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Abstract

Numerous 3D stack packaging technologies have been implemented by industry for use in microelectronics memory
applications. This paper presents a reliability evaluation of a particular package-on-package (PoP) that offers a reduction in
overall PCB board area requirements while allowing for increases in functionality. It utilizes standard, readily available
device packaging methods in which high-density packaging is achieved by: (1) using standard “packaged” memory devices,
(2) using standard 3-dimensional (3-D) interconnect assembly. The stacking approach provides a high level of functional
integration in well-established and already functionally tested packages. The stack packages are built from TSOP packages
with 48 leads, stacked either 2-high or 4-high, and integrated into a single dual-flat-no-lead (DFN) package.

To determine thermal cycle reliability, daisy-chain packages were soldered either using lead-free or tin-lead solder with
added additional daisy-chain patterns on the PCB to enable resistance monitoring of the stack at thermal cycling intervals.
The 3-D stacks were bonded to the board for improving resistance to mechanical loading such as drop and vibration. A
number of 2-high and 4-high 3-D stack assemblies were subjected to thermal cycling in the range of -55°C to +125°C. The
daisy-chain resistances were measured at RT and at 50 cycle intervals during thermal cycling. Test results to 500 thermal
cycles are presented as well as images gathered from X-ray and optical microscopy to illustrate damage progression and to
establish failure mechanisms. Furthermore, comparison was also made between 2D X-ray and X-ray tomography with optical
microscopy to determine effectiveness of these non-destructive evaluation techniques. The paper concludes with a summary
and recommendations for the next step of investigation.
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1.0 STACKPACKAGING TECHNOLOGIES

1.1  Introduction

The demand for high-frequency operation, high-input/output (1/0) density, and low parasitics, as well as the need for
package-level integration with small form factors and extreme miniaturization, have led to numerous 2.5D and 3D packaging
technologies [1-4]. The vertically integrated 3D packages combine conventional flip-chip and wire-bond interconnection,
build-up, and laminate substrates, and bring about package-level integration of disparate die and device functions through die
or package stacking.

From the existing 3D packaging technology options, wire-bonding is well developed for use in low-density connections of
less than 200 1/Os per chip. This technology has limitations in meeting the increasing frequency requirements and increasing
demands for higher interconnection due to the limitation of peripheral wire-bonding. In order to overcome such wiring
connectivity issues, multiple flip-chip die with passive redistribution interposed have been introduced by industry for high-
end applications. Ultimately the 3D chip stacking technology using through-silicon vias (TSVs) is being pursued by industry
since it offers the possibility of solving serious interconnection problems, while offering integrated functions for higher
performance.

For high-density packaging, the migration to conventional interconnection 3D, more than “Moore”, has become mainstream.
Even though initially conventional 3D packaging included leaded stack configuration, the trend is moving towards area array
interconnections. The conventional 3D packaging (see Fig. 1) consists of stacking of packaged devices, known as package-
on-package (PoP), and stacking of die within a package, known as package-in-package (PiP) or system-in-package (SiP).
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Numerous variations of PoP and PiP technologies are in use today including staking of packages by using through mold via
interconnection technology.
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Fig. 1. Conventional 3D packaging technologies including the image of TSOP/DFN PoP 3D stack (bottom right) used for
assembly reliability evaluation.

1.2  Package-on-Package (PoP)
PoP is a packaging technology placing one package on top of another to integrate different functionalities while still

remaining compact in size. This packaging technology offers procurement flexibility, lower cost of ownership, better total
system costs, and faster time to market. Normally, designers use the top package for memory application and the bottom
package for application-specific integrated circuits (ASICs), baseband, or processor applications. By using this packaging
technology, the issue of known-good-die (KGD) for a-memory die can be mitigated since the die can be burned-in for the
bottom package first before the stacking of the PoP.

PoP also answers issues with wafer thinning, die attach, wire bond, and thermal dissipation. Three categories of the stack
technologies are: (1) PoP with center mold and flip chip, (2) PoP with partial cavity structure, and (3) through-mold via
(TMV).

1.3  Package-in-Package (PiP)

Handsets and other mobile handheld products are defining a new application for packaging technology that goes beyond the
realm of traditional packaging. The optimum solution often lies in a judicious combination or hybridization of these
seemingly dissimilar technologies and approaches. One such package is often called PiP. A PiP with a wire-bonded stack die
is well established. Vertical chip stacking can be performed as chip-to-chip, chip-to-wafer, or wafer-to-wafer processes.
Stacked die products inside a package result in the thinnest package with the highest board-level reliability and lowest
assembly cost. Most of the time, stacked die are multiple memory chips and rarely mixed device types, such as stacked
memory with added logic devices. Special low-profile wire bonding has been developed and is a critical process for this
technology.

Stacked die concepts utilizing silicon spacers or epoxy filled with spherical spacers have been used. In the silicon-spacer
concept, a thin piece of silicon is used to separate the active dies in the stack. In the glue-spacer concept, this is accomplished
with a spherical-filled die-attach. Adding silicon into the package increases the bending resistance. Associated with this is the
increased risk and/or propensity for cracks during assembly and/or reliability and qualification testing, either in the package
body (molding compound) or in the die itself.



1.4  Conventional Reliability Methods
Figure 2 schematically illustrates the key elements of electronic packaging assemblies under thermal stresses: global and

local both stack layering and solder joint to lead, or no-lead mismatches. Reliability under thermal stress for package (3D
stack as a unit), PCB, and assembly depends on the reliability of constituent elements, e.g., the PCB and its global/local
interfaces (attachments). Three elements play key roles in defining reliability for a system, global, local, and
interconnections. The characteristics of these three elements — package (e.g., die, substrate, solder joint, underfill, and 3D
stack layers, and adhesive underfill), PCB (e.g., polymer, copper (Cu), plated through hole, via, and microvia), solder joints
(e.g., tin-lead solder joints, lead-free solder joints, balls in BGA as solder and solder attachments, solder column with solder
attachments, and plated-through-hole via)— together with the use conditions, the design life, and the acceptance failure
probability for the electronic assembly, determine the subsystem reliability.

In other words, reliability is the ability of a system (here microelectronics) to function as expected under the expected
operating conditions for an expected time period without exceeding the expected failure levels. However, reliability is
susceptible to early failure by infant mortality due to workmanship defects, lack of sound manufacturing, and use of a design
without reliability consideration. Design for manufacturability (DfM), design for assembly (DfA), design for testability
(DfT), and so on, are prerequisites to assure the reliability of the product. Only design for reliability (DfR) can assure that a
manufactured product with an acceptable quality will also be reliable in the product application.
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Fig. 2. Key elements of reliability failure mechanisms under thermo-mechanical loading condition. Under thermal stress,
three key elements that define reliability are due to global, local, and solder alloy microstructural coefficient of thermal
expansion (CTE) mismatches.

