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EXECUTIVE SUMMARY  

 

Solder joints tend to crack after extended thermal cycling, if the component and the circuit board are 

CTE mis-matched.  Predicting this t-cycle lifetime is critical in optimizing product design or in-service 

conditions.  Predictor models embody cyclic fatigue physics and math, and require inputs of the 

materials and geometry of the hardware, as well as the thermal conditions of the environment.  The 

output is the predicted number of t-cycles to fail (i.e. to develop electrical-open cracks thru the solder-

joint).  Several predictor models are in use within the industry.  All have strengths and weaknesses, and 

offer different results.  This paper compares several models, rating them for ease of use, and for 

accuracy against actual test results and against each other.  The study uses a round-robin approach; 

wherein each participant was given the same input data for ten different components, but the actual were 

withheld until the respective predictor results were in.  Also, this paper describes a related study on the 

ability of each model to perform parametric analyses: i.e. to define the effect on t-cycle life of variations 

in hardware and environmental conditions.  The results offer guidance on selecting models for t-cycle 

life prediction, as well as on understanding options for improving t-cycle life. 
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WHAT IS A PREDICTOR MODEL?

PREDICTS THERMAL-CYCLE LIFE ( … CYCLES TO 
FAILURE…) FROM  SCRATCH: INPUTS ARE HARDWARE 
DESCRIPTION AND CONDITIONS.

HANDLES CLASSIC CYCLIC-FATIGUE-FAILURE, THRU THE 
SOLDER-JOINT, DUE TO CTE-MISMATCH.

DOES NOT HANDLE PREMATURE FAILURES AT 
INTERFACES, LIKE BLACK-PAD OR VOIDS, etc   …….  DOES 
NOT HANDLE OTHER FAILURE MODES SUCH AS IMPACT…. 
OR CONTRIBUTING FACTORS LIKE WARPING OF 
COMPONENT OR PWB.  
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WHY COMPARE  PREDICTOR MODELS
1) DESIGNERS NEED TO PREDICT LIFE, TO ASSURE RELIABLE PRODUCT 
APPLICATION.  THAT’S CRITICAL.    PREDICTION, FROM SCRATCH, IS 
VERY DIFFICULT. 

2) MOST DESIGNERS ARE DISTRACTED, IMMERSED IN A MILLION OTHER 
DETAILS, AND ARE NOT EQUIPPED OR FUNDED TO DEVELOP 
EXPERTISE.

3) THEY NEED A DESK-TOP, INTUITIVE, USER-FRIENDLY RESOURCE TO 
TO ARRIVE AT A T-CYCLE LIFE PREDICTION.

4) SEVERAL MODELS AND RESOURCES ARE IN USE AND AVAILABLE, 
COMMERCIAL AND IN-HOUSE. MOST REQUIRE HIGH SKILL LEVEL.

5) MUST SELECT AND COMMIT TO ACQUISITION AND TRAINING.

6) COMPARISON OF AVAILABLE MODELS IS A GOOD START.
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WHY USE A “ROUND ROBIN” ?

A “ROUND ROBIN” IS THE CLASSIC METHOD TO 
COMPARE LABS, OR INSTRUMENTS, OR SKILLS.

ALL PARTICIPANTS ARE GIVEN THE SAME “UNKNOWN”.  
THEY ANALYZE THIS “UNKNOWN” INDEPENDENTLY. 
(THE “ACTUAL” VALUE IS NOT PROVIDED TO THE 
PARTICIPANTS  UP-FRONT)

RESULTS ARE THEN SHARED, COMPARED. …. AND 
DISCUSSED. 
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THIS STUDY:  GROUND RULES

* TEN WELL-CHARACTERIZED COMPONENTS WERE CHOSEN, FOR 
WHICH THERE WAS CREDIBLE ACTUAL T-CYCLE LIFE.

* THESE COMPONENTS SPANNED A WIDE RANGE OF 
GEOMETRIES. 

* ALL WERE MOUNTED ON MULTILAYER POLYIMIDE PWB. 

