SOLDER RELIABILITY SOLUTIONSAPPLICATION NOTE
- CAVITY DOWN BALL GRID ARRAYSON FR-4

By J-P. Clech, EPSI Inc., Montclair, NJ 07042
March 29, 2000

SUMMARY

This technical note illustrates the application of the SRS model to cavity down BGAs on printed wiring
boards. Models are developed for 352 and 560 I/O SuperBGAs (SBGAS) and 540 1/O Enhanced BGAS
(EBGAS) on FR-4. Assumptions of package-specific models are discussed and input parameters are given
for six different types of cavity-down BGA assemblies. Solder joint life predictions for cavity-down BGA
assemblies are in good agreement with accelerated thermal cycling test results.
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Figure 1: Schematic cross-section of cavity-down BGA.

A cavity down BGA is a perimeter BGA with solder balls attached to a BT substrate or copper ring. A
schematic cross-section of a cavity down BGA is shown in Figure 1. Only half of the component section is
shown with the component neutral axis on the left. The back of the die is attached to a heat-spreader with
conventional die attach epoxy. First level interconnections are provided by wire bonding to the layered BT
substrate or to the copper ring with thin polyimide layers at the bottom.
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Figure 2: SBGA solder joint failure cycles and distributions (CDF = Cumulative Distribution of Failures).
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Figure 3: 2P Weibull plot (left) and 3P Weibull plot (right) of SBGA failure data.
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The 1.27 mm pitch SBGASs tested by the JPL consortium were 352 1/0O (35 mm square) and 560 1/0 (42
mm square) SuperBGAs on 59 mil thick FR-4. Accelerated therma conditions were from -55 to 125°C
with 10 to 15°C/min. ramps, 20-minute dwells and a cycle duration of 68 minutes (21.176 cycles/day).
Detailed information on the JPL's test vehicles, test procedures, failure analysis and failure data can be
found in publications by R. Ghaffarian (1997-99) as well as in the project report distributed by ITRI (1998).

Failure distributions are plotted in Figures 1 and 2. Figure 1 gives the cycles to failure as measured on
plots of failure distributions in the ITRI report. Also tabulated is a summary of 2P Weibull parameters: the
characteristic lives, a, and the slope or shape parameters, b, of the 2P Weibull distributions. Figure 2 (left)
shows 2P Weibull distributions for the 352 and 560 1/0 SBGA assemblies. Figure 2 (right) shows the 3P
Weibull distributions for the 560 1/0 SBGA assemblies. A 3P Weibull plot is not available for the 352 1/0
SBGAs since the 3P Weibull analysis for that dataset gave a negative failure free time. This is possibly

because the sample size was small.
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Maximum DNP = 22.45 mm = 0.8838 inch Maximum DNP = 28.74 mm = 1.131 inch

Figure 3: Package pad layout for 352 I/O SBGA (left) and 560 1/0 SBGA (right) - units: mm (drawings
after National Semiconductor web site).

The SBGAs of the NASA-JPL test vehicles have a copper heat-spreader and a copper ring with a measured
CTE of 16.3 ppm/°C. We make the simplifying assumption that the SBGA package can be modeled as an
"all copper" component, that is, a single copper plate of thickness the package thickness (23.2 mil) and with
aCTE equal to the CTE of copper. We thus neglect any possible encapsulant and die effect, contrary to the
strong die size effect observed in full-array, overmolded PBGAs. This is a reasonable simplification since
the encapsulant is a rather soft material and the die is attached to a somewhat stiff heat-spreader. The die
attach also provides for decoupling between the die and the heat-spreader. In addition, because the die is
smaller than the package cavity, the solder balls on the package perimeter probably do not feel much of the
low expansion of silicon. Last, to our knowledge, the die size has not been reported as an influential factor
in test results on cavity down BGA assemblies.

The SBGA package is modeled using the "LCCC" component type in the SRS pre-processor component
options with the component being "all copper”. The analysisfiles are set up for the outermost corner joints
with maximum DNPs as shown in Figure 3. The reasoning for this is that moiré analysis of solder joint
strains and thermal cycling of cavity down BGAs indicate that the outermost corner joints tend to fail first
(Ejimet a., 1997). The"LCCC" component windows and pre-processor data for both the 352 and 560 1/0
SBGAs are given in Appendix A.
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Critical parameters that required accurate input of nominal values were obtained from the ITRI report and
from Dr. Reza Ghaffarian of NASA-JPL:

Package thickness: 23.2 mil (measured)

Component CTE ("copper" specialty alloy): 16.3 ppm/°C (measured)

FR-4 in-plane CTE: 14.4 ppm/°C (measured)

FR-4 board thickness: 58.6 mil (measured)

Corner joint height: hs = 19.2 mil (measured at corner joint)

