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ABSTRACT

A study has been made which investigates the electrical stability of silver filled
organic die-attach adhesives in functioning devices. A sampling of
adhesives was taken from those currently available in the industry and included "new and
old generation” epoxies, polyimides and thermoplastic materials. Silver-chrome backed
NPN 2N3055 bipolar transistors were bonded to nickel/Kovar headers with the adhesives
and saturation voltage (VceSat) measurements made both initially and after thermal
aging. The electrical performances of the adhesives, manifested by the relative
stability of their VceSat signals were compared amongst themselves as well as to that of
eutectically bonded devices. Factors which possibly influence the electrical behavior
of the adhesives are examined and include the chemistry and morphology of silver flake
as well as adhesive bondline thickness and device backside metallization.

In addition to electrical stability, thermal performance is another parameter which
is extremely critical to power devices. The die attach adhesives and eutectic devices
have been investigated for their thermal response when used to bond medium power,
bipclar transistors. The devices were bonded to TO-3 headers, with heat sinks, and
relative thermal resistance measurements made among the silver filled die-attach
adhesives and eutectically bonded devices. The Junction to case Therma. Resistance,
(8jc) was investigated as it relates to bond-line thickness, thermal aging character-
istics, and the percent area of the die covered. Bulk thermal conductivity is compared
to thermal resistance and factors affecting 8jc performance are discussecd.

INTRODUCTION

For nearly two decades, organic die at- adhesives when used to attach the collec-~
tach adhesives have enjoyed success irn tor of a common, medium power bipolar
the fabrication of "high-rel," hybrid transistor. VceSat and ©jc of these
microcircuits. More recently, a military devices were measured initially and at in-
specification has been proposed, designed tervals during 1000 hrs storage at 150°C.
to foment the development of newer, more Also, the collective performance of the
reliable adhesives than the '"first and organically attached devices was compared
second generation" adhesives that have to that of the same device attached wiczh

been in use. Thus, third generation adhe-
sives have become available, making
claims to the reliability promised by
Method 5011 of MIL-STD 883. These adhe-
sives are predominantly single component,
ionically pure, silver loaded epoxies.
Method 5011 specifies minimum require-
ments for a number of material properties
including volume resistivity and thermal
conductivity. In general, many of the
5011 epoxies exhibit similar bulk elec-
trical and thermal properties. However,
low volume resistivity and high thermal
conductivity do not necessarily insure
that the adhesive will perform reliably
in a functioning device. Therefore, a
program was initiated to investigate and
compare the electrical and thermal stabi-
lity of some of these third generation

golder.

Preparation of Test Samples

Six epoxies from three manufacturers
were included in the test program (Table
I). Four of the epoxies claimed full
compliance to Method 5011 as Type 1
adhesives. Another epoxy was described
by its manufacturer as ‘"snap-curable."®
Also, a first generation adhesive with a
proven record of reliability was includec.

Motorola NPN 2N3055 bipolar transistors
were bonded to nickel/Kovar TO-3 headers
with adhesives A-E. This particular tranr-
sistor was chosen because its operating
temperature range. of -65°C to +200°C
mimics the operating temperature range of
many silver filled epoxies. Also, the
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performance of organic adhesives in a
common medium power device that is norm-
ally solder attached, could be examined.
The backside metallization of these
devices consisted of approximately 5000 A
of titanium/nickel/silver alloy and the
headers had previously been cleaned with
acetone

For VceSat studies, the adhesives were
stencilled onto the ribbed heat sinks to
a thickness of 2 mils. For ©jc studies,
the adhesives were stencilled to a thick-
ness of 2, 3, and 4 mils. The die were
Placed by hand with minimum pressure to
insure proper wetting by the epoxy. The
adhesives were cured to the manufact-
urers’ specification,although recommended
cure times were doubled to insure com-
Plete cure.

Ten samples were prepared for each
S@pPOXYy at each thickness and all devices
were wire bonded with 10 mil aluminum
wire.Final preparation of the €jc samples
included spray painting the surface of
the transistor with a black paint of
known emissivity.

A number of packaged 2N3055 transistors
were obtained from the manufacturer and
were included in the study as a control.
The collectors of these die had been
attached to the nickel/Kovar headers with
the manufacturers' proprietary solder
(Figure I).

VceSat Measurements

VcesSat measurements were made on a
Tektronix 577 Curve Tracer equipped with
a 177 standard Test Fixture and a TO-3
sample holder.

The VceSat of a transistor is a measure
of the voltage between its collector and
emitter when the base current is satur-
ated. For an NPN 2N3055 transistor, sat-
uration occurs when a current of 400mA dC
is applied to the base and 4 AdC to the
collector at a 2% duty cycle. VceSat was
measured on all test devices prior to
elevated temperature storage and all
values reported represent the average of
ten samples. The devices were then stored
at 150°C in an air environment for a
total of 1000 hours and VceSat measure-
ments were made at 100 hours intervals.

Results and Discussion

In a bipolar transistor, the voltage be-
tween the collector and emitter (Vece) is
the product of the collector current and
the resistance between collector and
emitter. The die-attach adhesive acts as
a resistor in series with the intrinsic
resistance of the semiconductor, and con-
tributes to the total CE re&istance.

