VOLTUS-F

EMIR PVS Flow
Step-by-Step



Requirements

 VOLTUS-FI installed

* Files (check appendix).
* Technology mapping file: pvtech.lib
PVS_QRC rules files for typical, best and worst cases

Electromigration models files for typical, best and worst cases
e crn65lp_1pO6m+alrdl_typical _em.ict
e crn65lp _1p06m+alrdl_rcbest_em.ict
e crn65lp_1p06m+alrdl_rcworst_em.ict

DFIl layermap file: DFlllayermap?2.txt

Empty sub-circuit netlist files for devices without models
* rnpolys_sub_circuit.spi, rnpolywo_m_sub_circuit.spi
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Create
Test Bench
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Transient Analysis “tran': time = (0 s -> 50 ns) 1
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Run LVS using PVS
Virtuoso - Menu
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Run LVS using
Setup - Run D

* Setup “Run Directory”
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(5] PVS 15.17-64b LVS Run Submission Form (on Inxmicv30.cern.ch) E]@
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Run LVS using PVS
VS Results

e LVS should MATCH
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Run LVS using PVS

PVS 15.17-64b |
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Run Quantus QRC
using PVS - Menu
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Run Quantus QRC
using PVS - Setup

* Setup Technology and RuleSet
* Select “Transistor Dspf” for Output type

* Three runs can be executed to create “typica
“best” and “worst” parasitic RC DSPF files
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”n
%,

Setup | Extraction | Filtering | Metlisting | Run Detaik | Substrate

RuleSet |fypical n

p2 sSet : W, UseMukR Hi] -
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i/ - - - .
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\
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e e
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& %

Setup Tab Options Help:

Technology: Assura tech_lib technology name and QRC process file established
in opened LVS run.
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Run Quantus QRC
using PVS - Extraction

e Select RC Extraction Type

e Add Reference Node
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| Quantus QRC (PVS) Parasitic Extraction Run Form (on Inxmicv30.cern.ch) E]
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Run Quantus QRC
using PVS - Netlisting

e Select “EM Analysis”

* Select “Silicon” for “Parasitic Resistance Width”

* Select XY Coordinates for the parasitics

20/05/2019
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= Quantus QRC (PVS) Parasitic Extraction Run Form (on Inxmicv30.cern.ch) [5]
Setup | Extraction | Filiering | MNetlisting | Run Detaik | Substrate
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'5- Quantus QRC (PVS) Parasitic Extraction Run Form (on Inxmicv30.cern.ch) E]

Setup | Extraction | Filtering | Metlisting | Run Detailk | Substrate

Run Quantus QRC P — —
using PVS - Run Details < unDrecony  vessivoliveir NERIFIGATION Logb _rF/eTonithEndCaps/ovs._Lve/ v

Log File ‘TXwithEndCaps/pvs_lvs/svdb/qrc.eT¥withEndCaps.log View

Keep Temporary B

Quantus QRC Run Mode Multi Processing n

MNumber of Processors B8

e Check “Run Details” and click Apply

Run Location local n

Enable License Queue

* Quantus QRC Run should complete successfully

L Timeout 1888 semnds

(2

(= Quantus QRC Run (on Inxmicv30.cern.ch)

completed successful
ATOTRATETSToTeir/VER IFICATION ipgbt_rf/eTXwithE nd€ags/e TXwith EndCaps_typical.dspf >

Close

The Quantus QRC run "eTXwithEndCaps
The output is in : /proje as/TSMCB5/GBETES/NVS!]

SIS

Run Location: Submit Quantus QRC run for either local execution or remote execution on
the specified machine name.

-
. X a 11} -
20/05/2019 rui.francisco@cerrr.c -
Cancell Apply efaults Load State Save State View Command File Help
O —




Run Simulation ADEXL
High Performance Simulation

7 Virtu ‘Analog gn Environment X

Launch File Edit View Create Check Options Window Parasitics/LDE ADEXL Design Manager Calibre PVS Help

[ &= @ T o =N [ R RS » [|pasicr2 RIS GL [T [F] simTime o

(@R | No ParasitisLDE - » ||srgieRun, sweeps and corners | @ =] b}

Data View 05 D - [ eTx EMIR testBenchor  x

Open the previously used
ADEXL view

Open Designin Tab

2 ik eTremm—
@, simulator spectre Add Analysis...
‘ hEndCaps
@ Analyses Create Test Copy F
¥ tran 0500

Select the previously used

Delete
Test or create new ones & vgrvoon
(3] 1&, Global Variables
[ o g Parameters Job Setup...
& v =) corners
[]E Docume nis

Three test cases can be 1Y Feniaelil :
created for “typical”, “best”|
and “worst” DSPF files 4

Load State_.

Save State...

Temperature...
Stimuli...

Simulation Files...

RMB test name and select

Data | History

MATLAB/Simulink » o
o H rvironment. IS
High-Performance e e
- MDL Comtrol... Il

Pre

& 1 Point Sweep

Simulation” B0 comr

¥ Nominal Corner

Convergence Aids »
RF b
MTS Options...

Customize Menus...

Historyltem | Status

Interactive.6 finished with errors f,



Run Simulation ADEXL.

APS Options

* Select “APS”, “Do not override” and “Auto”

20/05/2019

rui.franc

= High-Performance Simulation Options (on Inxmicv30.cern.ch)

Simulation Performance Mode - Spect XP5 M5

General

Accouracy + Speed

Error Preset: u Liberal . Moderate . Conservative

APS Options

Use ++aps:

Multi-Thre ading

Dieable . Manual ¥ Threa

Processor affinity (e.g. 0-3 or 0,2,4,6):

Post-Layout Settings

Enable Post-Layout Optimization:

Instance Preservation: & None o/ Seleced o All

="

sco@cern.ch
@ m Cancel Defaults Apphy Help




Run Simulation ADEXL
Simulation Files - DSPF

e RMB test name and select
“Simulation Files”

File Edit View Create Check Options Window Parasitis/LDE ADEXL Design Manager Calibre PVS Help

LYy § @ T o =N [ R RS » [|pasicr2 RIS GL [T [F] simTime o
Q - = » || Single Run, Sweeps and Corners n : Q 0 i0¢
Data View [ eTx EMIR testBenchor  x
= v % Tests

B £ emirirTestCase:eTx_EMIR_testBench01:1

B _ £F eTx EMR _testBenchd1_DSPF

&) |k eTx EMIR_testBench01_DSPE EM

c2]

3 ¥ £ ST EMR testBench01 DSPE IR =

B ¥ &F eTx EMIR_testBench01_DSPF IR rf

® _ &b eTX EMIR_testBench01_| Open Test Editor...