Copper properties: Young's modulus: E = 17 x 10° psi; Poisson's ratio: n = 0.38

From joint cross-sections in the ITRI report, we estimated that the SBGA wetted pad area had a
nominal diameter of 22 mil. This gives a solder joint crack area: A = 3.8 x 10* in?,

A few other observations are noteworthy:

For the number of "susceptible" or critical 1/0s, we use k = 4 corners x 3 joints = 12 joints to account
for each corner joint and the pair of adjacent joints on the outer row of solder joints. Thisis somewhat
arbitrary and does not matter much since a different choice of k, say k = 4 or 16, would result in a
different model calibration factor in the final analysis (see results discussion). What matters is to keep
the selected number of 1/Os, N, consistent from one analysis to the next.

Note the importance of using measured CTEs for both the board and the package. 1n the NASA JPL
test vehicles, the FR-4 board has an in-plane CTE of 14.4 ppm/°C while numbers like 16 to 18 ppm/°C
are often quoted as "typical” nominal values.

For the SBGA packages, Amkor’s data sheet (available on the web) gives an effective CTE in the
narrow range 15 to 16.3 ppm/°C. With our simplifying assumption that the package is "al copper”, the
component CTE is 16.3 ppm/°C, which matches the upper bound of Amkor's CTE range.

Using accurate CTE values is important because, in the case of the SBGA test vehicles, the package-
to-board CTE mismatch is small: Da = 16.3 - 144 = 1.9 ppm/°C. Even though the package is
apparently well CTE-matched to the boards, cyclic shear strains Dg in the corner joints are large
because of the large DNPs and the large temperature swings DT

DNP__ DaDT  gg38" 19x10™ 0~ 180
For the 3521/0 SBGAs Dy = = = 1.57%
hg 192x10" 3
DNPqaDaDT 11317 1.9x0°° 180
For the 560 1/0 SBGAs Dy = = = 2.01%

-3
hg 19.2X10

Past experience with leadless components such as LCCCs suggest that cyclic shear strains of the order of
1% raise ared flag since they lead to failures in a few hundred cycles, or 1000-2000 cycles when the solder
crack area is sufficiently large, which is the case with SBGAs. The size of SBGA packages may be a
reliability-limiting factor.

EBGA TEST DATA

Reflow | BT Thickness | agmp (cycles) | 2P Weibull b
Single 0.75mm 8328 6.9
Double | 0.75mm 9271 51
Single 1 mm 8157 4.9
Double | 1mm 8695 4.6

Table 1: 540 I/O EBGA test matrix and 2P Weibull results (after Ejim et al., 1997)
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Next, we analyze four variations of 540 I/O Enhanced BGAs (EBGAS) assemblies that were tested by Ejim
et al. (1997) of Lucent Technologies. Test conditions were thermal cycling between 0°C and 100C with
dwell times of about 5 minutes and a test frequency of 72 cycles per day. These EBGAS have a copper
heat-spreader and a BT substrate that is 0.75 mm (29.53 mil) or 1 mm (39.37 mil) thick. For single reflow
assemblies, the standoff height was 0.46 mm (18.11 mil). For double reflow assemblies, the joints were
stretched to a height of 0.68 mm (26.77 mil). The test matrix and test results from Ejim et a. (1997) are
summarized in Table 1. For further information on the EBGA tests, the reader is referred to the original
publication by Ejim et al. (1997).

EBGA MODELSAND SRSINPUT PARAMETERS

The input data for the 4 types of EBGA assemblies are in Appendix B. As afirst order simplification, the
EBGAs are treated as packages with two layers, one for the BT substrate, one for the copper heat-spreader.
The EBGASs are modeled using the "full array PBGA™ component option with input as shown in the figures
of Appendix B. Thus, for simplification purposes, we neglect any possible effect of the die and the
encapsulant. Thissimplification isjustified a-posteriori by comparing test results and life predictions.

The two-layer model for EBGA packages accounts for thermal expansion, stretching and flexing of the two
layers. In the input windows shown in Appendix B, we use the substrate core layer for the BT substrate
and the next layer up for the copper heat-spreader. The other cells of the multi-layer model are zeroed out
although they could possibly be used to account for the adhesive layer between the heat-spreader and the
BT substrate. Cells of the "solder mask™ layer at the bottom of the multi-layer model are also zeroed out so
the model gives the proper package thickness at the copper pad location.

Assumptions made in the input data are as follows:

Ejim et a. (1997) give an average board-to-component CTE mismatch: Da = 1.0 ppm/°C. Thus, for
each EBGA maodel, we use the component CTE computed by the software and add 1.0 ppm/°C to it to
set the value of the board in-plane CTE in the pre-processor.

