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EVALUATION

The objective of this effort was to develop a Non Destructive Evaluation (NDE)
technique and accept/reject criteria for the assessment of the quality of
metallurgical bonds formed between a tape interconnect structure and the chip and
package being interconnected. The development of tape interconnect structures and
Tape Automated Bonding (TAB) technologies have received increased emphasis with
*he availability of VLSI/VHSIC microcircuits containing 1/O terminations extending
from one hundred to four hundred connections. The traditional method of using
aluminum or gold wires to accomplish the electrical interconnections is being
replaced by the polyimide tape and TAB structures. The use of these tape and TAB
structures have introduced a potential reliability problem to the VLSI microcircuits
designed to operate in the severe military environment. There is no currently
available nondestructive means to assess the structural integrity of the metallurgical
bonds formed.

Sonoscan Inc. was founded in 1973 to further develop methods of applying
Scanning Laser Acoustic Microscopy (SLAM) as a vital tool in developing product
quality and reliability. Acoustic Microscopy surpasses conventional ultrasonic
inspection techniques in resolution, detectaoility, image magnification and speed of
scan and produces images of features beneath the surface of a sample. Becayse
ultrasonic energy requires continuity of materials to propagate, internal defects such
as voids, cracks and delaminations interfere with the transmission and/or reflection
of ultrasound signals.

Under contract funding Sonoscan investigated a matrix of TAB inner and outer
lead devices with a built-in range of quality. Each bond interface was documented
acoustically and then pull-tested to develop a database upon which to formulate a
specific test method according to the criteria in the Statement of Work. The data
demonstrated good correlation between the degree of bonding and correlative tests
(destructive). This investigation was performed with acoustic microscopy techniques
which were adapted to TAB. In the case of inspecting the Inner Lead Bonds (ILB) to
silicon and the Outer Lead Bonds (OLB) to a ceramic substrate, the SLAM imaging
was found to be the optimum method for detecting fine laminar defective bonds in
the near subsurface zone,

The contractor successfully developed and documented a TAB bond integrity
test procedure that was written in the MIL-STD-383 format. For future applications,
further adjustments and modifications will continue to be made to the existing
Scanning Laser Acoustic Microscopy (SLAM) system as the need arises and as
contractor requirements are documented after field use of this TAB bond inspection
tool,

foliiein 4, dp
&%ccw . Kple 'AL/‘L,
PATRICIA 5. SPEICHER
Project Engineer




A new test is proposed for the nondestructive evaluation of metallurgical
tape bonds which interconnect a VLSI/VHSIC chip to a microcircuit package or a
substrate. The process of forming the interconnections is known as Tape
Automated Bonding, or TAB. The accepted standard of nondestructive wire pull
testing is difficult or impossible to apply to TAB and furthermore, it may be
subject to artifacts which cause severe interpretation problems. Experiments
performed in this study demonstrated the utility of Scanning Laser Acoustic
Microscopy (SLAM), in evaluating TAB bonds both at the site of the IC chip, and
at the site of the interconnection package, and the results show excellent
correlation to bond quality. Proposed additions to MIL-S5TD-883 are included in
the report.
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This study was conducted under Contract F30602-86-C~0050 by Sonoscan, Inc.,
Bensenville, IL. The contract was administered under the technical direction of
Mr. Eugene C. Blackburn and Ms. Patricia Speicher of the Rome Air Development
Center, Griffiss Air Force Base, NY.

The results of a two year study to develop a nondestructive test for
metallurgical tape bonds formed by Tape Automated Bonding (TAB) are reported
here. In the approach, Scanning Laser Acoustic Microscopy (SLAM) was adapted to
the special needs of TAB. A matrix of samples having a range of bond qualities
was obtained and the samples were used to establish evaluation parameters. New
test methods are proposed for inclusion in MIL-S5TD-883.

The Sonoscan Project Manager was Dr. Lawrence W. Kessler and engineers who
contributed to the project were Ms, Janet E. Semmens and Mr. Frank Cichanski.
The cooperation of GTE Communications Systems, Inc., Delco Electronics, and
MESA Technology, is appreciated with regards to samples used in this project.
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I. INTRODUCTION -
A. Statement of the Problem

In the process known as Tape Automated Bonding, or TAB, metallurgical bonds are
formed between a tape interconnect structure and an integrated circuit. Bonds
are also formed between the interconnect structure and the external electrical
circuit or the device package. TAB is receiving increased emphasis in VLSI and
VHSIC microcircuits because of its ability to accommodate a very higk population
density of input/output (I/0) terminations on the chip. Devices having more
than 300 I/0s and lead pitch of 4 mils are not uncommon. In comparison with
conventional wire bonding, whose interconnections are made one at a time, TAB
leads are usually gang bonded.

In high reliability situations for conventional wire bonded ICs, nondestructive
pull tests are required to be performed. Here, a tiny hook is aligned under
each of the wire loops and a carefully limited pull force is applied to test the
integrity of each bond. Bonds that do not break under the applied force arce
considered good. with high density TAB, howaever, pull tests are either
difficult or nearly impossible to perform, or if performable, are subject to
significant inaccuracies. This is usually due to the very tight geometry of TAB
which restricts the use of a hook and to a number of geometrical factors., For
example, the TAB leads are much larger in crcss-section than the wire used in
wire bonding, they are rectangular in cross-section, the spacing between the
leads is quite small leaving no zoom to insert a hook and with the flat geometry
of TAB, there is no loop on the lead for a hook to grab. Furthermore, wher a
round hook grabs a rectangular shaped lead, the pull force may have vect:. :s
which twist the lead while pulling it up, thereby causing a tearing motion ard
consequent low apparent strength. Visual inspection, scanning electron
microscope inspection, and elactrical tests are poor indicators of bond quality.
The problem is to develop a test method to assure the integrity of TAB bonds
nondestructively. )

The effort reported here employs Scanning Laser Acoustic Microscopy, SLaM, a
wvell established technique for nondestructive testing, to inspect, characterize
and ascertain the quality of TAB bonded leads to the IC chip and to a ceramic
substrate package. These bonds are referred to as inner lead bonds (ILBs) and
outer lead bonds (OLBs), respectively. In an earlier study,(l’ it was shown
that 100 MHz SLAM had the potential of determining the quality of Aau-Au
thermocompression bonds on hybrid circuits. The data obtained correlated well
with pull strength which was subsequently measured destructively. The evaluation
of bonds by SLAM does not depend upon the type of bond, e.q. Au~Au, Au-Sn, or
Pb-Sn, nor does it depend upon the type of leads or the plating, e.g. bare Cu,
Sn plated, Au plated, etc. In this study, the emphasis was placed upon Pb-Sn
bonds, although examples of Au-Au thermocompression and Au-Sn eutectic bonds are
also included. This report documents the use and effectiveness of SLAM to
determine the quality of TAB bonds of good, bad, and marginal properties. The
data base in this report consists of 1152 OLBs and 2235 ILBEs. This zreport
concludes with a series of probability curves which predict the quality of a
bond based upon SLAM measurements. Proposed test methods are included as an
Appendix for MIL-STD-883.




B. Acoustic Microscopy
1) Review of Technology and Applications

Acoustic Microscopy is the general term applied to high resolution, high
frequency ultrasonic inspection techniques which produce images of features
beneath the surface of a sample. Because ultrasonic energy requires continuity
of materials to propagate, internal defects such as voids, delaminations and
cracks interfere with the transmission and/or reflection of ultrasound signals.
Alr is a very poor conductor of ultrasound, therefore gaps within or between
samples are easily visualized by the localized changes in the ultrasound.
Acoustic microscopy is now becoming recognized as a valuable tool for
nondestructive inspection of electronic components and materials
characterization. Most of the better knkown applications are related to
microelectronic packaging, such as plastic molding compound achesion on ICs, die
attach evaluation per MIL~STD-883, method 2030, multilayer ceramic capacitors,
per MIL-C-123 and hybrid component bond evaluation.

There are three different methods that are considered to belong to the acoustic
microscopy field:

1. The Scanning Laser Acoustic Microscope (SLAM), whigh was first
reported by Korpel, Kessler, and Palermo in 1970.()

2. The Scanning Acoustic Microscope (SAM) which was first reported
reported by Lemons and Quate in 1974,

3. The improved versions of C-Scan instruments which are also referred
to as C-Mode Scanning Acoustic Microscopes (C-SAMs).

Each of these methods has a specific range of usefulness and, most often the
mathods are noncompetitive with regards to applications. That is, only one of
them will be best suited for a particular inspection problem.

As a general comparison between the methods, the SLAM is a transmission mode
instrument that creates true real-tims images of a sample throughout its entire
thickness. In operation, ultrasound is introduced to the bottom surface of the
sample by a plezoelectric transducer and the transmitted wave is detected on the
top sides by a rapidly scanning laser beam. The other two types of microscopes
are both reflection mode instruments that use a transducer with an acoustic
lens to focus the wave at or below the sample surfaces. The transducer is
mechanically translated (scanned) across the sample in a raster fashion to
create the image. SAM is designed for very high resolution images of the surface
and near surface region of a samplae. Penetration depth is limited however, to
one wavelength of sound. For example, at 200 MHz the penetration limit is about
10 microns. C-SAM is designed for moderate penetration into a samplae. It
employs a pulse~-echo transducer and the specific depth of view can be
electronically gated. C-SAM can image several millimeters down into most
samples and is ideal for analyzing at a specific depth. Because of a very large
top surface reflaction from the sample, C-SAM is not effective in the zone
imoediately below the surface. A more detailed discussion of acoustic

microscopy techniques follows:




a) SLAM Operation

A collimated beam of continuous wave ultrasound at frequencies up to several
hundred megahertz is produced by a piezoelectric transducer located beneath the
sample as illustrated in Figure 1.1. Since this ultrasound cannot travel
through air (making it an excellent tool for crack, void, and disbond detection)
a fluid couplant is used to bring the ultrasound to the sample. Distilled
water, spectrophotometric grade alcohol, or other inert fluids may be used
depending upon the concerns for sample contamination. When the ultrasound
travels through the sample, the wave is affected by the homogeneity of the
material. Wherever there are anocmalies, the ultrasound is differentially
attenuated and the resulting image reveals characteristic 1light and dark
features which correspond to the localized acoustic properties of the sample.
Multiple views can be made, as in x-ray, to determine the specific depth of a
defect.

Scanning Laser Detector

Coverslip 7

h\\ Ultrasaund

§| ﬁM" Scanning Laser Acoustic Microscopy

Transducer

Figure 1.1. Block diagram of the Scanning Laser Acoustic Microscope -
4 through transmission real-time technique that employs a
plane wave pilezoelectric transducer to generate the
ultrasound and a focused laser beam as a point source
detector of the ultrasonic signal.




A laser beam is utilized as an ultrasound destector by means of sensing the
infinitesimal displacements {rippling) at the surface of the part created by the
ultrasound. In TAB samples (which do not have polished, optically reflective
surfaces) a mirrored plastic block, or coverslip, is placed in close proximity
to the surface and is acoustically coupled with fluid. The laser is focused onto
the coverslip, which has a corresponding ripple pattern to the sample surface.
The SLAM images are produced in real-time, i.e., 30 pictures per second, and are
displayed on a high resolution video monitor. Note: In contrast to other less
accurate uses of the term "real-time"” in industry today, SLAM can be used to
watch events as they occur, such as a crack propagating under an applied stress.
The images produced by SLAM are shadowgraph mode images of structure throughout
the thickness of the sample. This has the distinct advantage, like x-ray, of
simultaneocusly viewing the entire thickness of the sample. 1In situations where
it is necessary to focus on one specific plane, holographic rsconstruction'”’
of the SLAM data can be employed.

The SLAM images also provide useful and easy to interpret quantitative data
about the sample. For example, the brightness of the image corresponds to the
acoustic transmission level. By removing the sample and restoring the image
brightness level with a calibrated electrical attenuator placed between the
transducer_and its electrical driver, precise insertion 1loss data can be
obtained. {778) Using the acoustic interference mode, the velocity of sound can
be measured in each area of the sample.(g'l ) When thase data are used to
determine regionally localized acoustic attenuation loss, modulus of elasticity,
etc., the elastic microstructure is well characterized.

The simplest geometries for SLAM imaging are flat plates or discs. However,
with proper £ixturing, complex shapes and large size samples can also be
accormodated. For example, tiny hybrid electronic components, large 10"x10"
metal plates, aircraft turbine blades and ceramic engine cylinder liner tubes
have been examined with SLAM,

b) C-SAM COperation

The C-SAM, or C-Mode Scanning Acoustic Microscope, is primarily a pulse-~echo
(reflection type) microscope that generates images by mechanically scanning a
transducer in a raster pattern over the sample. A focused spot of ultrasound is
generated by an acoustic lens assembly at frequencies typically raaging from 10
- 100 MHz. A schematic diagram {s shown in Figure 1.2. The ultrasound is
brought to the sample by a coupling medium, usually water or an inert fluid.
The angle of the rays from the lens is generally kept small in order that the
incident ultrasound does not exceed the critical angle of refraction between the
fluid coupling and the solid sample. Note that the focal distance into the
sample is shortened considerably by the liquid-solid refraction. The transducer
alternately acts as sender and receiver, being electrorically switched between
the transmit and receive modes. A very short acoustic pulse enters the sample
and return echces are produced at specific interfaces within the part. The
return times are a function of the distance from the interface toc the
tranaducer. An oscilloscope display of the echo pattern, known as an A-Scan,
clearly shows these levels and their time-distance relationships from the sample
surface. This provides a basis for investigating anomalies at specific levels
within a part. An electronic gate selects information from a specific level to



be imaged while it excludes all other echoes. The gated echo brightness-
modulates a CRT which is synchronized with the transducer position.

Pulse y Reflected
Input Pulse

N

T-Transducer
B Acoustic Energy

Sample

C-NHode Scanning Acoustic Micrescope (C-SAN)

Figura 1.2. Block diagram of the C-Mode Scanning Acoustic Microscope-
a reflection, pulse-echo technique that employs a focused
transducer-lens to generats and receive the ultrasound
signals beneath the surface of the sample.

In comparison with older conventional C-Scan type instruments which produce a
binary gray scale output on thermal paper when a signal exceeds an operator
selected threshold, the C-SAM output is displayed in full grey scale.
Furthermore, in the Sonoscan C~-SAM, the images are also color-coded with echo
polarity informtion.(l ) that is, positive echos which arise from reflection
from a higher impedance interface are displayed in a grey scale having one color
scheme, while negative echos, from reflections off of lower impedance interfaces
are displayed in a different color schemes. The purpose of this is to be able to
quantitatively determine the nature of the interface within the sample. The
Sonoscan C-S5AM is further differentiated from conventional C-Scar esquipment by
the speed of scan. Here, tne ¢transducer 1is positioned by a wvery fast




meachanical scanner which produces images in tens of seconds instead of tens of
minutes for scan areas, the size of an integrated circuit.

With regards to the depth zone of a sample that is accessible to C-SaM
techniques, it is well known that the large echo from a liquid-solid interface
(the top surface of the sampls) masks out small achos which may occur near the
surface within the solid material. This characteristic is known as the "dead
zone” and its size is usually on the order of a few wavelengths of sound or
more. FPFar below the surface, the maximum depth of penetration is determined by
the attenuation losses in the sample and also by the geometric refraction of the
acoustic rays which shorten the lsns focus by the solid material. Therafore,
depending upon the depth of interest within a sample, a proper transducer and

lens must be employed.
c.) SAM Operation

The SAM, or Scanning Acoustic Microscope, is primarily a reflection type
microscope that generates very high resolution images of surface and near
surface features of a sample by mechanically scanning a transducar in a raster
pattsrn over the sample. A diagram of this system is shown in Figure 1-3.

rassrsraassaasss

Transducer

wide angle
aperture lens

Surface
Sample

Acoustic Energy

Scanning fcoustic Microscope (SAN)

Pigure 1.3, Block diagram of the Scanning Acoustic Microscope - a
reflection mode technique that interrogates the surface
zone of a sample.
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In contrast to C~SAM, a more highly-focused spot of ultrasound is generated by a
very wide angle acoustic lens ansembly at frequencies typically ranging from 100
- 2000 MHz. The angle of the sound rays is well beyond the critical cut-off
angle, 30 that there is essentially no wave propagation into the material, other
than an evanescent wave which reaches to about one wavelength depth below the
surface. Like the other techniques, the ultrasound is brought to the sample by a
coupling medium, usually water or an inert fluid. The transducer alternately
acts as sender and receiver, being electronically switched between the transmit
and receive modes. Howevor, instead of a short pulse of acoustic energy, a long
pulse is directed towards the sanple. There is no range gating possible as in
C~-SAM due to the systam design. The returned signal level is determined by the
material slastic properties at the near-surface zone. The returned signal level
modulates a CRT which is synchronized with the transducer position. 1In this way
images are produced in a raster scan on the CRT. Similar to C-SAM, complete
images are produced in about 10 seconds. With the SAM technique operating at
very high frequencies, it is possible to achiave resolution nearing that of a
conventional optical microscope. This technique is employed in much the same
way an optical microscope is employed with the important exception that the
information cobtained relat.. to elastic properties of the material.




2) Consideration for TAB Imaging

Figure 1.4 illustrates the zones of application for all three types of acoustic
microscopy methods that are available commercially and are employed by industry.
The differences are substantial with regards to their potential for TAB
inspection. 1In the SAM technique, because of the high numerical aperture of the
lens the acoustic energy is beyond the critical angle of refraction and does not
penetrate far enough below the surface of the TAB lead to detect the bond. The
surface texture of the tape lead alsc produces highly textured features with
strong contrast which mask the subsurface detail. In addition, the distance
between the lens and the top surface of the sample is extraordinarily critical.
For the range of distances which are less than the focal length, there are
alternating image contrast reversals in the image which make it very difficult
to obtain uniform images from lead to lead on the same sample. This high
sensitivity to focus has very good application for materials characterization on
thin films and samples which have polished surfaces. The applications of SAM
appear to be more suitable for acouatical metallurgy rather than for TAB bond
svaluation.

SLAM SAM C-SAn

7
/% .

Zone of application within sample

N
ﬁ
\
B\

T Transducer
8 Laser Scanner
8 Send Pulse
R Receive Pulse

Figure 1.4. Simplified comparison of three acoustic microscopy
techniques and in particular their zones of application
within a sample.




In the C-SAM technigque, there is a "dead zone™ below the top surface of the
sample within which echos are masked out. TAB leads with thicknesses from 0.5 -~
2 mils have bond zones located in exactly the wrong place. In addition, at
reasonable frequencies that are employed in C~SAMs, the wavelength ¢f sound is
long compared with the lead thickness, thereby precluding time separation of
achoes needed to separate the front and back surfaces of the TAB lead.

with respect to the SLAM technique, the depth zone of application does not have
the restrictions of the other methods and therefors SLAM appears to be optimum
for nondestructive testing of TAB. Delamination anywhere throughout the depth
of the sample will cause severes attenuation of the ultrasound, for example, at
the lead-bump interface, bump-bondpad interface, bondpad-chip (or substrate)
interface, and including delamination of the plating(s) on the lead as well as
microcracks within the chip or substrate.

C. Pull Test and Metallurgical Examination

It is widely accepted in the electronics industry that the pull test is a
standard for wire bond quality. It is not thke only measure, of course, but a
bond must have a certain mechanical strength in order to survive the rigors of
thermal cycling, vibration and g-force testing, and other environmental
conditions which threaten the survivability of an electronic device. Thus, in
many high reliability situations, a requirement is imposed upon manufacturers
that 100% of the wize bonds in a device be nondestructively pull tested; that
is, each wire should be subjected to a2 predetermined force level which is less
than the anticipated ultimate fracture strength, but still high enough to
stimulate weak bonds to fail. 1In this manner, it can be better assured that
devices that pass, meet a standard of quality.

One of the important questions that remains is whether or not the nondestructive
pull test weakens marginal bonds. 1In the case of wire bonds, the IC chip itself
is mechanically attached (bonded) to a lead frame or to a substrate and the wire
bonds form the electrical interconnections between various points. The wire,
which may be 0.7 = 1 mil in diameter, does not perform the task of providing
mechanical support for the IC chip. 1In the case of TAB, however, the leads are
considerably larger in cross secticn than bond wires, and TAB leads may provide
the only source of mechanical support for the IC chip for a good part of the
time prior to final assembly. Good mechanical integrity of the ILBs and OLBs
are essential to achieving a high probability of successful final assembly and
test,

A problem facing any new method is to find a reference standard to which new
results can be compared. Pull test alone is not appropriate. A true
measurement of bond quality could be ascertained by metallurgical examination of
leads and corresponding bond pads that are exposed after a lead is pulled off.
This method is destructive, as 1s pull testing, however, it is not susceptible
to the same artifacts and difficulties. This technique has considerable merit
as a standard provided that inadvertent mechanical damage is not induced to the
bonds prior to nondestructive inspection. For example, a lead may be found to
have low pull strength, in agreement with low quality as determined by
nondestructive SLAM, but upon metallographic examination, a larger bond area may
be found to have existed at an earlier time in the sample’s history. This




implies that at some time after the original bonding process, but prior to SLAM
and subsequent tests, the bond had been partly damaged in handling. Therefore,
in determining how good a new test is in predicting bond quality, pull test and
metallographic examination should be performed so that inconsistencies in a

data set, if they occur, can be resolved.
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I DESCRIPTION OF SAMPLES

There are several methods of metallurgically bonding TAB tape that are commonly
employed in industry. They are gold-gold (Au-Au) thermocompression, gold-tin
{(Au=-Sn) eutectic and lead-tin (Pb-Sn) alloys. The emphasis of this program is
on the Pb-Sn type, as reJjuired by the contract and these were obtained from GTE
Communications Svstems in Northlake, IL, who provided the tape and bonding, with
the cooperation of Delco Electronics, Kokomo, IN, who provided the bumped chips.
Throughout this report these samples are referred to as the "solder™ sarples.
The techniques for nondestructive inspection of TAB bonds developed in this
study should also be useful for other, more popular types of bonding than the
Pb=-Sn. Therefore, for illustration purposes, a few samples of Au-Au
thermocompression ILBs and of Au-Sn eutectic ILBs were obtained from MESA
Technology in Mountain View, CA. These are referred to as the "MESA"™ samples in

this report,

In order to develop a test method for bond quality, it ia desirable to have
available, samples which exhibit a range of characteristics from good to bad as
defined by some standard. Therefore, the solder samples were manufactured with
a wide range of quality by purposely altering the bonding parameters i.e.,
temperature, thermode pressure, and dwell time. Each parameter was deviated
from the norm in a positive and negative direction, thereby creating a 3x3x3
matrix of possibilities. Not all of the samples survived because of the extreme
fragility of the worst ones, but a sufficiently wide range of quality samples
was available for use in this study. Figure 2~1 illustrates the matrix of
variables and the sample identification numbers for the solder ILBs; Fig. 2-2
illustrates the same for the solder OLBs. Figure 2-3 is a photograph of the
test chip with the inner lead bond wires attached. Figure 2-4 is a photograph
of the test chip after it has been outer lead bonded to a 2"x2™ alumina
substrate. The specifications of the bond sites are listed below in Tables 2.1
and 2.2 for the "solder” bonded samples and for the "MESA"™ samples.
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TARIE 2.1: SPECIFICATIONS OF THE "SOLDER"™ BOMDED SAMPLES

Inner Lead Bond Sites:
Test chip: GTE Drawing 49-D-4394-8
Chip size: 225 mils square
Pad layout: 126 pads arranged in 2 rows. 63 pads bonded
4 mil square pads on 10 mil pitch (nominal)
Bump configuration: 1.5 all solder over 1.2 mil silver bump
Solcder: 90% Pb, 10% Sn reflowed
Number of samples included in study: 29

Outer lead Bond Sites:
Substrate: 2" x 2" alumina ceramic
Bond pads: thick film Palladium Silver with
60/40 PbSn solder reflowed
Pad Layout: 10 mil x 20 mil pads on 20 mil pitch (nominal)
Number of samples included in study: 24

Tape Configuration:
3 layer Kapton tape with 1 mil Tin plated Copper
35 mm standard sprocket holes
Cu tape width at inner lead: 3.6 mils
Cu tape width at outer lead: 10 mils

Chip bumping supplied by Delco Electronics, Kokomo, IN.

Chip design, bonding operations and substrates supplied by GTE Communication

Systems, Northlake, IL.

TABLE 2.2: SPECIFICATIONS OF THE "MESA™ SAMPLES:

Inner lLead Bond Sites:
Test chip size: 250 mil square
Pad layout: 68 I1/0s, 4 mil pads on 10 mil pitch
Bump configuration: straight wall, 1 mil high, Gold
Number of samplas included in study: 2

Tape configuration: 3 layer Kapton tape with 1.4 mil Gold Plated Copper

Cu tape width at inner bond: 3 mils

Au-Sn Eutectic ILBs:
Test chip size: 250 mil square
Pad laycut: 68 I/0s 4 mil pads on 10 mil pitch
Bump configuration: straight wall, 1 mil high, Gold
Number of samplss included in study: 2

Tape configuration: 3 layer Kapton tape with 1.4 mil Tin Plated Copper

Cu tape vidth.at inner bond: 3 mils

Completa chip assemblies suppliad by Mesa Technology, Mountain View, CA.
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Figure 2.1.
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Photograph of inner lead bonded test chip.

Figure 2.3.
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Figure 2.4. Photograph of test chip outer lead bonded to Alumina
substrate, :

In order to prepare for systematic examination of the samples, a series of trizl
runs was performed on the SLAM in order to work out sample handling problems.
With regards to the OLBs the 2™ x 2" ceramic substitutes served as sample
holders and allowed easy manipulation and positioning of the bonds under the

field-of-view. With regards to the ILBs however, it was found to be more
convenient if the long strips of 35mm film were cut into individual pieces, each
consisting of one die and the asociated TAB lead frame. Acoustic examination

could be performed on the strips as well, however, a special fixture would have
to be constructed. The individual strips worked best when they could be kept
flat against the stage surface; they had a tendancy to curl. Flexing of the TAB
tape can cause unwanted stresses on the ILBs and possible damage. To solve this
problem, the ILB samples were placed into 35mm slide carriers manufactured by
CAMTEX Horizons, Inc., Fremont, CA. A diagram of this holder is shown in Fig,.
2-5 and a photograph of an assembled unit with chip is shown in Fig. 2-6.
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IIX. EXPERIMENTAL NMETHODS AND EQUIPMENT
A. SLAM
1) Basic Operation

The SLAM employed in this study to inspect the OLBs was a standard commercially
available instrument operating at a frequency of 100 MHz. Early images of the
ILBs were also produced at 100 MHz. However, because of their smaller sizes, it
was felt that better resolution would be desirable at a higher operating
frequency. A frequency of 200 MHz was empirically chosen for the ILBs based
upon an optimization of signal-to-noise ratio and resolution. Frequencies
beyond 200 MHz did not have as good penetration through the sample anc the speed
of scan would have become restricted to compensate. At 200 MHz real-time
operation of the SLAM was maintained and the resolution was improved to about 11
microns size. The instrumentation was suitably modified to ac' leve this new
capability and the improvements made were incorporated into the l:3t of standard
available options for cormercial SLAM systems.

From an operational perspective, the SLAM operation can be explained according
to the block diagram shown in Fig. 3-1. The sample is illuminated with a
collimated beam of wultrasound (insonification) which 1is located within the
microscope stage. Since this ultrasound will not travel through air, a coupling
fluid, such as high purity methanol or distilled deionized water is placed upcn
the stage to couple the energy to the sample. In the manual mode the sample is
free to move upon the stage in the x-y direction so that different areas can be
rapidly screened by an operator, cr inspected in detail. An automatic sample
positioner was also developed to systematizally tour the sample through the
field-of-view; this is described later.

Since the TAB tape 1is not optically smocth and reflective, a coverslip mirror is
placed in close proximity to, but not in mechanical contact with the sample’s
top surface. This small space is filled with fluid couplant and the ultrasound
information on the bond is projected cnto the lower surface of coverslip where
it is imaged by the scanning laser beam. The basic theory of SLAM operation was
covered in secticn I B and has been discussed extensively in the literature.

Referring back to the block diagram, Fig. 3.1, the light beam reflected from the
microscope stage carries two channels of information about the sample; the
acoustic image which shows internal bond layers and an optical reflection image
of the sample surface,. This optical image is a valuable aid to the operator
when an anomalous area is located acoustically sinca it provides immediate
visual information feedback about possible artifacts, missing leads,
misalignments, and visible damage to the sample. The acoustic and visual images
are precisely aligned witi one another since the same laser beam scan produces
the data. The images are viewed on separate CRTs located above the control
panel next to the stage. A photograph of the SLAM system is shown in Fig. 3.2
for reference. The modifications for 200 MHz operation are not okbvious in the
external appearance of the instrument since they are primarily electronic in

nature.
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Block diagram of SLAM operation.

Figqure 3.1.
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Figure 3,2 Photograph of typical SLAM sSystem,

omissiong. The indexer is specifically Coordinateq to the Needs of SLAM, ang is
moedular to allow jts broadest Possible application, The controlling Software
allows the "training" of the indexer tq cover a1} variations of desired index
Tepertoires, Additiona) program-con:rolled Sutputs are available Lo perform
external functions, Such as the switching of recorders, feeders, and other
apparatys,

However, SLaM Tequirements are different than encountereq in many other




is often a certain required angle of insonification, which determines a tilted
plane within which sample placement occurs. A coverslip is usually required,
and it not only must be placed very close to the sample, but must be capable of
being slightly tilted around two axes for correct alignment, and also translated
along a third axis for optical focus under the scanning laser, maintaining this
intimate proximity to the sample. Altogether, there are six degrees of motion
which must be adjusted in the use of SLAM, once the angle of insonification has
been fixed. With reference to Figure 3.3, these are:

1) Coverslip/Sample clearance

2) Coverslip tilt around x-axis

3) Coverslip Tilt around y-axis

4) Coverslip laser focal position, along z-axis
5) Sample x’-axis position

6) Sample y’-axis position

Of these, the first four are basically a "once per set up" adjustment. There is
no special need for their automation, and indeed, they depend to a large degree
on operator observation and feedback, which are not 8o readily automated.
However, sample positioning itself, once the overall machine settings are
established, is highly desirous of automation. The performance of this without
limiting or upsetting the other adjustments is the accomplishment of the present
indexer as shown in the diagram Fig. 3.4.

The complete indexer unit contains:

A) Mechanical Assembly

1) Basin Unit containing angled floor, ultrasound transducer, and
unitary-aligned urive platform.

2) Dual crossed linear slides, mounted upon drive platform, and
powerad by micro-positioning linear actuators.

3) Interchangeable sample-holding fixtures mounted upon top of slide
assembly.

4) Coverslip gantry mounted upon Basin Unit, allowing adjustment of
Coverslip/Sample clearance, and allowing coverslip to be flipped
away for optical inspection of the sample.

5) Support yoke fixture and base, allowing focal elevation
adjustment, and two degrees of angular adjustment for overall
coverslip alignment.

B) Servo Controller Unit -
1) Motor power supplies
2) Motor output servo driver amplifiers
3) "Macro-language® command Interpreter
4) Two-way communications with host computer

C) Host Computer
1) PC-Compatible MS~-DOS system as system orchestrator
2) CRT Monitor and standard Keyboard for Operator Interface
J) Disk Storage of Index Repertoires
4) Two-Way Communications with Servo Controller
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D) Software
1) General Operating Program
2) Repertoire~building ("training") Software
3) Position and State Display
4) Direct "Joystick"™ operaticn using Arrow Keys
S) Automatic and Semi-Automatic operation with Operator Prompts
6) User-developed Libraries of Indexing Repertoires

The basic standard design of the Basin Unit has a floor angle (angle of
insonification of coverslip) of 10 degrees, a nominal 2 x 2" sample size, and
the ability to accomplish an approximate 2 x 2" sample travel along the x’- and
y’~axes (sample travel axes tilted 10 degrees with respect to the plane of the
coverslip). However, variants of these specifications are possible, and special
adaptations are relatively easy to perform. The dual crossed linear slides and
the micro-positioning linear actuators in the standard design are l-inch travel
(approximate) members of families containing a number of other sizes. The
linear actuators are servo motors, and respond to position encoders of an
effective "step size”™ of 1.732 microns (70.16 micro inches), thus theoretically

allowing positioning to this precision.

The sample holder fixtures are made to suit the specific slide carriers. In
many cases, the fixtures must be very thin (on the order of a few tens of mils),
in order to assure the minimum coverslip/sample clearance. The fixtures are
applied over alignment pins on the slide assembly, and held in place with two
screws., They are rapidly interchangeable.

The coverslip gantry consists of a bridge over the basin, and a coverslip holder
slide-mounted with teflon bearings on two precision-ground stainless steel
dowels. Coverslip/sample clearance is set with a single thumb screw. The
coverslip pivots from its in-use position to allow optical inspection of the
sample, The pivoting can be performed by hand, or can be arranged for sclenoid=-

activation.

The support yoke fi:ture and base contain the apparatus necessary to make the
elevation and the two tilt adjustments necessary for the correct focal position
and coverslip angulation. Elevation is adjusted by a broad thumb wheel near the
base, which causes a height change of approximately 0.0002" per degree. The
tilt adjustments are manual knobs giving approximately one degree of tilt
adjustment per turn.

The servo controller has self-contained power supplies for itself, and for the
linear actuators. It acts as a complete servo system for the two axes (x’ and

y’) of sample motion. It receives motion commands, and commands to change
motional parameters from the host computer, and returns position and other
status information to the computer. 'these communications occur in a type of

"macro” language, which the host computer’s program has been taught to speak.
Communication typically occurs over an RS-232 connection, with a baud rate of

9600.
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Figure 3.3 Diagram of alignment geometry.

Figure 3.4 Diagram of automatic positioning stage.
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When a sample is to be viewed, the appropriate sample holder fixture is put in
place, and the sample inserxted. The operator then selects the correct index
repertoire from the software library, and indexes the machine to a kncwn home
position. These are done by pressing the appropriate function keys, as directed
by the menu. The joy-stick functions are called by using the four arrow keys on
the numeric keypad, in order to compensate for any irregularity in internal
sample position, and this new point is made the home position. By pressing the
appropriate function key, either automatic, or semi-automatic operation is
begun. If no index repertoire exists for a new piece, the operator simply
selects the appropriate key, and is led through a “training session”, wherein
the joystick is used to visit the various positions which are remembered by the
host computer. By pressing the appropriate key, a VCR "“snapshot" is taken of a
desired section of the sample, or a VCR can be left to free-run during sample

touring.
3) Digital Image Analyzer (DIA)

The SLAM Digital Image Analyzer consists of several image analysis programs of
various capabilities. For the purposes of determining area fractions, the
following proceedure is used:

A SLAM acoustic or SLAM optical image is presented to the video memory (called
up from disk or other storage as needed), and is viewed by the operator. &An
analysis windcw of the desired size and shape to represent 100% bond area is
placed on screen and moved to the appropriate position. A threshold is
established reprsenting the optical density which discriminates bonded from
unbonded regicns. The ared within the window becomes a two-valued image, either
black or white, for operator confirmation that the threshold represents the bond
area, The software then calculates the area fraction based upon pixel

occupancy.

The analysis window then is moved to each successive bond site, and the
calculation for each site is performed and recorded.

The establishment of the threshold optical density level was dictated by the
apparent transition from light to dark regions within the bond area.
Fortunately, this transistion 1is fairly abrupt, allowing threshold to be
selected with little ambiguity. 4

The initial establishment of the desired size and shape of the analysis window
is dictated by the potential maximum size of the bond (with reference to Fig,
3.5). The maximum bond width is the width of the beam lead at the bond site.
In all cases in this study, the bond pads were wider than the leads, thereby
assuring the potential of full coverage. The bond length is determined by the
geometry of the thermode, which causes a certain length of the beam lead to
become bonded. From acoustical and optical images of the inner and outer lead
bonds, the values of these dimensions were determined, and used to generate the
respective windows. These windows thus became the product of the respective
widths and lengths, and bond area fraction was measured relative to them.
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Figure 3.5. 1Illustraticn showing definition of maximum bonded area.
4) Spezific Operator Methodology

The inspection of samples and acquisition of SLAM data is preceeded by

instrument setup and calibration. As previously discussed, in the SLAM the
acoustic data are obtained by means of a scanning laser beam. Therefore, the
optical performance of the system is the first step in calibration. A test

sample is used to verify laser focus at the sample plane and to calibrate the
field-cf-vie !, or magnification. A standard USAF test target made on glass is
used to verify spatial resolution of the system.

The acoustic mode can be used after verification of optical performance
specifications. The acoustic frequency range of choice is selected and the
coupling fluid placed upon the stage. With no sample in place a bright uniform
image is obtained and the equipment sensitivity is measured by means of an
electrical attenuation reference standard. A uniformly illuminated (with sound)

area is chosen and a sample of interest is introduced. The coverslip is
carefully positioned in height to permit the sample to be easily indexed
throughout the field of view without mechanical contact by the coverslip. In

order to minimize imaging artifacts such as speckle and reverberations which are
characteristic of coherent monochromatic insonification, the frequency
modulation mode of the SLAM system is employed. Images thus obtained are

essentially made with incoherent acoustic wave illumination. Each sample is
systematically positioned through the field-of-view of the SLAM and .images are
recorded on computer disc for subsequent analysis and archival purposes. From

these images quantitative data are obtained on the acoustic wave transmission
level through the bond sites and data are obtained on the area of each lead that
is bonded.
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B. Pull Test Methodology
1) Hook Pull Test Method at Sonoscan

The pull test unit employed was a TERRA UNIVERSAL model as shown in the of

experimental set-up, Fig. 3.6. The gage of appropriate range was outfitted to
the pull tester. In general, most samples needed a gage of nominal range of 5-

50 grams. Upon encountering a sample that displayed very low streagths a gage

of the nominal range 2-15 grams was employed in order to maintain  optimum
readability and resolution. Upon encountering a sample having higher strengths,

a gage of the range 20-150 grams was employed. Samples were mounted on a chuck

under a 10x stereoscopic microscope.

Figure 3.6. Photograph of Hook Pull test apparatus.
a) ILB Preparation and Test Procedure
Each individual ILB TAB sample consisted of a section of polyimide tape

supporting the outer lengths of the beam lead array, the beam lead array itself,
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and a semiconductor die suspended by the inner ends of the beam lead array by
gang-bonded inner lead bonds (ILB) at sixty three positions. A sixty fourth
position (that numbered as position ten) was without bond or lead.

In the preparation procedurs, the backside (without bonds) of the semiconductor
die was first secured to a glass slide by the use of a measured portion of
rapidly curing cyano methyl acrylate cement. A minimum amount ¢f pressure was
then applied, along the outermost edges of the polyimide tape, to frictionally
restrict any motion of the tape with respect to the glass slide (which motion
would be capable of communicating stresses to the bonds at the now-immobile die)
so that the polyimide could be anchored to the glass slide as well. The
anchoring was then performed by application of ordinary cellophane adhesive tape
at the sprocketed edges of the polyimide tape. Thus, at the die, each beam lead
was secured solely by its inner lead bond. At the opposite end, the beam was
secured by its conjunction with the polyimide lead frame support tape, the
overall strength of which was radically higher than the anticipated yield
strength of the bond, thereby esliminating the jeopardy of yielding occurring at
the outer end of the beam lead. With these terminal bodies of the beam leads
secured, the pull test was commenced.

The sample was aligned with the hook, placing the hook under bond position
number one. The hook was positioned under the beam lead as close to the
semiconauctor Jie as possible. During this act of positioning, a stop is
engaged to prevent the application of force by the pull tester. After this
positioning the stop was released, and the pull tester produced force at a rate
moderated by dash:-pot control. The lead was subjected to this increased force
until the moment of failure, whereupon the peak force recorded by the gage was
transcribed to the laboratory notebook. The alignment and the pull test
procedure was then performed on the remaining leads, in sequential order.