Bl £k eTx EMR_testBench1_| Open Designin Tab

@, simulator spectre
2@ Analyses

¥ tran

050n

& Design Variables

¥ & Global Variables
[ | o Parameters
(eI

G

“} corners

]E Documents

- Setup States

6] __ Reliability Analyses
[+ _ Checks/Asserts

=

Add Analysis... n

Name
Create Test Copy
Delete

Notes...

Job Setup...

Pre-Run Script..

Design...
Load State_.

Save S

Simulator...

Model Libraries...

Temperature...

Simulation Files...

Data | History

MATLAB/Simulink

Run Summary

3 Tests
& 1 Point Sweep
¥ 0 Corner

¥ Nominal Corner

‘m
o
Environme =
E
MDL Contral... Y
- =
Reliability » o
Options »
Netlist »
Convergence Aids »
RF ’ —prub
MTS Options...

History ltem

Interactive.6

Interactive.5

Customize Menus...




Run Simulation ADEXL
Simulation Files - DSPF

(W spectre3: Simulation Files Setup (on Inxmicv30.cern.ch)

* Add DSPF files to | o nomes Vector Files

“Parasitic Files” |Files/Paths
= Include Paths

‘i _|<=Clickhere 1o add a path=
[}- Definition RHles

L | <Click here o add a file=
[} Stimulus Rles

. Wdaﬂlev
* Select DSPF file | L-Farasitic Files (DSPF)

[ H
case ' <Click here to add a file>
[}~ Parasitic Ales ¥

Lol |eChick here to add a file=
[} PSpice Fies
i _|<Click here to add a path=>

. b o | [projects /TSMCE5/GETES/VS Ofwor kAreas/roliveir/VER IFICATIOM/Ipgbt_rf/eTXwithEndCaps/eTXwithEndCaps_typical.dspf
accordin g to test . _ | /projects/TSMCE5/GBTE5/V5.0fwor kAreas/roliveir/ VER IFICATION/Ipgbt_rf/eTXwith EndCaps/eTXwithEndCaps_rcbest.dspf
b _ | Fprojects /TSMCES/GETE S5/V5.0MworkAreas/roliveir/VER IFICATION/Ipgbt_rf/eTrwithEndCaps/eTXwithEndCaps_roworst.dspf

Options

20/05/2019 rui.francisco@cern.ch

Cancel

Apply

Help




Run Simulation ADEXL
EM/IR Analysis

e RMB test name and select
“EM/IR Analysis”

Vi

Launch File Edit View Create Check

Options Window Parasitics/LDE  ADEXL Design Manager Calibre PVS Help

Q@ ~ = | Mo ParasitcsLDE ' (=%

| §=
2
L]
=
H]
X

) = = =
W L T »

B » » [|[pmicnz:  RYEY L[| 0= [l simmime o
B © 0O i

2 |[ Single Run, Sweeps and Corners

[ eTx EMIR testBencho1  x

& adex

Tests

/&% eTx EMR_testBench01_DSPF
3 eTx EMIR_testBench0 1_DSPF_EM

&% emiriTestCase:eTx_EMIR_testBench01:1

eTx EMR_testBench01_DSPF_IR |
eTx EMIR_testBench01_DSPF IR |
o -':;6 eTx_EMIR_testBench0 1_IR_signaly
4% eTx EMR_testBench0 1_IR_signal

Simulator spectre
Analyses
050n

& Design Variables

{ & Global Variables
H v @ Parameters
3]

| Corners

Documents

Setup States

) _| Reliability Analyses
i | Checks/Asserts

Add Test

Open Test Editor...

Open Designin Tab

Add Analysis... libMorme =

INam
Create Test Copy

Dekete

MNotes...

Job Setup...

Pre-Run Script..

Design...
Load State _.

Save State...

Data | History ==

Run Summary

3 Tests
M 1 Point Sweep
™ 0 Corner
v Nominal Carner

Simulator...
High-Performance Simulation...
Model Libraries...
Temperature...

Stimuli...

History lem | Status
Interactive & finished with errors &

Emvironment_..
MDL Control...

Reliability 3
DOptions 3
Netlst 13
Convergence Aids »
RF »
MTS Options...

Customize Menus...



B! spectre3: EM/IR Analysis Setup (on Inxmicv30.cern.ch) E]

Analyss | Solver | Options | Maoro Model Generation

Run Simulation ADEXL = |

Met Selection

— o —

Set U p - A na |y S | S Neitame:  CpuEves owr vowsr T vo0 o vorsr or T+ Dsekct | (Gl

@Analbﬁii ¥ max ¥ avg  EMCurrentAnalysis: & max _ avg ¥ awgabs 1@

Advanced R Drop Analysis: — SignalMet IR Drop _ Power Gate

Analysis: | TMI Sefheating Add/Modify
e

* Select Type of Analysis -
o Se|ect Nets Emirutil Setup

. EM Tech File eas/ roliveir /VERIFICAQION/crmb651p_lpe6m+alrdl_typical_em.ict | .
» Select Type of Analysis for the Nets L/‘

. . Layer Map File =
* Default configuration allows:

. EM Only ICT Rle -
* |R Power Analysis
 EM Power and Signals Analysis
“ H W) ;
* Browse for and Select the adequate “* _em.ict Summary Information
. Options Value
fil e Mi te chiile=/projects/TSMCE 5/GETAS VS OfworkAreas/roliveir VERIEICATION/crn6Slp_1 Import
net name=[DUT.VSS DUT.VSSPST DUT.VDD DUT.VDDPST] analysis=[vmax vavg imax iavg
net name=[DUT.*] analys s =[imax iavg iavgabs irms] _
solver method=[{direct] = EXpo
5pf aliasterm ="dnwpsub 1=P05 2=NEG"
s pf aliasterm ="nch 1=d Z=g 3=5" Delete
spf aliasterm ="nch_25 1=d 2=g 3=5"
spf aliasterm ="nch_lvt 1=d Z2=g 3=5"
spf aliasterm = "ndio 1=P 05 Z=NEG" Clear
“ L. . s pf aliasterm ="mwdio 1=P 05 2=NEG" D
e Select “Enable EMIR Analysis in Transient or DC 54 afasterm = "pch 1=d 2g 35" =
Simulation” ' -
( & Enable EMIR Analysis in Transient or DC Simulation