This paper documents a reliability evaluation of a particular implementation of package-on-package (PoP) high-density
electronic packaging technology. The PoP is just one of the several new high density packaging technologies that offer
significant reductions in overall required PCB board area while allowing for significant and often unique increases in device
performance and functionality. The particular PoP technology tested for this report was provided by a supplier [5] that
utilizes standard, readily available device packaging methods in which high-density packaging is achieved through a
combination of several technologies:

»  Standard packaged memory devices
»  3-dimensional (3D) interconnect assembly



2.0 APPROACHES

2.1  Test veicle build
The PoP packaging technology consists of 48-lead TSOPs solder stacked (both 2-high and 4-high) and integrated into single

dual-flat no-lead (DFN) packages (see Fig. 3)

1) Conventional dummy packages were used in a daisy chain configuration for interconnect testing
2). Lead-free solder was used in the stacking assembly process and 63Sn37Pb solder was used to mount the bottom TSOP
package to the test board.

An underfill material was applied after mounting to the board. This particular underfill exhibits high Tg and high-fracture
toughness and is engineered to withstand the 260°C peak reflow temperature associated with lead-free soldering. All material
selections and assembly were performed by the industry partner.

2D 48-lead TSOP Stack

Fig. 3. Representative image of the 2-high (top) and 4-high (middle) TSOP/DFN unique stack packaging technology
evaluated for assembly reliability using package daisy chain with complementary PCB pattern (bottom).

2.2 Thermal Cycle Condition

Thermal shock (TS) cycle testing was conducted in accordance with MIL-STD-883, Method 1010, Test Condition B. The TS
ranges is within the IPC9701 standard specification, TC4, except for the ramp/cooling rates that exceeded the 20°C per
minute defined for thermal cycle condition. This TS cycle range should provide a rapid characterization of this technology
since the reliability of this technology was unknown even though it appears to be a robust PoP technology. See Figure 4 for
typical profile. Series resistance was monitored at intervals to 500 cycles and recorded.
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Fig. 4. A representative thermal cycle profile (-55°C to +125°C) used for solder joint reliability evaluation of 2- and 4-high
stack TSOP/DFN assemblies. Note temperature lags for the board compared to chamber setting.

2.3 Thermal Cycle Results

The daisy chain series resistance is shown in Table 1 for the 2-high stack assemblies and in Table 2 for the 4-high stack
assemblies. The yellow color marks a resistance increase by 20% per IPC 9701 standard and higher up to complete opens
with more than 1000 Ohms. Complete failure is shown with red color.

Table 1. Daisy-chain resistance variation of ten 2-high stack assemblies with thermal cycles checked at room temperature at
50 cycle intervals, Yellow show 20% increase in resistance whereas red shows complete opens (>1000 Ohms).

SN RO cyc 50 100 150 200 250 300 350 400 450 500
1 1.6 1.6 1.6 6.0 1.6 1.6 1.6 1.6 1.6 1.6 1.6
1.5 1.5 1.5 1.5 1.5 1.6 1.6 1.7 1.9 2.1 -
1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5
1.5 1.5 1.5 1.5 1.6 1.7 2.5 3.6 9.5 7.7 11.5
1.5 1.5 1.5 1.5 1.5 1.6 1.6 1.6 1.7 1.7 1.8
1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.7
s | 15 [ 15 | 15 [ 15 | 16 | 1c DEREENEE
1.6 1.6 1.6 1.6 1.7 1.8 1.9 2.0 2.1 2.1 2.2
1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5

10 1.5 1.6 1.5 1.6 1.6 1.6 1.6 1.6 1.7 1.9 2.6
Visual inspection: SN1, Failed TSOP solder failure

SN7, Whole row on one side failed
Failure, 20% increase in resistance
B railure, Complete open >1000 Ohms
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The change in electrical resistance with the increasing number of temperature cycles is an indication of an imminent
interconnection failure. An electrical resistance of greater than or equal to 1000 ohms () is considered an electrical open— a
clear failure and shown by red color. The 2-high stack package exhibited stability (less than 20% changes in resistance at RT)
within 250 cycles of testing, whereas the 4-high stack package became unstable within the first 50 thermal cycles. The
number of cycles to failure were lower for the 4-high stack package assemblies.



Plots of cumulative percentage failures versus the number of thermal cycles show that the 4-high stack has an increased
failure rate over the 2-high stack by a factor of 1.43, which is the ratio of the two slopes using a linear fit.

Table 2. Daisy-chain resistance variation of ten 4-high stack assemblies with thermal cycles checked at room temperature at
50 cycle intervals. Yellow show a 20% increase in resistance whereas red shows complete opens (>1000 Ohms)..

SN RO cyc 50 100 150 200
11 1.9 2.2 2.0 2.4 33
12 1.9 2.1 2.1 2.2 2.4 2.5
13 2.0 2.4 3.1 3.6 4.2 5.9 6.2
14 2.0 2.0 2.0 2.1 2.2 2.2 2.8
15 1.8 2.1 2.1 2.2 2.5 2.7 2.9
16 1.9 2.1 2.2 2.5 4.2 8.3 6.0
17 1.9 2.3 2.4 2.9 3.1 3.5 4.2
18 1.8 2.4 2.5 3.2 4.3 4.7 5.3
19 1.9 2.1 2.1 2.3 2.8 13.0 | 12.2
20 1.9 2.2 2.3 2.5 2.6 2.8 3.1
Visual inspection: SN11, Middle TSOP solderjoint failure
SN13, possibly lower package failure
SN19, Top package OK, possibly lower package failure
Failure, 20% increase in resistance

B Failure, Complete open >1000 Ohms

The 3D assemblies, both 2-high and 4-high, were subject to visual inspection and X-ray characterization. The bottom
package solder joint was mostly covered with adhesive and therefore it was difficult to inspect for joint failures. The rest of
the joints with either TSOP lead or no-lead solder interconnections were exposed and therefore could be clearly inspected for
their damage level or failure.

2.4 Visual inspection and X-ray
Visual inspection of peripheral TSOP leads and DFN (no-leads) were performed after 500 thermal cycles (-55°C and

+125°C) to determine potential failure sites. The solder joints of the bottom TSOP leads were mostly covered by adhesive;
therefore, it was not possible to determine the damage condition of solder joints. For the 2-high stack package, this means
that only 50% of solder conditions could be visually characterized. Even with this limitation, a correlation between visual
inspection and failure was apparent. SNO1 showed individual solder joint failures, whereas, the SNO4 showed complete
failure of a row of solder joints. Figure 5 shows representative photomicrographs of a number of 2-high stack test vehicles.
For the 4-high stack similar to the 2-high stack, the bottom TSOP could not be visually inspected for solder joint conditions.
However, the test vehicles show more pronounced failures, as also shown by optical photomicrographs in Fig. 6. When, in
some cases clear failures were not apparent and should have failed based on daisy-chain opens, the failure contributed to the
bottom package solder joints which were covered with adhesive and were difficult to inspect.



