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Outline of the presentation
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 Design of ADT (accelerated degradation test plan)

 Experimental setup and methodology for accelerated ageing test

 EMC performance test results for UA78L05 (i.e. sample T 1)

 ADT degradation path curve for IC regulators (i.e. UA78L05 and L78L05) in 
high frequency FREQUENCY RANGE

 ADT  degradation path model 
 Physics based model
 Gamma process

 Conclusion and Future Perspective



Design of ADT test plan (Programmed in climatic 
chamber)
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 Total stress time duration: 950 hours
 Thermal step-stress: 70 °C-110 °C with step size of 10 °C
 Electrical stress: 9 V and 12 V



Accelerated ageing stress conditions for the SSADT on 
ICs
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Experimental setup for accelerated ageing test
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Climatic chamber for accelerated ageing test
Device under tests inside the climatic

chamber



Experimental Procedure: Characterize the EMC 
performance immunity drift accelerated ageing test
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Direct power injection (DPI) set up for EMC
performance measurement before and after ageing

Frequency dependent accelerated ageing methodology



Methodology: Characterizing the electromagnetic 
robustness (EMR) of ICs under the accelerated ageing test
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 Aged IC (L78L05) regulator
showed decrease in EMC
performance with increase in
ageing time.

 EMC ageing immunity drift can
be calculated by subtracting
injected power before ageing from
the injected power after ageing

DPI performance of aged IC regulators (sample T 1: 
UA78L05) upto 950 hours
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 Aged IC (UA78L05) regulator sample
(i.e. T1) showed varying power injected
drift for different frequencies at
different ageing stess time.

 Positive value for the power injection
drift means improvement in immunity
and vice versa.

 It is possible to calculate the immunity
drift by subtracting power injected after
ageing from power injected before
ageing.

EMC performance indicator (i.e. Power injection drift) of 
aged IC (sample T 1: UA78L05) over the whole frequency

range upto 950 hours
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 Aged IC (UA78L05) regulator sample
(i.e. T1) showed varying power injected
drift for different frequencies at
different ageing stess time.

 Negative value for the power injection
drift means conducted immunity after
ageing reduced.

 It is possible to calculate the immunity
drift by subtracting power injected after
ageing from power injected before
ageing.

EMC performance indicator (i.e. Power injection drift) of aged
IC (sample T 1: UA78L05) over the high frequency range
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 Aged ICs (UA78L05) regulator showed
increase in EMC performance
degradation with increase in ageing
time for high frequency range.

 Monotonic degradation is observed at
high frequency range between 600 and
1000 MHz.

 Mean power injection drift (Δpinj)
increases with increase in stress
duration, which means the conducted
immunity reduces due to ageing.

Degradation profile curves for UA78L05 over high 
frequency range (i.e. 600-1000 MHz)
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 Aged IC (L78L05) regulator
showed slight increase in EMC
performance degradation with
increase in ageing time.

 S4, S5 and S6 showed high mean
immunity drift for high thermal
and electrical stress.

Degradation profile curves for L78L05 over high 
frequency range (i.e. 600-1000 MHz)
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 Aged IC (L78L05) regulator showed
less increase in EMC performance
degradation compared to that of
UA78L05 with increase in ageing time.

 Power injection immunity drift is found
to be higher for UA78L05 compared to
that of L78L05.

 Samples (i.e. T 1, T 2 and T 3) of
UA78L05 aged at low electrical voltage
stress condition showed less immunity
drift compared to that of other 3
samples (i.e. T4, T5 and T6).

Comparing degradation profile curves for UA78L05 
& L78L05 over high frequency range (i.e. 600-1000 

MHz)
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Degradation path model for the SSADT on the IC regulators

 Expression of the degradation function g of stress and time

g 𝑡 = A × tγ

ln
Δ𝑃 𝑖𝑛𝑗

𝑃𝑖𝑛𝑗
= ln 𝐴𝑖𝑘𝑙 + 𝛾 ln 𝑡 for component i, level of input voltage k and level of temperature

 Expression of acceleration law

𝐿 =
𝐴

𝑉𝐵
exp

𝐸𝑎
𝐾𝑇

𝐴𝑖𝑘𝑙 =
α𝑖
𝑉𝐵
exp

𝐸𝑎
𝐾𝑇

⇒ ln 𝐴𝑖𝑘𝑙 = ln αi − B. ln V +
𝐸𝑎
𝐾𝑇

Physics-based model

 General Analytic expression for the cumulative distribution function (CDF) for one value of stress

𝐹𝑘𝑙 𝑡 = Pr 𝑔 𝑡, 𝑆𝑘𝑙 ≥ 𝐺 = Pr β1 + β2. ln V + β3.
1

𝑇
+ β4 . ln 𝑡 ≥ ln 𝐺

= Φ
ln 𝐺 − β2. ln V − β3.

