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Legato Reliability Solution

Introduction to Legato™ Reliability
Solution

Reliability throughout the product’s life cycle is the top-most challenge faced by the analog
designers involved in designing the advanced and complex devices used in mission-critical
systems for aerospace, automative and medical equipments. Not only it is important to
produce reliable devices by eliminating all possible manufacturing defects, but it is also
essential to ensure high performance in extreme operating conditions throughout their useful
life. This requires a deep analysis of the effects of high temperature and other stress
conditions that can lead to an early end of life.

The Legato™ Reliability Solution is the industry’s first complete analog IC
design-for-reliability solution that empowers the analog designers with a set of three new
analyses that they can include in design simulations to address these challenges.

Simulates the design with potential manufacturing defects.
Analog Fault Analysis  Helps in eliminating defects that can result in test escapes
that cause failures.

4 ™

Simulates extremely high temperature conditions and validates
Electro-Thermal Analysis the circuit performance. Helps in avoiding premature failures
9 due to thermal overstress during the product's useful life.

/
4 0
Enables accurate prediction of product wear-out by analyzing
aging acceleration due to temperature and process variation

A\ j

Advanced Aging Analysis

The three analyses in this solution are based on the Virtuoso® IC custom design platform and
Spectre® Accelerated Parallel Simulator.
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The following sections explain how to use these analyses to improve the reliability of your
analog designs:

B Analog Defect Simulation
m Electrothermal Analysis

B Advanced Aging Analysis

Related Learning Resources

B Legato Reliability Solution product page

June 2023 6 Product Version 1C23.1
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Licensing Requirements

The Legato Reliability Solution is available in 1C6.1.8, ICADVM18.1, and SPECTRE 18.1
releases. In Spectre 18.1, this solution is available only with Spectre® Accelerated Parallel
Simulator (Spectre APS) high performance multi-core SPICE engine.

The licenses required for the Legato Reliability Solution are listed below.

B 95260, Virtuoso ADE Assembler license

B A new Legato reliability solution license, which is a pack of 6 tokens, is required to run
the following reliability features:

Features

Analog Fault Simulation

Fault Generation

spectre_ddmrpt

spectre_fsrpt

Electrothermal Simulation

June 2023
© 2023 Cadence Design Systems, Inc.

No of tokens
3

Functionality

Spectre transient fault analysis and
Spectre direct fault analysis

info what=bridgeslopens

Does not check out the license;
however, checks for the availability of
the license.

spectre_ddmrpt

Does not check out the license;
however, checks for the availability of
the license.

Does not check out the license;
however, checks for the availability of
the license.

Spectre electrothermal simulation

Note: Electrothermal simulation
requires a Sigtherm_Signoff license
during Spectre thermal extraction, and
2 Legato tokens during the remaining
electrothermal simulation. The
Sigtherm_Signoff license is released
after thermal extraction is completed,
and then the 2 legato tokens are
checked out.

Product Version 1C23.1



Legato Reliability Solution
Introduction to Legato™ Reliability Solution

RelXpert 4 RelXpert simulation

Spectre self-heating 1 Spectre self-heating analysis
Spectre self-heating + 1 Spectre self-heating and aging
aging analysis analysis

Aging analysis + Monte 1 Aging Monte Carlo analysis

Carlo

RF reliability analysis 1 Spectre RF reliability analysis
Spectre reliability with XPS 1 Spectre reliability analysis with XPS
S mode SPICE mode

For information on licensing for Virtuoso products, see Virtuoso Software Licensing and
Configuration Guide.

June 2023 8 Product Version 1C23.1
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Analog Defect Simulation

An important concern of IC manufacturers is the processing defects that get introduced into
the devices due to various issues in the manufacturing process. Some examples of such
issues are open circuits caused by weak wire bonds or misaligned layers that lead to improper
connections. Some of these issues can be observed in newly fabricated devices, but some
are difficult to trace. Therefore, manufacturers look at performing a thorough inspection to
reduce the potential causes of defects.

The Fault Simulation component of the Legato Reliability solution provides a capability to run
defect-oriented tests on analog IC designs. These tests allow you to evaluate the ability to
eliminate a die with manufacturing defects and resulting test escapes that cause field failures.
It can also be used to optimize wafer test, reducing the number of tests required to achieve
the target defect coverage by eliminating over-testing and potentially reducing the number of
tests.

As a part of this solution, the following features have been provided in Cadence products:
m Fault Analysis in Spectre Accelerated Parallel Simulator

This analysis in Spectre provides a transistor-level simulation capability that can be
enabled in an analog test methodology to improve test coverage by identifying critical test
patterns. It is very fast in handling large numbers of faults, and also very accurate when
full fault analysis precision is required.

m Fault Simulation run mode in Virtuoso ADE Assembler

ADE Assembler provides an interactive simulation environment to create test setups,
inject faults in the test designs, run the Fault Analysis using Spectre, and present the
results for post-simulation analysis. Since analog designers are already familiar with
ADE Assembler, running fault analysis is easy and quick.

Note: To run fault simulation in ADE Assembler, you require Spectre 18.1 ISR1 ora
newer version of Spectre simulator.

June 2023 9 Product Version 1C23.1
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Simulating Analog Defects in ADE Assembler

A typical fault analysis that simulates analog defects consists of the following three steps:

B Injecting Faults in Design
m Simulating Tests with Defects
B Analyzing Faults and Test Coverage

Defect
Identification

Simulation

Coverage
Analysis

Developed in alignment with IEEE P2427

June 2023 10 Product Version 1C23.1
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Injecting Faults in Design

Use the new Fault Setup assistant in ADE Assembler to specify the faults to be injected into
designs. You can either specify individual faults to be injected in specific devices, or create
rules for faults to be injected in multiple devices based on the specific criteria.

=, Virtuoso® ADE Assembler Editing: Two_Stage_Opamp DualAmpTB_manufacturing maestre_manufacturing | -] 4
Launch File Create Tools Options Run EAD ParasiticsLDE Window Help cadence

L~ =3 ; = =
b digle  CEEIRWEIGIE B 8 e - IR
| e Parasiticw/LDE 11 |Devices ont - || Fautt simutaticn ' » ffeterance: E»
llj. i - n % L.vJ |Devices Only - u ulati % @ Alr FEC
| DataVi. 78 X| o000 setup Results Fault Setup Fault Setup e
tamesliiivll 26 - % |G [ e ETR|M  essistant gl crovpiofun  Ruesing. Fouts
% i 27 rows B o @&
o | Tes | teme | |
8 Gionatvas ||| TS -_.;.nm ﬂi Deiails o
» & Parameters DUT LibriCelliview ?wn_S-u;ge_Opa.T
¥} Corners wing sgnal /O - DUT Design Variables
u::l Oocuments Swing Swing faultexpr  (valus{VT{/OUT?)2.5e.08) - cload
B setp states Swing SettlingTime expr sattiing Time(VT[/OUT)0 t Hoad
_| Reliability Analyse: Swing RelativeSwi..  favltexpr  ([Seing £ VAR wdd ) * 100) = _—
_| Checks/Asserts Swing sgnal  /netd§ B Fault Rules
Swing signal NN = Bridge
Swing lowValue faultexpr  value{VT{OUT™) 2e-0%) = o REI(* * where * on * with re,
L] Swing highValue faulbexpr  wval Bule-ba=zed faults Open I
Data | History Hing signal fnetiy [ ROTE *mes* where * an S|
Swing sagnal fproblemFlag & Stuck-at
RunSu.. T§& Swing Swing? faultexpr  (value(VT{OUT2") 2 Se.08) ¥ RSI[* *Res* where * on * wit.
2 Tests Mominal | | Swing lowWalue2 faultexpr  value(VT{/OUT2") 2e-09) £ Individual Favults
1 Point 5wt 0 Corner | Sing highvalue2 faultexpr  value(VT{¥OUT27) 2 5e-08) :
Swing signal AVDD ¥ Bridge from f<dutinst>/AV55.
Swing maxCurrent faultexpr  yma Individual faults apen
205 ) st  Open on net /<dutinst>/AVS.
DCGain signal fmetd6 Suck-st
Dot Sl i - B Fault Groups
mm DCGain lowValue faultexpr  value(VT{OUT") 22.0%) o Bridge_Rules 0
et b ' DCGain highValue faulvexpr  value{VwT( .f_OLFT'J 2.5e-08) . o Open_Rules 10
DCrCTlr_l ﬂcﬁaln faulvexpr  ((valuelVT(VOUT?)2.5e-08) - o Sturkit Rules 5
1l Lt ki
imoLise L M R
12} | plot new graph subwindow ﬂ
To insert individual faults, you can directly select objects on the schematic, and specify a
resistance value for the fault.
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To create faults using rules, use the Fault Rules form to specify the design hierarchy filter and
fault insertion restrictions. Based on the settings in this form, a defect list is automatically
created and displayed in the Fault Rule Preview section of this form.

