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We are a Software company developing Electronic Design Automation

tools to design Semiconductor Analog Integrated Circuits
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Analog Design Challenges

Our World is Analog We need innovation in EDA for Analog

* Analog circuits are used for Analog Designers are becoming rare

* Power Management * Hiring is tough

Batt M| t * Learning curve is long
* Battery Managemen . |
' ° * Demand for Analog is booming due to

* Communication (transceiver) * Electric vehicles, Battery based systems

* Audio * Modern SoC integrates more and more Analog blocks
(Transceiver, DAC, PLL, Interfaces, ...)
* Sensors . . .
. e Getting an optimum design is costly
* Analog Designs are technology dependent «  Time, Human and hardware resources
* They need to be redesigned for every * Analog Design must support a very large number of
process/foundries silicon technologies and foundries

* Design porting cost increasing particularly for advanced

* Analog design flow is still time consuming and nods

laborious with drastic impact cost and time to

e First prototyping request is very costl
market. P yping red Y Y

e Zerorespinisthe target
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Why do we need innovation in EDA for Analog IC ?

Analog ICs are everywhere around us  Challenges of Analog Design

* Mobile Phone: * Analog Designers are becoming rare
* Battery Management and Charge * Demand for Analog is booming
* Audio, Sensors  Getting an optimum design is costly

* Electric Vehicles: « Analog Design must support a very

« Key components for the Battery large number of silicon technologies
Management and Control impacting the and foundries

range of the vehicle, the speed of charging .
* Need Efficient Automation in Analog

* |OT: Sensors, Interfaces,... Design
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Motivation to Automate Analog IC Design

Analog vs. Digital — Design Efforts including Layout

Digital
& Analog
Few 10s of Weeks to
minutes months
Design Efforts
* Business needs:  Technical pains:

* Improve development cycle time  Technologies have a strong impact on Analog
* Minimize design errors * Analog design still very “manual”
e Reduce Costs * Analog modeling is not mature
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REALIZATION
System Specification Tape Out
= V4
[®) xPLORE soc SUBSTRATE

SoC Level Design

Block Level Design

Block Specification

Physical coupling verification

In production

Verification

A @VERISF’ICE

(B) xPLORE

In production

Value Proposition

Acceleration of design flow
First-time silicon success
Maximize chip reliability
Bring automation in the flow

Shorten simulation time

|E R (B) xPLORE
\ (B) xPLORE
Physical

Implementation
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Analog IP Verification & Prototyping

Customer Benefits

e Faster Time-To-Market @ reduced cost

* Improve design performance &
robustness

* Smaller silicon area & power
consumption

* Minimized redesign
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Intento Design EDA solutions in Production DESIGN
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[B) xPLORE [B) SUBSTRATE
* |D-Xplore is a powerful and disruptive * |D-Substrate captures all types of
EDA tool that can significantly accelerate substrate noise coupling and analyze
the design flow. possible substrate failure effects
* Easy-to-use * Unique on the market
* Fast and reliable design « Save time and cost avoiding reworking
* Full integration in design flow with Virtuoso * Increase reliability
Environment  Full integration in design flow with

* Foundry & technology agnostic Virtuoso Environment

Already in Production with WW analog leaders

like STMicroelectronics, AMS OSRAM and others
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ID-Xplore™

Ultra Fast Design and Migration of Analog IP
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Spice Simulators are based on Nonlinear DC Analysis

1. From NRalgorithm: jk avk = —f(v¥)
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2.  From LU Decomposition:j=LU =

<=

We get: Lk U* Av* = —f(v¥)
Substituting by xk . xk= yk pvk

We first solve the lower triangular matrix by Forward Substitution: L¥ x* = —f( v¥)

Solve the upper triangular matrix by Back Substitution to get Av : U*¥ Avk = xk

N o U kAW

7.Finally, we update current variables: vk*1= p* 4+ Apk
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SPICE computational model is complex Representation of Spice DC Simulation

e Matrix-based formulation
e Simultaneous Resolution in SPICE:

* Each iteration requires a large number
of computations

* Jacobian computation becomes a
major difficulty
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ID-Xplore Approach for Analog Design D) B‘gg'}gg

Mimic Designer Method for Schematic Design, Migration and Simulation et iemelielme e

© o

Computational model becomes very simple

Structured Resolution

No matrix-based formulation

Each iteration requires only one / T

Vin)(1+4Vpg) 2

computation

Jacobian computation almost disappears

> K(Ves—Vin)(1-4AVpg) #

D
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ID-Xplore Approach for Analog Design: INTENTO
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gitally EDA-Inspired, Constraint-Driven Design Methodology
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Evaluator

Fast, Error-Free, Deterministic and Correct-by-Construction
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A Deterministic Al Knowledge Graph Solver for Analog Chip Desigh and Migration | oo oecson MARNG ron ANALOG

Use Case: Sizing a 75-Devices Class AB RF-
Ampllfler

| 35000,00

SI‘GN " 30000,00

30 824 secs ;
= =

180x ngter 1’ -

! | 25000,00
I |
I | 20 000,00
“ 15 000,00
!
|
| 10 000,00
! . I‘ 5 000,00
Parallel ‘ _ |
Parallel with G-Xpress _ ‘ ’ ~| 0.00
Parallel Partitions ’ 1
< ’ 2
Parallel Partitions with G-Xpress 3 ¢ active cores
170 secs, number ©

Execution time in seconds

Ultra Fast Design & Migration thanks to:

e Jacobian Free computations

Graph-Based Model of Computation

Graph-based Design Approach

 Intelligent Design Space Partitioning
* Intelligent Design Space Exploration
e Using multi-core and Compute Farm

* Very Fast Graph-Based PVT Analysis

13
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Analog Design Flow with ID-Xplore™

[B) xPLORE \
/ Schematic Entry / DC Bias & \ / Test Bench \ / Performance \

Transistor Sizing Schematic Specification

Analog DC

- o - ./ Knowledge Graph \
y Solver PDK -
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Positioning ID-Xplore™ in Analog Design Flow
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Design Specification
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Positioning ID-Xplore™ in Cadence Analog Desigh Flow

Architecture & Architecture Design Initial Layout Design Layout
Schematic DC points Exploration and of initial IP Optimization Post-Layout
Sizing simulation Productization simulation
Validation (Yield)

(e
‘e 4 N B 2
>

4+

©

. : . . . Virtuoso Layout G

Virtuoso I 3 PLOR Virtuoso Layout Virtuoso Variation : )
Schematic Editor . XPL = Suite Option — rE%

Quantus

SPECTRE

\ Virtuoso ADE Explorer /
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Design Specification
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Positioning ID-Xplore™ in Synopsys Analog Design Flow

Architecture & Architecture Design Initial Layout Design Layout
Schematic DC points Exploration and of initial IP Optimization Post-Layout
Sizing simulation Productization simulation
Validation (Yield)

(e
‘a a N \RE
>

4+

Customer o

Customer Customer PrimeWave Complier 5
Complier XPLORE Complier PrimeLib StarRC rE%

IC Validator

\ 8 '/
\ Custom Compiler /
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First Cognitive EDA for Design Exploration of Analog ICs

Unsized Schematic
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Designer’s Knowledge Electrical Parameters

Si

Knowledge Graph
Solver

Structured
Design
Representation

Results generated by ID-Xplore
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INTENTO
Added Values for Analog IC D DESI&N
Customer EDA Partner
. Interactive.top-down app_roach for . Introduce top-Down methdology in analog
analog designers (creativity + help to gain and secure market share, based on

Brainstorming ideas) top of existing products

. Solution for tasks currently done

. . Differentiator with precise analog models
outside computers

. Better use of analog experts time . Secure by patents

. Quality focus & Start Validation upfront Available products & team

. Efficient reuse & migration . Important potential : RF, electrical checker,
. Build IP libraries multi-domains, ...

