SAND74-0411

Unlimited Release

CHARACTERIZATION OF THE THERMOSONIC
WIRE BONDING TECHNIQUE

D. R, JoHnson AND E. L. CHAVEZ

@ Sandia Laboratories

SF 2900 Q(7-73)
When printing a copy of any digitized SAND
Report, you are required to update the
markings to current standards.



Issued by Sandia Laborataries, operated for the United States Energy
Research and Developméent Administration by Sandia Corporation.

NOTICE

This report was prepared as an account of work spansored by
the United States Government. Neither the United States nor
the United States Energy Research and Development Admini-
stration, nor any of their employees, nor any of their contrac-
tors, subcontractors, or their employees, makes any warranty,
express or implied, or assumes any legal liability or responsibility
for the accuracy, completeness or usefulness of any information,
apparatus, product or process disclosed, or represents that its use
would not infringe privately owned rights.



SANDTL-0411

CHARACTERIZATTON OF THE THERMOSONIC
WIRE BONDING TECHNIQUE

D. R. Johnson and E. L. Chavez
Sandia Laboratories
Albuquerque, New Mexico 87115

January 1976
ABSTRACT

This study was designed to evaluate the combination of ultrasonic energy and
thermocompression techniques, i.e., thermosonic bonding, with regard to the hond
response of thin £film substrate metallization and thick film discrete component
terminations. The object was to determine not only the guality of thermoscnie
gold wire bonds and the performance of these bonds when subjected to thermal envi-
ronmental tests, but also to determine the process control parameters necessary to
produce repeatable, reliable bonds., Comparison was made throughout the study with
regard to results previously achieved on the game metalllzation systems using
standard fine wire thermocompression bonding techniqgues.

It was concluded that the thermosonic wire bonding technique offered the
advantages of lower bonding forces and lower substrate temperatures compared to the
thermocompression process. In addition, it was determined that the thermosonic
technique eliminates the need for special pre-bond etching and cleaning procedures
presently used in production of Bandia hybrid microcircuits. Finally, a wide lati-
tude in bonding parameters was realized with the thermosonic technique, and this was
considered advantageous compared to the rigid process controls necessary for thermo-
compression bonding.
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INTRODUCTION

So0lid phase bonding of metals involves the adhesion of contacting surfaces at
temperatures below thelr melting points.l’2 The interrelated variables of this pro-
cess include the utilization of force - to promote plastic flow and intimate con-
tact, elevated temperature - to promote contaminant dispersal while lowering flow
stress and enhancing diffusion, and time - to promote solid state diffusion in the
bond zone., The effects of these variables on the strengbhs of solid-phase bonds
were reported by Bowden and Tabor,3 Buckley,u Coucoulas,5 Cuthrell and Tipping,6

7 and others. The enhancement of bonding as a result of lateral

¥aro and Vine,
loading or wiping motion was reported by Bowden and Ta.bor,3 by Coucoulas,5 by
Cuthrell and Tipping,6 and by Farc and Vine.T

Thermosonic, or hot work ultrasonic, bonding employs the variables of thermo-
compression bonding (i.e., force, temperature, and time), and in addition introduces
vibratory moticn of cne surface against the other. While hot work ultrasonic bond-
ing is less well understood than other techﬁiques, it is thought that the scrubbing
motion promotes bonding by the mechanical'displacement'of surface contaminants and

1,2,5,8

by the plastic deformaetion of surface aspefities. Thus this approach offers

the potential advantage of increased intimate contact area without the gross heating
and higher normal forces encountered in standard thermocompression bonding.5’6’7’8
A feagibility study wag conducted at Sandia Laboratories to determine the gold
wire bonding capabilities of the K&S 4720 thermoscnic bonder to produce wire bonds
on discrete components which previously had been considered "unbondable" by con-
ventional thermocompression techniqﬁes without benefit of special surface cleaning.9
Through the brief feasibility study, it was demonstrated that the thermosonic pro-

cess was capable of producing wire bonds on the component metallized surfaces with-

out requiring special cleaning procedures.