Fig. 5. Representative image of the 2-high (top) TSOP/DFN stack solder joint assemblies after 500 thermal cycles (-55°C to
+125°C) showing signs of solder damage and failures.

Fig. 6. Representative images of the 4-high (top) TSOP/DFN stack solder joint assemblies after 500 thermal cycles (-55°C to
+125°C) showing signs of solder damage and failure.

X-ray evaluation was needed, especially for the bottom package. Both 2D and 3D X-ray were performed to determine the
integrity of the bottom package, as well as if the pronounced separation that was detected by visual inspection could also be
determined by the X-ray inspection. Figure 7 shows two X-ray photomicrograph images for the 2-high stack, clearly
revealing the TSOP leads for the top and the bottom packages. The leads for bottom could not be visually inspected. Figure 8
shows the 3D X-ray images for a 4-high stack configuration. Even though X-ray clearly characterize the shift in the leads due
to solder failures, it could not reveal the no-lead solder joint separation observable by visual inspection.



Fig. 7. Representative 2D/3D X-ray images of the 2-high TSOP/DFN showing the overall stack configuration (top) and
specific image for the front showing the TSOP leads even for those covered with adhesive bonding material.

Fig. 8. Representative 2D/3D X-ray images of the 4-high TSOP/DFN showing the overall stack configuration (top) and
specific image for the front showing the TSOP leads and DFN solder connections.

3.0 NEXT STEPS: FLEXIBLE TSOP 3D STACK

Subsequently, another TSOP 3D stack technology was evaluated for assembly reliability. This 3D package uses memory
TSOP, but adds flexible L-shape leads after stacking for assembly onto the PCB to meet high-reliability application
requirements. Figure 9 schematically shows [6] the basic flow for the stacking process. It also includes an image of the
assembled 3D stack package ready for thermal cycling, the next phase of this program.



The packaging build process starts with TSOP or bare die using five key steps:

e Stacking and molding with low-outgassing epoxy
e  Cutting with a dicing machine

e  Plating with Ni/Au

e  Patterning etching

o  Final electrical test

Contrary to those of the 3D stack TSOP, this approach does not use any solder for stacking, but instead uses Ni/Au as an
outer layer for electrical routing. This removes solder, the single largest reliability and quality concern of stacking. However,
the outer coating layer adds some restriction on corner staking/bonding due to the risk of peeling. Conductive foreign object
debris (FOD) could cause shortening of the coated circuitry and also because of the layup configuration, the part is moisture
sensitive and induces restrictions on the reflow parameters. All of these restrictions require careful process development and
implementation. After a stack of TSOP molding, a sawing process cuts into the stack allowing for the final cube to be even
slightly smaller than the original monolithic TSOP package. Even though the stack mainly uses TSOP for high-density
memory application, it can use other packages including SOT, flat pack, and larger pin count PQFP. This approach is
particularly useful when the bare die solution is difficult and expensive to implement.
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Fig. 9. Process flow (top) for bundmg flexible 3D stack packages from TSOPs by stacklng sawing, Ni/Au coating for
interconnection, and also using flexible L-shape lead for solder assembly. Bottom shows the final package assembled onto
the board for solder joint reliability evaluation.

40 SUMMARY/CONCLUSIONS
This paper presented thermal cycle reliability evaluations of 2-high and 4-high 3D stacks built with a mix of TSOP and DFN

daisy-chain package assembly. Although this particular PoP packaging technology offers advantages in 3D high-density
packaging with readily available (TSOP to DFN) technology, it was found that this packaging technology does not meet
minimum reliability expectations when evaluated under standard temperature cycling methods typically used in electronics
packaging qualification tests for high-reliability and even most commercial applications. Characterization was performed by
daisy-chain resistance evaluation followed by visual and 2D/3D X-ray inspections. Visual inspection clearly showed various
levels of failures after 500 thermal cycles (-55°C to +125°C). X-rays showed lead shifts and leads covered by adhesive that is
not possible to visually inspect, though separation was observed by visual inspection.



A more robust 3D stack memory package is being offered by another manufacturer. Even though this technology uses a stack
of tested TSOP memory, it uses more flexible L shaped leads extruded under the part for a more robust assembly reliability.
A configuration of this package style is being evaluated with and without edge adhesive bonding. Reliability test data for this
style of 3D stack packages is being gathered and would be the subject of a future paper.
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IPC 9701- Thermal Cycles

Table 1 Temperature cycling requirements specified in Table 4.1 of IPC 9701

Test Condition Mandated Condition
Temperature Cycle (TC) Condition: TC1 0°C «» +100°C (Preferred Reference)
TC2 —-25°C <> +100°C
TC3 ~40°C < +125°C
TC4 ~55°C <> +125°C
TC5 -55 °C<-> 100°C
Test Duration Whichever condition occurs FIRST: 50% (preferred 63.2%)

cumulative failure (Preferred Reference Test Duration) or
Number of Thermal Cycle (NTC)

Requirement: NTC-A
NTC-B 200 cycles
NTC-C 500 cycles
NTC-D 1,000 cycles (Preferred for TC2, TC3,and TC4)
NTC-E 3,000 cycles
6,000 cycles (Preferred Reference TC1)
Low Temperature Dwell 10 minutes
Temp. tolerance (preferred) +0/-10°C (+0/-5°C) [+0/-18°F (+0/-9°F)]
High Temperature Dwell 10 minutes

Temp. tolerance (preferred) +10/-0°C (+5/-0°C) [+18/-0°F(+9/-0°F)]




Table 1  Temperature cycling requirements specified in Table 4.1 of IPC 9701


		Test Condition

		Mandated Condition



		Temperature Cycle (TC) Condition:
TC1


TC2



TC3



TC4


                               TC 5

		0°C ( +100°C (Preferred Reference)


(25°C ( +100°C


(40°C ( +125°C


(55°C ( +125°C


-55 °C<-> 100°C



		Test Duration


Number of Thermal Cycle (NTC) Requirement:
NTC-A



NTC-B



NTC-C



NTC-D



NTC-E

		Whichever condition occurs FIRST: 50% (preferred 63.2%) cumulative failure (Preferred Reference Test Duration) or


200 cycles


500 cycles


1,000 cycles (Preferred for TC2, TC3,and TC4)


3,000 cycles


6,000 cycles (Preferred Reference TC1)



		Low Temperature Dwell


Temp. tolerance (preferred)

		10 minutes


+0/(10°C (+0/(5°C) [+018°F (+0/9°F)]



		High Temperature Dwell


Temp. tolerance (preferred)

		10 minutes


+10/(0(C (+5/(0(C) [+18/0°F(+9/0°F)]





Current Approach to Electronic Qualification for Space Missions


NASA has established a standard thermal cycle requirement under NASA Handbook, NHB 5300.4, “Requirements for Soldered Electrical Connections.”  The IPC 9701 includes the NHB (3A-1) temperature cycle requirement under TC5 (-55/100°C) and NTC-A (200 cycles).  The only difference is the dwell time requirement of 45 minutes (3A-1) whereas the dwell for the IPC is only 10 minutes.  The subsequent revision of NHB 5300.4 does not define a specific cycle or temperature range and emphasis has been placed on meeting the mission requirement by doing the right qualification test.  JPL develops a life cycle requirement based on the mission application and uses 200 cycles as the baseline.