. High productivity gain . High potential revenue
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|ID-VeriSpice™

Automatic Generation of Real Number Models for Analog IP
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Why ID-VeriSpice™?

Concept:

» Automatic conversion of a netlist/Schematic of an analog IP into a digital model

with SPICE accuracy

ID-VeriSpice™

Analog| model

Use Cases

* Verification and validation of a digital SoC surrounded by analog Ips Digial

» Simulating analog blocks in digital simulation environment with spice accuracy

* Prototyping of SoC and system including analog blocks (FPGA, HW-assisted system)

Zebu Emulator
HAPS Prototyping

» System simulation for reliability & failure analysis (DFMEA/FMEA) platform

* Building comprehensive Digital Twin including analog IPs (PAVE 360, Twin Builder, ...) '

* Transaction-Level modeling for Analog Ips
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ID-VeriSpice™ Overview D ::I)\Eg '.\'GTR

o )

Generatesall | | ..o | IIIIIHIMIIMIU Used by Analog Designer to verify the behavior of the model
»| curves to verify NE WWAWMWWWW ‘ before to deliver the model to the verification team.
the behavior of i Wﬂmmli Check if curves correspond to the analog simulation
IHIIHIIIIHIIHI
\_ the model ) |
W[WHJHWH System Level Simulation
| il
Analog IP ) > W ‘
C++ code J =
i I
. . | Matlab/Simulink
ID-VeriSpice™ — e Bt
Digital
> Simulator SoC Level Simulation / Verification
(QuestaSim)
Analog P ) . FPGA Prototyping
RTL code » RTL to FPGA :
(in Verilog) J
» e RTII tf > HW Assisted Emulation
mulator
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AMS Verification State-Of-The-Art

L .
Modeling Tradeoffs Limitation of Current AMS Modelling!

A
* Manual modelling in RNM
FastSPICE * No automation available
RNMs are the most effective  Difficult to reach Spice accuracy
way to abstract AMS functioinality . _
Conservative for full chip simulation * Modelling depends on design

Verilog-A expertise

Verilog-AMS

VHDL-AMS

ID-VeriSpice™ brings both Accuracy

and Scalability

Pure Digital

Figure 2: Model accuracy versus performance gain for mixed-signal simulation.

>

Simulation Performance/Capacity
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ID-Substrate™ for Reliability

Verification and Signoff tool to ensure reliability and
Robustness before tape-out

24
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ID-Substrate was developed to predict and prevent substrate failures quickly and
accurately before the silicon fabrication

Minority carrier injection and lateral propagation in substrate are difficult to model since
they depend on layout distances.

Existing SPICE simulators ignore the impact of these effects as they do not look inside
the substrate.

Substrate failures can therefore only be detected during lab tests after silicon is already
fabricated and cause circuit redesign

40% of substrate failures are due to minority carrier propagation.
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Propose a modeling and simulation methodology for systematic
prediction and prevention of substrate coupling effects and latch-up
due to minority and majority carriers.

Model multiple emitter/multiple collector lateral bipolars.

Simulate complex substrate phenomena leading to latch-up conditions

: OUT2 - !
| I |
* Simulate minority carrier propagation in DC, AC & TRAN. | i (f S Psup |
* CAD Framework on top of OpenAccess Standard. i n-well e i
| Q2 i
e A TCAD-Like behavioral substrate simulation for full chip e |
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A fast sign-off verification tool to capture and analyze all types of substrate noise coupling INFORMED DECISION MAKING ror ANALOG
with high precision
Design Flow
/ 3D network o
o meskine extraction System Specification
/ Layout / ; : { / ‘
floorplan /| 0 pamy s > Equivalent y
| ] i o mw A § ; A > Circuit Design
Tadnology| | wmp Ha AN /] = 4 - Substrate
specifications| | A / o Netlist v
abiaesur i TR / , = Pre-Layout Simulation
cross-section | Rabl aE Al b i o i /f_
\ SUBSTRATE / @ Y
» Physical Layout Design
. L v
Analog Spice z f R
SimU|atiOn ||:_[ Layout V?rification
2 I
5
E%%ctre )] Parasitic Extraction
HSpice \ j
\_ J i
Post Layout Simulation
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ID-Substrate™ Flow