The present study was designed to further evaluate the contribution of the
thermosonic technique to solid phase bonds on both thin film metallized substrates
and thick film metallized component terﬁinations.lo This report discusses the
materials and equipment utilized, the characterization of bond parameters as well
as the development of bond envelopes, and the evaluation of as bonded as well as

environmentally tested bonds.

EXPERIMENTAL
Materials

This study involved the thermogonic bonding of pure gold wire to thin film
metallization and to thick film terminations on commercial discrete components.
All components utilized for the stﬁdy were mounted onto substrates with Ablestik
517 glass supported film adhesive. The specific materials which were used during
the evaluation are described below.

A, Metallized Substrates. The Sandia laboratories thin film technology
employs & éomposite metallization c¢f tantalum nitride, chromium, and gold films.ll
During resistor stabilization processing (SOQ°C for 2 hours) the chromium migrates
to the surface of the gold film with resultant decreased bondability when using the
thermocompression wire bonding technique. Bondability can be improved or enhanced
through the use of a surface etching technique to remove chromium oxide.12

For this study the substrates were processed at the resistor stabilization
temperature. However, the surface etching process to remove contamination was not
used., This eiiminated & process step and, in addition, made possible a simple com-
parison between the thermosonic and thermocompression bonding processes,

B. (old Wire, The gold wire used was 0.025 mm {0.001 inch) in diameter and

had a purity of 99.99%. The breaking strength of the wire before bonding was ap-

proximately 10 grams with an elongation of 3 to 6%.



C. Discrete Components. The metallization for terminations on discrete com-
ponents and other devices used included thick film gold, thick film platinum-gold,
thick film palladium-silver, gold plated Kovar tabs, and aluminum on integrated
circuits. These components included capacitors, resistors, thermistors, and inte-
grated circuits, and were identical to those considered in the original bonding

feasibility study.9

Equipment and Operations

The Kulicke and Soffa tailless thermosonic gold wire bonder, Model 472Q, was
used exclusively for these bonding experiments. This bonder utilizes & heated sub=
strate holder which is capable of providing temperatures variable from 25°C to
600°C. An unheated capillary bonding tool was directly attached to an ultrasonic
horn to which the vibratory energy was furnished by a dual 10 watt ultrasonic gen-
erator (Uthe),

As shown schematically in Figure 1, the equipment for the system includes an
electronic oscillator (60 KHZ), a transducer, a velocity coupling system (horn),
the bonding tool, and the heated substrate holder. The Uthe system employs a
piezoelectric type of transducer to convert the electrical energy into vibratory
motion to the bonding tip, thence to the work piece., The bonding system provides
a dual clamping force to the materials which are being bonded.

The capability of the K&S L472Q to supply individusl adjustments for the bond
clamping force at both the first (ball) and second (tailless) bond represents an
improvement, over similar bonding machines. Another significant improvement is
that the bonding tool height can be adjusted to a maximum of 8.9 mm to accommodate
variable height components,

For this study the search height was set at 2 to 3 wire diameters (i.e., .05

to .075 mm) for both the first and second bonds. This adjustment in height is



required to position or align the bond tool directly over the part or pad to be
bonded. Tt wee essential that tool and search height be maintained preciselv
rt the set level to preserve uniformitylof ball size and bond deformation.
Figure 2 depicts = typical thermosonic ball bond and tailless wedge bond which

might be obtained with a Microswiss profile 70 tailless bonding tool.

Thermosonic Bonding Parameters

The principle parameters for thermosonic bonding include ultrasonic power,
ultrasonic bond time (dwell), bond forces, and substrate heating. Although other
factors, such as generator frequency response, have to be considered, reliable bonds
can generally be produced over a wide range of the established parameters., These
ranges are shown in the bond schedule development section of this report.

Characterization of the bonding parameters for this study is discussed below.
Figure 3 shows views of the bonding equipment and a close-up of the heated sub-
strate holder.

