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The plasma surface activated bonding (SAB) technique
was applied in flip chip bonding of chips and
substrates. An argon gas was selected to perform the
physical plasma treatment on the bonding surface of
gold bumps and copper electrodes. The plasma-
activated technology was expected to reduce the
surface contaminants and oxides and to improve the
bonding strength of chips and substrates. The
experimental results presented an effective
improvement of the die-shear force performance of
gold bumps and copper electrodes assembly using argon
plasma activation. The improvement of the die-shear
force was attributed to a better bonding surface of
gold bumps and copper electrodes obtained owing to
the containments on the surface of the bonding
materials was removed by the argon plasma. For gold
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bumps and copper electrodes were activated by argon
plasma, neither delamination nor crack is found at
bonding interface between gold bumps and copper
electrodes. A low contact angle was also determined
on the surface of copper electrodes after argon
plasma activated, indicating a clean bonding surface
was achieved. Furthermore, the deposited layers of
the copper electrode were pulled away by the gold
bump after the die-shear test, and a concavity was
formed on the surface of copper electrodes. This
experimental result indicates that bonding strength
of gold bumps and copper electrodes assembly even
higher than the adhesive strength between the
deposited layers of copper electrodes. A clear atomic
interdiffusion between gold bumps and copper
electrodes was observed for specimens were subjected
to argon plasma activation. The argon plasma
activation was an effective scheme to improve the
bonding strength of the assembly of chips and
substrates. Thus, the argon plasma activation has
great potential to be applied to chips and substrates
assembly using thermal compression bonding process.

argon plasma activation, thermal compression bonding,
copper electrode, gold bump.



Study on the bonding mechanism and process development for the
assembly of chips and substrates at room temper ature using surface
activated bonding technique

activated bonding, SAB)

(delamination)
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(surface

The plasma surface activated bonding
(SAB) techniqgue was applied in flip chip
bonding of chips and substrates. An argon gas
was selected to perform the physical plasma
treatment on the bonding surface of gold bumps
and copper electrodes. The plasma-activated
technology was expected to reduce the surface
contaminants and oxides and to improve the
bonding strength of chips and substrates. The
experimental results presented an effective
improvement of the die-shear force
performance of gold bumps and copper
electrodes assembly using argon plasma
activation. The improvement of the die-shear
force was attributed to a better bonding surface
of gold bumps and copper e ectrodes obtained
owing to the containments on the surface of the
bonding materials was removed by the argon
plasma. For gold bumps and copper e ectrodes
were activated by argon plasma, neither
delamination nor crack is found at bonding
interface between gold bumps and copper
electrodes. A low contact angle was also
determined on the surface of copper electrodes
after argon plasma activated, indicating a clean
bonding surface was achieved. Furthermore,
the deposited layers of the copper electrode
were pulled away by the gold bump after the
die-shear test, and a concavity was formed on
the surface of copper electrodes. This
experimental result indicates that bonding
strength of gold bumps and copper electrodes
assembly even higher than the adhesive
strength between the deposited layers of copper
electrodes. A clear aomic interdiffusion
between gold bumps and copper el ectrodes was
observed for specimens were subjected to



argon plasma activation. The argon plasma
activation was an effective scheme to improve
the bonding strength of the assembly of chips
and substrates. Thus, the argon plasma
activation has great potential to be applied to
chips and substrates assembly using thermal
compression bonding process.
Keywords: argon plasma activation, thermal
compression  bonding,  copper
electrode, gold bump.
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Abstract

This study assesses the reliability of the hightemperature storage (HTS) test and high
humidity/high temperature (HH/HT) test for an assembly of chips thermosonically bonded onto flex
substrates. Environmental parameters used in the HTS and HH/HT tests were consistent with joint
electron device engineering council (JEDEC) specifications. The die-shear test was applied to
examine changes in die-shear forces for specimens subjected to HTS and HH/HT test. The
microstructure of test specimens was analyzed to evaluate reliability and to identify possible failure
mechanisns. Die-shear force decreased slightly as HTS test duration increased. When the duration of
the HTS test was increased, the percentage of gold bumps that peeled off of the surface of copper
pads on the chip side increased, and crack existed at the bonding interface between gold bumps and
bond pads of silicon chips. This crack was formed due to thermal stress generated during the HTS
test, and degraded the die-shear force of the assembly of chips and flex substrates. Cracks and blisters
that occurred at the bonding interface between gold bumps and bond pads of silicon chips after
HH/HT tests of varying durations deteriorated the die-shear forces. Blisters that formed on the bond
pad surfaces resulted from moisture penetrating the deposited layers of bond pads before being
vaporized. The reliability of HTS and HH/HT test must be improved to prevent crack forming at the
bonding interface between the gold bumps and bond pads and to prevent moisture from penetrating
the deposited layers of bond pads.

