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In this module, we will learn how to:
« Set up Reliability Analysis in ADE Assembler
« Do multiple Reliability Analyses

* Do aging analyses, self-heating analyses, aging analyses with Monte-Carlo, and aging
analyses with self heating.

* Include reliability analysis into a run plan
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1. Introduction to Reliability and Theoretical Background
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1. Introduction to Reliability and Theoretical Background

It is essential to grasp the fundamental concept of reliability analysis and its purpose
before delving into this module.

Success in technology is not solely determined by its initial performance in controlled
laboratory settings but by its ability to endure and function optimally under demanding
conditions over extended periods.

This is precisely where the topic of reliability plays a crucial role, defining the capacity
of a circuit or system to sustain functionality and performance across diverse
operating conditions throughout its operational lifespan.

To address this challenge, engineers have adopted reliability analysis as a strategic
approach, employing statistical methods to estimate component and product
lifetimes, as well as failure rates.

By utilizing these analytical techniques, engineers can gain valuable insights into the
reliability of electronic devices and circuits, ensuring that they meet expected
performance levels and longevity standards in various applications and even in
adverse environments.
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1. Introduction to Reliability and Theoretical Background

Introduction to (CO nt|nued) . Note that
Reliabilit - . :
- « When we talk about Reliability Analysis in ADE Assembler, these are the required The Aged
Reliability models to run the simulations. igzﬁ'ﬁg ;:?r:‘e(’t
setu ? : . .
OF Input Simulation Results stress simulation
Configuring occurs first
Simulation Reliability Setup _ _ Fresh simulation « Similarly, The
i T Fresh simulation results Aged simulation
Configuring can take place
. : ircui ' ithout the stress
Aging with Self Circuit netlist g:mulgtion St
Heati : : : .
eating + Stress simulation Device degradation stress file is
_* — provided inside
aRgeiL'va'\ll'i% the tool.
Monte-Carlo . : Age simulation _
T Aged simulation results « An option called
self-heating can

Gradual aging be added to the
7 A simulation

: : (section 2.c).
Run p|an Self'heatlng .(.(.).r;)i:l.(.).r.]al.) ..................... e
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1. Introduction to Reliability and Theoretical Background
(Continued)

« The reliability aging flow consist of three main simulation stages.

« The first stage is the "fresh simulation", which is run at nominal circuit conditions. It can
be used as a reference point to measure how much the device has degraded as
compared to age simulation.

« The second stage is "stress simulation", which is used to calculate the aging parameters
and degradation under extreme conditions.

* The result of the third simulation, the "aging simulation”, shows the aging effect on the
circuit performance based on the aging degradation (from stress simulation) of the
transistors.
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1. Introduction to Reliability and Theoretical Background
(Continued)

Reliability analysis involves studying the impact of several mechanisms on device
performance over time and under various conditions.

« Hot Carrier Injection (HCI): When the transistor gate length gets shorter, the transistor
might get damaged by the hot electrons attracted to the gate, which can cause oxide
damage.

* Negative Bias Temperature Instability (NBTI): Occurs in PMOS when Vgs is negative.
This causes electrical stress which traps carriers (holes) at the interface between the
oxide and silicon or within the oxide layer itself. This causes degradation in the
performance of the PMOS over time.

 Positive Bias Temperature Instability (PBTI): Occurs in NMOS when V(gs is positive and
the temperature is high. Unlike NBTI, interface traps are not created, so full recovery is
possible when electrical stress is removed (Vgs=0) and/or temperature is lowered.

+ Self-Heating Effects (SHE): In semiconductor devices, the phenomenon of impact
lonization, which contributes to Hot Carrier Injection (HCI), can lead to increased self-
heating. Remarkably, higher self-heating tends to reduce carriers' mobility and
subsequently lowers the threshold voltage (Vth) of the device.

Note that
Device physicists
are responsible
for these
mechanisms,
which are
experts who
specialize in
understanding
the physical
behavior of
semiconductor
devices.
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1. Introduction to Reliability and Theoretical Background
(Continued)

« These reliability mechanisms are included in an Age Model file called “age.scs”, which
will be used as an input to the simulation.

« Another input is the circuit netlist, which is a list containing all components and
Interconnections, along with their properties and values.
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2. Setting up Reliability Analyses
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F) Serer Y| 2.a Create Reliability Analysis setup (Continued)
Menioniy | |+ Select the “amplifier_common_source” library and highlight the testbench cell view then
click on maestro view.
Re”?b”“y - The maestro view should be opened with ADE Assembler (Double check by right
el clicking on the Maestro view and then selecting “Open With”).
Configuring Ll x
Aglng _F"E : Celis
SlmUIat|0n I:tll:ary amph:er_c:mmnn_snurce n :';E:mplifier
y = p [FEE—
Configuring e
Aging with Self il
Heatlng Application
¢ Dprit_h :
Re“ablllty Open for & edit . read
aging with
Monte-Carlo
i Library path file Jhome/user/cadence01/cds.lib
Gradual aging [ o« T
v
Run plan
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2.a Create Reliability Analysis setup (Continued)

* To begin with, to perform a stress simulation
followed by an aging simulation, an aging
model file for the transistor technology
should be provided.

* |In the data view on the left of assembler,
expand Tests.

* Click on the blue arrow next to the
“amplifier_common_source testbench 1"
test.

Data View 78X Data View 7 [ S]]
Mame | Value | Mame | Value J
I B ...
N !

L @.- Tests w J} amplifier_common_sourcel_testbench_1
» ﬁ Global Variables __ < amplifier_common_sourcel_testbench_1_1
~ & Parameters g
“| Corners i v & Global Variables

[ v
.

Documents

Setup States
Reliability Analyses
Checks/Asserts

Data | History

1 || <] Corners
] Documents
- Setup States
[+ |+ Reliability Analyses
# __ Checks/Asserts

E
[+ 1& Parameters
E
E

Note that
clicking on
the blue
down arrow
would take
you to ADE
Explorer.
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« After doing so, the ADE Explorer view will show

up.

In the upper menu bar, click on Setup -> Model
Libraries...

The model library setup window should pop up.
Click on <Click here to add model file>.

Copy and paste the aging model file location
“/lhome/user/pdk/gpdk045 v_6_0/models/spectre
/age.scs”.

Provide the path for the age file and click on OK.
Close the Model Library setup.

Head back to ADE Assembler by clicking on the
up arrow Iin the left setup tab.

2.a Create Reliability Analysis setup (Continued)

spectre6: Model Library Setup

|Model File |section_|
£} Global Mode! Files
Jhomefuser/pdk/gpdk045_v_6_0/models/spectrefage.scs
Ll =Click here to add model fles>
\ J
| J
! b J
—
m . Cancel . Apply /| Help
Setup 7E X
Mame | Value |

[—:I% Analyses
- |w tran

- W dc t
- [&] rload

- [E] vdd
- [&] win

4» amplifier_common_source_testbench_1
“wz Simulator spectre

0 30n conservative
- W ac 120G Automatic Start-5top

[—]& Design Variables

1008
1.1
650m

Note that
clicking on
the up arrow
would take
you back to
ADE
Assembler
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2.a Create Reliability Analysis setup (Continued)

Now that you are back in ADE Assembler and have
provided the aging model file for the 45 nm technology, In
the data view window on the left side of assembler, under
tests, make sure that the first testbench is selected only.