A, Substrate Temperature. A BLH miniature Pt/Rh thermocouple, connected to
a digital readout temperature indicator, was used to determine the temperature of
the substrate holder. Temperatures were measured at six points over a 50 mm2 area,
and at 50°C increments to 550°C. Temperature measurements at the top surface of a
metallized ceramic substrate were found to be stable to less than * 6°C.

B, Bond Force, A Haldex force gauge was found to be sufficiently accurate
for measurements of the clamping force. First bond forces ranged from 15 grams to
90 grams, and the second bond forces ranged from & minimum of 45 grams to 135 grams.

C. Bond Time (dwell) and Bonding Power (Amplitude). A magnetic pickup and an
oscilloscope were used to calibrate time width (with relative dial setting on the

power supply) and the ultrasonic power amplitude and frequency to insure that these
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Figure 1. Ultrasonic Bonding Basic Set-Up. The signal from the ultrasonic power supply
develops a mechanical movement which is transmitted along the tuned horn through
the bonding tool and to the work piece.
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Figure 2. Thermosonic Ball Bond and Tailless Bond with Type 7O Profile Bond Tool.



Figure 3. Wire Bonding Equipment. Bottom view - close up of bonding cap-
illary and ball forming flame-off tool. Capillary is attached
to the ultrasonic horn.



settings were consistent. Additionally, these calibration steps were repeated
after replacement of bond tools and other machine adjustments. The ultrasonic
generator frequency was checked fof resonance periodically, with only minor shifts
in frequency observed at the various test intervals.

D. Bond Tools. Bonding tools used for this thermosonic bond evaluation in-
cluded a titanium carbide capillary, a quartic capillary, and & ceramic capillary.
Although the bond tool material and configuration are generally considered bond
parameter variables, this evaluation showed that the three bonding capillaries pro-
duced bonds of identical appearance with little of no difference in the strength.

Bond settings were basically the same for all three of these capillaries,

Bond Schedule Development

The data obtained from previous investigations of the thermosonic process

indicated the feasibility of producing bonds of good quality to discrete components

13,14

and to meballized substrates. Preliminary bond parameters derived from these

previous studies were as follows:

1st. Bond (ball) Bond Force = 50 grams
2nd. Bond (tailless) Bond Force < 115 grams
Substrate Temperature 100°¢C
Ultrasonic Energy (both bonds) < 1.0 watt

Sﬁbsequently, to initiate a full range bond schedule for this evaluation, it
was necessary to arbitrarily choose a bond force known to produce acceptable bonds.
From the.preliminary bond force figures shown above, the settings chosen were 55
grams for the lst bond and 95 grams for the 2nd bond. These high bond forces pro-
vided the necessary clamping force between the bond tool and the workpiece, i.e.,

the gold wire and metallization, to compensate for external vibratory movements



which could affect the ultrasonic energy at the bond tool surface, Additional
criteria for the bond schedule included the following:

1, Ball size was maintained at &pérOxim&t81y 2-1/2 times the wire diameter
(0.06 mm). The ball bond deformation ranged from 50 to 60% of the ball
size,

2. DBonds were made to metallized terminated ends on discrete components,
and to metallized substrates. These included ball bonds to the tabs
and tailless Wedge bonds to the substrates.

3. The substrate heat was maintained at 100°C.

Utilizing the above as non-variable parameters, an initial attempt to optimize

a bond schedule was made by independently varying the ultrasonic power and time
settings. Figure 4 illustrates the deformation in the ball bond at various power
settings; 4.c. is representative of an acceptable ball bond of approximately 50%
deformation (note also the tailless bond profile).

