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Overview: What is ESD ?

= ESD : Electro-Static Discharge
= Phenomenon related to charge sharing

V1 |
| C1 CEI
% Grounded Surfaca

Unexpected discharge:
= Device damage: gate oxide, junctions
= Interconnect damage: metal and via

ESD protection device critical to prevent damage
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ESD Event Models
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Challenges to ESD

= Design Challenges
- Low-Power Designs
- Impact on ICs Normal Operation
- Chip Area Overhead to Ensure ESD Robustness

= Technology Challenges
thinner gate oxide
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PathFinder™ ESD Solution
ESD Planning, Verification, and Sign-off

Design Styles Usage/Purpose

User-defined Rules
Checks connectivity
and layoutrules

Analog IP Pre-layout

and Postdayout

PathFinder-S

Rule-based
Full Chip Cell-based
IP-Level or Full-chip
Post-Layout

PathFinder ESD Checks

= Runs under RedHawk Framework
= Applicable to all three primary discharge events : HBM, MM, CDM

Resistance Rule
Checks effectiveness
of ESD Protection

Transient Simulation

PathFinder-D HBM,CDM,MM

Simulation-based

Sign-off

©2009 Apache Design Solutions



PathFinder-S HBM/MM Checks

Rule Type:

BUMP to BUMP

Low Resistive
Path for Effective
ESD protection

BUMP to CLAMP

CLAMP to CLAMP

VDD Bump

VSS Bump

Built-In Connectivity Planning and Verification

12/3/2009, 10 ©2009 Apache Design Solutions




PathFinder-S CDM Checks

Rule Type:
CLAMP to INSTANCE

Low Resistive ’ | CLAMP to MACRO

Loop for
ESD protection

Standard Cells, Pad Cells,
CLAMP2INST Level Shifters, Tap Cells

C2M or Memory Macro,
CLAMP2MACRO Custom Macros

=
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PathFinder-S HBM/MM ESD Checks

u Clamp Instance

VDD VSS
Bump c
] VDD Network RDD
Bum
t® g

Bump2Bump (B2B) Bump2Clamp (B2C)

C i & ‘ VDD 1 VDD2

Bump Bump
VDD1 Domain VDD2 Domain
C
; < LIJ ‘IJ

Clamp2Clamp (C2C) Bump2Bump_Multistage (B2BM)
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PathFinder-S HBM/MM ESD Checks — B2B Example

bump QS‘ PRI BUMP—CLAMP—BUMP

@ vdd2

CHIP

©2009 Apache Design Solutions



PathFinder-S HBM/MM ESD Check Flow

—==

PLOC .
o =¥ PpathFinder-S

Ill?eports JJ

e setup design <gsr>

.

e perform extraction -power —ground

J

e perform esdcheck <options>

e Analyze results
e (Graphical and Textual Reports)

PathFinder-S will generate violation
report which the user can view in
RedHawk GUI.

» Floor-plan stage planning
= Pre-tapeout sign-off verification
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Input Data Requirements

Design data (Provided as a design GSR)
- Technology File
~ LEF/DEF Files
~ Power Domains
- GDS2DEF views (Optional)
ESD Rule Information (Provided as esd rule file)
~ Rule Name
~ Analysis Type (B2B / B2C / C2C / B2B_MULTISTAGE)
- Thresholds (PARALLEL_R, LOOP_R, MAX_R and Radius)
ESD Clamp Information (Provided as clamp cell file)
~ Node and Layer information
PathFinder Command File

©2009 Apache Design Solutions



PathFinder Analysis - Command

= ESD Check Command

perform esdcheck -rule <ruletype | file> -clampCell < {cell1, ..} | file> ?-radius <v1, v2>? ?-arcR<v>?
? -loopR <v>? ?-parallelR<v>? ?-excludebump <file>? ?-bump<bumpl,..>?
? -domain <domainl, ...>? ?-useMin? ?-incr? ?-append? ?-outdir<path>? ?-thread<num>?

-rule/-clamp

-radius

-arcR

-loopR
-parallelR
-excludebump
-bump
-domain
-append
-incr[emental]
-useMin
-outdir
-thread

: list of bumps, one per line, to be exluded from the analysis
: list of pads to be considered for ESD analysis

: list of domains to be considered for ESD analysis

: Append results to output files (instead of overwriting)

: Do incremental instance and macro point selection

: if any B2B loop path R < parallelR skip parallel R computation :
: Save outputs to the specified directory; default: adsRpt/ESD All argument.s b

. . ?<>? are optional
: Number of threads for resistance computation; default: 2

: Rule and Clamp File; At least one rule needs to be specified;

<Rule_TYPE> : BUMP2BUMP (B2B), BUMP2CLAMP (B2C), CLAMP2CLAMP (C2C), or
BUMP2BUMP_MULTISTAGE (B2B_MULTISTAGE or B2BM)

: radius for bump-pair formation

: resistance threshold for B2C and C2C checks

: resistance constraint for single bump-clamp-bump loop

: effective resistance constraint for parallel bump-clamp-bump paths

Rule file and clamp
files are highly
recommended in
place of command

line options

o —
Z . pache

. LRI R T LR ] ]