Unselect Corners.
Select the Reliability Analyses checkbox.

The Data view should look like the figure shown in the
slide.

Data View @
Mame | Value |

> % Simulator spectre
% Analyses
EI& Design Yariables

Ellv @& Global Variables
. [ road 100k

o [ vdd 1

> » [E] vsin  650m

+ & Parameters
‘—"ﬂ Corners
[+ Documents

B Setup States

{ v} Reliability Analyses
Click to add reliability analysis setup

Checks/Asserts

B 4 amplifier_common_source_testhe..

QJ} amplifier_common_source_testbe..
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Data View (=

Mame | Value

[ijlg @ amplifier_commaon_source_testhe..
% Simulator spectre
% Analyses
£l & Design Variables
[ vose _ 400k

H|_| 4 amplifier_ common_source_testhe..

¥ @& Global Variables
W road 100k
W vad 1.1

o [BE] vsin  650m

W & Parameters
L ‘—"1 Corners
Doouments
- Setup States

v - Reliability Analyses
Click to add reliability analysis setup

H
[+
H

2.a Create Reliability Analysis setup (Continued)

* Click on the text “Click to add reliability analysis setup”.
* This will open thg Fgev[i?ral\t_)ility Analysis Editor form.

Reliability Analysis Editor

Analysis Mame  ReliabilityD

» Aging

__ Thermal

Options
e ——t

Options
—

Tests and Variables

Select the Required Test for Reliability Analysis

L

W

Fresh Test _

Stress Test

¥ Aged Test

Design Variable Values for the Selected Tests

Variable(s) |  Fresh Test

Stress Test |

AgedTest |
Import
Export
S ——
Cancel Defaults Apply Help
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Introduction to
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2.a Create Reliability Analysis setup (Continued)

Reliability

setup

* Press on The drop-down button next to each
of the three stages (fresh, stress, aged).

* |ocate named

Configuring
Aging
Simulation

"amplifier _common_source testbench_ 1°
and choose it.

v

Configuring
Aging with Self
Heating

v

Reliability
aging with
Monte-Carlo

v

Gradual aging

L] Reliability Analysis Editor

Analysis Name  Reliability0
o A )
» Aging Options
— Thermal Options
e
Tests and Variables

Select the Required Test for Reliability Analysis

& Fresh Test amplifier_commaon_source_testbench_1

& Stress Test |amplifier_common_source_testbench_1

» Aged Test [ampIiﬂer_c-::mmu:un_souru:e_te&tl:uenchj|

Design Variable Values for the Selected Tests

Variable(s) |  Fresh Test Stress Test |
rload 100k 100k 100k
veld 1.1 1.1 1.1
vsin &50m £50m £50m
Temperature 27 27 27

v

Run plan
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2.a Create Reliability Analysis setup (Continued)

« Set the temperature on the Stress Test to 37 degrees.
* Press on the “Options” button next to the “Aging” check field.

Reliability Analysis Editor ~ X

Analysis Mame  ReliabilityD

— Thermal Options
e

Tests and Variables

Select the Required Test for Reliability Analysis

& Fresh Test |amplifier_common_source_testbench_1 n

& Stress Test | amplifier_common_source_testbench_1 n

& Aged Test | amplifier_common_source_testbench_1 n

Design Variable Values for the Selected Tests
Variable(s) |  Fresh Test StressTest |  AgedTest |

rload 100k 100k 100k Import
vdd 1.1 1.1 1.1 —
vsin &50m 650m &50m Export
Temperature 27 27

m Cancel Defaults Apply Help

Note that
the table for
the Design
Variable
Values only
appears by
selecting the
required
Test for
Reliability
Analysis

Note that
clicking the
Options
button will
open the
Reliability
Options
form
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2.a Create Reliability Analysis setup (Continued)

« Select Aging under Analysis.

« Select Single Age Point under Aging Options
and set the Age to 3 years.

« Enable Transient Time Window for Stress
Test under Stress Test.

« Set the Start Time to O and the Stop Time to
10ups.

e Under Lifetime Calculation, enable Calculate
Lifetime of Devices and set the Degradation
Value to 0.1.

 Click OK to close Reliability Options form.
* Click OK to close the Reliability Editor form.

Basic | Modeling | Degradation | Output

Reliability Options

¥ Aging Options
® Single Age Point . Gradual Aging
Age E] ]
Age Unit Years n
> Stress Test
ransient Time Window for Stress Test
Start Time O Stop Time 10u
P Device Masking
¥ Degradation Ratio
¥ Lifetime Calculation U
Iculate Lifetime of Devices
Degradation Value 0.1
m Cancel Defauls Apply Help

Note that the
Lifetime
Calculation
shows the
percentage
point at which
the device's
electrical
characteristics
will change
based on the
chosen
Degradation
Value (in this
case 10%).
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2.a Create Reliability Analysis setup (Continued)

* Your Data View should look like the figure below on the left.

* Double-click on Reliability0 and rename it to Aging3yr.

Data View =
Mame | Value

H_ J} amplifier_common_source_testbench_1_1

v & Global Variables
W rioad 100k
co [BE] wdd 101
- [E| vsin  630m

1

H | & Parameters

. "—"1 Corners

EEI Diocuments

- Setup States

Elw 4 Reliability Analyses

[ 1% i Reliability
> amplifier_common_source_testbench_1 (aged)
amplifier_common_source_testbench_1 (fresh)

amplifier_common_source_testbench_1 (stress)

[H || LNEecKks/ASSErTS

1

ETERYTT =
Mame | Value
“ [ wsin  _ e5em

M= J} amplifier_common_source_testbench_1_1

v @& Global Variables
;v rioad 100k

;v wvdd 1.1
- [E]

vsin B50m

¥ @& Parameters
#/_ “} Corners
EEI Documents
- Setup States

= Relis

> amplifier_common_source_testbench_1 (aged)
> amplifier_common_source_testbench_1 (fresh)
ampliﬁer_mmmnn_suurce_testbenchj [stress)

|| Checks/Asserts
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seeror | 2.b. Configuring Age Simulation

Introduction to

Re”fibi“ty - Make sure that the Run mode is set to “Single Run, Sweeps and Corners”.