Figure 5 presents the strength plots for both ball and tailless bonds which
were obtained over the range of settings. Only two ultrasonic power settings
(0.025 watt and 0,150 watt) are shown for each time. The bond dwell time setting
wag varied from two through seven on the power supply dial (equivalent to 0.020
milliseconds through 0.210 milliseconds). From the tailless bond plot in this
figure, it is significant that an increase in the power level improves the bond
strength at the minimum setting for bond dwell time (dial set at 2)., At the
minimum time and minimum power (0.025 watt) many tailless bond lifts from the sub-
strate meballization were observed. Tailless bond strength at the 0,025 watt level
was significantly lower because of the inability to obtain consistent bond defor=-
mation at this setting. TFigure 6 shows the difference in deformation for the tail-

less bonds at the minimum and maximum power settings,

10
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Figure h.

pall Bonds. These were bonded at various power
settings and illustrate varying deformation.

Bond No. A indicates a need for an increase in
energy level.
Bond No. B. Excessive deformation.

Bond No. C shows acceptable ball and tailless bond
made at the optimized parameters.
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At the 0,150 watt power setting the majority of failures (95%) were recorded
as wire fractures, with some failures resulting from heel fractures. However, the
strengths of these heel fractures were as high as the tensile pull strengths of the
gold wire. As shown in Figure 5, the tailless bond pull strength was approximately
2 grams higher than the ball bond pull strength. Since a hydrogen flame-off is re-
quired to form the ball, the gold wire is annealed at this point, resulting in &
decrease in tensile strength at the immediate neck area of the ball.

As a result of the bond schedule development, the parameters for both the
tailless bond and the ball bond appear to fall between the bond duration dial setting
range of 2 to 6, with energy levels of 0.025 watt to 0.150 watt (and bond forces re-
maining at 90 and 55 grams respectively). From Figure 5, the optimum schedule for
each bond was determined to be an ultrasonic power setting of 0.100 watt and a bond
duration dial setting of 3-1/2. These parameter points were reasonably situated
to allow for normal power and time variations of the power supply.

Next, with the ultrasconic power set at 0.100 watt and the bond duration diel
setting at 3-1/2 (approximstely 100 milliseconds), the bond clamping force was
varied over the range of 15 to 135 grams. The response of both ball bonds and
tailless bonds to this range of clamping forces is shown in Figure 7. This range
represents the minimum and maximum force capabilities of the bonder.

The apparently optimum points for the bond forces, 60 grams first bond and
90 grams second bond (sters on Figure 7), substantiate the closeness of the bond
forces which were arbitrarily chosen to optimize the power and duration parameters.,
The bonding parameter settings derived from the bond strength plots in Figures 5

and 7 were utilized to bond all subsequent test samples.

13
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Bond Evaluation

The discrete components and metallized substrates previously mentioned were
all used for bondability testing and vefification of the bond schedules. Bonds
were made to these components as received from the manufacturer.

Bonds were destructively pull tested at 90° to determine the bond strength.
The failure mode criterion was based solely on wire fractures, and 1ift offs and
bond misses were not permitted within the previously identified optimized bond
schedule. TFollowing bonding, the wires were cut between the ball and tailless
bonds so each could be evaluated individually. The frée wire end was attached to
a loop heater which was coated with polyvinyl acetate to facilitate pulling. The
opposite end of the loop heater was comnected to a force transducing cell which was
coupled to a strip-chart recorder. Figure 8 shows an overall view and a close-up
view of the pull testing set up.

In addition to pull testing, ball bonds were alsc evaluated by a shear test.
This was performed by exerting a shearing force on the side of a ball by & finely
mechined push rod., In order to confirm the previously selected bonding parameters,
one metallized substrate, with ball bonds made at four different force levels, was
prepared for shear strength testing. With the ultrasonic power and bond duration
set at the optimized points of 0,100 watt and 3-1/2, the bonding forces selected
were 25, 35, 60, and 85 grams., The force required to shear the ball bonds was
directly related to the bonding parameters. The shear strength results are pre-
sented in Table T,

The results in Table I show that the meximum shear strength occurred at the 85
gram force level., However, it should be noted that at this force level the bond
deformation is greater than at the other levels. Therefore, a large bond area is

created which acts to produce a higher shear strength. The next high wvalue for

16



Close-up View of Strain Gauge Fixturing
On Bond Pull Tester

Bond Tester Used to Destructively
and Non-Destructively Test Wire Bonds

Figure 8. Bond Pull Tester
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shear strength occurred at 60 grams bonding force which also resulted in normal bond

deformation (i.e., 50 to 60% deformation). These shear strength results provide a

favorable comparison with the tensile strength of the ball bonds at each force level

as shown in Figure 7, and further confirm the validity of the bonding schedule

chosen.