©2009 Apache Design Solutions



ESD Rule File

= ESD Rule
- Multiple ESD Rules (BEGIN..END) in same rule file supported

BEGIN_ESD RULE

NAME <ruleName>

TYPE <ESD Rule_ TYPE>

Radius <value>

PARALLEL R <value>

LOOP_R <value>

ARC R <value>

ESD_STAGE 2

EXCLUDE_BUMP <bumpl, bump2...>
BUMP_LIST <bumpl, bump2...>

required

required

default 500u

required for B2B

required for B2B

required for B2C, C2C
required for B2BM

same as -excludebump command line
same as —bump command line

TR HFH R HFH R HE

END_ESD_RULE

Note: ESD_STAGE 2 applies to B2BM. It indicates two stage of bump
to bump checks (for example : bumpl -> clampl -> clamp2 -> bump2.
PathFinder also supports 2 stage ESD checks.
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Clamp File

= Clamp File

BEGIN_CLAMP_CELL

NAME <cel IName> # required

PIN <name> <x> <y> [<layer>] # multiple ok

PIN <name> <x> <y> [<layer>] # multiple ok

ESD PIN_PAIR <vdd> <vss>

Ron <n> # clamp On Resistance

END_CLAMP_CELL

# multiple clamp cell definitions ok

- Specify domain pairing using ESD_PIN _PAIR, if multi-rail Clamps

©2009 Apache Design Solutions



Run PathFinder Analysis — From GUI

L Redhawk: GENERIC

File Edit ¥iew #APL - Static  Dynamic  Timing Results Explorer  Help ‘

PathFinder-S Analysis can also

W | oypower

Signal EM b View be run from GUI
| Chip Power Model o [T AT LS I =

- o= | 6= .
Psiwinder Clock Jitter - a3 Tools =» PathFinder-S =»
_Netwurk Extraction - =

ESD Resistance Check

" Puwer Grid Plannlng ~ i = [ ‘ I @

vlaﬁ’z\esults

Control parameters:

ESD Rule File (required): | aelect File Mame
Clamp Rule File {optional): | select File Mame
Cutput Directory (optional): |adsHpthSD Select File Mame

Mumber of Threads: |2 ﬁ
_l Append kMode _| Incremental Mode
& ox

IS O —ee oo H)’ruvl

TOT.-?«L CPUTIME: O hrs 2 mlns 28 gecs j—
WALLTIME: £ ming 50 secs.

; ||I||I|J||I||I|I
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PathFinder-S HBM/MM ESD Check Flow

Step 0) Get node location inside clamp cell
Step 1) Compute bump to clamp resistance
Step 2) Compute loop resistance

Step 3) Compute parallel resistance

| Yale = ©2009 Apache Design Solutions




PathFinder-S HBM/MM Checks

Step 0) Get node location inside clamp cell
1) From clamp cell file if it is read in:

BEGIN_CLAMP_CELL dd1 DEFINE PRIMARY
NAME esd_clamp_celll v Q\. POWER AND
PINvss 30,62 M6 bump GROUND PINS
PO et 30, 10MS ® vdd1 (30,10)| | FoRr EsD
END_CLAMP_CELL VSS CHECKING
@ vdd2
BEGIN_CLAMP_CELL bump
NAME esd_clamp_cell2
A vid2 o
RON 0.01 bump Clamp Instance
END_CLAMP_CELL

T~

setup design design.gsr

perform extraction -power -ground

perform esdcheck -rule esd.rule -radius {500} -clamp clamp_cell.all

{vdd3, vdd4, vssl} -thread 4

-exlude_bump
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PathFinder-S HBM/MM Checks

Step 1) Compute bump to clamp resistance

Step 2) Compute loop resistance

R11

R21

R31

| Yale = ©2009 Apache Design Solutions

R12

Loop R: R11+R12
R22

Loop R: R21+R22
R32

Loop R: R31+R32




PathFinder-S HBM/MM Checks

Step 3) Compute parallel resistance

If any loop R < parallel_R_constraint
Parallel_R = min{loopR}
Else
Calculate point (bump1) to point(bump2) resistance

©2009 Apache Design Solutions




PathFinder-S HBM/MM Checks

Step 3) Compute parallel resistance (Example Report)

BUMP PAIR: (DVSS9 4879.91 1898.85 METAL4 VSS) <-> (DVDD12 4905.67 2198.85 METAL4 VDD)

FAIL: 3.36281 1.54069 1.82203 inst_129423/inst_92357 VSS VDD
PASS: 3.21148 1.41461 1.79677 inst_129422/inst_7773 VSS VDD

= Loops
PASS: 2.42632 1.02033 1.40589 inst_129425/inst_7773 VSS VDD
PASS: 2.7599 1.2322 1.5276 inst_129424/inst_92357 VSS VDD
PARALLEL R:1.64127 < Parallel R of all loops

BUMP PAIR: (DVSS11 4879.91 2138.85 METAL4 VSS) <-> (DVDD10 4905.67 1958.85 METAL4 VDD)
FAIL: 3.3489 1.81188 1.53692 inst_129423/inst_92357 VSS VDD

PASS: 3.19746 1.68638 1.51099 inst_129422/inst_7773 VSS VDD

PASS: 2.402191.27426 1.12783 inst_129425/inst_7773 VSS VDD

PASS: 2.74562 1.50433 1.24119 inst_129424/inst_92357 VSS VDD

PARALLEL R: 1.62248

Pass : R < threshold
Fail : R > threshold

o —
Z . pache
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HBM ESD Output Files