20/05/2019 rui.francisco@cermet

@D o= Appy | Hep




Run Simulation ADEXL,

Setup - Analysis

* Click Add/Modify if changes were done

20/05/2019

Analysis | Solver | Optians | Macro Model Generation
‘ Type ® Dynamic . Static

Met Selection

Met Mame: DUT. * Select
N

IR Drop Analysis: » max W avg

EM Current Analysis:

Advanced IR Drop Analysis: — Signal Net IR Drop __ Power Gate

Analysis: _ TMI Seffheating

Emirutil Setup
EMTech File eas/roliveir /VERIFICATION/crm651lp_1lp@6m+alrdl_typical_em.ict .-
Layer Map File .
EM Only ICT Fle =

Summary Information

| Options | Value .
emirutil te chfile=/projects/TSMC65/GBTES V5 .0/workAreas/rolive ir VERIFICATION/arn6Sip_1g
net name=[DUT.VS5 DUT.VS5PST DUT. VDD DUT.VDDPST] analysis=[vmax vavg imax iavg
net name={DUT.*] analysis s[wvmax vavg o iavgabs irms] _
solver method=[direct] -
spf aliasterm ="dnwpsub 1=P05 2=NEG"

spf aliasterm ="nch 1=d 2=g 3=s"

spf alasterm ="nch_25 1=d 2=g 3=5"

spf aliasterm ="nch_lvt 1=d 2=g 3=5"

spf aliasterm ="ndio 1=P05 2=NEG"

spf alasterm ="mwdio 1=P 05 2=NEG"

spf aliasterm ="pch 1=d 2=g 3=5" =

~ E
[ S

& Enable EMIR Analysis in Transient or DC Simulation

rui.francisca@cern ch

Clear

¥ max ¥ avg ¥ awgabs W rms

t(s) to summary informatio

/

Import

Export

Delete

Clear

Cancel

Apply | Help




un Simulation ADEXL
etup - Analysis

</ﬁaly(

Analysis | Solver | Options ‘ Macro Model Gener ation

Type & Dynamic . 5Static
Net Selection
MNet Name: DUT.VSS DUT.VSSPST DUT.VDD DUT.VDDPST or DUT.* Select J Clear

v

M sigvmax sigvavg Reference Type:  » max findsre [

_ awg

» Signal Met IR Drop __ Power Gate

vanced IR Drop Analysis:

Analysis: — TMI Sefheating Add/Modify
_—
* For IR Signals Analysis select Advanced IR
. . . Emirutil Setup
Drop Analysis: Signal Net IR Drop

EM Tedh File eas/roliveir /VERIFICATION/crm651lp_1p@6m+alrdl_typical_em.ict | -

Layer Map Fie -

EM Only ICT File =

Summary Information
o] ns Value
te chfile=/projects/TSMCES/GBTES /WS .0fworkAreas/roliveir VERIFICATION/orn6Slp_ Impaort

net name=[DUT.V55 DUT.VS5PST DUT.VDD DUT.VDDPST] analysis=[vmax vavg, imax iavg)
net name=[DUT.*] analys 5=[imax iavg iavgabs irms]
solver method=[direct] Bt
spf aliasterm ="dnwpsub 1=P05 2=NEG"
spf aliasterm ="nch 1=d 2=g 3=5" Delete
spf aliasterm ="nch_25 1=d 2=g 3=5"
spf aliasterm ="nch_lvt 1=d 2=g 3=5"
spf aliasterm ="ndio 1=P05 2=NEG" Clear
spf aliasterm ="mwdio 1=P05 2=NEG"
spf aliasterm ="pch 1=d Z2=g 3=5" =

# Enable EMIR Analysis in Transient or DC Simulation

20/05/2019 rui.francisce@@eerr—<h

@ cone ey Hep




Run Simulation ADEXL,

Setup - Analysis

* Click Add/Modify if changes were done

20/05/2019

Analysis | Solver | Optians | Macro Model Generation
‘ Type ® Dynamic . Static

Met Selection

Met Mame: DUT. * Select
N

IR Drop Analysis: » max W avg

EM Current Analysis:

Advanced IR Drop Analysis: — Signal Net IR Drop __ Power Gate

Analysis: _ TMI Seffheating

Emirutil Setup
EMTech File eas/roliveir /VERIFICATION/crm651lp_1lp@6m+alrdl_typical_em.ict .-
Layer Map File .
EM Only ICT Fle =

Summary Information

| Options | Value .
emirutil te chfile=/projects/TSMC65/GBTES V5 .0/workAreas/rolive ir VERIFICATION/arn6Sip_1g
net name=[DUT.VS5 DUT.VS5PST DUT. VDD DUT.VDDPST] analysis=[vmax vavg imax iavg
net name={DUT.*] analysis s[wvmax vavg o iavgabs irms] _
solver method=[direct] -
spf aliasterm ="dnwpsub 1=P05 2=NEG"

spf aliasterm ="nch 1=d 2=g 3=s"

spf alasterm ="nch_25 1=d 2=g 3=5"

spf aliasterm ="nch_lvt 1=d 2=g 3=5"

spf aliasterm ="ndio 1=P05 2=NEG"

spf alasterm ="mwdio 1=P 05 2=NEG"

spf aliasterm ="pch 1=d 2=g 3=5" =

~ E
[ S

& Enable EMIR Analysis in Transient or DC Simulation

rui.francisca@cern ch

Clear

¥ max ¥ avg ¥ awgabs W rms

t(s) to summary informatio

/

Import

Export

Delete

Clear

Cancel

Apply | Help




spectre3: EM/IR Analysis Setup (on Inxmicv30.cern.ch}

| Analysis ESquer” Options ‘ Macro Model Generation

Run Simulation ADEXL e ... .. =

Speed | )

nputwf -

Setup - Solver :