Keywords: Thermosonic flip-chip bonding process, HTS test, HH/HT test, flex substrate




Hetiability of HTS and HH/HT Tests Performed in Chips and Flex Substrates Assembled By o
Thermosmle Flip-Chip Bonding Process

Cheng L1 Chisang®, Jonz-Ning Aoh®*, Mmn-¥i Kung “*
* Department off Ceewpmiiona| Safety and Health, Chong Shen Medical University, Tmchusg, Tamnn
B-mai] address: [ukelsboamu edu tw
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Abstriet

This sty wssesses the relinbility of the ogh-tempertune
atorage (HTS) test and high hwmodice’high temperature
(HHHT) test for un sssembly of chips thermosocslly
onded onto (lex sebstrates. Eavinonmental parameters wsed
ih the HTS snd HHHT tess were conslatenl with joinl
electron dovice engineering counell (JEDED) speciliantion
The die-shear fed wiis applied bo éxninme chinges in die-
shear forces for specimens subpected o HTS and HHHT test
Ihe micrestrishure ol fest specomens was analvesd bo
evilunte  relishiliy and  to adentily  possible  (ailore
mechmmisms Fhe-shear foeee docreased alghtly as HTS test
duration increased When the durstion ol the TTS test was
menesed. the percentoge of gold bamps thit peeled off of the
nurfaco of copper pedy on the chip swdy merdaséd, and crack
eisted an the bonding intesfoce botween . gold bumps. wmd
bond pucke of silican chips This cuck wis Gormted doe o
thermal stress penerited during the HTS test and depraded
the die-shear force of the wssewbly of chips and (lex
substrates. Cmoks und blisters that ceourred st the bonding
initer face: between gold bumps jind bowd pads of silicon chips
affer T tests of varving durations deterioeated the die-
shear forces. Blisters that femed on the bond pod surlfues
resubled from mossture penetrating the depested layers of
lond prcds belore ez vaporized. The relmibiy of HTS and
HHBT eat mast be improved (o prevent erack frming @ the
honding interface between (he gold bamps end bond phads wnd
to prevent mossture fFom penetrating the deposited levers of
] jaicls
Keywords: Thermusonde Bip-chip bomding process, HTS
teat, HH/HT test, flex substrate

Imraduction

Flex substrates are verv attructive fof uwse o portshle
electromic products as they are both hight and fexible
(Fencrally, mn ussembly of chips und fles substrates
fobricated using o Nipgechip bonding  proces with adhasives.
theluding  witrople  conductive  paste (TOP],  isclrajive
conductiv puste (ACE and noncoaductive pasge (SO [1-3]
Bonding strength of an assemble of chaps md {lex substraten s
mumly the cured strenglh of the nghesve To ochieve
aufficient bonding strength, curing: temperitire and  curing
time must be controlled  peecoaly.  This  moreases
manufacturing coat of electronic peckaging Therelore, this
work proposes o novel and direat bonding process Tor the
ezsembly of chips snd (lex substriles fubnoated using ihe
tharmesonic hp-chup bonding prooess [4] A nickel loyer wan
depoasted onto the surlace of the copper luver 1o enhince ihe
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rigidity of coppar electrodes over Mo subatrates: (Tlirsonic
power won then transerred to the boad anterface between the
gl ball and copper electrinde during the thermosomc wire
bhonding provess: Honding strength wnd bondability, of gold
utps bonded 10 copper electrodes - over. ex shutrates. were
thuy impeoved | 5]