Reliability  Click on the green Run Simulation button.
setup

Virtuoso® ADE Assembler Editing: amplifier—.common_source testbench maestro - o x
Conflgurlng [asitics/LDE  Window Help cadence
Aglng a [L@ B 6 E B E essic BE &
S|mu|at|0n ps _Jll[Sing!e Run, Sweeps and Corners n (@)@ . REfETEN e 1 {EJ}
T
Qutputs Setup Results
| &% (B O BRIE Jev- -0 0 @
H H 12/16 rows
Conflg u nng Test | Name | Type | Details |, FEvallype | Piot | Save | Spec | Weight | Units |  Digits |
Aging with Self -] i ] w ™) @ = -] -]
H eat| n amplifier_common_seurce_testbench_1 signal finput point |
g amplifier_common_source_testbench_1 signal foutput point L] L]
amplifier_common_source_testbench_1 Gain expr ymax(dB2{(VH"foutput”) F VH™/_.. point v =75 dB
¢ amplifier_common_source_testbench_1 Bandwidth expr bandwidth{(VH"/output™) / VF{"/i... point ™ > 4G Hz
Rel | abl I Ity amplifier_common_source_testbench_1 Current Consumption expr mag(IDC("VIFPLUS™) point v < 25m A
amplifier_common_source_testbench_1 Power Consumption expr mag((IDC("/VO/PLUS™) * VDO("/n... point v < 2.75m
ag | n g Wlth amplifier_common_source_testbench_1_1 signal finput point el W
amplifier_common_source_testbench 1_1 signal foutput point L L
M O nte Carlo amplifier_common_source_testbench_1_1 Gain expr ymax(dBZO{(VH"foutput”) f VF("/... point v > 7.5 dB
¢ amplifier_common_source_testbench_1_1 Bandwidth expr bandwidth{(VH™/output™) / VH"/i... point " > 4G Hz
amplifier_common_source_testbench_1_1 Current Consumption expr mag{IDCAVIVPLUS™) point v < 2.5m A
G d I . amplifier_common_source_testbench 1_1 Power Consumption expr mag((IDC"/VO/PLUS") * VDC("/n... point ™ < 2.75m
radual aging
S —
Run plan M | R:r|

cadence



) UNIVERSITY P - - -
) ssnmer | 2.b. Configuring Age Simulation (continued)
Introduction to * In this case, the Gain nearly fails to meet the specifications.
Reliability
¢ _J"lSingIE Run, Sweeps and Corners n {3 @ "Fe[-?’r:n:r: ¥ @
Rel |a.b|||ty Outputs Setup Results Run Preview
setup Detail BO O {"Eg}v v (@) ~rieer B C ~| |2 ~ @1 viNewwin  [ginone) n
] ] 18/24 rows
Configuring Age | Test | Output | Nominal | Spec | Weight |  Pass/Fail |
e Lo L Lo Lo Lo Lo Lo
Simulation
fresh amplifier_comm...  Gain 16.64 dB =75 pass
fresh amplifier_comm...  Bandwidth 6.017 GHz = 4G pass
Configurin fresh amplifier_comm... Current Consu... 1.82 mA < 2.5m pass
. g g fresh amplifier_comm... | Power Consum... 2,002 mw < 2.75m pass
Agmg Wlth Self fresh amplifier_comm... finput el
Heating fresh amplifier_comm... | foutput =
stress amplifier_comm... Gain 16.54 dB =75 pass
¢ stress amplifier_comm...  Bandwidth 5.874 GHz =40 pass
Rellablllty stress amplifier_comm... | Current Consu... 1.818 ma < 2.5m pass
. ith stress amplifier_comm...  Power Consum... 2 mwW < 2.75m pass
agmg il stress amplifier_comm... finput =
Monte-Carlo stress amplifier_comm...  foutput o
¢ Iyr amplifier_comm... Gain 7487 dB =75
Iyr amplifier_comm...  Bandwidth 9.618 GHz = 4G pass
Gradual aging Iyr ampliﬂer_cornm... Current Consu... 9155 uA < 2.5m pass
Iyr amplifier_comm... | Power Consum... 1.008 mW < 2.75m pass
‘ Iyr amplifier_comm... finput =
Iyr amplifier_comm... foutput =
Run plan
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2.c. Configuring aging with self-heating

* In this part of the Module, we will be looking into the effect of performing aging
simulation with self-heating.

« Up to this point, we have explored aging simulations, which show us the long-term
degradation effects caused by mechanisms such as HCI, NBTI, PBTI.

« However, there is an additional factor that plays an important role when it comes to
reliability analysis, and that is self-heating, which is the heat generated from devices due
to the electrical current passing through its components.

« By including self-heating in our reliability analysis, we can gain more knowledge about
how our amplifier responds to these varying thermal conditions.

Note that self-
heating
focuses on
how the
device
generates and
dissipates
heat, while the
Temperature
variable allows
us to set the
external
temperature
for our
simulations.
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2.c. Configuring aging with self-heating (Continued)

The pre-existing aging Reliability setup will be |[rvo parasitics/LDE ~
used by creating a copy of it and doing the Data View eE0
necessary modifications. Name n| Value J
Start by right clicking on the previous aging B v G Tests

[ v @ Global Variables
i W &; Parameters
‘—"h Corners
.. Documents
. | Setup States

simulation Aging3yr in the Data view and
select on Create Setup Copy.

A new Reliability analysis should show up

named Aging3yr:1. B F‘.EiiahilityAnarysl Open Setup

. . : Create Setup Copy
Double Click on Aging3yr:1 and rename it to Remove Setup
Ag|ng + SHE [ Checks/Asserts Load Reliability Settings

MNotes...

Data | History
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2.c. Configuring aging with self-heating (Continued)

« Make sure to disable the Aging3yr Reliability
analysis and to check the Aging + SHE
simulation.

« The Data view of ADE Assembler should look
like the figure on the right.

* Now, right click on Aging + SHE and select
Open Setup.

« The Reliability analysis form should show up.

Data View Gl =)
Mame | Value

o G5 Tests

¥ & Global Variables
1 & Parameters

_| “}l corners
Documents

> Setup 5States

¥ b Reliability Analyses
[i] __| Aging3yr

H

o

&l | Aging + SHE

- amplifier_commaon_source_testbench_1 (aged)
- amplifier_common_source_testbench_1 (fresh)

[+ amplifier_common_source_testbench_1 (stress)

|| ChecksfAsserts

cadence



Z2\ AMERICAN

2 odkmer | 2.¢. Configuring aging with self-heating (Continued)

Introdl_uct:)t_ilt_)n to * Note that
Reliability ] ] -
1  Click on the options button. f’elecnng t.he ,
Reliability Seli-Heating
setup - Select the Self-Heating check box as shown in the below figure. zpt'cl’” P”dﬁlr
i o _ nalysis wi
Configuring « Select OK and Close the Reliability options menu. produce more
Aging - Reliability Analysis Editor ~A X — : accurate
Simulation Reliability Options x

Configuring

Aging with Self
Heating

Reliability
aging with
Monte-Carlo

v

Gradual aging

v

Run plan

Analysis Name  Reliability0
v Agi )
- Aglng
— Thermal Options

e

Tests and Variables

Select the Required Test for Reliability Analysis

& Fresh Test amplifier_common_source_testhench_1

& Stress Test | amplifier_common_source_testbench_1

& Aged Test | amplifier_common_source_testbench_1

Design Variable Values for the Selected Tests

Variables) |  Fresh Test StressTest |  AgedTest
rload 100k 100k 100k
vdd 1.1 1.1
vsin E50m £50m 650m
Temperature 7 27
@ Cancel Defaults

EAnal}rsis

» Aging

¥ Aging Options

® Single Age Point . Gradual Aging

» Self-Heating

Age 3

Age Unit \Years

F Stress Test

b Device Masking

¥ Degradation Ratio

results, as it
establishes a
more realistic
procedure.
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heating, in the ADE Assembler window, Click on Run Simulation.