It is observed that despite the positioning of the hook close to the die, some
amount of displacement occurs by sliding of the hook along the beam lead. This
is most pronocunced where the length, especially slack length, of the lead
appears to be maximum, at and near the corner of the die. An amount of twisting
and buckling of the lead is seen to occur as the staggered ("dog-legged™)
geometry is deformed by the pull.

b) OLB Preparation and Test Procedure

Each individual OLB TAB sample consisted of a substrate upon which was mounted
a semiconductor die, a:.d beam lead array supported at both ends of each lead by
a bond. The inner lead bonds were much the same as those in the samples
formally committed for inner lead bond testing. However, there were also present
outer lead bonds, and these were to be the subject of the test,

In order that the inner lead bonds not give way during the test, it was
nacessary that the leads be anchored at the ILB site by additional means. To
this purpose, they were cemented to the top of the semiconductor die by means of
a fast-cure ("five-minute”) type of epoxy resin. This material was introduced
while in its mobile phase to the center of the semiconductor die, and persuaded
by a massaging moticn (avoiding the inner lead bond areas) to spread to the ILEs
and engulf them, without further proceeding past the edge of the semiccenductor
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die. The epoxy was allowed to fully cure for a time of several hours prior to
performing the pull test.

The sample was aligned with the hook, placing the hook under bond position
number one. The hook was positioned under the beam lead as close to the outer
lead bond as possible. During this act of positioning, a stop is engaged to
prevent the application of force by the pull tester. After this positioning the
stop was released, and the pull tester produced force at a rate moderated by
dash-pot control. The lead was subjected to this increased force until the
moment of failure, whereupon tha peak force was recorded by the gage and was
transcribed to the labozatory note bhook. The alignment and the pull test
procedure was then performed on the remaining leads, in sequential order.

In the cases of a few samples, it was found that the semiconductor die was not
attached to the substrate. In these cases the die was manually held in place

during the test.

2) Tweezer Pull Test Method at GTE

Included in GTE'’s returned data were literature descriptions of a DAGE series
22 microtester, an MCT20 LCl pull cartridge, an MCT20 LTl load toeol, and an
MCT20 LC1l2 tweezer pull cartridge accompanied by the following missive:

a) QLB Test Procedure

“The substrate with the bonded chip is placed under a microscope. Using a
sharp edged instrument such as a single edged razor blade, the beams were
cut by placing the edge of the blade on the beams just forward of the bonds
on the chip and rocking the knife back and forth until the beams were cut
through. Repeat this proceedure for the remaining three sides. Carefully
remove the chip from hetween the severed beams.”

"Place the alumina substrate with the bonded beams into the pull tester.
Select the beam to be tested and carefully bend the beam up 90 degrees. Open
the chuck of the pull tester and align the beam and the open chuck. Lower the
chuck so the beam will be between the jaws when the chuck is closed. Initiate
the test cycle and close the chuck. The pull tester will record pull strength
when failure occurs. Repeat the pull procedure for the remaining beams."

b) ILB Test Procedure

“"For the ILB pull testing the beam and chip assembly must first be separated
from the carrier. The procesdure used was to cut the beams from the carrier
with a sharp scissor using the inside edge of the carriec as a guide. As each
side is cut, carefully rotate the chip so the next side can be cut. Once the
carrier has been trimmed away, the chip with the beams attached is epoxied to
an alumina substrate, taking care not to get epoxy on the beams. In a similar
manner as used for the QLBs, the beam to be pull tested sh-zid be formed at 90
degrees to the substrate. Use the same alignment procesdure and cycle
initiation procedure as described in the OLB pull test procedure."
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3) Hook Pull Test Method at MESA

MESA employed the same pull test equipment as used at GTE (Dage series 22);
however, in pulling their inner lead bonds, they used hook rather than tweezer
pull. Also different in the procedure was the existence of an additional band
of polyimide positioned close to the sites of the inner lead bonds. This band
may have acted to decouple the short region of beam lead near the actual ILB

site from the dog-legged section of the lead. This factor will be seen to be
important in further analysis.
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C. Metallographic Examination

Optical metallographic evaluation after destructive pull testing is done in an
attempt to determine, as closely as possible, the real area that each bond had
occupied. Being optical in nature, this method depends upon differences in
reflectivity of the bond pad area between regions with different bonding
histories. When lit from an appropriate angle, the bond pad areas will appear
dark at most places, due to their smooth nature. Light is only reflected to the
observer from thosa regions having the correct angle. As the majority of the
bond pad reflects the light, in a specular fashion, away from the observer, the
bond pad appears generally dark. Thosc regions which have a textured surface
will scatter the light so that an appreciable amount reaches the observer,
causing the textured area to appear brighter. In Figure 3.7, rays A,B,C,D, and E
impinge upon the sample, shown in cross section. Of these, only ray D strikes
the sample at that angle appropriate for reflection to the observer. Thus, a
thin band at the edge of the sample is seen as bright; the zest of the sample

remains dark.
14

N ovrngy

Figure 3.7. 1Illustration of optical ray paths for inspection of
bump after pull test.
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¥hen performing optical metallographic examination, the following symptcms are
anticipated:

1) In the case of no bonding, and no contact, such as the case of position
number ten, the original bond pad on the OLB substrate is seen, usually with no
effect from the thermode except as may have been caused by incidental contact.

2) In the case of poor bonding due, perhaps, to an insufficiency of heat or
pressure during the bonding process, an imprint is seen having a generally
smooth surfac: (little texture), caused merely by contact pressure. Such a bond
might remain intact in the face of little or no disturbance by virtue of the
clinging of the two surfaces that have been pressed into conformity, but such a
bond is extremely weak, and is not really, within the scope of the present
intent, a bond at all. Due to the change in the surface contour caused by the
deformation of the surface in this imprinting, such a poor bond area may retuzn
scme light to the observer, and appear somewhat brighter than the background.
Care must be taken to provide the correct lighting so that it is less likely
that such an example be mistaken as a good bond.

3) In tha case of good bond, the area of the actual bond is seen to be torn by
the pull test, showing a granular texture caused by a large multiplicity of
individual regions each undergoing separate deformation and fragmentation.

4) Closer examination of certain bonds that show texture detail may indicate
the presence of a different type of texture. This type of bond, called a "cold
solder joint", is due to motion of the lead just as the solder turns to a
solidus, causing a ktond which is composed of very finely grained material. The
small grains do not cohere strongly. The apparent reason this structure forms
is that the solder cools below its solid point without solidifying, and when
disturbed in this state, a vast number of sites quickly freeze even as the
motion continues. Because of the continued motion, the sites do not form a
strong matrix, but a spongy one, with a macular and gritty appearance, and a low
strength because of its crumbly consistency. It is expected that few TAB bonds
would show these cold solder joints, because of the co-supportive nature of the
lead frame and its members. Nonetheless, although cold solder joints are not
anticipated due to motion during the cooling of a liquid solder joint, it is
possible that they would form in an insufficiently hot bond, only partly liquid
from the start.

A number of different ways exist to perform optical metallographic inspection.
Direct visual examination, preserved in the form of a photographic record, has
been the standard method. In order to attain their maximum usefulness, these
results must be quantified however, and this requires a lengthy ordeal of
determining areas, either with the use of a planimeter, counting of grid
squares, or some other method such as a cut-and-weigh process. Since optical
imaging and image analysis was available in the SLAM equipment, it was much
esasier to determine optical metallographic bond areas in this manner. It should
be noted that this is done without the use of any ultrasonic appacatus per se,
but by using the optical video microscope equipment capabilities inherent in the
SLAM, and the SLAM Digital Image Analysis routines, referred to hereafter as
"SLAM Optical” when used together to form coptical images and perform analysis of
bond area fraction.
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The SLAM uses a scanning laser focussed to a small spot, moving across a
coverslip, or in some cases, directly across the target suri-ce, to detect the
minute changes caused by the transmitted acoustic wave. In the absence of the
ultrasound, and also of the coverslip, the scanning laser beam can be used as a
surface optical microscopic cameraz with the simple inclusion of a high-speed
photodetector diode. The SLAM Optical image has the same magnification and
resolution as the SLAM acoustical (ultrasonic transmission) image. Both are
available as standard CRT images, and, by following the same protocols in the
placement and the labelling of the samples, directly comparable images can be
had of the sample acoustically and optically.

These images, SLAM optical or acoustic, can with equal alacrity be subjected to
analysis of area fraction of the bond by medans of the Digital Image Analyzer
(DIA). The images are first stored to disk in the computer, in a grouping of
four bond sites per image. Coverage of the solder TAB samples is thus complete
with sixteen images per sample being stored. In DIA, a cursor box or window is
placed around the bond site, thereby framing the area to be analyzed. A
threshold level cf brightness is selected, representing the difference between
bonded and unbonded areas, and the image is discriminated between levels higher
and lower than this value. Area fraction is then computed for the bond.

SLAM Optical evaluation was performed at an early stage, and gave encouragihg
results (See Section 1IV). However, further examination revealed that an
artifact had been inadvertently included in the SLAM Optical results, and
therefore, another study was also conducted, involving the traditional

photographic methods.

The artifact was caused by another type of feature that appeared brighter than
the dark field, namely reflective areas consisting of the curved menisci of
reflowed solder that occasionally were found to occur within the DIA window.
Unfortunately, the Digital Image Analyzer software does not encounter this
phencmenon within its normal use with transmission mode acoustic images, and did
not have the capability of discriminating these bright areas from those of
interest. The tollowing Figuie 3.8 illustrates this.

These sketches illustrate four possible conditions that the bond pad might
display. 1In the first sketch the original solder layer is seen, not having been
reflowed. The sscond sketch shows the bond pad after reflowing: the solder
takes on a round loaf-~like shape due to its surface tension during its liquid
state. The third sketch depicts the remains of an outer lead bond pad after the
lead has been destructively removed during a pull test., The bond here is
depicted as having been of wide and long dimension: an essentially perfect bond.
The textured area is more reflective, and shows as a bright region in the
matallographic examination. The fourth sketch shows a bond of shorter length.
its textured reflective area is smaller. However, a bolus of solder seems to
have been extruded, and formed into a shape which returns a specular reflection
from a zone very near the analysis area. If this reflective area is included
within the analysis window, then an erronecusly high area fraction will be

returned by the DIA software.
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Residue of small bond, with
,analysis-
ZAconfusing

{

Residue of good bond

Bond Pad
after reflow

Figure 3.8. 1Illustration of bond pad conditions after pull test.

Although the DIA software in its role of reducing images to binary information
does not discriminate this type of artifact, wvisual evaluation by the human
observer serves quite well, though with significant extra labor for the
determination of area fraction. Photographic views were taken using a Nikon F2
35mm camera with a Nikkor 55mm micro lens and bellows attachments. Enlargements
allowed the determination of area fraction, using a grid-counting method. Where
visual ambiguity from the photographs remained, it was resolved by the
auxilliary use of a Nikon stereo microscope, altering the lighting and angle as
necessary.
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D. Typical SLAM Images of TAB

When the samples are inserted into the SLAM, acoustic images of the bonds
appear directly on the CRT. Areas of the image that are bright indicate
accordingly high level of acoustic wave transmission through the sample. Good
bonding of layers will permit the maximum amount of ultrasound whereas disbonds
will obstruct the ultrasound and cause the image to be dark. Anomalous samples
can be easily indentified visually or instead, the data analyzed on-line by the
image analyzer described above. In order to understand the acoustic images of
good and bad bonds a series of example images are presented in Fig. 3.9 of TAB
inner and outer leads. 1In these images, the grey scale has been converted to a
simple false color map in which the lowest levels of acoustic transmission are
red rather than black. This digital enhancement makes it less likely to
misinterpret the image on the CRT from improper control settings in which shades
of grey can be displayed so dark that they appear black. With reference to Fig.
3.9, inner leads a-k are imaged at 200 MHz while outer leads l-v are imaged at
100 MHz. The specific conditions that are indicated by these images are as

follows:

a,j ~ disbonded leads and disbonded bond pads on chips. Note
that j has excess over hang.
i,q - disbonded leads.

n,t,u,v - disbonded leads that are also misaligned.
£,9,k,0 - partially or completely bonded but misaligned.
b,e,l,m - reasonably gocd bonds.

P,z.s - small area bonds
c,d - good bonds but solder bridging (short circuit}.
h - partial lifting of bond pad.
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Figure 3.9. Typical SLAM images of inner lead bonds at 200 MHz (left column)
and outer lead bonds at 100 MHz {(right column). Note the width of
the inner lead is approximately 3.7 mils and the outer lead width
is 10 mils. See text for interpretation.
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IV. RESULTS
A. Data Summary

The TAB bonded sample pieces which were involved in this study consisted of
three types:

1) Inner Lead Bonds (ILB), of lead/tin (Pb/Sn) sclder, having
64 bond positions, one of which (position 10) was vacant.

2) OQuter Lead Bonds (OLB}), of lead/tin (Pb/Sn) solder, having
64 bond positions, one of which (position 10) was vacant.
These contain the same ILB structure as type (1) above.

3) Inner lLead Bonds (ILB), of gold/gold (Au/Au) thermocompres-
sion bonds, and gold/tin (Au/Sn) eutectic, 68 positions per
sample.

Types 1 and 2 were the original subjects of the test. Type 3, the gold/gold and
gold/tin samples, were ingcluded here to broaden this report, and provide some
measure of reference to the type of bond meore commonly used as of this time in

the industry.
Within this study, there were included:

29 ILB (type 1) samples, comprising 1,827 bond sites;
24 OLB (type 2) samples, comprising 1,152 bond aites;
6 ILB (type 3) samples, comprising 408 bond sites.

The distribution of acceptable and unacceptable bonds ranged well across the
possible range of values, with the exception of the gold thermocompressicn and
eutectic samples. These were obtained from MESA (see Section 2, Description of
Samples) and were pulled also at the MESA facility. Only their inner lead bonds
were studied, as these were the Au/Au and Au/Sn sites. O0f these six samples,
four were of very high quality, and consisted of essentially all high-streng:th
bonds. The remaining two samples were deliberately bonded under low pressure
conditions, and most of the bonds were defective; either completely unbonded, or
compressed into a "mock bond” by partial conformity of their surfaces, but
subject to rupture with the slightest provocation. Due to the high percentage
of drop-outs, and the inability to perform reliable testing and handling without
causing untraceable incidental damage, these two pieces were excluded from the
series and only the other four were used. Also, a small number of type 1 and
type 2 (solder ILB and OLB) pieces were of totally inadequate bonding character,
and/or fell prey to inadvertant damage, and thus were excluded. The criterion
used for a whole-piece exclusion was that the sum of totally unbonded leads plus
the number of observational mishaps (as given below by exclusion code 2-9)
exceeded half the number of positions on the die. The raw data from all
excluded pieces is nonetheless included in the appendices.

The following three tables Table 4.1-4.3 summarize briefly the statistics of
the study.
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Table 4.1 Summary of data on solder ILBs

ILB Samples (solder TAB)

Sanple#

ILB42-4
1LB42-5
ILB46-4
ILB47-%
ILB48-3
ILB48-¢
1LB48-5
ILB49~-4
1LB49-3
ILBSO-2
1LBS0~-4
ILB50-5
ILBS1-3
ILBS1-4
ILBS1-%
I1LBS2-3
1LBS2~-4
I1LBS2-5
ILB53-2
ILB53-5
ILBS4-~-4
1LBSS-5
ILB37-4
1LBS9-2
ILBS9-3
ILB59%-4
ILB60~2
ILB61-5
1LB62-5

BONDING CONDITIONS:

dwell time
teaperature
pressure

pull tested by

doainant exclusion code
# of exclusions w/codes 2-9

LAM Bondk
Rax rav avg.
val avg v/exc

84.21 15.21 15.46
95.03 23.03 25.42
96.90 39.17 39.13
89.16 48.47 49.24
89.78 45.89 49.33
92.26 48.%59 49.5%4
88.24 47.65 47.6%
84.52 44.09 44.79
88.83 40.05 40.98
97.21 8%5.77 61.29

96.%9 67.42 68.49°

97.21 64.72 65.88
88.54 49.43 50.63
93.%50 956.58 61.16
83.28 S50.01 52.1%
92.37 81.12 54.82
81.42 S53.85 -54.40
96.90 47.69 49.23
100.00 41.41 45.43
96.28 60.64 61.80
90.09 52.9%5 53.79
88.89 43.41 49.18
73.99 41.64 42.30
92.97 44.58 48.13
90.40 35.52 36.70
89.47 40.88 41.%2
95.36 50.19 47.25
85.43 51.83 52.63
80.19 36.46 40.23

Exclusion Code Legend:
0) accepted data point
1) arbitrarily suspicious point 6) unstored/unreadable SLAM
2) not a real pin...vacant
3) pull tester didn’t reset

4) known prior damage’/handling

-GRAMS Pull

nax rav avg.
val avg w/exc
7.50 0.72 0.73
6.00 0.88 0.90
6.00 1.80 1.92
47.00 33.45 33.98
24.00 12.45 14.38
46.00 28.84 29.77
45.00 27.%8 27.97
45.00 3t1.20 31.70
44.00 27.61 28.5%0
44.00 24.41 23.77
49.00 29.5C 29.97
40.00 26.92 27.79.
61.00 27.16 28.03
$0.00 32.12 34.85
50.00 37.09 138.70
54.00 1235.36 25.90
50.00 43.03 43.7)
85.00 38.7% 40.00
27.00 - 11.92 13.28
46.00 23.47 23.84
44.00 24.13 24.5}
46.00 29.77 30.24
38.00 20.31 20.63
12.00 2.2% 7.58
18.00 6.44 9.28
14.00 3.80 3.86
13.00 4.17 8.90
41.00 17.73 18.02
41.00 16.73 17.64

-
‘l—‘w"u‘—-”——‘m""‘a‘"‘”F‘”@'—‘"N—'m"'w—‘“
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5) pull tester didn’t record

7) solder-bridged leads
8) pad lift C(prior to pull?)
9) kapton-afiected leads
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MLM
MLM
HLH
HML
HMM
HMM
HMM
HMH
HMH
HHL
HHL
HHL
HHM
HHM
HHM
HHH
HHH
HHH
MHL
MHL
MHM
MHH
LHM
LML
LML
LML
LMM
LML
MML




Table 4.2 Summary of data on solder (IBs

OLB Sanples (solder TAB)

Sample# aax
val

QLB16~-2
OLB17-3
OLB21-2
oLB21-3
OLB24-6
oLB2S-5
oLB28~2
OLB28-4
OLB29-2
OLB29-5
oLB31-2
oLB33-2
OLB33-6
OLB34-2
OLB34-3
oLB3S-2
OLB35-4
OLB3S~6
OLB36-2
OLB36~-4
0LB37~-2
OLB37~4
OLB38-2
oLB38-%

97.18
$3.60
89.79
95.80
83.78
77.78
77.78
88.74
87.84
83.78
93.69
86.19
50.45
92.94
91.74
93.354
93.54
9%.%50
70.27
87.24
94.44
$7.96
93.24
72.07

LAM Boadx

rav
avg

33.64

9.00
28.64
46.08
19.73
16.04
20.66
31.49
28.22
32.26
32.49
47.31
19.90
$8.31
44.48
38.46
60.92
66.09
27.04
36.24
37.94
18.33
33.79
29.90

Exclusion Code Legend:

0) accepted data point

pull tested by

BONDING CONDITIONS:

dvell tine
teaperature
pressure

dominant exclusion code
# of exclusions w/codes 2-9

avyg.
w/exc

34.04

8.97
29.10
49.43
11.02
15.91
19.33
32.00
29.13

32.77 -

36.49
$3.59
20.21
61.29%
46.21
38.42
61.88
66.89
23.89
36.381
39.97
19.86
31.40
30.38

1) arbitrarily suspiclous point 6)
2) not a real pin...vacant
3) pull tester dida’t reset

4) known prior dasage’/handl ing

-GRAMS Pull
avyg.
w/exc

12.00
4.26
6.00

32.7%
4.21
7.03

12.33

24.49

17.58
9.62

28.48

26.67
7.59

34.35

26.13

26.52

76.51

70.37
5.68

22.70
8.22
3.58
5.18

17.00

~ Ll
R Wre 2 N R QOWr e NN = oo s o

- s
- W

NADBANAMIAINNWONAALANNNANINOANNKNN

GTE

GTE
88
GTE
S8

pull tester didn’t record
unstored/unreadable SLAM
solder~bridged leads

naz rav
val avyg
141.00 11.62
77.00 4.12
$9.00 5.91
50.00 32.%9
31.00 4.08
44.00 7.12
83.00 11.56
42.00 24.69
93.00 17.81
32.00 9.47
103.00 17.80
61.00 21.67
37.00 7.47
67.00 29.%2
50.00 24.91
100.00 25.69
120.00 75.31
125.006 65.97
44.00 3.64
46.00 22.34
42.00 5.78
40.00 4.86
30.00 3.97
47.00 16.73

-3

7

8)

N
40

pad 1ift (prior to pull?)
kapton-affected leads




Table 4.3 Summary of data on MESA Au/Au and Au/Sn.

BONDING CONDITIONS:
MESA ILB (AuAu & AuSn TAB) pres. & comp.

pull tested by
dominant exclusion code
# of exclusions w/codes 2-9

LAM Bondx -GRAMS Pull
Sample# Rax raw avg. max rawv avg.
val avg w/exc val avg w/exc

ILB-A-1 100.00 55.68 55.68 64.30 41.24 41.24 0O O SS M Auhu
ILB-B-1 99.21 74.67 74.67 64.90 50.27 50.27 0O 0O SS H AuAu
ILB-C-1} 98.41 76.73 76.40 51.60 36.44 36.92 1 5 S5 M AuSn
ILB-D=-1 100.00 85.96 85.96 46.50 38.41 38.41 O O S5 H AuSn
ILB-E-1 75.79 26.06 26.06 49.50 11.56 11.56 0O O S8S L Audu
ILB-F-1 69.44 15.19 15.19 39.20 3.75 3.75% o 0 $ L AuSn
Exclusion Code Legend:

0) accepted data point 5) pull tester didn’t record

1) artlitrarily suspicious point 6) unstorsd/unreadable SLAM

2) not a real pin...vacant 7) solder-bridged leads

3) pull tester didn’t reset 8) pad lift (prior to pull?)

4) known prior damage/handlling 9) kapton-affected leads
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OF
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FOOTPRINT
OF LEAD
Figure 4.1 Bond pad site after pull Figure 4.2 Analysis sketch of Fig. 4.1.

test of ILB42-4, pin 44.

Figure 4.3 Bond surface of lead 44 on ILB42~4 showing no evidence of adhesion.
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B. Evaluation of SLAM against Pull Test Data

Upon undertaking the pull test, it was quickly discovered that a number of
pieces had extremely poor metallurgical properties. These poor properties were
seen in those pieces which had been bonded under especially poor conditions;
any ILB bonded at subnormal temperature was affected. Most bonds "seen in the
low temperature range samples were of low area fraction by SLAM. The few bonds
showing modest area fraction were of intrinsically weak material, and yielded at
lower than expected pull test forces.

A typical piece in this group was ILB42-4. This piece was chosen for close
microscopic scrutiny to determine why this occurred. Upon examination at 320x
and 640x optical magnification, the bond pad areas of this piece nearly all
showed similar properties. The solder appeared to have been mashed out of shape
while in a state that was not a fully mobile fluid or the solder froze out as a
grainy solid in the course of the moticn while its shape as a fluid was governed
by a large amount of viscosity. Either case would be consistent with the
phenomenon of a "cold solder joint™. <Certain pads were deformed in ways which
disclosed even more fully this condition, for example pad #44 as shown in Figs.
4.1 and 4.2.

Here the solder bump appeared to have been smeared nearly off of one side of the
pad area. All of the affected portion of the solder bump had a grainy texture,
although this texture appears 3subtly different from that seen due to the
rupturing action of a pull test. Furthermore, careful scrutiny reveals that
this grainy area is wider than the beam lead, and further, that there appears a
faint hint of contour that seems tc mark the edge of the footprint of the beam
lead. What is obvious from this is that the graininess is not due to pull test
rupture since it also occurs where there was no lead. As a final observation, a
bolus of grainy solder, including the part which must have extended beyond the
beam lead, is nearly detached from the pad, being held on by only a thin tendril
of solder. Had the solder been in the state of full liquidus, strong surface
tension would have drawn this bolus back into the pad; furthermore, once having
been so nearly detached, had it been bonded in any significant measure to the
lead, it would be attached to the lead, and not the pad.

Reviewing the SLAM and pull test data, the following is seen: SLAM showed no
bonding, and the pull test strength has a value of zero. Examination of the
beam itself reveals that it carried no solder from the pad, and that in fact it
had not been wetted by the solder, as seen in Fig. 4.3. Any discoloration or
trace of solder appearing on the beam would have been put there by plastic
abrasion against the semi-solid solder of the pad, and not by liquid transfer
and alloying.

The great majority of the bond positions of the low temperature samples show
this effect. Furthermore, what bonds in fact did form show an amount of
granularity which indicates that they must have been intrisically weak. Pull
test values were all very low if not zero. In the few cases where the SLAM
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area fraction was more than a few percent, the bond involved had a strength of
only a few grams. In the few cases where no pull strength was seen at all in
spite of low or modest area percent given by SLAM, it is surmised that the
bonding detected by SLAM was so intrinsically weak that it was destroyed in
sample preparation, or during incidental contact while pulling neighboring
sites. It is for these reasons that these pieces were excluded from the data
set in some analyses. While every effort was taken to complete the tests and
compile the data for all pieces, it was considered that in a few cases the data
was simply much too skewed by even gentle handling, to be useful in some of the

evaluations.

The following figures and photomicrographs illustrate the above. Below, in
Figure 4.4 and 4.5, are pictures of lead number eight from ILB48-4, shown at
320x from the bottom side, and from the edge. In contrast to the poor bonding
seen in the ILB42-4 sample above, significant amount of solder is seen to have
come cff the pad with the lead in this sample. SLAM evaluation rated this bond
at 73.68 bond area percent; pull test gave a yield strength of 41 grams.

Figure 4.4 Bond Surface of lead 8 on Figure 4.5 Side view of lead
ILB 48-4 showing good shown in Figure 4.4.
evidence of adhesion.
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Similarly to lead number 44 of ILB42-4, neighboring leads, shown in figures 4.6-
4.9, also showed the same lack of bond:

Figure 4.6 Bond pad site after Figure 4.7 Bond surface of
pull test of ILB 42-4, lead 43 on 1ILB 42-4
pin 43

Figure 4.8 Bond pad site after Figure 4.9 Bond surface of
pull test of ILB 42-~4, lead 42 on ILB 42-4
pin 42

45




A number of ways exist to assess the value of SLAM data with regard to bond
integrity. Pull strength is a commonly employed test for quality. The most
obvious graphical method of comparing SLAM test results with those of the pull
test is to plot one value against the other. If both were true and linear
metrics of bond strength, then there would be no deviation from a straight line
graph, except for perhaps some amocunt "fuzziness", or spread, due to data
acquisition errors. If, however, this is not the case, %there will be
significant scatter in the data.

Using Figure 4.10 as an illustration, if one of the tests were to have serious
variability, then each point plotted, though always correctly placed in, for
example, the horizontal axis, would be found at various scattered positions
vertically. There would be a "line of error” that was vertical. Conversely,
if it were the other value that was always correct, then the vertical placement
of the point on the graph would be correct, but there would be an amount of
spread in the horizontal direction, causing a horizontal "line of error". If
the degree of variability of both values were equal, then the point would occur
somewhere within a "circle of error™. Finally, if both values were subject to
an amount of wvariability, with one having a higher amount, then the zone of
error would be an ellipse. The problem is: all of the above conditions of
variability give graphs which scatter in virtually the same way, as far as the
eye can tell. Without additional information, it is not possible to know which
set of values contributed to the spread, or whether both did; and, if so, to
what relative degree.

VARIATION IN BOTH AXES: Ve
IF DEGREES OF VARIATICN ARE SIMILAR, THEN THE
EWROR FIGURE ]S THE CLASSICAL CINCLE OF ERRCOK. ./I\‘ L;n. n{

IF THERE 1S A DIFFEFENCE IN MAGNITUBE, THEN g
THE FIGURE 1S AN ELLIPSE. 4 ideal

corrglation

VARIATION IN VERTICAI AX!S:
POINT WHICH SHOULD OCCUR
HERE MAS A PROBABILITY OF
OCCURRING SOMEWHERE UPON
VERTICAL LINE OF ERROR

~ VARIATION IN HORIZONTAL AX1S:
POINT WHICH SHOULD OCCUR
e HERE HAS A PROBABILITY OF
AN OCCURRING SOMEWHERE UPON
P } HORUZONTAL LINE OF, ERROR
e

Figure 4.10 Example graph with scatter in data points.
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The determination of whether the spread occurs in one data set, or the other, or
both, <¢an cnly be positively made by reference to some external standard. It
is for this reason that other data in addition to SLAM and Pull Test data are
aiso included: namely the optical metallographic examination after pull test.
The possibility exists that one data set might at least suggest itself to be by
some unusual property of its own. The discovery of just such an unusual
property is discussed later in this section, and then in more depth in Appendix
B.

Area of bond data were obtained for each lead on each sample and plotted against
pull test values obtained on inner and outer lead samples. An example curve is
shown in Figure 4.11. The graph of SLAM bond percentage plotted ugainst pull
test shows a monotonic relationship which tends toward saturation as the SLAM
bond%d values approach their upper extreme. However, there is quite obviously
a large amount of data scatter seen in the graph. The saturation is due to the
fact that bond strength is limited to that of a zone of rupture bound by the
width of the lead bond and a length which is parallel to the lead length and
which is dictated by the flexibility of the lead and angle at which it is
pulled. It is not the total strength of the entire bond area but the peak
strength of the zone of rupture as it proceeds along the bond during pull which
dictates the yield strength of the bond. SLAM evaluation clearly shows the
effect. Sample ILB43-5 is chosen for depiction since it is one of the samples
that have a good distribution of both weak, medium, and strong bonds, Many
other samples possess poorer distribution, and have either mostly weak or mostly
strong bonds due to their method of fabrication, and thus do not show full

continuity along this curve.
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Figure 4.11 Uncorrected plot of pull strength vs. area of bond (SLAM) for
IL3 49-5.
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The graph of ILB52-4, shown in Fig. 4.12, contains members mostly positioned at
high SLAM bond$, in the area of saturation. Some points here were also
compressed by virtue of the gauge maximum reading.
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SLAt BOND « LR 52-4

Figure 4.12 Uncorrected plot of pull strength vs. area of bond (SLAM) for
ILB 52-4.

Sample OLB35-2, shown in Fig. 4.13, contains members both in the saturation
region, and also some very weak bonds, but few in between.

" N 3 : N + + " N
[ + +— + t + + $ $ $

| J 19 - » » - ] () kg | o8 s” 108
SLAN BOND x oLB 3%-2

Figure 4.13 Uncorrected plot of pull strength vs. area of bond (SLAM) for
OLB 35-2. Note that the data are clumped into two groups, one
of which lies along the zero grams axis.
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The graph of the ILB-B-1, shown in Fig. 4.14, (thermocompression) bonds lies at
upper valuas, in the saturation region.

1

+ +
88 %9 100
ILB-B-1

SLAM BOND «

Figure 4.14 Uncorrected plot of pull strength vs. area of bond (SLAM) for
ILB-B-1. The cros3 represents a lead which is susceptible to
damage since it is located on the edge of a cluster of leads,

thereby having no support to its other side.

A more detailed explanation of the rupture zone phenomenon is contained
within Appendix B. In summary though, it can be said that the bond does not

yield as a whole, but progressively peels. Since it is not possible to
predict the exact dimensions of the rupture zone within the scope of this
investigation, bond area was used as the SLAM parameter. In spite of the

inaccuracies that result, we have found this to be a conservative judge of
bond quality as wil) be shown below.

Graphs of all samplas show a similar degree of scatter as in the above
amples, so it was dacided that it was necessary to find the causa and
determine if better correlation actually existed beneath this data spread.
One insight was that the locations of the bonding sites should have little to
do with the bond quality unless there were unlikely systematic problems in the
bonding process. Th-~ ia to say, the positions should be fungible; although a
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given lead may have a certain value of pull strength at a given position,
there should not be a systematic difference in pull strengths at the various
lead positions. Yet, it had been noted by one of us (JES) that the corner
leads seemed to very often give low pull test values, compared to what would
be pradicted by SLAM. At this time, no reason was known, and the suspected
phenomenon was given the name “"the corner effect™. A study was performed for
the purpose of discovering such a positional effect. If there were found
some periodic displacement in either the SLAM or the pull test data, it could
possibly account for the observed data spread. The production of some of the
graphical displays that follow requires that mathematical operations including
averaging, sorting, normalizing, etc. be performed on the data. These
methods should be understood as a prerequisite to complete translation of the
graphs. Please refer to the postacript at the end of this section.

By investigating the pull test data alone, it was found that the values of
null strength were prone to vary, by a factor as high as three, from those
values that were expected on the average, assuming that no positional
variation existed. It was found that the variation was indeed positional, and
had a period consisting of four minima per pass around the die as shown in
Fig. 4.15. This figure shows the pull tests averaged over 25 samples as a
function of position. The minima coincide with the corners of the die. This
amount of variation is that associated with the hook-pulled solder ILBs, of
which ILB49-5 is a member. An amount of "corner effect™ variation is alsc
seen with those inner lead bonds pulled with tweezers, and in lesser degree in
the outer leads bonds (OLB) both tweezer and hook pulls. Referring to Figure
4.11 it is seen that approximately this amount of spread exists along the
vertical direction.
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Figure 4.15 Normalized pull test data averaged for all ILB'’s
function of bump positions 1-64.
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Because of the large number of dropouts in data from the tweezer-pulled samples
(GTE) due in large part to incidental damage during the excision and bending
necessary for the tweezer pull, it is not clear if a quantification of the
amount of the corner effect for the tweezer-pulled pieces would be as
meaningful. See Appendix B, with corresponding graphs.

Instead of being graphed against each other as in Fig. 4.11-4.14 above, data
from SLAM and pull test may be graphed against lead position. 1In the following
three figures, the normalized data are plotted for individual samples, as
separate curves, against the position of the bond being tested. Figures 4.16-
4.18 show one example from each of the three major groups of samples in the
study including solder bonded ILBs, solder bonded OLBs, and thermocompression
bonde-s ILBEs.
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Figure 4.17 Normalized SLAM ( ) and normalized pull test
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The data, both SLAM and pull test, are normalized so that their vertical
ranges are of comparable scope. It is plain even from casual inspection that
the data of SLAM and that of the pull test correlate well. There also plainly
exists an amount of data scatter. However, since there is so much vacillation
of the data of both types, due to real variatious in the strengths of each bond,
there is not much chance of perceiving, in any single sample, some kind of
systematic reason for the apparently random disparities between the SLAM and
pull test data.

Figures 4.19~-4.23 that follow are graphs which use the same axes as the
preceeding. However, instead of single samples, the normalized averages of both
SLAM bond percent and pull test values are now plotted together, for each of the
groups of samples including hook-pulled thermocompression ILBs, hook-pulled
solder OLBs, tweezer-pulled solder OLBs, hook-pulled solder ILBs, and tweezer-
pulled solder ILBs. These graphs are composed using two artifacts to aid in
cosmetic appearance. First, in both the inner leads and outer leads of the
solder TAB samples, position ten is vacant. Since data for this position is
handled digitally as a zero value, and not as a "null"”, the graphs would show a
sharp misleading drop to zero at position ten, implying a systematic failure at
this position. To circumvent this, position ten is artificially loaded with
the average of its neighboring positions nine and eleven. Second, to avoid an
excessively ragged curve, "neighborhood smoothing" was employed using two adja-
cent positions and eight adjacent positions. Available in the Appendix B are
the curves without this smcothing, both standing alone, and superimposed with
the smoothed curves for comparison. An inspection will show that the smoothing
in no way disturbs the general validity of these graphs, but merely serves to
minimize distraction from the main observations. Note that the MESA samples
differ in that they-have 68 instead of 64 positions, and also that positicn ten
is not vacant, but is occupied. The following, Fig. 4.19 shows the normalized
SLAM and normalized pull test for MESA ILBs A-D.
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The thermocompression ILB samples from MESA included in the first of these
graphs contain only four sample pieces, and thus the smoothness of the curves is
not as good as it would be were more samples included; individual variations are
more prominent. This is especially so for position one and position sixty
seven, where a large coincidence in the four samples procduced the lowest value
in the curves. Of special significance here is that in spite of the small number
of samples, the SLAM and pull test data correlate extremely well with eachother.
This is likely attributable to factors that mimimize the importance of "corner
effect” and whatever other disturbing influences tend to make SLAM and pull test
deviate. In the thermocompression samples, the beam leads appear to have the
more square cross section of approximately 1.4-1.5 mils of thickness by about
3.0 mils of width, compared with about 1.0 mils thick by 3.6 or 3.7 mils wide in
the solder TAB samples. The MESA samples also contained an additional polyimide
band, which may have been instrumental in decoupling the ILBs from the dog-
legged portion of the lead frame. In addition, much higher intrinsic strength
of the MESA bonds may have significantly reduced their susceptibility to
incidental damage, during the phase of sample preparation, causing better
correlation between the tests by preventing degradation between tests.

Among the solder TAB outer lead bonds, those OLBs pulled by GTE with tweezers
have SLAM and pull test curves which seem virtually identical, although
displaced from eachother; the Sonoscan hook-pulled OLBs show a firmer hint of
the corner effect. In the case of the Sonoscan hook-pulled samples, the pull
test values show an oscillation over every period (each of the four die edges
constitute a period), with pull strengths that dip to minima near the corners.
GTE samples were pulled with the use of tweezers in order to do this, the lead
must be caused to have a free end for the tweezers to apprehend; thus it becomes
necessary to cut the leads at some point. If the cut for the OLBs is close
enough to the bond sites themselves then the effects of a "dog-leg" in the lead
is minimized because a large portion of it is removed. If the tweezers are
placed close to the bond areas, little corner effect can be seen. Conversely,
the Sonoscan pull tests were accomplished with the use of a hook, implying that
the length of the lead, and any "“dog~leg"” within it that is not constrained,
will contribute to the corner effect. It may bDe this consideration that
accounts for the difference. A review of the pull test methodology from GTE
shows that the razor used was positioned "just forward of the bonds on the chip"
which implies some amount of lead loss, especially as zn adequate amount of room
must have been left to allow for "rocking the knife back and forth”. The
following two figures, 4.20 and 4.21 show these OLB families.
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Figure 4.20 Normalized SLAM ( ) and normalized pull test (...) for hook
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Figure 4.21 Normalized SLAM ( ) and normalized pull test (...) for
tweezer pulled OLBs (smoothed x 2).
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The "corner effect"™ becomes most obvious when reviewing the ILB samples both
from Sonoscan and GTE pull tests. Although the GTE method proceeded with the use
of tweezers, the length of the leads was long enough to contain the full dog-
legged portion, or a major fraction of it. Therefore, while the GTE ILB samples
show a corner effect that is a bit less pronounced than that in Sonoscan ILB
samples, this is what is to be anticipated, considering the relative gecmetries
involved. The extreme and pronounced nature of the corner effect, especially
as visible in the hook-pull ILB samples, demonstrates perhaps in the most
convincing way that a pull test is a non-ideal measure of the strength of a
bond. It is plainly demonstrated that the result of such a test will
systematically vary with respect merely to the position of the bond, and not
strictly its strength. It is plain that a pull test cannot be used as a direct
linear metric. This is not to say that the pull test is valueless; rather that,
due to geometrical biases, and methodological difficulties, the pull test is not
truly a quantitative measure and thus cannot be used as a scalar metric of bond
strength, nor by extension as a faithful gauge of another evaluation method
such as SLaMm! The following two figures, 4.22 and 4.23, show these 1ILB

families.
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Figure 4.23 Normalized SLAM ( ) and normalized pull test (...)
for tweezer pulled ILBs (smoothed x 2).

It will be evident from these graphs that distinct patterns exist which indicate
the presence of various effects. The presence of these effects is difficult to
perceive within a single sample, because the emergence of the resultant trait
depends upon nearly random co-factors. Thus, while certain leads near the
corners of the die are prone to pull test at lower apparent strengths, this
depends upon factors such as how much of the dog-leg in the lead is available to
exert its influence, and therefore upon how the lead was seized. 1In the case
of a tweezer pull, the lead must be apprehended very close to the bond to
eliminate any crooked geometries in the lead. This must be done without
causing incidental damage during excision, and lead-forming. In the case of a
hook pull, it is difficult to imagine any specific method that would totally
eliminate the corner effect.

