Cel - 91199 -=5

Survivability of Soldered Leadless Chip Carriers
After Temperature Cycling

Kansas City Division

L. R. Zawicki,

B. W. Lenhardt, and

F. R. Smith
KCP-613-5388
Published September 1994

Approved for public release; distribution is unlimited.

-» e _ ) l
Prepared Under Contract Number DE-ACQ4-76-DP00613 for the @“IedSIQna

United States Department of Energy AEROSPACE

DISTRIBUTION OF THIS DOCUMENT IS UNLUVITEDR

P N T e T A (3 o s v o v s s s i ar TSP ST P2 ¢ n Ui T & 1 (25,2 /e St M £ L PR, b S B A LN T A e ey S I A LA (LA A /M 0 PR AT 2 o s o0 e o b Crdman o can .- -



DISCLAIMER

Portions of this document may be illegible
in electronic image products. Images are
produced from the best available original

document.

I~ A e N o r

TISIORSITEAN T A 0 L
v atceantrii SN



DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsibility
for the accuracy, completeness, or usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately owned rights. Reference herein to
any specific commercial product, process, or service by trade name, trademark, manufacturer, or
otherwise, does not necessarily constitute or imply its endorsement, recommendation, or favoring
by the United States Government or any agency thereof. The views and opinions of authors
expressed herein do not necessarily state or reflect those of the United States Government or any
agency thereof.

Printed in the United States of America.
This report has been reproduced from the best available copy.

Available to DOE and DOE contractors from the Office of Scientific and Technical information,
P. O. Box 62, Oak Ridge, Tennessee 37831; prices available from (615) 576-8401, FTS 626-8401.

Available to the public from the National Technical Information Service, U. S. Department of
Commerce, 5285 Port Royal Rd., Springfield, Virginia 22161.

Copyright © 1994 by AlliedSignal Inc. The Government is granted for itself and others acting on its
behalf a paid-up, nonexclusive, irrevocable worldwide license in this data to reproduce, prepare
derivative works, and perform publicly and display publicly.

AlliedSignal Inc.
Kansas City Division
A prime contractor with the United States P.O. Box 419159

Department of Energy under Contract Number Kansas City, Missouri
DE-ACQA4-76-DP00613. 64141-6159




KCP-613-5388
Distribution Category UC-706

Approved for public release; distribution is unlimited.

SURVIVABILITY OF SOLDERED LEADLESS CHIP CARRIERS
AFTER TEMPERATURE CYCLING

L. R. Zawicki,
B. W. Lenhardt, and
F. R. Smith

Published September 1994
Paper submitted to 27th Symposium on Microelectronics

November 15-17, 1994
Boston, MA

@IliedSignal

MASTER ™

DISTRIBUTION OF THIS DOCUMENT IS UNLIMITED

Technical Communications
Kansas City Division

Tt Tty o it oy e e T e T T Ty e — FIE I A 2 PG I A PR T B 1 Y =y e IS s AP 4 - e - - Al -



Survivability of Soldered Leadless Chip Carriers
After Temperature Cycling

L. R. Zawicki, B. W. Lenhardt, F. R. Smith
AlliedSignal Inc., Kansas City Division*
Kansas City, MO 64141-6159

Abstract

Temperature cycling evaluations were conducted on leadless chip carriers (LCCs) soldered to thick film networks
(TKNs). Various temperature ranges, rates of change, cycle times, number of cycles, and sizes of LCCs were
used. The TKNs were attached to metal backing plates with 63Sn/37Pb solder preforms using an infrared vacuum
soldering process. The LCCs were attached to Pt/Au TKNs with 63Sn/37Pb solder paste using a belt reflow
process. Visual examination and cross-sectional analysis were used to evaluate the survivability. Results were
also correlated with finite elemental analysis. Considering the initial results, possible solutions included
changing the solder from 63Sn/37Pb to SOPb/50In, deleting the metal backplate, changing the rate of change in
the temperature cycle, and/or adding leads to the large LCCs. Because of a system requirement, the rate of
change in the temperature cycle could not be changed. Since there was no long term reliability information on the
Pt/Au TKN with 50Pb/50In solder, this option was also dropped. Additional evaluations showed little difference in
the survivability of large LCC solder joints with or without the metal backing plate. The only solution left, and
one that worked very well, was to add compliant leads to the large LCCs. The final results indicated that LCCs
beyond a certain physical size required compliant leads to survive the temperature cycle requirements.

