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PROBLEM: During an unrelated failure investigation, the ISPLSI5256VE-125LT128I TQFP128 microcircuit has transitioned from a 85% Sn – 15% Pb finish to a matte tin finish. Production has already assembled 100 circuit cards, each with 4 devices, and has delivered 25 of them to the field. There are an additional 500 pieces in stock. The next production run for these component is in 2 weeks. The assembly is conformal coated with a rigid polyurethane conformal coating with an estimated average coverage of 40%.The assembly solder used was 63 wt%Sn-37wt%Pb (eutectic tin-lead solder) that has negligible whisker risk. The program manager is looking for a recommendation. Please use the Whisker_Risk_Model_3_2.xls to determine the disposition of these parts.

References:
Lattice TQFP 128 mechanical datasheet

The Lattice ISPLSI5256VE-125LT128I is a TQFP128 (see Fig.  1) with the minimum part spacing computed as shown in Table 1. 

[bookmark: _Ref213496431]Table 1 – Calculation of minimum spacing between leads
	Feature
	Dimension (mm)
	Dimension (inch)

	Pitch (e)
	0.4
	0.0157

	Lead width, (b maximum)
	0.23
	0.0091

	Minimum gap spacing
= e – b(max)
	0.17
	0.0067
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[bookmark: _Ref213496895]Fig.  1 – 128 Pin TQFP Lattice package data sheet information

Whisker short circuit risk calculator
TQFP128 tin-lead soldered with 40% conformal coating coverage 
Applied voltage of five volts
Whisker length distribution (1,000 hour 85C/85%RH exposure of SAC305 assemblies with clean parts and boards): 
· lognormal µ = -4.978 ln(mm) and σ = 0.710
· Ref: S. Meschter, P. Snugovsky, J. Kennedy, Z. Bagheri, E. Kosiba, and A. Delhaise, SERDP Tin Whisker Testing and Modeling: High Temperature/High Humidity Conditions, International Conference on Solder Reliability (ICSR2013), Toronto, Ontario, Canada. May 13-15, 2014.
For worst case, assume average whisker density from 4,000 hour 85C/85%RH exposure of SAC305 assemblies with clean parts and boards: 
· 0 whiskers/mm2 on PWB pad edge because it is tin-lead soldered 
· 69 whiskers/mm2 on side of lead above the solder

Inputs
Default parameters
	PWB Pad Length over Lead Foot Length (mm) =
	1.04

	PWB Pad Width over Lead Width (mm) =
	0.111

	Fraction for Minimum Whisker Length Plot (Note 1)=
	5.00%

	Fraction for Maximum Whisker Length Plot (Note 1) =
	90.00%

	Use Geometric Mean for Midpoints (Note 2)=
	TRUE

	Lead Exit Fraction (*) (of package height) (Note 3) =
	50%

	Minimum First Bend Distance (*) (mm) =
	0.1

	Pad Spacing Reduction from Solder Bulge (mm) (Note 4) =
	0.049

	Relative Height of Bulge (Note 4) =
	50%

	Rounding Digits for Prompt Display =
	4











[bookmark: _GoBack]Geometry parameters
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	Part Drawing Dimensions (mm):
	

	Package Height (A₂) =
	1.4

	Package Seating Plane (A₁) =
	0.1

	Lead Span (H) =
	16

	Body Width (E) =
	14

	Lead Foot Length (L) =
	0.6

	Lead Thickness (c) =
	0.145

	Lead Width (B) =
	0.18

	Lead Pitch (e) =
	0.4

	Lead Angle From Vertical (α deg) =
	0

	Number of Leads =
	128

	Number of Sides with Leads =
	4





Manual Lead Dimensions (default value in parentheses if applicable, no need to enter):
Need to check calculated dimensions in parentheses, enter PWB pad thickness and enter coating coverage %


	Lead Span Length  (d, 1) =
	 

	First Bend Distance (a, 0.4) =
	 

	First Bend Height (h, 0.8) =
	 

	Lead Foot Length (f, 0.6) =
	 

	Lead Thickness (t, 0.145) =
	 

	Lead Width (0.18) =
	 

	Lead Pitch (0.4) =
	 

	Total Lead Spaces (124) =
	 

	
	