The small CTE mismatch, Da, is an average value since package and board CTEs have their own
variability and the accuracy of CTE measurement techniques is of the order of 0.5 to 1 ppm/°C.

The heat-spreader thickness was estimated from assembly cross-sections in Figure 7 in Ejim et al.'s
paper.

The standoff heights are hs = 0.46 mm (18.1 mil) for the "single reflow" assemblies and hs = 0.68 mm
(26.7 mil) for the "double reflow" assemblies. These values were given for EBGAs with 1 mm BT.
Standoff heights were not given for the EBGAs with 0.75 mm BT, so we assume they are
approximately the same as for EBGAswith 1 mm BT.

The pad layout was not available either for the 1.27 mm pitch, 540 I/O EBGAs. However, this
package is similar in size to JPL's 560 1/0 SBGA, so we use the same maximum DNP as in the SBGA
models discussed earlier.

A simplified shear strain model gives maximum cyclic shear strains as follows:

_ _ DNPyxDaDT  1.131° 1.0>10° °* 100
For "single reflow" assemblies: Dg = = 3 =0.62%
hg 18.1x10
_ DNPyxDaDT  1.131° 1.0>10° °* 100
For "double-reflow" assemblies: Dg = = 3 =0.42%

hg 26.7 X0

The shear strains are of the order of 0.5%, that is, they are still high and solder joint failures are expected in
a reasonable amount of time under accelerated thermal cycling conditions. However, failures occur later
than with LCCCs because of the large solder joint load bearing and crack propagation areas in EBGA
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assemblies. Weibull distributions in Figure 4 of Ejim et al.'s paper (1997) show first failures in the range
3500 to 5000 cycles.

SRS POST-PROCESSING AND COMPARISON TO TEST DATA

acomp 2P Weibull Ajoint | A
Component (cycles) b DWi, (psi) (cycles/inz)
560 I/O SBGA 2676 4.577 4.624 1.18E+07
352 I/0 SBGA 3522 8.066 4.298 1.23E+07
540 I/O EBGA: 1 mm BT, Single Reflow 8157 4.9 1.415 3.56E+07
540 I/0O EBGA: 1 mm BT, Double Reflow 8695 4.6 1.146 3.93E+07
540 I/0O EBGA: 0.75 mm BT, Single Reflow 8328 6.9 1.533 3.14E+07
540 I/0 EBGA: 0.75 mm BT, Double Reflow | 9271 5.1 1.215 3.97E+07

Table 2: Test results (acomp, ) and data points plotted in Figure 3.
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Figure 4: Fit of SBGA / EBGA test resultsto SRS model correlation.

The post-processor of the SRS software gives the cyclic inelastic strain energy, DWi,, for each test vehicle
and test condition (see Table 2). The data is plotted on the SRS correlation plot in Figure 4 where the

ajoINT _ 6149 10°" C

DW 0.998

calibration factor. C equals 1 for the centerline of the correlation band, 0.434 for the lower bound, and 2.7
for the upper bound of the correlation band.

where C is the model

equation of the model centerline is (Clech, 1996):

For each data point shown in Figure 4, the characteristic life, ajqin, Scaled for the crack area (A = 3.8 x 10*
in® for the cavity-down BGAs described earlier) is on a joint per joint basis. The joint characteristic life,
Ajoin, 1S Obtained from the component characteristic life, acmp, USiNg the statistical transformation:
a0INT = 8comp k¥® where k is the number of critical or "susceptible” 1/0s, that is, k is the number of
component joints most susceptible to fail. As discussed earlier, we used k = 12 for the cavity-down BGASs.
A different choice of k would result in a dlight offset of the data pointsin Figure 4.
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As can be seen in Figure 4, the cavity-down BGA datafalls nicely within the SRS correlation band:

The data is off the centerline by a factor of at most 1.366 times. That is, for similar test vehicles and
packages, a suggested model calibration factor is: C = 1/1.366 = 0.73 which should probably be
rounded off to C[D.7.

A trendline (not shown in Figure 4) that is fit through the 6 cavity-down BGA data points has a slope
of -0.9, close to the dope (-1) of the model centerline. This suggests consistency between the SBGA
and EBGA test results as well as linear acceleration between the NASA-JPL and Lucent test
conditions. Variability in design parameters and uncertainty in some of the EBGA input parameters
are one possible source of the slight discrepancy in the two slopes.

Component Acomp (cycles) Ratio Nsos (Cycles)
Test SRS Prediction |Test/ SRS Pred. IPC-SM785
560 I/O SBGA 2676 2946 1.101 2398
352 1/0 SBGA 3522 4007 1.138 4198
540 1/0 EBGA: 1 mm BT, Single Reflow 8157 9953 1.220 62088
540 I/O EBGA: 1 mm BT, Double Reflow 8695 11880 1.366 165162
540 1/0 EBGA: 0.75 mm BT, Single Reflow 8328 10640 1.278 62088
540 I/O EBGA: 0.75 mm BT, Double Reflow 9271 11820 1.275 165162

Table 3: Comparison of measured and predicted fatigue lives on a component basis.

