| 2s0E01 39
6.00E-05| 6.00E-03| 1.20E-06| 2.88E-07| 0.7|6.70E+02| 2.1 5 551
6.00E-05] 6.00E-03| 1.20E-06| 2.88E-07| 0.7|6.70E+02] 2.2 5[] 200e01 37|
6.00E-05| 6.00E-03| 1.20E-06| 2.88E-07| 0.7|6.70E+02] 2.3 5 57
6.00E-05| 6.00E-03| 1.20E-06| 2.88E-07| 0.7|6.70E+02| 2.4 5[] 1sok-o1 54|
6.00E-05| 6.00E-03| 1.20E-06| 2.88E-07| 0.7|6.70E+02| 2.5 5 38]
6.00E-05| 6.00E-03| 1.20E-06| 2.88E-07| 0.7|6.70E+02] 2.6 51 oo 39
6.00E-05| 6.00E-03| 1.20E-06| 2.88E-07| 0.7|6.70E+02| 2.7 5 18]
6.00E-05| 6.00E-03| 1.20E-06| 2.88E-07| 0.7|6.70E+02| 2.8 ] | 23]
6.00E-05| 6.00E-03| 1.20E-06| 2.88E-07| 0.7|6.70E+02] 2.9 5 55
6.00E-05| 6.00E-03| 1.20E-06| 2.88E-07| 0.7|6.70E+02 3 ] | — 15|
6.00E-05 6.00E-03 1.20E-06 2.88E-07 0.7 6.70E+02 3.1 5 D1
6.00E-05 6.00E-03 1.20E-06 2.88E-07 0.7 6.70E+02 3.2 5 5
6.00E-05 6.00E-03 1.20E-06 2.88E-07 0.7 6.70E+02 3.3 5 3.25E+02 4.92E+04 2.95E+00 1.38E+00 1.68E-02 0.0651356
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Bulk Charge Effects [1]

B Non-uniform substrate charge

ST 0, 0,=C, (Vs -V, (»)-V(»))

B To avoid complex mathematical formulation, a fitting
approach is used by introducing an 4, parameter

A .V .
]D = Cox K VG B VT — 8 VDS aci
L 2 1+ Vg /Esm L

_ (VG B VT)EsatL
o VG B VT + Abulk E satL

[ Dsat — WCoszat (VG o VT o Abulk VDsat )Vsat
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Bulk Charge Effects [2]

B 4, , expression

AL
L+2x X,

ep

2
Kl L B !
4 it 1= A (Ve =V, T
bulk { 7 /¢S_VBS GS( ¢ T{L-I-Z Xdeep] W+Bl]:|}l+KETAVBS

parameters: A, A, B, B, K7,

B why empirical approach?

 device is never ideal due to edge effects and non-uniform
lateral doping
« flexibility is required to fit a wide range of technologies

B for near ideal device

A.=0.B=0and B=0 Ay ={l+—— L :
oV, B,=0 and B = bulk 2/¢S_VBS L+2Jx X0 || 1+ KrV s
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Output resistance model [1]

B 3 Effects to account for

« Channel Length Modulation (CLM)
 Drain Induced Barrier Lowering (DIBL)
» Substrate Current induced Body Effect (SCBE)

IDA . CLM ;

B CLM is the dominating effect

- University of California at Berkeley, Department of Electrical Engineering & Computer Sciences (/74



Output resistance model [2]

B Channel Length Modulation

V VDvat . o
AL =1l 1n E 1 where /, is a fitting parameter = 0.22¢, '7x;!2

B R, as aresult of CLM

1 d Dsat dAL — R V VDsaIO L + VG B VT
R, dAL v, " ol E

out sat

B Incorporate into current equation

[Dsat (VD) - [DsatO |:1 + (V VDSC”O ):|

VA CLM

where VACLM — Rout( CLM)IDsatO
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Output resistance model [3]
d Dsat d T G 't Dsat
mpBL L Dnd V)VBS){HV/