	PWB Pad Length (1.64) =
	 

	PWB Pad Width (0.291) =
	 

	PWB Pad Thickness =
	0.07112

	
	

	Overall Coating Effectiveness =
	40%




Calculated parameters
	Lead Spacing (mm) =
	0.22

	Solder Spacing (mm) =
	0.06

	Pad Spacing (mm) =
	0.109

	Lead Thickness/Spacing (non-dim) =
	0.659091

	Lead Thickness/Solder Spacing (non-dim) =
	2.416667

	Lead Thickness/Pad Spacing (non-dim) =
	1.330275

	Lead View Factor Metric (non-dim) =
	0.273478

	Solder View Factor Metric (non-dim) =
	0.456533

	Pad View Factor Metric (non-dim) =
	1.61824




	Calculated Areas (dim2):
	

	Whiskerable Lead Area =
	0.613983

	Whiskerable Solder Area =
	0.531264

	Whiskerable Pad Area =
	0.137333

	Single Side Area =
	0.373092



	Whisker View Factors (infinite whisker hits/lead pair, non-dim):

	From Lead =
	0.159775

	From Solder =
	0.149241

	From Pad =
	0.186525


	Whisker Spacing Limits:
	

	Minimum from Lead =
	0.15958

	Maximum from Lead =
	1.769001

	Minimum from Solder =
	0.060436

	Maximum from Solder =
	1.779439

	Minimum from Pad =
	0.10386

	Maximum from Pad =
	1.746053




Whisker inputs
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For clean parts and boards use whisker density = 69 whiskers/mm2 µ = -4.978 (ln(mm)) and =0.710



	Lead Whisker Distribution (fill in green highlighted cells as appropriate):

	Lead Material/Finish (optional):
	Tin over copper
	 

	Data Reference/Condition (optional):
	Clean parts and board
	 

	Distribution =
	2
	(1-numerical, 2-lognormal, 3-log Cauchy, 4-Cauchy, 5-Weibull)

	
	
	

	Whisker Density =
	69
	whiskers/dim2

	Whiskerable Area =
	0.61398318
	dim2

	Total Whiskers Generated =
	42.3648392
	

	Whisker Bridging Fraction =
	0.00%
	(fraction of whiskers that are long enough to hit)

	Whisker View Factor =
	0.15977514
	(fraction of infinite whiskers that will hit)

	Coating Effectiveness =
	40%
	

	Total Whiskers Bridging =
	1.0756E-06
	




	Data can be entered as long/short whisker length/fraction or with specific distribution parameters

	3-Parameter Lognormal Distribution:
	

	Fraction for Short Whisker =
	0.000%

	Fraction for Long Whisker =
	0.00%

	Minimum Length =
	0

	
	0

	
	0

	Whisker Minimum (0) =
	0

	Whisker µ (location,ln(dim))=
	-4.978

	Whisker σ (scale,nondim) =
	0.71






Since the solder is tin-lead and will not significantly whisker. Set density = 0 (note if you set whisker lognormal length to zero, you get a log of zero and the spread sheet gets an error)

	Solder Whisker Distribution (fill in green highlighted cells as appropriate):

	Solder Material (optional):
	Tin-lead
	 

	Data Reference/Condition (optional):
	clean
	 

	Distribution =
	2
	(1-numerical, 2-lognormal, 3-log Cauchy, 4-Cauchy, 5-Weibull)

	
	
	

	Whisker Density =
	0
	whiskers/dim2

	Whiskerable Area =
	0.5312642
	dim2

	Total Whiskers Generated =
	0
	

	Whisker Bridging Fraction =
	0.00%
	(fraction of whiskers that are long enough to hit)

	Whisker View Factor =
	0.14924056
	(fraction of infinite whiskers that will hit)

	Coating Effectiveness =
	40%
	

	Total Whiskers Bridging =
	0
	



	Data can be entered as long/short whisker length/fraction or with specific distribution parameters

	3-Parameter Lognormal Distribution:
	

	Fraction for Short Whisker =
	 

	Fraction for Long Whisker =
	 

	Minimum Length =
	 

	
	 

	
	 