1
𝑇
− β4 . ln 𝑡 − μ𝛼

σ𝛼
𝑤𝑖𝑡ℎ Φ 𝑡ℎ𝑒 𝑐𝑑𝑓 𝑜𝑓 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑛𝑜𝑟𝑚𝑎𝑙 𝑑𝑖𝑠𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛
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Degradation path model for the SSADT on the IC regulators

 Likelihood expression for the probability distribution function for the step-stress ADT test

Physics-based model:

 Expression for the applying Maximum Likelihood estimation (MLE) method

ln ℒ 𝑡/μ𝛼 , σ𝛼, β2, β3, β4 =෍
𝑘=1

2

෍
𝑖=1

𝑛𝑘
ln 𝑓𝑖𝑘 𝑡𝑖

ln 𝑓𝑖𝑘 𝑡𝑖  =

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

 

 

 

−ln σ𝛼   
     −

1

 
   

ln 𝐺 − β2 . ln V − β3 .
1
𝑇1
   − β4 . ln 𝑡 − μ𝛼

σ𝛼
                  

                       

 

2

 𝑓𝑜𝑟   𝑡  𝑡1  , 𝑎𝑡  𝑇1 = 𝑆1 =             𝑡      ℎ𝑜𝑢𝑟𝑠

− ln σ𝛼   
    
 −

1

 
  
 
ln 𝐺 − β2 . ln V − β3 .

1
𝑇2
   − β4 . ln 𝑤2 + 𝑡 − 𝑡1 − μ𝛼

σ𝛼
                  

                                 

 

2

 𝑓𝑜𝑟 𝑡1  𝑡  𝑡2  , 𝑎𝑡  𝑇2 = 𝑆2 =             𝑡      ℎ𝑜𝑢𝑟𝑠

− ln σ𝛼   
     −

1

 
   

ln 𝐺 − β2 . ln V − β3 .
1
𝑇3
   − β4 . ln 𝑤3 + 𝑡 − 𝑡2 − μ𝛼

σ𝛼
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𝑓𝑜𝑟 𝑡2  𝑡  𝑡3  , 𝑎𝑡  𝑇3 = 𝑆3 =             𝑡    1 ℎ𝑜𝑢𝑟𝑠

 

− ln σ𝛼   
     −

1

 
   

ln 𝐺 − β2 . ln V − β3 .
1
𝑇4
   − β4 . ln 𝑤4 + 𝑡 − 𝑡3 − μ𝛼

σ𝛼
                  

                                 

 

2

𝑓𝑜𝑟 𝑡3  𝑡  𝑡4  , 𝑎𝑡  𝑇4 = 𝑆4 = 1          1  𝑡      ℎ𝑜𝑢𝑟𝑠

 

ln σ𝛼   
     −

1

 
   

ln 𝐺 − β2 . ln V − β3 .
1
𝑇 
   − β4 . ln 𝑤 + 𝑡 − 𝑡4 − μ𝛼

σ𝛼
                  

                                 

 

2

𝑓𝑜𝑟 𝑡4  𝑡  𝑡  , 𝑎𝑡  𝑇 = 𝑆 = 11            𝑡      ℎ𝑜𝑢𝑟𝑠
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Degradation path model for the SSADT on the IC regulators

 Gamma-process (i.e. Statistical model)

 Analytic expression of a Gamma process for degradation with acceleration law

 g Ʈ𝑗 = μikl t + 1 − μikl t = ln
Δ𝑃 𝑖𝑛𝑗

𝑃𝑖𝑛𝑗
= ln 𝐴𝑖𝑘𝑙 + 𝛾 ln 𝑡 for component i, level of 

input voltage k and level of temperature l

 Degradation path for the SSADT test on ICs

μik t =

 
 
 
 

 
 
  𝑖𝑘1 𝑡               𝑡  𝑡1

 𝑖𝑘2 𝑤2 + 𝑡 − 𝑡1      𝑡1  𝑡  𝑡2    𝑤𝑖𝑡ℎ  𝑖𝑘2 𝑤2 =  𝑖𝑘1 𝑡1 ⇒ 𝑤2 = 𝑡1 × exp 
β3
β4
    

1

𝑇1
   −

1

𝑇2
     

 𝑖𝑘3 𝑤3 + 𝑡 − 𝑡2      𝑡2  𝑡  𝑡3    𝑤𝑖𝑡ℎ  𝑖𝑘3 𝑤3  =  𝑖𝑘2 𝑤2 + 𝑡2 − 𝑡1 

 
 𝑖𝑘  𝑤 + 𝑡 − 𝑡   1       𝑡   1  𝑡  𝑡    𝑤𝑖𝑡ℎ  𝑖𝑘  𝑤  =  𝑖𝑘   1  𝑤   1 + 𝑡   1 − 𝑡   2  

 Analytic expression of the likelihood for SSADT for the gamma-process model

ℒ 𝜽 = ς𝒋=𝟏
𝑵 𝒈 𝝉𝒋 𝜽 ς𝒊=𝟏

𝑴 𝟏𝒇 𝚫𝒙𝒊,𝒋 𝝉𝒊, 𝜽  𝑤ℎ𝑒𝑟𝑒 𝜽:{μ𝛼 , σ𝛼, β2, β3, β4}, 

N=6 (samples), m= 8 (number of measurements)



Conclusion & Future perspective
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 Hightlights :     

 Express or derive the degradation indicators on the conducted immunity of the tested DUTs under ADT.

 Obtain  the DPI immunity test results characterized under defined accelerated stress conditions.

 High temperature accelerated ageing test affects the EMC performance of both UA78L05 and L78L05 causing
significant degradations in the power injected for causing failure or malfunction of the IC pin.

 EMC immunity or susceptibility drift occurs due to ageing process on DUTs, causing reduction in the conducted
immunity profile after ageing.

 Future  goals and objectives :  

 Obtain the reliabilty model based on the degradation process to estimate long term EMC performance of 
Integrated circuits.

 Express the reliability model function on the applied environmental stress conditions (temperature and voltage)

 Obtain reliability modeling function to predict EMC performance of ICs
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