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ESD & LUP Overview
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ESD & LUP Overview

Why is ESD protection needed?

• Whenever two electrically 

different bodies make contact 

there will be a transfer of 

charge to equalize the 

electrical potential

• Specifically for ICs examples 

can be touching by a human 

being, contacting by a piece 

of handling equipment, etc.

• Depending on the amount 

and rate of charge transferred 

the process can be damaging 

to the IC
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ESD & LUP Overview

Types of ESD models
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Human Body Model (HBM)

• Simulates a charged person touching 

an IC

• The capacitance of a typical human 

body is 100pF

• Discharge resistance is 1.5kOhm

• It is a relatively slow pulse with a 

150ns time constant

• The goal is to pass 2kV in both 

positive and negative polarities of 

stress and all pin combinations
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Machine Model (MM)

• Simulates a charged metallic handler 

touching an IC

• The capacitance is 200pF

• Arc resistance is 10-20 ohms

• It is an oscillatory pulse with a few tens of ns 

period

• Failure modes are similar to HBM – mainly 

junction breakdown

• 2kV HBM is equivalent to ~200V MM
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Charged Device Model (CDM)

• Simulates a triboelectrically charged device 

discharging through one pin to ground

• The capacitance is device/package 

dependent

• Resistance is very low; 1 ohm is used in the 

tester for consistency

• It is an oscillatory decaying pulse with a 

fraction of ns period

• Failure modes are usually dielectric 

breakdown

• Goal is to pass 500V; high speed pins may 

only pass 200V
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Pulse shapes of the various ESD models

• HBM is the slowest pulse with a time 

constant of 150ns

• CDM is the fastest, yet the highest peak 

current pulse

• Because of the similar failure modes 

between HBM and MM most IC companies 

adopted a policy of just stressing for HBM 

and CDM
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General configuration of IC Protection

• A network of diodes and ESD clamps provides 

the ESD discharge paths

• VDD1 to VDD2 back-to back (b2b) diodes - 

although good for ESD are not desirable since 

they create dependency between power 

supplies

• The secondary ESD to VDD1 is not needed

• The resistor to both pFET and nFET of the 

output driver is replaced with nFET with RPO 

in the drain
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IC Validator PERC Flow
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Flow Chart

ICV PERC Flow

IC Validator Engine

(Layout Extraction, PERC circuit 

analysis and processing)
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(PG, I/O specs, User 

defined runset 

switches, Design top 

cell name)
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FILE
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Check Results
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ICV PERC Flow

TOPO Check

ICV PERC

P2P/CD Check

ICV PERC

LDL Check

ICV PERC

Different Modes
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Rule Coverage

Topology Checks
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ICV PERC Flow

Debug Flow

CHECK ESD_NETWORK_REPORT AND RULES

CHECK TOP LEVEL POWER CLAMP VIOLATIONS

CHECK CROSS DOMAIN VIOLATIONS (IF THERE IS NO 

COMMON GROUND).

CHECK OTHER INTEGRATION LEVEL PERC 

VIOLATIONS

CROSS CHECK IP INTERNAL VIOLATION WAIVERS
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ICV PERC Violations &

Solutions
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TOPO Check

Violation: ESD.NET.1gU

• Issue: Primary ESD protection missing for I/O pin
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TOPO Check

Violation: ESD.NET.1gU

Solutions: 

Topo check done in initial phase to check 

primary ESD protection.
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P2P Check

Violation: ESD.DISTP2P

• Issue: BUMP to Clamp distance is more, resistance is more than spec.
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P2P Check

Violation: ESD.DISTP2P   : PERC PATH HEATMAP 

Solutions: we moved bump 

closure to clamp to reduce 

the M11 and M12 resistance.
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P2P Check

Violation: ESD.CDM*

• Issue: BUMP to Clamp resistance is out of specs.
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P2P Check

Violation: ESD.CDM*

Solution: We reduced R3 resistance value by reducing route length of RDL
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CD Check

Violation: ESD.CD*

Issue: minimum ESD current for primary ESD discharge path is 

more than specs
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CD Check

Violation: ESD.CD*
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CD Check

Violation: ESD.CD*

Solution: We reviewed the violations, violations on RDL/PG connections are fixed by increasing 

width of layers.

Violations inside IP/IO PADs reviewed with designers.
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LDL Check

Violation: Latch-up

Issue: LUP.2*U, LUP.1*U, LUP.14* violations reported related to  N+/P+ 

guard-ring and their tied connection to power/ground

Solution:

o We reviewed violations with design team and vendors.

o Violations which needs Devices/Guard-rings covered by LUP dummy layer are waived.
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IO Ring ESD Fixes

IO Ring SSO Ratio/PG IO distribution

Before IO Fixes

After IO Fixes
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IO Ring ESD Fixes

Bump Dept has reduced for Signals

Signal Bumps
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IP ESD Fixes

ESD, Bump Position 

and RDL routes for IP 

(e.g PLL) is important
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Other useful reports

• esd_network_report

• perc_report/perc_configs.txt, pcgroups.txt

• run_details/block.rules : list of executed rules
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Run time Details

PERC MODEs CPU Run time Comment

TOPO 8 4 hrs

LDL 8 3 hrs Input Mode- Layout

P2P (full path & 

heatmap)

8 17 hrs Need more 

computing resource

#define 

CHECK_FULL_PATH_P2P

#define 

P2P_HEATMAP_ENABLE

P2P (without full path, 

heatmap)

8 7 hrs

CD (full path) 8 6 hrs Need more computing resourc

e

“#define CHECK_FULL_PATH_

CD

P2P runs involving CHECK_PICK_UP_P2P.  We use marker layout .gds/oas generated from LDL run.
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Conclusion
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Conclusion

• ICV PERC reduces the Risk of Costly Failures and Delays

• The ICV PERC Features helped us in SoC ESD reliability signoff are mainly Path 

HEATMAP visualizer, calculation of resistance contribution by layer, diverse types of 

detail reports for root cause analysis.

• ICV PERC was significantly important for our soc ESD LUP reliability signoff of our 7nm 

designs as it checked issues of designs which is not checked with signoff DRC check
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IO Ring ESD Fixes
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Other useful reports
perc_report/perc_configs.txt

/perc_reports/*
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Other useful reports
perc_report/pcgroups.txt
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Sample run esd check command
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