At the beginning of this evaluation, it was not realized at what a precise and
minute scale these effects could operate and therefore it was not possible to
avoid them. Moreover, it is not certain that, even knowing of the delicacy
needed to eliminate the corner effect, that it could be done to a reasonable
measure, owing to the intrinsic relative crudity of the available pull test
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instrumentation. Ordinary pull test equipment serves adequately for the type of
wire bonds it was originally engineered for, but might now prove to be less than
satisfactory for meeting the special needs of 7TAB bonded parts, especially those
with non-straight beam leads.

In any individual sample, while there is a probability that a test value might
depart from an expected value by a given amount, based upon its location on the
die, the fact is that any given lead might or might not deviate by such an
amount . The process leading to the deviation is stochastic. Thus the
inspection of individual samples may not yield a pattern unless the observer is
able to discern the presence of a fluctuating trend. The easier method of
course is to take the average of many samples, to then obtain the pattern by
plotting or elsewise analyzing the results. By determining the size of the
deviation, one obtains the amount by which some lead (at a given position) might
deviate from the expected value. However, one cannot broadly apply this number
as a type of "correction factor™ on a lead by lead basis to straighten the
graph, precisely because of the stochastic nature of the effect. If a given
lead, at random, did not participate in the effect or if it participated to
less than the expected amount, attempting to correct it would only displace the
value in the opposite direction.

While the pull test cannot be used to strictly quantify the SLAM test, it may
serve nonetheless, within the constraints of its variable nature, either to
corroborate the SLAM test results, or conversely, cast a measure of doubt upon
them. What is found is a distinct corroboration. With the exception of the one
above graph (ILB, pull tested by Sonoscan, with hook) where the corner effect
has become so pronounced as to make the curve of pull test oscillate strongly
around the SLAM curve, the curves track each other closely not only in shape,

but largely also in scale.
By the methods described above, -it was conclusively shown that:

1) SLAM and pull testing are not identical
with respect to evaluating these types
of lead bonds.

2) One or the other, or perhaps both, have
significant spread, or scatter, in their
values.

3) The pull test is shown, by reference only
to itzelf versus lead position, to have
sufficient scatter tn account for the
scatter found in the plots of SLAM versus
the pull test.

4) SLAM versus the pull test shows the effect
of saturation of bond strength, as would
be expected if the pull test were affected
to some measure by a "peel test"” character.

5) To the extent that the corner effect does
not distort the data, the pull test strongly
corroboratss SLAM as a nondestructive evaluation

tool.
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Some intsresting secondary conclusions should be mentioned at this time whica,
although not the primary purpose of the study, might bear useful consideration
in the general field of interest. By the use of the "smoothing"™ operation over
the range of neighboring positions comprising half a period of tha corner effect
frequency, it is possible to eliminate its effect from the graphs. Having done
this, what is left could be a flat horizontal line if no further periodic
effects remain. However, if there is information at some other frequency, then
it would persist and be detected as a nonflat curve. If the effect was seen only
in one evaluation method such as either SLAM or the pull test, as did the corner
effect, then most logically it would be an artifact of the evaluation method.
If, however, it is seen in both, then this would imply that something in the
bonding process actually leads to an uneven product. For example, a non-planar
thermode would cause consistent groups of leads to be poorly bonded. Similar
effects would be caused by uneven heating of the thermode and uneven pressure.

When the corner effect spatial frequency was removed from the preceseding data, a
number of interesting results were obtained. First, the shapes of the SLaM
and pull test curves became essentially identical. Further, their vertical
positions, though normalized, also virtually coincided, with the single
exception of the OLBs, where some unexpectedly low strength values pulled down
the averages. It is seen from examining the data that extensive incidental
damage occurred prior toc the GTE tweezer pulls, which account for these low
values,

Secondly, periodic influences do in fact occur, at a period of once around the
die. Furthermore, each pattern is very precisely recapitulated by both SLAM and
the pull test data within each of the sample classes, making it a virtual
certainty that peculiarities in bonding process have been discovered. The
precise nature of this systematic bonding process variation is not known; it is
easy to speculate however that the distribution of heat or pressure somehow are
skewed. Perhaps the angle of the thermode surface, or the platform holding th.o’
part, or both were slightly tilted, or the heat nonuniform in a repeatable
manner.

The following seven figures, 4.24-4.30, show the convergence of the pull test
curves with the SLAM curves after the corner effect has been suppressed by the
smoothing method. For the purposes of complete equivalence, the SLAM curves are
also processed with the eight-neighbor smoothing, although since little
variation occurs in the SLAM curves at this frequency, there is little effect to
be seen. Full sets of curves for comparison are available in the Appendices.
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Figure 4.24 Normalized SLAM ( ) and normalized pull test (...) for MESA
ILBs A-D (smoothed x 8 to remove corner effects).
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Figure 4.25 Normalized SLAM ( ) and normalized pull test (...) for hook
pulled OLBs (smoothed x § to remove corner effects).
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OLBs (smoothed x 8 to remove corner effects).
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Figure 4.28 Normalized SLAM ( ) and normalized pull test (...} for hook
pulled ILBs (smoothed x 8 to remove corner effects).
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Figure 4.29 Normalized SLAM ( ) and normalized pull test {...) for
tweezer pulled ILBs (smoothed x 8 to remove corner effects).
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Figure 4.30 Normalized SLAM ( } and normalized pull test (...)for all
ILBs (smoothed x 8 to remove corner effects).

Of interest also would be a probability factor indicating how “"strong"” a bond
might be when subjected to a pull test if previously it had been examined by
SLAM and found to possess a certain bond area. Such a set of curves, if made
with the data of the solder TAB samples of this study, would be very conserva-
tive at the minimum, for two reasons:

1) The samples have different pedigrees of origin
that are prone to large variance in stregth;
yet, since such an index as this would imply
absolute strength values, normalization cannot
be used in any direct way to circumvent these
disparities. Hence, the strengths found would
be diluted by those from the intrinsically
weaker samples.

2) The "corner effect™ will further pull down the
reported strengths.

Despite these weaknesses, curves of this type were prepared as shown in Figs
4.31 - 4.35. Note that in preparing those curves, corner and near corner data
points were deletad from the the data set when it was suspected that the bond
was damaged prior to pull test. Surprisingly, they indicate very favorably for
SLAM evaluation as a predictor of pull strengths of respectable magr..tude. One
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element of interpretation should be explained. As the probability that a bond
will meet a Dbenchmark pull strength grows with its increasing SLAM bond, it
eventually meets a ceiling, since the probability cannot exceed 100%. Whether
a bond can meet a benchmark pull test strength depends upon whether that
strength is meetable. A benchmark of 5000 grams obviocusly can not be obtained.
How fast the curve meets the 100% mark if meetable, (in other words, the slope
of the curve), is the measure of confidence of being able to meet that -
benchmark. However, as larger and larger values of SLAM bond percentages are
encountered, fewer and fewer samples are seen to have so large a bond
percentage. Hence the population becomes sparse, and statistically less
precise., If a data point or points, having non-ideal characteristics happens to
fall within this sparse population, its effect will seem more dramatic than if
it were to exist as a tiny fleck in a larger data set. Therefore, as curves
progress from left to right along the graph, they may begin to waver because of
the higher contribution of statistical noise. A curve can therefore proceed up
to its ceiling (at 100% probability), and although constrained by the
impossibility of it exceeding 100%, it may jitter around (necessarily below)
100% when SLAM values continue to increase. This must be understood to be due
to statistical noise, and not naively interpreted to mean that as SLAM bond$
further increases, the probability of meeting a pull test strength actually
begins to rise and fall a few percent in an erratic fashion. In fact, the
ceiling has been reached and all the rest of the curve is disposable, since it
is statistical noise only.
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Figure 4.31 Prob.bility (vertical axis) of a bond meeting or exceeding a

pull strength (of 15-35g) based upon SLAM measurements
(horizontal axis). Sample set is for ILBs, hook pull tested.
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Figure 4.32 Same as Fig. 4.31 except that 2 corner neighbor leads were
deleted if necessary due to corner effect or damage.
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Figure 4.33 Probability (vertical axis) of a bond meeting or exceeding a
pull strength (of 15-35g) based upon SLAM measurements
(horizontal axis). Sample set is for OLBs, hook pull
tested.
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Figure 4.34 Same as Fig. 4.33 except that 2 corner leads were deleted if
necessary due to corner effect or damage.
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In Figures 4.30 -~ 4.34, probability curves are presented both with and without a
amall amount of compensation for the corner effect. Although from prior curves
it is evident that the corner effect is strong as far from the corner as five or
alx positions, the degree of compensation was limited to two positions only in
the interest of being conservative.

Because of the stochastic nature of the corner effect, no simple arithmetic
factor could be used for compensation. Instead, if a position was first or
second from a corner, and showed strongly that it had been affected, it was
merely eliminated from the data set for purposes of the following comparative

gzraphs.
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C. Evaluation of SLAM Against Optical Metallographic Inspection

In order to confirm the findings from the SLAM versus pull test, another study
was undertaken comparing SLAM with an optical metallographic evaluation of
the bonding sites after destructive pull test had been completed. The purpose
of this second type of evaluation was to seek a correlation between the bond
area shown by SLAM, and that which was disclosed by examining the lead and pad

surfaces after the pull test.

This study occurred in a number of phases. The first evaluation employed the
digital image analyzer of the SLAM, operating not upon the acoustic image, but
upon the optical microscopic image of the bonds. Results here were
encouraging, in that they showed a linear correspondence between SLAM and the
optical metallurgy; in contrast with the saturaticn characteristic of the pull

test data vs. SLAM,

bend
Pﬂ-d
&nd of
r“l::d i bend pad
l‘bond~ ! . / \
| Ty ' raslurgd 1
i { ’ remaing of
| |

ACoUsTIC

before pull Tes SLAM oPTiCAL

ofTer pull Tes?

Figure 4.36 Guide to interpreting SLAM acoustic images with respect to
metullurgy of bump after lead pull test.

The photomicrographs, Figs. 4.38 - 4.48, which follow, are of three types: SLAM
acoustic, SLAM optical, and optical by means of an ordinary optical microscope.
In order to more easily interpret the meaning of the SLAM acoustic and SLaM
optical images, see above Figure 4.36, in which the elements of the images are
described. Here a sketch shows a section of a SLAM acoustic image prior to pull
test next to a section of a SLAM optical image of the same figurative piece
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after pull test. In these illustrations the outer leads are being examined.
The acoustic image shows bright areas where bonding is good; there is little
loss due to transit of the ultrasound through alternate media, and so the amount

of acoustic power transmitted is higher. More power is scattered away and
absorbed where no bond exists between the beam lead and the bond pad, so these
areas are dark. In the SLAM optical view, regions that had been bonded show

texture and are thus bright against a dark field. The bonded areas ccrrelate
well in these two views,

When the original optical metallographic examination using SLAM optical
evaluation was performed, it was not recognized that the artifacts caused by
intrusive shiny areas existed (Section IIIC, the Methodology for Optical
Metallographic Examination). These artifacts caused a number of points to
appear to have higher bond areas by SLAM optical than by SLAM acoustic where

the artifacts did not exist. An earlier plotting, shown below in Figure 4.37,
portrays some of the points that ranked anomalously high.
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Figure 4.37 Sample 16-2 graphical plot of bond area as determined by SLAM
vs. metallugical examination post pull teat as determined by
the image analyzer. Note that the smaller area bonds appear to
have been larger at some time in the sample’s history and
prior tc the pull test. The 20lid line shows the theoretical
equality of the two measurement techniques in the absence of
sample damage and measurement error.
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For reference purposes,

the SLAM acoustic

(left)

and SLAM optical

(right) of

OLBl16-2, presented above, can be mapped upon the view of the outer lead bond
substrate shown as a whole, taken through standard optical microscope, in Figure
4.38 below.
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Figure 4.38 Photomicrograph of OLB 16~2 after pull testing to reveal the

bad sites.
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SLAM (100 MHz) and corresponding optical images of
OLBs on OLB16-2, pins 1-16.

Figure 4.39
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OLBs on OLBl16-2, pins 17-32,
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Figure 4.40 SLAM (100 MHz) and corresponding optical images of



Figure 4.41

A »

SLAM (100 MHz) and corresponding optical images of
Note solder bridging

OLBs on OLBl16-2, pins 33-48.

between pins 42 and 45.
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Figure 4.42
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SLAM (100 MHz) and corresponding optical images of
OLBs on OLB16-2, pins 49-64,
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Figure 4.44 SLAM (100 MHz) images of OLBs on OLB38-5, pins 1-32.
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Figure 4.45 SLAM (100 MHz) images of OLBs on OLB38-5, pins 33-54. Nocte
fiber of foreign material bridging pins 52-56 within the bonds

77




h)

A

Figure 4. 46

P oy
;;"'

B
s ¥

i

AYAAAS
Jereg:

Photomicrograph of OLB35~4 after pull testing to reveal the

bond sites.
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Figure 4.47 SLAM (100 MHz) images of OLBs on OLB35~4. pins 1-32.
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Figure 4.48

SLAM (100MHZ)

'Y

images of QOLBs cn QLE3S5-4, pins 33-64.
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For OLB38-5 and OLB35-4, depicted above, area fractions were determined by the
more routine methods of photographic inspection using a grid-square counting
procesdure to obviate the occurrence of any artifacts. The following graph
shows the good degree of correspondence. Note that, unlike the pull test,
optical metallography did not show a saturation effect (due to the effect of
progressive peeling in the pull test).

The results obtained by the manual gathering of bond area fraction likewise show
8 linear =zrelationship, without saturation of either optical post-pull bond
percent or SLAM pre-pull acoustic bond percent values with respect to each
other as the other grows to large values. These two methods thus appear to be
quite acceptable linear metrics of each other. If it is accepted that the
results of optical metallographic inspectrion are a trustable indication of bond
integrity, then it follows that SLAM evaluation is also a trustable indication.
The degree of scatrter in the manually prepared optical post-pull bond area
graph is lower because of the removal or reduction of the artifact caused by the
intruding reflective areas. As other artifacts are better understood (such as
by acquiring the capability of discriminating in the optical evaluation between
the grainy texture of a forcefully ruptured bond and the graininess of a cold
solder joint), scatter in such a graph is anticipated to become further reduced,
showing SLAM as a highly trustworthy indicator of bond area percentage and bond
integrity.

] + + $ s $ + 4
[] 18 <8 k 40 sa 68 Ke a8 29
Metallography x-5

Figure 4.49 Sample OLB38-5 plot of bond area as determined by SLAM vs. optical
metallographical area as determined by manual graphical methods
instead of by image analyzer. The solid line shows the
theoretical equality of the two measurement techniques in the
absence of sample damage and measurement error.
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POST SCRIPT TO SECTION IV: MATHEMATICAL METHODS

When appraising data according to some property that does not need absolute
values, but is ratiometric, the data is often found to be in families which
differ categorically; as an example, some of the sample pleces were bonded under
near optimum conditions, and offer high values of both pull test strengths and
SLAM bond percentages, while others are poorly conditioned in bonding (have a
metallury yielding values on a lower scale). A direct averaging between the
elements of the differing families is not possible, being tantamount to "adding
apples and oranges”. Normalization is used to overcome this difficulty. The
data points within each family are scaled to some more universal scale. A
typical method is to normalize the elements of a family as a fraction of their
largest incluZed member. After this proceedure, families may be treated
homogenously for those operations in which absolute values are not required.

Sorting is done principally to keep intrinsically different. groups of data
apart. ks an example, the inner lead bonds (IL3) and the outer lead bonds
(OLB) diffsr in a number of important ways: bond area, method of pull testing,
and the ippearance in one (ILB) of a very pronounced corner sffect. It
therefors was important to keep these groups separate in order that information
inherent in their data not remain hidden, or be further confused, by dilution
due to averaging. The same is true of the difference between those bonds pulled
by Sonoscan and those pulled by GTE; for whatever reasons, the results obtained
appear, on the average, significantly different between themselves. Although
sorting was performed, analysis was also done in most cases on each composite

{non-sorted) group.

Averaging is used, most obviously, to obtain a view of a trend in the midst of
scattered data. A special type of averaging referred to as "smoothing" is also
in use in parts of this present analysis. By averaging not simply the members
within a given range, but also including an amount of influence from neighboring
ranges, a graph becomes 1literally smoother. The effect is as if a larger
number of data points were available, thereby reducing jitter in the plot of the
data due to the modest number of data sets included, making overall trends
(those with a slower spatial frequency) more distinguishable. If a cyclic
pattern is present this smoothing effect can be amployed to extend over one half
cycle of the period, effectivaly subtracting that spatial frequeicy from the
graph. It is possible to remove the cyclic pattern in order to perceive whether
other trends exist, In this way it is a somewhat less elegant but also less
computationally burdensome replacement for a one dimensional Fourier transform
and deconvolution. When graphing the value of SLAM bond percentage and/or pull
test values against the sixty four lead positions, the use of smoothing over
one or two neighboring positions serves meraly to reduce the amount of jitter
visible in the curve due to the small pcpulation; thus it serves only a cosmetic
function. In the Appendices, curves are available with and without this
smoothing, and also superimposed to demonstrate their essential equivalence.
However, when the smoothing effect is used up to eighth-ranked neighboring
relationship, any periodic effect which occurs at corners-versus-sides of the
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die is nulled, since there are sixteen positions per edge. The periodic
valleys and peaks counteract each other, but periodicities at other spatial
frequencies are not so affected. The “corner effect™ frequency is thereby
masked, and any other periodic relationships emerge as more distinguishable.
The choice of eighth-ranked neighbor is due to the fact that the peried of the
effect is sixteen, as this many positions exist between corners, thereby making
the half-period to be eight positions in length.

Plotting the composite information of a cluster of many samples on the same
graph, against the lead position numbers, requirss both a normalization, and
then the process of averaging. For ex-ample, the following greatly reduced
data set can be considered:

Two samples (artificial; for example purposes only) are examined. Both sample
Alpha and sample Beta have eight "positions™, and each has a single column of
pull test data associated with those positions.

Pull Test RAW DATA

Position Alpha  Beta
1 39.8 1141
2 80.2 24.7
3 98.7 36.4
4 121.7 38.2
5 109.9 40.6
6 109.1 32.9
7 74.5 26.7
8 42,3 13.3

It is desired to determine what the average effect of position is over both
data sets. However, the two parts come from different "pedigrees”, and it
would be meaningless to averags together their absolute values, especially
noting the obvious disparity of scale, when what are important are actually the
ratios. Therefore, each is normalized to its highest in-sample value. This
means that in the case of Alpha, the 121.7 value becomes 1.000, and that in Beta
the 40.6 value becomes 1.000, and that all other values are scaled
proportionately within that sample. The normalized table becomes:

Pull Test NORMALIZED DATA

Position Alpha Beta Avg.
1 .327 .347 .3370
2 .659 .608 .6335
3 .811 .897 .8540
4 1.000 .941 .9705
L} .903 1.000 . 9515
6 .B96 .810 .8530
7 .612 .658 .6390
8 .348 .328 .3380

The last column is the average of the Alpha and Beta values, which becomes
possible to cbtain in a fair manner proportionate to their different intrinsic
scale because of the earlier normalization.
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The average value obtained can now be plotted against the position number, to
obtain a graph depicting the effect of position on the value. This method can
be extended to any number of samples of various pedigrees, by performing
normalization prior to taking the average. This is the method used to depict
the corner effects in the various sample sets.

Two oth~~ data processing schemes were used in comparing SLAM
bond percentage with pull test values:

1) Finding the limiting ratio of bonds which met or
exceeded various benchmark pull strengths over
the range of SLAM bond percentages;

2) Finding the absolute population-dictated probability
of bonds with a given SLAM bond percentage meeting
or exceeding various benchmark pull strengths.

The first scheme tallies successes meeting the benchmark whether or not the SLAM
criterion is met, even if missed only marginally. It therefore is loaded by
cases of "excess strength”™ (i.e. cases where pull strength seemed
disproportionately high with respect to SLAM data. These curves are therefore a
limiting case: they would be the boundaries that the real probabilities would
approach 1if no departure from a linear realtionship or data scatter existed.
The utility of these curves is marginal; they are included within the appendix
as a matter of interest, but are not dealt with further here because they are
unrealistically optimistic in favor of SLAM.

The second scheme is of more immediate utility. In a similar way to the first
scheme, successes at meeting the pull strength bench marks are tallied for
successive zcnes along the SLAM bond axis. However, "excess strength™ cases

(those outside the immediate SLAM zone) are not tallied, and therefore the ratio
of those meeting or exceeding the benchmark within a zone, versus the total
number of all bonds within that zone, becomes the true absolute probability,
(exprassible as a percentage) of a bond with some given SLAM bond} being able to
meet a given pull test bench mark. Because of the strong disparities inherent
in the pull test (detailed discussion in the appendices), this graph is
actually conservative (pessimistic) in large measure. Nonetheless, it
substantiates that SLAM evaluation can be used to predict minimum pull
strengths, although actual bond strength would be higher if the lead were to be
pulled in a manner that did not lower the value by the "corner effect".
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V. CONCLUSIONS AND RECOMMENDATIONS

The following conclusions and recommendations are derived from assessment of the
data and experience gained in this study.

A. Concerning TAB Device
l) Geometry

The Jjog or dog-leg in beam leads due to the flare~out of the lead pattern
between inner lead bond (ILB; and outer lead bond (OLB) positions influences the
utility of current pull test methods; however, this effect is eliminated or
substantially mollified by the presence of an inner polyimide guard ring as
encountered in one set of samples (the ILB region of the MESA samples).

2) Metallurgy

Metallurgical considerations weigh heavily on the absolute intrinsic strength of
the bonds. The highest intrinsic strengths encountered in this study were those
possessed by the gold-gold thermocompression bonds, followed closely by the
gold-tin eutectic. The number of samples of these types which were included was

small, as these were not the principle objects of the study. However, they
serve to illustrate the importance of the metallurgical element, being at least
two or three times the strength of the solder bonds. Further, the specific

metallurgy of the solder type bonds is substantially different between the OLB
and ILB sites, owing both to the different alloys used there, and the different
time, pressure, and temperature conditions used in bonding. Overall, the OLB

sites achieved higher values of pull strength. Yet, considering their
substantially greater size, they are intrinsically weaker on the basis of
strength per absolute area. Moreover, both 1ILBs and OLBs produced under

different {and often very non-ideal) bonding conditions rendered strength values
of greatly varylng range, as ir completely different alloys were employed.
Although it is not inconceivable that the chemical nature of the alloy might
actually be altered by processes such as leaching and selective crystallization,
the principle cause of the difference in properties almost certainly lies in
their microcrystalline structure caused by the factors of temperature, pressure
and dwell time at bonding. It is therefore important to control these factors
in order to obtain known metallurgical strength of the bond substance itself if
evaluation of bond area is to be fully meaningful.

B. Concerning Pull Test Methods
1) Peel Test Character

It has been shown that the pull tests as conducted in this study are "peel
tests”, and rely on a progressive rupturing of the bond, wherein the strength of
the bond is seen to be only the peak strength of the widest zone to rupture.
Because of this, the geometry of the bond area becomes important with respect to
the direction of attack; the highest strengths for a given bond will be obtained
when the rupture occurs broadside to the bonds’ longest dimension.
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2) Vertical Angle

Vertical angle of attack during the pull test is important in at least two ways:
a) Resolved Vector

At a lateral distance from the bond, a pull by hook or other equivalent method
although locally vertical at the point of pull is diagonalized by the constraint
of the lead. The resolved vertical vector at the bond itself can be greatly
lessened. Thus, the applied force at the point of pull may need to increase to
substantial values to cause rupture thereby giving higher values than
justifiably expected from a straight vertical pull. As the lateral distance
decreases, this trigonometric factor also decreases, until it vanishes at a pure

vertical pull.
b) Bend Radius

More so than the strictly trigonometric effect, the bend radius of the beam had
at its insertion into the %Yond area changes with the angle of applied pull
force. At the fully vertical direction, the acuity of the bend is greatest, and
therefore the concentration of rupturing force in the bond substance is
greatest. This greatly accentuates the peel test character by narrowing the
rupture zone and thus lowering the apparent pull force.

3) Lead Curling-Torque

when beam leads are possessed of a jog or dog-leg, standard pull test methods
cause a curling of the lead, with increased exacerbation of the lead radius
acuity, thereby further augmenting the peel test character and lowering further
the apparent strength of the bond, even though it may be intrinsically as strong
as any other bond. This has been referred to as the "corner effect™ since dog-
legging of the leads is severest at the die corners.

4) Hook Geometry

The saddles-shaped inner curve of the hooks commonly used can potentially augment
or occasionally reduce the degree of curling of the rectangularly shaped lead,
both in the presence of corner-effect dog-legging of the lead, and otherwise,"
dependent upon how the beam lead is ensconced in it, and upon frictional
considerations. This, combined with frictional considerations that may allow
variation in distance of hook from die (or substrate), provides an additional
randomizing factor into the measurement of yield strength by means of the pull

test.
5) Conclusion
In conclusion, the pull test as formerly conducted on other types of wire bonds

is of limited value when applied to TAB devices. A large fraction of this can be
attributed to the inappropriateness of the specific tooling; this loss can be
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recovered presumably by alteration of fixturing. Other factors, however, are
intrinsic in the TAB bond nature itself; the planar nature of the bond geometry
leading to a substantial peel character, and the presence of dog-legged beam
leac geometry causing a curl in an otherwise flat lead, and resulting
concentration of force. The scale of the instruments themselves also provoke
difficulty and can cause incidental damage when applied to devices of this
minute a scale and degree of density. '

C. Concerning Optical Metallographic Inspection
1) Absolute Bond Area

Whereas the use of pull testing presumes to be an absolute index of strength, it
remains an index of perceived strength under specific conditions and directions
of applied force, and encumbered by practical effects and randomizing factors.
Optical metallographic examination on the other hand can yield data on the full
areal aspect of bond geometry. Although the additional refinement of deducing
specific strengths from microcrystalline examination was not performed in this
study, the combination of this with the data of optically obtained bond area
fraction would produce as full a bond characterization as is generally
practical. Lacking this ss2cond layer of information, optical metallography can
only characterize the bonds subject to a trust of the specific metallurgical
strength or toughness of the bond material,

2) Visible Texture

Two conditions may lead to the textured scattering of light normally taken as
defining the area of rupture in an optical evaluation. One is such a ruptured
zone itself, and the other is a grainy structure microcrystalline caused by
rapid freezing of free-standing solder, as found in cold solder joints. These
are distinguishable by careful scrutiny, but easily confused in casual
inspection. It is possible that they can co-occur, perhaps with an annulus of
grainy crystal surrounding a core of texture caused by rupture. Co-occurrence
was not studied or detected in this study, and might require SEM for
verification. However, distinct occurrences of each have been seen.

3) Spurious Response

Automated methods for determining the post-pull bend area by optical
metallography are also potentially deceived by the presence, in the analysis
window, of such misleading features as shiny areas of solder at such angles as
to cause bright areas that are not part of a bond residue.

4) Manual Assessment
When optical metallographic inspection is performed manually, a perceptive
operator can discriminate between misleading features such as discussed above,

and with careful scrutiny can also discriminate between the texture of a
ruptured bond residue, and the texture of a grainy surface due to rapid
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crystallization not participating in bond formation. This latter discrimiration
is difficult and tedious at the lightings and magnifications that were availalle
in this study. However, having performed these discriminations, a true prior
bond area can be determinesd by manual optical metallography. Whan combined with
a knowledge of intrinsic metallurgical strength of the bond substance, an
essentially absclute value of bond strength could theoretically be obtained. A
prediction of how this would relate to pull test strength would necessarily
involve consideration of other geometric and mechanical elsments related to the
beam lead and the pull test methodology itself.

D. Concerning SLAM
1) Clear visualization of Bond Area

SLAM consistently and readily shows images of the bond area as bright areas as
displayed in the standard image format. The brightness is symptomatic of high
transmission of acoustic energy through the bonded sites. which occurs because
of material integrity. In places where there is no bond integrity, any acoustic
energy must transit through alternate media (bond pad, coupling fluid, and then
beam lead) before it can emerge at the other side. At each interface, much
energy is returned because of impedance mismatch, and also scattered by
refraction. Such areas are profoundly darker. When transmitting through
sufficiently grainy material, much enarzgy is scattered. These areas are very
substantially darkened.

2) Corner Effect Disparity

Although extensive variation in pull test values cause scatter in the plotting
of SLAM vs pull test data, these variations have been explored, and accounted
for. When graphed in a method which betrays the nacure of these variations, the
close correspondence of SLAM analysis with bond strength becomes obvious. The
most pronounced scattering factor is the "corner effect™ in the pull test. When
the spatial frequencv of this corner effect is suppressed, the curve of SLAM
averages tracks the pull test averages very well.

3) SLAM and Metallographic Correlate

An even better correspondence exists between SLAM and optical metallography. The
sizes and shapes of bond areas within bonded regions viewsd by SLAM agree to a
high degree with the same sizes and shapes seen by optical metallography in the
residues of pulled bonds. Neither optical metallography nor SLAM determine the
intzrinsic composition of the bond substance. If this intrinsic metallurgical
strength 1is determined by independent means, bcth optical metallography (after
destruction of the bond), and SLAM (nondestructive) give equivalent assessments
of bond strength.
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APPENDIX “A°
The SLAM Bondy and Pull Test DATA

For purposes of listing, the data presented here are broken into three
groups:

GROUP 1: ILB Samples (solder TAB)

GROUP 2: OLB Samples (solder TAB)

GROUP 3: MESA ILB (AuAu & AuSn TAB)

The sanples are listed alpha-numerically vithin each of the three sub-
sections which follow.

The members of each group may be further sub-classifled according to
the following breakdowns:

GROUP 1:
By party performing pull-~test: Sonoscan or GTE
By conditions under which gang bondin) was perforsed:
Pres Tenp Tine
high 7 39¢ 5.9
ned 3 340 4.9
low 1 200 3.9

GROUP 2:
By party performing pull=-test: Sonoscan or GTE
By conditions under vhich gang bonding wvas perforasd:
Pres Tesp Tine
high 22 320 3.0
aed It 290 1.5
low 9 260 0.8

GROUP 3:
By metallic specles: Au-Auy or Au-Sn
By pressure under wvhich gang bonding wvas performed:
low, med, high (specifics not given)
(Pull tests for these parts all done at Sonoscan)
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Explanation of the Excluslion codes

In the data listing, and the {ndex sheets and text, use {s mnade of
a range of codes (0-9) as exclusion codes for data handling. The
following i3 an explanation of how these codes are derived and used.

0) This code implies that the data were not given any special
exclusion status, and are never subject to exclusion. Sonme
of these data points are In fact suspect, but those which
are not serious disparities are left as code “0°, See (1).

1> This code vas given vhen the disparity between SLAM Bondx
data and pull test data s severe, especially in the cases
vhere the saaple piece had numerous other sites of such high
disparity. When the pull-test operator marked down such
other cases of high disparity vwith remarks which explained
the disparity, then other codes (see belov) were given.
However, vhen adjacent sites were not given the benefit of
operator observation, yet express simllar great disparity,
they then receive code °*1°, The presence of this code
DOES NOT mean that the data were excluded, but rather thls
code is sinply a “footnote® that such data point Is quite
suspect, and thus “ought® to be ezxcluded.

2) This code acts to exclude data points wvhich are phantoa
sites. Specifically, in the solder TAB samples, position
#10 i{s an aboriginally vacant position, and thus bears no
real data in spite of the zero values recorded as place

holders.

3) Pull tester did not reset. Apparently, an occasional
equipment fallure, wvhere the pull test machinery did not
recover to a zero state, or to a triggerable state, froa
the prior activation. Noted in the original data as a
remark to the effect °did not reset”.

4) Known prior damage/handling. The fest operator could not
perform a pull test because of a daasved condition at thlis
slte, noted prior to or during the atteapt c¢o perfora the
test vith a remark such as “bean fell off° or “damaged”, .

3) Pull tester did not record. Apparently, an occerlonal
equipment fajlure, where the pull test machiery did not
record a value in spite of the performance of an other<!se
norsal pull. This seemed to occur most frequently during
a few periods of pull-testing by GTE, and s reflected
by peak occurence in certain sasples. It is not sure, or
likely, that the sample [tself, however, vas a coantributing
factor. Noted in the original data with a resark to the
effect °did not record”.
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(explanation of exclusion codes, Contlnued)

6) Unstored/unreadble SLAM. This code occ~s when the SLAM
data were considered by the operator to .2 invalid. In a
fev cases, the cause may be a "SLAM 4did not r~cord” error,
meaning that the operator did not correctly piace the
analysis window, or failed to make a recording. Ia the
najority of cases, hovever, an air bubble may have clung
to the sample site, ¢or grew there because of out-gassing
of air previously dissolved in the water. Under the
conditions of this test regimen, it was considered to be
inappropriate to atteapt to brush avay the bubble because
of the possibility of resultant damage.

7) Solder-bridged leads. The operatcr found that two or more
bonding areas were either contacting, or apparently mutually
bonded by extruded solder or other material.

8) Pad-Lift. The operator noted that a pull-test could not be
perforsed because the pad over the silicon dle ltself had
become lifted or partly lifted. In the case of a partlal
1ift, the test was perforamed anyway. Virtually all of the
code °8" sites occured in samples wvhere the bonding pressure
or temperature, or both, were °high”®.

9) Kapton~affected leads. Operator notes “kapton strip connects
leads...can’t pull® This occured in one sample, OLB37-4,
primarily along one edge.




Table A.1?

ILB Samples (sclder TAB)

Sample#

ILB42-4
ILB42-%
ILB46~-4
ILB47-8
ILB48~-3
ILB48~4
ILB48-5
ILB49-4
1LB49~-5
I1LBS0-2
1LB30O~-4
1LBS0-5
ILBS1-3
1LBS1~4
ILBS1-58
iLBS2-3
ILBS2-4
1LBS2-5
1LB%3-2
1.893-5
1LB34~-4
ILBSS-9
ILBS7-~4
ILBS9-2
ILB59-3
ILBS9-4
ILB60~2
ILB61~3
ILB62~5%

84.21
95.0%8
96.90
89.16
89.78
92.26
88.24
84.32
88.8%5
97.21
96.59
97.21
88.534
93.%0
83.28
92.%7
81.42
96.90
100.00
96.28
90.09
88.83
73.99
92.%7
90.40
89.47
99.36
83.43
80.19

LAM Boandxk

rav
avg

15.21
28.03
39.17
49.47
45.89
48.59
47 .65
44.09
40.0%5

Lxclusion Code Legend:

0) accepted data point

"ILB Samples

pull tested by

BONDING CONDITIONS:

dwell time
tenperature
pressure

i

doainant exclusion code
# of excluslions w/codes 2-9

avg.
/exc

15.46
23.42
39.13
49.24
49.33
49.34
47.68
44.79
40.98
61.29
68.49
65.9%8
50.63
61.16
52.18%
54.82

‘94,40

49.23
45.43
61.60
53.79
49.18
42.30
48.13
36.70
41.92
47.2%
82.68
40.23

7.%0
6.0C
6.00
47.00
24.00
46.00
45.00
45.00
44.00
44.00
49.00
40.00
61.00
50.00
50.00
54.00
30.00
33.00
27.00
46 .00
44.00
46.00
38.00
12.00
18.00
14.00
13.00
41.00
41.00

M

1) arbitrarily suspiclous point 68
2) not a real pin...vacant
3) pull tester didn’t reset

4) known prior dasage/handl iag

7
8
b B

‘.6

RAMS Pull

rav
avyg

°.72

0.88

1.80
33.4%
12.45
28.84
27.58
31.20
27.61
24.4!
29.50
26.92
27.186
32.12
37.09
25.36
43.03
38.7%
11.92
23.47
24.13
29.77
20.31

2.38

6.44

3.80

4.17
17.73
16.73

avg.
w/exc

0.73

0.90

1.92
33.98
14.38
29.77
27.97
31.70
28.5%0
23.77
29.97
27.79
28.03
34.85
38.70
2%.90
43.71
40.00
13.28
23.84
24.51
30.24
20.63

7.58

9.28

3.3%8

8.90
18.02
17.64

e b
P e S I e N N G N e el Ll i kRl

w
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pull tester didn’t record
unstored/unreadable SLANM

solder-bridged leads
pad 11ft (prior to pull?)
kapton-affected leads




Table A.1.1 ILBA2-%

ILB42~4 '
64 poaition solder TAB (position 10 vacant)

lnner-Lead Bond Pull Test Performed at Sonoscan

Bonding Conditions Appllicable:

Pressure: med Teaperature: low Tine: med
SLAM GRAMS exc. SLAM GRAMS exc.
Pos# Boadx pull code Pos# Bondx pull code

1 5.7 ©6.00 O i3 0.00 0.00 ©
2 9.91 0.00 o 34 0.31 0.00 o
3 0.62 0.00 o] 3% 0.00 0.00 0
4 9.31 0.00 0 36 0.00 0.00 o
] 2.17 0.00 0 37 0.00 0.00 0
6 0.00 0.00 (o] 38 0.00 0.00 (o]
7 0.31¢ 0.00 ° 39 0.00 0.00 0
8 0.62 0.00 O 40 0.00 0.00 0
9 1.24 0.00 o 41 22.91 0.00 0
10 0.00 0.00 2 42 0.00 0.00 o]
11 11.76 0.00 (o] 43 0.00 0.00 0
12 11.46 0.00 0 44 0.00 0.00 o}
13 0.00 0.00 0 43 28.48 0.00 o}
14 0.00 0.00 0 46 40.56 0.00 0
18 0.00 0.00 0 47 10.84 0.00 o}
16 Q.00 0.00 0 48 27.24 0.00 0
17 0.00 0.00 0 49 2.17 0.00 0
18 0.00 0.00 0 S50 38.02 0.00 0
19 0.00 0.00 0 S 33.44 0.00 o]
20 0.00 0.00 0 52 37.18 0.00 0
21 0.00 0.00 0O 53 70.28 4.00 0
22 3.72 n.00 (o] 34 71.21 3.00 0
23 0.62 0.00 o -1 84.21 7.00 0
24 0.00 0.00 o} s6 41.49 6.50 0
25 3.72 0.00 o 37 65.08 7.50 0
26 0.00 0.00 e -1} 80.890 4,50 0
27 1.2¢ 0.00 © 39 68.73 2.%0 0
28 0.62 0.00 0 §0 47.68 3.00 0
29 Q.00 0.00 0 61 35.91 3.00 0
30 3.72 0.00 0 62 57.28 2.50 0
31 0.31 0.00 0O 63 %0.77 2.%0 0
32 0.00 0.00 0 64 1.24 0.00 o)

Exclusion Code Legend:

0) accepted data point $3) pull tester didn’t record
1) arbitrarily susplclious point §) uastored/unreadable SLAM

2) not a real pln...vacant 7) solder-bridged leads

3) pull tester dldn’t reset 8) pad lift (prior to pull?)
4) known prior damage ‘haadling 9) kapton-affected leads

A7




Table A.1.2 ILBA2-5

ILB42-%
64 position solder TAB (position 10 vacant)
Inner-L.ead Bond Pull Test Perforased at Sonoscan

Bonding Conditlions Applicable:

Pressure: med Temperature: low Tine: med
SLAM GRAMS exc. SLAM GRAMS exc.
Pos# Boadx pull code Pos# Boadx pull code
1 4.64 .00 *) 33 0.93 2.50 0
2 63.16 0.00 0 34 2.79 3.00 (o]
3 0.00 0.00 0 3% 93.81 3.00 0
4 52.32 0.00 0 36 84.83 4.00 0
5 2.17%7 0.00 o 37 94.74 4.00 0
6 0.31 0.00 0 as 91.33 0.00 0
7 0.00 0.00 0 39 93.19 6.00 0
8 0.00 0.00 0 40 0.31 6.00 0
9 0.31 0.00 o] 41 87.31 4.%0 ]
10 0.00 0.00 2 42 81.42 3.00 0
11 0.62 0.00 0 43 95.0% 3.00 0
12 Q.00 0.00 Q 44 78.98 3.%0 0
13 40.87 .00 0 45 $1.02 3.00 0
14 2.17 0.00 ¢) 46 83.28 3.00 o}
15 0.31 0.00 0 47 82.04 0.00 0
16 0.00 0.00 (o} 48 7%.23 0.00 o]
17 - 1.86 0.00 0 49 0.00 0.00 0
18 0.62 0.00 o L]e] 0.00 0.00 0
19 3.10 0.00 0 L 0.31 0.00 0
20 0.31 0.00 0 82 1.86 0.00 0
21 0.00 0.00 0 53 0.00 0.00 0
22 0.00 0.00 0 54 0.00 0.00 0
23 0.00 ©.00 0 L1} 0.31 0.00 1o}
24 0.00 0.00 0 -1 0.62 0.00 0
29 0.00 0.00 0 57 79.26 2.00 0
26 2.79 0.00 0 58 65.94 3.00 0
27 0.00 0.00 0 %9 0.00 0.00 0
28 0.31 0.00 0 60 0.00 0.00 0
29 0.00 0.00 0 61 0.00 0.00 0
30 0.62 0.00 0 62 80.19 3.00 0
3 0.62 0.00 0 63 57.28 0.00 0
32 2.48 0.00 0 64 0.00 0.00 ]

Exclusion Code Legend:

0) accepted data point S) pull tester didn’t record
1) arbitrarily susplcious point 6) unstored/unreadable SUAM

2) not a real pin...vacant 7) solder-bridged leads

3) pull tester didn’t reset 8) pad 1ift (prior to pull?)