R - dVT dVD IBL) 6r0ut (1 + PD[BLCB V

out Dsat + VG o VT ):I

L I
with 0,0t = Poisrc (e Alz +2e /2 j + Popres

gSi toxxD max
&

ox

where /, is another fitting parameter = \/

B SCBE

—~BI,
electron injection ! A
to oxide sub E (VD o VDsat )]De

——— - = = —

""" NMOS | PMOS
--------- where [BVem™ [ 1.7x10° |3.7x10°
LR ABNVY |12 22
current
R _ 1/3+ 1/2
sub and 11_0'22t0x xj
':/vi‘l J
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Output resistance model [4]

1 _ d] Dsat dVT dVBS d[ sub
R~ dV, dV, dl_, dV,

out

-1
— Rout ~ ]D é 1+gm Kleub (1+ Bll j exp(— Bll j
B 2 2¢B o VBS VD B VDsat VD - VDsat

B Overall R, model
]Dsat (VD) - IDsatO |:1 + (VD — VDsato ):||:1 + (VD — VDsato ):||:1 + (VD _ VDS‘”O ):|

VADIBL VASCBE

ACLM

/ \ Rout(DIBL)

A
out Rout(CLM)

Rout(S CBE)

ofyerafll

/CLM DIBL SCBE
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Smoothing Functions [1]

B Ensure fast convergent by having all current and
derivatives continuous

B Smoothing function in Vg domain (V)

2nV, In| 1+exp Vos = Vi :
. 2nV, V7 required for non
GSeff = ideal device effects
Vs =V =2V,
1+2nC 20 exp[— @1 & j
qEsNcy 2nV,
smoothing
and log(Ip) &

W .
eff

]Dsat/sub - ILleﬂCox 2L (VGTeﬁ)Z
eff

Ve —

~ nkT
]Dsub ~ [Oe
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Smoothing Functions [2]
B Smoothing function in V,; domain (V)

1
VDSeﬁ‘ - VDsal o 5 (VDsat o VDS - 5 + \/(VDsat o VDS o 5)2 + 45VDsat j

 Where ¢is a fitting parameter to adjust the abruptness of
the transition

VDSeﬁA Vises™ Vz/),s/
- VDsat
o 1Y bse
Ips = WCox(VGSef' - 5 VDSeffj LI)/Sff
L(H Diell ]
EsatL
>
VDS
B Similar approach in V,; domain (Vser)
| > .
VBSejf - VBC +§(VBS - VBC _51 + \/(VBS - VBC _5) _451VBCJ with 5120-001
e |
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Simplified Strong Inversion Equations [1]

. UA
B Define: «, = mobility degradation coefficient

ox

u, ~0.5V""  for ¢ =10nm

E = 2V critical E-field for velocity saturation

< Uo
E.~2x10*V/em (typical value)

B Assumptions:

V. is given from the process
* mobility model of mobmod = 2 is used
* bulk charge effect not significant in short channel devices

* Channel Length Modulation is the main contribution to R,

University of California at Berkeley, Department of Electrical Engineering & Computer Sciences (/74



Simplified Strong Inversion Equations [2]

B Current Equations in strong inversion becomes

1+u,(V, -V,)

l—l—(ud +%5L V. -v,)

VDsat = (VG o VT)

w V, 1 1
[Dlin = IUOCOX Z(VG o VT _ijD v = ]Dlin(long) 1%
1+ud(VG—VT)+(ECDLJ 1+ud(VG—VT)+[E:LJ
4 Ve =V, ) 1
[Dsal - ILlOCOx 7] ( T s )( ) - [Dsat(long) 1 ( )
1—|—u—|—/ )V—V 1—|—(u +/ )V—V
i ( d ECL G T | i d ECL G T |
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Simplified Strong Inversion Equations [3]

B Equations of derivatives

g

msat IDsal |:1 + ]Dsat :| = [Dsat 1+ :
(VG - VT) [Dsat(long) (VG - VT ) 1+ (ud + %‘CLJ(VG - VT )

_ 240 Vo) + 1+t Vo =V o =V RL _ WV =V + 1420 Vg =V WV = Vi L

1,Co IR 1+, (Ve =V Ve = V2 ) Dpsasiong Fensa 114,V = V7 )

with 7=,3t, x,

out

B Parameters used:

W, L, TOX, U0, UA, VSAT, VTHO, PCLM, XJ
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Simplified Strong Inversion Equations [4]

B Comparison between full and simplified model

6.00 7.00

. /
Full 6.00 e =

5.00[ | BSIM '
—=— BSIM3 Vg=2.0V
Hand 5.00
4.00[ | —x— calculation // e
—~
<EE V,=1.8V / Ful

< 4.00 = BSIM3
~— 3.00 =
2 = Hand L
3.00 .
s —— calculation
2.00
/ 2.00 V=1.0V
e
: //»/" 1.00 i
i V,=0.1V /
5 e
0.00" %= 0.00 - A
0 02 04 06 08 1 12 14 16 1.8 2.0 0O 02 04 06 08 1 12 14 16 18 20
Vs (V) Vj (V)

B Parameter detail: TSMC 0.18um process
)
¢, 4.1nm, W=10pm, V,,=0.39V
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Simplified Strong Inversion Equations [5]

B Comparison of first derivative simplification

6.00 7.00
—— —— Full
Full BSIM3 S

s BSIM3 6.00 f —=— P e o

Hand Hand / V=2.0V
4.00 _ calculation /WN 5.00 [| ___ calculation /
V=18V |y linear
i 4.00
///// region V=10V
3.00 /

3.00 [
: linear

5.00

g,, (MA/V)
R, (kQ)

2.00
7 2.00 :
/\\\VD=O.1V region 4
o0 L O 0.00 s T T o T g AR 4R
00 02 04 06 08 10 12 14 16 18 20 c 02 04 06 08 1 12 14 16 18 2
Ve (V) Vo (V)
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Other features included in BSIM3v3

B Short/Narrow Channel Effects on Threshold Voltage
B Non-Uniform Vertical Doping Effects

B Non-Uniform Lateral Doping Effects

B Quantum Mechanic Charge Thickness Model

B Unified Flicker Noise Model

B Polysilicon Depletion Effects

B Non-quasitic Effects

# University of California at Berkeley, Department of Electrical Engineering & Computer Sciences 27



Additional Features of BSIM4

B Bug-fixes of former BSIM3 model

B Intrinsic input resistance model

B Extrinsic gate resistance model

B New Non-Quasi-Static (NQS) model

B Holistic and noise-partition thermal noise model
B Substrate resistance network

B Improved Flicker noise model

B Geometry calculation (Layout-dependent
parasitics) model

B Asymmetrical S/D junction diode model

B Gate-Induced Drain Leakage (GIDL) model
Gate dielectric tunneling current model —~

# University of California at Berkeley, Department of Electrical Engineering & Computer Sciences (=74



RF Model in BSIM4

B Require low frequency, R; and R,,, model
VD
Intrinsic input = I
resistance P %
V \ |
G-—\/\/\/\—~\/\/\/¥+‘ ) Substrate
Gate electrode ™" I I r ise’f‘lelze
resistance Rq §
Low frequency 7 ¢ Vg
model

B Note that it is a RC effect more than NQS effects

University of California at Berkeley, Department of Electrical Engineering & Computer Sciences




Intrinsic gate resistance model

- ]
L 1 | | __
s FUEEESSES e o
ch

in strong inversion

R (inv) = R, = Vs in triode region n~14 as determined by 2-D

n nly simulation

= Vosa in saturation
s

-1

. kT W,

in subthreshold R (sub) {ﬂeﬁ% Lﬁ”]
q eff

combine: R, =R, (inv)// R (sub)

University of California at Berkeley, Department of Electrical Engineering & Computer Sciences (=74



Intrinsic gate resistance verification

Ry () 10/0.5 NMOS
| |
300 ¢ Vg =2V
)
1
200 "y model with static = —

component only

0 - !
0.4 0.8 1.2 1.6 2.0
— model Vs (V)