—| Fault Rules |5
Fault Rule Setup
Fault Model
Type Bridge n
Bridge Resistance(ohm) 1
Design Hierarchy Filter
Instances fI3
i
Exclude Instances
i
Exclude subcircuits
Fault Insertion Restrictions
Fault devices nmos*
Pin Mames *
Extra Options
Fault Rule Preview
* Preview i
N 8
Fault count 63
The Fault Count may be different due to the recent changes in the Fault Rules setup.
Click refresh button to update Fault Count.
Faults
Fault Instance | Terminal 1) Terminal 2| Wodel Name |
RE1_bridge_18 (f=dutlnst=/3/out <dutl... Jf=dutins.. d g M5.pch.2 6
RE1_bridge_21 (f<dutlnst=f3/AVDD <du... Jj<dutlns.. b g M5.pch.2
RE1_bridge_57 (=dutlnst=.13.RO.R0.nm =...  =dutlnst... bs_p2 bs_p3 bsource_22cacl
RE1_bridge_17 (f<dutlnst=f3/neté f<du... JF<dutlns.. d 5 MO .nch.2 —
m Cancel Help
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For more details about the Fault Setup assistant and the Fault Rules form, refer to Injecting
Faults in the Design in Virtuoso ADE Assembler User Guide.

Simulating Tests with Defects

When the setup is complete, choose the Fault Simulation run mode, specify run options
and run simulations using Spectre APS or AMS Designer.

You can perform fault analysis by using one of these two approaches: direct fault analysis and
transient fault analysis.

Fault Simulation

Select Fault Analysis

] EDirEu:t Fault Analysisé

— Transient Fault Analysis

¥ Run Mominal Simulation

Extra Options

June 2023 13 Product Version 1C23.1
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The following figure explains the difference between the two approaches:

Direct Fault Analysis [DFA) Simulation

Results

Test bench

All Spectre analyses supported
Massively distributed simulations

AMS-D integration

2-D Table

Fault List Time vs. Fault

IdV 18peay

Transient Fault Analysis (TFA)

Faults @ Test points, observed @ Test ports
Test rules *  Choices tradeoff performance, convergence,

* Test point ‘ and accuracy

* Test port = Massively distributed simulations (Phase I}

Mixed-signal stimulus

Depending on your requirements for speed and accuracy, you can choose an appropriate
approach, and specify settings for the simulation run.

For details about the settings for these methods, refer to Setting up Run Options in Virtuoso
ADE Assembler User Guide.
Analyzing Faults and Test Coverage

Analog fault analysis provides the capability to estimate fault coverage by generating a fault
detection matrix. This matrix is obtained by comparing the faulty simulation results with

June 2023 14 Product Version 1C23.1
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nominal (faultless) data, as shown in the snapshot of the Detail-Transpose results view

given below.

Outputs Setup

Results

petail- Transpose Q) (0| Sy [ [ ED w L2 wappens  [riene) @ =G .
51 rows 51 rows
Point n| ﬁm"nl ?‘.":.P"'..'“E-‘."l‘_".".“J lowvalue | wmnl  deGain | lowvalue2 | nnmanl
16 Aom RET_F21 -261.6mM 2363m B3.31m w09 8m B10.4m
17 nam RB1_F22 -199.7m 201.6m 1.003 -185.3m 110.6m
1B nom RE1_F23 471 .9m 412m 68 45u -650m -650m
19 nom RB1_F24 -6243m -6243m 33T 611.4m &611.4m
20 nom RB1_F25 -199.7m 200.2m 999.5m -199.9m 5232m
21 i RE1_F2& 140.2m 190.6m B2&.9m -B50m 299.5m
22 nom REN_F27 -199.7m 201 .4m 1.003 -574.Bm -576.9m
A nam RB1_F2B Wl -199.7m 1890.3m a749m 467.8m &07.8m
24 nam RB1_F26 -199.7m 199.2m a9872m -624m -627.5m
25 nam RB1_F3 282 4m 197.7m 12 &103m SHR2m
26 nom RET_F30 =200, 9m 199 2m 1 -B634.9m -636.2mM
27 Aam REI_F31 -199.7m 201.7m 1.003 -650m -B50m
28 nom RBE1_F32 -1B7.9m 199.4m 968.3m -650m 594 8m
29 nom RBE1_F33 -199.7m 194.8Bm S986.1m -650m 591.7m
30 nom RE1_F34 -199.7m 201.3m 1.002 -199.7m 194 9m
E i RBE1_F35 -199.7m B811.4m B112m
32 Farm RBE1 F36 -199.7m B073m 5932m
I 2 III_ o i
L) FaultSimulation 0 \ /

Fault points

Status of outputs at each fault point

At each fault point, the simulator evaluates the outputs and calculates the count of detected
and undetected faults.

You can also view the summary of these results in the new Fault results view. By default,
this view shows the count of detected or undetected faults found while evaluating the
expressions for each test.

June 2023
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You can use various filters or hyperlinks to focus on specific test, expression, or output, or to
view faults in the design schematic.

Emaestro_manufacturing ® EIBtDpAmpi

Outputs Setup Results

Fault n @ o | .._ | | l [rud] v| Iﬁ vt&ppend ml-lnl1ej _J r@ E

Test All n Expression All n DisplayDefault =4 || Coverage
- Filters
corner | testiame | ExOr |__cover
Al - 1 [~ 1l | [~ EEN B [~

1_N0rnina| DCGain dcGain2 94.00% 47 3 0
2 Mominal DCGain highValue2 94.00% 47 3 1]
B Marminal DCGain lowValue2 88.00% 44 6 0
4 Mominal DCGain maxCurrent 86.00% 43 7 0
June 2023 16 Product Version 1C23.1
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You can check the fault coverage for each test, and further optimize the tests to improve the
fault coverage based on the fault detection matrix.

Jutputs Setup Results
= o s Tar
ault n Ral | " " ) ! '| ]/_ v Append B_-_ lone) ] -E-&J |
Test All n Expression Cumulative n Display Default Coverage
corner | testMarme | expr | coverage detec:edcnunti undetectedCount | errorCount |
All |~ 1 R curmuiatve K3 [~ [~ | [~ | [~
. Mominal DCGain Curnulatise 94.00% 47 3 0
t Marminal Swing Curmidlatie E?_W g
Fault | (] v| |~ ~append ‘
Test DCGain Expression All n Display Default n DCGainAllUndeter
) maestro_manufacturing =y corner | falltName | status | DCGain | dcGain | dcGain2 | highValds
T - VI - [ - E
Nominal RB1_F19 \ U u 1.0071 100464 203179
2 Mominal RE1_F34 L U 1.00234 986.517m 201.2731
3 Mominal RE1_F9 L U 986.305m 9B5.86m 184.86m

Functional Safety Checks for Design

In addition to the fault detection matrix, the results of fault simulation can be used as part of
functional safety analysis. This analysis mainly focuses on the effect of a failure during the
lifetime of a device.