4) known pricr damage/handling 9) kapton-affected leads

A.s




Table A.1.3 ILBAG-Y

ILB46~4¢
64 position sclder TAB (position 10 vacant)
Inner-Lead Bond Pull Test Performed at Sonoscan

Bonding Conditions Applicable:

Pressure: high Teaperature: low Tiwe: high
SLAM GRAMS exc. SLAM GRAMS exc.
Pos# Boandx pull code Pos# Bondx pull code
f 70.80 0.00 4 33 93.19 4.00 0
2 60.99 0.00 0 34 82.97 2.00 0
3 1.24 0.00 0 3s 86.69 4.00 (o]
4 62.22 0.00 0 36 62.54 3.00 0
] 41.49 5.00 0 37 86.38 5.50 0
6 60.99 0.00 0 38 87.62 6.00 0
7 2.17 0.00 ] 39 79.25% 6.00 0
8 43.34 4.00 0 40 0.00 0.00 0
9 82.66 0.00 0 41 95.36 6.00 0
10 0.00 0.00 2 42 87.93 $.00 0
11 20.43 0.00 0 43 88.85 4.50 0
12 78.64 4.00 0 44 96.90 4.00 0
13 54.80 0.00 4 45 93.81 3.00 0
14 $1.70 0.00 0 46 88.85 3.50 0
15 9.60 0.00 0 47 83.90 3.00 o
16 11.46 0.00 0 48 77.09 3.00 o]
17 0.00 4.50 0 49 1.55 0.00 0
18 63.47 0.00 0 50 0.62 0.00 0
19 55.73 0.00 0 51 2.48 0.00 o]
20 1.86 0.00 o 52 84.83 5.00 o]
21 81.73 4.00 O 53 85,76 4.50 0
22 3.10 0.00 o] 54 2.48 0.00 0
23 78.02 4.00 (Y] 53 74.92 0.00 4
24 72.76 3.30 0o 56 75.54 6.00 0
25 2.17 0.00 0 57 88.54 4.50 0
26 74.30 $.00 o} 58 0.00 0.00 0
27 64,09 4.00 0 S59 0.00 0.00 0
28 68.42 3.50 0 60 0.62 0.00 -0
29 13.93 0.00 0 61 0.00 0.00 0
30 87.00 3.00 0 62 1.24 0.00 o]
31 78.95% 0.00 4 63 53.87 3.00 0
32 71.82 3.00 o - 64 3.41 0.00 0
Exclusion Code Legend:
0) accepted data point - $) pull tester didn’t record
1) arbitrarily suspicious point 6) unstored/unreadable SLAM
2) not a real pin...vacant 7) scolder-bridged leads
3) pull tester didn’t reset 8) pad lift- (prior to pull?)
4) <nown prior daimage/handling 9) kapton-~affected leads

A3




Table A.1.% ILBA7-5

ILB47-5
64 position solder TAB (position 10 vacant)
Inner-Lead Bond Pull Test Perforaed at Sonoscan

Bonding Conditions Applicable:

Pressure: high Teaperature: ned Tine: lovw
SLAM GRANMS ezxc. SLAM GRAMS exc.
Pos# Bondkx pull code Pos# Boads pull code
1 42.11 17.00 33  42.41 30.00
2 41.80 24.00 34 34.37 32.00
3 35.60 25.00 35 29.10 35.00
4 31.27 138.00 36 32.82 40.00
5 51.39 28.00 37  67.49 40.00
6 44.27 44.00 33 42.11 38,00
7 54.80 40.00 39 57.28 44.00
8 54.49 44.00 40 48.61 35.00
9 57.89 46.00 41 52.32 45.00

42 54.18 42.00
43 63.78 34.00
44 63.47 41.00
43 62.85 37.00
46 55.73 26.00
47 45.51 19.00
51.08 15.00

10 0.00 0.00
11 76.16 47.00
12 61.30 45.00
13 46.7% 43.00
14 31.58 34.00
15 39.23 41.00
i6 36.84 43.00

49 55.73 33.00
50 68.11 40.00
St 57.89 42.00
52 63.16 41.00
53 89.16 39.00
54 65.63 235.00
8% 60.99 33.00
56 33.44 46.00
87 16.72 43.00
58 22.91 38.00
89 24,18 33.00
60 20.43 35.00
61 27.86 22.00
62 23.84 19.00
63 43.34 19.00
64 34.06 11.00

i 52.32 135.00
18 40.56 15.00
19 53.25 25.00
20 29.10 23.00
21 46.13 37.00
22 65.63 35.00
23 63.47 39.00
24 88.20 42.00
25 81.11 44.00
26 73.37 38,00
27 87.62 41.00
<8 858.20 42.00
29 43.96 43.00
30 49.85 41.00
31 34.37 18.00
32 40.25 15.00

Q0000000000 DO0000 000O0OOCONOOOOOO0OO00O0O
»
o
000000000000V O00O0 COOOO0OQQO0O0O0O000OO0O

Exclusion Code Legend:

0) accepted data point %) pull tester didn’t record
1) arbitrarily suspiclous point 6) unstored/uareadable SLAM
2) not a real pin...vacant 7) solder-bridged leads
3) pull tester didn’t reset 8) pad 1ift (prior to pull?)
"4) known prior damage/handling 9) kapton-affected leads

A. 1D




mh ‘o 1 -5 m8-3

ILB48-~3
64 position solder TAB (position 10 vacant)
Ianer-Lead Boad Pull Test Perforamed at GTE

Bonding Condlt!cn; Appllcable:

Pressure: high Temperature: ned Time: med
SLAM GRAMS exc. SLAM GRAMS exc.
Pos# Bondy pull code Pos# Bondx pull code

1 75.54 19.00 0 33 25.70 12.00 0
2 48.61 24.00 o 34 $5.70 13.02 0
3 17.96 18.00 O 3% 61.92 11.00 O
4 27.24 22.00 O 3s 46.13 15.00 O
s 55.11 0.00 4 37 52.94 {3.00 ©
6 $3.25 19.00 0 38 58.82 14.00 0
7 37.15 23.00 o] 39 89.78 18.00 0
8 26.01 21.00 0 40 69.04 21.00 o
9 48.61 22.00 0 41 85.76 17.00 0
10 0.00 - 0.00 2 42 71.52 18.00 0
11 49.85 14.00 0 43 62.85 15.00 o]
12 13.00 12.00 0 44 41.80 8.00 0
13 38.70 8.00 0 43 $9.7% 10.00 0
14 36.84 0.00 ] 46 $57.89 12.00 (o}
15 16.10 0.00 5 47 40.87 6.00 0
16 25.39 .0.60 S 48 71.%2 0.00 5
17 77.71 12.00 0 49 $3.2% 11.00 0
18 69.04 :7.00 o] 50 41.18 12.00 0
19 %6.3%5 1%.00 © 51 30.34 113.00 O
20 23.22 23.00 0 LV 0.00 11.00 3
21 60.06 21.00 0 $3 56.66 11.00 0
22 37.46 14.00 Le] 54 37.77 16.00 0
23 44.24 18.00 0 55 22.91 13.00 0
24 24.77 14.00 0 56 0.00 14.00 6
25 35.60 11.00 0 8?7 22.29 10.00 0
26 49.85 19.00 0 S8 $7.28 18.00 0
27 57.28 13.¢0° O %9 45.82 11.00 0O
28 39.32 10.00 O 60 16.72 8.00 O
29 72.76 8.00 o 61 70.90 10.00 0
30 70.90 6.00 0 62 73.37 10.00 o]
31 73.68 0.00 ] 63 $1.08 13.00 0
32 48 .61 0.00 L] 64 $.26 10.00 6

Exclusjon Code Legend:

0) accepted data point 3) pull tester didn’t record
1) arbitrarily suspiclous point 6) unstored/unreadable SLAM

2) not a real plin...vacant 7) solder-bridged leads

3) pull tester didn’t reset 8) pad lift (prior to puli?)

4) known prior damage/handling 9) kapton-affected leads

A.11




Table A.1.6 ILBAS.Y

ILB48=¢
64 position solder TAB (position 10 vacant)
Inner~Lead Bond Pull Test Perforamed at Sonoscan

Bonding Conditions Applicable:

Pressure: high Teaperature: med Tine: nmed
SLANM GRAMS exc. SLAM GRAMS ezxc.
Pos# Bonds pull code Pos# Bondx pull code
1 50.15 38.00 O 33 66.87 27.00 O
2 56.97 26.00 O 34 86.07 23.20 0O
3 37.77 30.00 O 3% 78,33 31.00 0O
4 33.44 35.00 0 36 $3.25 34.00 0
5 50.1%5 25.00 O 37 61.61 37.000 O
6 85.42 29.00 0 38 73.37 38.000 O
7 68.73 29.00 O 39 61.30 46.00. O
8 73.68 41.00 O 40 42.41 46.000 O
9 36.84 43.00 0 41 66.25 45.00 0
10 0.00 0.00 2 42 74.61 36.00 )
11 61.30 40.00 0 43 38.08 39.00 0
12 44.%58 36.00 0 44 62.85 29.00 0
13 21.67 27.00 0 45 $7.89 29.00 0
14 61.61 1%5.00 ] 46 ~ 87.00 18.00 0
15 49.23 16.00 0 47 58.20 20.00 (o}
16 .36.53 24.00 (o] 48 36.22 13.00 0
17 17.32 18.00 0 49 16.10 13.00 0
18 42.72 34.00 (¢) S0 49.8% 20.00. 0O
135 20.12 22.00 0 81 46.44 22.00 0
20 25.48 19.00 (o] 82 38.08 28.00 (o]
21 26.01 20.00 0 53 53.87 41.00 0
22 $5.42 26.00 o] S4 92.26 137.00 0
23 36.22 23.00 0 S5 33.44 43.00 0
24 21.98 19.00 0 856 47.37 45.00 0
29 20.74 26.00 0 $7 47.37 39.00C o}
26 43.96 25.00 0O 58 79.57 45.00 0O
27 40.87 20.00 0O %9 48,92 37.00 o
28 44.27 22.00 O 60 %9.7% 32.00 0
29 29.72 18.00 0 61 48.61 40.00 O
30 49.23 24,00 O 62 63.47 136.00 0
31 39.32 10.00 O 63 42.72 42.00 O
32 3s8.08 0.00 3 64 44.89 35.00 0

Exclusion Code Legend:

0) accepted data point 5) pull tester didn’t record
1) arbitrarily suspiclious point 6) unstored/unreadable SULAM

2) not a real pin...vacant 73 solder-bridged leads

3) pull tester dida’t reset 8) pad lift (prior to pull?}

4) known prior dasage/handling 9) kapton-affected leads

A.12
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Table A.1.7 ILBAS.S

ILB48-3
64 position solder TAB (position 10 vacant)
Inner-L.ead Bond Pull Test Perforaed at Sonoscan

Bonding Conditlons Applicable:

Presasure: high Teaperature: med Tine: med
SLAM GRAMS exc. SLAM GRAMS exc.
Pos# BondX pull code Pos# Boadkx pull code

1 63.78 19.00 0 33 71.21 19.00 0
2 20.74 22.00 O 34 55.11 28.00 O
3 43.65 28.00 0 35 58.51 41.00 0
4 32.%1 32.00 O 36 45.20 27.00 0O
5 35.29 18.00 O 37 S52.32 30.00 O
3 42.41 24.00 o as 71.21 42.00 7
7 48.92 32.00 0 39 70.59 45.00 7
8 33.44 135.00 0 40 56.04 45.00 o
9 $1.39 39.00 o 41 56.66 45.00 0
10 0.00 Q.00 2 42 88.24 40.00 (o]
1! 87.28 42.00 o 43 63.47 28.00 (¢]
12 63.16 27.00 o} 44 §3.%6 26.00 0
13 25.39 25.00 0 45 57.89 32.00 0
14 36.53 18.00 (o} 46 44.89 16.00 0
15 25.39 13.00 O 47 17.65 20.00 0
16 30.03 13.00 0 48 32.%5! 18.00 0
17 63.78 20.00 0 49 47.06 17.00 0
18 60.06 24.00 Q ]o) 54.49 17.00 0
19 44.89 25.00 (o} S1 50.77 25.00 (o]
20 35.91 23.00 (o] 82 $5.11 25.00 (o]
21 31.58 28.00 0 53 78.02 31.00 0
22 $2.94 33.00 o 54 72.45 39.00 0
23  42.72 3%.00 O 55 56.66 40.00 0O
24 41.18 38.00 0 56 35.29 41.00 o]
295 43.96 38.00 0 87 32.51 38.00 0
26 41.18 31.00 0 LY} 48.61 0.00 8
27 31.%8 22.00 0 $9 47.37 31.00 0
28 39.01 23.00 O 60 39.63 29.00 O
29 $0.77 22.00 0 a1 54.49 37.00 o]
30 56.66 21.00 0 62 31.59 26.00 (o}
31 $2.94 19.00 0 63 63.16 31.00 (o]
32 34.06 9.00 Q 64 54.18 38.00 o]

Exclusion Code Legend:

0) accepted data point $) pull tester didn’t record
1) arbitrarily suspicious point 6) unstored/unreadable SLAM

2) not a real pin...vacant 7) solder«bridged leads

3) pull tester didn’t reset 8) pad l1ift (prior to pull?)

4) Known prior damage/handling 9) Kkapton-affected leads

A.13




Tadle A.1.8  ILBAG-A

ILB49=4
64 position solder TAB (position 10 vacaat)
Inner-Lead Boand Pull Test Perforued at Sonoscan

Bonding Conditions Applicable:

Pressure: hlgh Temperature: med Tlncé high
SLAM GRAMS exc. SLAM GRAMS exc.
Pos# Boadx pull code Pos# Boads pull code

33 49.23 38.00
34 71.52 41.00
kL] $1.39 38.00
36 31.27 42.00
37 47.68 33.00
38 75.23 40.00
39 50.46 45.00
40 $5.11 45.00
41 55.11 435.00
42 64.71 40.00
43 21.08 42.00
44 $4.18 35.00
45 63.78 32.00
46 $2.32 28.00
47 36.22 29.00
39.32 22.00

57.89 21.00
66.87 23.00
59.44 27.00
40.87 35.00
60.06 24.00
72.76 33.00
63.16 34.00
54.80 45.00
55.11 44.00
10 0.00 0.00
11 62.85 42.00
12 60.06 42.00
13 48.61 38.00
14 52.94 19.00
13 45.351 18.00
16 41.18 18.00

VR JOAARSLWN -

49 75.23 28.00
50 74.61 27.00
Sl 49.54 38.00
852 61.30 33.00
53 $51.70 36.00
S4 46.75 41.00
55 43.96 33.00
56 50.1% 43.00
57 52.01 40.09
58 43.65 44.00
59 §5.33 37.00
60 31.48 27.00
61 67.00 29.00
62 84.52 32.00
63 44.58 28.00
64 40.87 25.00

t7 14.55 18.00
18 28.48 9.00
19 0.93 12.00
20 19.50 17.00
21 .14.86 18.00
22 41.80 21.00
23 $.26 25.00
24 26.93 37.00
28 29.10 34.00
26 14.86 37.00
27 17.36 24.00
28 22.60 27.00
29 7.43 29.00
30 18.89 44,00
31 1.86 18.00
32 10.84 13.00

00000000000 00C000 0000000 NODODOVDOO0OOOO
»
[}
0000000000000 C00C Q00O OLOOODOOOOOOQO

Exclusion Code Legend:

0) accepted data point 5) pull tester didn’t record
1) arbitrarily suspiclious point §) unstored/unreadable SLAM
2) not a real pin...vacant 7) solder-~bridged leads
3) pull tester didn’t reset 8) pad lift (prior to pull?)
4) knovn prior dasage/handling 9) kapton-affected leads

A4




Table A.1.9  ILBAG-5

ILB49-5
64 position solder TAB (position 10 vacant)
Inner-Lead Boad Pull Test Perforsed at Sonoscan

Bonding Conditions Applicable:

Pressure: high Tenperature: ned Time: high
&AM GRAMS ezxc. . SLAM  GRAMS ezc.
Pos# Bond: pull code Pos# Bonds pull code
1 39.32 10.00 33 24.77 10.00
2 33.34 13.00 34 37.1% 15.00
3 32.20 14.00 3s 28.48 18.00
4 22.22 12.00 36 30.34 18.00
5 13.62 21.00 37 28.79 23.00
6 22.29 0.00 38 37.15 32.00
7 35.91 1%5.00 39 37.15 40.00
8 29.10 19.00 40 34.37 138.00
9 13.93 16.00 41 21.0% 33.00
10 0.00 0.00 42 33.25% 33.00

43 30.65 21,00
44 63.47 22.00
45 32.20 11.00
46 39.63 15.00
47 29.10 24.00

0

o

o

0

0

o

0

(¢]

*]

0

11 11.76 21.00 )
0
o
°]
¢]
48 $4.%0 1%5.00 0
0
0
°]
*]
0
(*]
0
0
0
0
0
Q
0
0
o
0

0

Q

0

o

0

4

0

0

0

2

0
12 13.62 14,00 o
13 36.22 14.00 0
14 32.%1 11.00 0
15 34.98 10.00 - o
16 17.34 8.00 o
17 48.30 37.00 o 49 69.3% 31.00
18 30.46 31.00 o So 86.38 36.00
19 43,03 28.00 o S 54.80 40.00
20 42.72 40.00 o 52 63.16 41.00
21 34.67 39.00 o 33 63.93% 43.00
22 28.17 41.00 o 54 88.85 44.00
23 22.60 41.00 o 55 $5.73 42.00

- 24 19.81 40.00 o 56 51.08 44.00
25 18.58 33,00 o 57 44.58 44.00
26 23.22 32.00 o 58 53.11 «4.00
27 36.22 27.00 o 39 81.42 3%5.00
28 23.53 30.00 o 60 €5.02 40.00
29 3%5.91 31.00 0 §1 71.21 42.00
30 32.20 33.00 o 62 80.50 43.00
31 24.13% 31.00 0 83 76.78  44.00
32 30.34 24.00 o §4 67.49 40.00

Exclusion Code Legend:
)

0) accepted data point 3) pull tester didn’t record
1) arbitrarily susplclous point §) unstored/unreadadble SLAN

2) not & real pia...vacant 7) solder-bridged leads

3) pull tester didn’t reset 8) pad lift Cprior to pull?)

4) known prior danago/handllng 9) kapton-affected leads




Table A.1.10 ILB50-2

1LB50-2
64 position solder TAB (position 10 vacant)
Inner-Lead Bond Pull Test Perforaed at GTE

Bonding Conditions Applicable:

Pressure: high Teeperature: high Tine: lovw
SLAM GRAMS exc. SLAM GRANMS exc.
Pos# Boads pull code Pos# Boandsx pull code
1 $3.28 18.00 33 73.68 21.00
2 91.9% 24.00 34 66.56 26.00
3 86.69 29.00 35 $2.32 23.00
4 87.93 41.00 36 64.40 22.00
S 78.64 26.00 7 65.94 31.00
6 73.37 19.00 3s 63.47 27.00
7 97.21 32.00 39 $5.73 35.00
8 88.8% 25.00 40 96.35 33.00
9 87.31 28.00 41 77.71  29.00

42 38.51 37.00
43 46.44 28.00
44 $9.44 25.00
43 74.30 29.00
46 92.01 29.00
47 64.09 33.00
49 70.99 0.00

49 60.99 29.00
SO0 67.80 20.00
51 70.59 32.00
92 63.47 44.00
83 7.12 31.00
S4 21.08 35.00
33 34.06 135.00
96 39.63 44.00
87 16.10 34.00
S8 31.89 36.00
59 43.63 1335.00
€0 39.01 30.00
6! 33.13 19.00
62 37.46 24.00
63 36.35 22.00
64 43.34 11.00

10 0.00 0.00
11 90.71 16.00
12 73.68 16.00
13 63.63 15.00
14 86.38 10.00
13 55.42 8.00
16 36.22 14.00

17 69.62 12.00
18 25.70 16.00
19 43.51 12.00
20 25.70 12.00
21 79.%7 15.00
22 60.06 21.00
23 58.31 19.00
24 17.65 22.00
25 74.30 23.00
28 60.68 24.00
27 30.65 26.00
28 43.03 27.00
29 63.47 24.00
30 23.84 20.00
3t 43.03 22.00
32 94.49 37.00

OOOOOOOOOOOOOOOO OOOOOONOOOOOOOOO
CO0OPRARRAARAMARNOOOO PROO0CO0O00000O0OD000O0O

Exclusion Code Legend:

0) accepted data polnt S) pull tester didn’t record
1) arbltrarily suspicious point §) unstored/unreadable SLANM

2) not a real pin...vacant 7) solder-bridged leads

3) pull tester didn’t reset 9) pad 1{ft (prior to pull?)

4) known prior damage/handling 9) kapton-affected leads

‘.'5




Table A.1.11  ILB52-0

ILB3O~4
64 position solder TAB (position 10 vacant)
Inner~Lead Bond Pull Test Perforaed at Sonoscan

Bonding Condttlon; Applicable:
Pressure: high Teaperature: high Tine: low

SLAM GRAMS ezxc. : SLAM GRAMS ezxc.
Pos# Bondy pull code Pos# Boands pull code

33  50.15 10.00
34 61.61 11.00
‘ 35 73.07 18.00
36 67.80 18.00
37  49.85 35.00
38 57.28 46.00
39 63.42 37.00
40  §3.94 46.00
41  65.63 47,00
42 65.94 46.00
43 57.89 39.00
44 59.7% 33,00
43  46.13 30.00
46  0.00 0.00
47 43.65 40.00
54.18 33.00

73.99 22.00
78.98 23.00
78.33 30.00
€3.39 139.00
56.66 46.00
73.07 44.00
88.24 43.00
77.71 4S5.00
47.93 49.00
10 0.60 0.00
11 $7.%3 43.00
12 84.21 40.00
13 233.90 22.00
14 62.23 29.00
19 72.43 12.00
16 63.47 6.00

WEQRARE N -

49 84.52 12.00
350 76.16 40.00
51 82.32 32.00
82 60.99 38.00
83 85.76 36.00
54 €7.49 42.00
33 73.68 43.00
36 57.%9 239.00
87 93.19 40.00
-1} 78.33 33.00
39 87.62 46.00
60 78.64 33.00
6! 96.%9 30.00
62 84.21 38.00
63 31.89 137.00
o4 0.00 0.00

17 83.14 15.00
18 69.66 8.00
19 64.71 12.00
20 985.73 18.00
31 73.99 22.00
22 69.04 29.00
33 68.11 18.00
24 29.44 31.00
ri-] 77.40 32.00
26 02.97 39.00
27 79.97 27.00
28 84.21 22.00
29 $2.97 32.00
30 86.33 25.00
31 60.06 17.00
32 66.36 15.00

000000GCG000D000000 0OCO0OO0O0OOONODO0DO0OO0O0OO
P
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0000000000000 00 0000000000000 00O0

Ezclusion Code Legend:

0) accepted data polint %) pull tester 4idn’t record
1) arditrarily suspiclous point 6) uastored/uanreadable SLAM

2) not a real pin...vacant 7) solder-dbridged leads

3) pull tester didn’t reset 8) pad lift (prior to pull?)
4) knowan prior damaje’/handl ing 9) kaptoa~-affected leads

AT



Table A.1.12 IL350-5

ILBS0-5
64 position solder TAB (position 10 vacant)
Inaner~Lead Boad Pull Test Performed at Sonoscaan

Bonding Conditions Appllicable:
Pressure: high Tewperature: high Time: low

SLANM GRAMS ezxc. SLAM GRAMS exc.
Pos# Boadx pull code Pos# Boady pull code
90.40 7.00 33 $1.73 125.00

34  94.12 135.00
35 Se.20 13%.00
3§ 62.85 335.00
37 78.64 135.00

70.90 30.00
79.88 35.00
44.89 36.00
77.09 0.00

80.3%0 37.00 3 84.92 138.00
$1.39 37.00 39 77.09 40.00
68.42 39.00 40 69.04 239.00
30.03 38.00 41 84.32 139.00
0.00 0.00 42 89.16 32.00
56.97 40.00 43 %8.82 30.00
32.%1 36.00 44 64.71 32.00

45 74.30 8.00
46 68.73 16.00
47 80.80 29.00
48 87.93 20.00

86.69 22.00
79.26 27.00
66.25 18.00
65.63 14.00

49 64.09 17.00
30 90.40 12.00
-1} 88.85 24.00
92 64.09 36.00

0.00 0.00
68.02 10.00
$2.01 19.00
34.67 18.00

[ I e . e s B g g
cCvwoey PRAEMUN~OVRIPDL WM -

0000000000000 O 000~00000000000O0

0000000000000 0O00 0O0000O0ONOOOOWOOO -

21 64.40 27.00 33 72.14 36.00
22 74.92 31.00 S4 $7.28 37.00
23 68.42 32,00 c1-] $1.08 38.00
24 96.97 13%.00 36 61.20 37.00
r) 40.36 133.00 87 64.7t 38.00
28 43.34 37.00 58 71.21 31.00
27 75.%94 24.00 S9 77.71 30.00
r ] 64.09 133.00 60 91.33 23.00
29 0.00 0.00 61 0.00 0.00
30 97.21 30.00 62 78.93 2%5.00
31 90.71 19.00 63 72.76 26.90
32 33.44 21.00 64 79.57 28.00

Exclusion Code Legend:

0) accapted data polint 3) pull tester didn’? record

1) arbitrarily suspicious polint §) uastored/unreadadle SLANM

2) not a real pin...vacant 7) solder-bdbridged leads

3) pull tester didn’t reset 8) pad 11t (prior to pull?)

4) known prior damage/handling 9) kapton-affected leads
ALY




Table A.1.13 ILBSt-3

ILBSL-3
64 position solder TAB (position 10 vacant)

Inner-Lead Bond Pull Test Perforamed at GTE

Bonding Conditioans Applicable:
Pressure: high Tenperature: high Tine: med

SLAM GRAMS exc. 8LAM GRAMS exc.
Pos# Boads pull code Pos# BoadXx pull code

1 45.20 30.00 0 33 19.81 17.00 O
2 64.40 37.00 O 34 64.09 32.00 O
3 49.54 37.00 0 3s 51.70 22.00 O
4 73.99 32.00 O 36 50.15 24.00 0
] 45.82 26.00 O 37 39.63 27.00 0
] 66.87 26,00 O as 84.49 25.00 O
7 24.46 0.00 L] as 33.285 24.00 0
8 24.46 38.00 0 40 43.03 29.00 O
9 48.92 33.00 O 41 30.6% 25.00 0
10 0.00 0.00 2 42 46.13 25.00 o
11 $3.2% 26.00 o] 43 33.7% 26.00 O
12 34.37 26.00 O 44 33.13 21.00 o]
13 41.49 21.00 o 45 29.10 17.00 0
14 36.84 18.00 O 46 32.91 t4.00 o0
15 34.37 16.00 0 47 $3.%56 12.00 O
16 29.72 10.00 o} 48 22.60 18.00 0
17 37.77 18.00 O 49 73.99 34.00 ©
18 60.06 19.00 o] 50 69.3% 41.00 O
19 37.1% -20.00 o L} 74.30 43.00 O
20 9.29 27.00 O 82 88.%54 40.00 0O
21 39.29 23.00 O 83 43.96 8%.00 O
22 60.99 29.00 0 54 78.95 54.00 0
23 73.68 29.00 O 1] 79.88 61.00 O
24 43.06 28.00 0 -1 51.08 48.00 0
2% 4%3.82 235.00 o] 57 45.51 48.00 O
28 S4.80 29.00 O 58 73.37 48.00 0O
27 63.02 30.00 0 59 8!.42 32.00 0
28 49.85 28.00 o] 60 86.97 28.00 0
29 59.7% 27.00 0 61 72.21 24.00 0
30 54.80 20.00 e] 62 92.32 22.00 (o]
31 91.39 18.00 Q €3 41.18 20.00 ]
32 70.28 18,00 0 64 39.94 2t.00 0

Exclusion Code Legend:

0) accepted data point 9) pull tester didn’t record
1) arbitrarily suspicious polint 6) unstored/unreadable SLAM

2) not a real pin...vacant 7) solder-bridged leads

3) pull tester didn’t reset 8) pad lift C(prior to pull?)

4) known prior damage/handling 9) kapton-affected leads

A9




Table A.1.18% ILBS1-A

ILBS1=4¢
64 position solder TAB (position 10 yacant)
Inner-Lead Bond ! all Test Perforamed at Sonoscan

Bonding chdltlon; Applicadle:
Pressure: high Temperature: high Tine: ned

SLAM GRAMS exc. SLAM GRANS exc.
Pos# Boandx pull code Pos# Boady pull code

1 91.33 34.00 O 33  84.2¢t 3t1.00 ©
2 83.90 46.00 O 3¢ 89.16 42.00 O

3 82.04 22,00. O 3 77.40 46.00 O
4 69.97 43,00 O k[ 0.0¢ 0.060 8
-] 39.94 16.00 O 37 12.38 0.00 8
6 54.49 40.00 O 38 61.92 43.00 O
7 0.00 o0.00 8 39 73.37 4%.00 O
8 64.7! 44.00 O 40 80.80 42,00 O
9 %4.49 48,00 O 41 93.%50 %0.00 0O
10 0.00 0.00 2 42 81.73 48.00 O
11 0.00 0.00 0 43 82.04 45.00 0
12 62.85 42.00 O 44 83,90 41.00 0O
13 48.92 33.00 O - 43 63.02 38§.00 O
14 956.04 22,00 0O 46 77.09 30.00 ©
19 54.80 28.00 0O 47 69.35 31.00 0O
16 55.73 28,00 O 48 61.30 26.00 0
17 46.13 22.00 0 49 56.04 18.00 0
18 73.99 37.00 O S0 78.33 16.00 O
19 99.44 24.00 0 S1 45.51 19.00 0
20 66.2% 37.00 (2] 82 71.82 28.00 0
21 60.37 38.00 O %3 852.63 38.00 O
22 42.72 22,00 0O S4 83.3%9 46.00 O
23 34.67 33,00 O S5 67.80 47.00 O
24 31.89 32,00 O 56 40.87 43.00 o
29 33.13 33,00 o 87 60.06 30.00 ©
266  70.28 37.00 O 88 73.07 :3.00 O
27 41.49 23,00 O 89 €5.63 48.00 O
28 43.34 22,00 O 60 48.30 49.00 0O
29 0.00 ©0.00 8 61 63.78 49.00 O
30 39.63 28.00 0 62 85.14 8%0.00 0O
31 23.22 15,00 O 63 65.33 %0.00 ©
32 0.00 0.00 0 64 84.52 S50.00 O

Exclusion Code Legend:

0> accepted data point 3) pull tester didn’t record
1) arbitrarily suspicious polat §) unstorsd/unreadable SLAM

2) not & real pin...vacant 7) solder-pridged leads

3) pull tester d!dn’t reset 8) pad 1i£t (prior to pull?)

4) known prior damage/handling 9) kapton~affected leads

A.20




Table A.1.15 ILB51.5

ILBS1-S
64 position solder TAB (position 10 vacant)
Inner-Lead Boad Pull Test Perforamed at Sonoscan

Bonding Conditions Applicable:
Pressure: high Tcaperature: high Tine: med

SLAM GRAMS exc. SLAY GRAMS ezxc.
Pos# Bond:x pull code Pos# Bondy pull code

1 43.6% 31.00 O 33 36.53 48.00 O
2 38,39 45.00 O 34 65.02 41.00 O
3 20.74 40.00 O 35 47.06 46.00 O
4 16.72 35,00 O 36 35.91 44.00 O
5 24.1% 2%5.00 O 37 54.49 44.00 O
6 46.13 42.00 O 38 65.02 46.00 O
7 42.41 33.00 ] 39 83.28 45.00 0
8 47.37 38.00 0 40 62.85 49.00 ]
9 78.33 41.00 O 41 62.54 49.00 O
10 0.00 0.00 2 42 65.94 46.00 o]
11 61.92 43.00 0 43 39.7%5 47.00 ¢
12 §5.33 137.00 o 44 33.837 45.00 0
13 63.47 31.00 0 43 77.09 40.00 0
14 41.18 30.00 o 46 81.73 29.00 (o]
18 43.03 40.00 O. 47 71.21 26.00 O
16 31.89 27.00 0 48 58.20 13.00 0
17 80.19 13%5.00 0 49 0.00 0.00 (o]
18 68.73 3%5.00 o %0 22.60 12.00 o
19 64.40 41.00 o St 46.44 27.00 (o}
20 54.80 40.00 0 82 41.80 40.00 (o}
21 21.08 44.00 0 83 47.99 48.00 o}
22 $3.87 37.00 O 54 46.735 40.00 O
23  47.37 47.00 O 55 87.%9 4%5.00 O
24 31.89 45.00 O 56 60.37 49.00 O
28 0.93 0.00 8 -¥) 74.92 44.00 o
26 $4.18 49.00 o -1 68.42 49.00 0
27 16.58 13.00 8 %9 39.63 5%0.00 O
28 25.70 4%5.00 0O 60 69.04 48.00 O
29 52.32 36.00 O 61 63.78 49.00 O
30 31.89 40.00 (o] 62 62.54 48.00 0
31 46.44 32.00 0 63 71.%4 %0.00 0
32 26,32 21,00 O §4 63.16 49.00 O

Exclusion Code Legend:

0) accepted data point S) pull tester didn’t record
1) arbitrarily susplcious polint §) unstored/unreadable SLAM

2) not a real pin...vacant 7) solder-bridged leads

3) pull teater didn’t reset 8) pad l1ft (prior to pull?)
4) known prior damage/handling 9) kapton-affected leads

A?




Table A.1.16 ILBS2-3

I1LBS2-3
64 position solder TAB (position 10 vacant)
Inner-Lead Boad Pull Test Performed at GTE

Bonding Conditions Applicable:
Pressure: hlgh» Teaperature: high Tine: high

) SLAM GRAMS ezxc. SLAM GRAMS exc.
Pos# Boady pull code Pos# Bonds pull code

1 67.49 30.00 33 85.76 23.00
2 77.09 46.00 34 76.16 25.00
3 S55.42 45.00 35 83.59 28.00
4 67.18 83.00 3¢ S6.66 31.00
S 77.40 28.00 37 68.11 32.00
6 74.61 29.00 38 73.68 31.00
7 62.54 3%5.00 39 92.%7 32.00
8 42.11 54.00 40 56.04 52.00
9

41 75.23 38.00
42 $3.25 34.00
43 37.77 22.00
44 44.27 27.00
45 80.19 22.00
46 70.59 17.00
47 66.56 19.00
54.18 11.00

58.51 350.00
10 0.00 0.00
11 88.20 32.00
12 34.37 23.00
13 64.71 19.00
14 44.358 17.00
15 44.38 14.00
16 37.46 10.00

49 87.93 11.00
SO0 85.76 24.00
51 61.30 21.00
52 54.80 28.00
$3 41.18 32.00
S4 49.54 27.00
L1 14.86 30.00
56 9.29 29.00
37 20.43 29.00
58 $1.70 28.00
59 45.82 23.00
60 38.08 21.00
§1 36.84 15.00
§2 68.73 14.00
63 74.00 16.00
64 33.44 16.00

17 58.82 16.00
18 35.60 16.00
19 21.05 20.00
20 5.88 25.00
21 47.68 22.00
22 47.37 23.00
23 27.86 34.00
24 14.24 26.00
2S 60.99 21.00
26 39.01 25.00
27 17.65 19.00
28 8.08 15.00
29 64.09 14.00
30 54.00 14.00
31 52.63 12.00
32 21.67 11.00

CO00OMNQOORNOOONRO0OO0 00000CONODOOOOOOOO
[
[ ]
CO000000O0ONOCO0DOO0OO0O0 0000000000000 O000

EBxclusion Code Legend:

0) accepted data point %) pull tester didn’t record

1) arbitrarily suspicious point 6) unstored/unreadabie SLAM

2) not a real pin...vacant 7) solder-bridged leads

3) pull tester didan’t reset 8) pad lift (prior to pull?)

4) known prior damage/handling 9) kapton-affectad leads
A.22




Table 4.1.17 ILBS2-A

ILBS2-4
64 position solder TAB (positicn 10 vacant)
Inner-Lead Boad Pull Test Performed at Sonoscan

Bonding Conditions Applicable:
Pressure: high Teaperature: high Time: hlgh

SLAM GRAMS exc. SLAM  GRAMS exc.

Pos® Bonds pull code Pos# Bond% pull code
1 69.04 43.00 33 69.97 37.00
2 80.50 45.00 34 71.03 40.00
3 67.80 47.00 3% 65.33 44.00
4 74.30 47,00 k13 61.30 45.00
S 69.04 44.00 37 66.25 48.00
6 53.56 43.00 38 81.42 49.00
7 856.66 45.00 39 63.78 49.00
8 52.94 48.00 40 68.42 47.00
9 41.18 $50.00 41 69.35 50.00

42 75.54 850.00
43 68.73 950.00
44 63.16 50.00
45 64.71 $0.00
46 75.85 37.00
47 §3.47 37.00
48 68.73 27.00

10 0.00 0.00
11 65.02 50.00
12 44.58 49.00
13 43.23 40.00
14 33.44 5%50.00
13 48.61 48.00
16 35.60 350.00

67.80 18.00
S0 $8.20 18.00
51 65.94 20.00
52 68.42 37.00
53 65.63 45.00
S4 48.30 850.00
5S 63.16 45.00
56 49.23 %S0.00
57 76.47 48.00
S8 38.08 50.00
89 73.37 48.00
60 $4.80 49.00
61 78.02 48.00
62 82.66 49.00
63 73.99 49.00
64 72.96 50.00

17 $3.25 38.00
18 63.16 36.00
19 50.51 41.00
20 35.91 44.00
21 36.53 41.00
22 $2.01 43.00
23 40.56 4C.00
24 65.47 39.00
28 $3.87 47.00
26 $8.82 45.00
27 37.15 46.00
28 38.39 42.00
29 49.8% 41.00
30 38.39 50.00
31 39.32 37.00
32 38.70 40.00

0000000000000 O0O0 00000000000 DO0OO0OO

0000000000000 OOO CO0OPOO0OONODOOO0OOO0OO0O
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Ezclusinn Code Legend:

0) accepted data point 8) pull tester didn’t record
1) arbitrarily suspiclous point 6) unstored/unreadable SLAM

2) not a real pin...vacant 7) solder-bridged leads

3) pull tester didn’t reset 8) pad life (prior to pull?)