Several relighitity teats for gofd wires bonded onto
alumimum pads or copper wires bonded ontoaluminum pads
uming: the wire bondingt provess hiive been investigated [6-8)
Jier al |0] demonstreted that intermedallic compounds
(M) Formed amd grew. s the duritions of the thermul
aging lest moreased, Kirkendull voids sbse developed during
thermal spmp test doe o differences inthe atomie diflwoon
coefficient of Au and Al As test durntiom mcreased. severe
Firkendal| voids congrepated and Frmed o crack; this cmck
run through the inferface of the gold bond and TMC. The
fasture mechomsm of gold bl bondad onts oluminum pods
satpented to the HTS fest w1750 for 2000 b was wdentafzed
{71, Pull sirength decremsed us lest duretions incressed fom
15001 B b 20000 by emd Progture locstion st the necking wone of
the gold sire wis tenaformed [eto the feazture mode of the
godd ball liffng wiwny fom bond peds. The cross kection of
bkl oy showed that e BAC laver of AugAl trisslormed
mle new microstrocienés wfler the J00h HTS ws These
new microstructiures redoced the adhemve sirength between
gold bulls and bond pads. Pull strengih was this degraded ns
durntion of the HTS fest mergased. Uno |8} mvestizated the
retinlnliny af thie PCT o copper wize thermosomically bonded
anto an aluminom  pad  The copper wire costed with
pallndium hud bettier relighiline by the PCT than Bare copper
wire A conbinueus crack existed i the bond mierfuce
between the bore copper ball and slumimum ped after the
400-h BCT A unaform I luver [ormed, ts (hickness was =
02 pm when o oopper wire coated with . pafladiom - wis
bonded onto the aluminum pad after the A0teh 0T This
thin g unifiem IO e can pmprove bond strength
Eetwern ball ‘bonds and bond pads Howover, [T laver
thickness incremsed us-relighility teat durition moreased, und
a erack or vouds expted Teo reduce she adveese effecy of the
IAC Euver om the rélmbnlity of bull bopds the selection of
miatermls for bond pads umd bond wires s oriacal

Few stulies have investigmed the reliahility of chips
btonded onto Hex substrates wsing-the thermosonie {lig=chip
Bondirti process Thik stucdy verilies the relability of the HTS
and FHELHT tests fon chaps Bonded anto exible subsrates by
thermamonie (ip-chip bonding Parsimatesi Dor relinhility teds
of the HTS 1estand PCT were comphed besed on the JEDEC
speaficationg {9, 4], Atter the HTS and HH'HT tests with

1300




varous test dumniions, the dieshear tem was applied w©
examing ehanges m die-shear forces and & scanning eleetron
microscope (SEM) was used 10 ohserve the microstructure of
specimens to evaluste relability [urther

Experimental miethods

The thermosonic ip-chip bonding process was utilized to
fubricate the flex substrates snd chips assemblies Flip-chip
bonding experiments were performed osing the automatis
thermosome  fipchip  bonder  developed by Taiwan's
[ndustrial — Techrology  Rewsarch  Trstimte (TR To
determine the acouraey of reliahelity of the HTS and HHHT
tesis, bonding quality. of the chips and Oeakle substrares
psemhly shoold be sonfrolled within s narrow range A
stuble die-shesr foree of the sssembly of chips and fex
substrates can be achieved vsing thermosome  fhp-chip
bonding perameters of 2066W oltrasonic power, 03
bonding wme, 20000 bonding wemperature, and 230 gf
Eeanding ol

The sacking strugture of Bond pads in taes study from (op
to bottom  was AgTU/CuTirEr The bumpng  process
parometers for gold stud bumps onto bond peds hove been
deseribed previously |11] Silver was deprsited omte the
surfiuced of hond pads us 8 banding lever to mprove bond
‘wirength snd the bordsbality of pold bumps which were
sludded om bond pads of siliwon chops. An ouler Tilamoum
Javer was deposited oo the copper laver as o diffision barrier
Tmver to prevent copper atoms diffusing oot to the surface of
the silver layer from oxidizing during the thetmoson e
bumping process. A sound bump with sufficient bonding
sirength was achieved The mner tmnmm deposiied onto
bond pads was expected o improve sdhesive strength
tetween the silicon chip and copper film. Each chip had
eipht zold stud bemps. Deposted lavers of copper eleclrodes
over [lexible submirates [rom top to boltom were AgWeCwEE
[3] A nckel layer was deposited on the surflice of copper
elisctrodes [0 enhnnece copper electrode pigidity ond Improve
Beond quulaty of the nssembly of chgs and Dexible subsirates,
as desaribed in our previcus work [4)