June 2023 17 Product Version 1C23.1
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To generate this report, you need to have diagnostic or checker blocks in your design to
validate the outputs of the functional block.

: Checker
: = blocks

In functional safety applications, fault detection is tracked for both functional and diagnostic
(checker) modules but reported separately. Using these results, you can generate a functional
safety report that is aligned with the safety classification defined according to the ISO 26262
standard which classifies safe or dangerous, and detected or undetected defects.

Functional
Qutput

Functional
M {}d LII-E Checker

Output
C1: Fault is not Checker Output :
propagating to (outside) u Cc2: Fault is n-:|1_
systern and is not propagating to (outside)
detectad by checker. T '—_ L — system and i detected

[System is safe) — — by checker.
[ - | |System is safe)

c4 c3
Il Dangerous Dangerous
undetected  detected

C4: Fault is propapating
to (outside) system and
is NOT detected by

Functiomal Output

Z3: Fault is propagating
to (outside) system and

ot - | - is detected by chacker.
checker. = {System is in damger
[ System iz in danger but can recover)
without recovery) [ ]
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The following figure shows an example of the functional safety report generated in ADE

Assembler.

=5

I=1 maestro_FuSa

» | < DualAmpTB_Fusa Generate FuSA Report

8 |

Dutputs Setup Results File Harme |, /FuSAReport. txt
Jetail - Transpose . Q [ | F@'D“ b n (5 "| L"f_ = Append Select Checker Expressions
59 rows Swing
RelataveSwingPercent %
prablembetected ' s X
_s.ﬁm.ﬁi nL,mm.:_z d_mmﬁi_sﬂ@.il prablel| |5e1ot e i I 8
highValys ted
1006 684.3n -199.7m 2078m b
1027 688,90 173.6m -366.9m il [lowhalaez |
101 584.1n -102.5m ,,‘,’:E,“,' i B
1.004 684.2n -E9m F199.65%m
10.37m 2 611.4m EEL F199.65%m
2544y 2 -650m tichaind 155.659m
793 4m 622 8n <B50m
629.5m 45 .95u -GS0m
389.8p 3 LB50m Cancel Help
25060 2 611.4m B11.4m 54750 2 = -130 AT
.145.3m JFuSAReport. txt .
-2139m File Edit View Help cadence
_ﬁ Fault Detection Il-aru far Test: DCGain

D FaultSimulation

Checker Expressions:
problesletected:
problealetected2:

yaax(¥VT(* fprobleaFlag®)) spec: 1t B.5
yRax(V¥T{"/probleaFlagZ” )) spec: 1t 8.5

mws |

Functional Expressions:
deGain:
deGaind
highValue: walue{WT(=/0UT") 2.52-88) spec: range 1758 2258
highVealue?: value(¥T("/0UTZ") 2.5e-08) spec: range 1758 225m
lowWalue: walus{WT({®/0UT") 2e-89) spec: range -225m -1758

{(valus{¥T{*/0UT"} 2.5e-0B) - value(VT("0UT") Ze-89)) / VAR("vin®}) spec: range 950m 1050m
{(valus{¥T{*/0UT2") 2.5&-0B) - valus(VT{®DUT2*) 2&-89)) / VAR("vin®)) spee: range 950m 1050

—[ lowWalue2: walue(WT(=/0UTZ") 2e-89) spec: range -225m -175m

T L
| faultID | earner
(SO RERAS R PO
1 | Heminal
e 1= | Mominal
| 3 | Heminal
= 1K | Hominal
| - I Wossnal

e e

e e o e e e e e i e

| F:dcGain | F:deGain? | F:highValue
T e
| & | L (2.3/]-1.35] = 242.236%) | &
(] | U {B.8956/]1.15] = 9.18371%) | &
| B | L (0.94B/|@.00218] = 93.771%) | &
| L (0.94/]8.0104] = 9B.9086%) | L {B.95/|5.92¢-6] = 99.9994%) | L (0.731/|-0.55
| L (0.95/1-0.00062541 = 108.027%) | L (8.95/19.67e-181 = 188%) | U (D386 18.611

For more details, refer to Viewing Results of Fault Simulation in Virtuoso ADE Assembler

User Guide.

June 2023
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Simulating Analog Defects using Spectre at
Command-Line

The flow of an analog defect simulation in Spectre is summarized in the following figure.

Spectre Analog Fault Simulation Flow

Fault List Circuit Metlist Assert Definition (optional)
bridgeFaultList faults resBridge=10 model mosn mos11010 type=n ... DEV_BIAS assert safecheck=func dev=Mn expr="V[g.5)"
beidge { Vdd  dd O wsource type=pulse . min=-4e-8 max=2.501 meszage=".."
bridge_3 {d 0) r=resBridge Mn d g 5 0mosn i=2e-§ WMW%WPW
1 Imﬂdﬂﬂg I max=5 durotion=1u messoge="...
High accuracy DFA (OR)
@' @' G’ SAFE sweep foults=[ * | {
trond tram = onnototesstotus
Spectre Simulator with DFA or TFA + finultstart=i 5m faultstep=1.5m faubistop=2.5m}
spectre +aps +mp test.scs <:| High performance TFA

limear tron start=0 5
i {fniar-asm etetep=. 5 oo =55

Assert violations in log and sgl database

Input.nametran.table

BE
EE
R

-T:WI-UI 5. O O N il 00 L. ol -0 5 ol
T Sl -0 4. 1571-08 5. Do+ D L.H0ar-03 4. WSL-00 5. + 0o ie 4
F: bridge X [ &8 @ } redd
T RN - O ASEL -0 LR ol L. M08 5. 4851-02 5 OO O 1= 2
T SO0 -0 L. ST LR LIS 1. F5-0 L. -2 L. DL 1 2
Defect Detection Matrix OR
e 0. 9. 0005 e LR H] 0.0 4. 0055 e 0.0
bridge_1 P L B
bridge, 2 1 P
Wridge 1 D D 3 1]
mprLl
—— ] [ [
— ) b B
Covrage WA ST mER CN I TR T N T I T, T

These steps are described below:
1. Specify faults to be checked. You can specify the faults in two ways:

O Bycreating the faults block to specify a fault list that defines the type and location
of faults

Q By automatically generating faults from the design.

To create your own fault list, define the faults blocks. Spectre supports two types of
faults - bridges (shorts) and opens, as shown in the example below.
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name faults <parameter=value> ({
bridge {

<name> ( <nodel> <node2> ) r

<expression>
}

short {

<name> ( <nodel> <node2> ) r = <expression>
}

open {

<name> ( <node> ) r = <expression> [ c = <expression> ]
{ instancel[:terminal] [instance2[:terminal2?2]].. }

}

}

Alternatively, you can run Spectre info analysis to generate the fault list based on the
primitives, models, or subcircuits of a given design.

Syntax for Fault Creation

nameList info what=bridges|opens where=file file=file faultlist l.scs [
faultblock=nameBlock [ faultdev=[...] [ faultres=resValue [
faultterminals=[...] 1 1 1 1

Here:

O faultblock: specifies the names of the fault blocks to be generated. Default is the
name of info analysis.

Q faultdev=[devl dev2...]: specifies the fault devices by primitive name,
subcircuit name, or model name. Default value is all.

O faultterminals: specifies the terminals of fault devices for open or short
handling. The default value is a1l terminals.

O faultres: specifies the resistance value for bridges or opens. The default value is
10 Ohms for bridges and 1 GOhms for opens.

QO faultcap: specifies the capacitance value for open faults. The default value is 0 F.

O faultduplicate: If setto yes, duplicate faults are included in all fault lists when
multiple info analyses are specified for fault generation. Possible values are yes and
no.