Output Files in adsRpt/ESD or -outdir <>

Clamplinfo.rpt
-~  Reports clamp information

esd _summary.rpt

Contains summary of esd analysis

esd_ pass.rpt
Contains passing bump to clamp or clamp to clamp results

esd_fail.rpt

Contains failing bump to clamp or clamp to clamp results

esd_info.rpt

Advanced information related to analysis

©2009 Apache Design Solutions
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ESD Output File Formats

= Clamplnfo.rpt

RULE <Rule name>(<Rule Type>):
BEGIN_ESD RULE
NAME <Rule name>
TYPE [ CORE2CLAMP | CORE2CLAMP_MACRO ]
INST_COUNT <#instances>
ARC_ R <value In ohms>
Rule Header LOOP_R <value iIn ohms>
END_ESD_RULE

CLAMP CELL INFO:
Clamp Cell BEGIN_CLAMP_CELL
- NAME <Clamp Cell Name>
Information PIN <pin name> <node x y> <layer>
RON <R Value in Ohms>
END_CLAMP_CELL

Clamp Instance
Information

CLAMP CELL: <Clamp Cell Name> {
<INSTANCE> <X1 Y1 X2 Y2> <ORIENT>
<XY LOCATION> <LAYER> <NET> <PIN> [<loclID>] L

}

o —
Z pache
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ESD Output File Formats — B2B

= esd _summary.rpt = esd_info.rpt
- Provides summary of B2B Checks - Lists Bumps per domain for each domain pair
Rule Header Rule header
Domain pair <id>: (<netl> <net2>) { Domain pair <id>: (<netl> <net2>) {
Clamp connections between (<netl> <net2>): <#> Bump pairs checked: <#>
Bump-to-bump pairs checked: <#> Bump list for domain <netl> (<#>) {
Bump-to-bump loop resistances: <bump_listl> (<name> <xy_loc> <layer> <net>)
Pass: <#> (% of <total>) }
Fail: <#> (% of <total>) Bump list for domain <net2> (<#>) {
Bump-to-bump parallel resistances: <bump_list2> (<name> <xy_loc> <layer> <net>)
Pass: <#> (% of <total>) }
Fail: <#>(% of <total>) }
}

= esd_pass.rpt / esd_fail.rpt

- Lists passing and failing bump to bump loops

Rule header

Bump pair: (<KBUMP1> <X> <Y> <LAYER> <NET>) (<BUMP2> <X> <Y> <LAYER> <NET>)
Pass/fail: <loop_r> <arcl_r> <arc2_r> <clamp> <locid1> <locid2>
Parallel r: <value>

o —
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ESD Output File Formats — B2C

= esd_summary.rpt

Bump-to-clamp R check summary for rule <rules1> (BUMP2CLAMP):

Clamp instance count: 4
Rule Header Bump point count: 80
Clamp cell count: <#> Group Net Bumps Clamps Resistances
Clamp instance count: <#> ==\ | —
Bump point count: <#> 1 VSS 40 4 160

2 VDD 40 4 160
Per NET : bump, clamp and bump [ —
to clamp path summary Total 80 8 320

Rule: 1.5 Ohms, Min: 0.864704 Ohms, Max: 4.65652 Ohms
Fail count: 280 (87.50% of 320)
Pass count: 40 (12.50% of 320)

Resistance and pass/fail summary

= esd_pass.rpt / esd_fail.rpt

- Lists passing and failing bump to clamp paths
Rule header

Bump: <x> <y> <layer> <net> <bump_name>
<R> <X> <Y> <LAYER> <NET> <locid> <CLAMP_INST>

o
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ESD Output File Formats — C2C

esd_summary.rpt
- Provides summary of C2C Checks

Rule Header

Clamp cell count: <#>

Clamp instance count: <#> |:>

Per NET : clamp and clamp
to clamp path summary

Resistance and pass/fail summary

Clamp-to-clamp R check summary for rule <rules1>
(CLAMP2CLAMP):

Clamp cell count: 1

Clamp instance count: 4

Group Net Points Resistances

1 VSS 4 6
2 VDD 4 6

Total 8 12

Rule: 1.2 Ohms, Min: 1.45462 Ohms, Max: 1.9556 Ohms

Fail count: 12 (100.00% of 12)
Pass count: 0 (0.00% of 12)

= esd_pass.rpt / esd_fail.rpt
- Lists passing and failing clamp to clamp paths
Rule header

Clamp point: <x> <y> <layer> <net> <locid> <clamp_inst>
<R> <X> <Y> <LAYER> <NET> <locid> <CLAMP_INST>

o
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ESD Output File Formats — B2BM

esd _summary.rpt = esd_info.rpt
- Provides summary of B2B Checks - Lists Bumps per domain for each domain pair
Rule Header Rule header
Domain pair <id>: (<netl> <net2>) { Domain pair <id>: (<netl> <net2>) {
Internal domain: <net> Internal domains: <num>
Clamp connections to <netl> : <#> <Net_names>
Clamp connections to <net2> : <#> Bump pairs checked: <num>
Direct clamp connections between (<netl> <net2>): 0 Bump list for domain <netl> (<#>) {
Bump-to-bump pairs checked: <#> <bump_listl> (<name> <xy_loc> <layer> <net>)
Bump-to-bump loop resistances: }
Pass: <#> (% of <total>) Bump list for domain <net2> (<#>) {
Fail: <#> (% of <total>) <bump_list2> (<name> <xy_loc> <layer> <net>)
Bump-to-bump parallel resistances: }
Pass: <#> (% of <total>) }