Speeimens were then subgeoted 1o the HTS-and HHHT
tests o nasess tesl Teliability, Test durations nnd parameters
were conastent with JENEC specifecations |2 10] { Takle 1),
The deé-shear test was applied to identify varmbions im die-
shear forces after the HTS and HHHT tedss. An SEM ond an
enezpy dispersive specltometer (EDE) were uttlized (o verify
the frecture mede, examine facture morphology, determine
the compesitiong @t the fracture location, and elucidag the
fracture mechanizn after the die-sheur sl Field-em ision
Auger elociramio  spectroscopy  (FEAHS) was apphed o
determine the stomic mterdifhaion between gold bumps and
copper electrodes after the HTS test The refisbality of the
HTS omd HHHT tests was evalimled and the Eaeture
mechansm wis  ddenlified bwed on expertmental and
amalytical resalts:

3412 Imemabenad Conderence on Electronie Packemng Teclnolony & High Dersity Packagng

Tuble 1 Balnbiliy testing parameters for chap
thermemanien]ly bonded gnto flex subatrates [9, 0]

HTS tizgt HHMHT 1251
Tiest paramaters +HHT T ES RH
4 200400 GO0 B0 | 200, 00,00, B00.
Resd point (h) 10001 |l
Results wndd discussion
High-temperature storage test
Die-shear tewt afier the HTS fest

Thermosmic ip-ghip bonding was used m thes study 1o
fabricate - assemblies of chips end flexible substrates. The
bonding parameters were 2066W ulirasome power, U3 s
bondimge tme, 200°C bonding  temperature, and 930 gl
bonding  lead.  Alter chips were bonded  onto [lesubie
giieslrifes, specimens were subpectad (o the HES festat 150°C
for 1000 b The etfect af the HTS test on bond quality: was
evalunted by the die-shesr test for each fest duration of 200 h
Figure 1 shows the relationship of dieshear (oreed versis
HTS te=t durstions. The diesshear force of the sssembly of
chips wnd copper electrodis with the nickel layer was higher
thom that of the assemhbly of chips and copper electrodes
withowl & mckél lover The elssbe medulus of copper
electiodes over Te dubwtrites wis increise] from 687 GFa
with no such layer 1o JOB GPa when o mckel layer wis
dispesited on the copper electrodie [5] Depositing o nickel
Inver- an the copper clectrikdes  effectively mproves the
ngidity of copper electrodes over flex subsirates, nereasing
the bomding efficieney under ultrasomnd wt the bond nterface
between the goid bumps and copper electrodes. The die-shear
foroe of the assembly of chips and copper electrodes with the
nickel lover wis thud enhisnced For the wssembly of chips
and Tlex subetrotes with the mickel laver, die-sheer [orces did
nol dévrense senificantly o HTS test dumbion inerensed,
Drig-shear foress varied in the range of TO0RE00 gf A
reasemable mmimum  required  dieoshenr  foree, based on
JEDED  specifications [12], was ppproimately. 547 pf
aceordmg to the averaged apparent dinmeter of gold bumps
Oiniusly, g1l die-shewr forces of assemblies of chips und
copper electrodes with the mickel isver were higher thmn the
mimmum requerement i JEDET specifications - for test
durarions of O- 1000 b
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Fig. 1 Relationships between the die-shear forces and test
durations of the HTS test for chips and flex substrates
assembly.

In contrast to high die-shear forces were obtained for
assemblies of chips and copper electrodes with the nickel
layer, all die-shear forces of assemblies of chips and copper
electrodes without a nickel layer were far lower than 547 gf
after the HTS tests with various durations. A weak bond
formed between the gold bumps and copper electrodes before
the HTS test. Crack occurred at the bonding interface of gold
bumps and copper electrodes [4], and atomic interdiffusion
did not improve bond quality as HTS test duration increased.
Thus, die-shear forces were not enhanced (Fig. 1). The die-
shear forces of the chips bonded onto flexi substrates without
the nickel layer were far lower than the minimum in the
JEDEC specifications for each HTS test duration. Thus, no
further experiments and analyses were required after the HTS
test for specimens with chips bonded onto flexible substrates
without a nickel layer.

To verify possible change at the bond interface after
thel000-h HTS test, the cross section of the chips bonded
onto copper electrodes with the nickel layer was examined
using an SEM. The flexible substrates were deformed and
gold bumps were strongly bonded onto copper electrodes over
the flexible substrates (Figs. 2a and b). Young's modulus of
the flexible substrate was lowest between the gold bump and
silicon chip, and the flexible substrate had the greatest
flexibility and deformed easily when subjected to the HTS
test. Neither delamination nor cracks existed at the bond
interface between the gold bumps and copper electrodes.
Thus, the gold bumps were firmly bonded onto the flexible
substrates after the 1000-h HTS test (Fig. 2b).

