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Challenges in ESD Design

[ Shrinking Design Margins ] [ Higher Integration ] [ Evolving Technologies
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Technology node(nm) /
Thinner oxides Power/Ground islands Stacked DIE /ﬁ
Thinner Interconnects Unique ESD requirements HBM, Memory Cube
Smaller devices Higher pin-counts System in Package

Systematic ESD verification is a must to ensure first silicon success
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ANSYS PathFinder™: SoC and IP ESD Integrity

Layout (DEF/GDS) Technology Clamp Models m

[ PG + Signal Extraction ]

[ Clamp Modeling ]

Pin2Pin ESD Connectivity Resistance Checks Current Density Checks

T
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Analogix use pathfinder for ESD sign-off

ESD connectivity check

* Do we have unconnected Clamp Instance ?

* Do we have bumps isolated from Clamps ?

* Do we have proper stage of ESD connectivity for each net-pair ?

Rule based Resistance check

* Isour ESD path’s resistance small enough to protect function circuit ?
Rule based Current Density check

* |sour ESD path’s routing strong enough to bear big ESD discharge current ?
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Analog case overview

6350umx4770um




How to recognize ESD cell ?

* Drawing corresponding GDS mark layer on ESD cell ( clamp/diode )

|
]

Mark layer can be used for Both Define different layer number in

[
[]

the ESD and device identification GDS layermap to identify different
purposes in GDS2DB ESD cells

ANSYS

6 © 2017 ANSYS, Inc. July 31, 2017 ANSYS UGM 2017



How to model ESD cell ?
1. Use R-ON/R-OFF model to define each type of ESD cell

: Resistance value is 0.1Q when clamp is

on,When current from gnd to pwr, clamp is off

Defines legal ESD discharge path and resistance values for both
current discharge directions

7 © 2017 ANSYS, Inc. July 31, 2017 ANSYS UGM 2017



How to model ESD cell ?

2. Use IV-Curve to define each type of ESD cell

All clamp cells are modeled as resistors with IV curve
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ESD Connectivity and Rule Checks
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* Full SoC Capacity
e  Multi-threaded solve

e Simple and customizable rules Pass/Fail Report and
Resistance Bottleneck Identification
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ESD Connectivity Check

e List of Bumps Isolated from Clamps

—

Bumps doesn't have connections to clamp cell will be reported as
shown, includes bump name/location/layer /net name

© 2017 ANSYS, Inc. July 31, 2017 ANSYS UGM 2017



11

ESD Connectivity Check

e Net-Pair ESD connectivity

Reports the min/max ESD stage between ESD net pair
Minimum 2 stages and up to 4 stages ESD connection between
AVDD10_CK and AVDD18_TX as shown
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Rule Based RES Check

(P vDD VD
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D1 === Power2Ground
J === Signal2Power
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I mm== Ground2Ground
BE . m=== Dijode2Clamp(Power
L—é vss —— vss O Bus)
w 2
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Resistance check rule :

B2B (Power pad to Ground pad) <1 Ohm
B2B (Signal pad to Power pad) <1 Ohm

B2B (Ground pad to Signal pad) <1 Ohm
B2B (Ground1 pad to Ground2 pad) <1 Ohm
C2C (Diode to Clamp) <1 Ohm

NnHWNRE
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Analogix R Check Case

Min-res arc for this Bump have \

3.2o0hm res, bigger than the B2C_R AP => M1
threshold 0.50hm

RT

The long routing from Bump to Clamp cause | Use short path trace(SPT) utility
high resistance to highlight the min-res path

from the Bump to the selected
clamp
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Rule Based CD Check

1.3A
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Current Density check rule :
1. Bump2Clamp check: from All pad to corresponding
Clamp/Diode zap 1.3A current
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Analogix CD Check Case

Max EM in this net is 188% ,
bigger than the threshold 100%
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Performance Summary

STAGE WALL TIME MEMORY USAGE(GB)
GDS2DB 42mins 49
Setup Design + Extraction 2 hour 56 mins 73
Bump to Bump Check ( All ARCs )
Resistance .
Check Clamp to Clamp Check 3hour 10 mins 79
( Diode to Clamp )
Current Density Bump to Clamp Check( All ARCs ) 2 hour 20 mins 103

Check

*this performance are got without any reduction in design or metal geometries.

© 2017 ANSYS, Inc. July 31, 2017 ANSYS UGM 2017




PathFinder: Full chip ESD Integrity Sign-off

Top level ESD 10/1P SOC level System level
Planning ESD Planning ESD Sign-off ESD Sign-off

P2P Resistance ESD Bus Resistance ESD Connectivity Stacked DIE Analysis
Core Clamp Checks Current Density DM IP Integration Checks [NJpASystem level ESD
Model Model
Current Density Check Cross-Domain Check Package Level Checks IEC-61000-4-2
Early ESD Planning Increased coverage Mitigate failures SoC ESD hand off

ESD Integrity Verification and Sign-off with PathFinder
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