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The FP7 AUTOMICS Project (2012-2016) D ::')\'ET 5 '|\'(3T S

Coordinated by Dr. Ramy ISKANDER, Sorbonne University INFORVED DECISION MAKING for ANALOG

EUROPEAN NET GRANT = 3.55M€ @
WITH THE MAIN ACTORS OF EUROPEAN AUTOMOTIVE INDUSTRY
THANK YOU | AUTOMIES
Electric Motors
Actuators
= Airhag

= Air
Cond./Heating

= Throttle Control
= Engine Control

= Brake system

Objectives

The AUTOMICS Project (2012-2016) had an objective to develop a CAD Framework to allow the
systematic detection and prevention of all types of substrate noise coupling effects.




Activation of Parasitic Bipolars
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O The above supply condition at OUT1 turn on Q1 of transistor P1;

O The below ground condition at OUT2 turn on the Q2 of transistor N2.

Schematic with substrate parasitics
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n-well
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n-well
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Traditional Analog & Mixed-Signal Design Flow
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O Minority carriers injection and propagation in substrate
are hard to model.

O Existing SPICE simulator ignore these kind of effects during
design phase.

Q Failures cause circuit redesign thus they can only be
detected in chip test after silicon fabrication.

Objectives

O Propose a methodology for systematic prediction and
prevention of substrate couling effects due to minority and
majority carriers

O Build a CAD Framework on top of OpenAccess Standard.

Standard IC design flow

System Specifications

v

—

Circuit/Schematic Design

v

Pre-layout Simulation

v

Physical Layout Design

v

Layout Verification

v

Parasitic Extraction

v

Post-layout Simulation

\

v

Tape-Out

v

Chip test
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ID-Substrate™ Architecture

System Specifications .'I Extraction rules |— EXTRACTION ENGINE Enhanced model
+ ' Qpen Access *
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— Circuit Design :' Layout Model Library
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+ h Reduction Extraction +
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— Pre-layout Simulation ' Schematic Substrate Netlist
—>1 Physical Layout Design | | Layout + PIN

v

— Layout Verification
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Parasitic Extraction
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— Post-layout Simulation |
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QRC extraction
(circuit devices W/O parasitic +
metal connection + PIN)
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ID-Substrate™ Key Concept
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Diode: NWELL inside P-Substrate

Virtuoso Layout View

3D Layout View

Layer depths are not included in Process Design Kits
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Intento Substrate Parasitics

width (W) /

height (H)

‘ >| ID Diode Compact Model

length (L)

::: ID Resistor Compact Model

P Type P Type

i :m: ID Homojunction Compact Model
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3D Substrate Parasitics Network
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- Metal contacts
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Bottom
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Spacing Between two

N-Wells Having Bipolar Effect
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Case Studies: Simulation of Latchup Effects
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Case Studies: Latchup Effects Prediction & Prevention
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Case Studies: Bandgap

Aggressor: n-diffusion diode in p-substrate

Victim: bipolar npn vertn1 transistors inside
the bandgap

sub! C

N+ Implant
O P+ Implant
® DPTUB
0O DNTUB
B P Substrate




Case Studies: Bandgap

D INTENTO
DESIGN

INFORMED DECISION MAKING ror ANALOG

Transient Response
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Case Studies: Bandgap
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Substrate surface currents Lateral currents at -5.um

Lateral currents af -13.5um
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Test structures

Model parameter extraction

Sanity check

Summary




Test structures for parameter extraction

AdMOS

e Basic diode structures

= areaq, perimeter, perimeter
near gate, small area

= Extraction of basic I-V and C-
V behavior

* Twin diode structures

= Area and perimeter
= Extract coupling between 2

diodes through minority
carriers in the substrate/well

e Resistors and homojunctions
= Resistance

= Transition between high
doped region and low

dopedTegion



Test structures for verification of modeling A‘_dMOS

e Structures for geometrical
variation

« Different shapes (octagon,
donut, arena)

= Verification of mesh
capability

mm

* Vertical oriented devices
= BJTs, Thyristors

= Verification of adding
junctions/layers for which the
parameters were extracted
in single steps.

H_H




GDS File - Complete Test Chip

AdMOS

s
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Parameter Extraction: General Extraction Flow /\‘_d MOS

* The challenge in parameter

extraction is, that a netlist of an easy
looking device, like the area diode,
contains all available circuit
elements:

= homojunctions for the contact
= resistors inside the diode
= diodes

Therefore the extraction flow needs
to keep this in mind.

Extraction starts with easy to extract

devices and ends with those
incorporation all effects and model

types.

Resistors N+ and P+

1

All other used resistors +
all used homojunctions

1

Diode

IV+CV
: Diode
Twins IV & & V+CV
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Parameter extraction
Calibration of resistors and homojunctions

AdMOS

e Resistance was measured between two pads while all other pins are left

open.

e Current for max. voltage is shown vs. node.

Voltage source at Pin

/ 8, Well set to GND

T
Pint 12 3 456 7 8 ? W 10 11 12

Measure current to all other pins
sequentely while setting the actual

measured one to GND:
8=>1
8=>2

— I

8212

while pins not measured are floating.

Ora

22



Parameter extraction: basic diodes

AdMOS

A=64 pm?

Calibration example for PD_NW:

A=10 000 pm?

A=10 000 pm?
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Parameter extraction: Twin diodes (coupling)

AdMOS

N8_79ab
EXO m p | e Of - a\r'A3=0 VA4=0 VAS=0 VCathode=0 Temperature=25 C=8 C2=7 (3=9 C4=10C5=1
netlist for this 12 3 -

S 1E-4 -é rotesad w
fest structure—_ L _ =i

§ 1E-8 :; = E

= L

= 1E10%

g

Voltage source at Pin E /
T T T
0.8 1

For the / 6, Well set to GND
calibration the

voltage was
applied at one
pad and
current was
measured in g PinW12 34
sequence to

On|y one other Measure current at all other pins
. sequentely while setting the actual \
pOd while all measured pin to GND: | \
other pins are 6->1 ox ‘:’ m
left open. 62
6212

G RE

Selected

pointsin the
linear region
of the diode
are extracted
and plotted
versus pad
numbper.
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AdMOS
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AdMOS

A ModelCal®
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Parameter extraction: verification /\‘_d MOS

Layout of Donut structure

“Gummel” plot of
lateral BJT which is
built by 2 diode
elements.

Mesh representation
of one horizontal
layer
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Parameter Extraction
Verification structures: BJT

AdMOS
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We conclude with our offer f\‘_dM_OS

1.Model Calibration Step 2.Chip Layout Analysis & Signoff

Teststructures  Test Structures AY S
Layout f

Chip Layout Chip Schematic

Measurements

Technology SUPStrate Extraction ID-Substrate % Substrate Extraction

|D-Substrate™

" = Technol
Rule File  patabase Rule File Databa?;y
- ™ . —_— LVS/QRC —
ID-Substrate-Cal Technology Parasitic Models Calibration Technology  INterconnect Extraction
e N Dotabase /o Database
Substrate Parasitics Models Combine Views
Calibrated Parasitics
Models e o ooooooooo
Spectre Simulation . Analysis
it scs mm| Analysis versus Measurements - ¥
Testbench
Testbench Test Structures
Measurements

Waveforms Plots
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