2.c. Configuring aging with self-heating (Continued)

 After that you have configured the setup for the Reliability setup for aging and self

Virtuoso® ADE Assembler Editing: amplifier_.common_source testbench maestro - o x
Launch File Create Tools Options Run EAD Parasitics/LDE Window Help {é dence
. . 1 e e e iR ~ TN _— —
b e | B EERWWEIGIE B 8 e = &
Mo Parasitics/LDE " No Sweeps Single Run, Sweeps and Corners heferents
I Be _ S)llse p Be J L &
Data View 288 Qutputs Setup Results
Name Value & - S5 | [ r
- d b~ %% 0 BRI ekl )
-
- @ 12/16 rows
= | Y& Tests - - -
e ) Test Name [ Type | Details | Evallype | Plot | Save | Spec Weight |  Units |
' 45 amplifier comman_source_testbench_1
: B - [~
L 5 amplifier_common_source_testbench_1_1
amplifier_common_source_testbench_1 signal finput point - =l
H | & Global Variables amplifier_common_source_testbench_1 signal foutput point = -
[+ 1& Parameters amplifier_common_source_testbench_1 Gain expr ymax{dB20({VH"foutput") £ VF("/... point ™ =75 dB
[ =} comers amplifier_common_source_testbench_1 Bandwidth expr bandwidth({(VF{™/output”) / VF(™/i... point v > 4G Hz
D Documents amplifier_common_source_testbench_1 Current Consumption expr maglIDC/WVO/PLUS™) point v < 2.5m A
- Setup States e
B Reliabpilityﬁnalyses amplifier_common_source_testbench_1 Power Consumption expr mag(IDC("VO/PLUS™) * VDC(™/n... point ._f < 2.75m W
| Aging3yr amplifier_common_source_testbench_1_1 signal finput point - -
o] ¥ Aging + SHE amplifier_common_source_testbench_1_1 signal foutput point L] L]
amplifier_common_source_testbench_1 (aged) amplifier_common_source_testbench_1_1 Gain expr ymax(dB2O((VF{"foutput") f VF("/.., point v > 7.5 dB
amplifier_common_source_testbench_1 (fresh) amplifier_common_source_testbench_1_1 Bandwidth expr bandwidth{(VF{"/output") / WF("/i... point v > 4G Hz
& amplifier_common_source_testbench 1 (stress) amplifier_common_source_testbench_1_1 Current Consumption expr mag(IDC{"NOPLUS™) point v < 2.5m A
[ [ Checks/Asserts amplifier_common_source_testbench_1_1 Power Consumption expr mag{IDC("NVO/PLUS™) * VDC(™/n... point ™ < 2.75m W
Date | { )
nmaouse L: Il

1(2) | Select which tests are displayed in the table

| 2l
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2.c. Configuring aging with self-heating (Continued)

« From the figure displayed on the right, the
results of interest to us are the last results
labeled by “3 she yr” being the
combination of the aging and self-heating
effect together.

« The specs simulation findings between
the aging simulation and the aging
combined with the self-heating effect are
different, indicating that self-heating and
aging have an interaction.

« The gain at a 3-year aging value, both
with and without the self-heating effect, is
66% less than the specified 15 dB needed
value, but the rest of the specs still meet
the standards.

[r— - -

Outputs Setup

Detail n

Results

Run Preview

| {O\iﬁ}_‘, (@) ~ri-r B G~ 12 v@_l ~ New Win

mNunEJ

- J&7

24432 rows
Age | Test |  Ouput |  Nominal | Spec | Weight |  Pass/Fail |
e ~ e ™ ~ e -
fresh amplifier_comm... Joutput =
stress amplifier_comm... Gain 16.54 dB =75 pass
stress amplifier_comm... Bandwidth 5.874 GHz = 4G pass
stress amplifier_comm... Current Consu... 1.818 mA < 2.5m pass
stress amplifier_comm... Power Consum... 2mw < 2.75m pass
stress amplifier_comm... finput 2
stress amplifier_comm... Joutput =
3yr amplifier_comm... Gain 6.618 dB =75 fail
3yr amplifier_comm... Bandwidth 10.11 GHz = 4G pass
3yr amplifier_comm... Current Consu... 881.6 uA < 2.5m pass
3yr amplifier_comm... Power Consum... 965.8 uW < 2.75m pass
3yr amplifier_comm... finput 2
3yr amplifier_comm... Joutput =
3_sheyr amplifier_comm... Gain 6717 dB =75 fail
3 sheyr amplifier_comm... Bandwidth 10.11 GHz = 4G pass
3 sheyr amplifier_comm... Current Consu... 881.6 uA < 2.5m pass
3_sheyr amplifier_comm... Power Consum... 965.8 uW < 2.75m pass
3 sheyr amplifier_comm... finput 2
3 sheyr amplifier_comm... Joutput =
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2.c. Configuring aging with self-heating (Continued)

« Furthermore, one can also check the rise in
temperature for each device available in the
schematic view of the designed common
source amplifier.

* To do so, in the Results tab, switch to
Reliability Report View.

* Next, in the Reliability Setup window, make
sure that the Reliability Setup is set to Aging
+ SHE, the stage is selected to Stress and
Self-heating result is selected.

Outputs Setup Results
Detail BO O|% [ G - F=R0RE
- - - -
Detail
Yield =
Optimization Test | Qutput | Nominal |
Summary & & &
Detail - Transpose
Status blifier_comm... Gain 16.64 dB
Ehelctkw‘ssms plifier_comm... Bandwidth 6.017 GHz
au
) plifier_comm... Current Consu... 1.82 mA
Capacitance —
Reliability Report Power Consum... 2,002 mw
ES amplifieromm... | finput =
fresh amplifier_comm... /netl L
fresh amplifier_comm... foutput =
stress amplifier_comm... Gain 16.54 dB
stress amplifier_comm... Bandwidth 5.874 GHz
stress amplifier_comm...  Current Consu... 1.818 maA
OutputsSetup ~ {Results |
Reliability Report Il () | , 03 +| Lz wmewwin  [Rinone) M
Reliability Set p Aging + SHE n stage stress n Self-heating result n
pointiD _| cornerfame | age | instance | modelType | agelevel | trise |
Bromina B [~ | [~ 1 B [~
14 MNominal 3yr l;) SADNMO nmos 3 1.357
2 4 Mominal 3 yr l;) SAD/PIO pmos 3 3.952
3 4 MNominal 3yr l;) AP pmos 3 3.B85
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2.c. Configuring aging with self-heating (Continued)

« This way, one can check the temperature rise of each device.

« Furthermore, by clicking on any instance of the circuit, a schematic view of the
amplifier will pop up in another window showcasing the specific device.

« For example, by clicking on the /AO/PM1 instance of the circuit having a temperature
rise value of 4.745 degrees Celsius, the schematic view of the circuit should pop up.