For the 2003 Mars mission (Mars Exploration Rover, MER), a team was formed to systematically address the qualification issues of package, PWB, assembly, and inspection.  The PQV team (package qualification and verification) identified issues associated with design, new packages, PWB, and manufacturing.  Qualification tests were performed for electronic packages as needed to meet the specific spacecraft module environmental requirements, thereby, enabling the team to define risk and develop risk mitigation approaches.  In addition to vibration, landing load, etc., the temperature cycle requirement was established to be a three times of the equivalent thermal cycles for combined ground exposure and flight mission.  The effect of local package heat dissipation was included in calculating the case temperature rise.  In most cases, this effect was evaluated during qualification testing by turning power on at the end of the cold dwell time and off at the end of the hot dwell period.  


PRA for Complex Analysis of NASA’s Mission Success


Probabilistic Risk Assessment (PRA) is a comprehensive, structured, and logical analysis method for complex risk evaluation7.  The method is aimed at identifying and assessing risks in complex technological systems for the purpose of cost-effectively improving their safety and performance. PRA has been widely developed and expanded on by the nuclear industry in order to assess safety.  Since its inception, this analytical method has gradually been improved and expanded by experts in the field and it has also gained credibility over the past two decades in other industries.  


Because of its logical, systematic, and comprehensive approach, PRA has repeatedly been proven capable of uncovering design and operation weaknesses that had escaped even some of the best deterministic safety and engineering approaches. This methodology showed that it was very important to examine not only low-probability and high-severity mishap scenarios, but also scenarios involving strings of high-probability and low-severity, nearly benign, mishaps. Contrary to common perception, the latter with a high probability of occurrence is often more detrimental to safety than the former.


NASA has relied on many analyses including the Failure Modes and Effects Analysis (FMEA) method for system safety assessments. To date, FMEA continues to be required by NASA in all its safety related projects. Under Office of Safety and Mission Assurance (OSMA), a team of experts exists with PRA implementation experience.  NASA’s objective is to rapidly become a leader in PRA.  NASA will effectively use this methodology to ensure mission and programmatic success, and to achieve and to maintain high safety standards at NASA. NASA intends to use PRA in all of its programs and projects to support optimal management decisions for the improvement of safety and program performance.


Risk Reduction Tool Developed by JPL


At JPL, a software tool for risk analyses has been developed and implemented to achieve life-cycle risk management8.  Defect, detection, and prevention (DDP) software is a process and tool for assessing risk, and planning the mitigation of risk. DDP handles the concepts of requirements, risks, and mitigations, and their interrelationships.  Implementation of the DDP process is carried out by a group of experts composed of the project team and a few technical area specialists.  They capture trees of requirements and potential failure modes.  A failure mode is in a general sense defined as an inability to achieve the requirements.


Scoring the impacts of these failures on requirements results in a prioritized set of PACTs (preventive measures, analyses, process controls and tests; each of which has an effectiveness versus certain failure modes.  A resource cost (dollars, schedule, mass) is associated with each PACT.  It is the goal of the DDP process to optimally select the subset of the PACTs that minimizes the residual risk subject to the available project resources.  This technique has been applied at the component level and at various levels of assembly including the system and subsystem assembly.


The output of the DDP process will only be as thorough as the available information and the knowledge breadth of the involved experts.  The level of evaluation fidelity will be as good as the level of information detail.  At higher levels of evaluation, the scoring will be primarily based on engineering judgment and corporate knowledge bases, i.e a qualitative approach. At the lower levels of evaluation, more detailed information may be available (testing and modeling results, etc) and scoring should be more accurate.  


DDP is not based on a scientific risk analyses as is PRA and especially at higher level, scoring is mostly based on judgment, resulting in a gross qualitative value assignment.  In addition, for a typical matrix of requirements, failure modes, and PACTS, a large number of interrelationships among these variables must to be scored.  This is extremely time consuming and cumbersome, especially when many cells in the matrix are not significant and are repetitive.


A Virtual qualification approach based on PRA may answer the scientific risk level question not addressed by the DDP tool; especially when detailed analyses are considered.  The approach proposed by the principal author concentrates on identifying key failure modes and prevention using statistical distributions, enabling the quantitative acceptable risk.  The first element of this qualification approach is to compare the calculated risk level for the same data set fitted by different statistical distributions.  


Virtual Qualification a PRA Approach


A physics of failure based approach to virtual qualification of advanced area array assemblies, against solder fatigue failure was reported previously9.  The approach applies Monte Carlo Simulation to evaluate solder joint fatigue life distributions, given material property variations and manufacturing capabilities.  Results were analysed using a simple model for inclusion of manufacturing variables. Simulation of product life distributions for virtual qualification can be a valuable tool to evaluate and qualify design options.  


Risk modeling aspect, a backbone of a typical PRA, can be developed using and extending this approach.  Statistical distribution due to ground and flight thermal cycle exposure is considered as are distributions of package/assembly failures found by simulation and test data.  Other variables that significantly establish the risk are found by the extrapolation of failure data generated under accelerated testing for applications using relationships such as Coffin-Manson for electronic package/PWB/Assembly.  


Risk Level Dependency on Distribution


Often, 2- and 3-parameter (2-P and 3-P) Weibull distributions have been used to characterize failure distributions and provide models for prediction in the areas of interest10.  The Weibull cumulative failure distribution was used to fit cycles to failure data.  The equation is


F(N) = 1- exp (-(N- N1)/(No)m )


where


F(N) is the cumulative failure distribution function


N is the number of thermal cycles


No is a scale parameter that commonly is referred to as characteristic life, and is the number of thermal cycles with a 63.2% failure occurrence.


