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Compact Modeling today

W, L, TEMP, Vd, 
Vg, Vb, Vs

Idm, Igm, Ibm Ids, Igs, Ibs

Simulation of 
Characteristics 

with Titan / 
Spectre & 

Compact Model 
(BSIM, VBIC)

20 geometries,
5 temperatures,
5 characteristics

= 500 char. per device
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Parameter 
Extraction Flow 

for a BSIM4 
MOSFET model

34 different 
optimization 

steps
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Backward 
Prediction with  

M-L model

The Idea

W, L, TEMP,
Vd, Vg, Vb, Vs

Idm, 
Igm, 
Ibm

Ids, 
Igs, 
Ibs

VTH0, 
U0, 

DVT0, 
DVT1, 
A0, A1, 
AGS, 

VSAT, … 

~100 model parameters

Machine Learning

System

Optimization
with forward 

model
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Python Interactive Mode in Spectre and 
Environment Setting

 PIMS is a python interface with 
Spectre as an embedded 
simulation engine

 Generate the required design for 
model parameter extraction

 Interact with the design: 

Vg

Vd

Vb

Iprobe

Source 
voltage

Model of the 
MOSFET transistor

include "models.scs„

opts options

parameters param_w = 0.5u // Netlist parameters

parameters param_l = 10u   // Netlist parameters

parameters v1 = 0.1 // Netlist parameters

parameters v2 = 0.9 // Netlist parameters

parameters v3 = 0 // Netlist parameters

M_orig (d g s b) device w=param_w l=param_l 

inline subckt device (one two three eight)

parameters l=1u 
parameters w=1u
IP1 (one one1)  iprobe 
IP2 (two two1)  iprobe 
IP3 (three three1)  iprobe
IP4 (eight eight1)  iprobe
device (one1 two1 three1 eight1 ) s7mnx0da                                                                  

w=param_w l=param_l 
ends 
vd d 0 vsource dc= v1
vg g 0 vsource dc= v2
vs s 0 vsource dc= 0
vb b 0 vsource dc= v3 

simulator lang=spice
.dc
.probe dc A='i(M_orig.IP1)'
.measure max_i max i(vd)
.end

• Create a simulator with the given netlist :

• Query by name and update the netlist parameters

• Query by name and get the instances and its models

• Get and set models parameters 
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Data reduction

Typically 50.000
measurement points 
for a device

5 
TEMP

20 
geometries

500 
voltages 
(OPs)

Reduce measurement data to one point per model parameter 

= “Best Sensitivity Points”

 Search measurement data for point where:

 The sensitivity of that model parameter is as high as possible

 The sensitivity of the other model parameters is as small as possible  

𝐵𝑖= 𝐦𝐚𝐱
𝑆ⅈ,𝑗
𝑛𝑜𝑟𝑚

෍
𝒌,𝒌≠𝒊

𝑴

𝑺𝐤,𝒋
𝒏𝒐𝒓𝒎

times times makes

Find OP (TEMP, W, L, vd, vg, vb)i for each model parameter MPi, where 
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Creating Training Data

MP1

M
P

2

OP1

O
P

2SPICE 
Simulation

Model Parameters 
(unified distribution)

currents at 
‚best sensitivity points‘ 
@(TEMP, W, L, vd, vg, vb)
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Training Data

MP1,1, MP2,1, MP3,1, …       , MPm,1

.

.

.

MP1,k, MP2,k, MP3,k, …      , MPm,k

ID
1(OP1), ID

1(OP2), …        , ID
1(OPm)

.

.

.

ID
k(OP1), ID

k(OP2), …        , ID
k(OPm)

MP1,k+1, MP2,k+1, …         , MPm,k+1

.

.

.
MP1,n, MP2,n, MP3,n, …       , MPm,n

ID
k+1(OP1), ID

k+1(OP2), …  ,ID
k+1(OPm)

.

.

.
ID

n(OP1), ID
n(OP2), …         ,ID

n(OPm)

model parameters currents

tr
a
in

in
g
 d

a
ta

te
s
t 

d
a
ta

InputsOutputs

82018-11-08   restricted Copyright © Infineon Technologies AG 2018. All rights reserved.



Applying the Machine Model

Prediction

MP1

M
P

3

OP1

O
P
2 Machine Model

Prediction

Drain currents at
‘best sensitivity points‘

Model Parameters

 A model card could be predicted in one step
instead of being gathered with high effort

 A machine model can be used for several devices
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Visualization

model parameter prediction for the test-data
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Next Steps

 Take into account the vicinity of ‘best sensitivity 
points’

 Balance the coverage of different areas in 
characteristics
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