Key words: LCC, temperature cycle, J-lead

Introduction

It has been noted for several years that a
major concern in using leadless chip carriers (LCCs)
was the limitation of the LCC solder joint when
exposed to severe temperature cycles!'l. In addition,
the trend has been towards larger LCCs as chips
become larger and more dense!? . It has also been
stated that thermal cycling is an acceptable
procedure for conducting reliability testing under
accelerated conditions'® and any accelerated test
should be designed, as much as possible, on expected
field conditions'. This paper describes the
background and a solution to cracking solder joints
on large LCCs when they have been exposed to an
accelerated temperature cycle which is designed
around system requirements.

Background

For a military application, a hybrid
microcircuit (HMC) which performed logic functions
was required. The design required that a 68 pin
ceramic leadless chip carrier (LCC) of size .950 inch
X .950 inch x .095 inch along with smaller LCCs,
chip components, and packaged active devices be
soldered to a thick film network (TKN) of size 3.400
inches x 2.500 inches x .040 inch using 63Sn/37Pb
solder. The TKN was initially soldered to a Kovar
backing plate of size 3.400 inches x 2.100 inches x
.040 inch also wusing 63Sn/37Pb solder. The
assembled HMC, besides seeing an in-process
temperature cycle and electrical testing across
temperature, was required to withstand an
accelerated system temperature cycle. The in-
process temperature cycle consisted of 6 cycles
(approximately 92 minutes per cycle) with extremes
at -535°C and +100°C, no dwell at the extremes, and
a rate of change of approximately 3.3°C per minute.

* Operated for the U. S. Department of Energy under Contract Number DE-AC04-76-DP00613
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Temperature testing was performed at -55°C, +25°C,
and +90°C. The accelerated system temperature
cycle consisted of 250 cycles (approximately 124
minutes per cycle) with extremes at -55°C and
+72°C, a minimum of 30 minutes dwell at the
extremes, and a rate of change of 4°C per minute.

Electrical failures occurred after as few as
50 accelerated system temperature cycles with cracks
in the solder joint-Pt/Au interface, but only on the 68
pin LCC. Believing that the design layout may have
led to a small percentage of single print Pt/Au in the
solder areas, the solder pads were triple printed with
Pt/Au. (The original solder pads were double
printed.) The revised layout was subjected to all of
the previous tests and cycles. This time cracks,
which occurred in the solder joint, were detected
visually as early as the 24th accelerated system
temperature cycle. Again, the cracks only occurred
on the 68 pin LCC. All other soldered LCCs and
chip components showed no evidence of cracking.

Investigations were launched to determine
the root cause(s) of the cracking and to develop a
solution that could be incorporated very quickly in
order to meet production schedules.

Two theories for the cracking were
proposed: 1) a thermal mismatch between the Kovar
backplate and the TKN ceramic, and/or 2) a
mismatch between the large LCC and the TKN
ceramic. Possible solutions included changing the
solder from 63Sn/37Pb to 50Pb/50In, deleting the
Kovar backplate, changing the rate of change in the
temperature cycle, and/or adding leads to the large
LCC.

A limited evaluation did indicate that the
softer 50Pb/50In solder would eliminate the solder
cracking. However, this solution was not further
pursued because there were no long term studies on
the compatibility of Pt/Au and 50/50 lead/indium
solder available, and the time constraints of
production schedules would not allow the time to
characterize this compatibility.

The rate of change of the accelerated system
temperature cycle could not be changed because of
next assembly system requirements. -

Therefore, the only two options remaining
were removing the Kovar backplate and/or adding
leads to the large LCC.

Backplate and FEM analyses

The HMC configuration displaying
premature failures with the LCC solder joints is
shown in Figure 1. The system requirement is to

survive at least 250 cycles with no visual detection
(<30X) of solder joint cracking or electrical open.
To evaluate an assembly development failure, a test
matrix of 18 test HMCs was assembled with triple
print metalization and exposed to a number (1X to
6X) of solder reflows. Multiple reflows of the solder
was done to window the worst case processing
environment. All parts had their solder pads, via
test components, electrically daisy chained to have
continuous electrical continuity monitor during the
temperature cycles. The HMCs were inspected
visually every 25 cycles for the first 100 cycles and
50 cycles, thereafter.