4) known prior damage/handling 9) kapton-affected leads

A.23




flb].. A. 1 . 1 8 n‘”z’s

ILB52-5
64 position solder TAB (position 10 vacant)
Inner-Lead Bond Pull Test Performed at Sonoscan

Bonding Conditiocas Applicable:
Pressure: high Temperature: high Time: high

SLANM GRAMS ezxc. SLAM GRAMS exc.
Pos# Boadx pull code Pos# Boadk% pull code

1 €5.94 37.00 0 33 36.33 40.00 0
2 68.11 42.00 0 34 46.44 40.00 O
3 67.80 42.00 0 as 30.96 42.00 0
4 78.33 45.00 0 36 35.60 43.00 0O
-] 96.90 43.00 0 37 50.46 41.00 0
6 45.51 85.00 0 38 53.%96 43.00 O
7 78.02 38.00 0 39 51.39 48.00 0
8 61.92 40.00 0 40 S50.15 48.000 0O
9 74.92 46.00 0 41 33.44 44.00 0
10 0.00 0.00 2 42 39.04 40.00 0
11 78.02 45.00 0 43 51.70 39.00 0
12 77.40 41.00 (o) 44 65.94 41.00 0
13 89.47 44.CO 0 45 70.59 43.00 (o]
14 72.14 44.00 o] 46 75.54 42.00 0
15 35.91 43.00 (o] 47 58.51 42.00 0-
16 47.68 43.00 0 48 64.09 43.00 (o)
17 37.46 23.00 0 49 53.5%6 23.00 (o]
18 25.39 26,00 0 S0 62.23 42.00 o]
19 32.%1 32.00 0 51 44.27 42.00 o]
20 33.44 29.00 0 82 73.99 42.00 0
21 22.00 38.00 0 %3 73.07 43.00 0
22 28.79 42.00 0 S4 34.37 44.00 0
23 22.80 40.00 0 L1} 33.44 45.00 0
24 34.37 40.00 0 56 38.70 38.00 0
23 47.06 40.00 (] 57 0.00 .00 8
26 39.63 37.c00 0 58 24.46 45.00 0
27 36.84 42.00 (o] 59 25.39 43.00 o]
28 33.44 42.00 0 60 28.79 43.00 0
29 37.77 39.00 0 61 16.41 40.00 0
30 31.27 37.00 Q 62 32.82 42.00 (o]
31 43.65% 39.00 +) 63 42.41 40,00 0
32 51.08 0.00 1 64 58.82 33.00 0

Exclusion Code Legend:

0) accepted data point S) pull tester didn’t record
1) arbitrarily suspicious polint §) unstored/unreadable SLAM

2) not a real pin...vacant 7) solder-bridged leads

3) pull tester didn’t reset 8) pad 1ift (prior to pull?)

4) known prior damage/handling 9) kapton-affected leads

A.24




Tadble A.1.19 ILBS53.2
ILBS3~2
64 position solder TAB (position 10 vacant)
Inner-Lead Bend Pull Test Perforaed at GTE

Bonding Condltlon; Applicable:

Pressure: med Teaperature: high Time: low
SLAM GRAMS exc. SLAM GRAMS exc.
Pos# Bond% pull code Pos# Bondk pull ' code
1 33.13 14.00 33 88.24 12.00
2 58.20 21.00 34 30.03 16.00
3 23.84 12.00 3% 7%.54 12.00
4 40.28 11.00 36 64.09 10.00
5 15.79 10.00 37 21.05 21.00
3 18.89 16.00 38 9.91 17.00
7 36.22 1%5.00 39 $2.01 18.00
8 44.89 18.00 40 23.22 19.00
9 42.11 14.00 41 100.00 18.00

42 98.45 17.00
43 97.21 13.00
4“4 75.85 16.00
45 88.00 10.00
46 88.85 7.00
47 26.63 0.00 -
79.23 0.00

10 0.00 0.00
11 $2.32 15.00
12 34.67 11.00
13 32.20 7.00
14 13.31 0.00
15 49.85 0.00
16 23.53 0.00

49 18.27 11.00
S0 58.51 18.00
31 25.70 11.00
82 48.92 12.00
93 22.60 14.00
S4 73.07 11.00
85 62.51 10.00
56 55.11 13.00
$7 11.76 11.00
S8 23.84 12.00
S9 46.13 9.00
60 24.46 10.00
61 54.18 19.00
62 87.62 27.00
63 37.77 13.00
64 28.48 16.00

17 0.00 0.00
18 44.58 13.00
19 0.00 10.00
20 1.24 10.09
21 0.00 7.00
22 28.48 14.00
23 41.80 11.00
24 13.31 17.00
25 45.20 13.00
26 40.87 23.00
27 25.70 11.00
28 8.68 6.00
29 47.68 9.00
30 49.23 11.00
31 44.27 13.00
32 46.44 8.00

Q00000000 OO0ORNROOO VLUOLMOOONODOOCOOOOO
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Exclusion Code Lagend:

Q) accepted data point %) pull tester didn’t record
1) arblitrarily susplicious polint 6) unstored/unreadable SLAM

.2) not a real pin...vacant 7) solder-bridged leads

3) pull tester didn’t reset 8) pad 1ift (prior to pull?)

4) known prior dasage/handling 9) kapton-affected leads




lelo. 4.1.2) ILBS53-5

ILBS3-53
64 position solder TAB (position 10 vacant)
Inner-Lead Boad Pull Test Perforaed at Sonoscan

Bonding Conditioans Applicable:

Pressure: med Temperature: high Timne: lovw
SLAM  GRANS ezc. SLAM GRAMS exc.
Pos# Bonds pull code Pos# Bondk pull code

41 57.89 43.00
42 %9.75 33.00
43 64.09 25.00
44 57.59 22.00
45 70.28 30.00
46 79.88 22.00
47 60.37 25.00
64.71 17.00

1 53.87 13.00 33 83.51 9.00
2 70.28 15.00 34 86.3% 18.00
3 96.28 18.00 35 80.80 23.00
4 85.11 27.00 36 4€2.11 21.00
5 66.25 19.00 37 75.23 30.00
6 8t.11 21.00 38 S55.42 35.00
7 75.54 26.00 39 80.80 43.00
8 44.27 25.00 40 49.54 46.00
9

57.28 28.00
10 0.00 0.00
i1 73.37 21.00
12 61.92 28.00
13 86.38 15.00
14 65.33 14.00
15 69.66 13.00
16 88.89 8.00

49 41.80 15.00
50 33.76¢ 1i5.00
51 59.44 26.00
S2 82.66 20.0C
83 45.51 23.00
S4 40.87 33.00
85 47.99 35.00
S6 56.04 34.00
57 52.32 30.00
58 59.13 38.00
89 46.44 28.00
60 72.14 25.00
61 44.27 31.00
62 45.51 30.00
63 38.39 28.00
64 46.44 18.00

17 85.45 17.00
18 $5.73 12.00
19 60.37 15.00
20 80.19 20.00
21 68.42 24.00
22 53.25 34.00
23 58.82 37.00
24 31.27 135.00
28 67.49 34.00
26 44.27 26.00
27 52.32 21.00
28 39.63 20.00
29 96.28 12.00
30 56.66 15,00
31 82.04 10.00
32 52.01 8.00

0000000000000 0CO0 00000 ONODODOODOOO0OOO
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Exclusion Code Legend:

0) accepted data point 5) pull tester didn’t record
1) ardbitrarily suspiclious point §) unstored/uareadable SLAM

2) not a real pin...vacant 7) solder-bridged leads

3) pull tester didn’t reset 8) pad l11f£t (prior to pull?)

4) known prior dasage/handling 9) kapton-affected leads

A28




Table A.1.21 ILBSA-A

ILBS4¢~4
64 position solder TAB (position 10 vacant)
Inner-Lead Bond Pull Test Perforaed at Sonoscan

Bonding Conditions Applicable:

Pressure: naed Teaperature: high Tine: nmed
SLAM GRAMS exc. SLAM GRAMS exc.
Pos# Boads pull code Pos# Boandkx pull code
1 42.41 22.0¢ 33 0.00 0.00
2 72.21 15.00 34 59.44 27.00
3 56.35 295.38 35 62.8%5 26.00
4 76.78 38.00 38 $8.82 27.00
S 69.3%5 18.00 37 63.47 33.00
6 90.09 23.00 as $2.01 41.00
7 74.92 37.00 39 57.28 44.00
8 83.90 35.00 40 46.44 44.00
9 62.23 137.00 41 62.54 43.00

42 65.33 42.00
43 45.20 32.00
44 $7.89 29.00
45 §8.73 21.00
46 56.66 30.00
47 38.70 20.00
65.56 22.00

10 0.00 0.00
11~ 47.99 29.00
12 28.48 29.00
13 61.61 15.00
14 78.9% 9.00
15 78.64 14.00
16 66.87 8.00

49 55.42 15.00
S0 30.85 13.00
51 35.91 16.00
52 31.58 17.00
53 §5.94 27.00
S4 65.33 31.00
C1-] 43.65 31.00
1 24.15 35.00
57 46.44 22.00
S8 $9.13 33.00
59 36.22 30.00
60 30.96 21.00
61 54.49 27.00
62 46.7S5 25.00
63 49.23 23.00
64 29.10 18.00

17 45.20 10.00
18 84.21 8.00
19 47.68 13.00
20 37.1% 12.00
21 46.13 20.00
22 64.40 25.00
23 $5.11 33,00
24 48.92 30.00
25 66.56 35.00
26 $6.04 34.00
27 41.18 21.00
28 40.87 19.00
29 70.90 1%5.00
30 40.25 1t17.00
31 52.94 12.00
32 33.7% 10.00

Q0000000000000 Qo000 ONMNOOODOOOOOO
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Exclusion Code Legend:

0) accepted data point S) puli tester didn’t record
1) arbitrarily suspiclous polint 6) unstored/unreadable SLANM

2) not a real pin...vacant 7) solder-bridged leads

3) pull tester dida’t reset 8) pad 1ift (prior to pull?)

4) known prior damage/handling 9) Kapton-affected leads




Table 4.1.22 ILBS5-5

ILBSS~5
64 position solder TAB (position 10 vacant)
Inner-Lead Bond Pull Test Perforaed at Sonoscaa

Bonding Conditions Applicable:

Pressure: med Teaperature: high Time: high

SLAM GRAMS exc. SLAM GRAMS exc.

Pos# Bondk pull code Pos# Bondk pull code
1 72.14 33.00 33 35.91 18.00
2 67.80 30.00 34 41.18 29.00
3 74.92 41.00 35 58.51 27.00
4 88.85 36.00 35 85.73 28.00
S 57.59 31.00 37 34.67 37.00
6 65.863 34.00 38 48.92 43.00
7 64.40 42.00 39 67.80 41.00
8 57.89 42.00 40 40.87 42.00
9 44.27 46.00 41 59.75 46.00
10 0.00 0.00 42 62.23 39.00

43 68.42 36.00
44 44.58 33.C0
45 79.57 14.00
46 64.71 22.00.
47 49.85 21.00
) 64.09 20.00

11 50.15 40.00
12 56.66 33.00
13 30.96 3%5.00
14 39.32 25.00
15 30.65 20.00
16 52.94 13.00

49 35.29 12.00
50 19.20 15.00
51 23.53 15.00
52 39.32 30.00
33 27.86 35.00
54 34.67 37.00
55 73.68 39.00
56 35.91 38.00
S7 34.98 39.00
S8 25.70 38.00
59 34.67 43.00
60 30.96 37.00
§1 31.58 26.00
62 39.01 30.00
63 36.22 26.00
64 34.57 28.00

17 31.89 20.00
18 32.82 17.00
19 52.32 2¢.00
20 43.65 24.00
21 53.56 27.00
22 50.77 31.00
23 63.16 32.00
24 47.37 40.00
25 50.46 34.00
26 63.16 42.00
27 53.87 28.00
28 59.13 23.00
29 70.59 235.00
30 37.77 19.00
31 73.07 21.00
32 26.32 15.00

0000000000000 000 VDOOOOONODOOOODOOOO
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Exclusion Code Legead:

0) accepted data polint 5) pull tester didn’t record
1) arbitrarily suspliclous point 6) unstored/unreadable SLAM
2) not a real pin...vacant 7) solder-bridged leads
3) pull tester dida’t reset 8) pad 1ift (prior to pull?)
4) known prior dasage/handling 93 kapton-affected leads

A.28




ILBS7-4
64 position solder TAB (position 10 vacant)
Inner-Lead Bond Pull Test Perforaed at Sonoscan

Tadle A.1.23 ILB57-A

Bonding Conditions Applicable:
Pressure: low

Pos#

VB IPRALWN -

SLAM
Bonds

47.99
63.78
73.99
39.63
30.34
60.68
39.94
87.28
3%.60

0.00
$7.89
63.97
33.7%
69.97
50.15
49.8%

24.46
3..%3
24.77
$1.39
40.56
28.44

9.29
31.98
19.350
29.39
21.67
36.22
29.41
47.68
45.20
64.71

GRANMS
pull

21.00
19.00
22.00
28.00
22.00
25.00
22.00
27.00
27.00

0.00
22.00
18.00
20.00
18.00
18.00
17.00

11.00
15.00
10.00
13.60
16.00
18.00
18.00
19.00
20.0)
22.00
16.00
18.00
18.00
13.00
14.00

9.00

Tenperature: high

exC.
code

0000000000000 000 0COOCOOONODOOOOO0O00OO

Exclusion Code Legend:
acceptad data point

e}
1
2)
kB
4)

arblitrarily suspiclous point
not a real pin...vacant
pull tester didn’t reset
known prior damage/handl {ng

Tiae:

sed

SLANM
Bond%

67.18
48.61
59.44
33.13
26.32
39.32
66.25
45.82
58.20
49.8%
33.13
20.74
58.391
62.23
26032

58.82 .

26.63
36.22
31.27
24.18

7.12
31.27
25.39
28.79
62.98%
€3.47
‘7.“
58.81
16.72
39.0!
39.63
38.29

GRANMS
pull

16.00
19.00
20.00
26.00
27.00
35.00
3s.00
37.00
37.00
25.00
28.00
15.00
16.00
19.00
13.00

9.00

16.00
16.00

17.00

22.00
16.00
19.00
27.00
23.00
22.00
31.00
33.00
24.00
21.00
23.00
18.00
15.00

ezxc.
code

0000000000000 V0DO00 0000000000000 0O0

3) pull tester didn’t recerd

A.29

6) uastored/unreadable SLAM
7) solder-bridged leads
8) pad lift (prior to pull?)
9) kapton-affected leads




- ——

" fable 2.1.28  ILBS9-2

ILB39~2 '
64 position solder TaB (position 10 vacant)
Inner-Lead Bond Pull Test Perforased at GTZ

Bonding Conditlioas Applicable:

Pressure: low Tenperature: med Tine: lovw
SLAM GRAMS ezxc. SLAM GRAMS ezxc.
Pos# Boads pull code ‘ Pos# Bonds pull code
1 39.94 0.00 S 33 17.03 0.00 5
2 61.30 7.00 0 kL | 46.44 0.00 5
3 67.80 0.00 5 33 $3.29 8.00 0
4 60.06 0.00 S 36 58.5¢t 0.00 S
] 13.00 6.00 0 37 30.65 0.00 5
6 89.7% 12.00 o as 49.23 8.00 0
7 $7.28 0.00 -] 39 18.58¢ 7.00 0
8 47.99 8.00 0 40 41.4% 0.00 5
9 43.96 0.00 S 41 75.%34 0.00 -]
10 0.00 0.00 2 42 84.83 8,00 O
i1 -38.08 0.00 S 43 90.40 0.00 -]
12 31.89 0.00 S 44 29.72 7.00 o
13 98.51 0.00 5 45 76.47 0.00 S
14 46.7% 0.00 S 4¢ 75.%4 8.00 o
1% 92.%7 0.00 S 47 77.711 0.00 S
16 47.68 0.00 S 48 70.28 0.00 5
17 62.89 0.00 S 49 77.7¢ 10.00 0
18 65.94 0.00 -] 50 91.02 0.00 S
19 64.71 6.00 0 St 79.26 7.00 0
20 7.74 0.00 5 82 $3.28 0.00 -]
21 $6.97 0.00 -] 53 79.57 8.00 0.
22 15.7% 6.00 0 54 69.35 0.5 S
23 3%.32 0.00 5 8s 87.89 0.00 S
24 0.93 0.00 § 11 32.20 6.00 0
29 8.67 0.00 S 57 42.41  0.00 ]
26 15.48 6.00 (¢ 1] 51.70 0.00 ]
27 4.02 0.00 § 39 39.94 8.00 0
28 0.00 0.00 ] 60 16§.72 8.00 O
29 0.00 Q.00 -] 61 41.80 0.00 5
30 0.00 Q.00 S 62 43,34 0.00 5
31 14.24 Q.00 ] 83 39.63 0.00 °' S
32 28,48 0.00 -] 64 20.12 0,00 S
Exclusion Code Legend:
0) accepted data point S) pull tester didn’t record
1) arblitrarily susplclous polat 6) unstored/unreadable SULAM
2) not a real pin...vacant 7) solder-bridged leads
3) pull tester didn’t reset 8) pad 1ift (prior to pull?)

4) known prior dasage/handling 9) kapton-affected leads

A. D




Tadble A.1.25 ILBS9-3

ILBS9-3
64 position solder TAB (position 10 vacant)
Inner-Lead Boad Pull Test Perforsed at GTE

Bonding Conditions Applicable:

Pressure: low Teaperature: med Time: low
SLAM GRAMS ezxc. SLAM GRAMS exc.
Pos# Bcadx pull code Posk Boady pull code
i 77.7% 0.00 4 33 78,02 0.00 8
2 22.29 0.00 4 34 €8,11 10,00 O
3 1.6 0.00 S 33 0.93 11.00 O
4 12.07 8.00 O 3¢ 12.38 6.00 O
-] 18.58 8.00 O 37  79.%7 10.00 O
6 20.12 7.00 O 38 51.39 9,00 O
7 1.24 7.00 0 39 57.%9 10.00 0
8 2.79 7.00 0 40 29.72 8.00 0
9 17.65 9.00 0O 41 74.61% 9.00 0
10 0.00 0.00 2 42 90.40 12.00 0
11 3.72 9.00 O 43 64.71 .00 0O
12 0.00 7.00 0 44 47.68 8.00 0O
13 66.87 0.00 S 43 66.26 7.00 0
14 13.62 0.00 9 46 7.7 0.00 5
13 17.03 0.00 S 47 48.61 0.00 -]
16 11.7¢ 0.00 -] 48 56.66 0.00 -
17 26.93 7.00 O 49 73.68 14.00 O
18 37.77 10.00 0 t-1+) 61.61 13,00 0
19 1.24 7.00 0 S1 68.29 13.00 0
20 0.93 8.00 O 52 13.31 18.00 O
21 6.19 8.00 O 83 76.16 14.00 O
22 4.64 7.00 0O 54 $3.87 10.00 O
23 21.98 7.00 O -1} 11.76  7.00 O
24 0.n0 6.00 O 56 0.00 13,00 6
28 29.41 .00 0O 57 77.09 16.00 O
26 24.77 7.00 O 8 73.37 13,00 o
27 14.86 0.00 3% 59 59.7% 13.00 O
28 17.6% 0.00 % 60 .81 11,00 0
29 %54.80 0.00 5 6! 79.88 §.00 O
30 56.133 0.00 -] 62 51.08 8.00 0
31 4.02 0.00 § 63 €8.% 0,00 5
32 19.17 0.00 8 64 33.7% 0.00 8

Exclusion Code Legend:

0) accepted data point 3) pull tester 4lda’t record
1) arbitrarily susplclous point €) unstored/unreadable SLAM

2) not a real pin...vacant 7) solder-dbridged leads

3) pull tester didn’t reset 8) pad 1ift (pricr to pull?)

4) kaown prior dasage/handl]ing 9) kapton-affected leads

AL




Table A4.1.26 ILBS9-A
ILBS9-4
64 positlion solder TAB (position 10 vacant)
Inner-Lead Bond Pull Test Perforaed at Sonoscan

Boading Conditions Applicable:

Pressure: low Teaperature: med Tine: low
SLAM GRANS ezxc. SLAM GRAMS ezxc.
Pos# 3Sondys pull code Pos# Boadx pull code

1 1.86 0.00 0 33  28.79 4.00 0
2 20.74 $.00 0 34 64.09 8.00 o]
3 0.00 0.00 0 kL] 40.56 4.00 0
4 1.58% 0.00 0 36 30.63 4.00 0
-] 78.33 6.00 0 37 80.19 8.00 0
6 6.81 0.00 0 3s 77.40 7.000 0
7 87.00 6.00 0 39 59.13 7.00 0
8 13.93 0.00 0 40 52.94 $.00 0
9 86.33 12.00 0 41 89.47 9.00 0
10 0.00 0.00 2 42 69.66 9.00 0
1 82.66 7.00 0 43  99.44 0.00 0
12 2.17 0.00 0 44 63.47 $.00 0
13 69.66 3.00 0 45 43.65 7.00 0
14 84.952 8.00 0 46 8.0% 0.00 ©
19 0.00 0.00 o] 47 2.79 0.00 0
16 15.48 0.00 0 48 4.9% 0.00 0
17 59, 44 0.00 0 49 13.93 0.00 0
18 9.91 5.00 0 S0 64.09 8.00 0
19 65.02 0.00 o) S1 22.91 0.00 ©
20 65.02 6.00 ) 82 7%.23 4.00 0
21 2.48 0.00 (o] 33 6.00 0.00 o]
22 77.71 10.00 0 S4 68.36 9.00 0
23 7.12 0.00 o} L) €7.80 14.00 0
24 .26 0.00 0 -1 3 23.84 3.00 0
23 2.48 0.00 0 87 52.%4 12.00 0
28 30.34 0.00 0 -1 ] 74.30 11.00 0
27 2.79 0.00 0 %9 78.64 11.00 0
28 73.99 9.00 0 60 59.13 3.00 0
29 40.87 9.00 0 61 31.27 4.00 0
30 $3.29 7.00 0 62 44.9%9 ¢.00 0
31 40.%6 3.00 0 63 0.00 0.00 0
32 27.9% 0.00 0 64 350.46 3.00 0

Exclusion Code Lagend:

0) accspted data point 3) pull tester didn’t record

1) ardbitrarily suspliclious point 6) unstored/unreadable SULANM

2) not a real pin...vacant 7) solder-bridged leads

3) pull tester didn’t reset 8) pad 1lift (prior to pull?)

4) kaown prior damage/handling 9) kapton-affected leads
A.32




Table A.1.27 ILBS0-2

ILB60~-2
64 positicn solder TAB (position 10 vacant)
Inner-Lead Boad Pull Test Performed at GTE

Bonding Condltlon; Applicable:

Pressure: low Teaperature: ned = Time: med
SLAM GRAMS exc. SLAM GRAMS ezxc.
Pos# Bonds pull cede Pos# Bond% pull code

1 64.71 11.00 O 33 71.%2 11.00 ©
2 79.88 10.00 O 3¢ 63.78 8.00 O
3 66.5% 6.00 O 3% 50.15 10.00 0O
4 95.36 0.00 5 3 42.41 $.00 o
-] 39.32 8.00 0 37 52.01 0.00 -]
6 56.65 13.00 o 3s 69.04 8.00 o
7 55.73 10.00 o 39 56.66 8.00 0
8 45.51 §.00 0 40 88.85 6.00 0
9 61.6! 0.00 & 41 66.87 0.00 8
10 0.00 0.00 2 42 83.30 6.00 0
11 44.58 .00 0 43 67.18 0.00 ]
12 2.48 8.00 0 44 87.31 0.00 S
13 17.34 9.00 0 43 70.59 0.00 5
14 0.00 6.00 0 46 75.85% 0.00 S
15 22.29 0.00 5 47 68.11 0.00 s
18 4.95 0.00 .5 48 96.07 0.00 S
17 0.00 0.00 ) 49 87.28 0.00 S
18 33.73% 0.00 L] 80 74.30 8.00 0
19 1.86 11.00 o S1 74.92 0.00 5
20 34.93 10.00 O $2 62.23 10.00 O
21 29.41 0.00 L] 33 92.88 0.00 S
22 $7.89 0.00 S S4 64.71 .00 -]
23  21.98 13.00 O 85 78.9% 0.00 S
24 16.10 0,00 8 %6 €6.% 0,00 8
25 18.58 8.00 O 87 33.7% 0.00 S
26 86.04 0.00 -] -1 ] 92.%7 0.00 L}
27 33.7% 10.00 0O 59 53.25 0.00 S
28 60.37 112.00 O 60 %0.77 0.00 S
29 51,39 7.00 0O 61 27.%8 0.00 8
30 79.84 8.00 0 62 64.40 0.00 §
31 $3.2% 9.00 o 63 48.6! 0.00 ]
32 15.48 0.00 S $4 21.67 0.00 5

Exclusion Code Legend:

0) accepted data point S) pull tester didn’t record
1) arbitrarily suspiclous point 6§) uastored/unreadable SULAM

2) not 2 real pin...vacant 7) solder~bridged leads

3) pull tester didn’t res:t 8) pad 11t (prior to pull?)

4) kaown prior dasage/handl ing 9) kapton-affected leads




Table A.1.28 ILBS1-5
ILB61-5
64 position solder TAB (position 10 vacant)
Inner-Lead Bond Pull Test Performed at 8Sonoscan

Bonding Conditions Applicable:

Pressure: low Tenperature: med Tine: low
SLAM GRAMS ezxc. SLAM GRAMS exc.
Pos# Boandk¥ pull code Pos# Boads pull code

1 S54.18 15.00 33 77.09 10.00
2 41.80 13.00 34 47.99 13.00
3 33.44 12.00 35 63.16 14.00
4 35.91 18.00 36 79.57 14.00
5 959.7% 12.00 37 48.61 19.00
6 46.44 20.00 38 41.49 25.00
7 82.3% 33.00 39 50.46 28.00
8 50.46 31.00 40 68.42 31.00
9 34.37 41.00 41 61.92 133.00

4?2 60.86 27.00
43 71.83 24.00
44 60.68 15.00
43 56.66 16.00
46 34.37 12.00
47 53.28 20.C0
54.80 13.00

10 0.00 0.00
11 51.08 14.00
12 36.22 38.00
13 80.%50 15.00
14 85.45 19.00
195 69.97 10.00
16 69.04 12.00

49 41.49 11.00
80 72.76¢ 10.00
81 47.06 15.00
82 38.11 17.00
3 59.44 10.00
54 71.83 17.00
55  64.71 15.00
56 77.09 23.00
87 46.13 22.00
S8 54.49 20.00
59 42.72 2%5.00
60 66.87 121.00
61 61.92 12.00
62 34.67 16.00
63 67.18 12.00
64 S57.28 15.00

17 50.77 13.00
18 47.99 10.00
19 31.%8 1%.00
20 17.03 17.00
21 20.43 16.00
22 25.08 15.00
23 29.72 18.00
24 11.15 13.00
25 45.31 17.00
26 27.86 13.00
27 51.39 26.00
28 61.61 26.00
29 48.30 16.00
30 33.44 13.00
3t 49.83% 17.00
32 82.66 14.00

0000000000000 000 00000 ONOOOOOOCOOCO
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Exclusion Code Legend:

0) accepted data polint $) pull tester di{dn’t record
1) arbitrarily susplcious point §) uastored/unreadable SLAM

2) not a real pin...vacant 73 solder-bridged leads

3) pull tester didn’t reset 8) pad lift (prior to pull?)

4) known prior damage/handling 9) kapton~affected leads

A-33




Table A4.1.2) ILB62-5

ILB62~5 :
64 position solder TAB (position 10 vacant)
Inner-Lead Bond Pull Test Perforaed at Sonoscan

Bonding Conditions Applicable:

Pressure: med Tenperature: med Tine: low
SLAM GRAMS exc. SLAM GRAMS exc.
Pos# BoadX pull code Pos# Bond% pull’ code

1 75.23 12.00 33 . 65.02 8.00
2 28.79 12.00 34 S4.18 10.00
3 41.18 13.00 33 27.24 15.00
4 43.34 20.00 36 44.58 13.00
] 45.20 18.00 37 52.63 17.00
6 41.80 14.00 38 69.97 27.00
7 28.17 15.00 39 49.23 33.00
3 17.65 8.00 40 53.25 41.00
9 20.43 30.00 41 80.19 35.00

42 78.02 30.00
43 39.32 20.00
44 859.44 12.00
45 62.85 17.00
46 79.87 15.00
47 44.58 17.00
45.82 10.00

10 0.00 0.00
11 33.13 20.00
12 49.23 17.00
13 38.08 15.00
14 28.483 12.00
15 15.48 15.00
16 0.00 0.00

49 0.00 11.00
50 0.00 13.00
51 0.00 12.00
82 0.00 12.00
33 58.82 16.00
54 47.37 18.00
835 24.77 22.00
56 28.17 23.00
S57 46.44 23.00
58 $3.56 25.00
59 33.13 22.00
60 34.06 21.00
61 67.49 18.00
62 49.23 17.00
63 69.66 14.00
§4 75.85 10.00-

17 20.74 16.00
18 30.34 13.00
19 11.76 11.00
20 23.84 14.00
21 18.89 16.00
22 18.98 17.00
23 8.36 22.00
24 38.08 18.00
25 6.30 20.00
26 15.17 19.00
27 18.89 15.00
29 35.29 18.00
29 30.03 15.00
30 24.77 18.00
31 21.08 17.00
32 10.33 7.00

0000000000000 000 ®WOOQOOONOOOOOOOOO
P
[
CO0O0O000O0O00O0O0ONMRNRRAN OCO0O0O0O000O0000000COO0O

Exclusion Code Legend: .

0) accepted data point $) pull tester didn’t record
1) arblitrarily suspicious point §) unstored/unreadablz SLAM

2) not a real pin...vacant 7) solder-bridged leads

3) pull tester didn’t reset 8) pad 11ift (prior to pull?)

4) known prior damage/handling 9) kapton-affected leads




Table A.2

OLB Saaples (solder TAB)

pull

OLB Samples

BONDING CONDITIONS:

dvell tiae

tenperature e

pressure

tested by

dominant exclusion code
# of exclusions w/codes 2-9

GR

LAM Bond%k
Sasple# nagx rav avg.
val avg v/exc

OLB16~2 97.18 33.64 34.04 1
OLB17-3 83.60 9.00 8.97
OLB21-2 . 89.79 28.64 29.10
oLB21-3 95.80 46.08 49.43
OLB24-6 83.78 10.73 11.02
oLB2s-5 77.78 16.04 15.9t
oLB28~-2 77.78 20.66 19.33
OoLB28~4 88.74 31.49 32.00
OLB29-2 87.84 28.22 29.13
oLB29-5 83.78 32.26 32.77
OLB31-2 93.69 32.49 36.49 |
OLB33-2 86.19 47.31 53.39
OLB33~6 50.45 19.90 20.21
OLB34-2 92.94 358.31 61.25
OLB34-3 91.74 44.48 46.2)
QLB3s-2 93.54 38.46 38.42 1
OLB35-4 93.%4 60.92 61.83 1|
OLB35-6 9%.%50 66.09 66.89 |
OLB36~-2 70.27 27.04 23.89
OLB36-4 87.24 36.24 36.8)
OLB37-2 94.44 37.94 239.97
OLB37-4 57.96 18.33 19.86
OLB38-2 93.24 33.79 31.40
OLB38-5 72.07 29.90 30.38

Exclusion Code Legend:
0) accepted data polint
1) arbitrarily suspicious point
2) not a real pin...vacant
3) pull tester didn’t reset
4) Known prior damage/handling

aazx
val

41.00
77.00
$9.00
$0.00
31.00
44.00
83.00
49.00

5)
6)
kR
8)
9)

‘.36

AMS Pull
rav avg.
avg v/exc

11.62 12.00 ! 2 GTE
4.12 4.26 1 2 88
$.91 6.00 1 2 GTE

32.59 32.75 4 6 SS
4.08 4.21 1 2 SS
7.12 7.03 2 7 8s

11.%6 12.33 2 5 GTE

24.69 24.49 2 7 88
17.81 17.58 1 2 GTE
9.47 9.62 1 2 Sss.
17.80 28.48 23 4 GTE

21.67 26.67 10 4 GTE
7.47 7.%9 1 2 S8

29.52 34.335 S S5 GTE

24.91 26.13 2 3 S8

25.69 26.52 1 2 GTE

75.31 76.51 1 2 88

65.97 70.37 3 5 88
3.64 5.68 22 4 GTE

22.34 22.70 t 2 €8
5.78 8.22 18 4 GTE
4.86 5.%8 13 9 88
3.97 S.18 13 4 GTE

16.73 17.00 1 2 88

pull tester didn’t record
unstored/unreadable SLAM

solder-bridged leads

pad lift (prior to pull?)
kapton-affected leads




Table A.2.1 OLB16~2

OLB16=-2 ,
64 position solder TAB (position 10 vacant)
Outer-Lead Bond Pull Test Performed at GTE

Bondiang Conditions Applicable:

Pressure: low Teaperature: aed Time: high
SLAM GRANS exc. SLAM GRAMS exc.
Pos# Bondkx pull code Pos# Bondkx pull code
1 64.41 83.00 O 33 3.90 0.00 O
2 70.%7 S57.00 © 34 3.60 0.00 0
3 69.67 19.00 O 3% 7.51 0.00 O
4 88.74 39.00 O 36 7.81 0.00 0
5 42.64 0.00 5 37 7.51 0.00 O
6 72.37 0.00 1 as 23.%7 0.00 1
7 94.29 71.00 © 39 3.45 0.00 ©
8 90.24 26.00 O 40 6.0t 0.00 0O
9 95.65 16.00 O 41 37.84 0.00 1
10 0.00 0.00 2 42 S50.60 0.00 ]
11 93.99 0.00 1 43 18.92 0.00 1
12 97.15 141.00 O 44 30.03 0.00 1
13 88.59 0.00 1 45 13.06 0.00 1
14 9%5.20 24.00 O 46 9.61 0.00 0O
15 91.%9 16.00 © 47 _ 9.01 0.00 0
16 75.68 8.00 1 48 4.35 0.00 0
17 21.62 0.00 1 49 27 .48 0.00 1
18 28.23 0.00 1 50 8.41 12.00 0O
19 54.9%5 0.00 1 81 24.47 26.00 O
20 1.08 0.00 0o 52 27.03 13.00 0O
21 0.30 0.00 O 53 28.83 11.00 0O
22 0.30 0.00 0O 54 S51.35 95.00 O
23 3.30 0.00 0 55 58.11 37.00 0O
24 61.26 8.00 0O 1 8.26 0.00 o
29 1.20 24.00 0O 57 16.22 0.00 1
26 1.63 0.00 0 -1 ] 60.81 0.00 i
27 9.16 0.00 © 53 36.04 0.00 1
23 5.71 0.00 © 6§60 72.67 18.00 O
29 0.30 0.00 O 61 16.82 0.00 1
30 2.40 0.00 o 62 0.30 0.0 o
31 1.80 0.00 o 63 0.1% 0.00 0O
32 54.9% Q.00 1 64 0.19 0.00 o
Exclusion Code Legend:
0) accepted data point 3) pull tester didn’t record
1) arbitrarily suspicious point 6) unstored/unreadable SLANM
2) not a real pin...vacant 7) solder-bridged leads
3) pull tester didn’t reset 8) pad 1i£t (prior to pull?)

4) known prior damage/handling 9) kapton-affected leads




Table A.2.2 oLB17-3

oLBt7-3
64 position solder TAB (position 10 vacant)
Outer-Lead Bond Pull Test Performed at Sonoscan

Bondlang Conditions Applicable:

Pressure: low Tenperature: aed Tine: med
SLAM GRAMS exc. SLAM GRAMS exc.
Pos# Bondkx pull code Pos# Boadkx pull code
1 2.10 0.00 0 33 0.00 0.00 0
2 0.60 0.00 0O 34 16.22 0.00 C
3 43.39 11.00 O 3% 24.00 77.00 o
4 4.%50 0.00 O 36 12.31 0.00 0O
5 3,30 0.00 O 37 6.01 S5.00 O
6 4.9 0.00 O 38 $.11 0.00 0O
7 13.36 0.00 (o] 39 7.96 0.00 o
8 5.71 0.00 o) 40 12.186 0.00 o
9 9.16 8.00 (o] 41 6.91 0.C0 o
1e 0.00 0.00 2 42 1%.92 6.00 0
11 1.65 .00 (] 43 31.53 7.00 0
12 3.30 0.00 (o) 44 10.06 4.00 0
13 0.00. 0.00 0 45 15.92 3.00 o
14 0.49% 0.00 0 46 10.66 0.00. O
15 39.19 7.00 0 47 17.27 0.00 ©
16 3.90 0.00 0 48 19.22 0.00 o)
17 0.1% 0.00 0 49 3.4% 0.00 0
18 Q.00 0.00 (o] S50 1.20 0.00 (o]
19 1.95 0.00 0 51 1.3% 0.C0 o}
20 7.36 0.00 0 LY 0.7% 0.00 (>
21 0.00 0.00 0 83 1.35 0.00 Q
22 0.90 0.00 0 54 1.20 0.00 Q
23 S.41 0.00 o -1 0.00 0.00 0
24 16.07 40.00 0 56 0.60 0.00 0
25 13.21 1%.00 O 57 0.15 0.00 O
26 7.66 9.00 0 -1 3.30 0.00 0
27 2.70 0.00 0 59 3.30 0.00 0
28 20.12 0.00 L] 60 4.0% 6.00 0
29 33.48 36.00 0 61 0.00 0.00 o}
30 34.98 22.00 0 62 1.08 0.00 0
31 0.90 0.00 o] 63 0.30 0.00 (o]
32 53.60 14.00 0 64 8.71 0.00 0

Exclusion Code Legend:

0) accspted data point $) pull tester didn’t record
1) arbitrarily suspicious point 6) unatored/unreadable SLAM

2) not a real pin...vacant 7) solder-bridged leads

3) pull tester didn’t reset 8) pad 11ft (prior to pull?)

4) known prior damage/handling 9) kapton-affected leads




Table A.2.3 oLB21-2

OLB21=2
64 position solder TAB (position 10 vacant)
Quter-Lead Bond Pull Test Performed at GTE

3onding Conditions Applicable:

Pressure: low Teaperature: high Time: high
SLAM GRAMS exc. . SLAM GRAMS exc.
Pos# Boandx pull code Pos# Bondkx pull code
1 16.22 0.00 o 33 0.15 0.00 0
2 51.35 2%5.00 0 34 0.30 0.00 0O
3 30.33 58.00 0 3% 2.55 0.00 ©
4 53.30 9%9.00 0 36 5.41 0.00 0o
-] 46 .%5 0.00 1 37 2.8% 0.00 0
6 56.76 40.00 0 38 40. 24 90.00 1
7 72.97 42.00 0 39 14.56 0.00 0
8  80.78 29.00 0 40 59.91 0.00 1
9 75.08 24.00 0 41 63.81 0.00 1
10 c.00 0.00 2 42 $3.90 0.00 1
11 73.72 27.00 0 43 87.24 31.00 0
12 66,52 9.00 0 44 89.79 15.00 0
13 28.83 0.00 0 45 62.31 0.00 1
14 85.71 12.00 0 46 0.15 0.00 0
15 42.79 0.00 1 . 47 24.62 0.00 0
16 0.30 0.00 o 48 23.87 0.00 0
17 26.73 0.00 (o] 49 30.33 0.00 1
18 9.46 0.00 ] S0 2.55 0.00 0
19 0.15 0.00 (o} 51 0.4% 0.00 (o}
20 3.7% 0.00 0 52 49.25 0.00 {
21 0.15 0.00 0 53 9.16 7.00 o
22 22.82 0.¢0 0 S4 11.11 0.00 o
23 12.31 0.00 0 1] 17.27 0.00 o
24 31.23 90.00 1 6 40.84 0.00 {
25 26.73 0.00 o 57 21.92 0.00 0
26 4.95 0.00 0 58 10.36 0.00 ]
27 42.94 0.00 o 59 0.00 Q.00 0
28 71.47 0.00 1 60 0.45 0.00 o0
29 20.87 0.00 0 61 0.30 0.00 0
30 1.3% 0.00 0 62 0.00 0.00 0
31 2.8% 0.00 0 63 0.15% 0.00 °
32 78.23 0.00 1 64 0.13 0.00 0
Zxclusion Code Legend:
0) accepted data point $5) pull tester didn’t record
1) arbitrarily susplicious polint 6) unstored/uareadable SLANM
2) not a real pin...vacant 7) solder-bridged leads
3) pull tester didn’t reset 8) pad 11ift (prior to pull?)