QO faultdeviter: If setto yes, a separate faults list is generated for each iterated
instance, that is, for instances whose name contains <number : [number] >.
Possible values are yes, and no.
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2. Use an assert violation as a fault detection technique by specifying the
boundaries. A fault is detected when an assert violation is triggered. To distinguish the
checking of fault analysis from the regular assert check, you can add the safecheck
parameter in the assert statement which is used in post-processing of assert violations
to generate the functional safety report.

safecheck=[ none | func | check ]

3. Specify the test points using any of the following three methods:

O Specify the sweeping points by using the faultstart, faultstop, and
faultstep parameters

O Specify the discrete time points using the faulttimes parameter

O List the test points in a separate file to be included in simulation.

Example 1

faultstart=0.5m faultstop=1.0m faultstep=0.5m
Example 2

faultimes = [0.5m 0.75m 1.0m]

Example 3

faultfile = "./file test points.txt"

Test pointsinthe . /file_test_points. txt file can be defined as follows:

//fault time point
0.5m
0.75m
1.0m

4. Run simulation.
Running Direct Fault Analysis

Direct fault analysis uses sweep to iterate over the fault list and run the nested child
analyses, such as tran, dc, ac, and so on.

The following is the use model for Spectre direct fault analysis:

DirectName sweep faults=[ * | faultblockl...] nominal=[yes|no]
[faultsid=[...]] [faultsname=[...]][faultsinst=[...]] {
TranName tran stop=10u step=lp
DCName dc

ACName ac start=1le3 stop=1le9
}

Here:

Q faults=[*] specifies the fault analysis sweeps for all faults.
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QO faults=[faultsblock. .] specifies the fault analysis sweeps for the defined
blocks.

0O nominal=yes performs nominal fault free simulation along with fault simulation.

Q faultsid=[...] specifies the indexes of faults from the list to be considered
during simulation.

Q faultnames=[...] specifies the names of the faults from the list to be considered
during simulation.

O faultsinst=[...] specifies the list of instances to be considered during fault
simulation.

The following is an example of running the transient simulation for all faults blocks and
the fault-free transient before the direct fault analysis starts.

Directfault sweep faults=[*] nominal=yes {
tranl tran start=0 stop=3e-3 annotate=status

}
Running Transient Fault Analysis
Spectre transient fault analysis requires a complete simulation test bench with fault list,

test point(s), test signal(s)/port(s), and the fault method defined using the tran analysis
statement. Fault analysis is ignored when this critical information is missing.

To perform transient fault analysis, you need to perform the following:

O Specify the test signals/ports to be checked using the save statement, as shown
below.
save dd d gg g s

O Specify the test points and fault method in the transient statement, as shown below.

leadtime tran start=0 stop=12e-3 errpreset=conservative maxiters=5

+ faultstart=0.5m faultstep=0.5m faultstop=7.5m + faultmethod=leadtime
faultleadtime=0.1m

Note: The faultstop time must not be beyond the transient stop time.

Q Run the simulation, as shown below.

$spectre +aps test fault.scs +log test fault.out -outdir out faults

Note: The command-line option to run the fault simulation is the same as transient
simulation. All the commands to adjust accuracy and performance for transient
simulation are also applied to transient fault simulation.

June 2023 23 Product Version 1C23.1
© 2023 Cadence Design Systems, Inc.



Legato Reliability Solution
Analog Defect Simulation

Q Torun afull fault simulation with the faults injected at time zero and enable autostop,
use the examples of the transient statement and the Spectre command, as shown
below.
timezero tran start=0 stop=12e-3 errpreset=conservative maxiters=5

+annotate=status faulttimes=[7.5m] faultmethod=timezero
+faultautostop=all

$spectre +aps test fullfault.scs +log test fullfault.out -outdir out full/

5. View the fault simulation results saved in a table file where solutions at the test
points are grouped for each fault. The name of the table is
netlistname. tranname. table.

The following is a sample table file:

title: Fault amalysis
analysis: transient
undefined: 1,60000E+38

parameters:noninal=0

© 2023 Cadence Design Systems, Inc.

Test_Points d g £ s resistance iterations

5.000000E-04 5.000E+00 4,450E+00 3.125E+00 1,562E+00 5.495E-02 1.€

7. 500000E-03 5. 000E+00 4.874E+00 1.875E+00 9.375E-01 1.263E-02 1.6

1: bridge_1 ( g 0 ) r=10

5. 000000E-04 5.000E+00 5. 000E+00 3.125E+00 3.064E-02 1.072E-09

7. 500000E-03 5.000E+00 5. 000E+00 1.875E+00 1.838E-02 7.194E-10

2: bridge_2 ( 4d 0 ) r=10

5.000000E-04 5.000E+00 4.450E+00 3.125E+00 1.562E+00 5.405E-02

7. 500000E-03 5. 000E+00 4.874E+00 1.875E+00 9,375E-01 1.263E-02

3: bridge_3 ( d 0 ) r=10

5.000000E-04 5.000E+00 4.901E-02 3.125E+00 1.562E+00 4.953E-03

7.500000E-03 5.000E+00 4.926E-02 1.875E+00 9.375E-01 2.498E-03

4: short_1 ( g 0 ) r=100

5. 000000E-04 5. 000E+00 5.000E+00 3.125E+00 2.604E-01 9.802E-07

7. 500000E-03 5.000E+00 5.000E+00 1.875E+00 1.563E-01 4.275E-08

5: short_2 ( dd 0 ) r=100

5.000000E-04 5. 000E+00 4.450E+00 3.125E+00 1.562E+00 5.495E-02

7. 500000E-03 5.000E+00 4.874E+00 1.875E+00 9,375E-01 1.263E-02

6: short_3 ( d 0 ) r=100

5.000000E-04 5.000E+00 4.227E-01 3.125E+00 1.562E+00 3. 500E-02

7.500000E-03 5.000E+00 4.445E-01 1.875E+00 9.375E-01 1.105E-02

7: open_l {( d ) r=1e+09 { Mn:1 }

5 DOO0O0E -04 5 DD0OE+D0 5 DD0E+ D0 T_125F+00 1. SE2F+00 5 _SROE-0O7

The first group with parameter nominal=0 shows the faultless result and serves as
golden reference data. The signals specified in the save statement are the fault results
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that are printed in rows and are followed by fault resistance for bridges or opens and
iteration number taken by the fault simulation to complete.

6. Post-process the results data saved by the Spectre simulation

After the fault analysis is run, the list of faults is reported in circuit inventory and design
checks inventory saved in the log file.

Circuit inwventory:
nodes &
zgsert &
moas11010 1
resistor &
TIource 2
Design checks inwventory:
bridge 10
agsert 3

open 12

Post-processing the results of a direct fault analysis

For direct fault analysis, the result data is dumped in the raw directory
out_dfa/direct_fault.raw/.

You can use the Spectre binary spectre_fsarpt to generate the functional safety
report based on the assert violation for Direct Fault Analysis on screen, or output to a file.
The script reads the log file and looks for the path of sqldb file for violations.

.../bin/spectre fsarpt out dfa/direct fault.log

o oo

.../bin/spectre fsarpt out dfa/direct fault.log -o report file.txt

Post-processing the results of a transient fault analysis

For transient fault analysis, the Spectre log file also reports the transient fault simulation
by printing the fault numbers which failed to converge at every test point(s).

Depending on the input statements given in the netlist file, a few report tables are also
generated in the out_faults directory. For example:

tfa test fault.leadtime.table
tfa test fault.linear.table
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You can use the Spectre binary spectre_ddmrpt, to evaluate the fault table file and
generate the defect detection matrix. An example report is shown below.