Table 3 shows a comparison of measured and predicted characteristic lives on a component basis. The SRS
life predictions are given in the SRS post-processor assuming a model calibration factor C = 1, i.e,, the life
predictions are based on the model centerline.

For the SuperBGAs, for which we had accurate input parameters, the discrepancy between test results
and the SRS predictionsis 10 to 14%.

For the EBGAS, some of the SRS input parameters were not known accurately and the discrepancy is
dightly larger, in the range 22% to 37%. Simplificationsin the package modeling technique contribute
to the discrepancy as well.

Nevertheless, the agreement between test results and SRS life predictions is thought to be acceptable
since the accuracy of fatigue life modelsis at best within afactor of two times.

Table 3 aso gives cycles to 50% failures - i.e. Nsgy, Which is close to the characteristic life of Weibull
distributions - as obtained from the IPC-SM 785 life prediction mode:

For the SBGAs under conditions -55°C to 125°C, the agreement with the test datais very good.

For the EBGASs under conditions 0°C to 100°C, the IPC model over-predicts fatigue lives. The
discrepancy with the test datais a factor 8 to 19 times.

The two findings above are perplexing since IPC-SM785 states that the IPC model does not apply to
temperature ranges that have a cold temperature below -20°C. On the other hand, the model is
supposed to apply in the range 0°C to 100°C but this does not seem to apply to the EBGA test and
EBGA assemblies.
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APPENDIX A: SBGA - SRSINPUT DATA FOR 352 AND 560 I1/0 SBGAs

352 1/0 SBGA
INPUT OF SOLDER RELIABILITY SOLUTIONS PROGRAM SUBSTRATE DATA
Substrate material: FR-4
SRS file name: SBGA352.SRS Effective in-plane CTE in diagonal direction of component:
Date: 03/29/2000 4:57:37 PM 1.440E-05 /deg.C
Y oung's modulus in tension: 2.000E06 psi
Thickness: 5.860E-02 inch
PROJECT ASSEMBLY DATA
Title: SBGA352 - JPL test Assembly stiffness: 1.387E03 Ib/in
Notes: Solder joint effective thickness: 1.920E-02 inch
Analysisis done at outermost corner joint Solder joint crack area: 3.800E-04 sg.inch
COMPONENT DATA

Name: 352 1/0 SBGA
Number of susceptible 10s: 12

Global Mismatch Parameters:
Distance to Neutral Point, DNP: 8.838E-01 inch
Effective CTE: 1.630E-05 /deg.C

Local Mismatch Parameters:

Thickness of lead or component at solder joint: 2.320E-02 inch

Effective CTE of lead or component at solder joint: 1.630E-05 /deg.C
Effective Y oung's modulus of lead or component at solder joint: 1.700E07 psi

THERMAL CONDITIONS

Number Temperature C Dwell min. Cycles Name
Hot Cold Hot Cold
1 125.0 -55.0 20.0 20.0 21.176 CPD Condition B (Boeing test)

Note: F = Fixed cycles; CPD = Cycles Per Day for variable type cycles

DESIGN LIFE and STATISTICAL PARAMETERS
Product design life: 5.000 Y ears

2P Weibull shape parameter (beta): 8.066

3P Weibull ratio: failure free time/ characteristic life: 0.500

Table A.1: SRSMode Input Datafor 352 I/O SBGA on FR-4.

® Singlesided ) Double-sided

= Leadless Carrier Assembly ﬂ -
ENTER/EDIT LECE TYFE LEADLESS ASSEMELY
Component )
Half-diagonal, DNP [inch]: 0.8838 N ?u"al aHl DNP |
Fitch [inch]: fle-3
Floor thickness (inch]: 23.2e-3 Component
“foung s modulusz in tension [psil: 17k
“Young 's modulus in flexure [pail: 17e6
Paiszon ' ratio: 38
Board
Thickness (inchl 58 603 STIFFNESS RESULTS [LB/IN)
. . . . Parallel spring constants
Young 's moduluz in tengion [pa): 266
oung 's moduluz in flesure [psi): 295 Board stetching, K1: 1-457e04
. . ) i Component stretching, K2 3.593e04
Puoizson 's ratio: 3
Board/component bending, K.3: 1.601e03
A;s;mh.l}.l t heiaht fnchl: A bly stiffness
older joint height {inch}: 19.2e-3 Equivalent spring constant, K: 1.387e03