Dutputs Setup Results Run Preview

Retiabilty Report MO | (@) - | Ea | |~ v?\ vinewwin R

Reliability Setup {E-,ging + SHE n Stage stress n s

pointll — | cornerMame | age | instance | modelType | agelevel | trise |

- [T - PO - B B B -
i 4 Mominal 3 yr &) fADINMO nmaos 3 346.1m
2 4 Maominal 3 yr x;' FA0/PMO pmos 3 3.309
3 4 Mominal 3 yr H FAIPMI pmos 3 3.147
4 3 Mominal 3 yr x;' FADINMO nmaos 3 346.1m
53 Mominal 3 yr H | FAD/PRAD pmos 3 3.309
O Mominal 3 yr H AP pmos 3 3.147
7 2 Mominal 3 yr H | FADSMMO nmos 3 3.5
8 2 Mominal 3 yr H FADPMO pmos 3 3.B67
9 2 Mominal 3 yr x;' AP pmaos 3 4.745

Note that the
figure on the
right
showcases
the instance of
the selected
device labeled
as /AO/PM1.
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sseor | 2.d. Reliability aging with Monte-Carlo

Introduction to
Reliability i i . : :
T - Another important type of simulation is Monte-
Reliability Carlo, which offers a robust approach to evaluate Name | Value J
setup the reliability of our design, while accounting for o O T =
. oy . (3
- f_* _ variability and uncertainty. o iéﬁ Gkt bl
onfiguring ]
“Aging » Begin by heading to the Data view, under Efiai e
S'm“la“on Reliability Analyses, right click on the first setup @[3 Documents
Aging3yr and select “Create Setup Copy’. D‘ Setup staes Open Setup
. . = | 3ol d [ =]
C-onf|g.ur|ng T RALE Create Setup Copy
Aging W|.th Self ] o Aging + SHE Remove Setup
Heating amplifier COMMON) | 554 Reliability Settings
> ampli‘lier_r:urnrnnn_ Notes.
Reliability | ompiier_comman. o
aging with 3
Vg [# _| ChecksiAsserts
Gradual aging Data | History
v | Run Summary 7E X
Run plan
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* A new Reliability analysis should show

up named Aging3yr:1.

« Double Click on Aging3yr:1 and rename it

to AgingMC.

« Make sure to disable the Aging3yr and
Aging + SHE Reliability analyses and to
check the AgingMC simulation.

| Data View

]
¥

MName |

v % Tests

¥ & Global Variables
& Parameters

__ ) corners
Documents

> Setup 5tates

E1 | Reliability Analyses
| Bl Aging3yr

ing + SHE

W Aging3yril

I

__ ChecksfAsserts

Data | History

Run Summary

=]

e |

2.d. Reliability aging with Monte-Carlo (continued)

al

Data View Q

MName | Value |

W Eﬁ] Tests

¥ & Global Variables
i & Parameters

|| ‘—"1 Corners
Documents

> Setup States

£l (v Reliability Analyses
__| Aging3yr

| Aging + SHE

] ngingmc Tt T

[ || Checks/Asserts

Data | History
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)| 2 g Reliability aging with Monte-Carlo (continued)

Introduction to * Note that by
Reliability

1 * From the Run Mode drop-down list, right above the Results tab, select Monte-Carlo clicking on'the
—— : simulation
Reliability Sampling. options button

t : . . .
Se¢Up * Click on the Simulation Options button next to the Run Mode. will open the

Configuring Monte-Carlo
Aging form.

) 3 1 o 1Bl s 1 _ o %
Simulation Virtuoso® ADE Assembler Editing: amplifier—.common_source testbench maestro
¢ Launch File Create Tools Options Run EAD Parasitics/LDE Window Help caden ce
1 L L ol e LY P =
—4 5 K T A T, ererl =l - IR
Confiauri b dgle  OEEERREIGIE B B o= ==
ontnigurin I B — - |
g g ” Mo Parasitics/LDE % el | MO Sweeps || Monte Carla Sampling b % * 'o ||f" Gt @
Aging with Self - = : :
g g . Data View =) §| Outputs Setup Results
Heat|ng Mame | Value | - % | £ . r:@ =i “ -| H -
. . o o A - | il ed -
" & 12416 rows
Ber T
Etﬂiuhh o lifi testbench_1 = | a— l - | .
. .- # ¢ 4 amplifier_common_source_testbench_ ﬁ_\
Re“ablllty L {,L amplifier_common_source_testbench_1_1 n n n
H . amplifier_common_source_testbench_1 i Jinput
aging with - S -souree - signal ?
B (v & Global Variables amplifier_commeon_source_testbench_1 signal foutput
Monte-CarIO [+ g& Parameters amplifier_commaon_source_testbench_1 Gain expr ymax(dB20(VFH"foutput”) S VF{"/...
L “l Corners amplifier_common_source_testbench_1 Bandwidth expr bandwidth{(VF(*/output”) / VF("/I...
EI Documents amplifier_common_source_testbench_1 Current Consumption expr magIDC™VOPLUS"™Y
» |l Setup States
H H o amplifier_common_source_testbench_1 Power Consumption mag((IDCAVOSPLUST) * WDC(™/n...
Gradual aging ) o Reliabity Analyses o i e
Aging3yr amplifier_common_source_testbench_1_1 signal finput
‘ | Aging + SHE amplifier_common_source_testbench_1_1 signal Joutput
[-3] ) AgingMC amplifier common_source testbench_1_1 Gain D max(dB20((VF{"/output") f WF{"/...
B p P Y p
. amplifier_cormmon_source_testbench_1_1 Bandwidth expr bandwidth{(VF"/autput”) / VF{"/i...
Run plan — ChecksiAsserts amplifier_common_scurce_testbench_1_1 Current Consumption expr magIiDC™VOPLUS"))
Data | istory il I
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Set the number of points to 10.
Select “All” for Variation.
Select “Standard Monte Carlo” for Method.

Enable the “Save waveforms (Simulation
Data)” option.

Click on Advanced.

Select “Low-Discrepancy Sequence” for
Sampling Method.

Click on Reliability Mode.

Select “Single stress (1+N)” for the Reliability
Mode.

Press on OK to close the form.

2.d. Reliability aging with Monte-Carlo (continued)

Monte Carlo

Method Standard Monte Carlo
Wariation All B

Number of Points 10

@ave Waveforms (Simulation Data)

¥ Save Statistical Parameter Data

Metlist Options

*  Advanced

Points per Job ® Group automatically

- Max 10
Sampling Method |Low-Discrepancy Sequence B
Seed 12345

First Point 1
_apecify Instances/Devices (Mot Specified)
__opecify Mismatch ID (Mot Specified)

__opecify Design Variables (Not Specified)

*  Reliability Mode

Single stress (1+N)

m Cancel Defaults
Yy - . -

L HEIP -

Note that you
can choose the
Multi stress
(N+N) flow in
the Reliability
Mode for more
accurate
results

Note that the
number of fixed
points for a
Monte Carlo
simulation is
usually >100,
but we picked
10 points for a
quick
simulation.
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ssekor | 2.d. Reliability aging with Monte-Carlo (continued)

Introduction to
Reliability o _ _
1 * There are two types of Reliability modes to run the Monte Carlo simulation:
Reliability — Single Stress (1+N flow)
seiup — Multi Stress (N+N flow)
Configuring « The main difference is that in the single stress, the stress simulation is done only at the
‘Aging first iteration. The other iterations are only running the fresh and aging simulations using
S'm“la“on the degradation models generated from the first simulation.
Configuring - However, in the multi stress simulation (N+N), the stress simulation is run in each
Aging with Self iteration, and the degradation files generated will be used for the aging simulations.
eating * Note that the N+N will provide more accurate results, but will run twice the simulations

as 1+N.

Reliability

aging with
Monte-Carlo

Gradual aging
v

Run plan

cadence



2D AMERICAN
\oL// o'BEIRUT

Introduction to
Reliability

v

Reliability
setup

!