Time Window Setup

 Select “direct” for Solver Method

s Time Window

e Choose the Time Window Add/Madify

Summary Information

emirutil te chfile=/projects/TSMCES5/GETES /S .0fworkAreas/roliveir VERIFICATION/arn63lp_1f Import
net name=[DUT.VSS DUT.VS5PST DUT.VDD DUT.VDDPST] analysis=[vmax vavg imax iavg
net name=[DUT.*] analysis =[vmax vavg imax iavg iavgabs irms]
solver method=[direct] \ Bt /
5pf allasterm = "dnwpsub 1=P05 2=NEG"
5pf allasterm ="nch 1=d 2=g 3=5" Delete
5pf allasterm ="nch_25 1=d 2=g 3=5"
5pf allasterm ="nch_lvt 1=d Z=g 3=5"
spf aliasterm = "ndio 1=P 05 2=NEG" Clear
spf aliasterm ="mwdio 1=P05 2=NEG"
spf aliasterm ="pch 1=d 2=g 3=5" =
. - R —— i
» Enable EMIR Analysis in Transient or DC Simulation

20/05/2019 rui.francisco@ cerrei
L9 Cancel . Apply . Help




Run Simulation ADEXL . —%>.. . .

L=

e ——

Additional Option: Additional Value:

Setup - Options T

DSPF File Checking

—
DSPE Rle: jbt _rf/feTXwith aps{eTKwithEndGaps_twicalD

 Select “autorun” Options: Run

Status: Not Run

* Add the adequate DSPF file, the same
previously chosen in Simulation Files

Summary Information

Options | Value a

emirutil te chfile=/projects/TSMCE5/GETE5/V5.0/wor kAreas/roliveir VERIFICATION/anb3lp_1y Import
net name=[DUT.VS5 DUT.V55PST DUT.NDD DUT.VDDPST] analysis=[vmax vavg imax iavg

name=[DUT.*] analysis s[vmax vavg 2 igwgabs irms] _

solver method={direct] = Export
5pf aliasterm ="dnwpsub 1=P05 Z=NEG"

5pf aliasterm ="nch 1=d 2=g 3=5" Delete
5pf aliasterm ="nch_25 1=d Z=g 3=5"

spf aliasterm ="nch_lvt 1=d 2 =g 3=5"

spf aliasterm ="ndio 1=P 05 2=NEG" Clear
spf aliasterm ="nwdio 1=P05 2=NEG"

spf aliasterm="pch 1=d 2=g 3=5" =

< aEE— ™
& Enable EMIR Analysis in Transient or DC Simulation

20/05/2019 rui.francisco@cerrehr

@E» o appy  Help




Run Simulation ADEXL
Setup - DSPF Checker

e Run the DSPF checker

e The checker should complete successfully

= spectre3: EM/IR Analysis Setup (on Inxmicv30.cern.ch) [5]

Analysis | Solver Options | Maoo Model Gener ation
Options
Advanced Option: | autorun B & true ., false @

Additional Option:

Include Rle: - Add/Modify
—_—
DSPF File Checking
DSPF Fle: bt _rf/eT¥withEndCaps/eTXwithEndCaps_typical.dspf -
Options: Run }
—_—
Status: Finshed

Additional Value:

File Edit View Help

cadence

——————————————————— Large Nets === === e =

e Click “OK” after verifying that “Enable EMIR
Analysis in Transient or DC Simulation” is
ENABLED

20/05/2019

NETS with between [18k,
XIB/VDDPSTint (13198)

188k] resistors are
XIB/VSSPSTint (28558)

rui.francisco @ ceteh

Qutput Files:
eTXwithEndCaps_typical .dspf.
eTXwithEndCaps_typical.dspf.
eTXwithEndCaps_typical .dspf.
eTXwithEndCaps_typical.dspf.
eTXwithEndCaps_typical .dspf.
eTXwithEndCaps_typical.dspf.

Checking in license Virtuoso_Spectre ...

#%% End-time: Mon May 28 17:54:14 2819
#&%% Ti . ed: 1.6
ak Memory Usage: 34.312
spfchecker completed successfully.

chklog
spfinfo
emir_conf
stitch_opts
mult_pins
pin_info

Done.

s (@8h 8m 1s), CPU: 1.4

: Detailed log

: SPF element inventory

: To be included in your emir config file
: To be used for stitching (Spice syntax)
: NETs with multiple PINs

: NET PIN X ¥ Layer info

s (Bh 8m 1), system: 138.8 ms (Bh 8m @s)

8 | > L1 C1
- = R —— |
-~ B —— -
e -
& Enable EMIR Analysis in Transient or DC Simulation
ncel Apply . Help



Run Simulation ADEXL
Run Simulation

Virtuo

Launch File Edit View Create Check Options Window Parasitics/LDE ADEXL Design Manager Calibre PVS Help
L @ T s lles - » & o» " E@) E‘"ﬁsxm'ﬂmeﬂ

- -—
Q- - | Mo Parasitics LDE - 1 » || Single Run, Sweeps and Corners - %

. . Data View 7 OX| £ aded % eTx_EMIR testBench01 X u,. Simulation
Run the Simulation .
B &} emirirTestCase:eTx_EMIR testBench01:1
B /& eTx EMR_testBench01_DSPF
Bl &} eTx EMR_testBenchd1_DSPF_EM
B ¥ &k eTx EMR_testBench01_DSPF_IR_typical
B /& eTx EMR_testBench01_DSPF IR _rcbest
B &}k eTx EMR_testBench01_DSPF_IR_roworst
e} -'@aTxfEM\Rﬁlas(BEnchO‘URﬁsignals
1 /& eTx EMR_testBench01_IR_signaks_av ext

o
PP

Simulator spectre
Analyses
W tran  050n

& Design Variables

1 v & Global Variables
1 o & Parameters

i =] corners

1[5 Documents

Setup States

6] | Reliability Analyses
B _| Checks /Asserts

BF_PTH_FULL

Data | History

Run Summary 78X

a

£
=
E

L

1 Test

1 Point Sweep

Pre

™ 0 Corner

¥ Nominal Corner

de=prad

History ltem | Status

Interactive.6 finished with

rs




Run Simulation
EMIR Report

e Simulation log should show
“Creating EMIR report”

20/05/2019

ADEXL

rui.fr

<Cre~ating EMIR report

i m /simulation/roliveir/ResDir/lpgbt rf sim/eTx EMIR testBenchOl/adexl/results/data/Interactive.0/1/eTx
File

(=)=

cadence

Edit __View Help

ime usage: elapsed: 1 s (8h 8m 33s), CPU: 28.8 s (8h 8m 28s)

Tota ¥ x or tran analysis “tran': CPU = 4.989 ks (1h 23m 9s), elapsed =
Time accumulated: CPU = 5.81524 ks (1h 23m 35s), elapsed = 1.78457 ks (29m 44.6s).
Peak resident memory used = 1.28 Gbytes.