Fail: <#>( % of <total>)

}
esd_pass.rpt / esd_fail.rpt
- Lists passing and failing bump to bump loops

Rule Header

Bump pair: (bumpl> <x> <y> <layer> <net>) (<bump2> <x> <y> <layer> <net>)
Pass/fail: <loop_r> <arcl_r> <arc2_r> <clamp> <locid1> <locid2> <int_net> <clamp> <locid3> <locid4>
Parallel r: <value>

o —
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HBM Analysis — Hands-On Training Testcase
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Download Testcase

= Generic testcase

= Download instructions

% ftp ftp.apache-da.com

Name: anonymous

Password: <your email address>
ftp> cd outgoing

Ttp> get GENERIC_tutorial.tar.gz

ftp> bye

= Untar testcase

% cd <work_area>

% gtar —zxvf GENERIC tutorial.tar.gz
% \rm GENERIC tutorial.tar.gz

% cd GENERIC tutorial.tar.gz/

% more README

Approximately 0.5GB space is required for testcase

| e ©2009 Apache Design Solutions
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ftp://ftp.apache-da.com/�

Directory Structure

= Directory structure in <work_area>/Generic_tutorial/esd_run

Generic_tutorial

uesign_data
t design data related dirs - such as def , lef etc.
esd |:> ESD specific files Review clam P
such as rule, : .
N <d run clamp files file and rule files
\— b2b
\— b2c < .
HBM ESD Type specific run area
N c2c ype sp
\— b2m Review GSR and
Command file
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Run PathFinder Analysis

= Clamp file is common to all analysis

= Rule file is specific to the ESD analysis (./design_data/esd/)

BEGIN_CLAMP_CELL BEGIN_ESD_RULE
NAME cell_10 NAME rulesl
PIN VSS 10, 68 METAL4 TYPE B2B
PIN VDD 10, 73 METAL4 RADIUS 500
ESD_PIN_PAIR VDD VSS LOOP_R  3.25
RON 0.0001 PARALLEL_R 1.5

END_CLAMP_CELL END_ESD_RULE
Clamp File Rule file for B2B

= Run ESD analysis

> cd b2b # go to esd analysis specific run area

> RedHawk -f run_b2b.tcl & # run analysis

©2009 Apache Design Solutions



Result Analysis (HBM)

Check HBM results in adsRpt/ESD/

Displaying Loop/Parallel Path
Resistance Histograms

Displaying Topology Checking

Results in the GUI —
. RESULTS
ESD
Textual Pass/Fail
Reports Images

©2009 Apache Design Solutions

See PathFinder-S
utilities on subsequent
slides for HBM analysis

Resistance
Histograms




Displaying results in GUI

= atclDisplayRes.tcl displays passing and failing bump to
clamp or bump to bump color-coded paths

= Source the script in RedHawk session
. . Script supports resistance
> < tcl> .
source <script_path/atclDisplayRes.tcl vath display for all HBM

(Build scripts get sourced automatically) ESD types : B2B, B2C,
c2C

* Run the script
> atclDisplayRes —h # for list of all options

e

==
==
S5
==
:I:
=
==
:I:
s

Displaying all B2B paths Displaying paths from specific
(passing and failing) bump to all connected clamps

Z pache
FiiriA bRiwEEal

L]
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Displaying results in GUI

= atclResHisto.tcl plots loop/parallel path resistance

histograms
= Source the script in RedHawk session
. . Script supports resistance
> source <script_path/atclResHisto.tcl> vath display for all HBM
= Run the script ESD types : B2B, B2C,
i . i c2c
> atclResHisto —h # for list of all options

T
Mowof_Faths XGraph

3173 014 TSNS WSS SUSRTTSS SO SSS————— L 11413 _ponwer
— histihist_groun

34.0000

32.0000

Red and Green

shows the passing
- and failing resistance
path histograms
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PathFinder-S™ CDM ESD Analysis
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~~000

Std Cell
Pad
Clamp

VDD arc

VSS arc

VDD port

VSS port

Standard Cell/PAD ESD Checks

000000&000000000-{ [Dooo0o0oo00o

]
- -

—

og—"
00
0

[0

I | -
(- -

O00000&O000000000-{{ooo0ooo0oooon

Figure only shows one loop resistance per instance
All loops are calculated in PathFinder

0000000000000000000000000
00000000D0000000000DO0000

©2009 Apache Design Solutions

For every instance:

1) Calculate loop
resistances w.r.t each

clamp cell

2) If one loop passes,
then instance passes

ESD check




Macro ESD Checks

For every macro port:

w | &
= 1) Calculate all arc
= 7 resistances
3 Macro o \:, Wy =
L\
c
Clamp 2) If all arc passes,
k VDD arc = then macro port
asses ESD check
VSS arc ._ P
B VDD port
B VSS port
I

