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dations and conclusions will be given based on the experience
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STUDY OF BONDING METHODS
T ON
“ALUMINUM'BEAMALEADED" DEVICES
ON MICROCIRCUIT CERAMIC SUBSTRATES

NASA CONTRACT NO.: - NAS§-27865

" INTRODUCTION

One of the.mostAsignificant>aeVelopments ouring’the past ten;
(10) years ih the hybrid technology has been the development:
of the beam'lead device. Both the gold beam 1ead (Bell Tele-
phone’ Laboratorles) and the alumlnum beam 1é%§aim B.L.E.,

Belglum) technologies were developed at approximately the

‘same time. ‘he gold'beam lead technology has .béen empha-

sxzed in the United States where the semlconductor technology
was growing the fastest. However,_ln Europ the w1despread
acceptance of beam 1ead devices has not yet been reallzed.
ThlS program has shown that the alumlnum beam lead (AL BL)

deVlCeS are reliable and can be utlllzed in hybrid c1rcu1ts

by modification of existing_processing equipment.

This final report will summarize the results of the entire

- program including tables and graphs to provide sufficiengg \QQK““ ‘
detail for processing Al BL devices onto hybrids. Recommen- "\_i%

and results obtained to date. Wherever applicable, prin-
ciples, piocedures and-methoas of application'of Al BL de-
vices will be discussed such that the results of this study

may be utilized.
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OBJECT IVE
The objective of this prcgrah was to investigate, test and
evaluate the methods used for the bonding of aluminum beam

lead (Al BL) devices onto hybrid microcircuit substrates

used in High reliability space applications. The pfogram

was to originate standards, controls’and"scréening tech- .
niques which would inhibit the occurrence of failures re-. -

sulting from the bonding methods employed,

The'bonding sphedules derived from the ihvestigatibh was
_used to bond Al BL devices onto thin film suhstrates. The
bonded devices were processed through reliability test to

qualify the bonding processes. All electrical and mechani-

;cal_data, including failues‘were collected and anaiyzed to

determine the reliability of the processes.

PRCGRESS

The very first step undertaken in this prégram wa;ito in-
vestigaté the méthods.required to handle ihe minute devices.
Arrangements were_madé to viéit M.B.L.E. of Belgium who is

credited with the developing of the Al BL technology and

_presently the only manufacturet of.thé.devices.' Ddfing the

visit, Mr. P. Grosjean and Dr. M. Baroen were extremely

hélpful in providing technical information required to handle'

~ the small devices. Theiimportahée of special handling'eqdipf

ment was discussed in greét detail. The most appropriate
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'"ALUMINUM BEAM LBADED" DEVICES

PROGRESS (Cohtinued)

equlpment is one that is desrgned to ‘manipulate the 200 mm
(8 mll ) square dev1ces w1thout making contact to the aluml—
num beams. The nonbondlng side of the beams are coated with
a.siiicpn oxide which will weaken or destroy the beam if

broken.
Typical dimensions of an aluminum beam are:

Length E - 3 2 mlls )

80 mm (
Width ’ Do 60 mm (2. 4 mils.)
- Thickness . - 6 mm (.25 mils.)

A‘tapered dowel pin was designed with an axial vacupm.hole

_to pick up the device on its major back surface. This al-

FEY

lowed the'device to be picked upvand pkaced’where'needed

-w1thout any damage to the device or its beaﬂs. This;method

is very 51m11ar to the method used for handllng bump fllp

Chlp dev1ces. Once the proper handllng equlpment is' ob-

tained, they_ean_be handled without any unusual dlfflculty.i
- The devices had to be registered te.the'substrate metal—
Allzatlon pattern within 12 mm (0 5 mil. ) of. their desrgned
-locatlon (see,Frgure l)rf This was achleved by manlpulatlng

" the. device holder and rotating the substrate stage.