1.75522 ks (29m 15.2s).

Notice from spectre.
759 warnings suppressed.

finalTimeOP: writing operating point information to rawfile.

Opening the PSF file ../psf/finalTimeOP.info ...
modelParameter: writing model parameter values to rawfile.

Opening the PSF file ../psf/modelParameter.info ...
element: writing instance parameter values to rawfile.

Opening the PSF file ../psf/element.info ...
outputParameter: writing output parameter values to rawfile.

Opening the PSF file ../psf/outputParameter.info ...
designParamVals: writing netlist parameters to rawfile.

Opening the PSFASCII file ../psf/designParamVals.info ...
primitives: writing primitives to rawfile.

Opening the PSFASCII file ../psf/primitivez.info.primitives ...
subckts: writing subcircuits to rawfile.

Opening the PSFASCII file ../psf/subckts.info.subckts ...
One_Step_Output: max_mem: 9.88 MB
Time usage: elapsed: 123.6 s (Bh 2m 3s), CPU: 789.8 s (8h 13m 9s)

Time for creating waveform database: CPU = 836.9 s (@h 13m 56s), elapsed = 166.3 s (8h 2m 46s).

Aggregate audit (6:28:687 PM, Mon May 28, 2819):
Time used: CPU = 5.83 ks (1h 23m 45s), elapsed =
Time spent in licensing: elapsed = 113 ms.

Peak memory used = 1.28 Gbytes.

Simulation started at: 5:58:12 PM, Mon May 28, 2819, ended at:
spectre completes with 8 errors, 31 warnings, and 9 notices.

1.79 ks (29m 54.9s), util. = 288%.

6:28:87 PM, Mon May 28, 2819, with elapsed time (wall clock): e

hn

r-
cliccen@cearn ch 1111
87 |

= Lagl ?S‘I |




Run Simulation ADEXL

cadence

Launch File Create Took Options Run EAD Parasitics/ADE Window Calibre Help
E I\/I | R | O lbeod® e  CBE=RE |4 IE B l[Basicst = & ,
"lNo Parasitics/LDE n % |_WJ Mo Sweeps . "lshgle Run, Swee s and Corners n Qg @ o ”Fe"ere‘:e: k- ”| »
Data View ZIEIX]|| £ aded | [#] eTx EMR testBencnot
ElF %ﬁ?es“ Outputs Setup Results
M emirirTestCase:eTx_EMIR_testBench01:1 = — = S "
B [£% eTx EMR_testBench01_DSPF Detai n Q0 %v v £+ 2 ¥|Append n @ @ [@ [& Bl
e} _g eTx_EMIR_testBenchD 1_DSPF_EM Test | Output | Nominal | Spec | Weight | Pass/Fal | oy
. . Bl v/§# eTx EMR_testBench01_DSPF_IR_typical
i E M I R An d |yS IS IO g can be Ch ec ked W|th R M B B _/&¥ eTx EMIR_testBench01_DSPF_IR_rcbest eTx_EMIR_testBench0 1_DSPF_IR_typical /DUT/I0/I7/net014 =
B _|§}% eTx EMR_testBench01_DSPF_IR_rcworst eTx_EMR_testBenchD 1_DSPF_IR_typical | (VT("/OUTP") -VT("/OUTN"})
over resu ItS i n t h e Res u ItS ta b E M/I R Data B 73 eTx EMIR_testBench01_IR_signals eTx EMR_testBench0 1_DSPF_R_typical e yeDiagrami(vT"/0UTe") -vT({l...
V4 Vi =R eTx_EMIR_testBench0 1_IR_signak_av_ext J'
% Simulator spectre tlog
E M/I R Log BQ; Analyses View Netist
v tran  050n View Netlisted Checks/Asserts
- i i View Dynamic/Static Violation Report
& Design Variables Open Terminal ..
[ : - . : N : - i) Job log
[€] /simulation/roliveir/ResDir/lpgbt_rf_sim/eTx_EMIR_testBench0l/adexl/results/data/Interactive.0/ E] @ E] Cancel Selected Simulations)
File Edit View Help cadence
Plot
. . - - ick Plot All
INFO: Starting Voltus-Fi Batch Mode Application. QuickPlot
— Plot Across Corners
~ Plot Across Design Points
Command runm is:
R EEEEEEE R EEE RE R R EE R FE R F IR FE R R AR RE R R A R FR R AR EE R R R AR R R R R EE R s ULy OSSR SO
feda/cadence/2817-18/RHELx86/SPECTRE_16.18. 518 /tools. Inx86/sev/bin/64bit/emirreport -c /simulation/roliveir/ResDir/lpgbt Troubleshoot Point
B L LT L T L LR R T Open Debug Environment ... £
Open Results Browser ...
Open Calculator ...
Voltus-Fi version being used is as fTollows: Plot Qutputs »
EEEEEEEEE AR R R E AR AR R RR IR AR EE R AR IR AR R AR FEEEE RE AR R FEEE R Direct Plot »
Voltus-Fi batch mode application (64-bit) - High Capacity Power IR/EM - vB6.17-e46@_1 ((B89/81/2817 B4:18:14)) Print '
Annotate 3
- . A ion Ball »
Copyright (¢) Cadence Design Systems, Inc. 1996 - 2814 nnotation Baloons
AR AR AR A AR AR AR AR AR A AR AR R AR AR AR R AR AR A AR AR AR AR A AR AR A AR AR A AR AR AR R vegtor '
- EM/IR Data | EM/RLog k
INFO: loading MMSIM results = N S —
IHFD: luad%ng MMSIM all net results ' . A o Spec Summary Layout Analysis
20/05/2019 INFO: Running EM on all nets rui.francisco@cern.ch Customize Menus..
Starting EM all nets