Figure only shows one arc resistance per macro port
All arcs are calculated in PathFinder (i.e., arcs w.r.t all clamps in design)

©2009 Apache Design Solutions



Analog Macro ESD Checks

1

O Verify:
: O (1) Macro ports
D/ji (2) Std. cells inside macro

3 Std Cell ==
J Macro
B3 Clamp ).:\ For every analog
k VDD arc — macro with std. cells:

VSS arc p= !r T - 1) Calculate all loop

resistances for every

)

VDD port std. cell inside macro
B VSS port

2) Calculate all arc
resistances for every
port of macro

Figure only shows one arc resistance per macro port
and one loop resistance per std. cell
All loops and arcs are calculated in PathFinder
(i.e., loops/arcs w.r.t all clamps in design)

©2009 Apache Design Solutions Z pache



PathFinder-S (PFS) CDM ESD Flow

e setup design <gsr>

e perform extraction -power —ground
e gsrset NX_ESD 1

e Instance Selection (atclSamplelnst)

e perform esdcheck <options>

e Analyze results (Graphical and Textual Reports)

©2009 Apache Design Solutions



Input Data Requirements

Design data (Provided as a design GSR)
- Technology File
~ LEF/DEF Files
~ Power Domains
- GDS2DEF views (Optional)
ESD Rule Information (Provided as esd rule file)
~ Rule Name
- Analysis Type (C21 or C2M)
~ Resistance Thresholds (ARC_R and LOOP_R)
ESD Clamp Information (Provided as clamp cell file)
~ Node and Layer information
List of Instances to be verified for ESD protection
PathFinder Command File

©2009 Apache Design Solutions



How to Select Instances for ESD Analysis?

= |nstance selection done using atclSamplelnst tcl Script.
= Grid based sampling ensures uniform distribution
= Make utility generates necessary parameters for this script based on ESD

configuration file information

atclSamplelnst.tcl [arguments]

Arguments:

-n <% value> # %instances to be picked from each grid(applies when —xrange and —yrange specified)
-xrange <value>  # Grid width (Default: 500u)

-yrange <value> # Grid height (Default: 500u)

-o <output_file> # Specify the output file name

-max_limit <#> # Max cap on selected instance count

-type <INST|MASTER> # Instance or master cell name based pattern matching

-include <pattern_file> # Include instances matching this pattern. Pattern file contains one pattern per line.
-exclude <pattern_file> # Exclude instance matching this pattern. Pattern file contains one pattern per line.
[-h] # Command usage

[-man] # Man page

©2009 Apache Design Solutions



How to Select Instances for ESD Analysis? (contd..)

Divides the die in number of grids; Selects n% of instances from each grid.
MAX_LIMIT puts upper limit on selected instances.

Instance selection can further be refined by INCLUDE and EXCLUDE pattern
list. Instances will be selected based on Instances or master cells matching
the INCLUDE pattern and not matching the EXCLUDE pattern list.

The atclSamplelnst tcl script can select following types of instances

- Standard Cells (Logic cells, Level Shifters, Tap Cells etc)
PAD Cells - !T!I!IMET!L" N

-~ Memory Macros ~——tr Pl

- Custom Macros

Standard Cells inside Custom Macro

Do not specify X and Y range to select
Pad, Memory and Custom Macros = q’ Eiﬂ
Wllll.lI-.IJ.I.l =

Uniform grid sampling for instances

o —
Z . pache
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ESD Check Command

= ESD Check Command

perform esdcheck -rule <file> ?-clamp <file>? ?-instfile <file>? ?-append? ?-incr?
?-mcore <num>? ?-outdir <path>? ?-reportArc? ?-samplelnst <num>?
?-samplePoint <num>? ?-thread <num>? ?-verbose?

-rule/-clamp : Rule and Clamp File; At least one rule needs to be specified;
-instfile : Specify file that has core instance names in it

-append : Append results to output files (instead of overwriting)
-incr[emental] : Do incremental instance and macro point selection

-mcore : Number of CPU for each thread; default 0 (all CPUs)

-outdir : Save outputs to the specified directory; default: adsRpt/ESD
-reportArc : Also report Arc R check results for C2I check

-samplelnst <n> : Sample rate for core instances selection in percentage
-samplePoint <n> : Sample rate for macro point (node) selection in percentage
-thread : Number of threads for resistance computation; default: 2
-verbose : Save all resistance computation results in <outDir>/esd_info.rpt

— —
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ESD Rule File

= ESD Rule

- Provides Multiple Ways to select Clamp/Core Instances
- Allow instance selection or macro node selection control
- Multiple ESD Rules (BEGIN..END) in same rule file supported

BEGIN_ESD RULE

NAME <ruleName>

TYPE [CLAMP2INST | CLAMP2MACRO]
ARC R <value>

LOOP_R <value>

LAYER <TOP|BOTTOM] layer>

required

required

one of ARC R &
LOOP_R 1s required

for CORE2MACRO only (Optional)
nodes will be selected only either
on top / bottomo or specified layer

S T

END_ESD_RULE
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ESD Rule File contd...