™

%’é Compute / update Eé Copy data and assembly
| dhiffness parameters stiffress into pre-processor

wd

L | Eraze all data LCancel
£ | Press for instructions

Figure A.1: SBGA352: "LCCC" component window for calculation of assembly stiffness parameter.
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560 1/0 SBGA

INPUT OF SOLDER RELIABILITY SOLUTIONS PROGRAM SUBSTRATE DATA

Substrate material: FR-4
SRS file name: SBGA560.SRS Effective in-plane CTE in diagonal direction of component:
Date: 03/29/2000 5:01:54 PM 1.440E-05 /deg.C

Y oung's modulus in tension: 2.000E06 psi
Thickness: 5.860E-02 inch

PROJECT ASSEMBLY DATA

Title: SBGAS560 - JPL test Assembly stiffness: 1.084E03 Ib/in

Notes: Solder joint effective thickness: 1.920E-02 inch
Analysisis done at outermost corner joint Solder joint crack area: 3.800E-04 sg.inch
COMPONENT DATA

Name: 560 1/0 SBGA
Number of susceptible 10s: 12

Global Mismatch Parameters:
Distance to Neutral Point, DNP: 1.131E00 inch
Effective CTE: 1.6300E-05 /deg.C

Local Mismatch Parameters:

Thickness of lead or component at solder joint: 2.320E-02 inch

Effective CTE of lead or component at solder joint: 1.630E-05 /deg.C
Effective Y oung's modulus of lead or component at solder joint: 1.700E07 psi

THERMAL CONDITIONS

Number Temperature C Dwell min. Cycles Name
Hot Cold Hot Cold
1 125.0 -55.0 20.0 20.0 21.176 CPD Condition B (Boeing test)

Note: F = Fixed cycles; CPD = Cycles Per Day for variable type cycles

DESIGN LIFE and STATISTICAL PARAMETERS
Product design life: 5.000 Y ears

2P Weibull shape parameter (beta): 4.577

3P Weibull ratio: failure free time/ characteristic life: 0.393

Table A.2: SRS Mode Input Data for 560 I/0O SBGA on FR-4.

® Singlesided ) Double-sided

= Leadless Carrier Assembly ﬂ -
ENTER/EDIT LECE TYFE LEADLESS ASSEMELY
Component )
Half-diagonal, DNP [inch]: 113 N ?u"al aHl DNP |
Fitch [inch]: fle-3
Floor thickness (inch]: 23.2e-3 Component
“foung s modulusz in tension [psil: 17k
“Young 's modulus in flexure [pail: 17e6
Paiszon ' ratio: 38
Board
Thickness (inchl 58 603 STIFFNESS RESULTS [LB/IN)
. . . . Parallel spring constants
Young 's moduluz in tengion [pa): 266
oung 's moduluz in flesure [psi): 295 Board stetching, K1: 1139204
. . ) i Component stretching, K2 2.812e04
Puoizson 's ratio: 3
Board/component bending, K.3: 1.251e03
A;s;mh.l}.l t heiaht fnchl: A bly stiffness
olfer jeint height finch}: 19.2e-3 Equivalent spring constant, K 1.084e03

Compute / update Eé Copy data and assembly
| dhiffness parameters stiffress into pre-processor

2

E | Erase all data
£ | Press for instructions

Figure A.2: SBGA560: "LCCC" component window for calculation of assembly stiffness parameter.
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APPENDIX B: SRSINPUT DATA FOR 540 1/0 EBGAs

5401/0 EBGA, 0.75 mm BT, " single reflow"

INPUT OF SOLDER RELIABILITY SOLUTIONS PROGRAM

SRS file name: EBG540AS.SRS
Date: 04/03/2000 11:14:43 AM

SUBSTRATE DATA

Substrate material: FR-4

Effective in-plane CTE in diagonal direction of component:
1.695E-05 /deg.C

Y oung's modulus in tension: 2.000E06 psi

Thickness: 6.200E-02 inch

PROJECT

Title: SBGA540, 0.75 mm BT, vendor A; 'single side reflow'- Lucent's test
Notes:

Analysisis at outermost corner joint. BT is 0.75 mm thick.

ASSEMBLY DATA

Assembly stiffness: 3.230E03 Ib/in

Solder joint effective thickness: 1.810E-02 inch
Solder joint crack area: 3.800E-04 sg.inch

COMPONENT DATA
Name: 560 1/0 SBGA
Number of susceptible 10s: 12

Global Mismatch Parameters:
Distance to Neutral Point, DNP: 1.113E00 inch
Effective CTE: 1.595E-05 /deg.C

Local Mismatch Parameters:

Thickness of lead or component at solder joint: 1.053E-01 inch

Effective CTE of lead or component at solder joint: 1.626E-05 /deg.C
Effective Y oung's modulus of lead or component at solder joint: 1.279E07 psi

THERMAL CONDITIONS

Number Temperature C Dwell min. Cycles
Hot Cold Hot Cold
1 100.0 0.0 5.0 5.0 72.000 CPD

Note: F = Fixed cycles; CPD = Cycles Per Day for variable type cycles

Name

ATC

DESIGN LIFE and STATISTICAL PARAMETERS
Product design life: 5.000 Y ears

2P Weibull shape parameter (beta): 6.900

3P Weibull ratio: failure free time/ characteristic life: 0.500

TableB.1: SRS Model Input Datafor 540 1/0 EBGA (0.75 mm BT, single reflow) on FR-4.