EMIR Analysis

Launch File Create Took Options Run EAD Parasitics/LDE Window Calibre Help

cadence

luc eyl  fEERE |46

IE B

lBasicr B &

Layout Analysis

"{Shgle Run, Swee ps and Corners
A

@ o jl||F:e"ere':e: - »lm »J

FIBIX| £ aden %

[ eTx_EMIR_testBench0

"lNoF‘arasiliE.‘LDE n % |_WJ Mo Sweeps -
i Data View
= v % Tests
&) _ﬁ emirirTestCase:eTx_EMIR_testBench01:1
Bl _|§# eTx EMR_testBench01_DSPF
B &% eTx EMR_testBench01 DSPF_EM
. B v §3k eTx EMIR_testBenchQ1_DSPF IR_typical
* To show the results in the layout, RMB over o3 CTCEMR et DS s
B eTx EMIR_testBench01_DSPF_IR_rcworst
results in the Results tab, EM/IR Data, Layout I o oo

- @y Ssimulator spectre

Analysis

& Design Variables

H v & Global Variables
H 1& Parameters

7 | "1 Corners

] Documents

E Setup States

[ _| Reliability Analyses
[+ __ Checks/Asserts

Outputs Setup Results

BO OI% A 0k ke B @ 200 BBIOY

Test | Output

eTx_EMIR_testBench1_DSPF_IR_typical /DUT/IONT/net014
eTx_EMIR_testBenchD1_DSPF_IR_typical | (VT("/OUTP") - VT{"/OUTN"))
eTx_EMIR_testBench01_DSPF_IR_typical | eyeDiagrami(VT("/OUTP") -

* Select the cell layout view

& Select Layout View (on Inxmicv30.c« E]

B

Lib/Cell/ View
Library  (&TX
Cell | eTXwithEndCaps '
Views Llayout |I
. “« ”
e Click “OK
Open Mode s edit & read

20/05/2019

rui.franci cm. Pr—

Help

-

Nominal | Spec |

Weight

Pass/Fal |

View Netlist

View Netlisted Checks/Asserts

View Dynamic/Static Violation Report

Open Terminal ...
Job Log

Cancel Selected Simulation(s)

Plotall
Plot

Quick Plot All

Plot Across Corners

Plot Across Design Points

Create Copy Of Selected Corner

Troubleshoot Point

Open Debug Emvironment .
Open Results Browser ...
Open Calculator ...

Plot Qutputs

Direct Plot

Print

Annotate
Annotation Balloons
Vector

Cirauit Conditions

EM/IR Data

- v v v w v

EM/R Log

Add to Spec Summary

Customize Menus...

| Layout Analysis ’.
S———— |




EMI
IR -

R Analysis
_0ad Results

* Browse for and Select the “input.emirO_bin” file
in the simulation results folder

* /(simulation path)/ResDir/ (design library)
/(cell name) /adex|/results/data
/(Interactive name)/1/ (test name)
/psf/input.emir0_bin

e Select DFIl Layermap

* Browse for and Select DFIl layermap file

* Click “Load Results”

20/05/2019

IR/EM| Results (on Inxmicv30.cern.ch)

IR | EM | Structural Analysis

Results

/

\

State Directory/Results FiI@ulE!dataflnteracti'ue_ﬂ.-“l.FETJ(_EI'-.‘IIF‘._testBenchm_DSPF_IF‘._typicaUFGI‘.n"mW = +
S

Shrink factor

T —

. Customize Display y

& DFIl Layermap J5/GETES/MNS.0fworkareas/rolveir/VERIFICA
Load Results

MNet Plot

— All Power Nets

ﬁDN.-‘DFIIIayermapZ.txt )x Y @ e Aner Gradient J

& All Signal Mets

Clear Results _/

' Seked Nets

Jet T'.—'-.-'E -

Show Plot IR threshold (V)
o -

v n __ PlotPowergate Mets

rui.francisco @ ceam=ch

Load

= '

Save

Help




IR | EM | StructuralAnalysis | LRP Browser | PinZPinR | Whatdf

EMIR Analysis

State Directory/Results File: ‘adex/results f/data/ Interactive.0/1/eTx_EMIR_testBench01_DSPF_IR_typicalpsf/finput.emird_bin | | +

IR - Rail Analysis

«w QRCRun & DFll Layermap 5/GBTES/VS.0/workAreas/roliveir/ VERIFICATION/DFlllayermap2 txt | = w Fner Gradient
- -

\. Load Results g Clear Results J
MNet Plot
. . \ n
* Choose Rail Analysis type & Rail Analysis (iR Rbrop D)

* IR-IR Drop :peak values — _
* IRAVG - IR Avg Drop: average values < oo D
%

Met Name

» Select Nets and/or type of Nets

power WSSPST
V55

VDDPST

vDD

PreEmphasisWidth<2=

PreEmphasisWidth<1>
PreEmphasisWidth<0=
PreEmphasis5trength<2=

PreEmphasisstrength<1>

FEEFEEEREE

e Click “Show Plot”

10 power PreEmphasis5trength <0

11 nnwer PreFmnhasisMnde< 1= L

< Show Plot IRlDreshaldW} " B __ PlotPowergate Nets
—

20/05/2019 rui.francisco @ oestizech Load Save Help
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EMIR Analysis
IR - Power Nets

* “IR values in Volts” shows the voltage drop scale

* The “Action” panel can be used to find

violations / maximum values

20/05/2019

rui.fr

ufi Virtuoso (R) Visualization & Analysis XL: lpgbt rf sim eTx EMIR_testB

File Edit View Graph Axis Trace Marker Measurements Took Window Browser Help

[[mRd=Rd=N" &@m«s C M UBXI00&aQ QR ey B
N||'é 7 B [0 subwindows: n|||~ B || & 2 paaront 2. 7253614095n |||ml|||. ||| crassic n% E