= ESD Rule

BEGIN_ESD RULE

DOMAIN <net>|{<netl net2 ...>} # specify domains to analyze
CLAMP <cell _name]cell _namelist> # specity clamp cell or list
AREA <lIx> <lly> <urx> <ury> # get core iInsts in a bbox

get clamp insts in a bbox
for clamp insts, multiple ok
for clamp insts, multiple ok
for core i1nsts, multiple ok
for core i1nsts, multiple ok
core inst sample percentage
macro node sample percentage

CLAMP_AREA <1Ix> <lly> <urx> <ury>
CLAMP_INST_FILE <file|Ffilelist>
CLAMP_INST_NAME <name]namelist>
INST _FILE <file]filelist>

INSTANCE <name|namelist>
SAMPLE_INST <num>

SAMPLE_POINT <num>

END_ESD_RULE

HOH OH OH H H H
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Clamp File

= Clamp File

BEGIN_CLAMP_CELL

NAME <cel IName> # required

PIN <name> <x> <y> [<layer>] # multiple ok

PIN <name> <x> <y> [<layer>] # multiple ok

PIN NA <x> <y> {BOTTOM]TOP|<layerName>} # for nonLEF pin based nodes
ESD_PIN_PAIR <vdd> <vss>

Ron <n> # clamp On Resistance

END_CLAMP_CELL

# multiple clamp cell definitions ok

- Specify domain pairing using ESD_PIN _PAIR, if multi-rail Clamps

— —
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Run PathFinder Analysis — From GUI

L Redhawk: GENERIC

File Edit ¥iew #APL - Static  Dynamic  Timing Results Explorer  Help ‘

PathFinder-S Analysis can also

W | oypower

Signal EM b View be run from GUI
| Chip Power Model o [T AT LS I =

- o= | 6= .
Psiwinder Clock Jitter - a3 Tools =» PathFinder-S =»
_Netwurk Extraction - =

ESD Resistance Check

" Puwer Grid Plannlng ~ i = [ ‘ I @

vlaﬁ’z\esults

Control parameters:

ESD Rule File (required): | aelect File Mame
Clamp Rule File {optional): | select File Mame
Cutput Directory (optional): |adsHpthSD Select File Mame

Mumber of Threads: |2 ﬁ
_l Append kMode _| Incremental Mode
& ox

IS O —ee oo H)’ruvl

TOT.-?«L CPUTIME: O hrs 2 mlns 28 gecs j—
WALLTIME: £ ming 50 secs.

; ||I||I|J||I||I|I
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ESD Output Files

= Qutput Files in adsRpt/ESD or -outdir <>

Clamplinfo.rpt
-~  Reports clamp information

esd _summary.rpt
- Contains summary of esd analysis

esd_pass.rpt
Contains passing Loop R results for C2| and Passing Arcs for C2M

esd_fail.rpt
~  Contains failing Loop R results for C21 and failing Arcs for C2M

esd_info.rpt

Contains ARC R results for all nodes
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ESD Output File Formats

= Clamplnfo.rpt

RULE <Rule name>(<Rule Type>):
BEGIN_ESD_RULE
NAME <Rule name>
TYPE [ CLAMP2INST | CLAMP2MACRO 1]
INST_COUNT <#instances>
ARC R <value in ohms>
Rule Header LOOP_R <value in ohms>
END_ESD_RULE

COVERAGE INFO:

Coverage area: LLx LLy URx URy

Coverage Number of instances: <#instances>

Information Number of selected instances: <#selected iInstances>
Number of valid instances: <#analyzed instances>

CLAMP CELL INFO:
BEGIN_CLAMP_CELL
Clamp Cell NAME <Clamp Cell Name>

= PIN <pin name> <node x y> <layer>
Information RON <R Value in Ohms>
END_CLAMP_CELL

Clamp Instance

Information x CLAMP CELL: <Clamp Cell Name> {
<INSTANCE> <X1 Y1 X2 Y2> <ORIENT>
<XY LOCATION> <LAYER> <NET> <PIN> [<locID>]
}

o —
©2009 Apache Design Solutions Z pache




ESD Output File Formats

= esd_summary.rpt

Reports number of pass and fail loop and arc R and corresponding %.

RULE <Rule name>(<Rule Type>):
BEGIN_ESD RULE
NAME <Rule name>
Rule Header TYPE [ CLAMP2INST | CLAMP2MACRO ]
INST_COUNT <#instances>
ARC_R <value in ohms>
LOOP_R <value in ohms>
END_ESD_RULE

Total number of iInstances checked: <#instance>
loop-R: pass <#> (X%), Ffail <#> (X%)
arc-R: pass <#> (X%), fail <#> (X%)
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ESD Output File Formats

= esd_pass.rpt (C2lI | CLAMP2INST Type)

Reports loops for passing instances

RULE <Rule name>(<Rule Type>):
BEGIN_ESD RULE
NAME <Rule name>
Rule Header TYPE [ CLAMP2INST | CLAMP2MACRO]
INST_COUNT <#instances>
ARC_R <value in ohms>
LOOP_R <value in ohms>
END_ESD_RULE

# LOOP R Pass and ARC R Pass Report: <#> instance(s)

# <LOOP_R> <ARC_R> <XY LOCATION> <LAYER> <DOMAIN> <PIN> <ARC_R> <XY
LOCATION> <LAYER> <DOMAIN> <PIN> <INST> <CLAMP> <DIST>