Detection Matrix:

O - - - - S S S S D S o S O s +41
| | 0.0005/d | 0.0045/d 0.0075/d | Total |
|——————————— e L . B 1T
| bridge 1 | D | & = | D 19
| bridge 2 | G | & z | & |
| br;dze_& | D | G D | D 19
| open_1 | & | D G | D 1 9
| cpen_2 | D | G G | D 19
| open 3 | D | G G | D 1T
| Coverags | 66.67% | 16.67% 16.67% | 83.33% |9
e e o o s s . . e e alfe . o e . o o . s s e s s q
Solution Matrim:
—————————————————————————————————————————————————— +4

| | 0.0005/d 0.0045/4d 0.0075/d 1T

| 11

| nominal | 4.45 1.62-07 4.874 ki

| bridge 1 | 4.907 -3,857-07 5,058 |g

| bridge 2 | 4.45 1.62-07 2.373 |g

| bridge 3 | 3.85 3.186e-09 4.274 ki

| open 1 | 4.45& -1.391e-086 4.876 1T

| open 2 | 4.908 -3.874e-07 5.083 1T

| open 3 | 4.807 -3.856e-07 5.059 1T
—————————————————————————————————————————————————— +9

Legend

G - Good, measurement consistent with fault-free circuit within error bound
I - Detected with wiolations of error kound

N - Hot tastable [(error occcurred during analysis, e.g. non—convergence)

For more details, refer to the following topics: in Spectre® Classic Simulator, Spectre
Accelerated Parallel Simulator (APS), and Spectre Extensive Partitioning
Simulator (XPS) User Guide:

Q Fault Analysis

0 Viewing Data Output of Transient Fault Analysis

O Post-processing for Functional Safety Report
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Many analog circuits for complex technologies operate at high power. The combination of
high-power dissipation in a high-temperature environment can result in thermal over-stress.
The stress of operating at high temperature can cause devices that have been designed for
a long operating lifetime to fail sooner. The electrothermal analysis feature of the Legato
Reliability solution enables designers to prevent thermal over-stress and avoid such
premature failures.

In electrothermal analysis, a simulation is performed using Cadence Thermal Technology that
delivers true electrothermal co-simulation. In this flow, thermal technology is used to create a
thermal model of the die, based on the chip structure and thermal properties of the die stack.
This model is a thermal equivalent circuit of the die. Electrothermal analysis uses the
electrical and thermal descriptions of the circuit, the netlist, and the thermal model to perform
co-simulation. It considers the thermal interactions between devices. In addition, it considers
all the power sources in the chip, including transistors, resistors, and other devices.

The electrothermal analysis consists of the following components:
B Spectre APS for electrical simulation

Spectre APS is used for electrical simulation, which computes the power of each power
dissipating instances in the circuit: MOS transistors, resistors, diodes, and bipolar
transistors.

m Cadence Thermal Technology

The thermal technology is called internally by Spectre APS to perform thermal extraction
of the die and to create the thermal model used in simulation.

m Spectre APS for thermal simulation

Spectre APS is used for thermal simulation. It calculates the instance temperatures
based on the power consumption of the instances. The thermal solver is built into the
electrothermal simulation and is not available as a standalone offering.

Spectre APS automatically maps the information from the electrical simulator, power, to the
thermal solver and maps the information from the thermal solver, temperature, back to the
electrical simulator.
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Electrothermal analysis starts with an electrical simulation and uses the instance power to
drive a thermal solution to calculate the temperature of the instances on the die. If the
temperatures converge, the simulation is complete. If not, the thermal and electrical
simulation process continues until the results converge to a stable solution that satisfies both
the circuit electrical power and the circuit temperature condition. This process is called
electrothermal co-simulation or electrothermal simulation.

Power

Electrical Thermal
Simulation Simulation

Temperature

Electrothermal Analysis Methods

Electrothermal analysis supports the following two methods:

Steady-State Thermal Analysis

In steady-state thermal simulation, electrothermal simulation starts with an electrical
simulation with the device temperatures initially set to the ambient value.

Upon completion of the electrical simulation, the average power of all the devices is computed
and sent to the thermal solver to compute the temperature rise (Trise) for each device as a
result of the steady-state instance power. The calculated instance temperatures are then
used to update the instance temperatures for the next iteration of the electrothermal
simulation. The process continues until the user-specified iteration count is reached. The
output of the steady-state thermal simulation is a text report, which lists the temperature rise
and the average power of each device in the DSPF netilist.
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The thermal model is then used in thermal simulation to simulate the temperature rise due to
device power dissipation.

SPECTRE Cadence Thermal Technology
Input DSPF Thermal Tech Pka
Netlist Flle Confg File File
“‘\ / Device
Location
Electrical Simulation File
I | > U4
S
Thermal Model
Thermal Simulation
. » Input for thermal analysis
\’_I,, | :| = Models the thermal
~ Th | characteristics of the
Update Device Temperature Equ?::::nt structure to be simulated
,_| Circuit
‘\\V//
No
~ num_jters?

~Yes

Generate Reports

Dynamic Thermal Analysis

Dynamic thermal analysis is run by performing thermal solving at each time step of the
Spectre transient analysis. Because thermal variation is usually much slower than electrical
variation, it is assumed that convergence of electrothermal co-simulation is always achieved
with just one iteration at each time step. Therefore, no iterations are needed for the
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electrothermal co-simulation during dynamic thermal analysis. This greatly increases the
efficiency of the dynamic thermal analysis algorithm without introducing significant errors.

Thermal solver Thermal Solver Thelmal solwer Thermal Solver
Devica' Demce Dewice Device Dewice: Device Dewce Davice
Powe Powe Trise Powe Trise wer Trise
tImE
g TEMPD Tempd+Trisel Tempi+Trise2 Temp+Trise3

t:l. ta

Performing Electrothermal Analysis in Spectre
Command-Line Mode

Note: For pure analog designs, you can run electrothermal analysis by using Spectre 18.1
ISR5 or a higher version. For the analog modules in a mixed-signal designs, use Spectre 19.1
and enable AMSD flexible mode.

To perform electrothermal analysis in Spectre command-line mode, follow these steps:

1. Prepare the simulation testbench including the postlayout data of the design, and the
DSPF files with device location and dimension information for the transistors, resistors,
diodes, and so on, in the instance section. A dspf_include statementis required in the
electrothermal analysis flow to identify the DSPF data.

dspf include “sram.spf” (Spectre syntax)

.dspf include “sram.spf” (SPICE syntax)

dspf_include provides special features for reading the DSPF format data, for
example, port order adjustments, or handling of duplicated subcircuits. Do not use the
include/. include commands to read the DSPF format data because these
commands do not have the special functions of the dspf_include/.dspf_include
command.

Note: After setting up the testbench, you should perform a regular (non-electrothermal)
postlayout simulation with the spectre command to ensure that the testbench contains
no error, and the circuit behaves as expected.

% spectre +aps input.scs (Spectre test bench)
2. Add a reliability block containing the thermal analysis statement which defines the
thermal configuration file, as shown below.

rel reliability

{
myThermal thermal config “thermal.conf” <options>
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tran thermal tran stop=100n

}

The thermal configuration file consists of two parts, the location of the data files required
for thermal analysis, and additional options. The following two files are required for
electrothermal analysis:

Q Thermal technology file
@ Thermal package file

The thermal technology file is defined with the keyword tech_file in the thermal
configuration file and describes the die stack. It is the thermal equivalent of the ICT file
and contains the thickness and the thermal properties of the materials of the die stack.

thermal tech file = "tech.txt"

The thermal package file is defined with the keyword package_file in the thermal
configuration file and describes the thermal characteristics of the package, which define
the boundary conditions for thermal analysis.

thermal package file = "pkg.txt"

3. Run the simulation, as shown below.

[}

% spectre +aps input.scs

Note: The electrothermal analysis is enabled by the presence of the reliability block.
All electrothermal related options are defined either as options to the thermal analysis
statement or in the thermal configuration file.

Viewing Electrothermal Analysis Output in Spectre Results

As the simulation runs, Spectre outputs messages to the screen and the simulation log file
that shows the progress of the simulation and provides statistical information. After the
simulation completes, electrothermal analysis generates a report file with the extension
.thermal_rpt and the iteration count in the raw file directory after each iteration. It reports
the temperature rise and power value on each device in the DSPF file. The last of these
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reports can be used as the final result of the electrothermal analysis. The following is a

sample report that is generated

Table Legends:

: Mame of Device.