During the M.B.L.E. visit, it was also learned that the de-

- vices had to be temporarily bonded to the substrate to pre-

vent the device from spinning away during the ultrasohic

bonding of the beams, Any'one of several fluxes that has

PECION UV
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PROGRESS (Continued) - -~

the proper viscosity and a reasonable set-up and curling tine

may be used'for the temporary bond. An:epoxy dispenslné sys-g
tem (Laurier Assoc. Model M10Ol) was adapted‘tondispense a.‘.
conSLStent unrform size flux droplet for the temporary bond.:
A pressure of six (6) p51 for 4. 5 seconds through a 25 mm A
(1 mll ) diameter hyperdermlc syrlnge prov1deo a 80 mm (3 mil. )
dlameter flux droplet._ Because of the tight tolerance re—
qulred in posxtlonlng the Al BL device to the etched alumlnum_.

pattern on the.substrate, the flux had to be accurately posi-

_tioned on the substrate between the bondlng pads, see sketch

in Figurehl; The size of the droplet must be very well con-

.trolled because too large.a droplet,will'cause flux to flow

under the beam and may interfere with bonding. Also, too.

large avdroplet may cause the device to move after it is re-

- leased from the pickfup tool and%result in a misaligned de-

vice. Since the device ‘must be‘registered to the metalliZation'

pattern to 12 mm (0.5 mil. ) very little movement is reason

for rejection. A pneumatlc control was added to the epoxy '

dispenser‘for raising-and 1owering theAneedle. This is used
,to lower the dispensing needle just above the- substrate

'prlor to- dlcpen51ng the glue and then ra151ng the head after

applying the glue. " This allows the application of»the“glue

and placement of the Al BL device to be done within the same

- .- . ~ e e e e
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"ALUMIN“M BEAM LEADED",DEVICES
~ PROGRESS (Continued)

interference between the dispénsing head and the pick up tool.

The viscosity of the flux must be fairly Weil'éontrolled‘to

deposit é_consistent size~droplet; <Several_a1pé fluxes

(828-10 and 828-20) had a viscosity that was too low to form

a smail droplet of flux. Attempts to increase the-viscésity
of thevélpa flﬁxes.were ﬁot sﬁ¢céssful. This was.causad by
‘the low vapor pressure of the dilutent used-ih,the flux. A
flux with a highervinitial viscqsity}=K¢ster 1544, was used

successfully by ‘increasing its viscosity by heating the flux

" to 300°C for 15 minutes and then placing the flux in a vacuum

for three (3) minutes.' The modified Kester 1544 flux was
successfully used to form a 75mm (3 mil.) diameter hemispheri-

cal droplet.

'

- After a £flux droplet is formed on the substrate, the device.

is placed on the substrate in position for ultrasonic bonding.

" When all the devices'are added to the substrate, the flux

is cured at 125°C for 15 minutes. After curing the sub-

. strate, the devices are inspected for the following:

1. Alignment. of beams with metallization pattern..
2. Any flux spreading into the bond area between the
beam and the metallization.

3. Any damaged devices. .

Many of the above problems can be resolyed at .thi- point in

the processing by individually replacing a damag;l or_mié¥
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"ALUMINUM 'BEAM LEADED DEVICES"

PROGRESS (ContlnuedL

".aligned dev1ce. A more detalled dlSCUSSlon of the rebondlnq

operatlon is glven in Addendum I on Pages 26 and 27. A well
controlled process w111-have very few of these problems after

an operator is experienced.

‘It.was also learnedhduring-ﬁhe M.B.L.E.vvisit that more re-

liable de&icesrﬁitg higher beam:strengthS*were’develdped re—

~cen£iy by forming the beams from aldminum having 1% silicon.
- This is analdgous‘£o the semieonductor_industry using eldmi—,‘

num wire with 1% silicen to increase,the wire-strength., All -

isostrength"and‘electrical_devices used in the program had

beams made of aluminum with 1%‘silicon..