B SUBSTRATE

Design Environment

Design layout

el
— me =

Substrate
Parasitic extraction

\ 4

Visual Meshing Check

\ 4
Testbench running
with spice simulator

v 4

v . X
Tape Out Green Light Analysis
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ID-Substrate™ Models

P Type

:D': ID Diode

P Type

. B

| | ID Resistor
P Type
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Meshing Strategy 1D INTENTO

Example with N-Well Diode in PSUB .NFORMEDDIEDC.SEM%!R%AQ

3D Layout View

Middle
height (H)
PSUB
width (W)
— Bottom
length (L)

3D Substrate Network
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Transient Simulation Temperature Compensation

Without ID-Substrate Parasitic With ID-Substrate Parasitic



3D-Viewer for Substrate Parasitic
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Diode
Parasitic

Substrate
Contacts
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Problem to solve:
Microcontroller with 2M devices with
Latch-up issue.

Simulation for full chip not possible.
Hotspot Identification

List of patterns: 3

Patterns number 1

NPN para diode idx [27] and [20]

Smallest NPN diode 1 idx: 3466, diode 2 idx: 3471
PNP para diode idx [27] and [18]

Smallest PNP diode 1 idx: 3489, diode 2 idx: 3258

List of patterns: 18

Box 1 xmin: 2818, ymin: 1318, xmax: 9716, ymax: 170878
Patterns number 1 Shapes
NPN para diode idx [514] and [518] x: 3870, y: 17670
Smallest NPN diode 1 idx: 71465, diode 2 idx: 78974 X: 2818, y: 176878
PNP para diode idx [514] and [511] X: 2818, y: 15510
Smallest PNP diode 1 idx: 71465, diode 2 idx: 69424 x: 3870, y: 15510
Box : xmin: 34690, ymin: 23970, xmax: 40948, ymax: 76170 x: 3878, y: 17878
Shapes : --- e
x: 35875, y: 25470 x: 9710, y: 12210 S
X: 34690, y: 25470 x: 2810, y: 12218 A
X: 34690, y: 23978 x: 2810, y: 2810 o
x: 35875, y: 23970 x: 2810, y: 1310 o
%x: 35875, y: 25470 X: ;:ig. y: ;g:g
--- 3 . ¥
x: 40940, y: 76170 x: 9718, y: 2818 2]
X: 34698, y: 76170 x: 9710, y: 12210 s
; ;22?2: ; 2:;:3 path . 145,280, 7! _r:r
x: 35875, y: 61665 NPN Diodes, total: 5886, in 5"
x: 46348, y: 61665 PNP Diodes, total: 1740, in | v
x: 40348, y: 63780 min distance 1 8 onm ]
x: 48946, y: 63780 max dlstarlice : 31982 nm e
x: 468948, y: 76170 average distance : 147083.2 ni -
Path : 2505,15234,15235,
NPN Diodes, total: 7227, in range: all
PNP Diodes, total: 2489, in range: all i ;
min distance : 8 nm . . w ] 3 L
e e L Latch-up Triggering e s

average distance : 31986.8 nm
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Intento Design — Main Office
10 Rue de Richelieu
75001 Paris, France

Website: www.intento-design.com
Phone: +33 972 63 27 40

E-mail: info@intento-design.com

Intento Design — Grenoble Office

25 rue Pierre Semard
38000 Grenoble, France

ID-Xplore, ID-Substrate and Intento Design logo are trademarks or registered trademarks of
Intento Design in various countries. All trademarks, service marks, and trade names are the marks
of the respective owner(s), and any unauthorized use thereof is strictly prohibited.

All terms and prices are indicative and subject to any modification without notice.
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