= FULL ARBAY PLASTIC BALL GRID ARRAY ASSEMBLY n =
ENTER/EDIT ENTER/EDIT MULTILAYER DATA

Component Thickness Young's Poiszon's  CTE [/C)
Die half-diagonal, DMP [inch) 11131 [inch)  mod. [psi]  ratio
Pitch (inch]: Ble-3 Solder mask | [ 0 0 1]
PBGA thickness inch} I EEEEEE Substate core [295303 |28 |03 15:6
Composite Young 's modulus in kension [psl (1 3152407 Die flag 74803 |17 038 1695
Composite Young 's madulues in flesure [Pl |5 5362406 Die attach 0 1 1 0
Composite Poizsan 's ratio: 0.3574 Silican die 1 1 i 0

Board Molding comp.| (g i} 0 i)
Thickness [inch]: E2ed
Young 's modulus in tension [psi) Zeb Ball pad |WE-3 |1?EB ‘ |1?'53-B
Young "= modulusz in flexure [psi): 2eb | PRGA SVE AFEA M THAYER STAE/
Poizson ‘s ratio: 03 f molding compound

Assembly il di die attach
Solder joint height inch) 18.1e-3 —dieflag

subsliate core
® Single-sided ' Double-sided .
| zolder mask, / ball pad
MENU STIFFNESS AND CTE RESULTS
Compute / update stifness ¢ | Erase al oK [ssembly stifness K (Ibdin]: 3 230ee0] *
s+ and CTE parameters = | data = Board stietching K1 (Ib/Ain):
. Copy data, assembly stifness 2 Press for lm‘ Companent strgtching K2 (IbAin): 9.592e+0
w and CTE s irto pre-processor, = | instructions | X Aiszembly bending K3 [Ib/in): 4.598e+0] ¥

FigureB.1: EBGA540 (0.75 mm BT, single reflow): "PBGA" component window for calculation of
assembly stiffness parameter and component effective CTE.
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5401/0 EBGA, 0.75 mm BT, " double reflow"

INPUT OF SOLDER RELIABILITY SOLUTIONS PROGRAM

SRS file name: EBG540AD.SRS
Date: 04/03/2000 11:19:07 AM

SUBSTRATE DATA

Substrate material: FR-4

Effective in-plane CTE in diagonal direction of component:
1.695E-05 /deg.C

Y oung's modulus in tension: 2.000E06 psi

Thickness: 6.200E-02 inch

PROJECT

Title: SBGA540, 0.75 mm BT, 'double side reflow'- Lucent's test
Notes:

Analysisis at outermost corner joint. BT is 0.75 mm thick.

ASSEMBLY DATA

Assembly stiffness: 2.873E03 Ib/in

Solder joint effective thickness: 2.670E-02 inch
Solder joint crack area: 3.800E-04 sg.inch

COMPONENT DATA
Name: 560 1/0 SBGA
Number of susceptible 10s: 12

Global Mismatch Parameters:
Distance to Neutral Point, DNP: 1.113E00 inch
Effective CTE: 1.595E-05 /deg.C

Local Mismatch Parameters:
Thickness of lead or component at solder joint: 1.053E-01 inch

Effective CTE of lead or component at solder joint: 1.626E-05 /deg.C

Effective Y oung's modulus of lead or component at solder joint: 1.

279E07 psi

THERMAL CONDITIONS

Number Temperature C Dwell min. Cycles Name
Hot Cold Hot Cold
1 100.0 0.0 5.0 5.0 72.000 CPD ATC

Note: F = Fixed cycles; CPD = Cycles Per Day for variable type cycles

DESIGN LIFE and STATISTICAL PARAMETERS
Product design life: 5.000 Y ears

2P Weibull shape parameter (beta): 4.100

3P Weibull ratio: failure free time/ characteristic life: 0.500

Table B.2: SRS Modd Input Datafor 540 1/0 EBGA (0.75 mm BT, double reflow) on FR-4.