TABLE I

Ball Bond Force Vs. Shear Strength

Average High Low
Bond Force Shear Strength Shear Shear
(grems) (Grams) (Grams) (Grams)
25 Lo 56 25
35 T34 8L 54
60 82.9 95 62
85 95.3 112 13

Invironmental Tests

Turther evaluation of the thermosonic bonds was conducted after subjecting

bonds made to the discrete components to various thermal environments, These

thermal environments included elevated temperature aging and thermal cycling as

listed in Table II.

18



TABLE IT

Thermal Environments for Thermosoniec Bond Evaluation

A, Control Group, as bonded, no thermal age
B. 300°C age for two hours
C. 150°C age for 100 hours
D. 150°C age for 850 hours
E, Temperature cycling sequence
(20 cycles at each of three exposures 1, 2, and 3)
Cycles Temp., °C Time (Minutes)
*
Exposure 1 20
Step a =55 10 Min
b 25 5 Max
c 125 10 Min
d 25 5 Max

#0One cycle consists of steps a through d

Exposure

Exposure

2 20

a -65 10 Min
b 25 5 Max
c 150 10 Min
d 25 5 Max
3 20

a -65 10 Min
b 25 5 Max
e 200 10 Min
d 25 5 Max

19



THERMOSONTC BOND STRENGTHS (90° PULLS)

TABLE III

/METALLI— BOND / CONTROL, / AFTER 300°C / 150°¢ 150°C / TEMP
ZATTON TYPE GROUP 2 HRS 100 HRS 850 Hrs. CYCLE
Au o= .ee c= .16 |o= .20 o= .31
Ball _
T.F. X = 6,27 X = 6.1 x = 6,0 x = 5.84
Au = . o= Ju7 o= .kho
T.F. Ball x = 6.2 X = 5:9 X = 6.0
Au o= .37 o= b2
m.F. el ¥ = 6.0 w63
Au g= 42 o= .34 o= .27
T.F. sl cubit 5% | Tab8
A'Ll g = -39 o= l35
T.F. Ball X = 6.1 X= 5.8
AuPt o= .43 o= 38 fo=s .31 = 237
. Ball iy - -
NiTAB x = 6,05 Xx=6,19 | X = 5.4 Za 5,7
AuPt o= .53 o= .42 o= .33 c= ,22
Ball = & - =
KoTAB X = 6,19 X = 5.46 X = 5.9 X = 5.6
Ag o= b2 o= .1 o= .29 |o= .30
P.F. Rald X = 5.4 X = 5.5 X¥=5.28 | ¥x=5.6
Au o= .56 o= 34 o= .34 o= .35
Ball
Pl % = 6,23 %= 5.5 X=6.0
Pd-Ag Ball o= .hs o= .31 o= .50
T.F % = 6.4 ¥ = 5.8 X = 6.17
Au Ball o= .86 0= .50 o= .41 |o= .29 o= .50
KoTAB X = 6.05 % = 5.4 X = 6.1 X = 5.9 X = 6.0
Ag Pailless o= 1.7 o= .83 E = 1.4 E = T3
PAD X¥=7.9 X = 8.0 X T3 X =6.8
. Tailless o= 1.8 o= 1.7 g= ,9 |o=1,2 0=1.5
X =17.9 %= 7.3 ¥=8.1 |X=17.9 = 7.4
B . o= .33 o= .39 o= .25 | o= .28 o= .20
X = 6.32 X = 5.72 X = 5.8 X =6,1 =50
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EXPERIMENTAL RESULTS AND DISCUSSION