@@ﬂ | [“] eTx EMIR_testBench01_DSPF_IR_ty... | Il eTx EMIR_testBench01_DSPF_IR_ty... | ] eTx EMIR_testBenchC
A | WAV —
L IR/EM Results (on Inxmicv30.c .ch) \
IR | EM | Structural Analysis | LRP Browser | PinZPAinRA | What-if | 3} IR values in Volts NV AV
M —_—
Results - L
= — 0.0126889 ayers
State Directory/Results File: 1 DSPF_IR typical/psffinputemird bin | | [~ | + i . — o042 -\ bwires
= |I= — 00101511 L dwires
Shrink factor Customize Display B M1
—_— - |- [~ 0.00888222 B M2
 QRCRun @® DFIl Layermap rmap2ixt | [2F Finer Gradient - |- [~ 000751333 B M3
=y _
- mwires
Load Resulkts Clear Results 0.00634444 - W odcont
- |- [— 0.00307555 Bl v PO
Net Plot - |- — 0.00380667 - & polycont
- vial
" ; - |- [— 0.00253778 -
& Rail Analysis |IR- IR Drop - wh via2
- - [— 0.00126889
= — o
' All Power Nets s All 5ignal Nets Min
® Select Nets Plot Options
__ Re-distribute Range
PreEmphasisStrength<0>
Filter Ran Displ
PreEmphasisMode<1=> & Py
__ Power Grid
PreEmphasisMode<0=> Min: 0
~ Plot
Max:  0.012688883 | Volkage Source
Enable
e ] o g
yriuaClra e Reset Range Apply
DrivesStrength<2> Sync DFIl Layers
Drivestrength<1>
Action
DriveStrength<0=>
__ Violation Browser Elements count 40
» Open Report after Saving Save Report
| power BitrateCLK =
powe = s Zoom Select Max Violation Get Value on Layout
_| Quei Save Plot
Show Plot | IR threshold (V) L B __ PlotPowergate Nets Y
—_

2] nCiSCO @ ce rf:@n&h Load Save Help




EMIR Analysis
IR - Power Nets
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EMIR Analysis
IR - Signal Nets

IR

IR/EM Results (on Inxmicv30.cern.ch)

LRP Browser What-If
Results
State Directory/Results File: 1_D5PF_IR_typical/ psfinput.emir0_bin | | +
Shrink factor i
_ QRCRun @& DFIl Layermap rmap2txt || [ Finer Gradient
Load Results Clear Results
Met Plot
# Rail Analysis |IR- IR Drop n

— All Power Nets & All Signal Mets

— aelkea Mets

{im

ShowPlot | IR threshold (V) v [ _ PlotPowergate Nets

Caroel Load

IR values in Volts

Max
= — 0.166208
- — 0.149588
= 0.132967
—  0.116346

— 0.05997253
— 0.0831045
— 0.0664838
— 0.049863
[— 00332422
00166215

- . — 7.16405%-07

Min
Plot Options

_ Re-dstribute Range
Filter Range

Min: 7.164046e-07

Max: 0.16620837

Reset Range Apply

Action

__ Violation Browser Elements count

& Open Report after 5aving
Zoom 5elect Max Violation

_ Query

Save

bwires
dwires
M1

M2

M3
mwires
odoont
PO
polycont
vial
viaz

,_,
5 :
&

LAY LAY

Dis play

__ Power Gnid

» Plot

__ Vokage Source
__ Power gates

__ 5ync DFIl Layers

40
Save Report
Get Value on Layout

Save Plot

Help
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IR - Signal Nets




EMIR Analysis

IR AVG - Sighal Nets
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IR/EM Results (on Inxmicv30.cern.ch)

LRP Browser What-If
Results
State Directory/Results File: 1_DSPF_IR_typical/ psfinput.emir0_bin | | | +
Shrink factor
_ QRCRun & DFIl Layermap rmapZixt || [ZF Finer Gradient

Load Results

Met Plot

# Rail Analysis |IRAVG - IR Avg Drop

. All Power Nets

« Seledt Nets

Clear Results

®, All Signal Nets

Show Plot | IR threshold (V)

v n __ PlotPowergate Nets

Camect

Load

IR avg values in Volts
Max

= - — 0.018577

0.0167193
0.0148616
0.0130039
0.0111462
0.00528854
0.00743085
0.00557317
0.00371548
0.0018578

— . — 1.07%4e-07

Min
Plot Options

_ Re-dstribute Range

Filter Range

Min:  1.0794045e-07

Max 0.018576973

Reset Range

Action

Violation Browser

14

Apply

Ele ments count

Open Report after Saving

Zoom Select Max Violation

— Query

Save

NV

AV

Layers

bwires
dwires
M1

M2

M3
mwires
odcont
PO
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vial
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,_|
LU
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Dis play

__ Power Grid

¥ Plot

__ Voltage Source
__ Power gates

__ Sync DFIl Layers

40
Save Report
Get Value on Layout

Sawe Plot

Help



EMIR Analysis
IR AVG - Sighal Nets
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EMIR Analysis
EM - Load Results

* Browse for and Select the “input.emir0_bin”
file in the simulation results folder

* /(simulation path)/ResDir/ (design
library) /(cell name) /adexl|/results/data
/(Interactive name)/1/ (test name)
/psf/input.emir0_bin

* Add the previously used “*_em.ict” Tech File
e Select DFIl Layermap

* Browse for and Select DFIl layermap file

* Click “Load Results”

20/05/2019 ru

= IR/EMIResults (on
IR | EM | Structural Analysis | LRP Erowser | PinZPinR
Results
Shrink factor [ Cus tomize Display

e

Bench01_DSPF_IR_typical/ psf/input.emir0_bi

65N 5.0fworkAreas/rolveir VER IFICATEN/crme5lp_Tp0em-+alrdl_typical_em.ict

State Directory f Results File:

Layer Map File - @

EM Only ICT Rle -
e at

» max » awg ~ awgabs w AC Peak » rms

 ——

— QRCRun @ DFlllayermap /GETES/VS.0MworkAreas/roliveir VERIFICATQN/DFIlayermap2 txt ) | [Zf Aner Gradient
e ———————————
( Load Resuits ) Clear Resuits Variables

\—j
Plot Results
Ty pe

R] IMAX - Current Density/Limit - max
\ y

francisco(@ aarasich Load Save Help




EMIR Analysis
EM - Type

| R EM | Structural Analysis | LRP Browser | EinZPink | W at-If, |

Results

Shrink factor Customize Display,
b C h oose P I ot Resu ItS ty pe State Directory / Results Fie: 1/eTx_EMIR_testBench01_DSPF_IR _typicals psf/input.emir0_bin = +

e RJJMAX - Current De nSity / Limit Tech File /projects (TSMCES/GBTE 5/VS.0/warkAreas/ rolveir/ VERIFICATION/CrnSIp_1p0sm-+aird_typical_em.ict [

