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Higher Test Complexity due to PMS 
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Temp. 
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 Excessive Heat     Excessive Delay along Sensitized / Clock Paths　 

Delay 
Analysis 

IR-Drop 
Analysis + 

Ideal vs. Reality 

Switching Activity 

� Accurate but costly. 
� OK for sign-off but  
    too expensive for  
    use in DFT / ATPG. 

� Fast and accurate-enough 
     approximation needed. 
� Layout / PDN aware  
    gate-level metric preferred.    

Ideal Reality 
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 Excessive Heat  
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Power Estimation Metrics  
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SFF2 SFF4 SFF1 SFF3 SI SO 

Global Shift Power Analysis for Excessive Heat (P1) 

Estimating Accumulative Impact of Shift Power 

Weighted_Transitions  = ∑ (Scan_Chain_Length - Transition_Position)	

(R. Sankaralingam, et al., Proc. VTS, pp. 35-40, 2000)  
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Switching at FFs 

Switching in the CUT 
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Local Shift Power Analysis for Shift Failures (P2) 

Estimating Inst. Impact of Shift Power on Clock 

FF1	 FF2	… … 

SCK 
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Timing failure 

(Y. Yamato, et al., Proc. ITC, Paper 12.1, 2011)  
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Aggressor Region of Gate G�

On-Path Gate G�

Long Sensitized Path P�

Impact Area of Path P 

WSA of the Impact Area of P  

FFs FFe �

Local Capture Power Analysis for Capture Failures (P3) 

 

(X. Wen, et al., Proc. VTS, pp. 166-171, 2011)  
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Estimating Impact of Capture Power on LSP 
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Local Capture Power Analysis for Clock Stretch (P4) 

Estimating Impact of Capture Power on Clock 
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Temperature-Safety 
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Capture-Failure-Safety 

ATPG Technique for Capture-Failure-Safety 
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(X. Wen, et al., Proc. ITC, Paper 13.1, 2012)  

For Capture-Failure-Safety: Example  
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For Capture-Failure-Safety: Results (Commercial ATPG)  
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Ä Risky test vectors (i.e., vectors with risky paths) do exist. 
Ä Metrics for assessing test quality: 
                FC:       Fault Coverage 
                BCE:    Bridge Coverage Estimate 
                SDQL:  Small Delay Quality Level 	
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For Capture-Failure-Safety: Results (Proposed ATPG)  
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Ä Capture-failure-safety is guaranteed. 
Ä Impact on and test data volume is insignificant.  
Ä Impact on test quality (FC, BCE, SDQL) is negligible. 
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Capture-Failure-Safety 

ATPG for Capture-Failure-Safety & Clock-Stretch-Safety 
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ATPG for Capture-Failure-Safety and Clock-Stretch-Safety  
Example (1/2)  
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ATPG for Capture-Failure-Safety and Clock-Stretch-Safety  
Example (2/2)  
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ATPG for Capture-Failure-Safety and Clock-Stretch-Safety  

(X. Wen, et al., Proc. ATS, 2015)  

Results (Commercial ATPG)  

Ä Test data inflation is large. 
Ä Risks of capture failures remain even with LCP-ATPG vectors.  
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ATPG for Capture-Failure-Safety and Clock-Stretch-Safety  

(X. Wen, et al., Proc. ATS, 2015)  

Results (Proposed ATPG)  

Ä Test data inflation is very small. 
Ä Impact on test quality (FC, BCE, SDQL) is negligible.  
Ä Capture-failure-safety is guaranteed. 
Ä Clock stretch is significantly reduced.  
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Topic #1: GPU-Based Electrical-Level Test Power Analysis 

Full-Timing Electrical-Level Test Power Analysis Needed 

Ä Which test vector is test-power-risky ? 
 
 
Ä What is the problem (P1~P4) ? 
 
 
Ä Where is the problem ? 
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Topic #2: Advanced Test Power Management 

Excessive 
Heat 

Shift 
Failure 

Clock 
Stretch 

Captuere 
Failure 

P1 P2 P3 P4 

Test Power Problems 

◎ △ 〇 △ 



29 © X. WEN 2016. All Rights Reserved.

Topic #3: Right-Power Test 

Low-Power Test 
reduce only 

Power-Safe Test 
reduce + mask 

Right-Power Test 
reduce + mask + increase 
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Right-Capture-Power Test Generation: Concept  
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No need to consider dead areas. 
Hot areas must be removed by reducing local switching. 
Cold areas may be made “warm” by increasing local switching. 
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THANK YOU 

Let us make LSI test cool. 