Given that the resistance of the
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semiconductor from die to die is essen-
tially constant,Vcesat ig actually a rela-
tive measurement of the resistance of the
epoxy in the circuit. There is little dif-
ference among the volume resistivities of
many commercially available silver filled
die-attach adhesives, s0 it might be
expected that they would exhibit similar
electrical behavior when used to attach
the same device. However, VceSat tests the
electrical performance of the adhegive as
it functions in an actual device. The re-
sults of this study suggest that less
parity exists among the adhesives than
might have been implied by equivalent bulk
electrical properties.

Adhesives C, D and E were 5011 compliant
materials. Devices assembled with each of
these adhesives exhibited fairly low
VceSats,although-E appeared ‘to be slightly
kore stable over the 1000 hours burn in.
Adhesive F was also a 5011 compliant mat-
erial,but not only did its devices display
the highest Vcesat of any of the materials
tested, they also exhibited the largest
increase after thermal aging. Initial vce-
Sat of adhesive B devices was low but con-
tinued to drift upward. The initial VceSat
of devices assembled with adhesive A, a
first generation epoxXy, was low, approach-
ing that observed with soldered control
devices. These devices also exhibited the
best stability over the 1000 hours period.
(Table II and Figure II).

If an epoxy is to be used for attaching
power sgemiconductors, it is particularly
important that it not contribute signifi-
cantly to the total resistance in the
device. High resistance means that power
is being wasted as more electrical energy
is converted to heat.. The result is a de-
vice that is operating not only less
efficiently, but also at a higher tempera-
ture. VceSat, a relative measurement of
this resistance should be low and stable.

The manufacturer specifies the maximur
VceSat for fN3055 bipolar transistor to be
1.1 Volts. The average VceSat of the
soldered devices included in this study
was 0.43 Volts.

The following conclusions could be drawn
from this portion of the study:

1. NPN 2N3055 transistors that were solder
attached gave the lowest initial VceSat
and exhibited the best electrical sta-
bility after thermal aging.

2. Most of the epoxies tested produced
devices that exhibited initial VceSats
approaching that of soldered devices.
While all of the epoxies showed elect-
trical instability over thermal aging,
some were fairly stable and might be
considered for attaching the 2N3033
transistor and possibly other medium
power devices.

3. Adhesives C, D and E were all 5011



compliant materials, with adhesive D
producing devices with the lowest,most
stable VceSat of the group. Adhesive
F, another 5011 compliant epoxy, gave
the highest and least stable VceSat of
of the epoxies tested.

4. Adhesive A produced devices whose Vce-
Sat was the lowest and most stable of
of any of the epoxies tested. Although
the performance of this epoxy came
closest to that of solder,it could not
be used in military hybrid microcir-
cuits that must be built according to
MIL-STD-883.

Thermal Resistance Measurements

Equally important to the electrical
performance of the die-attach adhesive in
power devices is its ability to dissipate
heat away from the device. Junction to
case Thermal Resistance (6jc) of NPN
2N3055 transistors assembled with the gix
die-attach epoxies was examined. For
the 2N3055 transistor, the manufacturer
specifies a maximum operating temperature
of 200°C. Therefore, the temperature in-
crease due to the thermal impedance of
the die-attach adhesive must not be sub-
stantial as to cause failure of the de-
vice.

The purpose of this portion of the
study was to compare the thermal perform-

ance of silver filled epoxies to that of

solder in medium power devices. Also,
relative thermal performances of the six
epoxies included in this study were exam-
ined as well as the effect of the epoxy
bondline thickness on 8jc.

Thermography invelves the determination
of the temperature of a body by measuring
the infrared energy emitted from it. In
this study, the junction temperature of
bipolar transistors assembled with silver
epoxy was determined using I.R.  Thermo-
graphy and the information was used to
calculate bondline thermal resistance
contributed to the device by the epoxy.

An Agema Thermovision 782 system was
used to make temperature measurements
(Figure IIll. This system operates on the
theory of blackbody radiation explained
by Kirchoff's Laws and a detailed expla-
nation of ths theory can be found in the
literature.

The technique involved focusing the
I.R. camera, internally referenced to
-177°C, onto the surface of a powered
2N3055 transistor. As the device heated
up, it emitted electromagnetic radiation
whose wavelength was in the range o6f 2 to
10 microinches. This radiation was de-
tected by the I.R. sensor in the camera
and was converted to the. absolute temper-
ature of the device through a series of
calculations based on Planck’'s Law,

Wein's Displacement Law and the Stefan-
Boltzmann Law of Radiation.

The transistors and heat sinks had prev-
vously been coated with a flat mat, black
paint that had an emissivity of 0.97. This
was done to standardize the emissivities
of the semiconductor which might have dif-
fered slightly from die to die and also to
make the die as close to blackbodies as
possible.