Initial ultrasonic bonds were made to the aluminum beams using
bonding tips of variOus geometries. The following geometries

were experlmented w1th

1.- 125 mm (5 mil. ) round metal caplllary havxng a 25mm
(1 mil.) (Mlcro Swiss #15 001- 15) ' i

2. -Alumlnum wire wedge metal tlps
' (MlcroSW1ss # 5006 and Galser tool - #2ﬁ09 20)

3. Hemlspherlcal-metal tip hav1ng a 10 mll{ diameter.

4. Hemispherieal sapphire tip having a 3 mil._diameter.

The first three types of tips resulted in excess damage to

the beams of the;deviee. It ‘appeared that the contact sur-
Aface area‘was too large'with respect to the size of the beam.
‘When the'pressure and ultrasonic energy were high enough to

break threugh the silicon oxide on the beam, the beam would be
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PROGRESS (Continued)

pinched off and be severed from the device or‘result in a

very low tensile strength. A sapphire tip was designed with

. a smaller hemispherical point with a diameter of 75 mm (3 mils.).

This allowed the point of the tip:to break through the silicon

oxide of. the beam without destroying the beam. For more uni-

form bond strengths, the bond should be made on the outer 1/3

of the beam and centered'across the beam's width as shown in

Figure 2. When the bond is made too clese to the'edge:or end

of»the>beam, splitting may occur as‘Shown in Figure 3. The

.bond area WLll be 1nd1cated by the fractured silicon ox1de

fllm on the beam. Addltlonal dlscu551on on the 5111con ‘oxide’

fllm is given in Addendum II on Page 28. If the silicon oxide

' 1S'not fractured, then the bond strencgth is questionabie and -

will generally be ohe gram or less.

The Al BL.devices were bonded to aluminum films on glazed

'alumina Substrates.‘ The substrates were 1. 8 cm square and

had a pattern etched in the NiCr-Al fllm that accepted six
bonded Al BL devices. The acceptable standard in the semi-
conducto; industry for ultrasonic bond;ng is a film thickness
ofll2,000 angstrohs; 'Bonding Al BL devices'to-films of this
tnickness caused holes to be punched into‘tne beams and thHere-
fore, destroying the beams. Dr. ‘Baroen, Prodnction'Manager ‘
for Beam Lead Dev1ces at M.B. L.u., recommends films from

! .

25 OOO to 60,000 angstroms for consistent and rellable bonds.

!
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PROGRESS (Continued)
Films beléQ 25,000 angstroms gave erratic and inconsistent -~ . - s
bonds whereas films above 60,000 angstroms made i; too dif— ‘
ficult to control pattérn geometrics. The Eci«thin film
substrates-were fabricated from films Having a_thickhess

of 30,000 angstfoms.

Considerable undercutting of the aluminum cqnductbrs was
noted wﬁen the ECI standard aluminum etching procedure was
empioyed on the 30,100 angstrom films., A phbséhoric acid .|
etchant was used to reduce the undercutting but the acid’
generéted iagged edgés along ;he condﬁctors. - Tnhe fihal solu-
tion which resulted in highly resolved lines with little
undercutting was éécomplisﬁed by increésing the temperature
of the alkaline etchant tor60 degrees centigrade and égi- ‘
tating the etchant. The‘neceésary patterned éubstfates

were sent to M.B;L.E; for their sample beam lead bonds using -

the BSV63 devices.

The equipment ‘that was modified to handle and accurately
position thé devices onto the substrate was also modified to

accept the sapphire bonding tip. This eguipment was then.

~used to méke bord samples while'vérying fhe bonding parameters.

The main three parameters to be varied when bonding Al BL
devices are time, pressure, and energy. Initial bonding - -
showcd that applying an ultraéonic pulse for too long a period

will rupture the bond. On the other hand, too short a pulse will.