* ALL INVOLVED Sn63 PLATINGS AND FINISHES. 

* ALL WERE TESTED AT THE SAME TIME.

* PROPER STATISTICS, SAMPLE-SIZE, DATA-REDUCTION

* “FAILURE TIME” IS DEFINED AS NUMBER OF CYCLES AT THE 
POINT THAT CRACKS PROPAGATED THRU 100% OF THE 
FRACTURE-PLANE AREA.



THIS STUDY:  GROUND RULES (contd)

* PARTICIPANT VOLUNTEERS SPANNED SEVERAL MIL-AERO 
ORGANIZATIONS AND LABS.
*  EACH PARTICIPANT WAS TO USE HIS OWN PREDICTOR MODEL.  
SEVERAL PREDICTOR MODELS WERE INCLUDED. 
* THE STUDY MANAGER (ME), HAD NO INTEREST OR INPUT INTO THE 
TYPE, DETAILS, OR OPERATION OF THE PARTICIPANTS’ MODELS.
* EACH PARTICIPANT WAS PROVIDED THE SAME SUITE OF 
AVAILABLE INFORMATION ON EACH COMPONENT.
* EACH PARTICIPANT WAS PROVIDED THE SAME SET OF 
CONDITIONS (TEMPERATURE EXTREMES AND RAMPS AND DWELLS): 
IDENTICAL TO THE T-CYCLE TEST CONDITIONS USED TO OBTAIN 
THE ACTUAL TEST DATA.
* STUDY WAS INITIATED … RESULTS OBTAINED … AND COMPARED



GROUND RULES (contd) NOTE  THE PREMISES:

1) A PREDICTOR MODEL THAT CAN ACCURATELY PREDICT THE 
LIFE IN AN ACCELERATED T-CYCLE TEST (ie -10C to + 125C, 30 
minute ramps and 30 minute dwells) SHOULD BE ABLE TO 
SIMILARLY PREDICT THE FIELD-SERVICE LIFE (example 10 C to 
30 C, 120 minute ramps, 240 minute dwells).

2) IT’S VIRTUALLY IMPOSSIBLE TO DO A RATIONAL, 
STATISTICALLY-VALID, REAL-WORLD, T-CYCLE “TEST”… 
SPANNING MANY YEARS AND MANY TENS OF THOUSANDS OF 
CYCLES.

3) THEREFORE, WE COMPARE THE MODELS BASED ON THEIR 
ABILITY TO PREDICT ACTUAL KNOWN TEST T-CYCLE LIFE. 
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RESULTS , COMPARISONS 

THE FOLLOWING GRAPHICS SHOW THE COMPARATIVE NUMERICAL 
RESULTS OF ALL PARTICIPANTS’ PREDICTIONS, FOR EACH 
COMPONENT.

NOTE THAT EASE-OF-USE DIFFERED SIGNIFICANTLY:

1) THE ENGELMAIER-BASED MODEL IS AN EXCEL SPREAD-SHEET 
THAT IS KEY-STROKE-SIMPLE, WITH ONLY 20-30 INPUTS.
2) THE “N-CM” IS MAIN-FRAME, ARCANE, COMPLEX AND VERY SLOW.
3) THE “N-SIP” IS DESK-TOP, BUT RELATIVELY SLOW.
4) THE CALCE AND CLECH/SRS MODELS ARE MID-RANGE, DEPEND 
ON SKILLS, AND ARE VERY CAPABLE.
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CONCLUSIONS

THE ACTUALS FALL IN THE MIDDLE OF ALL THE PREDICTIONS. 
THAT’S REASSURING, FOR TESTING CREDIBILITY.

SOME MODELS PREDICT “HIGH” FOR SOME COMPONENTS, AND 
VICE VERSA.     NO CONSISTENT PATTERN, BY MODEL OR BY 
COMPONENT.

YOU CAN COUNT ON PREDICTING WRONG BY A FACTOR OF 2-5X 
EITHER SIDE.  FOR ANY COMPONENT, USING ANY MODEL.    THAT’S 
NOT GOOD …..… BUT NOT UNEXPECTED.