= FULL ARBAY PLASTIC BALL GRID ARRAY ASSEMBLY n =
ENTER/EDIT ENTER/EDIT MULTILAYER DATA
Component Thickness Young's Poiszon's  CTE [/C)
Die half-diagonal, DMP [inch) 11131 [inch)  mod. [psi]  ratio
Pitch (inch]: Ble-3 Solder mask | [ 0 0 1]
PBGA thickness inch} I EEEEEE Substate core [295303 |28 |03 15:6
Composite Young 's modulus in kension [psl (1 3152407 Die flag 74803 |17 038 1695
Composite Young 's madulues in flesure [Pl |5 5362406 Die attach 0 1 1 0
Composite Poizsan 's ratio: 0.3574 Silican die 1 1 i 0
Board Molding comp.| (g i} 0 i)
Thickness [inch]: E2ed
Young 's modulus in tension [psi) Zeb Ball pad |WE-3 |1?EB ‘ |1?'53-B
Young "= modulusz in flexure [psi): 2eb | PRGA SVE AFEA M THAYER STAE/
Poizson ‘s ratio: 03 f molding compound
Assembly con die /die attach
Solder joint height inch) 26.7e-3 die flag
. subshate core
® Single-sided ' Double-sided .
| zolder mask, / ball pad
MENL STIFFNESS AND CTE RESULTS
Compute / update stiffness g | Eraseal oK ssembly stiffness K (Ibdn): 20873e+0] +
+%| and CTE parameters = | data = Board stretching K1 [Ibdin):
Copy data, assembly stifness 2 Press for ’m‘ Companent strgtching K2 (IbAin): 9.592e+0
and CTE s irto pre-processor, = | instructions | & Aiszembly bending K3 [Ib/in): 3.906e+0] ¥

FigureB.2: EBGA540 (0.75 mm BT, double reflow): "PBGA™ component window for calculation of

assembly stiffness parameter
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5401/0 EBGA, 1 mm BT, "singlereflow"

INPUT OF SOLDER RELIABILITY SOLUTIONS PROGRAM

SRS file name: EBGA540S.SRS
Date: 04/03/2000 11:21:43 AM

SUBSTRATE DATA

Substrate material: FR-4

Effective in-plane CTE in diagonal direction of component:
1.679E-05 /deg.C

Y oung's modulus in tension: 2.000E06 psi

Thickness: 6.200E-02 inch

PROJECT

Title: SBGA540 'single side reflow', 1 mm BT- Lucent's test
Notes:

Analysisisat outermost corner joint. BT is 1 mm thick.

ASSEMBLY DATA

Assembly stiffness: 3.038E03 Ib/in

Solder joint effective thickness: 1.810E-02 inch
Solder joint crack area: 3.800E-04 sg.inch

COMPONENT DATA
Name: 560 1/0 SBGA
Number of susceptible 10s: 12

Global Mismatch Parameters:
Distance to Neutral Point, DNP: 1.113E00 inch
Effective CTE: 1.579E-05 /deg.C

Local Mismatch Parameters:
Thickness of lead or component at solder joint: 1.152E-01 inch

Effective CTE of lead or component at solder joint: 1.624E-05 /deg.C
Effective Y oung's modulus of lead or component at solder joint: 1.187E07 psi

THERMAL CONDITIONS

Number Temperature C Dwell min. Cycles
Hot Cold Hot Cold
1 100.0 0.0 5.0 5.0 72.000 CPD

Note: F = Fixed cycles; CPD = Cycles Per Day for variable type cycles

Name

ATC

DESIGN LIFE and STATISTICAL PARAMETERS
Product design life: 5.000 Y ears

2P Weibull shape parameter (beta): 4.900

3P Weibull ratio: failure free time/ characteristic life: 0.500

Table B.3: SRS Moddl Input Datafor 540 1/0 EBGA (1 mm BT, single reflow) on FR-4.

= FULL ARBAY PLASTIC BALL GRID ARRAY ASSEMBLY n =
ENTER/EDIT ENTER/EDIT MULTILAYER DATA
Component Thickness Young's Poiszon's  CTE [/C)
Die half-diagonal, DMP [inch) 11131 [inch)  mod. [psi]  ratio
Pitch (inch]: . Blle-3 Solder mask | [ 0 0 1]
PREA Iokness [ich} JAREES Substrate core 393703 [206 |03 150
Composite Young ‘s modulus in tension [psl (1 2272407 Die flag 748023 |1726 038 16.326
Composite Young 's madulues in flesure [Pl |5 0692+06 Die attach 0 0 0 0
Composite Poizzon s ratio; 0.2524 Silicon die 0 0 0 u]
Board Molding comp.| (g il il i)
Thickness [inch]: E2e-3
Young 's modulus in tension [psi) Zeh Ball pad |WE-3 |1?EB ‘ |1?'55-8
Young 's modulus in flexure [peil: ek | FEGA DIE AREA ML THAYER STACK
Poizson ‘s ratio: ik 1 molding compound
Assembly con die /die attach
Solder joint height inch) 18.1e-3 —dieflag
¢ subshiale coie
® Single-sided ' Double-sided .
| zolder mask, / ball pad
MENL STIFFNESS AND CTE RESULTS
Compute / update stiffness g | Eraseal oK ssembly stiffness K (Ibdn): 3.038e+0] +
55| and CTE parameters = | data = Board stretching K1 [Ibdin):
Eé Copy data, assembly stiffress ¢ Press for lm‘ Compaonent strgtching K2 (IbAin): 9.71Be+0
and CTEs into pre-processor — | instructions | = Azzembly bending K3 [Ib4in): 4.215e+0] #