_or both varlables would produce good bonds, see the bond

‘ Table 1.

not produce an adequate’bond. An ultrasonic pulse time of

250 milliseconds was'selected for the best time setting.

The bonding force reguired to make a bond is varied by ad-

' Justlng the welght applled to the beaﬁ through the sapphire

bondlng tip. The welght was varled from 3 to 10 grams for

the three mil bondlng tip. The amount of deformation (set-~

';down) in the alumlnum beam is dlrectly related to this bond- )
ing force. A final setting of 7.0 grams was selected for

‘the ‘best set-down and bond puil strength. -The pull strength

of the bondsbalsolindicated that;the best bond was obtained

at an energy of approximately 35 milliwatts;

An iSostrength diagram was used to show that the optimum

settings were selected for the bond schedule. Both energy

1

and welght were varled about the optlmum settings of 32 mllll—.

' watts and 7 grams. Thls clearly showed that the optlmum

settJngs were correct and that varxatlons of % 20% 1n elther

schedule dlagram in Figure 4 and the pull strength data in

The pull strengths of the beam lead bonds were performed

.on-a dynometer type pull tester prev10usly ‘used for pull

testing one mil gold wire. Inltlally the pull tester gave

erratic results which was attributed to the dynometer arm

" sliding over the device being tested. This was due to the

radius arm on thefdynometer rotating within the guage and

moving away from the device. The pull tester was modified
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euch’that the dynometer-gauge was rotated ebout a center
thch was concentric witﬁ the radius axis ef.the rote;ing
rqdius arm. Several'sampie bonds were pull tested and ﬁhe
radius arm did not movexaway from the sample.beiné tested.

The dynometer pull tester was_used for all-pdll strength,

readings of the bonded devices.

i

The d&nometer-pu;l-teSt applies a force to the Al BL.device
that is parellel tovtﬁe substrate and beeween two beams B
bonded to the eubstréﬁe._ The strcngth ef the gends;prior to
the isostfength diagram waS'testea'on the special dynometer

pull'tester. Here the test applied a force between two ad-

‘jacent beams bonded to the substrate. The force would then
ebe increased until the Al BL device failed mechanically.

' Bonds made at the optimum setting had bond strengths that-

averaged four grams per beam. The isostreﬁgth diagram was
completed by bondlng all four of the beams on 45 Al BL de-
vices at the optlmum settlngs.: All four beams were bonded

SO thet the pull test results of the ehvironmental_aevices-
eodld be comparea to the readings obfained for the iso-~

strength devices. The pell strengths of the isostrength samples

were lower because the test could not be performed’in-the same

‘manner as the'previous devices. When all four beams are

bonded, the force is applled perpendicular to the alumlnum
beams. This produces a tor51onal force as well as shearlng
force, therefore, produc1ng lower pull test readings. The

average pull strength was three grams per beam with, more pull

i
i

]

|

{
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strength variations than when oﬁly two beéms were pull tested,
see Table 1. The reaéon for pull testipg only two'adjacent_
beams of a_device while.determining the optimum bond.seﬁtings
was that the pull strengths'were_mdre consistent and sensitive
to chanées in £ﬁe bonding pérameters. This a;ioWs one to ob-
tain é bond'schedulé that provides the.bést bohdithat is less

dependent on the method of pull testing.

.After the bohding schedule was détermined and yerified by

. bonding the isostrength samples, the electrically good de-

vices were bonded in the following manner. All of the 144

" Al BL devices were temporarily attached to. the substrates .

with a precisely controiled amount of flux. The deVices

were then ultrésonically bonded at a time, weight and power

“setting of 250 milliseconds, seven grams and 35 milliwatts

_respeétively.'-When the flux was chemically desolved from

the. substrates, the devices were electrically tested. Only

" one of the devices was not functioning élecirically. Visual

inspection at 30X maghification indicated that the emitter

beam had severed at the bond edge. The same emitter beam

. was rebonded and additional tests proved the device to be

functioning electrically. The flatpacks were hermetically

‘sealed by the reflow solder technique with every package.

having a leak rafe less than 5 X 10;8 cc/sec. Electrical

- test after sealing verified that all the devices were electri-

cally good. After the packages were marked with their proper

;identification number, they were placed in an oven at 125°¢C

for the initial conditioning screen of 240 hours.