# LOOP R Pass and ARC R Fail Report: <#> instance(s)

# <LOOP_R> <ARC _R> <XY LOCATION> <LAYER> <DOMAIN> <PIN> <ARC R> <XY
LOCATION> <LAYER> <DOMAIN> <PIN> <INST> <CLAMP> <DIST>

Summary for rule <Rule name> (Rule Type):
loop-R pass <#> (X%)
arc-R pass <#> (X%)

o
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ESD Output File Formats

= esd_fail.rpt (C21 | CLAMP2INST Type)

Reports loops for failing instances
Rule Header

# LOOP R Fail and ARC R Fail Report: <#> instance(s)

# <LOOP_R> <ARC _R> <XY LOCATION> <LAYER> <DOMAIN> <PIN> <ARC R> <XY
LOCATION> <LAYER> <DOMAIN> <PIN> <INST> <CLAMP> <DIST>

# Missing P/G Connection Report: <#> instance(s)

# <LOOP_R> <ARC_R> <XY LOCATION> <LAYER> <DOMAIN> <PIN> <ARC_R> <XY
LOCATION> <LAYER> <DOMAIN> <PIN> <INST> <CLAMP> <DIST>

Summary for rule <Rule name> (Rule Type):
loop-R failure <#> (X%)

arc-R fairlure <#> (X%)
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ESD Output File Formats

= esd_pass.rpt and esd_fail.rpt (C2M | CLAMP2MACRO Type)

Reports passed and failed arcs in esd_pass and esd_fail respectively.

Rule Header

# INST <NAME> <X1 Y1 X2 Y2> <NUM_ARCS> <NUM_PASSED ARCS>
<NUM_FAILED_ARCS>

# <ARC_R> <XY LOCATION> <LAYER> <DOMAIN> <PIN> <CLAMP> <XY LOCATION>
<LAYER>

Summary: Rule <Rule name> (Rule Type): <#(passed | failed) arcs>/<#arcs>
(passed | failed) arc-R check (X%)

o
" — ©2009 Apache Design Solutions Z pache
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ESD Output File Formats

= esd_info.rpt
# Starting point: (x1 yl Layer Domain) Clamp

# Ohm  Location(x y) Layer Net Instance
<val> X2 y2) Layer Net Instance
Example:

# Starting point: (4521.65 2201.16 METAL4 VSS) inst_129425/inst_7773
# Ohm Location(x y) Layer Net Instance
18.591 571.26 4108.01 METAL3 VSS inst_129539/adsU1

This shows the VSS arc from (4521.65, 2201.16) metal4 on clamp inst_129425/inst_7773 to (571.26,
4108.01) metal3 on instance inst_129539/adsul. The resulting arc resistance is 18.591 ohms.

Notes:
O esd_info.rpt contains arc resistance computation results for all the arcs from instance to clamp.

O Allthe arcs are reported to esd_info.rpt, only if verbose mode is enabled.
perform esdcheck -rule <esd_rule_file> -clamp <clamp_file> -verbose

O The pass/fail report contains only the electrically shortest arcs, all other arcs from instance to
clamp would be reported to esd_info.rpt
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ESD Output File Formats

= Report Format for Multiple ESD rules in single rule file

esd.rule file reports

BEGIN_ESD RULE

NAME esd rule 1

TYPE Rule_Type

ARC_R 1 Rulel header

LOOP_R 2

END ESD RULE #Loop/ARC results for C21/C2M

|::> Rule2 header

BEGIN_ESD RULE

NAME esd rule 2 #Loop/ARC results for C21/C2M
TYPE Rule_ Type Summar

ARC_R 10 y

LOOP_R 20

SAMPLE_INST 12000

CLAMP_INST_FILE

clamp_insts.list

END ESD RULE

The formats for all reports is same. The results corresponding to each
rule would follow the rule header as defined in the esd.rule file.

: —
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Usage Example

perform esdcheck -clamp clamp.info -rule c2i.rulesl

—

perform esdcheck -clamp clamp.info -rule c2i.rules2 - append

perform esdcheck -clamp clamp.info -rule c2i.rules3 -

outdir adsRpt/ESD_rules3_results

Append
Resuts

Output in adsRpt/ESD Output in adsRpt/ESD rules3 results

esd_summary.rpt ‘esd_summary.rpt

- 12/3/2009, 60 ©2009 Apache Design Solutions

Rule file : c2i.rules1

BEGIN_ESD_RULE
NAME c2i_std
TYPE CLAMP2INST
INST_FILE std1.list
ARC_R 1




PFS-CDM GUI Features

= Instance Pass/Fail and Loop/Arc R Color Maps

= Color maps will be gradient maps (by default) based on Pass/Fail
threshold (similar to EM violation maps)

= The coloris decided by % of violation. The higher the resistance compared
to threshold, the brighter the color. The colors are configurable as in any
other color map in RedHawk

= Commands: show esdloop and show esdarc

Resistance

legend

Clamps highlighted
in White

Instance highlighted
in different colors

Green — passing instances
Red — Failing instances

Z pache
FiiriA bRiwEEal
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PFS-CDM GUI Features

b4 ESD loop resistance for instances

1 Show PassiFail

Set threshold value to dynamically Loop resistance threstold 15 000
change pass/fail criteria

-| ESD resistance == 100.000 % ESD maximum resistance

. { A ‘, .
ShOW categorical map in terms Of Ql ESD resistance 100.000 J,"f ESD Resistance Threshald