Configuring
Aging
Simulation

v

Configuring
Aging with Self
Heating

Reliability

aging with
Monte-Carlo

Gradual aging

v

Run plan

)2} UNIVERSITY

2.d. Reliability aging with Monte-Carlo (continued)

Before running the simulation, head over to ADE Explorer by clicking on the blue arrow

next to “amplifier common_source_testbench 17 under Tests.
In the upper menu bar, click on Setup -> Model Libraries...
Change the section to mc.

spectre0: Model Library Setup x
|Model File Section
[} Global Model Files
= o fhome/user/pdk/gpdk045_v_6_D/models/spectre/gpdk045.5cs mc L
- W fhomefuser/pdk/gpdk045_v_6_D/models/spectrefage.scs
| M|<Click here to add model file> I

p—

i

4
p——
Cancel Apply Help
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2.d. Reliability aging with Monte-Carlo (continued)

* Return to ADE Assembler by clicking on the up arrow in the left setup tab.
« Click on the green Run Simulation icon.
« Make sure to change the Results view from Detail to Yield.

1= B 6 lE B B s - e
ps J||lr'."l-::|nlzeI:Iarl:_'rSan‘u:nling B @ @ ||P;';[-3-'r:n:r: R
Outputs Setup Results -

I:ﬂeld ............................................................................. = @ CJ | 1B AR | {PLa ] v| Ii "’LNEWWin m
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sror | 2.d. Reliability aging with Monte-Carlo (continued
Introduction to - : : - :
- « After running the simulation, the results should look like this.
Reliability
Reliability
Seiup Yield n o N | {8y ' @ = Filter ... (] vl Ii vﬁ.q vLNem.rWin ml\luneﬂ - E:nﬂ r_‘@ m ﬁ [@ I}
- Test | Name |  Yield | Min |  Target | Max | Mean | StdDev | Cpk |  Errors
Configuring w B B B B B B B B E
Aglng Yield Estimate: 100 %(10 passed/10 pts) | Parameters: age=0
Simulation - ﬁ' amplifier_common_source_testbench_1
¢ = ﬁ' Gain(summary) 100% (10/10) 16.16 dB =75 16.93 dB 16.55 dB 248.2 mdB 12.2 0
Gain 100% (10410) 16,16 dB =75 16.95 dB 16.55 dB 248.2 mdB 12.2 0
. . = ﬁl Bandwidth{summary) 100% (1010} 5.775 GHz =405 £.44 GHz 6.155 GHz 212.5 MHz 3.38 0
Configuring .
. i Bandwidth 100% (1010} 5.775 GHz =45 6.44 GHz 6.155 GHz 212.5 MHz 3.38 0
Aging with Self - &% Current Consumption(summary)  100% {10/10)  1.785 mA <2.5m 1.967 mA 1.872 mA 58.14 uA 3.6 0
Heating Current Consumption 100% (10410} 1.785 mA <2.5m 1.967 mA 1.872 mA 58.14 uh 3.6 1]
= lﬂl Power Consumption{summary) 100% (10/10)  1.963 mW = 2.75m 2164 mW 2.055 mw 63.96 uW 3B 0
Power Consumption 100% (10/10) 1.963 mwW = 2.75m 2184 mw 2059 mw £3.96 uW 3.6 0
Rellablllty Yield Estimate: 40 %(4 passed/10 pts) | Parameters: age=3_yr
. th - ﬁl amplifier_common_source_testbench_1
aglng Wi = lﬂ' Gain{summary) A40% (4/10] 423.8 mdBE =75 13.36 dB 6.951 dB 4753 dB -0.0385 0
Monte-Carlo Gain 40% (4/10)  423.8 mdB > 7.5 13.36 dB £.951 dB 4.753 dB -0.0385 0
= ﬁ' Bandwidth{summary) 100% (10/10) 5.883 GHz =40 17.78 GHz 10.84 GHz 4.29 GHz 0.532 0
Bandwidth 100% (10410) 5.883 GHz =405 17.78 GHz 10.84 GHz 4.29 GHz 0.532 0
Gradual aging = lﬂl Current Cnnsurﬁptlunisummary] 100% (10/10) B75 uA < 2.5m 1.026 mA 927.6 uA 50.98 uA 103 0
Current Consumption 100% (10/10) 875 uA < 2.5m 1.026 mA 927.6 uA 50.98 uA 103 0
‘ = ﬁl Fower Consumption{summary) 100% (10/10) 962.5 uW < 2.75m 1.128 mw 1.02 mw 56.07 uW 103 0
Power Consumption 100% (10/10) 962.5 uW = 2.75m 1128 mw 1.02 mw 5607 uW 105 0
Run plan
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sseor | 2.d. Reliability aging with Monte-Carlo (continued)

Introduction to . - - - -
Reliability Click on the Histogram icon in the Results tab.
v « Select “amplifier common_source_testbench 1" -> Histogram.
Reliability
setup
!
Configuring oupussetp e |
Simulation vield BO O % [ | 3 +| L2 vNewwin R one) B [“@"_Qj
v Test Name | Yield | Min | Target | Max | Mean | StdDev pk | Errors |
. . Cwerall Yield Estimate: 100 %(10 passed/10 pts) Confidence Level: <not set> Filter: <not set>
Configuring Yield Estimate: 100 %(10 passed/10 pts) | Parameters: age=0
Aging with Self
Heating

Reliability

aging with
Monte-Carlo

Gradual aging
v

Run plan
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@) REs™| 2.d. Reliability aging with Monte-Carlo (continued)

'”tsj;ﬁi'ﬁt;to « Select “Gain”, “Bandwidth”, “Current Consumption”, and “Power Consumption”.
v - Select on “age=3_yr” and then click on Plot.
Reliability
setup Plot Histogram - MonteCarlo.15 x
!
Conflgurlng LDUthS Mumber of Bins 10
Aglng nv e assifai
Simulation e e R
¢ Gain - Plot Mode New Win n
Cu:renlt Consumption Annatations
Conflgurlng Power Consumption ~ Density Estimator
Ag|ng W|th Self & 5id Dev Lines
Heat|ng — % Markers

» Show Points

Reliability Additional Plots
aging W|th _ MNormal Quantile Plot
Monte-Carlo

Additional Calculations

& Skewness, Kurtosis and Jarque-Bera
Gradual aging =:>“ combine
< I i
v
0K Cancel Defaults Help
Run plan
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2.d. Reliability aging with Monte-Carlo (continued)

* The results will be plotted for each output expression.

Gainl age=3_yr)

Gain( age=3_yr) Y

L
(=]

Fd

y 0

]

a
=
E
[y}
Ll
[F-.
]
o
=
[ =]

10.0
Values

Current Consumption{ age=3_yr)

Current Consumption{ age=3_yr)
| |
Jarque-Bera 2.65138
Kurtosis 21.2779m |

5)

Lu

Samples

- | :-| a1

57:h.08054m |

I_ EI ol
[a'=]

MNo. of

=

Bandwidth({ age=3 yr)

Bandwidth{ age=3_yr) Y

mples

Mo. of 5a

10.0 15.0
Values (G)

Power Consumption{ age=3_yr)

Power Consumption{ age=3_yr)

Lu

Samples

¥
&=

MNo. of

=
[wn]

Jargue-Bera 798.918m I
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2.e. Gradual Aging Simulation
 Typically, aging simulations only run one stress simulation. The aging phase is divided
Into many periods using the gradual aging analysis.