N1 is the failure free cycles for a 3-parameter Weibull distribution


m is the shape parameter and for a large m is approximately inversely proportional to the coefficient of variation (CV) by 1.2/CV; that is, as m increases, the spread in cycles to failure decreases


This equation, in double logarithm format, results in a straight line for two Weibull parameters.  The slope of the line will define the Weibull shape parameter.  For the 3-P Weibull, CTFs for early failure cycles deviate from the fitted line and data generally tend to concave downward.  The pronounced curvature generally indicates that there is a failure free period (N1) before wearout take effect. This implies that the 3-P Weibull distribution should be fitted to this type of data to calculate the failure free cycles (N1).


Another distribution is the LogNormal.  This is a versatile distribution as it has a range of shapes, and therefore is often a better fit to CTFs data than its normal distribution version.  It is called LogNormal because it uses logarithm of a variable (here logarithm of cycles) rather the variable itself for the normal distribution.  Similar to the Weibull distribution, the LogNormal distribution of CTFs does not extend below zero to negative infinity , whereas the normal distribution for CTFs includes such a meaningless failure attributes. 


Risk Levels for 2-P and 3-P Weibull for BGA Assemblies 


Table 2 lists both 2-P and 3-P Weibull parameters for two CTFs data sets generated for two types of plastic ball grid array (PBGA) assemblies 5,9. CTFs are for the PBGA 313 I/Os and PBGA119 I/Os with a full array population.  The temperature cycles for the 313 I/O assemblies were from –30 to 100°C (condition A) with ramp rates of 5°C/min and dwells of about 20 minutes.  The cycling temperature range for the PBGA 119 I/O assemblies was narrower and ranged from 0 to 100°C (condition B) with 10 and 5 minutes of ramp and dwell times, respectively. In addition to Weibull parameters (e.g., m and No,), the risk levels for 0.01, 0.05, and 0.1 accumulated failures are also listed in the table.


Several observations can be made f
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APEX TECHNOLOGY'S : —
523 TURNING TURN ELECTRONICS MANUEAGTURING
( Pc 2

017 POINT ; INSPIRATION INTO INNOVATION

2D TC Results

SN | ROcyc | 50 | 100 | 150 | 200 | 250 | 300 | 350 | 400 | 450 [ 500
1 1.6 | 16 | 1.6 | 6.0 | 1.6 | 1.6 | 16 | 16 [ 16 | 16 | 16
2 15 [ 15 [ 15 [ 15 [ 15 [ 16 [ 16 | 17 [ 19 [ 21 [HOK0N
3 1.5 | 15 | 15 | 15 | 15 [ 15 | 15 [ 15 | 15 | 15 | 15
4 1.5 | 15 | 15 | 15 | 16 | 1.7 | 25 | 36 | 95 | 77 | 115
5 1.5 | 15 | 15 | 15 | 15 | 16 | 16 | 1.6 [ 1.7 | 1.7 | 1.8
6 16 | 16 | 16 | 16 | 16 | 16 | 16 | 16 | 16 | 1.6 | 1.7
7 T 15 |15 | 15 | 15 | 15 | 16 | 1 DO EEEEEEE
8 16 | 16 | 16 | 16 | 1.7 | 18 | 1.9 | 20 | 21 | 21 | 22
9 15 | 15 | 15 | 15 | 15 | 15 | 15 | 15 | 15 | 15 | 15
10 | 15 | 16 | 15 [ 16 | 16 | 1.6 | 16 | 16 | 1.7 [ 1.9 | 26

Visual inspection: SN1, Failed TSOP solder failure
SN7, Whole row on one side failed
Failure, 20% increase in resistance
B Failure, Complete open >1000 Ohms




APEX TECHNOLOGY'S | —
(-: (' TURNING TURN ELECTRONICS MANUEAGTURING
IPC 2 2

017 POINT ; INSPIRATION INTO INNOVATION

4D TC Results

SN RO cyc 50 100 150 200 250 300 350 400 450 500
11 1.9 2.2 2.0 2.4 3.3
12 1.9 2.1 2.1 2.2 2.4 2.5 3.1 10.2 9.7 6.5 6.9
13 2.0 2.4 3.1 3.6 4.2 5.9 6.2 7.7 11.1 | 12.8 | 18.9
14 2.0 2.0 2.0 2.1 2.2 2.2 2.8 2.7
15 1.8 2.1 2.1 2.2 2.5 2.7 2.9
16 1.9 2.1 2.2 2.5 4.2 8.3 6.0 5.6 11.8 | 11.5 | 14.7
17 1.9 2.3 2.4 2.9 3.1 3.5 4.2 4.4 5.5 11.7
18 1.8 2.4 2.5 3.2 4.3 4.7 5.3 5.6 6.4 6.9
19 1.9 2.1 2.1 2.3 2.8 13.0 | 12.2 7.1 21.1
20 1.9 2.2 2.3 2.5 2.6 2.8 3.1 3.4 3.9 4.1 4.4
Visual inspection: SN11, Middle TSOP solderjoint failure
SN13, possibly lower package failure
SN19, Top package OK, possibly lower package failure
Failure, 20% increase in resistance

B Failure, Complete open >1000 Ohms




Clandata-1



		SN		R0 cyc		50		100		150		200		250		300		350		400		450		500

		1		1.6		1.6		1.6		6.0		1.6		1.6		1.6		1.6		1.6		1.6		1.6				lead solder failure						1.9

		2		1.5		1.5		1.5		1.5		1.5		1.6		1.6		1.7		1.9		2.1		0.0										1.8

		3		1.5		1.5		1.5		1.5		1.5		1.5		1.5		1.5		1.5		1.5		1.5										1.7

		4		1.5		1.5		1.5		1.5		1.6		1.7		2.5		3.6		9.5		7.7		11.5										1.8

		5		1.5		1.5		1.5		1.5		1.5		1.6		1.6		1.6		1.7		1.7		1.8										1.8

		6		1.6		1.6		1.6		1.6		1.6		1.6		1.6		1.6		1.6		1.6		1.7										1.9

		7		1.5		1.5		1.5		1.5		1.5		1.6		1.8		0.0		0.0		0.0		0.0				Whole row on one side failed						1.8

		8		1.6		1.6		1.6		1.6		1.7		1.8		1.9		2.0		2.1		2.1		2.2										1.9

		9		1.5		1.5		1.5		1.5		1.5		1.5		1.5		1.5		1.5		1.5		1.5										1.8

		10		1.5		1.6		1.5		1.6		1.6		1.6		1.6		1.6		1.7		1.9		2.6										1.8

		Visual inspection: SN1,  Frailed TSOP solder failure

						SN7, Whole row on one side failed

				Failure, 20% increase in resistance

				Failure, Complete open >1000 Ohms



		SN		R0 cyc		50		100		150		200		250		300		350		400		450		500

		11		1.9		2.2		2.0		2.4		3.3		0.0		0.0		0.0		0.0		0.0		0.0				Middle TSOP failure						2.3