Layer Map File i 2

EM Only ICT File &
» Select Nets and/or type of Nets v max v o - 4 ACPeak -

_ QRCAun ® DFlllayermap | /projects/TSMCES/GETES/VS. DiworkAreas/rolveir/VERIFICATION/DFlllayermap txt =) B Fner Gradient

Load Results Clear Results Variables

Plot Results
Ty pe
.Wrem DensityﬂiW n

—

gt
< '« All Power Nets & All SignalNets

— Show Only Failed Nets

HeEVEER [ELAmE |
9| power BitrateCLK &
—
H " h I 14

* Click “Show Plot g power Soost
_—
ERN signal Data
|—
£ power DriveStrength=0=
|5 power DriveStrength<1>

‘ Show Plot ’ — Show Only Failed — Show EM %

N
rui.frageisco@cern.ch
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EMIR Analysis
EM - Power Nets

* “Current Density Peak/Limit values”
shows the ratio of current capability
used

* In this example 31% of the path
current capability is being used

* The “Action” panel can be used to
find violations / maximum values

* If selecting the “Show EM %", the
“Save Report” can show false failing
situations due to a bug in current
density calculation

20/05/2019

iC!

IR/EM Results (on Inxmi

EM | Structural Analysis | LRP Browser | FinZPinE | What-if

Results

Shrink factor Custmize D

State Directory / Results File: ypicalfl psfinput.emird_bin | = +

Tech Hle FICATION/crmBSIp_1plém-+alrdl_typical_em.ict |-

Layer Map File - @

EM Only ICT Fle "y T

S

& max ~ avg ~ awgabs » AC Peak ¥ rms

o~ QRCRun & DFlilayermap wrmap2ixt () [ Finer Gradient
o’ N ——————

Load Results Clear Resuits Variables

Plot Results

Type

RJ JMAX - Current Density/Limit - max n

& All Power Nets « All Signal Nets

w Selec MNets __| 5how Only Failed Nets

. NELTYE NEtMETE o
power BitrateCLK E

E_ power Boost

_._ signa Data

.__ power DriveStrength<0x

5_ power DriveStrength<1=>

r_ power DriveStrength<2>

'_ power Enable

B power InvertData lal

Show Plot — Show Only Failed — 5Show EM %
ruifrancisco@cern.ch Load

Current Density Peak/Limit values NV AV
— 0311166 Eayess
0.280049 - __ bwires
0.248933 il TR
Bl M1
0217816 B M2
0.186699 [ w M3
0.155583 = | TR
0.124466 o odaont
’ B PO
0.0933498 - W polycont
00622332 - vial
0.0311166 g via2
o
__ Re-dstribute Range
Filter Range Display
__ Power Grid
Min: 0 » Plot

_ Vokage Source

Max: 0.31116583
— Sync DFIl Layers

Reset Range

Apply — Current Direction

1A
U

Action

__ Violation Browser Elements count 40

~ Open Report after Saving Save Report

Zoom Select Max Violation Get Value on Layout

— Query Save Plot

Save Help




EMIR Analysis
EM - Power Nets
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EMIR Analysis

IR/EM Results (on Inxmicv30.cern.ch)

AV

£ LRP Browser What-If Current Density Peak/Limit values Ny
Results LB Layers
° = - — 086043
EM - Signal Nets == [ v || [
- | - __| dwires
State Directory / Results File: ypicalfpsf/input.emir0_bin | | + 0688344 Bl M1
Tech Fil FICATION/crmB5ip_1p06m +alrd I F-ld M2
F ) - I tw
ech FAle ON/crmiSlp_1p06m-+alrdl_typical_em.ict | | | 51625 B M3
Layer Map File . [ — 0430215 < T
— 0344172 ¥ odcont
EM Only ICT File | ; Bt PO
- [~ 0258129 - W polycont
» max » avg » avgabs ~ AC Peak » rms - 0172086 o wvial
- W viaZ
. QRCRun & DFllLayermap rmap2ixt || IE Hner Gradient . [— 0.085043 -
- — 0
Load Results Clear Results Variables Min
Plot Options
Plot Results
Ty pe
RJ IMAX - Current Density/Limit - max n __ Re-distribute Range
el AN
: Filter Range Dis play
— All Power Nets #&, All Signal Nets
__ Power Grid
w Seled Nets __ Show Only Failed Nets
Min: 0 » Plot
. |j __ Voltage Source
- : Max | 0.85043001
— __ Sync DFIl Layers
— _ Reset Range Apply __ Current Direction
— Action
— - __ Violation Browser Elements count 40
— ~ Open Report after Saving Save Report
— ) Zoom Sele ot Max Violation Get Value on Layout
Show Plot __| Show Only Failed _ Show EM % kel Quiery Saue Plot
Cancel : Load Save Help




EMIR Analysis
EM - Signal Nets
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The End
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pvtech.lib

-- DEFINE tsmc65n SPDK_PATH/V1.7A_1/SOPTION/PVS_QRC

DEFINE tsmc65n ./PVS_QRC
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crn65lp 1pO06bm+alrdl typical em.ict

HHHHHHHHHHHHH SR

HiHtHE ICT File Generated by ircxtoict -em_update

#Hit#H## ircxtoict Release : 15.2.1-s070

H##H## IRCXTOICT Control ID : 2.52

#it#H#H# Input IRCX File : RC_IRCX_CLN65LP_1P6M+ALRDL_3X2Z_typical.ircx

HiHtHE Input IRCX File version : V1.5a ##### Input ICT File : crn65lp_1p06m-+alrdl_typical.ict
H###H##H#E Output ICT File : crn65lp_1p06m+alrdl_typical_em.ict

HHHHEHHHHE P

process "crn65lp_1p06m-+alrdl_typical" {



DFIllayermap?2.txt

#<type> <extraction_layer_name> <dfll_layer_name>

metal metall M1
metal metal2 M2
metal metal3 M3
metal metal4 M4
metal metal5 M5
metal metal6 M6
metal metal7 AP
poly poly PO
od od oD
via odCont co
via vial VIA1
via via2 VIA2
via via3 VIA3
via viad VIA4
via via5 VIAS

via viab RV



rnpolys sub circuit.spi

L B B B o o =
* Sub cell: rnpolys *
B o o o B R E o o = S WA AR
.subckt rnpolys PLUS MINUS

.ends rnpolys
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