	Whisker Minimum (0) =
	0

	Whisker µ (location,ln(dim))=
	-4.978

	Whisker σ (scale,nondim) =
	0.71







Assume that the PWB pad is tin-lead coated and will not significantly whisker. Set density = 0 (note if you set whisker lognormal length to zero, you get a log of zero and the spread sheet gets an error)
	Pad Whisker Distribution (fill in green highlighted cells as appropriate):

	Pad Material/Finish (optional):
	Cu pad with tin-lead finish
	 

	Data Reference/Condition (optional):
	Clean
	 

	Distribution =
	2
	(1-numerical, 2-lognormal, 3-log Cauchy, 4-Cauchy, 5-Weibull)

	
	
	

	Whisker Density =
	0
	whiskers/dim2

	Whiskerable Area =
	0.18652487
	dim2

	Total Whiskers Generated =
	0
	

	Whisker Bridging Fraction =
	0.00%
	(fraction of whiskers that are long enough to hit)

	Whisker View Factor =
	0.18652487
	(fraction of infinite whiskers that will hit)

	Coating Effectiveness =
	40%
	

	Total Whiskers Bridging =
	0
	




	Data can be entered as long/short whisker length/fraction or with specific distribution parameters

	3-Parameter Lognormal Distribution:
	

	Fraction for Short Whisker =
	 

	Fraction for Long Whisker =
	 

	Minimum Length =
	 

	
	 

	
	 

	Whisker Minimum (0) =
	0

	Whisker µ (location,ln(dim))=
	-4.978

	Whisker σ (scale,nondim) =
	0.71





RESULTS
The only surface that is growing whiskers is the tin plated portion of the copper lead above the solder. The part and the assembly were considered to be clean. The whisker density on the lead was taken to be 69 whiskers/mm2. The whisker length distribution was taken to be lognormal with a µ = -4.978 (ln(mm)) and  = 0.710. A whisker density of zero was input into the model for the tin-lead solder and the tin-lead PWB pad.

The opposite lead, solder and PWB target areas are 40% covered with conformal coating which reduced the likelihood of shorting from the tin whiskers.

[image: ]

The circuit voltage is 5V and the resulting short circuit results are:
	WHISKER SHORTING RESULTS:
	 
	 
	 

	Coating Effectiveness =
	40%
	
	 

	Total lead spaces =
	124
	
	 

	 
	
	
	 

	Applied Voltage =
	5
	V
	 

	Shorting Probability =
	41.4%
	
	 

	Whisker Type:
	Lead
	Solder
	Pad

	Bridges per lead:
	1.07557E-06
	0
	0

	Bridges per part:
	0.000133371
	0
	0

	Shorts per part:
	5.5159E-05
	0
	0

	 
	
	
	 

	TOTAL SHORTS =
	5.5159E-05
	 
	 




The short circuit risk for the 25 boards delivered to the customer and the 100 already built are:

	Short circuit risk per part
	5.5159E-05
	

	
	
	

	Parts per board
	4
	 

	Risk per assembly
	0.000220636
	=4*5.5159E-5



	Total boards delivered to the field
	25
	 

	25
	0.005515896
	=25*0.000220636


0.5% of the 25 boards already delivered to the customer might exhibit a short circuit

	Total boards built
	100
	 

	Total risk for the boards
	0.022063585
	=100*0.000220636


2.2% of the 100 boards might exhibit a short circuit




PROBLEM 4: Metal Vapor Arcing Evaluation
Evaluate the metal vapor arcing risk of a T0-220AB package (Fig. 1) connected to MIL-STD-704D 28VDC power including the DC over voltage conditions (Fig 2). Evaluate the following pressure conditions: 760 torr (sea level), 178 torr (approximately 35,000 feet above sea level), and 74 torr (approximately 52,000 feet above sea level). Use the arc metric developed in [1] (Fig 3). For the test circuit resistance assume the resistance of the 16 gage wire cabling, connector contacts and box wiring from the aircraft power source to the TO-22AB package is a total of 0.21 ohms. Evaluate the risk for 1, 2, 3, 4 and 5 micron whisker diameters. Use 1.15E-07 ohm-m for the resistivity of tin. Assume no conformal coating on the leads under the package and no whisker contact resistance when it bridges to the lead.
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Fig. 1: To-220AB Package geometry
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Fig. 2 MIL-STD-704D 28VDC Power
[image: ]
Fig. 3 Metal vapor arc metric [1]

[1] S. Han, M. Osterman, M. Pecht, Likelihood of Metal Vapor Arc by Tin Whiskers, IMAPS Advanced Technology Workshop on High Reliability Microelectronics for Military Applications, Linthicum Heights, MD, May 17-19, 2011 and presented in S. Han, M. Osterman, and M. Pecht, Assessment of Tin Whisker Induced Metal Vapor Arcing, 5th International Symposium on Tin Whiskers, University of Maryland, College Park, MD, September 14-15, 2011.