"y
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This phase of the program went very smoothly w;thout any pro-

'blems. Only one broken beam out of the nearly 600 bonds caused

a'failure. The broken beam was ea51ly detected by a V1sual
inspection and a repalr was readllyvmade. One advantage of
beam lead devices is the ability to inspect the bonds, and in

this particular-.case, it has proven itself to be an important

- advantage.

Testing of the modules after completion of the initial con-

ditioning screen test showed that none of the devices had

failed or ehanged electrical parameters appreciabiy.. The

144 devices were then divided into the four test groups of :

30 each plus the control group of 24.-

Upon completion_of each test, 15 of the 30.unips were sub-
jected to destructive adhesion tests. This sampleawas to con-
tain_any suspect or known defectives that were.detected‘by
electrical measurements after the test exposure. The bal-
ance ¢£ the sample was to be selected at random. 'Since no':
defectiVes were-indicafed all samples wefe selected at'ran—'

dom. " The remaining 15 samples will be 1dent1f;ed and prov;ded

to hASA/MSFC for evaluatlon.

The test groupa'were then exéosed'to'the following environ-

mental test conditions as stated in each test:

1. Initial Conditioning Screen (144 Samples)

The units were given an initial electrical test -

and then subjected to a 240 hour conditioning bake

at 125°C. On completion of the conditioning bake, n'A

PP o vy

4 by b St aeets g e e

el

PRI,

SN I P A e

L ewin 24n

RPIR YIRE e

P

LCRew,




L

N,
)

-13~
the samples were retésted to verify operability.

Thermal Shock (30 Samples)

The samples'weré subjected,tb 25 cycles of thermal |

'cycliﬁg in accordanée»with'MIL-STD 883,'Test Method

.1016, Tést'Condition A, except the transfer time

did not exceed 15 seconds. The temperature'range
was from -55°C to_+85°C. The condition of the sam-

piés was electrically verified after the first 15

" cycles and on completion of the 25 cycle test.

" Vibration Fatique (30 Samples)-

The samples wefe‘subjected to vibration, variable

- frequency in'a@cordance with MIL~STD 883, Test

‘Method 2007, Test Condition A. The frequency range

was 20 to ZQOO.cycies varied logarithmically, one

.cycle 20-2000-20 traversed in four minutes, four
‘cycles in each of the three orientations. Total

, : : : ot :
“vibration time was 48 minutes. The condition of the

samples -was electriéaily‘verified after each orien-

‘tation.

Step-Stress Test (30 Samples)

The samples were subjected to a combined vibration

- temperature step-stress test and in the expusure

sequence shown in Figure 5{ The vibration procedure

was'the same 2s the vibration fatigue test except

that the parts were vibrated in the vertical plane

only. Vibration at each'temperatufe shown was not: -

begun until the parts were stabilized at that

T

it
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-Nmu;><f-’f temperature; After each test step'exposure. the

samples were tested ‘electrically to determlne thelr
_condltlon. Since no fallures occurred through the
last step, the units were returned to test at Step

- 8 and alternated between Steps 7 and 8 untll fall-
. ures occurred or the. vibration time at each of the

. two steps totaled 48 mlnutes.'