		12		1.9		2.1		2.1		2.2		2.4		2.5		3.1		10.2		9.7		6.5		6.9										2.3

		13		2.0		2.4		3.1		3.6		4.2		5.9		6.2		7.7		11.1		12.8		18.9										2.4

		14		2.0		2.0		2.0		2.1		2.2		2.2		2.8		2.7		3.2		12.4		0.0				Not Clean lower failure?						2.4

		15		1.8		2.1		2.1		2.2		2.5		2.7		2.9		0.0		0.0		0.0		0.0										2.2

		16		1.9		2.1		2.2		2.5		4.2		8.3		6.0		5.6		11.8		11.5		14.7										2.3

		17		1.9		2.3		2.4		2.9		3.1		3.5		4.2		4.4		5.5		11.7		0.0										2.3

		18		1.8		2.4		2.5		3.2		4.3		4.7		5.3		5.6		6.4		6.9		8.1										2.2

		19		1.9		2.1		2.1		2.3		2.8		13.0		12.2		7.1		21.1		0.0		0.0				Top OK, lower failure?						2.3

		20		1.9		2.2		2.3		2.5		2.6		2.8		3.1		3.4		3.9		4.1		4.4										2.3

		Visual inspection: SN11,  Middle TSOP solderjoint failure

						SN13,  possibly lower package failure

						SN19,  Top package OK, possibly lower package failure

				Failure, 20% increase in resistance

				Failure, Complete open >1000 Ohms





















TSOP JPL Thermal Shock Test (2 Chips)

Initial Resistance (Ω)	1.5349999999999999	1.4630000000000001	1.4510000000000001	1.3720000000000001	1.4710000000000001	1.474	1.5269999999999999	1.482	1.4870000000000001	1.5369999999999999	After 50 Cycles	1.5860000000000001	1.571	1.486	1.512	1.5169999999999999	1.63	1.734	1.5609999999999999	1.637	1.823	After 100 Cycles	1.5960000000000001	1.512	1.4350000000000001	1.4930000000000001	1.4630000000000001	1.5840000000000001	1.5469999999999999	1.5609999999999999	1.5720000000000001	1.7250000000000001	After 150 Cycles	1.556	1.514	1.429	1.48	1.502	1.542	1.4710000000000001	1.5860000000000001	1.5409999999999999	1.629	After 200 Cycles	1.554	1.5129999999999999	1.4930000000000001	1.5580000000000001	1.5269999999999999	1.5049999999999999	1.5129999999999999	1.6890000000000001	1.5009999999999999	1.5680000000000001	After 250 Cycles	1.5880000000000001	1.571	1.4950000000000001	1.663	1.603	1.522	1.5920000000000001	1.8049999999999999	1.5920000000000001	1.593	After 300 Cycles	1.59	1.64	1.4159999999999999	2.5449999999999999	1.575	1.5820000000000001	1.8280000000000001	1.887	1.5409999999999999	1.5740000000000001	After 350 Cycles	1.5209999999999999	1.694	1.405	3.5750000000000002	1.619	1.536	0	1.9950000000000001	1.5069999999999999	1.617	After 400 Cycles	1.609	1.8859999999999999	1.45	9.4589999999999996	1.6619999999999999	1.5960000000000001	0	2.0670000000000002	1.575	1.74	After 450 Cycles	1.577	2.1429999999999998	1.478	7.7080000000000002	1.734	1.605	0	2.1240000000000001	1.516	1.85	After 500 Cycles	1.5620000000000001	0	1.4830000000000001	11.545999999999999	1.76	1.71	0	2.2109999999999999	1.51	2.5870000000000002	Resistance

TSOP JPL Thermal Shock Test (4 Chips)

Initial Resistance (Ω)	1.9279999999999999	1.9319999999999999	2.0110000000000001	1.883	1.8120000000000001	1.8939999999999999	1.9019999999999999	1.841	1.9079999999999999	1.9119999999999999	After 50 Cycles	2.161	2.2090000000000001	2.44	1.98	2.056	2.1320000000000001	2.3079999999999998	2.3540000000000001	2.2149999999999999	2.2080000000000002	After 100 Cycles	2.0329999999999999	2.1110000000000002	3.0680000000000001	1.994	2.129	2.1869999999999998	2.4239999999999999	2.5289999999999999	2.1019999999999999	2.2890000000000001	After 150 Cycles	2.359	2.157	3.5670000000000002	2.0870000000000002	2.2330000000000001	2.464	2.855	3.23	2.298	2.4540000000000002	After 200 Cycles	3.3010000000000002	2.371	4.1710000000000003	2.1509999999999998	2.468	4.1769999999999996	3.0950000000000002	4.3170000000000002	2.7519999999999998	2.597	After 250 Cycles	0	2.528	5.9429999999999996	2.1549999999999998	2.7160000000000002	8.2880000000000003	3.5009999999999999	4.6680000000000001	13.041	2.7749999999999999	After 300 Cycles	0	3.0609999999999999	6.1660000000000004	2.7709999999999999	2.92	6.02	4.1680000000000001	5.3449999999999998	12.247	3.077	After 350 Cycles	0	10.159000000000001	7.6740000000000004	2.657	0	5.6289999999999996	4.43	5.6109999999999998	7.077	3.3620000000000001	After 400 Cycles	0	9.6709999999999994	11.141999999999999	3.1819999999999999	0	11.807	5.4850000000000003	6.4240000000000004	21.088000000000001	3.9079999999999999	After 450 Cycles	0	6.5129999999999999	12.798	12.43	0	11.494999999999999	11.739000000000001	6.9320000000000004	0	4.1340000000000003	After 500 Cycles	0	6.8810000000000002	18.904	0	0	14.715999999999999	0	8.1270000000000007	0	4.359	Resistance



Resistance Values

				Initial Resistance (Ω)		50		100		150		200		250		300		350		400		450		500

		1		1.535		1.586		1.596		1.556		1.554		1.588		1.59		1.521		1.609		1.577		1.562

		2		1.463		1.571		1.512		1.514		1.513		1.571		1.64		1.694		1.886		2.143		0

		3		1.451		1.486		1.435		1.429		1.493		1.495		1.416		1.405		1.45		1.478		1.483

		4		1.372		1.512		1.493		1.48		1.558		1.663		2.545		3.575		9.459		7.708		11.546

		5		1.471		1.517		1.463		1.502		1.527		1.603		1.575		1.619		1.662		1.734		1.76

		6		1.474		1.63		1.584		1.542		1.505		1.522		1.582		1.536		1.596		1.605		1.71

		7		1.527		1.734		1.547		1.471		1.513		1.592		1.828		0		0		0		0

		8		1.482		1.561		1.561		1.586		1.689		1.805		1.887		1.995		2.067		2.124		2.211

		9		1.487		1.637		1.572		1.541		1.501		1.592		1.541		1.507		1.575		1.516		1.51

		10		1.537		1.823		1.725		1.629		1.568		1.593		1.574		1.617		1.74		1.85		2.587

		11		1.928		2.161		2.033		2.359		3.301		0		0		0		0		0		0

		12		1.932		2.209		2.111		2.157		2.371		2.528		3.061		10.159		9.671		6.513		6.881

		13		2.011		2.44		3.068		3.567		4.171		5.943		6.166		7.674		11.142		12.798		18.904