Device
Trise (Cent):
P (Watt):

Trise_range(Cent):

Pwr_range
Total_ Pwr

(Watt):
: Sum of the Powsr for all of devices.

Number_of_Devices:

Sorting

Trise_range
Pwr_range

Total Pwr
Mumber_of _Devices
Sorting

Device
I&.MMN_cap@ls.ml
I8.MMN_capigls.ml
I8.MMN_capely.ml
I&8.MMP_out.ml
I8.MMP_outigl®.ml
I8.MMP_outigll.ml
I8.MMP_outigl?.ml
I8.MMP_outiEl3.ml
Ie.MMP_outigld.ml
I8.MMP_out@? .ml
I8.MMP_out@d .ml
I8.MMP_outi@d.ml
I8.MMP_outi@l5.ml
I&.MMN_cap.ml
I8.MMN_capigld.ml
I2.rrpodl3s
I&.rrpo8B5
I@.rrpog_1 972
I8.rrpo2ada
I2.rrpog_1_2145
I8.rrpo2@sl
I@.rrpog_1_2118
I8.rrpo2asa
I&.rrpog_1_2189

Temperature changes dug to thermal analyvsis.

Average Power.

Minimum and Maximum of Trise.
Minimum and Maximum of Power.

The number of devices display.
: The order of devices are sorted by Trise or Pur.

[ 7.917@30e+01 ~ 7.922372e+81 ]
[ 1.261553e-15 ~ 2.118@23e-84 ]

3.3594335e-83
3294

= Trise

.922372e+01
.922372e+01
.922371e+81
L922292e+81
. 9222922481
.922292e+01
L922293e+81
. 9222922481
. 9222920481
L 922292e+81
.922292e+81
. 9222920481
.922281e+81
L922237e+01
.922237e+81
L922237e+01
L922237e+01
L922227e+81
L922237e+01
L922237e+a1
L922222e+81
L923237e+81
L92222%e+81
L922222e+01

B B B B B B B B B B B e B B e e B I e I T B L |

Pwr
.719804e-13
.719641e-13
.B43528e-13
.BA78T78e-04
.BA7ee7e-04
246164e-04
. 847906204
.B51595=-84
. B59644e -84
.B437952-84
L3448 1e-84
. BdadRTe- 84
L118823=-04
.7ladale-13
.71938%92-13
.889157e-28
.679198e-15
.541478e-15
. 286555e-14
.286552e-15
. 2615562-14
.261553e-15
. 543516214
.54358%9e-15

B b b RS RS g P R RS RS R RS RS R RS R L B

For more information on Electrothermal analysis refer to the Spectre Thermal Analysis
section in the Spectre Classic Simulator, Spectre Accelerated Parallel Simulator (APS), and
Spectre Extensive Partitioning Simulator (XPS) User Guide.
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Performing DSPF-Based Electrothermal Analysis in ADE
Explorer or ADE Assembler

Running the Electrothermal Analysis in ADE Assembler

Before running electrothermal analysis in Virtuoso ADE Assembler, ensure that you have the
following files:

m A thermal configuration file that contains the path to the following two files:
O A thermal technology file, which describes the die stack

0 Athermal package file, which describes the thermal characteristics of the package
that define the boundary conditions for thermal analysis.

m A DSPF file that contains the electrical and geometric information required for thermal
analysis

To run electrothermal analysis for pure analog designs, use Spectre 18.1 ISR5 or a newer
version. For the analog modules of a mixed-signal design, enable AMS flexible mode in the
Netlist and Run Options form and using Spectre 19.1 or a newer version.

To perform electrothermal analysis in Virtuoso ADE Assembler, follow these steps:

1. In the Data View assistant, right-click a test and choose High-Performance
Simulation.

The High-Performance Simulation Options form is displayed.
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2. Enable the Spectre APS mode, as shown below.

High-Performance Simulation Options

_ Spectre & APSi|_ XPSMS

Simulation Performance Mode

General

Accuracy + Speed

Error Preset:

2 Do not override . Liberal . Moderate . Conservative

APS Options

Use ++aps:

Multi-Threading

& Auto . Disable . Manual # Thread

Post-Layout Settings

Enable Post-Layout Optimization:

Instance Preservation: 2 None . Selected

m Cancel Defaults Apply Help

3. In the Data View assistant, right-click a test and click Simulation Files to open the
Simulation Files Setup form.
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4. In the Simulation Files Setup form, specify the name of the DSPF file mentioned in
Running the Electrothermal Analysis in ADE Assembler.

spectre(: Simulation Files Setup

PathsiFiles | Wector Files

| Files/Paths |Options |
=l Include Paths
" e
+ _ =Click here to add a path=
[}~ Definition Files %

__ =<Click here to add a file>
[}~ Stimulus Files
<Click here (o add a flle>
[}~ Parasitic Files {DSPF)
< o Spowermos_dm_v1_box.dspfgz
<Click here toadd a file:>
[} Parasitic Files {SPEF)
_|=<Click here to add a file>
[} PSpice Files
—|=Click here to add a path>

@EIW  concel | Apply _Help

5. In the Data View assistant, expand the Analysis tree for a test, and click Click to add
analysis to add a tran (transient) analysis.

6. In the Choose Analysis form, select tran, and click Options to open the Transient
Options form.
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7. Onthe Electrothermaltab and select the Enable Electrothermal Analysis check box.

Transient Options

Time Step | Algorithm | State File | QOutput = EMJIR Output | Fault Electrothermal | Misc

Enable Electrothermal Analysis »~

Thermal Configuration File thermal.conf

Thermal Analysis Method Dynamic :

Trise Limit{C) 300

Devices In Thermal Report SIOSND JTIOSNS FI0SNS Select Clear
- = -

Thermal Time Step ]

Trise For Thermal Update(C) 0

Chip Bounding Box

Save Channel Layer No n

Sawve Layer

Additional Options

8. Specify the path to the thermal configuration file mentioned in Running the
Electrothermal Analysis in ADE Assembler.

9. Choose the required method, Steady State or Dynamic State, inthe Thermal
Analysis Method drop-down list.

For details about the thermal analysis methods, refer to Electrothermal Analysis
Methods.

10. Modify other settings on this tab. For information about the fields on this tab, refer to
Transient Options Form — Electrothermal Tab.

11. Click OK to save the settings and close the Transient Options form.

12. Run simulation.
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Transient Options Form — Electrothermal Tab

Use the Electrothermal tab of the Transient Options form to configure the settings for
Spectre thermal analysis:

Field Description

Enable Enables or disables thermal analysis.
Electrothermal Default value:

Analysis efault value: unselected

Thermal Specifies the location of the thermal configuration file.

Configuration File

Thermal Analysis
Method

Trise Limit

Report Updated
Parasitic Resistor
Temperatures

Number of
Electrothermal
Iterations

Sorting Method

June 2023

Default value: "

Select the thermal analysis mode.

Possible Values: Ssteady State and Dynamic
Default value: Steady State

Specifies the upper limit to be used for updating the device
temperatures. This helps to prevent device temperatures from
going out of range during electrical simulation. Unit is degree
centigrade.

Default value: 300

Specifies whether or not to report the resistor temperature values
in thermal reports.

Default value: Yes

Specifies the number of iterations to run when using the steady
state thermal analysis method.

Default value: 2

Device sorting order in debug reports (.dbg_trise_iter* and
.thermal_pwr.iter*) for steady state thermal analysis.

Possible values:
B Temperature Rise (trise values)
| Power

Default value: Temperature Rise
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Field

Description

Max Devices in
Report

Chip Bounding Box

Devices in Thermal
Report

Thermal Time Step

Trise for Thermal
Update

Save Channel Layer

Save Layer

Additional Options

Specifies the number of instances to be included in steady state
thermal analysis reports.