. [ || ESD resistance < |&5.000 = % ESD Resistance Threshald
pass, fail, not run and clamp _ ‘

|_| ESD resistance <= [70.000 &% ESD Resistance Threshold

b 4 ESD loop resistance for instances

Shnw P ass/Fail

Loop resistance threshold |19.000

-| ESD resistance <« |60.000 ﬁ% ESD Resistance Threshold

I_l ESD resistance = |50.000 ? % ESD Resistance Threshald

I_l ESD resistance =  |40.000 ﬁ % ESD Resistance Threshaold
Fail
-l ESD resistance = |30.000 ? % ESD Resistance Threshold

Fass -l ESD resistance = |20.000 ﬁ % ESD Resistance Threshold

kA RRAE

Mot checked -| ESD resistance < [10.000 &% ESD Resistance Threshold

Dl Clamp Instance

&l

Default | Dok | of Apply || XCance|| Defautt | Pox | ¥ apply | | X Cancel |
l

“show esdloop” color configuration ; Same for “show esdarc”

Clamp Instance

r

L]0 |

= I R (i I B B (e B I B B |

: —
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PFS-CDM GUI Features

The clamp cell instances will be colored white to make them stand out

When an instance is clicked, fly lines will show the nearest clamp
instances (in terms of arc or loop resistances)

Fly lines are red or green based on pass or fail

Instances for which no results are available will have lowest fill color.

The display is based on cumulative results from multiple runs

When an instance is selected, its loop and arc resistance values to nearest
clamps are printed in the tcl output window. Corresponding clamp
instances are indicated with fly lines.

— —
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ESD Color Map for Core Instance

Clamp
Instance

0.0 ~

Fly line shows Core
nearest clamp for Instances
an instance

Loop R value
displayed on
the Instance

0.9 Instance Color
decided by loop
resistance
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ESD Color Map for Macro

Clamp
Instance
Clamp
Instance
0.0~/ Macro
~ -~
Is ~ ~ . - Instance
~ =~ .0
N 0
Fly line shows D ¢
nearest clamp for P ’
a few worst nodes ¢
within macro
Macro Color
decided by worst
loop or arc
resistance

12/3/2009, 65 ©2009 Apache Design Solutions



ESD Color Map Example — Generic Design

ol Fedhawk: GENERIC

File Edit Wiew A&FL Tools Static  Dynamic  Timing  Besults

Explorer  Help

Instance color

as per the loop
resistance

Clamp in white

=

1
||n stance: inst_123310
Call: cell_720

LowerLen = (1663600, 3439.420), WidtvHeight - 6440/ 3690
Total Load Cap: 0 pF

||n1r|h$n:: Cap 0: 00315 pF

Intrinsic Cap 1: 00338 pF

LR R4 63654 Ohms

= Instance to Clamp
1607250 3443180 METALY VDD) -= (1209015 2197315 METALS VDO - 254788 CGhms <:
(1BA6.375 3439490 METALT V55) -= (1206555 2201,155 METAL4 Y55 : 2.34066 Ohms

vdd and vss arcs

shown in log window

: ©2009 Apache Design Solutions
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CDM Analysis — Hands-On Training Testcase

—
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Download Testcase

= Generic testcase

= Download instructions

% ftp ftp.apache-da.com

Name: anonymous

Password: <your email address>
ftp> cd outgoing

Ttp> get GENERIC_tutorial.tar.gz

ftp> bye

= Untar testcase

% cd <work_area>

% gtar —zxvf GENERIC tutorial.tar.gz
% \rm GENERIC tutorial.tar.gz

% cd GENERIC tutorial.tar.gz/

% more README

Approximately 0.5GB space is required for testcase

©2009 Apache Design Solutions


ftp://ftp.apache-da.com/�

Directory Structure

= Directory structure in <work_area>/Generic_tutorial/esd_run

Generic_tutorial

uesign_data
t design data related dirs - such as def , lef etc.
esd =) ESD specificfiles ReVieW Clamp
such as rule, file and rule files
¥esd_run clamp files
c2i CDM ESD Type specific run area
N— c2m
Review GSR and
\— README

Command file

©2009 Apache Design Solutions



Run PathFinder Analysis

= Clamp file is common to all analysis

= Rule file is specific to the ESD analysis

BEGIN_CLAMP_CELL BEGIN_ESD_RULE

NAME cell_10 NAME C21_STANDARD_CELLS
PIN VSS 10, 68 METAL4 TYPE CLAMP2INST
PIN VDD 10, 73 METAL4 INST_FILE inst_std cells.list
ESD_PIN_PAIR VDD VSS ARC_R 2.5
RON 0.0001 LOOP_.R 5

END_CLAMP_CELL END_ESD_RULE

Clamp File Rule file for C2I

= Run ESD analysis

> cd c2i # go to esd analysis specific run area

> RedHawk —f run_c2i.tcl & # run the analysis

©2009 Apache Design Solutions



Result Analysis (CDM)

= Check CDM results in adsRpt/ESD/ or the specified output
directory at the esdcheck command line

= Verify Results

. RESULTS

ESD Resistance
Textual Pass/Fail Histograms

Reports | ‘ —




More Information

= Manual, Release Notes and Application Notes on
Support Website
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