The optimized bonding schedule derived from the parametric plots for thermoc-
sonic bonding of 0,025 mm gold wire to various discrete components was defined by
a bonding power of 0,100 watts, a dwell time of 100 ms, and a substrate temperature
of 100°C for both ball and tailless bonds. The bond clamping force was set at €0
grams for the first (ball) bond, and at 90 grams for the second (tailless) bond.
These settings were used to produce the bonds for the control and environmental
test groups evaluated in this study. All of the discrete components bonded readily
in the as received condition without requiring either special cleaning procedures or
surface conditioning. In addition, both ball and tailless bonds were readily pro-
duced on the thin film (Cr-Au) substrate metallization which had been resistor
stabilized but not pre-bond etched, The results of the bond strength evaluation
for each type of component or metallization is presented in Table III. Each average
strength used represents a minimum of 15 bonds.

In contrast, Figure 9 shows the bond envelopes which were previously develcped
for these same discrete components using the thermocompression process.9 This
technique required pre-bond cleaning. Although successful bonds were made at
temperatures as low as 125°C, it was necessary to increase the bond forces to levels
of 175 grams and higher, As a result these high forces produced ball bonds with de-
formation well in excess of 50% of the diameter of the ball., Invariably, an increase
in deformation of the ball bond tends to weaken the gold wire at the extreme end of
the neck, immediately adjacent to the top of the ball, This conditicn is primarily
a result of the bonding capillary configuration which, at high bond force levels,
hes the tendency to push or draw the wire up into the capillary. Consequently, this
stretching effect reduces the diameter of the wire at the neck of the ball which
results in wire fractures with low tensile strength., Normally the bond forces are

maintained at a nominal level to prevent this condition,

2l
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By elevating the temperature it was possible to produce acceptable bonds at
reduced force levels. However, these temperature increases were limited by the
hybrid circuit metallization temperature constraints™ as well as by discrete com-
ponents described as temperature sensitive. In addition, the thermocompression
process requires more rigld control of the processing parameters to accomplish
satisfactory bonding at elevated temperatures and high bond forces,

The results from the thermal aging tests indicated little degradation in the
bond strengths. However, a slight reduction in tensile strength of the wire was
noted after subjecting the test samples at each aging condition., Undoubtably this
can be attributed to the slight annealing of gold wire at these elevated temper-
atures. The test results for thermal environmental aging are listed in Table IIT,

and are plotted in Figure 10,

SUMMARY/CONCLUSIONS

The objective of the study described herein was to evaluate the contribution
of the thermosonic bonding technique to solid phase bonds on both thin film metal-
lized substrates and thick film metallized component terminations. The experimental
materials and procedures, the bonding parameters, and the test results have been
presented.

Bésed on the results of this evaluation, it was concluded that an improvement
to the thermocompression bonding technique was realized by the introduction of
ultr&sonic energy, i.e., the thermosonic process. The bond forces required for
thermosonic bonding are relatively low as compared to the forces reguired for the
thermocompression technique (60 and 90 grams versus 175 grems and higher). In

addition, the thermosonic wire bonding process can be performed at reduced substrate
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temperatures (100°C versus 125°C and higher) which in effect removes the thermal
bonding constraints which are encountered in the thermocompression process,

Perhaps even more important, ﬁﬁis gtudy revealed that the thermosonic wire
bonding technique essentially eliminates the need for gspecial pre-bond cleaning and
pre-bond etching of either the discrete components or the metallized substrates
used in Sandia's hybrid microcircuit applications. Further, as was shown in the
bond schedule plots (Ref. Figures 5 and 7), the usable bonding envelope is suffici-
ently extended to coﬁpensate for fluctuations in pgrameter settings, thereby mini-
mizing rigid processing controls., Thus the thermosonic process appears to offer
the greater process flexibility which is desired in the hybrid microcircuit area.

