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Compact Modeling today

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

& vg=0.000
[MNLE T=0.35um, w = 10um < vg=230.0-3
| Measurement base | Output curve -5 vg=500.0e-3
0.008 ‘ i ‘ o vg=1.000
= vg=1.250
& vg=1500
o =2000
= OOL;;.;;;;;\-%—r;r;égw;mnmnnn z=2.500 . .
060%" s Simulation of
. Characteristics
with Titan /
Spectre &

el Compact Model

vd | 0.000..4.000

- (BSIM, VBIC)

vb | 0.000
vnsub | 2.000

0.006

0.002

20 geometries,
5 temperatures,
5 characteristics
= 500 char. per device
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| Pre-Set Process Parameters

¢

| Oxide Capacitance |L~‘-

:

| Gate-to-Substrate Current H Gate-to-Channel Current ]—>| Gate-to-5/D Current ]—

¥ ¥ ¥
| Long Channel Mobility H Long Channel Subthreshold Slope |1—‘>[ Long Channel Vg,

l ‘ [

(in’fﬂmon

| Short Channel Vy, @ low Wy, H Short Channel Subthreshold Slope @ low Vg, Jl

Narrow Channel AW H MNarrow Channel Vg, H Short Channel Series Resistance & AL

Narrow/Short Channel ¥V, @ low Vi, H Longd&Intermediate Channel Vi, @ high V, Il

I Short Channel Subthreshold Slope @ high V,, H Short Channel Vy, @ high V,,
-

_’l Long Channel V., H Long Channel Output Conductance I—D'| Narrow Channel Vi, I—
L J

Short Channel Output Conductance H Short Channel Vg,

—bl Long/Short Channel Iy, @ high V., H Narrow/Short Ly, in strong Inversion |l
—I Diode Current H GIDL-Current )'!—{ Substrate Current { Impact lonization}

—"| Threshold Voluage at T # T H Mobility at T # T H Series Resistance al T # T, }—
{ Diode 1S at T # Ty H Saturation Velocity at T # T |"—

Extraction Flow

MOSFET model

Parameter

for a BSIM4

{Hopefully) a good Model
Overlap Capacitance H Junction Capacitance l—.-| Capacitive Ly I—F

L~

34 different
optimization
steps
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The Idea

W, L, TEMP,
vd, Vg, Vb, Vs

Optimization
with forward
model

~100 model parameters
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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:

. Create a simulator with the given netlist :
sim = spectre.Spectre( )

. Query by name and update the netlist parameters

w = sim.parameter( )

1 = sim.parameter( ) w.update(4e-5)
vd = sim.parameter( ) llupdate(4e-5)
vg = s%m.paramEter ( ) V(:j Update(@ 1)
vb = sim.parameter ( ) vg.update(0.9)

vb.update(0)

. Query by name and get the instances and its models
nmos = sim.instance| )

nmos model = sim.instance( ) .master()|

. Get and set models parameters

vthe = nmos model.parameter( )
vthe.update(0.5)

vd

F—

\Ys] P
> Iprobe
z Source

voltage

Vb _l Model of the
9_6— MOSFET transistor

include "models.scs,,

opts options

parameters param_w = 0.5u
parameters param_| = 10u
parameters vl = 0.1
parameters v2 = 0.9

parameters v3 = 0

M_orig (d g s b) device w=param_w |=param_|
inline subckt device (one two three eight)

parameters |=1u
parameters w=1u
IP1 (one onel) iprobe
IP2 (two twol) iprobe
IP3 (three threel) iprobe
IP4 (eight eightl) iprobe
device” (onel twol threel eightl ? s7mnx0da
w=param_w |=param_|
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
.probe A='i(M_orig.IP1;‘

.measure max_i max i(vd
.en
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Data reduction &/

5 20 500 Typically 50.000
times : times | voltages | makes | measurement points
LELE DEQIELIES (OPs) for a device

Reduce measurement data to one point per model parameter
= “Best Sensitivity Points”

O Search measurement data for point where:
A The sensitivity of that model parameter is as high as possible
O The sensitivity of the other model parameters is as small as possible

Find OP (TEMP, W, L, vd, vg, vb), for each model parameter MP,, where

norm
ZM
Sno_rm
K,
kkzi
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Creating Training Data

currents at
,best sensitivity points'
@(TEMP, W, L, vd, vg, vb)

Model Parameters
(unified distribution)

) b

N A SPICE ‘1

o ; Simulation ©
_______ ol oo
\o ¢ ¢ 0 OQ:/ —>OP1
% o | T
0 N >
MP,
e

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



Gfineon

Training Data

model parameters currents
MP; 1, MP; 4, MP3 4, ... r MPr 4 I,1(OPy), Ip1(OPy), ... , Ip*(OPr)
©
©
©
c
< Outputs Inputs

MPl,kl MPZ,kI MP3,kl // MPm,k IDk(Opl)l IDk(OPZ)I / IDk(OPm)

MP1 ki1r MP2 i1 oo y MPrier | Ip*"H(OPy), I*1(OPy), ... ,Ip**1(OPy,)

test data

MP; n, MP, , MP5 , ... , MP_ I,"(OP;), Io"(OP,), ... 15" (OP,,)




Applying the Machine Model

Prediction

Drain currents at Model Parameters

‘best sensitivity points'

— |+ T

Machine Model o o " e
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Prediction

[ 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
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model parameter prediction for the test-data

vthO
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® sorted test data
® predictions
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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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