		14		1.883		1.98		1.994		2.087		2.151		2.155		2.771		2.657		3.182		12.43		0

		15		1.812		2.056		2.129		2.233		2.468		2.716		2.92		0		0		0		0

		16		1.894		2.132		2.187		2.464		4.177		8.288		6.02		5.629		11.807		11.495		14.716

		17		1.902		2.308		2.424		2.855		3.095		3.501		4.168		4.43		5.485		11.739		0

		18		1.841		2.354		2.529		3.23		4.317		4.668		5.345		5.611		6.424		6.932		8.127

		19		1.908		2.215		2.102		2.298		2.752		13.041		12.247		7.077		21.088		0		0

		20		1.912		2.208		2.289		2.454		2.597		2.775		3.077		3.362		3.908		4.134		4.359



TSOP JPL Thermal Shock Test (2 Chips)

Initial Resistance (Ω)	1.5349999999999999	1.4630000000000001	1.4510000000000001	1.3720000000000001	1.4710000000000001	1.474	1.5269999999999999	1.482	1.4870000000000001	1.5369999999999999	After 50 Cycles	1.5860000000000001	1.571	1.486	1.512	1.5169999999999999	1.63	1.734	1.5609999999999999	1.637	1.823	After 100 Cycles	1.5960000000000001	1.512	1.4350000000000001	1.4930000000000001	1.4630000000000001	1.5840000000000001	1.5469999999999999	1.5609999999999999	1.5720000000000001	1.7250000000000001	After 150 Cycles	1.556	1.514	1.429	1.48	1.502	1.542	1.4710000000000001	1.5860000000000001	1.5409999999999999	1.629	After 200 Cycles	1.554	1.5129999999999999	1.4930000000000001	1.5580000000000001	1.5269999999999999	1.5049999999999999	1.5129999999999999	1.6890000000000001	1.5009999999999999	1.5680000000000001	After 250 Cycles	1.5880000000000001	1.571	1.4950000000000001	1.663	1.603	1.522	1.5920000000000001	1.8049999999999999	1.5920000000000001	1.593	After 300 Cycles	1.59	1.64	1.4159999999999999	2.5449999999999999	1.575	1.5820000000000001	1.8280000000000001	1.887	1.5409999999999999	1.5740000000000001	After 350 Cycles	1.5209999999999999	1.694	1.405	3.5750000000000002	1.619	1.536	0	1.9950000000000001	1.5069999999999999	1.617	After 400 Cycles	1.609	1.8859999999999999	1.45	9.4589999999999996	1.6619999999999999	1.5960000000000001	0	2.0670000000000002	1.575	1.74	After 450 Cycles	1.577	2.1429999999999998	1.478	7.7080000000000002	1.734	1.605	0	2.1240000000000001	1.516	1.85	After 500 Cycles	1.5620000000000001	0	1.4830000000000001	11.545999999999999	1.76	1.71	0	2.2109999999999999	1.51	2.5870000000000002	Resistance

TSOP JPL Thermal Shock Test (4 Chips)

Initial Resistance (Ω)	1.9279999999999999	1.9319999999999999	2.0110000000000001	1.883	1.8120000000000001	1.8939999999999999	1.9019999999999999	1.841	1.9079999999999999	1.9119999999999999	After 50 Cycles	2.161	2.2090000000000001	2.44	1.98	2.056	2.1320000000000001	2.3079999999999998	2.3540000000000001	2.2149999999999999	2.2080000000000002	After 100 Cycles	2.0329999999999999	2.1110000000000002	3.0680000000000001	1.994	2.129	2.1869999999999998	2.4239999999999999	2.5289999999999999	2.1019999999999999	2.2890000000000001	After 150 Cycles	2.359	2.157	3.5670000000000002	2.0870000000000002	2.2330000000000001	2.464	2.855	3.23	2.298	2.4540000000000002	After 200 Cycles	3.3010000000000002	2.371	4.1710000000000003	2.1509999999999998	2.468	4.1769999999999996	3.0950000000000002	4.3170000000000002	2.7519999999999998	2.597	After 250 Cycles	0	2.528	5.9429999999999996	2.1549999999999998	2.7160000000000002	8.2880000000000003	3.5009999999999999	4.6680000000000001	13.041	2.7749999999999999	After 300 Cycles	0	3.0609999999999999	6.1660000000000004	2.7709999999999999	2.92	6.02	4.1680000000000001	5.3449999999999998	12.247	3.077	After 350 Cycles	0	10.159000000000001	7.6740000000000004	2.657	0	5.6289999999999996	4.43	5.6109999999999998	7.077	3.3620000000000001	After 400 Cycles	0	9.6709999999999994	11.141999999999999	3.1819999999999999	0	11.807	5.4850000000000003	6.4240000000000004	21.088000000000001	3.9079999999999999	After 450 Cycles	0	6.5129999999999999	12.798	12.43	0	11.494999999999999	11.739000000000001	6.9320000000000004	0	4.1340000000000003	After 500 Cycles	0	6.8810000000000002	18.904	0	0	14.715999999999999	0	8.1270000000000007	0	4.359	Resistance



Fail-com1

				Initial Resistance (Ω)		50		100		150		200		250		300		350		400		450		500

		1		1.535		1.586		1.596		1.556		1.554		1.588		1.59		1.521		1.609		1.577		1.562		lead solder failure

		2		1.463		1.571		1.512		1.514		1.513		1.571		1.64		1.694		1.886		2.143		0

		3		1.451		1.486		1.435		1.429		1.493		1.495		1.416		1.405		1.45		1.478		1.483

		4		1.372		1.512		1.493		1.48		1.558		1.663		2.545		3.575		9.459		7.708		11.546

		5		1.471		1.517		1.463		1.502		1.527		1.603		1.575		1.619		1.662		1.734		1.76

		6		1.474		1.63		1.584		1.542		1.505		1.522		1.582		1.536		1.596		1.605		1.71

		7		1.527		1.734		1.547		1.471		1.513		1.592		1.828		0		0		0		0		Whole row on one side failed

		8		1.482		1.561		1.561		1.586		1.689		1.805		1.887		1.995		2.067		2.124		2.211

		9		1.487		1.637		1.572		1.541		1.501		1.592		1.541		1.507		1.575		1.516		1.51

		10		1.537		1.823		1.725		1.629		1.568		1.593		1.574		1.617		1.74		1.85		2.587

		11		1.928		2.161		2.033		2.359		3.301		0		0		0		0		0		0		Middle TSOP failure

		12		1.932		2.209		2.111		2.157		2.371		2.528		3.061		10.159		9.671		6.513		6.881

		13		2.011		2.44		3.068		3.567		4.171		5.943		6.166		7.674		11.142		12.798		18.904

		14		1.883		1.98		1.994		2.087		2.151		2.155		2.771		2.657		3.182		12.43		0		Not Clean lower failure?

