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Monitoring Die-Attachment Integrity

Bernard 5. Siegal, President, Sage Enterprises, Inc., Mountain View, CA

Traditional methods of evaluating the attachment integrity of die to
substrate have been either destructive or vague. Thermal-transient test-
ing is a non-destructive method that is fast and relatively simple, and
can be used for 100% testing. Amenable to automation as well, it can
be emploved at a number of puints in the manufacturing process, and

also for users' incoming inspection.

The guest for quality in the manufacture of semi-
conductor devices and the products in which they
are used has prompted renewed interest in the ques-
tion of just how well semiconductor die are mounted
on substrates or in packages. Both semiconductor
manufacturers and users continue to seek new meth-
ods to monitor die-attachment integrity at lower cost
and higher confidence levels. The traditional ap-
proaches — die shear and X-ray photography — leave
much to be desired. To satisty modern high-per-
formance requirements, a new approach to the prob-
lem is needed.

Defining the Problem

Why is die-attachment integrity so important? The
answer is simple — lower operaling junclion tempera-
ture! All other things being equal, the better the die
attachment, the lower the junction temperature. Bath
theoretical and empirical results show that semicon-
ductor-device long-term failure rates are directly re-
lated to junction temperature. For example, the
failure probability for a semiconductor device oper-
ating at a temperature of 113°C will be twice as great
as that for operation at only 100%C. Similar failure
rate differences can be calculated for other operating
temperatures,

Low-power integrated-circuit designs and tech-
nology — CMOS, for example — are usually regarded
as being less susceplible o Lemperature [failure
mechanisms by virtue of their design. Often over-
locked, however, are power densities and dynamic
power requirements. Cramming more and more cells
onto a given chip size, even assuming low-power cell
design, increases the power dissipation per unil area,
thereby ralsing junction temperature. Similarly, the
trend toward higher cycle rates also increases power
requirements and, hence, power dissipation.

Mor do linear integrated clrcults escape junction-
temperature-related problems. Offset current and
voltage drift are junction-temperature dependent,
and must be given adequate consideration to meet to-
day’s high-performance specifications. Monolithic
power amplifiers and voltage regulators also suffer
from junction-lemperature  problems, nol only
because they are power devices, but also because of
increasing power densities as manufacturers shrink
chip size in order to increase yields and reduce die
cost. '

Alternative Techniques

At the present time hwa basic techniques are used
for monitoring die-attachment integrity. Each is well
established and has a loyal following for many
specific applications. The older of the two, die shear,
is often referred to as “die push™. By means of a small
tool that often resembles a denlist's pick, sufficient
force is applied to the edge of a mounted die either to
push the die off its mounting or to fracture it. Sub-
sequent inspection of the sheared or cracked die and
the die mounting area can provide an approximate
indication of how well the die was mounted. Long
usage of the die-shear method and lack of a com-
pletely acceptable alternative have brought some
sophistication o the method. Instruments are now
available that can automatically apply an increasing
shearing force up to a predetermined limit and/ar in-
dicate the force at which shear occurs.

Even with its present level of industry acceplance,
the die-shear method presenls several major prol-
lems. Because the method is basically destructive, it
can be used on only a relatively small sample size
from a given production run. Small sample sizes lead
to low product-quality cunfidence levels. Moreover,
difficulty is encountered in attempting to place the
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tool precisely on each die lested. Finally, interpreta-
tion of dieshear results is very subjective, and dif-
ficult to correlate with actual device performance.
The second, and newer, method of evaluating die-
atltachment integrity is X-ray photography. A
mounted die/package {or substrate) combination is

placed on a plece of photographic film and then sub-
jected to a beam of X rays. Selection of the proper
X-ray potential and focus depth produces a picture of
the die attachment area on the film. Then either the
film negative itself or a print made from il can be
interpreted for void area as a percentage of total die
mounting area. Figure 1 presents a number of such
X-ray photographs of large hipolar transistor dice.

The X-ray method is burdened with many prob-
lems. Because it is difficult to distinguish exactly
among the various light and dark areas, interpreta-
tion of the pictures is very subjective. Although
basically not destructive, X-rays can damage certain
types of semiconductor devices. For certain types of
package or substrate materials, such as copper-based
TO-3 packages that are very dense and X-ray ab-
sorbent, this method becomes practically useless. In
addition, the X-ray photograph is only a lwo-dimen-
sional view of a three-dimensional object — the at-
tachment material. Its cost is often so great that the
method is normally used on only a small sample basis
in volume production applications. Only high relia-
bility requirements and/or very expensive products
can usually justify X-ray expense.

