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CMOS transistors models evolution (1)
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CMOS transistors models evolution (2)
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CMOS transistors models evolution (3)

BSIM5 - new physical effects
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6Results of CMOS transistors models evolution 

New physical effect 

BSIM1 BSIM4
tmash 1,5-2 times

BSIM1 BSIM4
tmash 1,7-2,5 times

Web-site: http://www.intel.com/technology/silicon/mooreslaw/index.htm

Analysis 
complexity Parameters  

number  growth 
IC elements 

number growth

Need in increase of model speed and accuracy

Model
Equation 

Complication 
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Computational gates application flow

bsVcU+2)ox)/TbseffVgs((VbU)ox)/TbseffVgs((VaU+1
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Input parameters 

Calculation equation 

Calculation equation 

Calculation equation 

Calculation equation 

Output  results

K1

K2

Kn

1. Trade-off between number of operations and achieved accuracy in avery 
computational case

Proposed approaches for model speed and accuracy 
increase (1)
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2. Elimination of information lack and excess during calculations

Proposed approaches for model speed and accuracy 
increase (2)
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Transistor model computation flow

Proposed approaches for model speed and accuracy 
increase (3)
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Trees of computational gates

Proposed approaches for model speed and accuracy 
increase (4)
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3. Different accuracy for transitions depending on demands occurring during current 
computational situation

4. Model universality: independency from modelin circuit, technological process, 
circuit base, etc.

5. CMOS transistor compatibility with other electrical elements’ models (diodes, 
resistors, etc): no need in recalculations during modeling with such models

Hierarchy of adaptation criteria 
used in CMOS transistor’s model

Proposed approaches for model speed and accuracy 
increase
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Target function 
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Target function definition for CMOS model speed and 
accuracy increase
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Definition of CMOS model and number of models in hierarchy     
of equations

Designed IC preliminary and fast simulation  with low 
accuracy

Simulation results for designed IC meet 
specification

Definition of model flags for designed and reference circuit

Designed and reference circuit description formation

Simulation of reference circuit

Simulation results for reference IC meet 
specification

Simulation of designed IC

Technological information, simulation condition and 
specification input

9 
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yes  

yes  
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Proposed flow for model speed and accuracy increase
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Example 

Accuracy and speed increase flow application (1)

M1

VDD

VDDIO

IN

VSS

DOUT

M2

M3

M4

M5 M6

M8M7

VDD

M9

M10
M11

M12

Low to high level 
shifter 

Parameters Typical Min Max Dimension  

Core supply (VDD) 1,2 1,08 1,32 V

I/O supply (VDDIO) 2,5 2,25 2,75 V

Clock frequency 240 120 - MHc

Temperature 25 125 -40 ûC

Power dissipation 10 - 11 uWt

Level shifter operating 
conditions 
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parameters typical min max Dimension

Simulation time 64 - 70 s

Calculations results 

accurse 99 97 - %

Technology TSMC65 - - -

Thick oxide transistor yes - - -

Thin oxide transistor yes - - -

Channel  length 
- 65 - nm

Level shifter specification and technology 
information

Simplified simulation results 

Example 
Accuracy and speed increase flow application (2)
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Simulation time dependence from 
number of computational gates for 
TSMC65

Frequency simulation results for gate 
capacitive and tunneling currents

Example 
Accuracy and speed increase flow application (3)
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0,0248 % 1,7% 

57,14 í 84.97 í

FLAG BSIM 4.4.0

More accurate results need more time

Gain

1,67% 

27.83 s/
47%

Accuracy and speed increase flow application results

Average relative error with this model

Time needed for simulation with this model
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CMOS model speed and accuracy increase software structure and 

functionality

Control subsystem

Database of values for 
CMOS IC typical units’ 
computational gates

Subsystem of fast and low 
accuracy simulation

Subsystem of technological 
information input

User graphical interfaceSubsystem of final calculation of 
computational gates

Gate switch formation   for 
typical units

Process of calculation equation selection

Structure of model accuracy and speed increase FLAG 
software

Estimation of technological process

Estimation of working frequencies

Accounting parameters for threshold voltage

Supply voltage accounting
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FLAG software graphical interface

Input of model separate parameter

IC simulation parameter selection
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FLAG efficiency estimation (1)

Processing steps Synopsys Cadence FLAG

Comparative 

gain 

(%)

Synopsys/ Cadence

Preliminary model 

construction
- - 3,2ñ -

IC preliminary 

simulation
- - 61,21ñ -

Model switch 

optimizations - - 1,12ñ

IC simulation time

18,4Å 21,2Ä 6,2Å 61,12%/  73,4%

IC simulation 

accuracy
96,1% 96,2% 98,4% 2,3%/2,2%

USB TX block-diagram

USB TX simulation time comparison
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Processing steps Synopsys Cadence FLAG

Comparative 
gain
(%)

Synopsys/ 

Cadence

Preliminary model 

construction
- - 30,3min -

IC preliminary 

simulation
- - 10,46h -

Model switch 

optimizations - - 39min

IC simulation time

10,6day 10,2day 1,5day 81,1%/ 79,8%

IC simulation 

accuracy
82,5% 82,2% 96,9% 14,4%/ 14,7%

Simulated digital unit

Digital unit’s simulation results
1` Real chip measurements, 2` simulated 
with FLAG, 3` simulated with Nanosim

FLAG efficiency estimation (2)
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Thank you
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