SOME MODELS ARE MORE COMPLEX AND ALL-INCLUSIVE, PLUS 
PERHAPS MORE AMENABLE TO “TWEAKING” AND “FUDGE”.      
>>>>  THAT IS LEGIT, IF IT’S BASED ON PROPER SCIENCE <<<<<
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PARAMETRIC VARIANCE, OR TRANSFORM ……
THE OTHER WAY TO “PREDICT” T-CYCLE LIFE 
…. NOT TO PREDICT LIFE FROM SCRATCH (THE PREDICTOR 

MODEL) … BUT TO “TRANSFORM” FROM A KNOWN 
SITUATION TO A NEW SET OF CONDITIONS. FOR INSTANCE:

IF A CERTAIN COMPONENT IF FELT TO BE “OK” IN A GIVEN 
APPLICATION, HOW MUCH WORSE WILL BE A COMPONENT 
THAT IS  0.5” BIGGER, ALL ELSE EQUAL?

IF A COMPONENT WITH A PACKAGE CTE OF 16.5 HAS AN F50 OF 
2250 CYCLES IN A GIVEN TEST, WHAT WOULD THE F50 BE IF 
THE CTE IS 6.8, INSTEAD?

IF A GIVEN COMPONENT/PWB IS KNOWN TO BE BARELY OK IN AN 
APPLICATION WITH A DELTA T OF 15 DEGREES, HOW MUCH 
WORSE WILL IT BE IF THE DELTA T IS 22 DEGREES?



THIS PARAMETRIC STUDY WAS AN ADD-ON BONUS.
…… ONCE THE PARTICIPANTS GOT THEIR MODELS 
SET UP , THEY WERE ALL ASKED TO RUN SOME 
STANDARD CASES: VARY ONE FACTOR AT A TIME;  
SEE WHAT EFFECT THAT HAS ON T-CYCLE LIFE.   

FACTORS INCLUDED HARDWARE PARAMETERS, AS 
WELL AS EXPOSURE CONDITIONS.

THIS EXERCISE WAS TO COMPARE “TRANSFORM” 
CAPABILITIES, AMONGST THE VARIOUS MODELS.
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RESULTS

ALL THE MODELS AGREE …. ON ALL 
THE HARDWARE PARAMETERS.  EVEN 
THOUGH THE ABSOLUTE VALUES 
DIFFER, THE SLOPE OF THE CURVE IS 
ESSENTIALLY THE SAME. 

THAT MEANS IF ANY MODEL IS ASKED 
WHAT IS THE IMPACT OF A SMALL 
CHANGE IN ONE PARAMETER, THE 
CALCULATED IMPACT WILL BE 
APPROXIMATELY THE SAME.

THE ODD RESPONSE TO AVERAGE 
TEMPERATURE VARIANCE (FIGURE 17) 
IS UNEXPLAINED, AT THIS POINT  
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CONCLUSIONS
1) PREDICTIONS OF ABSOLUTE T-CYCLE LIFE REMAINS 
PROBLEMATIC.
2) SOURCES OF DIFFERENCES MIGHT INCLUDE THE MODELS’ 
DEFINITION OF FAILURE, THE INCLUSION OF DIFFERENT FACTORS, 
AS WELL AS DIFFERENT INTERNAL MATH AND PHYSICS.
3) TRANSFORMS …. STARTING WITH SOME KNOWN SITUATION, 
THEN VARYING THE PARAMETERS …. LOOKS LIKE THE BEST BET, 
AT LEAST AS A FIRST CUT.
4) MUCH MORE WORK … DIFFERENT MODELS, MORE HARDWARE 
CASES, INCLUSION OF LEAD-FREE ALLOYS, etc,  WOULD BE 
USEFUL. 
5) FEEL FREE TO TRY YOUR FAVORITE MODEL USING THE TEN 
ACTUAL CASES DESCRIBED. NO FAIR PEEKING AT THE RESULTS, 
FIRST, THOUGH.
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