« Although this produces better findings and is more accurate, it is more costly and calls
for more simulations.
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Data View =
Mame | Value J
E| It "'-'tg Tests

| H & & amplifier_common_source_testbench_1
B _| 4 amplifier_common_source_testbench_1_1

¥ & Global Variables
v & Parameters

L '—"E Corners
Douments
> Setup States
2 v Reliability Ana

Create Setup Copy

: Remowve Setup
|_:| Load Reliability Settings
E _| Aging + SHE Notes..,
{ Delete Note
] & AgingMC
i- amplifier_common_source_testbench_1 (aged)

2.e. Gradual Aging Simulation (continued)

« Right click on Aging3yr, and select “create setup copy”.
* Open the new editor form and click on “options”.

Reliability Analysis Editor

— Thermal QOptions
e ——

Tests and Variables

Select the Required Test for Reliability Analysis

& Fresh Test | amplifier_common_source_testbench_1

¥ 5tress Test | amplifier_common_source_testbench_1

& Aged Test | amplifier_common_source_testbench_1

Design Variable Values for the Selected Tests

Variable(s) |  Fresh Test Stress Test |
rlead 100k 100k 100k
vd 1.1 1.1 1.1
vsin 650m 650m 650m
Temperature 27 37 27
0K Cancel
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F) ket | 2.e. Gradual Aging Simulation (continued)
lntroolluc;)t_ilqn to « Select Gradual Aging under Aging Reliability Options x
Re Iai Ilty Options' Basic | Modeling = Degradation | Output
Reliability Select the mode as Age Points. e ]
setup o —— —
T Copy and paste the following in the ~ aging Optins
Conflgurlng Age field “l 2 3 5 7 l O”. ot Single.&gePcint@radual.ﬂging =
Aglng Mode fﬁ«ge Points n
Simulation Make sure Pass param and e (FEERAT |
I Dynamic Parameter options are not i s B
Configuring selected for now.
AG with Self Double check that under the Stress S
eating i : : .
Test, Transient time window is T e
v _ selected with a start time of 0 and -
Re“ablllty = _I: * Stress Test
aging with stop time of 10u. e .
Monte-Carlo Click OK to close Reliability Options Lo NEDNC_ LN DN S
form
Gradual aging i e
Click OK to close the Reliability
Editor form
Run plan

cadence



“3 AMERICAN
) orBEIRUT

Introduction to
Reliability

v

Reliability
setup

!

Configuring
Aging
Simulation

v

Configuring
Aging with Self
Heating

v

Reliability
aging with
Monte-Carlo
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2.e. Gradual Aging Simulation (continuec

* Double click on Aging3yr:1 and rename it to
GradualAging.

« Uncheck AgingMC.

)

v b amplifier_common_source_testbench_1
|| J:';- amplifier_common_source_testbench_1_1

[+ v & Global Variables
= g& Parameters
B “"1 Corners

EEI Documents

- Setup States

= | Reliability Analyses

_ Aging3yr
__ Aging + SHE
| AgingMC

LELEEAN GradualAging ]

{ + amplifier_common_source_testbench_1 (aged)

. amplifier_common_source_testbench_1 (fresh)
ampliﬁer_cnmmnn_su-urce_testbenchj [stress)

& || Checks/hsserts

Data View =
Mame | Value |
[iZI | L E@ Tests
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) saeer Y| 2.e. Gradual Aging Simulation (continued)
'”téoecf;ﬁ;ﬁtgto - Before running the simulation, head over to ADE Explorer by clicking on the blue arrow
i next to “amplifier common_source_testbench 17 under Tests.
Re”?bi”ty * In the upper menu bar, click on Setup -> Model Libraries...
setup _
! « Change the section to tt.
Configuring
Aging
Slmula‘tlon spectre0: Model Library Setup X
N |Model File | Section
Configuring [} Global Model Files
i i o | fhomeduser/pdk/gpdk045_v_6_0/models/spectre/gpdk045.scs tt o/
Agmg Wlth Self ; Ihnmefuser.f§dk.’:Edh:D4S:V:E:I].fm{:del5#5§ectrei§§e_scs
Heating [ Wl <Ciick here toadd mogelie-— | _________JESY
v
Reliability <
aging with 4
Monte-Carlo —
Gradual aging _Cancel | _Appy  _Help
Run plan
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Jaaber | 2.e. Gradual Aging Simulation (continued)

Introduction to » Head back to ADE Explorer by pa RO OIBROO Bk e B BE

Reliability clicking again on the blue arrow. S = S ™ = ™

v _ _ ¥ L - B - - -
Reliability « Make sure that the Run mode is set to wes [t comm.|itpur [l

Tyr amplifier_comm... Gain 11.73dB =75 pass
[1] H ” h ’
Tyr amplifier_comm... Bandwidth 7.032 GHz =46 355
setup Single Run, Sweeps and Corners”. Y it :
¢ Tyr amplifier_comm... | Current Consu... 1.059 mA <2.5m pass
Tyr amplifier_comm... Power Consum... 1165 mW < 2.75m pass
iguri  Run the simulation st o gt
Conflgurlng " Tyr amplifier_comm... foutput ke
Aglng . . 2yr amplifier_comm... Gain 12.33dB >7.5 pass
SlmUIat|0n ° We WI | I O btal n resu |tS for th e years 1 , 2yr amplifier_comm... Bandwidth 6.578 GHz > 4G pass
2yr amplifier_comm... | Current Consu... 1.004 maA <2.5m pass
¢ 2 3 5 7 and 10 2yr amplifier_comm... Power Consum... 1,104 mW <275m pass
! ! ! ! 2yr amplifier_comm... | finput ke
C f . 2yr amplifier_comm...  foutput L
on |gur|ng o n : > @ﬂ@} {r_’) [ Filt ] v| Ii v@. ~ New Win mNone: n@ 3yr amplifier_comm... Gain 10.7 dB =75 pass
Aglng Wlth SE|f A L 3yr amplifier_comm... Bandwidth 7.151 GHz =4G pass
. o e 3yr amplifier_comm... Current Consu.. 906 uA <2.5m pass
Heatlng Age | Test | Output | Nominal | Spec | Weight | Pass/Fail 3yr amplifier_comm... Power Consum... 996.6 UW <2.75m pass
n n ﬂ ﬂ n ﬂ : Iyr amplifier_comm... finput ke
¢ 3yr amplifier_comm...  foutput = 3yr amplifier_comm... Joutput ke
Syr amplifier_comm... Gain 6.725 dB =75 fail
. HH Syr amplifier_comm...  Bandwidth 9.696 GHz = 4G pass
Rellablllty Syr amplifier_comm...  Current Consu... TBE uA < 2.5m pass
aglng Wlth Syr amplifier_comm... Power Consum... 866.8 UW < 2.75m pass
Syr amplifier_comm... | finput =4
Monte-CarIO 5yr amplifier_comm... |foutput L=
Tyr amplifier_comm...  Gain 3.166 dB =75 fail
Tyr amplifier_comm...  Bandwidth 12.42 GHz = 4G pass
Tyr amplifier_comm... Current Consu... T02.8 uk < 2.5m pass
. Tyr amplifier_comm... Power Consum... T739 uW < 2.75m pass
Gradual aglng Tyr amplifier_comm... finput =2
Tyr amplifier_comm... foutput =
10 yr amplifier_comm... Gain -595.5 mdB =75 fail
10yr amplifier_comm...  Bandwidth 16.76 GHz =>4G pass
10yr amplifier_comm... | Current Consu... 606.3 uA =2.5m pass
10yr amplifier_comm... Power Consum... 666.9 uW < 2.75m pass
Run plan 10 yr amplifier_comm... finput =
10 yr amplifier_comm... foutput =
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&) anes™| 3. Creating reliability analyses in run plan

Introduction to
Reliability _ _ o o o
1 * In this section, we will dive into setup up Reliability analysis in run plan.