The first failure occurred on the 24th cycle
as an electrical open, and 5 more units failed below
100 cycles. The failure was always on the 68 pin
LCC, and the open connection was predominantly on
the corner pins (pins 9, 10, 26, 27, 43, 44, 60, and
61). The test results for the 68 pin LCC are shown
in Figure 2. The data clearly shows the highest rate
of solder joint failure on the corner pins of the LCC.

A finite element model (FEM) was
constructed for the HMC assembly to predict the
mechanical forces developed on each of the LCC
solder connections. The material properties for the
63Sn/37Pb solder, 96% alumina TKN ceramic, 90%
alumina LCC package and Kovar backplate are
given in Figures 3 and 4. Two inputs, +25°C to
+72°C and +25°C to -55°C, were used to profile the
temperature cycling. All segments of the physical
design were modeled as simple rectangular beams
including the solder connections. The size of each
beam (TKN, LCCs, backplate) was the size of the
HMC design. The size of the LCC solder joints was
0.005 inch x 0.010 inch x 0.015 inch. All of the
structures in the analysis were allowed to deform.
The x, y, z, forces on the solder connections were
calculated. Figures 5 and 6 graphically plot the
resultant forces.

The FEM analysis showed that the forces on
the solder connections occur primarily on the corner
pins of the LCC packages, and the maximum forces
occur on the comer pins of the larger LCC
components. The direction of the forces twist and
shear the opposing corners of the LCC when the
thermal input varies from heat up (+25°C to +72°C)
to cool down (+25°C to -55°C). This rocking action
of the force enhances the joint failure.

The FEM analysis failed to validate a
laboratory experiment that the removal of the Kovar
backplate would not eliminate the solder cracking on
the 68 pin LCC.
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The empirical learned results of the
laboratory experiment and FEM analysis are that the
physical layout of the HMC (ceramic, component,
and Kovar backplate) and the overall size of the
components play an important role in the
survivability of a LCC on an HMC.

Leaded LCC evaluation

A quick and limited number of HMCs (4)
were assembled with large LCCs which had leads
soldered to the package (Figure 7). The leads were
compliant J-leads on 0.050 inch centers
manufactured for surface mount applications (Figure
8). Lead compliance has been found to be a critical
parameter in optimizing the reliability of leaded
surface mount components'”. The 4 HMCs were
subjected to the 250 accelerated system temperature
cycles. After 250 cycles, there were no indications of
any cracks in the solder joint as previously observed
on non-leaded large LCCs. At this time, it was
decided to incorporate J-leads on the large LCCs on
process prove-in material and run a larger number of
evaluation parts to validate the initial experiment.
The larger evaluation consisted of 20 HMCs
assembled with J-leaded large LCCs and 4 HMCs
assembled with non-leaded large LCCs, to be used as
a control sample. The pads of the LCCs were wire
bonded in series inside the package so the LCCs
could be monitored for electrical opens.

After 250 cycles, the non-leaded large LCCs
visually had a great number of cracks in the solder
joint, but no electrical opens. The leaded large
LCCs also had no electrical opens, but they also had
no visible evidence of any cracks in the solder joints.
To have some idea what kind of margin either of
these two groups of HMCs have to the 250 cycles,
the two groups of parts were subjected to an
additional 450 cycles. After 700 temperature cycles,
the majority of the LCCs without J-leads exhibited
some solder cracking. The J-leaded LCC solder
joints did not exhibit any cracks in the solder. One
electrical failure did occur at 600 cycles on a 20 pin
non-leaded LCC.

Conclusions

The following conclusions were reached
from the evaluations and analyses performed:

1) A softer solder, such as 50/50 lead/indium, can
eliminate solder cracking on large non-lcaded LCCs.

2) Elimination of the Kovar backplate did not
eliminate solder cracking on large non-leaded LCCs.

3) Incorporation of J-leads on large LCCs eliminated
solder cracking.

4) For the specific system requirement, LCCs of size
.460 inch x .560 inch x .102 inch and smaller did
not require leads to survive.
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Figure 5. Resultant mechanical forces at +72°C

Figure 6. Resultant mechanical forces at -55°C
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Figure 7. Evaluation HMC with leaded and nonleaded LCCs
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