		15		1.812		2.056		2.129		2.233		2.468		2.716		2.92		0		0		0		0

		16		1.894		2.132		2.187		2.464		4.177		8.288		6.02		5.629		11.807		11.495		14.716

		17		1.902		2.308		2.424		2.855		3.095		3.501		4.168		4.43		5.485		11.739		0

		18		1.841		2.354		2.529		3.23		4.317		4.668		5.345		5.611		6.424		6.932		8.127

		19		1.908		2.215		2.102		2.298		2.752		13.041		12.247		7.077		21.088		0		0		Top OK, lower failure?

		20		1.912		2.208		2.289		2.454		2.597		2.775		3.077		3.362		3.908		4.134		4.359

																										General- In a case of 2 stack, clearly top solder joint failed

																										In case of 4 stack, top solder joints are clearly good, no signs of stress mark, but middle joint (no lead, leads were cut) possibly fail or in some case possibly bottom.  Need cross-sectioning?



TSOP JPL Thermal Shock Test (2 Chips)

Initial Resistance (Ω)	1.5349999999999999	1.4630000000000001	1.4510000000000001	1.3720000000000001	1.4710000000000001	1.474	1.5269999999999999	1.482	1.4870000000000001	1.5369999999999999	After 50 Cycles	1.5860000000000001	1.571	1.486	1.512	1.5169999999999999	1.63	1.734	1.5609999999999999	1.637	1.823	After 100 Cycles	1.5960000000000001	1.512	1.4350000000000001	1.4930000000000001	1.4630000000000001	1.5840000000000001	1.5469999999999999	1.5609999999999999	1.5720000000000001	1.7250000000000001	After 150 Cycles	1.556	1.514	1.429	1.48	1.502	1.542	1.4710000000000001	1.5860000000000001	1.5409999999999999	1.629	After 200 Cycles	1.554	1.5129999999999999	1.4930000000000001	1.5580000000000001	1.5269999999999999	1.5049999999999999	1.5129999999999999	1.6890000000000001	1.5009999999999999	1.5680000000000001	After 250 Cycles	1.5880000000000001	1.571	1.4950000000000001	1.663	1.603	1.522	1.5920000000000001	1.8049999999999999	1.5920000000000001	1.593	After 300 Cycles	1.59	1.64	1.4159999999999999	2.5449999999999999	1.575	1.5820000000000001	1.8280000000000001	1.887	1.5409999999999999	1.5740000000000001	After 350 Cycles	1.5209999999999999	1.694	1.405	3.5750000000000002	1.619	1.536	0	1.9950000000000001	1.5069999999999999	1.617	After 400 Cycles	1.609	1.8859999999999999	1.45	9.4589999999999996	1.6619999999999999	1.5960000000000001	0	2.0670000000000002	1.575	1.74	After 450 Cycles	1.577	2.1429999999999998	1.478	7.7080000000000002	1.734	1.605	0	2.1240000000000001	1.516	1.85	After 500 Cycles	1.5620000000000001	0	1.4830000000000001	11.545999999999999	1.76	1.71	0	2.2109999999999999	1.51	2.5870000000000002	Resistance

TSOP JPL Thermal Shock Test (4 Chips)

Initial Resistance (Ω)	1.9279999999999999	1.9319999999999999	2.0110000000000001	1.883	1.8120000000000001	1.8939999999999999	1.9019999999999999	1.841	1.9079999999999999	1.9119999999999999	After 50 Cycles	2.161	2.2090000000000001	2.44	1.98	2.056	2.1320000000000001	2.3079999999999998	2.3540000000000001	2.2149999999999999	2.2080000000000002	After 100 Cycles	2.0329999999999999	2.1110000000000002	3.0680000000000001	1.994	2.129	2.1869999999999998	2.4239999999999999	2.5289999999999999	2.1019999999999999	2.2890000000000001	After 150 Cycles	2.359	2.157	3.5670000000000002	2.0870000000000002	2.2330000000000001	2.464	2.855	3.23	2.298	2.4540000000000002	After 200 Cycles	3.3010000000000002	2.371	4.1710000000000003	2.1509999999999998	2.468	4.1769999999999996	3.0950000000000002	4.3170000000000002	2.7519999999999998	2.597	After 250 Cycles	0	2.528	5.9429999999999996	2.1549999999999998	2.7160000000000002	8.2880000000000003	3.5009999999999999	4.6680000000000001	13.041	2.7749999999999999	After 300 Cycles	0	3.0609999999999999	6.1660000000000004	2.7709999999999999	2.92	6.02	4.1680000000000001	5.3449999999999998	12.247	3.077	After 350 Cycles	0	10.159000000000001	7.6740000000000004	2.657	0	5.6289999999999996	4.43	5.6109999999999998	7.077	3.3620000000000001	After 400 Cycles	0	9.6709999999999994	11.141999999999999	3.1819999999999999	0	11.807	5.4850000000000003	6.4240000000000004	21.088000000000001	3.9079999999999999	After 450 Cycles	0	6.5129999999999999	12.798	12.43	0	11.494999999999999	11.739000000000001	6.9320000000000004	0	4.1340000000000003	After 500 Cycles	0	6.8810000000000002	18.904	0	0	14.715999999999999	0	8.1270000000000007	0	4.359	Resistance
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Optical Images for 2D TC Results

Shift in lead and
solder failure
was common for
TSOP
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Optical Images for 4D TC Results
!

Failure of DFN
solders was
common for 4D
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3D X-ra Images for 2D Stack

X-ray detects TSOP
Configuration, but
not failure
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3D X-ray Images for 4D Stack

3D X-ray shows
internal lay up of
TSOP/DFN, but not
solder failures of
DFN
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Summary

m 3D TSOP/DFN
- 2-high 3D stack
- 4-high 3D stack
- TC {-55C/125°C)
m Reliability
- 2-high Failure>250 cycles
- 4-high Failure >300 cycles

m Verified failures by Visual/X-ray

2-high and 4-high TSOP/DFN 3D stack DID NOT meet minimum
high-reliability requirement

Other 3D TSOP and BGAs have considered for high- reliability
applications
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3D TSOP for Hi-Rel
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