The thermosonic bonds showed little or no change in tensile strength as a re-
sult of the thermal environmental aging tests conducted during this evaluation.

Using the procedures and basic bond parameters developed for this evaluation,
the present study has demonstrated that the thermosonic bonding process is capable
of producing fine wire gold bonds to a variety of thin and thick film metallized
surfaces. These bonds exhibited excellent metal to metal adherence and high tensile
strengths. On the basis of the results obtained in this study, it is recommended
that the thermosonic wire bonding technique be incorporated as an in-house capa-
bility for Sandia's hybrid microcircuit interconnection applications. Further,
the advantages of this process suggest that the thermosonic technique should be
considered for production line utilization during component manufacturing. Addi-
tional investigation of this technique, for both development and production appli=-
cations, should be pursued, especially with regard to comparison with other techni-

ques such as pulsed thermocompression bonding.

25



1,

2e

3.

10.

11,

12.

13,

1k,

26

REFERENCES

D, Baker, W. O. Fleckenstein, D. C. Koehler, C. E. Roden, and R. Sabia, Inte-
grated Device and Connection Technology, Physical Design of Electronic Systems,
Volume III, (Prentice-Hall, New Jersey, 1971), pp 673-692,

R. W. Berry, P. M, Hall, and M, T, Harris, Thin Film Technology, (D. Van Nostrand
Reinhold Compeny, NY, 1968), pp 602-618.

F, P, Bowden and D. Tabor, The Friction and Lubrication of Solids, (Oxford
University Press, 1964), Part II, pp 91-90.

D. H. Buckley, Journal of Adhesion I, 264 (1969).

A. Coucoulas, "Hot Work Ultrasonic Bonding - A Method of Facilitating Metal Flow
By Restoration Processes," IEEE 20th Electronic Components Conference Proceedings,

1970, pp 539-556.

R. E, Cuthrell and D. W. Tipping, "Factors That Affect the Solid-Phase Bonding
of Gold Wire Electrical ILeads," Sandie Laboratories Research Report SLA-73-0535,
Mey 1973.

Unclassified memo, A. T. Faro and W. B, Vine, 5535, to F. L. English, 2633, dtd.
1/27/70; subject, Preliminary Report: Hot-Work Ultrasonic Bonding.

P. M. Uthe, "The Solid-State Weld," Uthe Technology Newsletter, Volume 1,
Number 2, May 1968.

E. L. Chavez, "Thermocompression Bonding Capabilities of Metallized Terminations
on Discrete Components," Sandia Laboratories Development Report SIA-73-0835,
December 1973.

Unclassified memo, D. R, Johnson, 2432, to D, J. Sharp, 2432; subject, Utilization
of Thermosonic Bonding, dtd. 8/2/73.

Electronic Technology Department, "Hybrid Microcircuit Design Guide," Sandia
Taboratories Development Report STA-73-0937, November 1973,

P. H, Holloway and R. L. Long, Jr., "Evaluation of Pre-Bond Etchants in Hybrid
Microcircuit Processing,” Sandia Laboratories Development Report SIA=-73-10L9,
March 1974.

Unclassified memo, E. L. Chavez, 1436, to C. M. Tapp, 1430, dtd. 8/2L/72; sub-
ject, Report of Trip to Sandia Livermore, August 7-8, 1972,

Unclassified memo, E. L. Chavez, 2432, to C. M. Tapp, 2430, dtd. 6/26/73; sub-
Ject, Preliminary Evaluation of the Kulicke and Soffa Thermosonic Wire Bonder.



DISTRIBUTION:
BKC D/842 J. S. Bosnak

2150
2152
2152
5833
8266
8h2k

3141
3151

C. M. Tapp

E. L. Chavez (5)
D. R. Johnson (5)
J. L. Ledman

E. A. Aas (2)

H. R. Bhepard

L. S. Ostrander (5)
W. L. Garner for: ERDA/TIC (Unlimited Release) (3)

ERDA/TIC  (25)
(R. P. Campbell 3171-1)

27