A summary of the problems associated with these
two methods must include the fact that both are
passive in nalure. Neither actually investigates that
function for which the die attachment to the mount-
ing surface is primarily inlended — heat flow. The
vast majurity of semiconductor devices in commaon
usage rely on the back side of the semiconductor die
tor the removal of heat generated within the device
junctions on the die. Without heat removal, junction
temperatures would rise 1o destructive levels — or at
least to a level that would significantly reduce
operating lile,

Thermal Translent Testing

During the past several years, thermal transient
testing has come into vogue. In this method, a tem-
perature-sensitive parameter (TSP} is measured both
before and after the application of a heating power
pulse. The difference between the initial and final TSP
values is directly proportional to the junction-temper-
ature change of the device under test (DUT). The TSP
usually chosen is the forward-biased voltage of a junc-
tion within the DUT. Table | lists several of the more
commonly used TSPs. The change in the TSP is com-
monly referred to as a differential voltage, AV,

Power is usually dissipated in the DUT by the ap-
plication of voltage that would be used in normal cir-
cuit operation. The heating-power pulse width (dura-
tion) must be long enough to allow heat to propagale
from the junction through the die 1o the die-attach-
ment interface region, but short enough to avoid
transfer of heat into the package. This provides the
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Figure 1. X-ray photographs of six large 0.250-In (6.35-mm)
square bipolar Urunsislor dice mounled on alumina
substrates. Photographs are difficult te interpret with
reapect to percent vaid area—particularly for die with large
vald areas,
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Flgure 2. Typical heating curves for power MOSFETs. The
two devices represented exhibit significantly different die-
attachment inmegrity.
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Figure 3. Healing curves for two bit-slice microprocessor
devices that exhibit significant differences in thermal
characteristlcs after heat lMow has propagated through the
device to the die-attachment region.




greatest sensitivity to die altachment variations. The
heating-power pulse amplitude should be sufficient to
cause a AY of at least 40 or 50 millivaolts, correspond-
ing to a 20°C or so change in junction temperature.
Depending upon the device being lested, lower
values of pulse amplitude may be necessary to avoid
possible device damage.

Because this method actually monitors junction
temperature changes due to applied power, there can
be little doubt that it is measuring heat-flow charac-
terlstics. A well attached die will produce a lower AV
value than a poorly atiached die if the heating pulse
width is chosen properly. Figures 2 and 3 show com-
parisons of typical “good” and “bad” die attachment
cases for bipolar transistors and integrated circuits,
respectively. Keep in mind that the thermal-transient
test technique for die-attachment evaluation is appli-
cable to all semiconductor devices — not just those
shown in the examples.

Comparlson of Methods

Table Il compares the three die-attachment-evalua-
tion methods described above, It is evident from this
table that the thermal-transient method offers many
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Figure 4. Comparison of thermal-transient {AV.) and N-ray
{percent-vold-area} methods of evaluating dic- 'l{m:hment in-
tegrity, resulling from a detailed inveatigation. Tests were
performed on & Jarge number of gale-array chips, using the
Sage Model DLAE 400 Instrument, The chips measuved ap-
proximalely 0.2-in (5-mm) square, and contained approxi-
mately S0 gates.

advantages. However, despite its clearcut advan-
tages, acceptance of the thermal-transient method
has been rather slow at best. Slow acceptance can be
lraced to several causes:
® Lack of approved test-method standards. JEDEC
and MIL-Std committees typically require con-
siderable time to formalize a test method and
receive industry approval. Suitable standards
are in the final stages of completion and ap-
proval. _
® Built-in inertia. The dynamic nature of the semi-
_conductor industry does nol always extend to
portions of its assembly and test operations.

TABLE [-COMMON TEMPERATURE-SENSITIVE PARAMETERS

Devica Typa T3P
Bipolar Tranzlstor ¥oc
Junetion FET Vaer
MOSFET Yacr
FN Dlode e
Schottky Diode Ve
LED & Laser Diade Ve
FIN Oloda Ve
Varactor Dlode Ve
Gunn Diode Ve
IMPATT Diode Van
Thyrigtor (SCR, Trlac, et Vo
Integrated Clrcuilt Ve {subatrata diods)

TABLE H-COMPARISON OF 3 MONITORING METHODS

Thermal-
Die-Shear | X:-Ray Transient
Destruclive? |Yes Maybea N
Tesl Timea Faw Several min- | < 1 second
minutes utes {Includes|
film develap-
ment)
Cata Interpre-|Subjactive | Sublective Ohbjactive
tatlon Type
Data Interpre- |Fast Slow Vary Fast
tation Speed
Measuremant |Static Static Dynamic
Type

Applicable  |Following [ Any time
Faoint in Man- (die attach- | bafore come-
ufacturing rment plata ancap-

Any tima

sulation in
most cases
Sultabllity All devices | Mol all chipd  |Almost all
package com-|devices
binations
Sample Size |Very small | Can be 100% [100%
(typically
much
smaller)
Amenable o |Mo No Yas
Automated

Testing?