Specifies a vector of four numbers [lower-left-x-coordinate
lower-left-y-coordinate upper-right-x upper-right-y] representing a
user-defined chip bounding box. By default, the chip bounding box
is calculated from the device geometries so that a tight bounding
box containing all the devices is used.

Default value: nil

Specifies a list of instance names for which temperature and
power are to be included in dynamic thermal analysis reports.

Default value: nil

Specifies the thermal time step (in seconds) for dynamic thermal
solver. Set this parameter to zero to get identical electrical and
thermal time steps.

Default value: 1.0
Specifies the Trise threshold for device temperature update.
Default value: 0.0

Specifies whether the Trise data is to be saved for the channel
layer only or for all layers.

When set to Yes, the data is saved only for the channel layer.
Otherwise, the data is saved for all layers.

Default value: No

Specifies a list of layer names for which trise will be reported in the
thermal . temp_grid file.

Default value: " "

Use this field when you want to save the data for a selected set of
layers. To save data for all the layers, select No from the Save
Channel Layer drop-down list.

Placeholder where you can specify any additional option for
Spectre electrothermal analysis.

June 2023
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Viewing Results of Electrothermal Analysis in ADE Explorer or ADE
Assembler

After the simulation for an electrothermal analysis is complete, the results are displayed in the
results table.

Right-click an output value in the Results tab and choose Electrothermal Reportto view a
detailed report, as shown below.

File Edit View Help cadence

ey ]
Spectre (R) Circuit Simulator

Version 18.1.8.mid.2B8 64bit -- 19 Feb 2819

Copyright (C) 1989-20816 Cadence Design Systems, Inc. All rights reserved worldwidi
Cadence and Spectre are registered trademarks of Cadence Design Systems, Inc.

All others are the property of their respective holders.

Includes RSA BSAFE(R) Cryptographic or Security Protocol Software from RSA Securi

& User: liyuan Hest: ip-172-18-22-183 HastID: 12ACGTIE PID: 1814
& Memory available: 19.9875 GB physical: 185.1054 GB
# Sipulating “input.scs' on 1ip-172-18-22-183 at 12:18:38 AM, Wed Feb 28, 2619 (proce

ol ke e ol ol ol ol ol ol o ol o ol o ol o o o o o ok ol o o ol ol o ol o o ol o ol o o o o o

lTable Legends:

Device : Name of Device.
Trise {Cent): Temperature changes due to thermal analysis.
Pur (Watt): Average Power.

Trise_range{Cent): Minimum and Maximum of Trise.
Pwr_range (Watt): Ninimum and Maximum of Power.

Total_Pwr : Sum of the Power for all of devices.

Humber_of_Devices: The number of devices display.

Sorting : The order of devices are sorted by Trise or Pwr. ¢
|
L e +
Trise_range = | 2.845460e+82 ~ 2.100875e4+82 |
Pwr_range « [ 7.16597%e-11 ~ 2.838577e-04 |
Total _Pwr = 3.597134e-01
Humber_of_Device = 18
Sorting = Trise

Device Trize Pwr

[8.MMB. g45n1svt 2.100875e+82 1.577285e-084
I8, MMB. xrg. r 2. 108875e+82 7.506949e-11
[8.MM1.g45n1svt 2.10887 58482 1.858225e-84
[8.MM1.xrg.r1 2.18887 52482 7.553426e-11
[8.MM18. g45n1svt 2.10887 52482 2.811123e-04
[B.MM18.xrg.rl 2. 100887 5e+02 7.575866e-11
[8.MM11.g45n18vt 2.10887524+02 2.011060e-04
[B.MM11.xrg.rl 2.100875e+82 7.575682e-11
[8.MM12. g45n1svt 2.100875e+82 1.984846e-04
[8.MM12.xrg. 2.1088T5e+02 7.569588e-11

[ . I |
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You can see a similar report for the dynamic electrothermal analysis too. In addition, you can
plot graphs to show the Trise values for the devices specified in the Devices in Thermal
Report field on the Electrothermal tab of the Transient Options form.

To plot the graphs for the saved devices, open Results Browser and plot the results of
transient analysis, as shown below.

-] »
L] J"
i " ! o
- =
. tra
..... e p—
s
FANE
0F
| wearch
i 2 40 ",
mme (us)
il - = - e

Alternatively, you can create outputs on the Outputs Setup tab by using the following
expressions:

getData "totalPwr" ?result "input.temp probe-tran"
getData "maxTrise" ?result "input.temp probe-tran"

( )
( )
(getData "minTrise" ?result "input.temp probe-tran")
( )

getData "avgTrise" ?result "input.temp probe-tran"

After the simulation run is complete, these expressions result into waveforms that you can
double-click and plot in Virtuoso Visualization and Analysis XL.
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Performing Schematic-Based Electrothermal Analysis in
ADE Explorer or ADE Assembler

To run electrothermal analysis for a schematic-based flow, use Spectre 20.1 ISR7 or a newer
version. For the analog modules of a mixed-signal design, enable AMS flexible mode in the

Netlist and Run Options form.
To perform electrothermal analysis in Virtuoso ADE Explorer, follow these steps:
1. Inthe Setup assistant, right-click a tesst and choose High-Performance Simulation.
The High-Performance Simulation Options form is displayed.

2. Enable the Spectre APS mode, as shown below.

High-Performance Simulation Options

Simulation Performance Mode o Spectre !,APS s XP5MS

General

Accuracy + Speed

3. Inthe Setup assistant, expand the Analysis tree for the test, and click Click to add
analysis to add a tran (transient) analysis.

4. In the Choose Analysis form, select tran, and click Options to open the Transient
Options form.
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5. Onthe Misc tab, select the enable thermal node check box inthe THERMAL NODE
PARAMETERS section.

Transient Options (on nofchw096)

Time Step | Algorithm | State File | Output | EMJIR Output | Fault | Electrothermal  Misc

'-CI'.'I.CII.F

THERMAL NMODE PARAMETERS

enable thermal node ~

thermal model file

Instance Thermal Pin Mame

Select Add

ADDITIONAL PARAMETERS

b L1 y

m _ Lancel | Defaults | Apply | Help

This check box enables the schematic-based thermal analysis. It also disables the

DSPF-based electrothermal analysis options if any specified on the Electrothermal tab
of this form.

6. Inthe thermal model file field, specify the path to the model file in which external or
internal thermal nodes are defined for the subcircuit.

7. Inthe Instance field, specify the name of an instance for which you want to measure the
thermal data.

Alternatively, you can click Select to select an instance from the schematic.
8. Inthe Thermal Pin Name field, specify the name of pins of that instance.

9. Click Add.

An instance-pin name pair is added to the table. Similarly, you can add multiple
instance-pin name pairs or load from a CSV file by clicking Load.
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10. Click OK to save the settings and close the Transient Options form.

11. Choose Outputs — To be Plotted — Thermal Node.

ADE Explorer creates new getData expressions for the thermal nodes you specified on
the Misc tab of the Transient Options form.

|*™ maestro_sch_base_thermal & powermos_4m_v1_sch_thermal_sim

MName | Type | Details | Value | Plot | Save |
signal e ¥ |
signal (1) S10/01 L] w
TH1 EXPr getDatal"TH" fresult "tran-tran”) w

12. Run simulation.

Thermal analysis is run and the data for the thermal node is plotted.

Fin Aug 13 08:42:f

L B B R R BN N

150.0 300.0

e (ms)

Related Topic: Spectre Thermal Nodes
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Advanced Aging Analysis

Device wear-out results in end-of-life failures. To extend device lifetime, designers need to
accurately predict the effect of stress on a device lifetime. Until now, designers had to account
for each source of device degradation in isolation.They use reliability analysis to estimate
device in one analysis due to electrical stress, then re-rate the lifetime based on estimated
die temperature and the effect of process variation.

The Advanced aging analysis feature of the Cadence Reliability solution enables designers
to accurately predict product wear-out, and therefore allows them to achieve their design
target for extended lifetime of devices without over-designing each transistor, which results in
increased die area and increased product cost.