All four environmental tests were completed without any elec~

trical or mechanical. failures. The test data isattached to

'this'report._ After'completion of the environmental test, the
.destrnctive'adhesion.testfwas'performed on half of each sam-
.~ple'lot. The devlces in the initial adhesion group were'pull
: tested with an average shear strength of lO‘grams'(Type 1). .

vThls compares favorably with the ll._ grams average shear

'l(strength obtalned from the lsostrength bond samples (Type 2)

Theaaverage shear strength after»thermal-shock had'a value.of

8.1 grams (Type 3), and the average shear strength after vi-
bratlon fatrgue was 9.1 grams (Type 4) The step-stress sam—vf

~ples had an average shear strength of ll 5 grams (Type 5)

as shown 1n Flgure 6.

The step—stress test gronp had each deyice\testedfand data
recorded 12 times during the test. The test data shows that
:'the beta of the devices dld not vary by moxe than fZ% over
,:the entlre test program. This shows- the stablllty of the‘-

.dev1ces and their bonds.

An initial goal of the program was to try to obtain-alumrnum

beam lead samples bonded to ECI substrates by M.B.L.E. These
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M.B.L.E. samples were to be éuli tested and then-compare
the.results‘withtthese bonded by ECI. During the early
phasefaf the prbgram,_Mr. P. Grosjean and Dr. M. Baroen of
M.B.L.E. agreed to make the bond Samples to the ECI-subStrates.

The substrates with thlck alumlnum patterns were sent to -

- M.B.L.E. in Aprll of 1972 Unfortunately, the sample sub-

”strates were not received by M.B.L.E. before their production

bonding project was eompleted. After considerable thought,‘

Dr. Baroen recently 1nformed ECI that it was not feasxble for
M.B. L E. to do any of the sample bondlng that they had hoped
to do for the study program. Therefore, the M.B,L.E, samples

were not’ avallable to compare with the ECI samples.

'satisfactory results.,

RECOMMENDAT IONS_AND CONCLUSION

The Al BL devices haye,ptoven to be yery stable and reliable’
durinQ'this'program.y-Even'thoughvthe actual devices are very
minute in size, they_eould be manipulated and handled without
too much'difficulty.once‘proper equipment'has been 6btained.
It was shown that ex1st1ng standard hybrld equlpment could be
modlfled to handle the Al BL devlces with hlgh v1eld and good.

performance.'

The availability of devices appears‘to,be,the major disad-

vantage to the Al BL technology. _Presently,fthe only known

source of devices is M.B.L.E. of Brussels, Belgium. M.B.L.E:

has developed the technology and used it in érodgction with
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The parts were delivered from M.B.L;E; in glass'packages

with individual compartments for each device. Inspeciion of

‘the parte after they were received showed that less than 4%

had damaged beams and all of the devices were electrically
good. The devices were checked for physical damage to the

beams by inspecting the silicon oxide layer on the backside

of the beam for cracks at 30X magnification. The silicon

oxidé_layer'gives added rigidity and sﬁrength to ;he beams
and therefore, will :ésult in weakened beams Qhen the oxide
is cracked. The formation of the beams from alumipum con-
faining i% silicon has aiso;improved the strength éf the
beams.. The vendor's quality control inspection appears"to

have been exceptional since none of the 250 devices received

~had any physical shorts or opens to cause electrical failu:es.

The overall appearance of the devices was excellent.

The films on the alumina substrates used for bonding the:
Al .BL devices should have a thickness in the rénge of 25,000
té‘60,000 angstroms. This,is gonsiderably'thicker than the

standard 12,000'angstrdm5'uséd for integrated circuits, but -

nécessa;y to prevent the bonding tip from punching through the

beam. F;lms greater’thah 60,000 angstroms maké it too dif~
ficult to delineate precision pattefﬁs required for bonding.
The etched pattern must have as little undercutting as pos-~ =~

sible so that the beams on the devices can be aligned and

-bonded to the top suxrface of the film, see Figure 1. The
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spacing between the bondlng pads on the substrate must be
from 25 to 75 . (1 to 3 mils.) so that the dev1ces can be'
properly reaistered to the film patternf This spacing must

include the undercutting of the aluminum film. The ECI sub~

strates had a 30,700 angstrom aluminum film with an average

spacing between bonding‘pads of 45 mm (1.8 mils.). These

. parameters were easy to maintain once they were achieved

through ‘existing processes that were modified., The previ-
ously mentloned ECI parameters presented no problems in

alignment or reglstratlon between the device and the sub-

strate;pattern {see Flgures 2 and 3).