Figure B.3: EBGA540 (1 mm BT, single reflow): "PBGA™ component window for calculation of assembly
stiffness parameter and component effective CTE.
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5401/0 EBGA, 1 mm BT, " doublereflow"

INPUT OF SOLDER RELIABILITY SOLUTIONS PROGRAM

SRS file name: EBGA540D.SRS
Date: 04/03/2000 11:24:20 AM

SUBSTRATE DATA

Substrate material: FR-4

Effective in-plane CTE in diagonal direction of component:
1.679E-05 /deg.C

Y oung's modulus in tension: 2.000E06 psi

Thickness: 6.200E-02 inch

PROJECT

Title: SBGA540 'double side reflow', 1 mm BT- Lucent's test
Notes:

Analysisis at outermost corner joint. BT is1 mm thick.

ASSEMBLY DATA

Assembly stiffness: 2.709E03 Ib/in

Solder joint effective thickness: 2.670E-02 inch
Solder joint crack area: 3.800E-04 sg.inch

COMPONENT DATA
Name: 560 1/0 SBGA
Number of susceptible 10s: 12

Global Mismatch Parameters:
Distance to Neutral Point, DNP: 1.113E00 inch
Effective CTE: 1.579E-05 /deg.C

Local Mismatch Parameters:
Thickness of lead or component at solder joint: 1.152E-01 inch

Effective CTE of lead or component at solder joint: 1.624E-05 /deg.C
Effective Y oung's modulus of lead or component at solder joint: 1.187E07 psi

THERMAL CONDITIONS

Number Temperature C Dwell min. Cycles
Hot Cold Hot Cold
1 100.0 0.0 5.0 5.0 72.000 CPD

Note: F = Fixed cycles; CPD = Cycles Per Day for variable type cycles

Name

ATC

DESIGN LIFE and STATISTICAL PARAMETERS
Product design life: 5.000 Y ears

2P Weibull shape parameter (beta): 4.600

3P Weibull ratio: failure free time/ characteristic life: 0.500

Table B.4: SRS Modd Input Datafor 540 1/0 EBGA (1 mm BT, double reflow) on FR-4.

= FULL ARBAY PLASTIC BALL GRID ARRAY ASSEMBLY n =
ENTER/EDIT ENTER/EDIT MULTILAYER DATA
Component Thickness Young's Poiszon's  CTE [/C)
Die half-diagonal, DMP [inch) 11131 [inch)  mod. [psi]  ratio
Pitch (inch]: . Blle-3 Solder mask | [ 0 0 1]
PREA Iokness [ich} JAREES Substrate core 393703 [206 |03 150
Composite Young ‘s modulus in tension [psl (1 2272407 Die flag 748023 |1726 038 16.326
Composite Young 's madulues in flesure [Pl |5 0692+06 Die attach 0 0 0 0
Composite Poizzon s ratio; 0.2524 Silicon die 0 0 0 u]
Board Molding comp.| (g il il i)
Thickness [inch]: E2e-3
Young 's modulus in tension [psi) Zeh Ball pad |WE-3 |1?EB ‘ |1?'55-8
Young 's modulus in flexure [peil: ek | FEGA DIE AREA ML THAYER STACK
Poizson ‘s ratio: ik 1 molding compound
Assembly con die /die attach
Solder joint height inch) 26.7e-3 —dieflag
¢ subshiale coie
® Single-sided ' Double-sided .
| zolder mask, / ball pad
MENL STIFFNESS AND CTE RESULTS
Compute / update stiffness g | Eraseal oK ssembly stiffness K (Ibdn): 2709e+0] +
55| and CTE parameters = | data = Board stretching K1 [Ibdin):
Eé Copy data, assembly stiffress ¢ Press for lm‘ Compaonent strgtching K2 (IbAin): 9.71Be+0
and CTEs into pre-processor — | instructions | = Azzembly bending K3 [Ib4in): 3E07e+0] +

Figure B.4: EBGA540 (1 mm BT, double reflow): "PBGA™ component window for calculation of
assembly stiffness parameter and component effective CTE.
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