Advanced aging analysis has been enhanced to include other effects that contribute to device
degradation, besides electrical stress, such self-heating and process variation.

Self-Heating and Aging Flows

You can enable the self-heating flow by setting the value of type parameterinthe rel_mode
control statement to she. For example:

rel mode type=she

The self-heating and aging flow can be enabled by setting the type parameter in the
rel_mode control statementto all, as shown below.

rel mode type=all

You can output the device power in the self-heating flow by using the output_she_power
control statement as follows:

output she power value=yes

If you use the URI self-heating flow, you can specify the uri_1ib file=<name of the
Library> control statement to define the URI library to be used.

Note: For self-heating calculation, you can use URI or the internal self-heating model
(agelevel=3). When using URI, ensure that a standalone agelevel is used for self-heating
calculation. Do not use URI and the internal self-heating model at the same time.
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Aging Monte Carlo Analysis

To account for process variation, you can combine advanced aging analysis with Monte Carlo
analysis. As a result, you can specify the process variation models and aging models together
in one simulation run.

The advanced aging analysis supports the following two flows to perform aging MonteCarlo
analysis for the agemos and appendage flow:

m Single Stress (1+N) flow

B Multi-Stress (N+N) flow

Single Stress (1+N) flow

In this flow, a nominal stress analysis is run first. Next, MonteCarlo analysis is performed on
the aging analysis. No variations are performed on the stress analysis. This is shown in the
figure below.

Stress

variation ©
Spice model EEp  Simulation applied to
— g each MC
Reliability » Aging Effect process
model Calculations variation

Aging

: Aged Spice
Simulation h model \

MC. Process Variations

The reliability block for the stress simulation can be defined as follows:

mcl montecarlo numruns=0 seed=12345 variations=all sampling=standard \
donominal=yes savefamilyplots=yes savedatainseparatedir=yes \
rel reliability {
// reliability control statements
age time = [10y]
deltad value = 0.1
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report model param value=yes

simmode type=stress

// fresh/stress simulation.

tran stress tran start = 0 step = lu stop = 10u
}
The reliability block for the aging MonteCarlo simulation can be defined as follows:

mcl montecarlo numruns=100 seed=12345 variations=all sampling=standard \
savedatainseparatedir=yes savefamilyplots=yes {

rel reliability {
// reliability control statements
age time = [10y]
deltad value = 0.1
report model param value=yes
// fresh/stress simulation.
simmode type=aging file="stress.bsO"
// aging simulation statements.

tran aged tran start = 0 step = lus stop = 10us

1+N Flow in ADE Assembler

You can use the 1+N flow in ADE Assembler by performing the following steps:

1. Set up reliability analysis by using the Reliability Analysis tree of the Data View
Assistant.

2. Enable Monte Carlo Sampling run mode and set up the Monte Carlo simulation options.
3. Run simulation.

In 1+N mode, a nominal Monte Carlo simulation is run for stress followed by Monte Carlo
aging simulations. It is optional to run Monte Carlo fresh simulation, but is supported. Each
fresh or aged pair uses the same statistical sample.

Also see: Important Points to Note
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Multi-Stress (N+N) flow

In this flow, Monte Carlo analysis is performed on both stress and aging simulations, as
shown in the figure below.

Stress
Fresh
Spice model - Simulation
.

Reliability Aging Effect
model Calculations

Aging
Simulation « model

Aged Spice

In this flow, simulation can be run on a single netlist or separate netlists. The following is an
example of running stress and aging analyses in the same netlist:
mcl montecarlo numruns=100 seed=12345 variations=all sampling=standard \

savedatainseparatedir=yes savefamilyplots=yes {

rel reliability {
// reliability control statements
age time = [10y]
deltad value = 0.1
report model param value=yes
// fresh/stress simulation.
tran stress tran start = 0 step = lu stop = 10u
// aging simulation statements.

tran _aged tran start = 0 step = lus stop = 10us
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The following is an example of running stress and aging analyses in separate netlists:

mcl montecarlo numruns=100 seed=12345 variations=all sampling=standard
savedatainseparatedir=yes savefamilyplots=yes {

rel reliability {
// reliability control statements
age time = [10y]
deltad value = 0.1
uri lib file=“1ibURI.so” uri mode=appendage
report model param value=yes
simmode type=stress
// fresh/stress simulation.
tran stress tran start = 0 step = lu stop = 10u
}
}

mcl montecarlo numruns=100 seed=12345 variations=all sampling=standard
savedatainseparatedir=yes savefamilyplots=yes {

rel reliability {
// reliability control statements
age time = [10y]
deltad value = 0.1
report model param value=yes
uri lib file=“1ibURI.so” uri mode=appendage
// fresh/stress simulation.
simmode type=aging file="stress.bsO"
// aging simulation statements.

tran _aged tran start = 0 step = lus stop =10us

N+N Flow in ADE Assembler

You can use the N+N flow in ADE Assembler by performing the following steps:

1. Set up reliability analysis by using the Reliability Analysis tree of the Data View
Assistant.

2. Select the Monte Carlo Sampling run mode in the Run Mode toolbar.
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3. Inthe Monte Carlo options form, select Multi stress (N + N) inthe drop-down list
in the Reliability Mode section.

Monte Carlo
- Guided Mode

What would you like to do?

® Runa fixed number of points 10
— Werify the yield (sign-off)
— Create statistical corners

b Advanced - Show All Options

=  Reliability Mode

(Multi stress (N+h) B

m _ Cancel | Defaults | Help

Note: You can set the default value for this drop-down list by using the maestro.monte
reliabilitymode environment variable in .cdsenv.

4. Run simulation.
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As shown in the example of results given below, in N+N mode, the fresh, stress, and

aging analyses are run for all Monte Carlo iterations.

Point | | Test | Clutput | MNominal | Spec Weight Pass/Fail
All Osc_Azed  Max_Mas 2,972 =3 pass
All Osc_Fresh | Max_Mas 2572 <3 pass
All Osc_Stress | Max_Mas 2572 <3 pass
&
W20 rows
Point —| Age | Test |  output | Nominal | Spec | Weight | PassiFail
L L L I
‘arameters. mc_iteration=1
1 fresh Osc_Fresh | fout =
1 fresh Osc_Fresh  Frequency 15.25M =15M pass
1 fresh Osc_Fresh  yhlax 2.527 =3 pass
1 stress Osc_Stress  Jout L=
1 stress Osc_Stress  Frequency 15.29M
1 stress Osc_Stress | yhiax 2.327 =3 pass
1 10 yr Osc_fged  fout L=
1 10 yr Osc_Aged  Frequency 14.29M =15M
1 10 yr Osc_Aged  yMax 257 =3 pass
‘arameters. mc_iteration=2
2 fresh Osc_Fresh Jout =
2 fresh Osc_Fresh  Frequency 15.14M =15M pass
2 fresh Osc_Fresh  yMax 2.526 =3 pass
2 stress Osc_Stress | fout =
2 stress Osc_Stress  Frequency 15.14M
2 stress Osc_Stress  yhiax 2.526 =3 pass
2 10 yr Osc_Aged  fout =
2 10 yr Osc_Azed  Frequency 14.13M =15M
2 10 yr Osc_Aged  yhlax 2.529 =3 pass
‘arameters: mc_iteration=3
3 fresh Osc_Fresh Jout |=

AJ) MaonteCarla.0

Important Points to Note

m To run reliability analysis with Monte Carlo, ADE Assembler requires a
Virtuoso_Variation_Option (VVO) license.The basic Monte Carlo flow is supported with

reliability analysis

B Non-statistical corners and global variable sweep are supported

June 2023
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B Manual creation of statistical corners (both sequence and parameter value based) is
supported

B Mismatch contribution is supported

B Sample re-ordering, autostop, high-sigma and automatic k-sigma statistical corner
creation are not supported

m Gradual aging, self-heating, and reliability scenarios are not supported
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