The Thermogram in Figure IV shows a typi-
cal "thermal picture” of a powered 2N3055
transistor. A color coded temperature gra-
dient, accurate to 0.1°C was produced and
recorded on the thermogram. The collector
junction of the transistor was represented
by the highest temperature on the thermo-
gram while the heat sink was at the lowest
temperature. The devices were powered to
18 watts and once the temperature of the
die/heatsink system had equilibrated, 10
temperature measurements were made. The
thermal resistance of the device was then
calculated using the formula below:

T junction - T case
8jCc= mm-eesesccccccooooooooo = *C/Watt

Results and Discussion

The first set of thermal measurements
made established the initial 8jc charac-
teristics of the seven materials in the
study. The data in Figure V displays this
initial data prior to high temperature
storage. Those devices attached with
solder exhibited the lowest average ther-
mal resistance observed to be 0.30°C/Wwatt
This echoes the typical 6jc value (0.2-
0.3) published by the -manufacturer for the
2N30535 transistor. The maximum ©jc for
this device is specified as 1.52°C/watt.

The €jc values observed of the devices
assembled with the six epoxies varied
considerably, from a low 0.31°C/watt
(adhesive B) to a high of 1.45°C/Watt
(adhesive E). The data demonstrates that
devices assembled with epoxies A and B
exhibited thermal resistances approxima-
ting that acheived with solder. 0Of inter-
est is that adhesive A was a first genera-
tion epoxy with an established history of
performance as a die-attach adhesive in
high power devices. Adhesive B, whose
devices exhibited the lowest 6jc, was
designed to be a "snap-cure" epoxy for
high volume semiconductor die-attach.

The second stage of this study involved
storing the devices at 150°C and mea-
suring ©jc after 500 and 1000 hours.
By this method, the relative thermal sta-
bility of the die-attach epoxies could be
compared. The results are depicted in
Figure VI.

The soldered devices showed virtually
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no increase in thermal resistance after
150°C storage while all of -the epoxied
devices showed some increase. Devices
assembled with adhesives A and B which
exhibited the lowest initial &jc also ex-
hibited the least percent increase. De-
vices made with adhesives E and F demon-
strated increasingly high thermal imped-
ance which might have been attributable
to excessive voiding caused by continued
solvent escape during high temperature
storage. The data suggests that while
two of the epoxies gave thermal perform-
ances approaching that of solder, the
thermal stability of -the other epoxies
needs to be improved if they are to be
considered as reliable replacements for
solder in the 2N3055 transistor.

The final part of the thermal resis-
tance study was to investigate the effect
of epoxy bondline thickness on 8jc.
Soldered devices were not included in
this matrix as they were obtained
commercially and were not prepared in the
laboratory.

The data in Figure VII shows 6jc values
for devices made with each epoxy at bond-
line thickness of 2, 3, and 4 nmils.
Unfortunately, the thermal resistance
values for adhesives E and F at 3 and 4
mils were so high as to be immeasurable.
Of the remaining four adhesives, the data
clearly indicates that a bondline thick-
ness of 2 mils contributed to the lowest
thermal resistance. Presumably, a thinner
bondline provides a more direct path for
heat transfer. The increased distance
that heat must travel,as well as the pos-
sibility of entrapped air causing "hot-
spots,” might have contributed to the in-
crease in ©@jc observed with increasing
bondline thickness. The data suggests
that bondline thickness would need to be
controlled when using silver epoxies to
attach power devices.

The following conclusions could be made
from this portion of the study:

1. Solder as the medium for attaching
2N3055 transistors gave the lowest and
most stable thermal resistance.

2. Devices assembled with adhesives A and
B exhibited thermal resistance values
close to those observed with soldered
devices.

3. A bondline thickness of 2 mils gave
the lowest thermal resistance with all
the silver epoxies tested.

4. Of the adhesives designed to meet
Method 5011, only one gave 8jc values
comparable to those achieved with the
best performing silver die-attach
epoxy currently in use.

SUMMARY

The results of this study suggest that
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for an NPN 2N3055 transistor, a solder at-
tach produced the most reliable electrical
and thermal bond, both initially and after
thermal aging at 150°C.However,some of the
silver filled epoxies examined performed
nearly as well as soclder and might be con-
sidered as its substitute in this and
other medium power devices. Although the
epoxies spawned by Method 5011 promise
better performance and higher reliability
than their first and second generation
precursors, none of the four 5011 adhe-
sives considered by this study outper-
formed adhesive A, a first generation
epoxy. - Yet, this epoxy can no longer be
used once Method 5011 is released, because
it does not satisfy all of the require-
ments of the sgpecifications. However,
adhesives E and F which exhibited the
worst electrical and thermal performance
of any of the epoxies examined, are both
compliant to 5011 and can be approved for
"high-rel" military applications.

‘REFERENCES
1. Motorola Power Data Book, Motorola

Power Products Division, Motorola Inc.
1982, Edition 3

2. Elements of Infrared Technology:
Generation, Transmission and Detection
P. W. Kruse, L. D, McGlauchlin,

R. B. McQuistan Wiley, 1975

3."New Epoxy Systems for Microelectronics"”
Fég. Kulesza, Epoxy Technology Inc.,
1976




»
/ -
-
. A
: P . . -
Figure 1: NPN 2N3055 Transistors Bonded to TO-3

Headers for VceSAT, 8jc Measurements