4) known prior dasage/handling 9) kapton-affected leads

-

4.39




Table A.2.% oLB21-3

oLB21-3
64 position solder TAB (position 10 vacant)

Outer-Lead Boad Pull rcs; Performed at Sonoscan

Bonding Conditioas Applicable:

Pressure: low Teaperature: high Tine: high
SLAM GRAMS exc. SLAM GRAMS exc.
Pos# Bondkx pull code Pos# Bondk pull code
i 0.00 0.00 © 33 $0.60 20.00 O
2 47.1% 24.00 O 34 67.12 38,00 O
3 79.88 40.00 O 3% 77.63 31.00 O
4 85.29 43.00 O 3 79.43 40.00 O
S 83.33 35.00 O 37 36.94 43.00 O
6 83.7% 47.00 0 38 43.84 18.00 O
7 89.49 42.00 0O 39 39.79 18.00 O
8 89.64 45.00 0 40 70.27 48.00 0
9 65.62 43.00 0 41 50.60 41.00 O
10 0.00 0.00 2 42 61.26 33.00 O
11 87.69 50.00 0 43 48.80 24.00 0
12 95.80 48.00 0 44 $9.01 25.00 (o}
13 68.02 42.00 () 43 32,28 10.00 (o]
14 92.19 46.00 s) 46 18.77 0.00 1
19 76.73 45.00 0 47 44.74  27.00 (]
16 76.43 42.00 0 48 60.51 39.00 Q
17 28.23 46.00 6 49 24.32 41.C0 0
18 0.08% 24.00 6 S0 85.11 45.00 o]
19 60.81 45.00 0 51 34.83 12.00 o]
20 62.61 41.00 0 $2 47 .45 24.00 0
21 0.1%5 42.00 6 53 3.90 25.00 0
22 4.50 42.90 6 54 14.26 7.00 0
23 21.77 41.00 0 55 16.%2 15.00 0
24 $2.70 41.00 0 -1 4.80 0.00 0
25 22.67 48.00 O 57 9.31 ¢1.00 0O
26 $7.36 43.00 O -1} 19.52 37.00 O
27 45.20 44.00 O 59 0.7%5 16.00 O
28 68.32 46.00 o 60 49.55 38.¢0 O
29 33.33 45.00 O 61 6.76 41.00 0
30 $9.16 42.00 0 62 "7.06 0.00 Q
31 68.77 33.00 0 63 54.05 42.00 o
32 78.38 21.00 0 64 4.50 13.00 o

Exclusion Coda Legend:

0) accepted data point 5) pull tester didn’t record
1) arbitrar!ly suspicious point 6) unatored/unreadable SLAM

2) not a real pin...vacant 7) solder-bridged leads

3) pull tester didan’t reset 8) pad l1£t (prier to pull?)

4) known prior damage/handling 9) kapton~affected leads

A.9%0




Table 4.2.5 oLB24-5

OLB24-6
64 position solder TAB (position 10 vacant)
Outer-Lead Boad Pull Test Perforamed at Soancscan

Bonding Conditions Applicable:

Pressure: aed Teaperature: lowv Tine: high
SLAM. GRAMS exc. SLAM GRAMS exc.
Pos# Boadx pull code Pos# Boadkx pull code

1 0.45 0.00 O 33 2.40 0,00 O
2 3.7% 0.00 4 34 0.7% 0.00 o0
3 33.48 7.00 0O 35 0.30 0.00 O
4 $1.65 15.00 O 36 14.5%56 0.00 O
-] 34.23 11.00 O 37 1.50 0.00 O
6 54.65 17.00 © 38 9.91 0.00 0
7 38.89 22.00 ¢] 39 1.05 0.00 O
8 71.62 23.00 O 40 0.15 0.00 0
9 20.57 10.00 O 41 0.30 0.00 O
10 0.00 0.00 2 42 0.45 0.00 0
11 67.57 31.00 O 43 0.15 0.00 0
12 83.78 27.00 O 44 1.20 0.00 ©
13 $3.30 25.00 0 45 0.00 0.00 0
14 11.86 5.00 o0 46 0.30 0.00 0
15 4.20 7.00 0 47 0.1%5 0.00 0
16 8.41 0.00 {+] 48 2.25 0.900 0
17 0.00 0.00 0 49 1.08 5.00 0
18 0.00 0.00 ¢ 50 0.00 0.00 O
19 0.00 0.00 O 51 0.15 0.00 0
20 1.05 0.00 0 L¥] 23.72 10.00 O
21 1.80 0.00 O 53 12.61 13.00 0
22 7.96 0.00 0 54 4.65 0.00 0
23 19.67 20.00 © 1] 0.60 0.00 O
24 6.46 0.00 o 56 4.09% 0.00 0
2% 0.00 0.00 © 57 0.00 0.00 o]
26 0.96 0.00 O S8 3.00 0.00 O
27 2.85% 0.00 O 59 1.65 0.00 0
28 1.50 10.00 o] 60 2.40 0.00 o]
29 1.50 0.00 0O 61 1.20 0.00 0
30 0.30 0.00 0 62 0.15 0.00 .0
31 2.40 0.00 0 63 0.7% 0.00 -0
32 2.85 8.00 O 64 7.81 0.00 O

Exclusion Code Legend:

Q) accepted data point %) pull tester didn’t record
1) arbitrarily suspliclous point 6) unstored/unreadable SLAM

2) not a real pin...vacant 7) solder-bridged leads

3) pull tester didn’t reset 8) pad lift (prior to pull?)

4) known prior damage/handling 9) kapton-affected leads

a.m




Table 4.2.6 0L825-5

0oLB25-S
64 position solder TAB (position 10 vacaat)
Outer-Lead Boad Pull Test Periormed at Sonoscan

Bonding Conditions Applicable:

Pressure: high Tenperature: low Tine: high
SLAM GRAMS ezxc. SLAM GRAMS ezxc.
Pos# Boadkx pull code Pos# Boadx pull code
1 0.1%5 0.00 0 i3 1.20 0.00 O
2 16.37 14.00 0 4 0.15 0.00 o)
3 62.76 2%5.00 0 33 0.60 0.00 O
4 97.78 33.00 0 36 3.4 0.00 o
5 44.29 28.00 0 37 40.69 21.00 0
6 20.72 41.00 0 as 28.38 19.00 0
7 62.61 44.00 o 39 63.17 20.000 O
8 $5.86 27.00 0 40 30.90 18.00 0
9 1.95 0.00 4] 41 24.32 21.00 0
10 0.00 0.00 2 42 22.97 117.00 Q
11 1.98 0.00 0 43 19.82 135.00 0
12 49.40 20.00 o 44 34.98 14.00 7
13 1.08 0.00 0 45 21.02 13.00 7
14 27.33 12.00 0 46 16.97 0.00 (]
19 0.1% 0.00 (o} 47 18.47 0.00 0
16 0.7% 0.00 0 48 0.50 0.00 0
17 21.77 27.00 0 49 0.00 0.00 o
18 35.%59 25.00 0 50 0.00 0.00 (+]
19 8.41 0.00 (e} 51 22.07 6.00 0
20 12.16 0.00 0 52 27.93 15.00 0
21 3.90 0.00 o] 83 0.15 0.0 ©
s 9.76 0.00 o} S4 10.51 7.00 0
23 11.41 0.00 0 55 12.61 0.00 0
24 4.3% 0 00 0 $6 - 3.7% 0.00 0
25 6.46 0.00 0 57 0.15% 0.00 0
26 7.96 0.00 o s8 4,95 0.00 0
27 6.46 0.00 0 59 4.50 0.00 0
28 8.%8 0.00 o] 80 3.3 0.00 0o
29 4.9% 0.00 0 61 0.00 0.00 0
30 0.7% 0.00 o 62 1.95 0.00 o]
31 7.68 0.00 (o] 63 5.41 0.00 o
32 3.60 0.00 0 64 2.70 0.00 o]
Bxclusion Code Legend: .
0) accepted data point 5) pull tester didn’t record
1) arbitrarily suspicious point 6) unstored/unreadable SLAM
2) not a real pin...vacant 7) solder-bridged leads
3) pull tester didn’t reset 8) pad lift (prior to pull?)
4) known prior dasage/handling 9) kapton-affected leads




Table 4A.2.7

oLB2s-2

64 position solder TAB (position 10 vacant)

oLa28-2

Outer-Lead Boad Pull Test Perforsed at GTE

Bonding Conditions Applicable:
Pressure: msed

SLANM GRAMS ezxc.
Pos# Boads pull code

1 0.00 0.00 0
2 0.00 0.00 0
3 0.45 0.00 0O
4 0.15 0.00 0
S 0.00 0.00 O
6 0.00 0.00 O
7 0.00 0.00 O
3 8.56 0.00 O
9 0.00 0.00 0O
10 0.00 .00 2
i 0.00 0.00 O
12 0.45 0.00 O
13 0.00 0.00 0
14 0.19% 0.00 o
195 0.00 0.00 0
16 0.73 0.00 o
17 1.9% 0.00 0
18 0.00 0.00 0O
19 0.60 0.00 O
20 3.90 0.00 O
21 0.18 0.00 o0
22 2.10 0.00 O
23 0.1% 0.00 0
24 3.30 0.00 0
ri] 0.1% .00 O
26 8.26 0.00 0
27 0.00 0.00 0
28 46.33 @83.00 O
29 0.00 0.00 O
30 0.00 0.00 0
s! 57.06 40.00 O
32 41.44 0.00 §

Exclusion Code Legend:
0) accepted data poiat
1) arbitrarily suspiclous point
2) not a real pin...vacant
3) pull tester didn’t reset
4) known prior damage/handling

Tenperature: sed

Tine: high
SLANM

Pos# Bondk
33 61.41
34 61.71
38 71.92
36 70.72
37 50.90
as $2.40
39 $7.21
40 67.5%7
4! 68.82
42 76.73
43 67.87
44 77.78
45 $3.30
46 49.955
47 92.40
48 77.63
49 0.45
L1o] 18.47
L | 19.07
52 8.96
33 1.3%
sS4 0.60
-1} 31.68
-1 3 19.32
87 2.8%
-1} 23.%7
39 1.80
60 2.29%
61 0.00
62 0.30
€3 2.10
64 2.8%

GRANS
pull

21.00
34.00
42.00
3s5.00
35.900
53.00
40.00
45.00
40.00
61.00

0.00
$8.00

0.00
23.00
28.00
33.00

0.00
0.00
34.00
15.00
0.00
0.00
0.00
0.00
0.00
20.00
0.00
0.00
0.00
0.00

0.0Q

0.00

ezxc.
code

C00000000~000000 O0O0OULOAOO00000OCO0OO

5) pull tester dida’t record
6) unstored/unreadable SLAM

7) solder-bridged leads

8) pad lift (prior to pull?)

9) kapton-affected leads

4,83
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OLB28-4
64 position solder TAB (position 10 vacant)

Outer-Lead Bond Pull Test Perforaed at Scnoscaa

Table 4.2.8

Bonding Conditlions Applicable:
Teaperature: ned

Pressure:
SLAM
Pos# Bonds
1 0.00
2 12.31
3 1.80
4 52.85
] 0.1%
6 2.70
7 3.00
8 0.7%
9 0.00
10 0.00
11 1.09
12 9.61
13 0.00
14 63.21
19 66.52
16 88.74
17 18.77
18 43.54
19 49.25%
22 43.84
21 32.13
12 32.28
23 39.19
24 54.80
2% 11.86
26 44.29
27 43.54
28 60.06
29 27.18
30 49.55
3 2t.32
32 42.04

ned

GRANS
pull

0.00
28.00
0.00
47.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
33.00
33.00
31.00

14.00
13.00
34.00
31.00
40.00
43.00
‘2'00
38.00
30.00
45.00
44.00
45.00
38.00
37.00
45.00
41.00

exc.
code

NV00000000000000 00000O0NOOOO0QO000O

Exclusion Code Legend:

accepted data point
arbltrarily susplclous point §)
not a real pin...vacant 7)
pull tester didn’t reset . D]
known prior damage/handling 9

)
1)
2
D

A3

oLB28-4

Tine: high
SLAM
Pos# Boadh
33 60.68
34 63.77
3s 67.12
36 69.82
37 46.70
33 60.51
39 59.31
40 11.26
41 0.15%
42 16.67
43 3.60
44 54.80
43 35.44
46 26.43
47 39.79
48 0.00
49 22.%2
50 51.9%
31 $9.91
82 71.27
53 0.00
sS4 0.18
L 1] 0.00
-1 3.7%
87 0.00
-1 ] 0.00
%9 $5.41
60 63.31
{ 3 49.80
62 $3.00
63 24.02
64 28.98

GRANS
pell

23.00
33.00
29.00
44.00
44.00
49.00
45.00

0.00

0.00
46.00

0.00
44.00

ezxC.
code

CO0OO00DO0CO00CO0O0O0O0VODVLOOO 0000000000000 00O0

pull tester didn’t record
uastored/uareadable SLAN

solder-bridged leads

pad lift (prior to pull?)
kapton-affected leads



. Table 4.2.9 ~ OLBR29-2

oLB29-2
64 position solder TAB (position 10 vacant)
Outer~-{ead Boad Pull Test Performed at GTE

Bonding Conditions Applicable:

Pressure: hilgh Teaperature: ned Time: high
SLAM GRANS ezxc. SLAM GRAMS ezxc.
Pos# Bondx pull code Pos# BoadXx pull code
1 58.26 23.00 O 33 36.06 11.00 O
2 $1.9% 32.00 O 34 42.79 27.00 ©
3 1.38 0.00 O 3% 17.27 32.00 0O
4 §6.31 0.00 O 3 45.385 32,00 O
5 4.5 0.00 0O 37 0.30 0.00 O
6 13.21 0.00 O 3s 2.10 0.00 ©
7 1.3% 0.00 (o] 39 0.60 0.00 O
8 3.00 0.00 0 40 14.26 0.00 o
9 74.47 12.00 0O 41 1.35 0.00 o
10 0.00 0.00 2 42 0.00 0.00 0
i1 2.10 .00 0 43 6.31 .00 ©
12 5.41 0.00 0 44 31.83 0.00 1
13 0.00 0.00 O 45 29.38 6.00 0
14 0.60 0.00 O 46 29.88 0.00 o]
15 ~ 87.84 0.00 i 47 31.%3 13.00 o]
16 81.38 0.00 1 49 39.49 0.00 {
17 27.33 27.00 O 49 25.83 23.00 0
18 31,23 17.00 O 50 35.89 20,00 0
19 39.19 1%.00 O S1 31.83 19.00 O
20 40,09 10.00 O 82 80.30 67.00 o
21 38.29 34.00 O 93 32.2% 93.00 0
22 33.18 19.00 0O S84 %0.30 93.00 0
23 61.26 4%.00 o 35 38.14 30.00 0
24  €9.22 238.00 O L1 16.67 0.00 0O
25 0.00 %0.00 & 37 47.90 €%.00 O
26 23.37 354.00 O 5 49.70 80,00 0
27 32.38 42.00 0O 959 41.44 23.00 O
28 41.74 36.00 0 §0 34.83 18.00 0
29 34.83 27.00 O 61 7.66 0.00 0
3 24.92 7.00 O 62 0.00 0.00 0
3 38.%9 32,00 0 63 0.60 0.00 0
32 31.98 41.00 O 4 3%9.14 12.00 0O
Exclusion Code Legend:
0) accepted data point 3) pull tester didn’t record
1) arbltrarily susplcious polnt §) unstorsd/unreadable SLAM
2) not a real pin...vacant 7) solder-bridged leads
3) pull tester didn’t reset 8) pad lift (prior to pull?)

4) known prior dasage/handling 9) kapton~affected leads

4,35




OLB29~-5
64 position solder TAB (position 10 vacant)

Outer~-Lead Bond Pull Test Performsed at Sonoscan

Bonding Conditions Applicable:

Pressure: high Teaperature: aed Time: high
SLAN GRAMS ezxc. SLAM GRAMS ezxc.
Pos# Bondd pull code Pos# Boadx pull code
1 0.30 0.00 0 33 15.32 0.00 0
2 39.34 17.00 O 34 48.05 11.00 O
3 47.00 19.00 0 3s s8.11 19.00 0
4 68.17 12.00 O 36 80.93 18.¢0 O
5 9.31 0.00 O 37 46.85 13.00 0
6 17.72 0.00 0 38 33.74 135.00 0O
7 4]1.44 8.00 0 39 50.00 15.00 0
8 60.36 25.00 O 40 87.21 22.00 O
9 856.46 9.00 o 41 37.69 13.00 O
10 0.00 0.00 2 42 50.1% 15.00 o]
11 69.97 30.00 0 43 77.33 27.00 (o)
12 69.82 21.00 O 44 80.48 19.00 0
13 50.15 16.00 0 45 38.29 12.00 (o]
14 35.26 17.00 0 46 48.20 7.00 0
15 38.%9 15.00 v] 47 83.78 8.00 O
16 41.44 32.00 o 48 68.47 8.00 ¢]
17 32.%58 185.00 (¢) 49 18.77 0.00 0
18 17.27 15.00 0 50 53.18 9.00 +]
19 2.10 0.00 0 51 19.08 0.00 o]
20 3.45 7.00 o] 52 23.5%7 0.00 0
21 14.41 0.00 © 53 0.00 0.00 o]
22 13.51 0.00 O 54 11.11 0.00 0
23 14.41 0.00 0 53 18.62 0.00 0
24 12.16 0.00 0 56 28.%53 0.00 0
29 0.18% 0.00 0 57 4.9% 0.00 0
26 0.90 0.0 0 58 8.86 0.00 0
27 1.63 0.00 0 59 29.28 24.00 0
28 29.88 27.00 0 60 13.66 0.00 ©
29 23.12 13.00 0 61 0.60 0.00 o]
30 47.18 22.00 0 62 0.60 0.00 0
31 51.65 17.00 0 63 13.36 0.00 0
32 46.10 11.00 0 64 15.02 0.00 O
Exclustioa Code Legend:
0) accepted data point $) pull tester didrn’t record
1) arbitrarily suspiclous poliat §) unstored/unreadable SLAM
2) not a real pin...vacant 7) solder-bridged leads
3) pull tester didn’t reset 8) pad 1ift (prior %o pull?)

4) known prior dasage/handling 9) kapton-affected leads




OLB31-2

- Table A.2.11

OLB31-2

64 position solder TAB (position 10 vacant)
Outer-Lead Bond Pull Test Perforamed at GTE

Bonding Conditlons Applicable:
Pressure: high

SLAM
Pos#® Bondx
1 50.30
2 73.12
3 65.77
4 93.69
-] 46.55
6 69.37
7 58.71
8 88.74
9 %3.90
10 0.00
11 53.00
12 $7.06
13 45.20
14 52.70
1% 65.02
16 - 46.10
17 54.9%
18 48 .80
19 62.76
20 44.74
21 25.83
22 13.36
23 30.19%
24 53.4%
29 3.30
26 30.93
27 25.68
28 28.23
29 28.98
30 2.8%
31 35.74
32 67.42

GRANMS
pull

15.00
24.00
77.00
75.00
62.00
100.00
103.00
‘l.oo
82.00
o'oo
66.00
47.00
45.00
34.00
20.00
0.00

0.00
0.00
0.00
19.00
21.00
23.00
21.00
Q.00
28.00
0.00
0.00
0.00
0.00
0.00
0.00
7.00

Teaperature: med

exc.
code

ObrdaddadodsaooO00assr 200000NO00A0O0000O

Exclusion Code Legend:
Q) accepted data point
1) arbitrarily suspiclous polint
2) not a real pin...vacant
3) puall tester didn’t reset
4) koown prior dasage/handling

Tine:

63

pull tester dida’t record

sed

SLANM
Bonds

27.33

36.64
46.70

0.73
46.55
29.73
51.65
31.23

0.4
16.67
27.63
36.79
19.67
11.56
10.66

0.60

0.03
13.96
23.72
28.08
18.02
22.37
23.98
30.18
12.01

0.45

2.70
12.46

0.00

1.08

1.18

2.10

GRANMS
pull

9.00
13.00
xs.oo

0.00
37.00
23,00
21.00
23.00

0.00

90.00

0.09
21.¢9
18.09

7.00

0.0¢0

38.00

.69
0.00
0.00
0.00
0.0¢
0.00
11.00
0.9¢C
0.0°
0.¢0
0.09
0.00
0.00
0.00

0.00

exc.
code

COOCO0O0OALORALALAL OO0 CHLLEO0000A000

uastored/unrsadable SLANM

solder-bridged leads

pad l1ift (prior to pull?)
kapton~-affected leads




oLB33-2

Table A.2.12

oLB33-2

64 position solder TAB (position 10 vacant)
Outer=-Lead Bond Pull Test Performed at GTE

Bonding Conditioans Applicable:

Pressure: high

SLAM

Pos# Bondk
1 %6.61
2 31.68
3 59.16
4 49.85
-] 21.47
6 7%.38
7 66.67
8 62.31
9 49.70
10 0.00
11 51.05%
12 66.97
13 53.30
14 63.71
15 3.30
16 41.74
17 - 24.77
18 27.33
19 47.60
20 50.1%
21 40.%4
22 46 .55
23 53.15%
24 51.80
S 51.0%
26 33,03
r¥4 §2.82
28 $8.11
29 37.09
30 29.58
31 40.09
32 54.3%

GRAMS
pull

31.00
46.00
91.00
$9.00
56.00
42.00
35.00
54.00
sl'oo

0.00
33.00
42.00
47.00
32.00

0.00

0.00

32.00
31.00

0.00
35.00
23.00
13.00
13.00
14.00
18.00
21.00
14.00
16.00
18.0C
22.00
21.00
17.00

Teaperature: high

excC.
code

0000000000000 WMO0D A200000N0O00000C0O00O0

Exclusion Code Legend:
0) accepted data polint

1) arblitrarily susplcious point
2) not a real pin..
3) pull tester didn’t reset

4) known prior damsage/handling

.vacant

»
§)
2
8)
B

Tine: med
SLANM
Pos# Boadk
33 45.80
34 46 .85
33 1.95
36 40.54
37 9.46
3s 19.82
39 9.31
40 31.98
41 6.46
42 0.00
43 27.03
44 $4.9%
45 61.26
46 42.34
47 45.9%
48 66.67
49 §0.96
50 73.72
51 62.61
32 62.46
%53 84.08
5S4 86.19
35 7.686
$6 .98
57 25.38
S8 85.86
9 84.23
60 72.97
81 66.97
62 76.73
83 67.27
64 80.33

GRAMS
pull

0.00
19.00
0.00
0.00
0.00
0.00
0.00
0.00
0.0Q
Oooo
0.00
8.00
22.00
24.00
21.00
6.00

29.00
31.00
24.00
3‘000
30.00
24.00

0.00

0.00
19.00
13.00
26.00
47.00
21.00
36.00
36.00
20.00

exc.
code

0000000000000 O000 OCOO0OOARMARALAL=AOL

pull tester didn’t record
uastorsd/unreadable SLAM

solder-bridged leads

pad lift {pzrior to pull?)

kapton~affected leads




fadble A4.2.13 0OLB33-6

OLB33-6
64 position solder TAB (position 10 vacaant)
Outer-Lead Bond Pull Test Perforsed at Sonoscan

Bonding Conditions Applicable:
Presaure: hligh Teaperature: high Tiae: med

SLAM GRANMS exc. SLAM GRANS exc.
Pos# Bonds pull code Pos# Boads pull code

1 18.77 6.00 33 10.21 0.00
2 235.89 7.00 34 44.14 8.00
3 34.38 11.00 35 3.1 0.00
4 33.03 13.00 38 3.7% 0.00
-] 36.19 19.00 37 0.90 0.00
§ 48.05 13.00 38 45.80 114.00
7 34.08 13.00 39 26.88 6.00
8 50.45 12.00 40 29.%8 0.00
9

41 3.30 0.00
42 6.61 0.00
43 4.20 0.00
44 22.97 5.00
45 4.20 0.00
46 5.11 0.00
47 44.59 19.00
6.01 0.00

25.83 13.00
10 0.00 0.00
11 45.80 23.00
12 47.75 135.00
13 34.23 13.00
14 28.83 15.00
15 28.08 12.00"
16 43.24 17.00

49 0.00 0.00
50 0.30 0.00
S1 9.46 0.00
S2 5.71 0.00
83 3.00 0.00
S4 0.30 0.00
sS 2.85 0.00
86 2.28 0.00
87 6.00 0.00
S8 0.90 0.00
59 14.86 0.00
60 29.88 19.00
61 18.32 10.00
62 24.92 8.00
63 16.22 10.00
64 30.48 6.00

17 44.89 15.00
18 $0.15 27.00
19 11.71 6.00
20 6.31 0.00
21 0.30 0.00
22 2.2% 0.00
23 3.90 0.00
24 16.82 0.00
25 21.92 37.00
26 1.50 0.00
27 16.97 14.00
28 15.32 0.00¢
29 19.67 16.~

30 25.68 13,

31 25.83 13.'9
32 44.86 3:2.'0

0000000000000 00 0C0000VCONODO0O0O0O00O00O0
&=
0
0000000000000 O00D 0CO0O0COODOO0OOOODO0OOOOO

Exclusion Code . <, nd:

0) accepted daca point S) puall tester didn’t record
1) arbitrarily suspicious point 6) uastored/unreadable SLAM

2) net a real pin...vacant 7) solder-bridged leads

3) pull tester didn’t reset 8) pad lift (prior to pull?)

4) known prior dasage/handling 9) kapton-affected lezads

A.U8




Table A.2.18 OLB3A-2

OLB34-2
64 position solder TAB (poesition 10 vacant)

Quter-Lead Bond Pull Test Perforsed at GTE

Bonding Conditlions Applicable:
Pressure: high Tenperature: high Tine: low

SLAM GRAMS ezxc. SLAM GRAMS ezxc.
Pos# Bond% pull code Pos# Bondy pull code
28.53 0.00 33 9.16 0.00

34 $5.11 28.00
35 68.02 38.00
36 89.79 44.00
37 72.22 48.00
38 36.19 0.00
39 85.74 51.00
40 67.27 15.00
41 55.14 0.00
42 71.77 12.00
43 92.94 57.00
44 85.29 42.00
45 68.02 36.00
46 72.22 35.00
47 64.26 40.00
48 70.72 16.00

§6.31 17.00
73.57 32.00
66.52 31.00
75.83 31.00
83.63 80.00
85.29 43.00
79.43 43.00
73.42 21.00
10 0.00 0.00
11 90.84 47.00
12 84.98 855.00
13 60.51 67.00
14 68.02 44.00
15 53.30 40.00
i6 52.40 40.00

WBJARSWN -

49 0.30 0.00
S0 1.20 0.00
S1 3.60 0.90
$2 7.66 0.00
S3 1.08 0.00
S4 48.8C 15.00
L1 70.87 §1.00
56 54.65 0.00
s7 42.19 0.00
S8 S4.05 27.00
S9 73.72 64.00
60 56.61 23.00
61 30.78 22.00
62 46.10 23.00
63 80.93 51.00
64 72.97 54.00

17 77.78 39.00
18 85.44 26.00
19 64.41 36.00
20 78.38 30.00
21 76.28 0.00
22 63.21 61.00
23 48.65 15.00
24 64.71 3%5.00
23 60.36 36.00
26 49.40 26.00
27 60.66 0.00
28 61.56 33.00
29 46.8%5 33.00
30 35.41 44.00
31 74.47 3%6.00
32 42.04 66.00

CO0O0OO0OWMOO0OO0OO0OOWMOOOO CO0O000ONODOOO0OO0O000a
Q00000 OBBARODOCODO0O0O [eNeNeRoNolNeNolf WeoNo¥N NoleNoNe)F

Exclusion Code Legend:

0) accepted data point 5) pull tester didn’t record
1) arbitrarily susplicious polint 6) unstored/unreadable SLAM

2) not a real pin...vacant 7) solder-bridged leads

3) pull tester didn’t reset 8) pad lift (prior to pull?)

4) Known prior damage/handl {ng 9) kapton-affected leads

A.50

-



- . Tadle A.2.15 0OLB3R-3

OoLB34-3
64 position solder TAB (position 10 vacans)
Outer-Lead Bond Pull Test Perforaed at Sonoscan

Bonding Conditions Applicable:
Pressure: high Tenperature: high Time: low

SLAM GRAMS exc. SLAM GRAMS exc.
Pos# Boadx pull code Pos# Boads pull code

1 0.44 0.00 O 33 0.00 0.00 O
2 78.38 38.00 O 34 0.30 0.00 ©
3 69.%2 17.00 0O 35 46.55 28.00 O
4 76.%8 34.00 O 3¢ 28,93 14.00 O
S 90.69 40.00 0 37 60.81 31.00 (o}
6 84.68 31.00 0 3s 75.08 41.00 0
7 58.41 34.00 © 39 47.90 17.00 o}
8 87.54 37.00 O 40 23.12 11.00 O
9 43.54 35.00 0 41 32.13 44.00 O
10 0.00 0.00 2 42 49.10 50.00 0
11 60.96 29.00 o 43 58.41 38.00 0
12 59.16 44.00 0 44 83.78 47.00 0
13 17.57 0.00 3 45 fa.06 0.00 3
14 31.08 34.00 0 46 $5.71 0.00. ©
15 33.03 30.00 0 47 12.16 0.00 0
16 28.83 15.00 0 48 $.56 0.00 0
17 75.83 41.00 0 49 3.7% 15.00 0
18 3.90 9.00 (o} L1o) $0.00 14.00 0
19 90.39 43.00 0 $1 40.54 13.00 0
20 91.74 28.00 0 82 6.31 5.00 0
21 0.7% 0.00 0 53 $7.36 32.00 O
22 48.05 28.00 0 S4 1.50 0.00 0
23 70.12 44.00 0 55 46.55 20.00 0
24 54.35 44.00 O 56 62.61 43.00 O
2% 68.02 44.00 (o] $7 59.31 32.00 0
26 0.30 6.00 o 58 43.54 14.00 O
27 71.47 4%5.00 0 89 69.67 41.00 o
28 84.23 44.00 0 80 70.72 43.00 0
29 65.32 43.00 0 61 30.03 18.00 0
30 $8.11 2%5.00 0 62 30.78 23.00 0
31 4.95 14.00 0 63 40.24 18.00 0
32 67.87 44.00 0 64 18.17 22.00 0

Exclusion Code Legend:

0) accepted data polint S) pull tester didn’t record
1) arbitrarily suapicious point §6) unstored/unreadable SLAM

23 not a real pin...vacant 7) solder-bridged leads

3) pull tester dldn’t reset 8) pad 11f2 (prior to pull?)

4) known prior Jdamage/handling 9) kapton-affected leads

A.51




Tadble 4.2.16 OLB3S-2

OLB3S~-2
‘64 position solder TAB (position 10 vacant)

Outer-Lead Bond Pull Test Performed at GTE

Bonding Conditions Applicable:

Pressure: ned Temperature: high Time: high
SLAM GRAMS exc. SLAM GRAMS exc.
Pos# Boady pull code Pos# Boads pull code
1 9.61 0.00 0O a3 0.36 0.00 ©
2 15.02 0.00 O 34 9.16 0.00 O
3 14.26 0.00 O 35 3.00 0.00 O
4 17.87 0.00 0O 3 79.13 0.00 S
5 5.86 0.00 O 37 76.28 93.00 O
6 16.07 0.00 0 38 74.62 49.00 O
7 10.96 0.00 © 39 92.94 96.00 O
8 3.7% 0.00 O 40 93.%4 79.00 O
9 5.11 0.00 © 41 0.60 0.00 ©
10 0.00 0.00 2 42 80.03 100.¢0 O
11 76.73 39.00 (o} 43 85.14 49.00 o
12 23.27 0.00 O 44 77.33 48.00 O
13 6.46 0.00 0 45 74.32 61.00 0
14 18.92 0.00 o} 46 76.28 70.00 0
15 17.12 0.00 0 47 77.18 75.00 o
16 16.82 0.00 (o] 48 15.17 0.00 0
17 0.00 0.00 O 49 71.92 36.00 O
18 6.46 0.00 o] -1e) 76.43 45.00 o]
19 12.61 0.00 0 5% 71.92 64.00 (o}
20 37.09 0.00 O 82 68.62 66.00 0O
21 4.05 0.00 © 353 80.48 64.0C0 O
22 8.11 Q.00 ¢ 5S4 68.77 36.00 0O
23 2.5%5 0.00 O 85 68.82 50.00 0
24 3.7% 0.0% O 56 87.69 40.00 O
25 0.60 0.00 © 87 60.21 0.00 ©
26 1.0 0.00 0O S8 78.23 26.00 O
27 2.5 0.00 O S9 88.14 84.00 O
28 4.05 Q.00 0 60 54.05 70.00 0
29 0.00 0.00 O 61 71.62 62.00 O
30 $59.76 %54.00 (o} 62 18.02 0.00 0
31 0.60 0.00 (o] 63 66.22 50.00 o
32 50.15 82.00 0 64 91.14 %56.00 ]

Exclusion Code Legend:

0) accepted data point 5) pull tester didn’t record
1) arblitrarily suspiclious point 6§) unstored/unreadable SLAM

2) not a real pin...vacant 7) solder~bridged leads

3) pull tester didn’t reset 8) pad lift (prior to pull?)

4) known prior damage/handling 9) kapton-affected leads

1.52



Table A.2.17 OLB3S-3

OLB3S5-4 ‘
64 position solder TAB (position 10 vacant)
Quter-Lead Bond.Pull Test Perforaed at Sonoscan

Bonding Conditions Applicable:

Pressure: ned Tesperature: high Time: high

SLAM GRAMS axc. SLAM GRAMS exc.

Pos# Bonds pull code Pos# BondX pull code
1 6.01 0.00 O 33 65.17 65.00 o]
2 79.73 %0.00 O 34 40.84 50.00 O
3 82.58 90.00 © 35 64.58 50.00 0O
4 79.28 120.00 © 36 74.02 80.00 O
5 77.93 75.00 O a7 35.44 65.00 O
6 85.59 95.00 O 38 54.35 85.00 0O
7 81.83 60.00 O 39 7.81 0.0 0
8 83.78 110.00 0O 40 10,21 0.00 0O
9 65.17 110.00 0 41 63.21 100.00 O
10 0.00 0.00 2 42 68.17 100,00 O
11 61.11 115.00 O 43 76.43 83,00 0
12 47.00 95.00 O 44 59.46 75.00 0
13 51,05 80.00 0O 45 39.79 70.00 o]
1¢ - 6.91 0.00 © 46 53.75 S55.00 O
15 16.22 0.00° © 47 67.12 60.00 0
16 24.32 0.00 0 48 $9.16 40.00 o]
17 63.21 95.00 © 49 53.30 ¢©€.00 4
18 58.26 100.00 0O 50 52.8%5 90.00 o]
19 80.48 115.00 © 51 75.98 120.00 0
20 80.03 115.00 © 52 78.98 95.00 O
21 86.34 90.00 O '53 $8.86 90,00 0
22 85.29 110.00 0O 54 89.79 100.00 O
23 75.98 110.00 0O 55 80.48 115.00 o
21 93.%54 110.00 o0 56 87.39 115.00 0

2S5 78.23 105.00 O 57 72.07 115.00 0
26 84.83 110.00 O $8 85.14 70.00 0O
27 93.54 120.00 0 39 14.%56 45.00 0
28 89.64 65.00 O §0 5.71 0.00 o
29 84.23 8%.00 © 61 7.%51 3%5.00 0O
30 81.83 105.00 0 62 45.05 65.00 0
a 75.38 110.00 O 63 78.53 80.00 0
32 48.80 95.00 o] 64 64.86 70.00 o

Exclusion Code Legend:

Q) accepted data polint S) pull tester didn’t record
1) arbitrarily suspicious point 6) unstored/unrsadable SLAM
2) not a real pin...vacant 7) solder-bridged leads

3) pull tester didn’t reset 8) pad 1ift (prior to pull?)

4) known prior damage/handling 9) Kapton-affected leads

Al53




Table 4.2.18 01.235-6

oLB3%-6
64 position solder TAB (pusition 10 vacant)
Outer~i.ead Boad Pull Test Performed at Sonoscan

Bonding Conditions Applicable:

Pressure: msad Teaperature: high Time: high
SLAM CGRAMS exc. SLAM GRAMS exc.
Pos2 Bondy pull code Pos# Boadyx pull cade
1 0.00 ¢.00 O 33 42.04 50.00 O
2 7.38 0.00 0 34 0.00 0.00 O
3 62.46 75.00 O 35  92.79 70.00 0
4 75.53 102.00 o} 36 89.34 45.00 O
S 72.67 0.00 5 37 82.88 70.00 O
6 94.89 105.00 O 38 85.44 40.00 O
7 98.50 110.00 © 39 92.04 75.00 o]
8 85.%9 115.00 O 40 86.19 105.00 O
9 $2.40 105.00 O 41 70.72 55.00 o]
10 0.00 0.00 2 42 53.15 50.00 (o]
11 66.67 105.00 0 43 86.34 30.00 o
12 10.06 0.00 o] 44 86.19 70,00 o}
13 0.00 0.00 (o} 45 73.72 30.00 0
14 0.00 0.00 0 46 74.17 60.00 (o]
15 65.77 90.00 0 47 77.33 55.00 0
16 0.00 0.00 o 48 70.57 $0.00 0
1?7 $54.0%5 0.00 5 49 60.36 75.00 0
18 $.86 0.00 0 50 69.97 70.00 0
19 82.58 110.00 0 51 88.74 60.00 0
20 79.43 85.00 O 52 94.14 80.00 o]
21 73.12 95.00 0 53 74.17 73.00 (v}
22 89.94 0.00 S 54 91.89 {20.00 0
23 $59.76 110.00 © 55 83.33 95.00 °
24 86.61 9%5.00 O 56 92.64 110.00 0
25 80.33 125.00 O 57 7%.68 9%.00 O
26 89.19 110.00 0 S8 87.39 115.00 O
27 75.83 100.00 © 59 84.98 95.00 O
28 77.63 95.00 0 60 92.94¢ 90.00 o
29 71.02 80.00 © 61 77.63 90.00 0
30 8.26 0.00 o 62 82.13 7%5.00 o}
31 86.19 7%5.00 0 63 94.%59 83.00 - O
32 46.1C 80.00 o 64 91.74 70.00 (o]

Exclusion Code Legend:

0) accepted data point $) pull tester didn’t record
1> arbitrarily suspiclous point 6) unstored/uareadable SLAM

2) not a real pin...vacant 7) solder-bridged leads

3) pull tester di{dan’t reset 8) pad lift (prior to pull?)

4) known prior dasage/handling 9) kapton-affected leads

A.54




Table A4.2.19 OLB36-2

0LB36-2
64 position solder TAB (position 10 vacaant)
Outer-Lead Bond_Pull Teat Performed at GTE

Bonding Conditions Applicable:

Pressure: nmed Temperature: high Tine: med
SLAM GRAMS exc. SLAM GRAMS exc.
Pos# Bonds pull code Pos# Bond% pull code
1 0.00 0.00 a3 0.90 0.00
2 10.81 0.00 34 12.16 0.00
3 43.54 11.00 85 5.86 0.00
4 70.27 11.00 36 7.36 0.00
-] 37.09 6.00 37 23.47 0.00
6 0.60 0.00 as 1.80 0.00
7 87.36 0.00 39 8.%56 0.00
8 58,26 9.00 40 7.81 0.00
9 59.46 10.00 41 0.7% 0.00
10 0.00 0.00 42 12.91 0.00
11 53.75 44.00 43 9.61 0.00
12 $7.21 26.00 44 10.06 0.00
13 22.52 0.00 45 0.60 0.00
14 0.00 0.00 46 $.26 0.00
15 43.09 0.00 47 2.70 0.00
16 " 47.90 0.00 48 5.56 .