The devices were stored in their original shipment packages

and kept in dry nitrogen filled desiccators. Vacuum pick up
tools were used to transfer the devices from the package to

the bonding station. A hypodermic needle small enough to pick

up the device by the silicon sorface mustfbe'used to'preVent -
damage to thefbeams. Lare must be used to prevent bendlng the
alumlnum beams and cracklng the sxlrcon oxlde layer on the
beams. The dev;ces on the bonder were transferred to-the

substrate by a caplllary tlp usxng vacuum ple up, agaln on -

the major s;llcon surface. The bonder must have some means

’ of mov1ng the dev1ce or substrate in the Xy dlrectlon with

an angular movement. The movement controls must be fairly

- smooth so that the device can easily be aligned to the sub-

strate pattern. Again it is important to prevent damage to

the aluminum beams.
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A modifled K&S ultrasonic ponder Model 422 with a Buyfield

generator, Model 201, was used for the bondlng The low

power setting was used at 1.5 (35 milllwatts) for a bondlng

time of 2.2 (250 mllliseconds) and a force of 7 grams. The

ABuYfield generator is the sweep frequency model-tunahle about 60

' kilohertz. A sapphlre tlp having a polished 75 mm (3 mil. )

hemispherical tip was used as the bonding tool. A sapphlre

tip is better than a metal tip because it can be pOllShed

"and made smaller. The polished tip should be small enough - :

so that the bond area on'a beam is within the outer 1/3 of!
the beam. Wedge type tlps are generally too large and cause

the beam to be prnched off which results in a weaker bond

Because of the small size of the device and the ultrasonic

energy,present, the devices. must be temporarily bonded. This

temporary, but weak bond is necessary to prevent the'de—

vice from spinning around and becomlng mlsallgned on the sub-
strate. A mild noncorrosive flux provides a sufflcrent enough
bond and can easily be removed with a solvent. Kester flux

tyre 1544 was used with very successful results in this pro—

‘"gram. Some means of controllinq the flux droplet on‘the sub-

strate is necessary for consistent and high quallty results.

‘An epoxy dispenser, Laurier Assocxates Model MlOl is capable

of controlllng a 75 mm (3 mll ) droplet to the necessary
tolerances. The size of the droplet is controlled by pres-
sure, orifice. size and time. Too small a droplet has Jnsuf—

ficrent bond strength and too large a droplet may 1nterfere
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with beam bonding or cause the device to float and become
misaligned. After the flux is cured, the devices must be

inspected for damaged devices, misaligned devices or excess

flux in the beam bonding area. Make any corrections or re-

placements prior to ultrasonic bonding. When all devices

are inspected and approved, the beams shduid be ultrasonically

bonded. Remove the flux by rinsing in a solvent such as Dow--.

'~ Clean DWR solvent or equivalent. 'The devices should be in-

épeéfed for;
l;. ﬁahaged beams Q;*deviéeS,b
2.-‘Incompleté.bonds (silicon<ox1de ﬁot pehetrated).
© 3. :Misaligned deQices. . |

4. Fluk residue.

‘ Many_of thelrepairs can be readily made‘by‘rebonding an in?

complete bond or replacing a'damagéd>or misaligned'device.