TABLE Hli-X-RAY/AV COMPARISON

¥-Ray Phota Vee
{Flg. 1) (rmilllvolts) Test Conditions:
R ” by = 20 ms;
170 v'l-l =16V,
B I =25 A
c 21;: L Iy = 10mA;
o by = 15 ps.
E 126 w
F 170
-
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TABLE IV—DIEATTACHMENT MONITORING POINTS

Figure §. Block diagrams of the manufacturing process [rom
Just-attached die 1o final device use. The most loglcel dle-at-
tachment-evaluation monitoring polnts are shown circled for
the semiconductor manufacturer (a) and the semiconductor
device user (bl

# Lack of knowledge and awareness. Many peo-
ple in the electronics field have inadequate
knowledge of the thermal considerations in-
volved In the proper design and application of
semiconductor devices. This, in turn, reduces
their sensitivity to and awareness of the polen-
tial that exists for device problems that are ther-
mally related.

Current evenlts that are occurring in the semicon-
ductor/electronics industry will probably provide iLe
impetus for an accelerated rate of thermal-transient-
test acceptance. Competitive prassures on both qual-
ity and price are forcing semiconductor manufac-
turers to pay more attention to assembly procedures
that are neaded to build better devices at lower cost.
In a similar vein, semiconductor users are performing
more incoming-inspection testing on components to
ensure conformance with electrical and quality re-
quirements before these components are built into or
installed in their equipment. Competitive pressures
are also increasing the demand for knowledge about
thermal characteristics of semiconductor devices, and
are making both manufacturers and users more
aware of thermal problems.

Figure 4 shows a correlation of results between
X-ray and thermal-transient methods of evaluating
die-attachment integrity. Similar correlation can he
achieved between thermal-lransient and dieshear
methods. Table [ indicates how difficult it can be to
interpret X-ray photographs — particularly in the
case of distributed die-attachment voids.

Tast .
Point Test Type Commant
{Fig. 5)

A |Sample or 100% by | Bast place to test for dis-
manual ar sami- attachmenl inlegrily
automalic probing |becauss part has least

valua addad

B Good point to test parts

raquiring very long final
teat times

c Good point 1o lest parts

Sample o 100% | eqiring shart final tast
by manual test times

station or semi-
o automatic device |Can Incorporate tharmal-
handlar translent tesl into para-
metricifunctional testing;
scraans aut DD!&I‘IHH.I thar-
mal problems before de-
vice goes into equipment

E |Probably 100% on | Can test parls under pow-
small sample 1o er conditions at or near
haractarizal actual intandad clrcult
compareg parls operation

Application of Thermal-Transient Testing

Because a thermal-transient test employs an elec-
tronic instrument that requires only electrical connec-
tian to (rather than physical contact with) the device
under test, the test can be performed at any one of
several points in a manufacturing process, as shown
in Fig. 5 and explained in Table [V. Immediately fol-
lowing die attachment (point A} is probably the best
point at which to perform the test, fur several rea-
sons. This is the point of least value added to the
device — before wire bonding, package completion,
and final test. Here thermal-transient testing can be
implementcd on a 100% basis using automatic prob-
ing equipment, or on a sample basis with a manual
probe station. Although the former is potentially the
most desirable, it requires considerable capital equip-
ment and development for proper implementation.
The latter approach is relatively easy to install and
put into operation. Being non-destructive, quick, and
very objective {once acceptable AV limits have been
established), thermal-transient testing facilitates the
use of much greater sample sizes at low cost, resulting
in higher product-quality confidence levels. Testing at
this point in the assembly process also offers the pos-
sibility of die-attachment repair or package salvage.




Figure 6. Typlcal die-attachment-evaluation test statan for
testing Integrated clrcuits employs the Sage Model DLALE.
400/012/017 instrument together with the T.F. 40 universal
DIP test fixture. Uslng manual device Inseclion and removal,
typical device test time is less than 2 seconds.

Testing for die-attachment integrity just before or at
tinal test is most easily implemented. A very simple
setup for evaluating completely packaged integrated
circuits is shown in Fig. 6. A suitable instrument, such
as the one illustrated in Fig. 6, can be interfaced easily
to an automatic device handler for stand-alone opera-
tion, or it can be multiplexed with an automatic elec-
trical tester in final-test applications. Semiconductor
users can employ either approach as part of their
incoming-inspection testing.

The last vestige of a “black art” in the semiconduc-

tor industry — the die attachment process — is now
drawing increasing attention as quality and cost con-
siderations gain greater pruminence. Thermal-
transient testing alone won't solve all of the problems,
but it will provide a more scientific approach te moni-
toring die-attachment integrity.
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