Rilﬁsglty « With this assistance, we can set up a reliable verification flow for reliability simulation

T employing all the features of the run plan, such as:

Configuring — Conditional run
Agin : :
Gimod — Running several run modes simultaneously

v — pre-run/post-run scripts to change the setup prior to simulation, etc.

Configuring
Aging with Self
Heating

v
Reliability
aging with

Monte-Carlo

v

Gradual aging
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I seewor | 3. Creating reliability analyses in run plan
Introduction to
Reliability _ _ _ -
7 « Start by Enabling the Aging3yr analysis kel 06y
Reliability and disabling all the rest of the Reliability J0 %G
Seiup setups.
Configuring * From the Menu bar, select Window >
Aging Assistants > Run plan.
Simulation _
1 * The new Run plan window should pop up
: : 1 Run Plan BEa
Configuring on the right side in ADE Assembler. o
Aging with Self - Click on Create new from active setup. —
Heating B ¥ 6 Runo
« Expand the Run.0O run plan setup. @ Single Run, Sweeps and Corners
. ¢ o H[@ Tests
Eg‘f'r'lzbv'\','l‘;{] » Create two more runs similarly, Run.1 and B amp ter.common Source e
Monte-Carlo RU N 2 S E\l‘i E:::aelr:ariables
i = ; Reliability Anahyses
. W Agimg3yr
Gradual aging — Aging + SHE
__ AgingMC
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Introduction to
Reliability

v

Reliability
setup

!

Configuring
Aging
Simulation

v

Configuring
Aging with Self
Heating

v

Reliability
aging with
Monte-Carlo

v

Gradual aging

3. Creating reliability analyses in run plan

« For Run.O, select Aging3yr as the setup

for Reliability.

* For Run.1 select Aging_MC as the

Reliability setup.

* For Run.2 select Gradual _aging as the

Reliability setup.

« Make sure to expand Run.1 and double

click on Single Run, sweeps and
corners.

« Select Monte Carlo sampling instead.

Run Plan

2 505G

BE8

B v & Runo
> ti; Single Run, Sweeps and Corners
= % Tests

¥ & Global Variables
L] ‘—"l Corners
B [ Reliability Analyses
W Aging3yr
__| Aging + SHE
| AgingMC
__ GradualAging
v 5 Run.l
- I@ Monte Carlo Sampling |
4 Tests
+ & Global Variables
L ‘—"ﬂ, Corners
Bl [+ Reliability Analyses
_ Aging3yr
__ Aging + SHE
| AgingMC
__ GradualAging
= v /S Runz
> }i; Single Run, Sweeps and Corners
':'E‘gj Tests
+ & Global Variables
L] ‘—"l Corners
B | Reliability Analyses
__ Aging3yr
__ Aging + SHE
| AgingMC

£l

(v lﬂl amplifier_common_source_testbench_1
H L lﬂ- amplifier_commen_source_testbench_1_1

i GradualAging
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'ntéoecf;%:ﬁtgto « The Run Plan window should now look like the figure on the left.

R » Click on the green button to execute plan.
Reliability S IR

seiup 0 a@ - After the run plan is finished, the results tab

B v & Runo
Configuring [ S Sweepsanacomer should look like this. Click on the Open all
1 I ﬁ amplifier_common_source_testbench_1
. Aglng L ﬁ- amplifier_common_source_testhench_1_1 b Utto n "
imuiat ¥ & Global Variables
Simulation :
=} corners
¢ & Reliability Analyses Dutputs Setup Results
) ) ZE::?';HE M G g | 83 v;dl [ra] vl =|Mew Win »
Configuring Ll Agirgpic ;-‘_
Aging with Self Grauatigng progeess: (N |, _opena
. v 20 Run
Heatlng % Monte Carlo Sampling an Name| Status Information |
i % Tests Finished
& Global Variables
¢ “ co an.0 Run Mode : Single Run, Sweeps and Corners
L= e Open Log Viewer
Rellablllty =) | Reliability Analyses
. . — Aging3yr | Finished
aglng Wlth : ::::,;EHE an.1 Run Mode : Monte Carlo Sampling
Monte-CaﬂO : GradualAging Open Log Viewer
B v [6 Runz i Finished
¢ = b Single Run, Sweeps and Corners i
c?:.] Tests an.2 Run Mode : Single Run, Sweeps and Corners
Grad ual aglng ;& Global Variables Open Log Viewer
I ‘Jl Corners
El ¥ Reliability Analyses
— Aging3yr
| Aging + SHE i
1 L AgingC I .
¥/ GradualAging () plano
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ssemor | 3. Creating reliability analyses in run plan
Introduction to e The
Reliabilit e |
; y et BO O %M @0 Bk e Beeo BB E || advantage of
48164 rows 1
R I blt Age | Test | Output |  MNominal | Spec | Weight | haVIng Support
eliability S
setup g 8 - - o = for reliability
! e = analyses built
Configuring e into the run
A |n fresh ampliﬂer:ccmm... finput k= i i
Slmglagon fresh amplifier_comm... foutput k= plan IS that It
stress amplifier_comm... Gain 14.2dB =75
¢ stress amplifier_comm... Bandwidth 6.131 GHz = 4G a”OWS us to
T e e R run various
Configuring e T reliability
Aglng Wlth Self Tyr amplifier_comm...  Gain 14.82 dB =75 t
Heating A i I R >> bSO
fier_comm... ' <2 various run
Tyr amplifier_comm...  Power Consum... 1.551 mwW 2.75m
¢ 1 yr amplifier_comm... | finput k= - -
. .- ‘I:r amzliﬂer_comm... fouF;put =4 mOdeS InSIde
Re“ablllty 2yr amplifier_comm... Gain 14.85 dB =75 . I
aging with —nC R 2 SINgHE
Monte-CaﬂO 2yr ampliﬂer:cnmm... Power Consum... 1.518 mW < 2.75m SImUIatlon.
2yr liffey_com fingait »
¢ 2yr Rl':mn _cclef[rt!ml RL‘I].Z
3yr amplifier_comm... Gain 14.7dB =75
H 3yr lifier_comm... ndwidth 6.215 GHz = 4G
Gradual aglng E:r’ Eliﬂer_comm... rrent Consu.. 1.348 mA = 2.5m
Iyr lifier_comm.. ser Consum. 1.482 mwW < 2.75m
3yr plifier_comm...  put =
\LJ Plan.0 UPIan.ﬁ_éun_U \..J Plan.0.Run.1 UPlalnl_Cl_F‘.un_z
M:
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