'-i When an operator becomes proficient in handling and bonding

the Al BL devices, it is possible to get a very high yield.
The program consisted of nearly 1000 ultrasonic beams being
bonded to the isostrength schedule with less than 0.2% bond

failures. -

All of the 144 environmental sambles have completed their re-
spective environmental test without any failures, mechanically

and électriqaily. This shows the reliability and stability

‘of both the processes and the devices. When all of the ge-

vices completed the Visual and Conditioning Screen tests,

_they were divided into sample lots of 30 each. At the’
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.:completién‘of'eéch environmental test, Thermal Shock,'Vibia—
_tion Fatigue and Step Stress Test, half of the devices were

" tested for bond pull strength. The pull strengths values

were generally,lesé than the isostrength values but were within

'$20% of the averagé.  The fact that no mechanical or electri-

cal failures oc¢urr¢d'indicates‘that the technology is reliable

and the processes can be well controlled.
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ADDENDUM I - REBONDING OPERATION

One of the most important advantages of beam lead de-

vices is the ability to inspect the bondS‘after the devices

are assembled to the substrates. When defectlve bonds are
found, it must be determlned what must. be dcne to correct
the defects. The type of action that should be taken de-

pends on what type of defect has cccurred¢ in the bond. The

- type of repair that can be accomplished f£alls into one of

;wo catagories:

l; »Rebond the same device.

2. ‘Remove the borded device and replace it with
a new. devxce.

A case where a dev1ce can be rebonded may be where a beam

was mlssed durlng initial bond;ng, or where a beam was bonded

“too close to the end of the beam and the beam was plnched

off around the bond, or an-incomplete bond was made.  In-.
complefe bonds were wade during the initial phase of the

program when low energy settings were used on the ultrasonic

power supply to determine the optimum isostrength parameters.l k

Thése incomplete bonds could be salvaged by rebonding the

beams using the optimized bonding parameters to achieve a

good bond. It has been concluded that an lncomplete bond can -

be corrected by rebonding the beam in the same bond area if

that area ‘has not been severely damageéd. . At the'other ex-
treme of the bondlng parameters where energy or pressute
settings are too hlgh, there is a tendency to blow ‘a hole

through the beam and/or the.aluminum film on the substrate.. .
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This type of defectiye bond requirés a new device tq’be bonded
in a new bond area that haé not been damaged. When a &evice
is.fémoved,'the_cohpleté beam/beams mﬁst be removed prior tdy
placemént'of a new device. This is done to maintain a plarar
bdnding sufface so that a beam on the new device would not

become fractured and defective.

v d
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" ADDENDUM II - SILICON OXIDE FILM

Whenever the ultrasonic tip penetrates the silicon oxide

on the back of the aluminum beaom, the aiuminnh becomes de-

"formed. This deformation and the high adhesion between the

aluminum beam and the siiicon'oxide allows the cracked silicon

oxide to remain attached to the beam.
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‘Reason for Test: To evaluate microelectronic bonding

techniques and processes for bondlng Aluminum Beam
Lead Dev1ces.. '

Description of Test Samples (2N2369)
The Aluminum Beam Lead Devices were NPNAtranSistors

purchased from MBLE of Brussels, Belgium. There were
a total of 144 devices bonded to 24 alumina ceramic

-substrates ‘that were hermeticallylsealed in flatpacks.

Dlsposltlon of Parts. All parts were returned to the

Project - Englneer in Mlcroelectronlcs Laboratory

'-Abstract, Conclusions, Recommendations

Abstract: This report describes the effects of thermal
shock, sine vibration (vibration fatigu=), and
temperature/vibration step stress tests on beam lead
chip mounting methods. Since the objective is to
evaluate mounting techniques and processes rather than
piece parts, a "failure” was defined as an electrical

open circuit or a maJor change 1n the electrical Beta

- The.initial electrlcal Beta readlngs were taken to glve_

parameter,

a base for comparlson of data on future tests.

There were no failures or major shifts in Beta in any

of the devices after any one of the environmental tests.

Conclusions and Recommendations: See the "Summary and
Conclusion" Section of the Final Report "Study of
Bonding Methods on Aluminum Beam Leaded Devices on
Microcircuit Ceramic Substrates" of which this section
is a part. ' : . -
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