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= Simulation Time = Excellent Convergence

= ~10ps per DC data point
= No complex numerical method ™ Example: BSIM-CMG

allowed = 5,000 lines of VA code

: ] +
= Accuracy requirements 50+ parameters

. = Open-source software
= ~1% RMS Error after fitting

implemented in major EDA tools

2

BSIM Family of Compact Device Models
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BSIM6: Charge based MOSFET model
= BSIM6 — Next BSIM Bulk MOSFET model

= Charge based core derived from Poisson’s solution
= Real device effects (SCE, CLM etc.) from BSIM4
= Parameter names matched to BSIM4

» Physical Capacitance model
= Short channel CV—Velocity saturation & CLM
= Symmetry

= Currents & derivatives are symmetric @ VDS=0
= Capacitances & derivatives are symmetric @ VDS=0
= Provide accurate results in Harmonic Distortion simulation

= Continuous in all regions of operations

= Better Statistical Modeling using physical parameters




Physics of BSIM6 Model

= Gauss’ Law
Oi Qi+

Vo—Vig—Ws=— =
G FB s o .

= Poisson’ s solution for long channel MOSFET
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= Bulk charge density is given by
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Physics of BSIM6 Model
= Defining Pinch-off potential ¥, = ¥, when

Q=0
[ Y, is evaluated

f ¥p
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= For ¥> few V,, we have

n, is the slope

I'Corv/'Vi =Fye ¥+ 7 : —(('i = ng(Wp—¥s) factor
= Combining these, we have
Vo—Ven—ws =211y ( BT ,) = Inversion Charge linearization
Cox \ Ve *Ref.: Tsividis book & J.M. Sallese et al., Solid State Electronics
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Physics of BSIM6 Model Drain current with velocity saturation

= Using linearization approach and normalization

ACM/EKV/BSIM5 ignored

the circled term
7
ln(qi)+ln|:nq 2\/_2qi v, H_qui =V, =2¢; -V
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= No approximation to solve the charge equation
compared to other models.

= Solved the charge equation analytically

= Drain current

Io =l + lain :,UW(_Qi RE +V, &)

dx ' odx

= Mobility model (ensures symmetry)
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= Using charge linearization & normalization
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Normalized Q,-V & derivatives

Normalized I,(-V 4 & derivatives
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Mobility Model CV Model
. . . 1 1
= Mobility model has been adopted from BSIM4 Physical Capacitance Model
BSIM4 — = Poly-depletion & Quantum Mechanical Effect
g T e At
| Vo = G- (VIHO-VFB-0, ) | V. TOXE .
A "“’[v,,+z¢v__=-u.m,| = Channel Length Modulation
uo BSIM6
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Velocity Saturation Effect

Charge conservation
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Ix V8 Vx (Vo=Vx & V=V AC Symmetry test
IDS_VX Gummel Symmetr Y (. McAZirew, IEEE TE]?,I 2006)
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Evaluation of the BSIM6 Model Evaluation of the BSIM6 Model

General Information Evaluation of the Model for the Corner DUTs - 1/3

= BSIM6 is validated against ST 40nm Bulk CMOS Technology Measurements

= Almost the same Parameter Extraction Procedure with BSIM4 is followed lds,tin V- VG = Vo iin lds,sat V8- VG = V10,sat
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Evaluation of the BSIM6 Model

Evaluation of the Model for the Corner DUTs - 2/3
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Evaluation of the BSIM6 Model

Evaluation of the Model for the Corner DUTs - 3/3
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Correct Behavior for the Corner Geometries
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Evaluation of the BSIM6 Model

Evaluation of the Model’s Scalability — 1/2
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Evaluation of the BSIM6 Model
Study of the Model’s Symmetry
= Gummel Symmetry Test (GST) in Weak & Strong Inversion

= Test BSIMG for I, Current and its Derivatives up to 5" Degree
NIy =1Ip — Is vs. Vy = Vi — Vs, when Vp = —Vs
= Quantities are Normalized to their Maximum Values
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BSIM6 model summary

= Rapid development: Released BSIM6.0.0-beta8B in Sept.
2012

= Charge based physical compact model
» Physical effects & Parameter names matched to BSIM4

= Smooth charge/current/capacitance & derivatives

= Symmetric and continuous around V=0
= Fulfills Gummel symmetry and AC symmetry
= Shows accurate slope for harmonic balance simulation
= BSIM4’s extraction methodology can be easily
used for BSIM6 — fast deployment & lower cost
» Under standardization review in CMC
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