49 49.85 17.00
-1¢) $2.10 20.00
51 43.24 0.00
52 47.30 0.00
S3 48.05 7.00
S4 §7.51 0.00
53 S$9.16 8.00
56 60.66 12.00
57 46.25 0.00
S8 44.99 11.00
59 49.70 8.00
60 62.61 0.00
61 28.53 0.00
62 56.61 16.00
63 13.686 0.00
64 25.23 0.00

17 6.31 0.00
i8 13.30 0.00
19 13.96 0.00
20 10.06 0.0%0
21 1.80 0.00
22 19.97 17.00
23 25.83 0.00
24 14.56 0.00
2S5 13.96 0.00
26 - 28,23 0.00
27 29.28 0.00
28 34.68 0.00
29 24.77 0.00
30 29.38 0.00
31 18.32 0.00
32 34.24 0.00

o000 O OONOOAMALADOOOO
o
o
[}
COO0ARAOOAOCOROPRPLAO00 0000000000000 00O0

Bxclusion Cocde chené:

0) accepted data point 5) pull tester didn’t record
1) arbitrarily susplicious point 6) unstored/unreadable SLAM

2) not a real pin...vacant 7) solder-bridged leads

3) pull tester didn’t reset 8) pad lift (prior to pull?)

4) known prior dasage/handling © 9) kaptcn-affected leads

A.55




Tadle 4.2.20 OLB36-A

oLB36-4
64 position solder TAB (position 10 vacant)

Quter-Lead Bond Pull Test Perforased at Sonoscan

Bonding Conditions Applicable:

Pressure: aed Teaperature: high Tine: med
SLAM GRAMS exc. SLAM GRAMS exc.
Pos# Bondkx pull code Pos# Boad¥ pull code
1 0.00 0.00 33 67.27 24.00
2 0.00 15.00° 34 951.20 14.00
3 0.00 13.00 s 45.65 21.00
4 0.00 17.00 3¢ 81.83 133.00
S 27.78 17.00 37 60.96 43.00
6 30.18 21.00 38 60.36 44.00
7 49.2% 20.00 39 52.10 40.00
8 27.03 25.00 40 60.66 31.00
9 0.00 21.00 41 49.10 40.00

42 67.57 32.00
43 87.24 135.00
44 83.63 44.00
45 69.97 44.00
46 79.58 37.00
47 68.77 31.00
48 43.09 12.00

2.25 0.00
50 8.11 0.00
St 14.41 0.00
¥ 13.36 0.00
53 6.61 0.00
54 8.7t 0.00
55 11.26 0.00
56 8.26 0.00
$7 14.36 15.00
S8 16.67 3%5.00
59 45.35 18.00
60 21.47 0.00
61 23.87 10.00
62 15.46 6.00
63 36.19 8.00
64 28.68 0.00

10 0.00 0.00
11 0.00 25.00
12 22.82 36.00
13 12.76 32.00
14 14.56 7.00
[§-] 33.33 5.00
16 36.34 0.00

17 62.46 31.00
18 62.61 39.00
19 63.06 16.00
20 8.86 8.00
21 27.18 25.00
22 38.44 35.00
23 30.63 37.00
24 56.76 46.00
25 40.69 45.00
286 47.90 40.00
27 51.65 45.00
28 62.16 45.00
29 57.36 45.00
30 45.95 28.00
31 87.96 29.00
32 47.30 44.00

0000000000000 0O0OO CO000C0O0O0OD0O0O0OO0O0O0O

0000000000000 OOO 00000 ONODOOCOONRMIN
(3
')

Exclusion Code Legend:

0> accepted data point 5) pull tester didn’t record

1) arbitrarily suspicious polirt §) unstored/unreadable SLAM

2) not a real pin...vacant 7) solder-bridged leads

3) pull tester didn’t reset 8) pad 1ift (prior to pull?)

4) known prior damage/handl ing 9’ kapton~affected leads
A.58




Tadble 1.2.21 (oLB37-2
OLB37-2
64 position solder TAB (poaltion 10 vacant)
Outer-Lead Bond Pull Teat Performed at GTE

Bonding Conditions Applicable:

Pressure: wmed Tenperature: high Tine: low
SLAM GRAMS exc. SLAM GRAMS exc.
Pos# Bondtx pull code Pos# Boads pull code
] 11.26 0.00 O 33 45.50 0.00 4
2 9.91 0.00 O 4 5.11 0.00 0
3 13.81 0.00 . © as 0.60 0.00 4
4 45.20 0.00 O 36 16.37 0.00 4
) 3.90 0.00 ] 37 89.01 14.00 ]
6 61.71 11.00 O 38 61.26 8.00 ©
7 15.47 0.00 O 39 78.68 0.00 4
8 23.72 0.00 0 40 1.0 0.00 0O
9 7.96 .00 0 41 0.90 0.00 9
10 0.00 0.00 2 4?2 3.30 0.00 O
11 9.61 0.00 0 43 40.09 10.00 O
12 10.396 0.00 0 44 52.10 10.00 ©
13 1.0 0.00 O 45 2.2%5 0.00 O
14 21.91 0.00 0 46 $.71 0.00 0
| £-] 2.85 0.00 0O 47 30.78 0.00 0
16 12.16 0.00 0O 48 . 38.89 0.00 O
17 33.63 0.00 4 49 73,33 7.00 0
18 56.61 15.00 O 50 76.88 11.00 0
19 6§1.41 18.00 O 51 49.70 0.00 4
20 79.73 28,00 O 92 35.74  0.00 4
2t 63.21 27.00 0 53 0.30 0.00 4
22 54.20 i2.00 O 54 s.11 0.00 4
23 6§2.31 29.00 O L1} 2.88 0.00 4
24 40.84 0.00 4 1 14.86 0.00 4
2% §2.76 42.00 0 97 3.4% 0.0¢ 4
26 73.72 14.00 0 -1 ] 95.26  0.00 4
27 66.97 0.00 4 59 60.66 6,00 v}
28 88.29 24.00 O 60 63.06 0.00 4
29 48.93% 26.00 O 61 68.77 12.00 0
30 72.07 6.00 0 62 73.42 8.00° 0O
31 72.87 11.00 0 63 94.44 11.00 O
32 35.89 0.00 4 64 77.78 0.00 4

Exclusion Code Legend:

0) accepted data point $) pull tester didn’t record
1) arblitrarily suspicious pelnt 6) unstored/unreadable SLAN

2) not a real pin...vacant 7) solder-bridged leads

3) pull tester didn’t reset 8) pad lift (prior %o pull?)

4) knovn prior damage/handling 9) kapton-affected leads

A.ST




Table A.2.22 OLB37-A

OLB37~-4
64 position solder TAB (position 10 vacant)

Cuter-Lead Boad Pull Test Performed at Sonoscan

Bonding Conditions Applicable:

Pressure: med Teaperature: high Tine: low
SLANM GRAMS ezxc. SLAM GRANS ezxc.
Pos#®# Boands pull code Pos# Boundkx pull code

1 3.30 0.00 0 33 3.45 0.00 0
2 4.80 0.00 0 34 10.21 0.00 (o]
3 8.7 0.00 0 3s 12.61 0.00 0
4 13.96 0.00 0 3 8.71 0.00 0
] 12.61 0.00 0 37 1.80 0.00 0
6 21.02 0.00 0 38 5.96 0.00 0
7 1.80 0.00 0 39 18.77 ©.00 o
s 9.70 0.00 0 40 0.00 0.00 0
9 7.21 0.00 0 41 1.20 ©.00 0
10 0.00 0.00 2 42 22.22 6.00 o]
11 1.3% 0.00 0 43 17.57 8.00 o}
12 19.67 0.00 0 44 32.9%8 5.00 0
13 8.26 0.00 (o] 43 24.02 9.00 0
14 18.62 0.00 (o] 46 19.97 5.00 (o]
1% 12.01 0.00 0 47 22.87 5.00 o
i6 21.02 0.00 0 48 22.22 §6.00 o
17 22.22 0.00 0 49 20.12 9.00 0
18 24.32 7.00 0 S0 46.70 23.00 o]
19 26.28 7.20 0 51 1.3% 0.00 9
20 47.9%0 9.00 0 $2 4.65 0.00 9
21 33.63 7.00 0 %3 5.26 0.00 9
22 40.84 11.00 0 54 14.26 0.00 9
23 40.%4 10.00 0 -1 3.4 0.00 9
24 29.73 9.00 0 13 10.51 0.00 9
25 30.48 8.00 0 57 8.5 0.00 9
26 43.24 14.00 0 L1 ] 42.04 40.00 0
27 57.96 14.00 0 59 16.67 0.00 9
28 38.14 10.00 0 60 40,24 40.00 0
29 28.68 9.00 o] 61! 8.7 0.00 9
30 24.17 %5.00 0 62 18.92 33.00 o]
31 16.97 3.00 (o] 63 11.4} Q.00 9
32 2.10 0.00 ¢ 64 28.%3 0.00 9

Exclus{on Code Legend:

0) accepted data point %) pull tester didn’t record
1) arbitrarily suspicious polat §) unstored/unreadable SLANM

2) not a real pin...vacant 7) solder-bdbridged leads

3) pull tester dldn’t reset 8) pad 1if% (prior to pull?)
4) known prior danage/handl ing 9) kapton-affected leads

A.58




Table 4.2.23 0L338-2

OLB38-2
64 position solder TAB (position 10 vacant)
Outer-Lead Bond Pull Test Performed at GTE

Bondiang Conditions Applicable:

Pressure: med Tenparature: aed Time: med
SLAM GRAMS eczc. SLAM GRAMS exc.
Pos# Bonds pull code Pos# Bondx pull code
1 37.39 0.00 33 10.81 0.00
2 82.%58 0.00 34 44.74 0.60
3 70.12 0.90 35 87.24 8.00
4 68.77 8.00 36 90.84 12.00
5 53.90 9.00 37 41.74 0.00
6 20.78 10.00 38 93.24 19.00
7 92.94 16.00 39 9.46 0.00
8 78.98 13.00 40 26.88 0.00
9 0.00 0.00 41 1.65 0.00

42 78.23 30.00
43 74.47 22.00
44 76.73 17.00
45 64.26 0.00
46 88.14 13.00
47 81.08 0.00
3.60 0.00

10 0.00 0.00
11 48.95 10.00
12 0.30 0.00
13 1.9% 0.00
14 4.%0 0.00
15 3.30 .00
16 3.18 0.90

49 51.20 10.00
50 53.90 16.00
51 3.30 0.00
2  2.58  0.00
3 2.70 0.00
54 41.44 13.00
58  5.8] 0.00
6 5.8 0.00
57 5,26 0.00
S8 7.21 0.00
9  9.31 0.00
60 8.41 0.00
61 0.00 0.00
62 34.68 0.00
63 1.65  0.00
64 14.86 0,00

17 31.23 0.00
18 58.26 0.00
19 3.7% 0.00
20 11.26 0.00
21 498.65 0.00
22 81.3% 0.00
23 39.64 7.00
24 19.37 .00
29 $6.91 13.00
26 5.41 0.00
27 14. 41 0.00
29 5.71 0.00
29 17.12 0.00
30 23.12 0.00
31 19.17 0.00
32 13.06 8.00

000000002000~ L COO000ONODOOOOOaaA
-~
[
0CO0~00000000000O0O0 CaOROO0OO0CALLLOAOO~O

Exclusion Code Legend:

0) accepted data point S) pull tester didn’t record
1) arbitrarily suspiclious polat 6) unstored/unreadable SLANM
2) not a real plan...vacant 7) solder-bridged leads

3) pull tester didn’t reset 8) pad 11ft (prior to pull?)
4) known prior damage’/handling 9) kapton-affected leads

A.59




Table 4.2.28 OLB33-5

oLB3g-~S
64 position solder TAB (position 10 vacant)

Outer-Lead Bond Pull Test Performed at Sonoscan

Bonding Conditions Applicable:

Pressure: med Tenperature: med Tine: med
SLAM GRAMS ezxc. SLAM GRAMS exc.
Pos# Bond% pull code Pos# Bondx pull code
1 2.55 0.00 O 33 44.29 8.00 o)
2 6.46 0.00 0 34 47.45 9.00 O
3 33.48 17.00 0 as 4.0% 0.00 0
4 9.31 0.00 o] 36 48.%50 31.00 0
S %0.1%5 17.00 O 37 41.74 43.00 o
6 64.11 33.00 O 3s $2.70 38.00 0
7 11.26 0.00 0 39 54.95 43.00 +]
8 12.76 0.00 0 40 51.%50 46.00 0
9 0.90 9.00 0 41 24.47 45.00 o
10 0.00 0.00 2 42 69.97 42.00 (o]
11 2.40 0.00 0 43 24.02 21.00 0
12 41.89 10.00 0 44 7.81 0.00 0
13 3.15% 0.00 0 43 49.70 30.00 1
14 26.88 $.00 (o] 48 51.80 44.00 1
13 2.2% 0.00 0 47 39.04 27.00 1
16 1.50 0.00 0 43 22.67 8.00 o]
17 62.01 16.00 0 49 0.00 0.00 0
18 48.65 18.00 0 50 72.07 33.00 0
19 $2.70 29.00 (o] 51 43.24 13.00 0
20 67.42 33.00 0 52 23.57 0.00 1
21 6.61 0.00 o} 83 3.7% 0.00 o]
22 4.50 0.00 (o] 84 8.8¢ 21.00 0
23 31.93 131.00 0 1] 42.19 31.00 0
24 61.55 38.00 0 -1 65.02 d44.00 o)
25 89.61 44.00 o] 57 4.3% 15.00 o]
26 23.12 34.00 0 S8 11.26 27.00 O
27 56.16 47.00 0 59 19.37 32.00 0
28 32.55 138.00 +) 60 51.3%5 20.00 Q
29 25.08 7.00 0 61 48.20 28.00 o
30 21.92 8.00 0 §2 10.36 11.00 0
31 4.20 0.00 0 63 13.66 8.00 0
32 3.1% 0.00 0 64 46.85 20.00 o]

Exclusion Code Legend:

0) accepted data polint 5) pull tester didn’t record

1) arbitrarily suspicious polint 6) unstored/uareadable SLANM

2) not a real plin...vacant 7) solder-bridged leads

3) pull tester didn’t reset 8) pad lift (prior to pull?)

4) Known prior dasage/handling 9) kapton-affected leads
Alm
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Tadle 4.2.25 0LB39-A

oLBIS~-4¢
64 position solder TAB (position 10 vacant)
Suer-Lead Bond.Pull Test Perforsed at Sonoscan

25nding Conditions Applicable:

Pressure: med Tenperature: med Time: lovw
SLAM GRAMS exc. SLAM GRAMS exc.
Pos# Boadk pull code Pos# Boad% pull code

] 9.01 0.00 o 33 2.40 0.00 0
2 8.86 0.00 0 34 0.60 0.00 (¢}
3 22.37 0.00 O s 1.20 0.00 o
4 7.66 0.00 0 36 33.78 13.00 0
5 5.41 0.00 0 37 S.11 13.00 0
3 36.64 0.00 O 3s 15.62 0.00 4
7 20.%7 0.00 o] 39 0.7% 0.00 o}
8 33.63 0.00 0O 40 2.40 0.00 O
9 17.27 0.00 0 41 1.20 0.00 (o}
10 0.00 0.00 2 42 0.00 0.00 0
11 62.61 20.00 o 43 50.45 13.00 0
12 $§6.31 19.00 0 44 45.35 12.00 0
13 28.98 13.00 0 45 14.86 8.00 0
14 48.65 14.00 0 46 41.14 10.0C O
19 37.69 8.00 0 47 3.60 0.00 4
16 27.93 0.00 o 48 3.15 0.00 4
17 37.84 0.00 o] 49 7.06 0.00 4
18 12.46 0.00 0O 50 9.61 0.00 4
19 5.86 0.00 0 31 0.00 0.00 4
20 10.21 0.00 0 82 0.00 0.00 4
21 4.95 0.00 ] 33 0.4% 0.00 4
22 22.82 7.00 0 o4 3.00 0.00 4
23 13.66 0.00 o 33 0.00 0.00 4
24 20.42 0.00 0 13 11.86 0.00 4
25 2.10 0.00 (o] 87 1.65 0.00 4
26 9.46 0.00 (o} $8 6.61 0.00 4
27 14.71 0.00 0 59 13.36 0.00 4
28 23.42 0.00 0 60 9.31 0.00 4
29 1.30 0.00 o) 61 0.00 0.00 4
30 8.56 0.00 0 62 0.00 0.00 4
31 29.13 19.00 O 63 0.00 0.00 ¢«
32 44.89 19.00 0 64 0.00 0.00 4

Ezclusion Code Legend:

0) accepted data point S) pull tester didn’t record
1) arbltrarily suspiclous point 6) uanstored/unreadable SLAM
2) not a real pin...vacant 7) solder-bridged leads

3) pull tester didn’t reset 8) pad lift (prior to pull?)

4) known prior damage/handling 9) kapton-affected leads

A.61




Table A.3 MESA ILB Samples

BONDING CONDITIONS:
MESA ILB CAudu & AuSn TaB) pres. & coap.

pull tested by
doainant excluslion code
# of exclusions w/codes 2-9

LAM Bondx RAMS Pull
Sanple# aax rav avg. nax rav avg.
val avg w/exc val avg v/exc

ILB-A-} 100.00 55.68 5%.68 64.30 41.24 41.24 0 O SS M AuAu
I1LB-B~-1 99.21 74.67 74.67 64.90 50.27 50.27 0 0 SS H AuAu
ILB-C-1 98.41 76.73 76.40 51.60 36.44 36.92 f 5 S5 M AuSn
ILB~D-1 100.00 85.96 85.96 46.50 38.41 38.4¢ 0 O SS H AuSn
ILB-E-~| 75.79 26.06 26.06 49.50 11.56 11.56 0 0 S$S L AuAu
ILB-F-1 69.44 15.19 15.19 39.20 3.7% 3.7%8 0 0 SS L AuSn
Exclusion Code Legend:

0) accepted data point %) pull tester didn’t record

1) arbitrarily suspicious poiat 6) unstcecred/unreadable SLAM

2) pot a real pin...vacant 7) solder-~bridged leads

3) pull tester didn’t reset 8) pad lift (prior to pull?)

4) known prior damage/handling 9) kapton~affected leads

A.62




Table A.3.1  ILBed-1 |

ILB-A~1
68 position Au-Au MESA TAB
Inaner-Lead Boad Pull Test Perforzmed at MESA

Bonding Condltlon; Applicable:
Pressure: med

SLAM GRAMS exc. SLAM GRAMS exc.
Pos# Bondy pull code Pos# BondX pull code
t 0.00 3.60 0 38 77.38 64.10 0
2 0.00 0.00 0 36 81.75 8%8.10 0
3 13.49 20.60 O 37 84.13 56.40 O
4 0.00 23.20 O 38 82.14 5%6.10 0
5 40.37 26.%5 O 39 94.84 61.00 O
6 46.83 31.30 O 40 96.83 57.70 0
7 43.65 40.30 O 41 96.03 60.30 O
8 82.14 85.10 0 42 97.62 54.20 O
3 45.24 54.30 O 43 96.03 53.30 O
10 73.41 43.10 %) 44 94.44 859.00 0
11 74.21 53.90 0 45 €9.0% 58.3¢C (o
12 70.24 55.50 Q 46 63.10 45.80 0
13 74.21 48.860 0 47 64.29 852.60 0
14 71.43 48.30 0 48 70.24 64.30 0
15 81.75 38.70 0 49 45.63 62.00 0
16 73.81 .17.50 0O 50 61.51 55.40- 0
17 71.83 §8.70 O 51 72.22 53.10 O
18 7.54 23.60 0 S2 1.19 1.70 0
139 23.02 3s6.1!0 0 53 69.44 50.80 o
20 23.81 49.80 0 g 78.97 58.30 0
21 17.46 954.10 0 85 0.00 0.00 o
22 43.25 54.30 0 56 89.68 61.20 0
23 51.98 82.00 0 87 3.17 1.80 0
24 $3.97 49.40 Q 58 100.00 61.00 0
25 0.00 0.00 0O 59 65.87 55.10 O
26 $8.33 12.10 °) 60 78.17 853.00 0
27 63.10 S$51.30 0O 61 69.44 53,20 0
28 0.00 2.30 o 62 71.03 47.80 0
29 68.65 46.50 0 63 78.57 53.60 O
30 74.21 41.20 Q 64 84.52 45.10 0
31 71.43 36.40 Q 65 $9.92 47.60 0
32 Q.00 2.60 0 66 65.48 52.40 0
33 0.00 0.00 o 67 57.14 47.40 0
34 46.43 43.60 0 68 0.00 23.80 0

Exclusion Code Legend:

0) accepted data polint 5) pull tester didn’t record
1) arbletrarily susplclious point 8.) uastored/unreadakle SLAM

2) not a real pin...vacant 7) solder-bridged leads

3) pull tester didan’t reset 8) pad lift (prior to pull?)

4) known prior danage/handling 9) kapton=-affected leads

1.53



ILB~B~1

68 position Au~-Au MESA TAB

Table 4A.3.2

ILB-B-1 .

Inner-Lead Bond Pull Test Perforsed at MESA

Bonding CQnd!tlon; Applicable:

Pressure: high

SLAM

Pos# Boandh
1 47.22
2 63.10
3 62.30
4 69.44
-] 56.7%
[ 68.65
7 57.54
8 7%.40
9 85.32
10 82.54
1t 78.57
12 69.44
13 74.60
14 87.86
15 70.63
16 77.78
17 45.24
18 71.03
19 76.19
20 82.94
21 80.95
22 96.83
23 93.65
24 90.48
25 96.03
26 89.68
27 94.84
28 97.62
29 87.70
30 91.27
31 95.63
32 66.67
33 93.65
34 84.13

GRAMS
pall

33.30
41.00
43.30
47.%0
S1.40
§7.40
59.70
64.90
60.50
56.10

-51.70

$7.10

-60.50

52.40
61.10

57.50 .

49.60

§2.30
50.30
48.60
49.70
83.90
55.30
60.40
51.60
54.50
59.90
S1.90
33.90
47.8%0
53.00
49.70
45.80
$9.90

ezxcC.
code

0000000000000 000 000000000000 O000O0O

Exclusion Code Legend:
0) accepted data point
1) arbltrarily suspicious point

2) not a real pin...vacant
3) pull tester dida’t reset

4) Kknown prior damage/handling

1.64

)
6)
7
8)
9

SLAM

Pos# Bondk
38 66.67
36 88.10
37 84,92
38 88.71
39 70.24
40 75.40
41 77.78
42 88.10
43 85.32
44 90.87
45 54.76
46 85.71
47 82.14
48 61.90
49 83.73
50 84.52
51 87.30
52 99.21
53 97.22
54 21.83
55 99.21
L1 14.68
57 0.00
L1:) 1.%9
59 5.99
60 97.22
61 90.87
62 9%.24
63 97.62
64 98.02
&5 91.27
68 68.29%
67 62.70
88 41.87

GRAMS

pull

85.60
59.10
56.80
$9.20
55.80
56.90
56.20
56.80
58.20
$7.60
19.20
50.%0
$8.60
52.20
56.80
56.00
60.70

$9.20
51.30

1‘20
59.90
13.20
13.30

1.80

1.50
58.80
57.30
53.00
53.20
$9.00
58.10
59.60
54.00
42.70

CO0000OCO0O00000000 0000000000000 000O0

ezxc.
code

pull tester didn’t record
unstorsd/unreadable SLAM

solder-bridged leads

pad lift (prior to pull?)

kapton-affected leads




rable A.3.3 n.s-c-ti,l

- ———

ILB=C~1
68 position Au-Sn MESA TAB
Inner-Lead Boand Pull Test Perforaed at MESA

Bonding Conditions Applicable:
Pressure: med

SLAM GRAMS excC. SLAM GRMYZ exc.
Pos# Boads pull code Pos# Boand¥ poll code

48 92.06 43.90
49 89.68 41.00
50 80.95 45.60
91.67 38.20

32.14 30.60
40.08 34.20
854.76 34.90
" 40.08 36.20

i 57.54 0.00 3% 86.51 41.40
2 86.%1 36.00 36 79.76 36.90
3 89.68 39.30 37 78.17 41.10
4 80.90 35.40 338 79.37 40.10
5 82.14 35.%50 39 76.53 42.70
6 98.41 4.00 40 76.98 40.90
7 90.87 33.80 41 73.81 42.00
8 84.13 S51.60 42 88.46 42.00
9 76.%9 34.80 43 81.75 39.60
10 . 96.43 35.20 44 75.40 40.20
11 74.60 34.80 45 61.90 42.90
12 83.33 33.90 46 57.54 42.80
13 §8.25 33.30 47 68.685 37.90
14
19
16
17

- ¥ 79.76 14.90
83 86.11 38.80
54 88.49 44.00
S5 82.86 43.70
11 91.67 41.00
57 86.51 37.20
S8 92.46 44.40
59 94.84 41.60
60 94.05 41.00
61 . 80.16 43.90
62 92.86 38.30
63 93.2% 40.20
64 79.37 42.40
63 89.68 39.40
66 7%.79 38.80
67 88.10 36.30
68 79.76 1%5.60

18 32.94 238.70
19 42.46 35.80
20 %54.78 36.30
21 72.22 139.10
22 80.%56 41.10
23 82.94 42.40
24 78.97 31.90
25 63.49 32.60
26 63.10 30.80
27 74.21 31.60
28 85,16 31.70
29 7%5.00 38.10
30 80.66 29.20
31 78.17 31.20
32 74.60 36.60
33 78.57 34.30
34 78.17 31.30

OOOOOOOOOOOOOOOOO 0000000000 QOROO0O0O0
(3 ]
-
OOOOOOOOOOOOOOOOO OOOOOOOOOOOOOOOOO

Exclusion Code Legend:

0) accepted data point %) pull tester didn’t record
{) arbitrartly suspicious point §) unstored/unreadable SLAYM

2) not a real pin...vacant 7) solder-bridged leads

3) pull tester didn’t reset 8) pad lift (prior to pull?)

4) known prior damage /handl ing 9) kapton-affected leads

A.63




ILB=D=1
68 position Au~Sn MESA TAB
Inner-{ead Boad Pull Test Perforamed at MesA

Table

‘.3 .. .

Bonding Conditlioas Applicable:
Pressure: high

SLAM

Pos# BoadX
1 0.00
2 68.65
3 60.32
4 60.71
-] 90.48
6 85.71
7 91.27
8 94.84
9 96.03
10 97.62
11 92.86
12 95.24
13 94.84
14 87.70
15 86.90
16 87.30
17 78.97
18 79.37
19 82.14
20 93.65
21 97.22
22 89.29
. 23 88.49
24 86.11
29 94.44
26 94.84
27 97.82
28 100.00
29 99.21
30 9%.63
31 99.60
32 90. 48
33 76.59
34 88.10

GRANS
pull

9.°°

*30.00

34.60
38.20
38.40
36.50
38.80
41.00
36.30
35.60
39.90
39.90
41.00
40.60

34.70.

38.00
43.60

41.40
36.50
40.30
34.60
%7.60
43.90
39.90
35.60
27 .40
38.60
39.70
38.3%0

35.20

39.70
34.20
35.30
38.00

exc.
code

00000000000 00ODO0OCOO 000000000000 0D0D000O0

Exclusion Code Lagend:
accepted data point
arbitrarily suspiclous point
not a real pin...vacant

pull tester dida’t reset
known prior damage/handl ing

)
1
2)
3
4)

O

(o))

ILB-D-1 |

e —— o

SLAM

Pos# Bondsy
35 89.29
36 92.08
37 97.22
3s 97.62
39 94. 44
40 5.56
41 86.51
42 96.03
43 90.48
44 95.63
45 73.41
46 85.32
47 34.52
48 76.98
49 84.92
50 84.%52
S1 86.51
$2 98. 4!
53 95.24
54 94.0%
55 97.22
56 97.62
57 99.60
58 99.60
59 98.41
60 98.81
61 99.60
62 91.67
63 84.92
64 30.48
65 97.22
1 60.71
87 81.3%
68 66.67

GRAMS
pull

35.10
42.60

44.60

44.20
41.10
26.50
42.40
45.70
44.40
46 .50
45. 40
40.60
36.00
39.40
43.50
37.60
39.40

43.90
17.20
39.50
42.90
31.80
39.30
41.40
41.90
42.80
43.60
42.70
34.20
40.50
41.90
35.70
4C.70
44.20

exc.
code

0000000000000 O0 0000000000000 O

pall tester dldn’t record
unstored/unreadable

solder-bridged leads

SLAM

pad lift (prior to pull?)
kapton-affectad leads
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Table A.3.5 ILB-B-1 l

- i - ed

ILB~-E~-1
68 position Au-Au MESA TAB
Inner-Lead Bond Pull Test Performed at MESA

Bonding Conditlons Applicable:
Pressure: low

SLAM GRAMS exc. SLAM GRAMS exc.
Pos# Boadx pull code Pos# BRond% pull code

1 0.79 0.00 O 35 27.78 0,00 O
2 1.19 0.00 O 36 41.67 0.00 O
3 0.79 0.00 0 3?7 44.44 0.00 O
4 0.00 0.00 O 38 45.63 0.00 O
5 0.00 0.00 0O 39 %54.76 28.70 O
6 0.00 0.00 0O 40 62.30 22.40 O
7 0.00 0.00 © 41 51.19 33.60 0O
8 0.00 0.00 O 42 47.62 30.70 0o
9 0.00 0.00 0O 43 S51.19 20.80 O
10 0.00 0.00 O 44 53.%7 17.80 0
11 0.00 0.00 o 45 0.79 0.00 0
12 5.16 0.00 0 46 1.59 0.00 O
13 0.40 0.00 O 47 0.40 0.00 O
14 0.00 0.00 °] 48 0.00 0.00 0
15 0.40 0.00 o 49 1.19 - 0.00 (o}
16 .40 0.00 0O 50 $.95 0.00 O
17 1.19 0.00 © S1 2.78 0.006 O
18 18.25 0.00 O 52 0.40 0.00 O
19 22.22 90.00 0O s3 35.32 0.00 O
20 11.11 0.00 0 54 55.16 25.70 0
21 8.73 0.00 0 55 57.14 27.10 O
22 0.00 0.00 0 L1 56.3% 37.00 0
23  62.30 25.30 O 57 66.27 40.80 0O
24 0.00 10.90 © 58 69.05 44.60 O
25 56.7% 32.00 O 59 65.48 42.90 0O
286 61.11 27.30 0 60 75.79 34.50 0
27 34.13 25.70 o0 61 67.06 37.20 O
28 75.00 46.30 0 62 4.76 0.00 (o}
29 65.08 49.50 0 63 7.14 0.00 O
30 853.97 34.30 o 64 5.95 0.00 O
31 54.37 34.50 0 65 4.76 0.00° ©
32 69.44 32,50 0O 66 $.16 0,00 O
33 48.41 24.00 0 67 0.0 0.00 0
o 68 Q.00 0.00 0

34 4.76 0.00

Exclusion Code Legend:

0) acceptad data point $) pull tester didn’t record
1) arblitrarily suspicious polnt 6) unstored/unreadable SLAM

2) not a real pin...vacant 7) solder-bridged leads

3) pull tester didn’t reset 8) pad lift (prior to pull?)

4) Known prior daaage/handling 9) kapton=-affected leads
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Tabls A.3.5 ILB-F-1

[ ot w—

ILB=P~1
68 position Au~-Sn MESA TAB
Inner-Lead Boad Pull Test Performed at mesa

Bonding Conditions inllcahlo:
Pressure: low '

SLAM GRAMS exc. SLAM GRAMS ezxc.
Pos# Boadx pull code Pos# BoandX pall code
1 6.7% 0.00 v] s 61.51 0.00 0
2 10.32 0.00 0 36 29.76 90.00 0
3 11.90 0.00 0 37 41.67 0.00 0
4 5.%56 0.00 0 38 18.65 0.00 0
-] 7.14 0.00 0 39 6%.44 0.00 )
6 9.52 0.00 0 40 41.27 21.00 0
7 1.59 0.00 0 41 61.51 0.00 Q
8 1.98 0.00 0 42 66.67 0.00 0
9 7.54 9.00 0 43 63.10 0.00 O
10 2.38 0.00 0 44 14.21 0.00 0
1t 2.78 0.00 0 45 2.78 0.00 0
12 5.95 0.00 0 46 4.37 0.00 0
13 18.865 0.00 0 47 3.97 0.00 0
14 4.76 0.00 o 48 85.16 0.00 0
13 3.92 0.00 0 49 = 4.76 .00 0
16 21.83 0.00 0 $0 2.38 0.00 o
17 3.97 0.00 o] 51 4.76 0.00 0
i8 3.97 0.00 0 52 1.19 0.00 o]
19. 1.19 0.00 o 53 0.79 0.00 0
20 5.%6 0.00 o] S4 0.0C 0.00 0
21 7.14 0.00 0 1.1 3.97 0.00 0
22 2.38 Q.00 (o} L1 46 .43 0.00 o]
23 1.19 0.00 0 57 52.38 26.30 0
24 4.76 0.00 0 58 47.62 30.50 0
28 2.78 0.00 Q 59 3.17 0.00 o]
26 0.40 0.00 ] 60 0.00 0.00 0
27 Q.40 0.00 o] 61 5.95 Q.00 (o}
28 44.44 39.20 0 62 0.79 0.00 0
29 18.65 37.10 0 63 1.19 0.00 (o]
30 37.70 38.90 Q €4 0.00 0.00 0
31 38.89 27.80 0 65 . 0.40 0.00 0
32 $3.17 34.10 0 66 1.59 0.00 o
33 1.98 0.00 Q 67 2.38 0.00 o)
34 5.16 0.00 0 68 6.7% 0.00 o]
Exclusion Code Legend:
0> accepted data point S) pull tester dldn’t record
1) arblitrarily susplicious point 6) unstored/unreadaple SLAM
4) not a real pin...vacant 7) solder-bridged leads
3) pull tester didn’t reset 8) pad 11£t (prior to pull?)

4) Known prior damage/handling 9) kapton-affected leads
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IENSILE YERSUS SHEAR STRENGTH

At first look, a pull test appears
to measure the tensile strength of
a bond area. If the pull were to
be strictly along the axis of the

lead, then in fact it would be the.

shear strength of the bond which
would be tested. 1If the lead were
quite rigid (inelastic), then the
load would be distributed in shear
quite well across the entire bond.

Conversely, to perform a true test
of tensional strength, the tension
would have to be distributed over
the entire area of the bond. This
is not practical for this arrange-~
ment, as no easy means exists for
connecting the lead in this areal
manner.

The pull tests are therefore more
of a "peel” test. Depending upca
the curvature radius of the lead,
the actual rupture area is concen-
trated in a zone across the lead.
(the length of the rupture zone is
along an axis through the plane of
the diagram; its width is shown in
brackets). Force largely tension-
al, with some shear.

If the lead is caused to be more
sharply bent, the effective force
is concentrated into a narrower
band, thereby putting effectively
more force per unit area; in fact,
the force applied, as mesasured at

the source, becomes less, since it
will more easily rupture the bond
when so concentrated, and thus the
bond acts as "regqulator® by yield-
ing progressively.

B.2
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The ideal area-defined tensile failure, as indicated above, 1is not easily
capable of being provoked in TAB bonded samples, Dbecause of the essential
difficulty 4in applying the force to the lead in the correct fashion. Other
reasons include the fact that the rwterial itself is not a pure crystal, but a
randomly orjented <cluster of crytalline and glassy elements (Due to the
pressure factor in the bonding process, and to anisotrcpic crystal growth
mitigated by surface factors, the orientation is not completely random). When
such an effectively composite material begins to yield, strain is concentrated
in some vegions, and spread in others; a complex evolution of the fracture
occurs, This evolution can be made ‘o proceed in many different ways,
depending upon the minute details of the application of the forzcs, including its
physical pattern, magnitude, rate, and direction, If the material were
monocrystalline then it would yield briefly, nearly instantaneously, in a
regular pattern as the result of the failure, at a single weakest point at its
elastic limic. Instead, due to a combination of inelastic and elastic
deformations, plastic flow, crystal cleavage, various dislocations, brittle
fracture, and other effects, much more complex fracture systems occur.

The same holds tzue, but with additional degrees of freedom, when a pull test
is conducted in the practical world, wherein there is a measure of progressive
"peeling” as discussed above. Now, there is a BAND of rupture; its length is
determined by the width of the bond area; its width 1s determined by many
factors, including the flaxibility of the lead, and the rate at which the lead
is bent to an equilibrium curvature. Experimental factors which alter any of
these variables can make significant changes in the perceived bond strength.
The result is that the same bond, if it could magically be restored toc the exac:
same initial condition after each of many pull tests, would give significantly
different apparent szréngths at each of those tests if the physical conditions
of the tes: were altered in certain "apparently minor™ ways. Conversely, it can
be said that: 1) & given bond does not really have a single, "true" strength:
and 2) certain experimental factors are not as "minor" as they might appear.
The pursuit of a pull test to determine the one "true™ strength of the bond
against which other tests might be compared is therefore an arguable erdeavor.
Yot, if it is accepted that an individual pull test result is intrinsically
subject to an amount of deviation from its most likely value, and if results are
evaluated statistically rather than pointillistically, then a pull test can be
of value. Nonetheless, the not-so-"minoz® factors in the pull test must be:
limited in extent by careful methodology; and, to whatever extent they remain,
their effects recognized and analyzed. It may not be possible to predict all
factors prone to cause significant variability prior to performing the tests,
thus making it impossible to specify a regimen certain to alleviate all such
effects. This puts the burden more squarely on the post-test analysis. As a
result of the analysis, however, it becomes easier to formulate future tests
that preserve the soundness of the data.
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Tne strength of the bond
relates to the area of the
bond actually undergoing
rupture at any given time.
Tne zone of rupture aoves
along the bond as rupture
proceais, and tne peax
forcs registered for the
bond is th2 largest force
enzountared over the time
of tne test, Thus the
peak force is NOT propor-
tional to bd9oad ara2a.

Areas of Bonds
idenhical, bul have
di§€erent ASPCd Ralios

AN

X Bunded Arqa
_g('«‘"\ lead
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. thal widrhg of
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Th2 shape 13 well 13 tne ar2:
of the bond is {aportant. If
t40 Honds are of ejual ares,
they Jo not necessirily snos
tn2 sam2 strengtn, depenliing
upon the direction of rupture

P”°jf¢“ tenaed A¢ wiln ra2speact to orientation
du:n\ , N e::“;“ “:; of tae broadest dimension of
pull fes tha bonded arz2a.

Pigure B.1.2 Rupturing of a Bond (multiple sketches)
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The "attack angle” 1is of significance,

Rescrars
Ta4eazers pull straiznt up, causing the 4
sharpest bend in the l=ad, therefore
concentrating the forca aost narrowly
within the bond. This causes easier Va£yShae
rupture at lowest absolute force, Redivs
The hook ¢an never quite achieve the
same orthozonal pull of the tweezers,
The effect can be similar if the hook Moderelaly
is as clos2 to the bond as possibla, eﬁﬁgisy//“-\\\\\\\\
If the hook 13 auch farthar away, the __4{4?7\\\\\\\\\\
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An important realization is that pull strength of the bond is NOT proportional
to the area of the bond. Rather, in the case where a "peeling™ effect occurs
(thus, in any regular pull test), strength is effectively proportional to the
rupture area, which may be only small fraction of the bond area. Rupture area
in turn is equal to the length of the rupture zone (taken as the dimension
perpendicular to the direction of rupture), multiplied by the width of the
rupture zone (width of the band undergoing current rupture, affected by the
radius of the lead, as depicted above). Since the bond failure happens

.progressively, as the band moves, then if the band maintains a uniform width,

peak force may be dictated only by the length of the rupture zone; i.e. width
of bond across which the rupture band progresses. So, while the strength of a
bond relates to a two-dimensional space (an area), 't is not literally the area
of the entire becnd itself, but that of whatever portion is made to bear the load
under the conditions of the destructive test. A number of considerations arise
from this realization:

1) The proximity of the hook to the die may be
important, as a controlling factor of the
radius of the lead near the bond, and hence
the width of the rupture zone.

2) The speed of the pull may be important, as it
may control the radius of the lead, owing to
a finite relaxation time of the presumably
stiffer metal, affecting width, thus strength,.

3) vVariations in the thickness of the leads them-
selves may effect changes in the bend radius
near the bond, and hence affect the width of
the rupture zone, and hence its strength.