©  2.D simulation

157 om
o e =
‘ o - O L]
12+ o .
= ore B Ty o - -
E [
O A & TS -
el . e
o 9
o W=160um B Vgs=0.9
L=0.35um o Ygs=1.2
61 Vds=1V - de-Ygs=1.5
16 18 20 22 24 26 28 30

Frequency (GHz)

Rj; «) 10/0.5 NMOS

160
120

80

V, =2V
40 ,
o Ve =005V
04 08 12 16 2.0
Ve V)

70+

m | =0.27u




Substrate Network

B Responsible for R . roll-off at high frequency
VD
Intrinsic input }
resistance \ Rp
VG //"‘\\

\\ y;
Gate electrode ~--~
resistance
Rs

;

Vs

B In practice, 2-3 resistors are sufficient for accurate
modeling

University of California at Berkeley, Department of Electrical Engineering & Computer Sciences (=74



Verification of Substrate Network

R, C;,(fF)
15 - 310
10 300
¢ {]a o T T e 200 -
. BSIM RF 9 [ &1T]e
Re =9.5Q 280
RS!.'J'Jf."_s: 50 Q
0 270
0.3 0.6 1 3 0.3 0.6 1 3
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Circuit Level Verification of RF Model

B LNA design with 0.6um CMOS technology

Voltage
Gain (dB)
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Holistic Thermal Noise Model [1]

B Combine channel thermal noise model and noise
partition model to unifies the induced gate noise and
channel noise

=
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vy = [Av] =4kTB [ dR
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Holistic Thermal Noise Model [2]

B Channel noise amplification by front/back gate

Al — Av(gds T g;m‘ T gmln‘)

'_ 7

c. — Vd (ﬁo m + ﬁ(‘_‘b mh c/s
— d 2
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Holistic Thermal Noise Model [3]

B Unification of channel noise and induced gate noise

Gate impedance %
|
|

| Cox
\ D
dsat

N it SN

* At high frequencies, the elemental channel resistance noise source
will generate significant noise current through the gate capacitance.

* The induced gate noise is correlated with the channel noise
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Holistic Thermal Noise Model [3]

B Noise Partition Model
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The total noise can be partitioned into two parts to

model induced gate noise
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Verification of Holistic Noise Model [1]
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Verification of Holistic Noise Model [2]

o Measurement
— BSIM RF
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Gate Tunneling Mode

B Gate current flow
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Layout dependent parasitic model [1]

B Series/cascode connections: isolated, shared, and

merged
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Layout dependent parasitic model [2]

B Example: Combination of Series/Parallel Connections

M1 & M2 isolated M1 & M2 shared M1 & M2 merged

M1 L M1

LB
- 0 b
0
_I

_}E ....... y _|_ ....... _||f| —I ____________ qr
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Layout dependent parasitic model [3]

B Multi-finger/parallel devices:

NF (number of fingers) per-finger devices in parallel

NF=0Odd, MINSD is not needed

Per-finger device S S D
NF=Even, MINSD==0 NF=Even, MINSD==
S S S
':/1"‘ |
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Future BSIM direction (some thoughts)

B Have to catch up with the fast technology development
B More closely integrated to the CAD environment

B Development a fast model development platform

B Be the “Operating System” of the underlying
hardware

B A more “open-source” like architecture

B Really address the issues of statistical modeling
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Model Modularization
B Model should be modularized

| G
M
M M /modules
S M Core model M D
M

B The core model should be simple and represent the
ideal device with nice behavior

B Not all modules are required in most simulation
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Model Modularization

B Much easier to add new effects (like LDD) and adopt
to new technology

B Much easier to debug and maintain
B Allow better team management

B Provide a sustainable modeling environment

B Trade-off: more internal nodes maybe created
leading to slower simulation time ( order of n'4)
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Summary

B The BSIM models follows the basic Meyer model to
allow design compatibility

B BSIM4 provides a more unified solution to most
device physics in current technology

B There is no perfect model, but tradeoffs to address
different needs

B Modeling has been developed in an isolated fashion
with the software engineering world

B Probably it is time to re-think the position of compact
modeling and how it fits to the big picture
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