Solution:
From Fig. 1 the minimum lead spacing for the TO-220AB package leads is e(min)-b1(max) gap = 2.41 mm -1.73 mm =0.68 mm = 680 microns. The whisker resistance, R, is computed in Table 1 with R = ρL/A, where the tin resistivity, ρ, is 1.15E-7 ohm-m.

The arc risk metric is computed in Table 2 using

For applied voltages of 28, 31.5 and 50V, the whisker resistances from Table 1, and at test circuit resistance of 0.21 ohms as indicated in the problems statement.
From Fig. 3 the “arc not observed thresholds” of 2.8 at 760 torr (sea level), 1.5 at 178 torr (approximately 35,000 feet above sea level), and 1 at 74 torr (approximately 52,000 feet above sea level). 

The arcing risk is high for 2 or 3 micron and greater diameter whiskers. At 50V, the arcing risk is higher than 28 and 31.5 V for whisker diameters of 2 microns or greater because the altitude where arcing risk becomes a concern drops to 35,000 ft.  

Table 1: Whisker resistance for various whisker diameters
	Whisker Length (L)
	Whisker Length (L)
	Whisker Diameter (D)
	Whisker Diameter (D)
	Whisker Cross-sectional Area (A)
	Resistivity (ρ)
	Whisker Resistance (R) =  ρL/A

	micron
	m
	micron
	m
	m^2
	(ohm m)
	ohm

	680
	0.00068
	1
	0.000001
	7.85398E-13
	0.000000115
	95.23831795

	680
	0.00068
	2
	0.000002
	3.14159E-12
	0.000000115
	23.80957949

	680
	0.00068
	3
	0.000003
	7.06858E-12
	0.000000115
	10.58203533

	680
	0.00068
	4
	0.000004
	1.25664E-11
	0.000000115
	5.952394872

	680
	0.00068
	5
	0.000005
	1.9635E-11
	0.000000115
	3.809532718



Table 2: Arc metric for Vishay TO-220AB at a minimum gap = 680 microns and a test circuit resistance of 0.21 ohms.
	V applied
	Whisker diameter
	Whisker length
	R Whisker
	Arc_metric = 
Vappl/(R Whisker+Rtest_ckt)
	Altitude where arc risk

	Volts
	microns
	microns
	ohms
	amps
	

	28
	1
	680
	99.567
	0.280624861
	Low risk below 52,000 ft

	28
	2
	680
	24.892
	1.115456385
	High 52,000 ft and above

	28
	3
	680
	11.063
	2.483802738
	High 35,000 ft and above

	28
	4
	680
	6.223
	4.352585359
	High 35,000 ft and above

	28
	5
	680
	3.983
	6.678284822
	High 35,000 ft and above

	 
	 
	 
	 
	 
	 

	31.5
	1
	680
	99.567
	0.315702968
	Low risk below 52,000 ft

	31.5
	2
	680
	24.892
	1.254888433
	High 52,000 ft and above

	31.5
	3
	680
	11.063
	2.79427808
	High 35,000 ft and above

	31.5
	4
	680
	6.223
	4.896658528
	High 35,000 ft and above

	31.5
	5
	680
	3.983
	7.513070424
	High 35,000 ft and above

	 
	 
	 
	 
	 
	 

	50
	1
	680
	99.567
	0.501115823
	Low risk below 52,000 ft

	50
	2
	680
	24.892
	1.991886401
	High 35,000 ft and above

	50
	3
	680
	11.063
	4.435362032
	High 35,000 ft and above

	50
	4
	680
	6.223
	7.772473855
	High 35,000 ft and above

	50
	5
	680
	3.983
	11.92550861
	High 35,000 ft and above
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Arc Metric
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Package Diagrams