4) Non-uniformities in the width-vs-length ratio
of the bond area may effect apparent pull
strength, yet leave the SLAM-measured area
gonstant, causing some intrinsic variance in
interpretation.

S) ANY OTHER factor which causes a geometric
effect near the bonding pad, especially those
effects which alter the width of the rupture
zone, will affect the apparent pull strength.

The zeason these factors are important reduces to the fact that FORCE and
WORX are not the same quantity. That these could easily be confused is made all
the more evident by considering the *mild* error made consistently along the
vertical axes of the data graphs in the first appendix. They are all labelled
in "GRAMS™, which as students of physics know, is not a measurs of FORCE at all,
but is a2 measure of MASS, or quantity of matter. That there exists somewhere an
amcunt of matter, be it lead or helium, does not put any FORCE upon the leads
in the pull taest regimen. Obviously, what is meart is that a FORCE is
registersd which would be equi . lent to that exerted upon such a MASS, in the
given gravitational field. This discrepancy should not be taken lightly; it
totally confusticates ary attempt at doing dimensional analysis of poorly
composed equations. Furthermore, just such a discrepancy, dus to a lack of
discrimination betwet., FORCE and WORX, may cause erxoneous interpretation of
the present data, 'ad a failure to understand how the rasults may so easily vary
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from one’s strictest expectations.

A useful depiction of the situation is the following: <Consider a chain of high
strength which links a series of plates. Each plate is individually cemented
in place to a rigid structure, such as a concrete floor. By pulling upon the
chain, one intends that the plates all be removed from the floor. The chain is
connected to a device which mesasures and holds the peak force applied. Pulling
is begun, and the first plate breaks off, Zfracturing the bond at some level of
force, which is recorded and held by the instrument. Then each subsequent plate
is also removed. Some will release at lower forces, and will not change the
reading. Some may release at some slightly higher force, and the instrument
will thus be caused to store that new, slightly higher value. At the end of the
test, it will read the peak value required. If all the plates had been in
parallel, rather than in series, they would have simultaneously contributed
their strength, and the total peak force would be made to read much higher; it
would then be approximately equal tc the number of plates times the force of
the average plate., Conversely, had the plates been made much smaller, but more
numerous, then the peak force registered would be proportionately smaller. 1In
each case, the total amount of work done to remove all plates would be
effectively identical. Yet, the peak force registered in each case varies
considerably.

The proximity of the hook to the die is important Dbecause it dictates the
"attack angle” of the lead with respect to the bond area being ruptured. This
angle, in ~onjunction with the pliability of the lead itself, determines the
radius of curvature of the lead at the site of the rupture, and thus the
effective width of the band of rupturing material. This in turn determines the
force that is required to sustain the rupture.

The speed of the pull may be significant in that there may be some relaxatiocon
time constant for the bending of the (presumably stiff) lead material. If the
pull is slow enough that the flexure of the lead can keep pace with the

progresss of rupturing, then the maximum concentration of force (mimimum
curvature radius of the lead) will be sustained per area of rupture, thereby
leading to a lower applied force for rupture, Conversely, if the lead cannot

relax to its tightest equilibrium curvature during the cocurse of a rapid pull,
then a wider rupture band will be caused, requiring a higher absolute applied
force to cause rupture, This higher force also acts, in a feed-back
mechanism, to tend to augment the flexure of of the lead, but only within the
constraints of the time conatant of relaxation of the lead, if the force is
applied rapidly enough.

The thickness and spacific mechanical properties of each lead can vary.
Particularly, differences in strength and flexibility due to plating
characteristics and thermal history <can be pronounced in such thin materials,
where the thickness of the lead is on ths order of any plating that may bhe
present, and also on the order of its microcrystalline structure. Therefore,
there is expected to be variation in the radius of curvature of neighboring
leads, and perhaps more sc between those of different samples.

The aspect ratio of the bond area itself is important. Different aspect ratios




can have identical bond areas, as read by a method capable of determining
these areas, such as SLAM. Because a force is applied over a narrower rupture
band in one sample, albeit for a longer time, the peak force to cause rupture
will be a lower one than for another sample with a more broad aspect ratio.
Although both bonds may have high integrity, and both give suitably high pull
test values, the noticeable disparity in their pull tests, as seen against the
bond area equality shown by the other method, may unfairly question the
consistency of that other method, when in fact the pull tests themselves
inconsistently represent the value of the bond area by rendering differing
values, due to geometric influences, upon the yield strength of otherwise
sqQual-area bonds. One might, in haste, forget that failures in real service
do not occur by the hook-pulling of a lead at such an angle with respect to the
die, and that therefore the specific geometric influences of the pull-test are

prejudicial.

Other factors which change the effective width of the rupture zone can be
important., It was found that some such factor must be in effect near the
corners of the die, most especially when performing pull tests on the ILB
samples. A discussion cf this factor is to follow further below.
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BULL-TEST MACHINE RRORERIIES

The basic pull test machine consists of means of generating force along a given
line of motion, a method of recording the peak value of that force, and a means
of communicating that force to the test object. Hidden within these formal
structures are various springs and masses which comprise the real physical
machine. Although it may not be intendad that a given linkage have the
properties of a parasitic spring or mass, this is nonetheless true of
essentially every piece of the machine. Therefore, energy storage via spring
distortion and the momentum of parts of the machine play a role in the results
obtained. In order to remove effects caused by such factors, it is important
each individual pull test be done slowly so that the principle frequencies are
below those of the resonance fraquencies of the pull test machine structure. It
is feared that such care is not always taken, especially when performing a
large number of tests, where an unconscious drifting toward a more rapid
throughput may occur. If very rapid pulls are performed, the test forces may
read either unusually high or unusually low, depending upon the physical
location and frequencies of the resonant poles. 1If the application head (hook
or tweezers) has an appreciable mass and is more rigidly connected to the test
piecs than to the source of the pull-force, then the peak reading will reach a
higher value than appropriate before the application head has been accelerated
so that it communicates force to the test piece. It is possible that, by
means of other architectures with hidden resonances that the reverse would be
true. The pull-test machine generally uses a dash-pot, or other mechanism, to
regulate the speed at which force is applied. I1f adjustable, it should be set
for the appropriate rate. However, often many choices of loading mass are
available; the selection of an inappropriately high mass will cause tooc rapid an
onset of force.

Two methods of attaching to the test piece leads wers used; each had its
advantages and disadvantages. The use of a hook to pluck the lead is simple
and direct fr-m an operational viewpoint, hut requires special attention to
snsure that it is always placed the same distance from the die, for reasons
discussed above, There is also the matter of interferences to neighboring
leads. When these small leads approach so closely, it is possible to pre-~
stress the subsequent lead by incidental contact while engaging or in pulling
the current lead. Another matter is peculiar to the hook: A type of curved
depression exists in the hook, into which the lead may fit in various postures.
Although it is assumed the lead is free to settle into the position of least
energy as the pull proceeds, friction or other forces may prevent this from
occuring, and thus lsad to an element of stray torque upon the lsad. The
effects of such a torque are best understood along with the discussion of the
*jog” or "dog-leg” effect below, since it is under such conditions that the most
significant torques are likely to develop. Using & hook also means that the
other (not to be pulied) end of the lead must be constrained. Conversely,
with the uss of a tweezers type of mechanism, the other end of the lead must be
free so that it is available to be apprehended by the tweezers. This requires
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that a lead be severed by some mechanism prior to the pulling, Possible damage
can occur, during this severance, which later might naively be attributed to the
pull tes: alone. When a pull tast results in a radically low value due to this
effect, then any earlier result from a SLAM evaluation which gave a good
bonding value to the lead is held in question. Moreover, in order for the
tweezers to seize the lead, it must first be bent upward into a receivable
posture. This act of bending the lead might cause incidental damage, which
could also be naively attributed to the pull itself. Howaver, if the severance
and bending are done with some methods that allow no incidental damage, and if
the tweezers then are applied in an even posture, clear of any area of “"dog-leg”
(see below), the vertical direction of pull can provide relief from the
variability due to angle-of-attack differences, due to hook position, with
zespect to the die in the previous case of hook pull. This straight vertical
direction is likely to cause a sharper radius of curvature in the lead, thersby
causing more concentration of force, thus a somewhat lower yield strength on a
systematic basis. Unfortunately, it was somawhat belatedly conveyed to us by
GTE, whose pull tests wers those using tweezers, that the method of severance
included wusing a regular pair of scissors. This method, quite obviously, is
apt to produce not only a strong amount of shear force at both ends of the lead
{(if the lead, not cleanly cut, is pulled longitudinally), but also produces a
measure of lifting and twisting due to subtle difficulties in handling, and
also an amount of shock as leads are released from tension when finally severed.
A large number of sample pieces containing dozens of zero-value pull strengths
due probably to this cause were found. Unfortunately, their SLAM test had been
performed, and many bonds sites had been shown by SLAM to be of good coverage.
Juxtaposed with the zero and near-zero value of their pull tests, they falsely
appear to show that mary bonds of extreme low strength escape detection by
S1LAM, even being rated by SLAM as being of very high bonding percentage. If not
carefully noted, these exceptions virtually sabotage the test results in the
cases of the parts so subjected. Fortunately, this effect clearly is limited
to those samples subjected to that type of severance, and then being most
pronounced among the particular samples whose iuitial bonding conditions may
have predisposed them to be weaker and thus more susceptible to such procedural
damage. It is to be most emphatically required that such methodology be avoided
at all costs during any subsequent test regiman. Mistakes are only valuable if
their lessons are well heeded.

3.3
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THE EFFECT OF A "DOG-LEG™ OR "JOG"™

When graphed as abscissa and ordinate, the SLAM bond percent vs. “"GRAMS" pull
show a general tendency toward a monotonic and nearly linear relationship at
lower bond percent values, and then shows a tendency toward saturation at the
higher bond percents. This is a result of the fact that with higher bond
percentages, the complete width of the bonding area tends to be filled; because
of the "peel test™ nature of the test, strength is limited by this width rather
than by the entire bond area. However, the scatter is extreme in certain
samples. Graphing only the pull test values as ordinate, with the position
numbers of the leads as abscissa, however, shows a stzrong relationship. - In
graphing an individual piece, a smooth relation is not always seen. However,
what IS seen is that values tend to be uniform (and near expected value) along
the middles of edges of the die, and are erratic, and generally lcwer (often
much lower) at positions corresponding to near the die corners. If the ILB
samples are averaged together, and than graphed with pull test as ordinate and
position as abscissa, the trend becomes EXTREMELY plain:

Something happens near the corners of the samples which either
- 1) truly weakens the bonds formed; or
2) causes them to be READ as weak by a pull test.

This unknown factor is a smeothly varying factor; it effects not only those
leads immediately in the vicinity of the corners, but also seems to affect all
leads in an amount decreasing in a nearly sinusoidal manner, as the middle
range of the edge is approached. Also, this factor appears absent or much-
reduced in the outer lead tests, and absent, or much reduced and of a
different character, in the MESA ILB samples. Furthermore, ncthing like this
effect is seen in the SLAM results, or the optical microscopic evaluations
performed so far. In short, it seems to be directly traceable to situations
which include hook-mitigated pull tests on solder ianer lead bond samples, with
increasing prominence nearest die corners.

The original mind-set of these experiments was that the pull-test was a virtual
absolute; an unimpeachable standard of the integrity of bonds, against which any
other method could be measured. It is true that some other method was needed,
because after all, testing by the pull test was destructive; much like testing
the integzity of kitchen matches by striking them.

So far, the description of inherent potential flaws in pull tests has been
confined to elements of the methodology. It is easy to agree that certain
measures of care should be taken duzing testing to ensure that sloppy results do
not appear. However, ncne of the cautions has anything to do with the test
sample itself. All such sites on the sample are believed to be fungible. That
is to say, although the bond which occurs at a given site may test as weak or
strong, the fact of it being at that given site is uaimportant; no significance
is attached to that position with respact to the act of the pull test.
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Now this trust in the fungibility of the leads appears threatened. Because of
the definite periodic nature of the deviation from the expected pull test
values, it must be decided whether the strength of the bonds actually vary,
with respect to their position around the die, or whether the ac:vicibility of
the pull test itself is subject to variation with respect to position.

There is a way to preserve tha ostensible insensitivity of a pull test to
positions, but only by transferring the mechanism of the observed deviations
to elements peculiar to the sample, and shich are peculiar in ways which
directly affect how the sample changes a parameter within the pull test
methodology. rirst, however, it would be prudent to examine whether it is
necessary to make this allowance; that is, whether the bonds at the corners
might not be indeed weaker than those in the middle of the die.

As one line of evidence, it can be clearly shown from the data of the SLAM bond
percentage tests, that SLAM is not influerced by any such corner effect. When
normalized averages of SLAM data are put against positions, a smooth and nearly
level curve indicates that 1little if any effect of position is observed.
However, it is SLAM data itself which is being scrutinized, and it is no more
prudent to let SLAM ba its own judge than to have let the pull test do the same
for itself. A certain benefit arises from the fact that the tests are
destructive; a body of residual evidence exists, which can be subjected to
further study.

When optical micrographs of the corpi delectorum are reviewed, it can be seen
rather clearly which bonds indeed had possessed a good integrity, and had to be
violently parted. These bonds show rough granularity and the obvious signs of
having been torn apart by the application of force to an originally nearly
homogenous structure., Those bonds which registered only weak bonding, by both
SLAM and the pull test, show a smoother imprint, implying that the surfaces had
been merely pressed into conformity, and did not attain a good bond in the
original bonding process. However, those bonds at the corners, or near the
corners, which gave modest to good SLAM bond, and yet which showed poorer pull
test performance, are optically very similar to other bonds which the pull test
ranked as goed.

The optical micrographs anticipate that the pull tests should have been fairly
high, and agree with the SLAM evaluations. There thus seems to be strong
cortelation between the optical views, and the SLAM evaluation. Both also
agree well with the pull test results from the middle positions of the samples;
but near the corners, it appears that the pull test results depart much of the
time <from results obtained by the other two methods, and become erratic, and
generally lower in value.

Although it may seLm repugnant to question a generally trusted and well-used
methodolgy such as the pull test, it is perhaps totally disingenuous to
disregard plain and direct optical evidence. Thus it seems that an adjustment
must be made. The only thing which is so far lacking is a conceivable mechanism
with which the disparity can be explained.

In locking for the mechanism, certain clues seem notable. One is the
distinctly sinusoidal nature of the disparity, which suggests that the source
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may be an angular phencmenon, The most apparent place whsre an angle comes

into play is at the "dog-leg” or "jog®” in the heam lead as it transits from the

OLD site to the ILB site. Accordingly, a graphical comparison was made between

the angles at these places, and the average values of the disparity. Assumed is

that the pull test values would be a constant, without regazrd to die position,

all other parameters being held constant. Since the pull test values come from
many different pedigrees of sample with respect to time, pressure, and
temperaturs, for this purpose tley have been normalized against their highest

in-sample value (set at 1.000), The values for each position number are
averaged, and aze further averaged down to only eight positions, reflecting the
fact of the near symmetry of the samples; a position can only be at a relative
position to its nearzest corner by a xank of 1,2,3,..to 8. Since the averaging
causes the values to reflect the mean value of the highest and lowest normalized
values, the eaxpected values with all other conditions hald constant might tend
(arbitrarily), to be 0,707 at each position regardless of their sample position
number. To reflect this, the eight values so obtained are renormalized, so as
to be expressed as the fraction of 0.707 that they represent.

Corner-relative Position # Averages | Averages Normalized By
by pos, y/0.707

Actual sample position folded eat pos 64~-57
numbers. #10 is vacant into 8
places Cos ()

1,16,17,32,33,48,49, 64 1 0-.38663 0.54678 | 579(0.54464
2,15,18,31,34,47,50,63 2 0.46524 0.65795 | 55°]0.573s8
3,14,19,30,35,46,51,62 3 0.49045 0.69360 | 53%/0.60182
4,13,20,29,36,45,52, 61 4 0.52354 0.74040 | 51°}0.62932
5,12,21,28,37,44,53,60 5 0.56684 0.80163 | 48°}0.66913
6,11,22,27,38,43,54,59 6 0.60467 0.85513 | 43°[0.73135
7, *,23,26,39,42,55,58 7 0.67685 0.95721 | 35°}0.81915
8, 9,24,25,40,41,56,57 8 0.69935 0.98902 | 23°/0.92050

* -(vacant position 10°'taken as the average of 9 and 11)
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To exprass the angles of the leads, the set of leads from 57 to 64 are taken as

representative. Exact angles are not known, but are estimated by careful
measurement ©f a mechanical diagram of the 64 position sample piece. The
cosines of these angles are found, and listed in the last column. A strong

agreement is seen between this column, and the column containing the averages
normalized by 0.707, causing a great suspicion that the "corner effect™ actually
is related to the angle of these “"dog~legs™ or "jogs™ in the lead.

Should this be the case, it would give further support to the idea that the pull
test itself is suspect, rather than that the sample really doss become weaker
near the edges AND that both optical and SLAM evaluation somehow themselves fail
near the edges. The cause of this support is twofold:

1) There is not known any specific reason why the angle of
the leads should affect the gang-bonding, since the leads
are confined to the plane of the die face during bonding,
and the angle can apparently have no effect.

2) During the pull test, the hook most certainly does cause
the lead to emerge from the plane of the die, and in so
doing, can interact with these angles by generating a
torque upon the lead, thereby influencing the geometry of
the pull. ’

Upon reflection, it is seen that i{f a hook is used to pull a lead which has a
dog-leg, the lead will tend to curl. This causes more concentration of force
at the zone where the tightest curl meets the bonded area. The degree to which
curling will occur depends upon where on the lead the hook is placed, how much
angle exists, and how the lead is cradled within the curved valley of the hook.
Each of these factors is a nearly random variable, since none are specifically
controlled in the general pull test. However, at any combination of these
variables, an amount of curling occurs and is an important factor in the
apparent yield strength of the bond.

Reaction of a dog~legged lead is not limited to a hook, however. A tweezer
type of puller may also cause a torque to be generated, if the tweezer grabs
the lead at some distance from the boad, at a position which contains an angled
portion of the lead batween the bond and holding peoint. In the case of a
tweezer, it becomes less possible to determine the chirality ot the torque at
the point of the bond, however, as the lszad may buckle to either direction, and
is not predisposed to ocne direction by the geometry of the pull at least until
the buckling motion is further constrained by one or another geometrical
factor. Therefore, the lsad may tend to curl in an underward or overward sense
with respect to the bond, since, unlike the ~ase of the hook pull, there is
little bias predicating an overward twist An overward twist tends more to
concentrate at a smaller area the force, and thus cause rupture at lesser
amounts of applied force.




This effect is just a specific
case of the gneral mechanism
of force concentration that is
discussed earlier, wherein the
local force is increased to a
level sufficient to cause the
rupture of the bond, although
overall force, read externally
at the pull test machine, 1is
smaller than otherwise needed.
A similar phenomenon allows a
person of normal strength, but
rehearsed in the technique, to
accomplish the “"parlor trick®
of ripping apart a thick phone
directory. It also routinely
used by somecne attempting to
open a cellophane package.

The existence of this curling
effect causes the more acutely
dog-~legged leads near the cor-~
ners of the sample to yileld at
forces which are less than the
forces measured at the middle
of the sample. The variability
seen is the result of che many
uncontrolled factors wh.ch are
present in the production, in
each instance, of the effect.
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Effect of Torque on Lead




QIHER RERIODIC EEFFECTS

The identification of a "corner effect®™, due to systematic error in the pull
test conditions does not preclude that other periodic effects might actually
be inherent in the sample itself, and not in the pull test. However, if cther
periodic effects are actually inherent in the sampis, they should be detected
by any applicable method, and not mysteriously appear only in the data from one
type of test. Such an effect is indeed seen in ILB solder TAB samples. When
the corner effect is reduced, in the plot of pull-test versus position, by the
method of nulling it out through averaging with neighbors, a single-period
(one period per pass around the sample die) quasi-sinusoidal deviation is seen
in the graph. Strikingly, a similar quasi-sinusoidal deviation of essentially
identical magnitude and phase is seen in the SLAM bond% plot. The appearance of
the pattern in both data sets virtually eliminates the possibility that it is
due to systematic error in the tests. The alternative is that some property
of the sample, or the way in which it was made, is actually prone to this
modest variation with reference to sample position.

1087, :IIIIHHIHHHI:IIIIllHIIIIHIUIHIHHHlIIIUlIHHHIIIHI',

3

M IIIIIIIIIIIIII‘IIIIIIIITT1IITT]'I'FTTTITIIIIllll IRERERSARRARLE

{-—==thpg====16=17-== tho=-==32-33-=-thpys~-—=48-49—-t ho-—-44
SLAM Bond/ vs CRAMS pull, by pin, all ILB’s Dboth smoothed @

Pigure B.1.3 Possible Process Ncn-Uniformity




Contents:

Appendix °“B*

Section 2

Graphs pertinent to Perlodic Effects
for ILB solder TAB samples.
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Contents: Appendix "B® Section 3

Graphs pertinent to Periodic Effects
for OLB solder TAB samples.

wme=Covering all OLB’s (pulled by Sonoscan or GTE)
-SLAM Bondk, smoothed x0 (no smoothing)
-SLAM Bondk, smoothed x2
«SLAM Bondk, smoothed x0 and x2
~GRAMS pull, smoothed 20 (no smoothing)
-GRAMS pull, smoothed x2
~GRAMS pull, smoothed x0 and x2
-~SLAM Bondk vs. GRAMS pull; smoothed x2

———Covering 8S OLB’s (pulled by Sonoscan only)
-SLAM Bondk, smoothed x0 (no smoothing)
-SLAM BondX, smoothed x2
-SLAM Bond%, smoothed x0 and x2
<-GRAMS pull, smoothed x0 (no smoothling)
-GRAMS pull, smoothed x2
~GRAMS pull, smoothed x0 and x2
-SLAM Bond% vs. GRAMS pull; smoothed x2

—Covering GTE OLB’s (pulled by GTE only)
«SLAM Bondk, smcothed x0 (no smoothing)
~SLAM Bondkx, smoothed x2
~SLAM Bondk%, smoothed x0 and 22
«GRAMS pull, smoothed xO (no smoothing)
=GRAMS pull, smoothed x2
~GRAMS pull, smoothed x0 and x2
-SLAM Bondx vs. GRAMS pull; smoothed x2
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ARPENDIX C
Apparent Limit-of-Strength Curves
and
Probability (of a bond area meeting benchmark
pull test) Curves

Two sets of curves ars hereby presented based on the relationships found betwean
SLAM and pull test values for the limited number of parts studied.

The curves referred to as limit-of-strength curves are those which would be had
if there were no scatter in the relation between pull-test and SLAM Bond%:; no
damage to parts at any stage due to handling, no corner effect, no experimental
error in the measurament procedures. These are idealized curves assessing what
the ideal strength of a bond would be {all like-parts averaged together withcut
benefit of normalization) based upon its SLAM bond percent. The reader may wish
to ignore these as being unrealistically optimistic.

The curves referred to as probability curves are the actual set~derived prob-~
ability of a bond of a measured SLAM bond percentage meeting or exceeding some
lavel of pull test strength, if the bcnd were randomly selected from the same
un-pulled samples, and then subjected to a pull test with the same variability
of conditions present when the members of the experimental samples were pulled.
As above, there is no benefit of normalization; thus, the strengths of
intentionally weakly-made bonds is blended into the averaged data, and thus
depresses it. As the curves move from left to right, fewer numbers are left in
the population, therefore causing statistical bobble. At no time would an ideal
curve decline in value when going from left to =right (strength would not
decline a3 bond area increased). The tendency to decline seen in some of these
curves is due to statistical bobble in the increasingly sparse population; of
the few members left in the population at the far right, single members which
are anomalous dua to handling damage, corner effect, etc. cause inappropriately

high contribution.
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Pigure C.2.3 Probability of meeting benchmark pull strengths, ILBs
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Pigure C.2.7 Probability of meetinz benchmark pull strengths, ILBs
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ARRENDIX D

In Appendix D we present the draft of the MIL STD test method specification
which is called for in the work statement for this contract. Our experience in
this work has shown that innate metallurgical properties of the bond substance
itself vary greatly; gold thermocompression and gold-tin eutectic formulations
show a g¢great deal higher strength than the lead-tin solder formulations, and
within the lead-tin solder formulations, significant metallurgical difference
exists between the OLB and ILB compositions. Furthermors, innate metallurgical
strength seems to vary greatly in the solder samples due to temperatures during
the bonding condition., Thersfore, we also cffer a method for the evaluation of
this innate metallurgical strength as an adjunct to assessment of the bond
quality by the use of SLAM inspection. »

These two draft proposals follow, and are titled:

ULTRASONIC INSPECTION OF TAB BONDS
-and-~-

QUALIFICATION OF BOND METALLURGICAL STRENGTH




MIL~-STD-883C
METHOD xxxx

ULTRASONIC INSPECTION OF TAB BONDS

1. RURPQSE
The purpose of this method is to detect unbonded and insufficiently bonded

sites in TAB (Tape Automated Bonding) devices in the open package condition,
through the measuremsnt of bond area by means of Scanning Laser Acoustic
Microscope (SLAM) techniques. It establishes methods and criteria for
ultrasonic inspection of these TAB semiconductor devices.

NOTES:
A) For various metallurgical constitutions, absolute
strengths expressed as pull strengths per unit area
of bond differ. A scalar equivalency must be estab-
lished for each alloy and process, to relate bond
area to anticipated bond strength.
B) The term TAB bond in this document refers to one
of the multiplicity of bonds, inner lead (ILB) or
outer lead (OLB) formed by a Tape Automated Bonding
(TAB) process. In the case of I1L3, it refers to that
area of the device defined by the intersection of the
beam lead, the semiconductor bonding pad area, and
the the contact outline of the thermode or fixture
performing the bond, in the horizontal plane, and
refers to all interfaces within that area between the
semiconductor die surface and the beam lead. 1In the
case of OLB, it refers to that area of the device
defined by the intersection of the beam lead, the
substrate bonding pad area, and contact outline of
thermode or fixture performing the bond, in the hori-
zontal plane, and refers %o all interfaces within
that area between the substrate surface and the beam
lead. .
C) The terms ultraso~ic inspecticn and SIAM as used
in this document refer to the process and instrument
performing high frequency ultrascnic inspection and
produce gray-scale images of the internal features of
devices by means of scanning laser acoustic micro-
scopy, and by which bond area measurement may be per-
formed.

2.APRARATUS
The apparatus and materials for this evaluation shall includae:

A) Ultrasonic imaging equipment of the scanning laser
acoustic microscope type, of frequency and resolution
sufficient to penetrate the bond area and render an
image which discloses the size and shape of the bond
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area with a linear dimensional allowance no greater
than 20% of a bond dimension. Frequency is dictated
by considsration of the wavelength of sound in the
materials and the limit of resolution. Whereas lower
frequencies have been used for inspection of larger-
scale device types, the present size of TAB sites
requires frequencies of from one hundred to several
hundred megahertz.

B) A visual output/storage device. A method of pro-
ducing, displaying, and storing a scale image of
adequate grey-scale range (minimum of 64 levels)
shall be used. Such device may include a grey-scale
printer/plotter, or preferably CRT display with an
image digitizer capable of rendering images in digit-
al code for bulk media storage and retrieval, and
algorithmic processing and evaluation. The images so
stored shall be suitable for manual, or preferably,
automated analysis. The output device shall be capa-
ble of producing and storing the images to & spatial
and grey-scale resolution at least equal to the reso-
lution of their acquisition by the ultrasonic imaging
equipment. The output/storage device must be capable
of presenting, storing, and retrieving image 1label
information.

3. RRQCEDURE .
The equipment used shazll be adjusted as necessary to obtain satisfactory

images of good contrast to achieve maximum image detail within the sensitivity
requirements of the bond type being examined. The appropriate operator
methodology will be used to insure adequate positioning and insonification
(irradiation by ultrasound) of the device for purposes of producing its image.
Additional protocols will be followed as required. The normal intrinsic
strength of the bond metallurgy shall be known and established, and the
metallurjy of the devices to be tested should be qualified as in agreement
w#ith that strength.

{For a wethod of qualification, refer to proposed MIL STD 883C
Method xxxx "Qualification of Bond Metallurgical Strength”

3.1 calibration of the Instzugent
When specified, at least cne davice,-c’d the type and

construction to be tested shall be available to set
up the ultrasonic inspection equipment and peripher-
als., The device may be a scrap non-operational de-~
vice with TAB bonded leads which will be used to
identify device landmarks and ensure the equipment is
properly functional.

3.2 Lakeling and identifving

The devices tested and the image records made of them
shall be labelled in a standard format to include the

D'3




et

b .28 e et i e At e B et —eom ot
e At st o, s S s et e e e

following information:

A) Device manufacturer’s name or code identification
number.

B) Device type or part number.

C) Production lot number and/or inspection date code
lot number.

D) Ultrasonic image view number and date; to includse
description or code for thc region or bond number(s)
viewed.

E) Device serial/cross reference number if applic-~
able.

F) Ultrasonic operator identification.

3.3 Sexialized devices

When device serialization is required, each device
shall be readily identifiable by a serial number, and
this serial number must be included in a form read-
able in the stored image. In the event of a skipped
piece in the serialization, a blank space represent-
ing the skipped piece, and labelled with its serial
number should appear in the storage medium. In the
event of a large contiquous range of skipped pieces,
a similar blank space advising of the range of pieces
skipped should appear in the storage medium in place
of the large physical space of the many skips.

3.4 Data Back-up
When required, data back-up shall be specified from a

choice of multiple floppy disk, multiple track data
tape, cor a video format tape, or other options having
sufficient volume, resolution, speed, and reliability
to suit the requirements for storage and labeling.

3.5 Meunting

The devices shall be mounted for ultrasonic
inspection in a fixture which insures correct posi-
tioning in all dimensions, and adequately safegquards
the potentially fragile bonds from mechanical contact
with any substance other than the coupling fluid.
Positioning thereafter must continue in a fashion
which continues the above conditions, and furthermore
exposes each inspected bond area to the correct acou~
stic environment and portion of the instrumental
field.

3.6 Apgle of
The angle of insonification must be specified by

prior analysis, and if the mounting fixture is gonio-
metrically agile it must be set to the correct angle
by adjustment or selection.

3.7 conditions of Qveration
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Adjustments, selections, options, and settings used
in the performance of ths ultrasonic inspection must
be recorded if they are of a nature critical to the
proper operation 5f equipment; not to be recorded are
those casual adjustments which are done as an obvious
matter of course, and the performance of which are
guided by such rules as trimming for maximum, minimum
or optimum, and which are not controlled by calib-
rated interfaces. .

3.8 Qperating Pezscppel
Operating personnel shall have a basic familiarity of

the nature of sound and the use of ultrasonic
instruments in the inspection of devices. They shall
be specifically trained and certified in the opera-
tion of the ultrasound and peripheral equipment used
so that defects revealed by the method can be validly
interpreted and compared with applicable standards.

3.9 Reporta of Inspection

For Class S devices, or when specified for other
device classes, the manufacturer shall furnish in-
spection reports with each shipment of devices. The
report shall describe the results from the ultrasonic
inspection, and list the purchase order number, or
equivalent identification, the part number, the date
code, the quantity inspected, the quantity rejected,
and the date of the test. For each rejected device,
the part number, the serial number when applicable,
and the cause for rejection shall be listed.

3.10 Acoustic Miczograph and Report Retention

When specified, the manufacturer shall retain a set
of the ultrasonic images and a copy of the inspection
report, for the period specified.

3.11 Exanination and Acceptance Criferia
Once the manufacturer has established the total bond
area to be sought, based upon studies of the device
to be bonded, and the inclusion of a prudent excess
margin, then the following shall be condsidered the
minimum bond area percentage:
A) In the case of solder bonds of lead-tin alloys
a bond area percentage of 75 percant of the total
bond area shall be considered minimum.
B) In the caase of gold-tin eutectic and gold-gold
thermocompression, a bond area percentage of 50
percent of the total bond area shall be consider-
ed minimum, except in the case of lead misalign-
ment; when lead misalignment is a contributing
factor a bond area percentage of 75 percent shall
be considered minimum,
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In the examination of devices, the following aspects
shall be considered unacceptable bonding, and devices
which exhibit any of the following defects shall be
rejected:
A) A bond having a total bond area less than the
minimum bond area. The failure may be caused by
any reason, including lateral or longitudinal
misalignment. .
B) A bond meeting the minimum bond area, but
with this area being discontinuous so that no
single bonded area meets or exceeds the minimum
bond area.

4. SUMMARY
The following details shall be specified in the applicable acquisition

document :
A) Number of views to the taken by SLAM inspection of
sach pilece or bonding site, per 3.10, if other than
one view.
B) Markings of devices, oxr labelling of images, 1if
other than per 3.2, or special markings of devices to.
indicate that they have been ultrasonically imaged,
if required.
C) Defects to be sought in the devices, and criteria
for acceptance or rejection, if other than in 3.11.
D) Image and report retention when applicable (sce
3.10}.
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MIL-STD~883C
METHOD xxxx

QUALIFICATION OF BOND METALLURGICAL STRENGTH

1. RURPQSE
The purpose of this method is to establish that a given range of samples from

a production run of a TAB (Tape Automated Bond-ing) process meets the
intrinsic metallurgical character, in terms of strength per area, established
for that bond type. This value is referred to as the specific metallurgical
strength of the bond, for purposes of this discussion, and is used as an
adjunct to other evaluation methods, such as scanning laser acoustic
microscopy (SLAM) when non-destructively inspecting bonding by processes such
as the tape automated bonding (“.'3) process (see MIL STD 883C Method xxxx).
NOTES:

A) For various metallurgical constitutions, relative

strengths expressed as pull strengths per unit area

of bond differ. A scalar equivalency must be estab-

lished for each alloy and process, to relate bond

area to anticipated bond strength.

B) As it can be shown that a pull test does not give

a direct relationship to strength per area, a pull

test as employed herein serves to establish relative

standards rather than absolute ones.

C) The establishment of the expected strength for a

given type of bond, metallurgy, and process should be

done in a manner which recapitulates the selection

processes described below, but which uses a large

plenitude of sample pieces established by alternate

means as meeting metallurgical character.

2. ARRARATUS

The apparatus and materials for this evaluation shall include:
A) A pull test machine ecquipped with a method for
apprehending device beam leads of a size and spacing
appropriate to the devices underyoing test.

B) Stersomicroscope capable of an optical magnifica-
tion of at least ten diameters, or some other method,
manual or automated, capable of aiding in the appre-
hension of the lead without the causing of incidental
damage.

C) The pull test machine shall be capable of an es-
sentially vertical pull (in a direction perpend.cular
to the plane containing the bonding area). This may
be accomplished by apprehension with a tweezer
mechanism, or by a hook placed as immediately close
to the bond site as possible,

D) A method of independently determining the bond
area of the bonds of selacted test samples. This
method miy comprise optical metallographic inspection
after th2 destructive pull testing is completed, or
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may be done in a more autcmatsd fashion by means of
scanning laser acoustical microscopy (SLAM; refer to
MIL STD 883C Method xxxx) prior to performing the
destructive pull testing. The selection between
these methods necessarily implies a difference in the
order of procedure.

3. RROCEDURE

3.1 Sample Selaction
It shall be determined whether the production run or portion

thereof to be evaluated is continuous or discontinuous. For the
present purposes, a production run is discontinucus if the
process variables must change to attain or lose equilibrium at
the beginning or end of the period of the production run to be
evaluated. A continuous production run by contrast is one
wherein the process variables are in enuilibrium throughout the
evaluated portion of the run. For a continuous or sufficiently
long discontinuous run, there shall also be determined the time
constant, if any, of any drift in process conditions, and this
shall, for the present purposes, comprise the expected drifting
time.

For a discontinuous production run, the time required to attain
squilibrium in all process conditions shall be determined, and
parts produced during this time shall be dummy parts, or parts
subject to conditicnal rejection. No part from this pre-
equilibrium state shall be selected as a sample for purposes of
this evaluation. ’

Samples shall be drawn in the following manner:
A) Por a short discontinuous run, at least two
samples shall be taken. One shall be the second part
produced after the equilibrium of process conditions
has been obtained. The second sample shall be taken
from the last third of the production run, but shall
not be the last piece produced.
B) ror a continuocus or sufficiently long discontinu-
ous production run, additional samples shall be taken
at the periodicity determined to be the expectesd
drifting tire of process conditicns.
C) For a continuous or sufficiently long discontinu-
ous production run having an expected drifting time
that is long with respect to the period of the run
that is being evaluated, a third sample shall none-
theless be taken, from the middle third of the rin.
D) Parts taken may, for purposes of econcmy, consist
of electrical failures, or deliberate dummy samples.
If they are of this nature however, they muss conform
in all ways to the bonding geometries, positions,
sizes, and materials of the main production run. 1If
an electrical failure is chosen as a sample, thes mode
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of failure must be known to not include any elements
related to the bonding process.

3.2 Bond Area Ratermination
The choice of method for bond area determination will dictate

procedure. If SLAM inspection is elected, it must be performed
prior to pull test. If optical metallographic examination is
elected, it must be performed subsequent to pull test.

3.3 PRull Ieat
Each sample piece selected shall be exhaustively pull tested,

recording the lead position number, the yield strength, and any
anomalies encountered during each pull, such as tester failure,
or part failure at any point other than the bond area, or any
condition encountered that might tend to invalidate the test
data.
For each sample piece, separately and independently from the
others, the following culling process is performed:
A) Any lead noted to have an anomalous condition
during the pull test is discarded from the data set.
If more than ten percent of the total number of leads
is thusly discarded, a new sample must be selected.
B) To ensure that the highest strength standard is
applied, presumably from the bionds of highest bond
areas, the lowest pull test values are progressively
discarded from the data until one half of the total
number of bonds sites (to the nearest whole number in
the case of odd numbers) remains.
C) To elimnate torsional, geometric, and incidental
damage effects, this best-half set is further culled
to a best-quarter set by progressively eliminating
those leads of geometry and position most inherently
affectable; i.e. those with the most non-straight
geomatries, those closest to the corners of the lead
frame, and those closest to gaps (absences of more
than one lead) in the lead frame. This shall be done
in a manner progressing from most affected to least
affected, without regard to completion of a given
side or sector of the part, and without regard to the
relative population lef: by previous culling, until
the least~affected one quarter of the total number of
bonds sites remains.

3.4 Confirmation of Metallurgical Character
The data from each sample is then independently analyzed to
establish that its metallurgy meets the expected value. This
is done by the following process:
A) The sum of the pull strength values remaining in
the data set (best quarter) of that sample is Zound,
and divided by the number of sites that comprise one
quarter of the bond sites. This value is the average
pull test strength.
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B) The aum of the bonded areas of all the sites that

remain in the data set (best quarter) is also found,

and the average similarly obtained.

C) The quotient of average strength over average area

is found, and comprises the specific metallurgical

strength of the bonds at the various moments of the

evaluated production zun.
Bonding may be deemed to be metallurgically sound if every
sample meets or exceeds 80V of the specific metallurgical
strength determined at a prior time to be acceptable for the
present type of bond.

3.5 Reporta of Inspection

For Class S devices, or when specified for other device
classes, the manufacturer shall furnish inspection reports with
each shipment of devices. The report shall list the purchase
order number, the part number, and the date code. The report
shall describe the results of the metallurgical evaluation,
including the number of devices sacrificed, and the specific
metallurgical strength found for each sample.

3.6 pata and Renozt Retention
When specified, the manufacturer shall retain for the specified

time a copy of the inspection report, original data from the
pull test, and data from the bond area determination in the
form of optical micrographs in -the case of optical
metallography, or stored images in the case of SLAM evaluation.




MISSION
of

Rome Air Development Center

RADC plans and executes research, development, test and selected
acquisition programs in support of Command, Control, Communications
and Intelligence ( C%I) activities. Technical and engineering support within
areas of competence is provided to ESD Program Offices (POs) and other
ESD elements to perform effective acquisition of cr systems. The areas
of technical competence include communications, commqnd(and control,
battle management, information processing, surveillance sensors,
intelligence data collection and handling, solid state sciences,
electromagnetics, and propagation, and electronic, maintainability, and
compatibility.
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