=y b D "
Fig. 2 SEM micrographs of (a) cross section of chip bonded
on flex substrate after the 1000-h HTS test, (b) large
magnification of cross section of the gold bump bonded on
caopper electrodes.

2012 International Conference on Electronic Packaging Technology & High Density Packaging

Fig. 3 SEM micrographs of (a) cross section of gold bump
bonded on copper electrades not subjected to the HTS test, (b)
cross section of gold bump bonded on copper electrodes after
the 400-h HTS test, (c) cross section of gold bump bonded on
copper electrodes after the 1000-h HTS test.

Notably, an SEM was used to examine the bond interface
between the bond pad of silicon chips and gold bump for
specimens not subjected to HTS testing and specimens
subjected to the 400-h and 1000-h HTS tests (Figs. 3a-c). A
sound bond without delaminations or cracks existed at the
bond interface for specimens not subjected to the HTS test
(Fig. 3a). When test durations were extended to 400 h and
1000 h, crack occurred at the bond interface between bond
pads of silicon chips and gold bumps (Figs. 3b and c). In
contrast to the strongly bond between gold bumps and the
flexible substrates for specimens not subjected to the HI'S
test, crack occurred at the bond interface between gold
bumps and bond pads of silicon chips due to the thermal
stress that was generated during the HTS test. Thermal
stress may be due to a mismatch of the thermal expansion
coefficient between the silicon chip and gold bumps. This
crack reduced die-shear forces after HTS tests of various
durations.

Fracture modes analysis after the HTS test

After the die-shear test, fracture modes of specimens were
divided into three categories: deposited layers of copper
electrodes pulling out by gold bumps; gold bumps peeling off
of the surface of copper electrodes; and, gold bump peeling
off of the surface of bond pads of silicon chips (Figs. 4a-c).
Deposited layers of copper electrodes were pulled away from
the bond area by gold bumps, indicating that bond strength
between gold bumps and copper electrodes was higher than
the adhesive bond between deposited layers. Thus, this
fracture mode implies that the die-shear force did not degrade
after the HTS test. However, gold bumps peeled away from
the surface of bond pads of silicon chips, indicating that
defects existed in the bond interface. Die-shear forces can be
degraded by defects forming after the HTS test. Similarly,
gold bumps peeling off of the surface of copper electrodes
also indicate that bond strength between gold bumps and
copper electrodes was poar.
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iobstrtes wsembly oflar e diesheat tesl, (o) the deposited lovers
of copper electrodis was pulled-ox by gold umps, (b) gold bamgs
pecled-off of the surface ol copper elsctrodes, (o) gold tamgs
el el of Hie daigtace df bond ik of aslivon cljs

To analvire chinges in fTheture modes under vanoes HTS
test durdticns, fragture modde of each bump wos enleulpiad
and plotted {(Fig 31 For specmens not subjected (o the HTS
teal, the mam frchowe mode was gold bumps pollmg sway
fram . depostted bayers -of copper electrodes, and no fracture
muole wxisted for pold bumps peeling off of hend pods of
silieam chips Figure © shows frocture morphologies of copper
elecirodes and geld bumps [ specim ens not subjeoted & the
HTS st A portlon of the deposited layers of copper
electrodes wes pulled awey and o concevity [ormed on copper
lectroates, und thee publed awiy layer stuek oote te gold
tump (Figs: o nd b) The EDS was utilized to identify the
compostions: of the concavily on oopper electrodes and the
pulled mway layer stuck onto the gold bump. Copper was the
man eomponent in the concavity wnd the layer stuck onto Lhe
gitlil bt wie cottposed of nickel and silver This mnalyticnl
result implies that o portion of deposited lavers was pulled
cart of the mterface bhetween copper mnd nickel and bond
strength of the gold bunips bonded onta copper electrodes
vens higheer than that of the adhesve between deposited Liyers
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Fig 5 The percentage of frzcture modes for specim ens naot
nnd subjected the HTS test wilh vanons tést duranons

Fig & SEM microgrupha of (@) fracture morphology of the
copper. electrogde, (h) fracture morphology of a gold bump,
The chips bonded on flex substrates withom sulyected (o the
HTS teat

As HTS teat durmtion ingreased, the percentuge of gold
bumpa peeling. off of the surfice of bond pads wes increased
iFig. 33 Thia freciure mode was due to crack at the band
interface between pold bumps and bond pads of silicon chips
(Fiz 3y, which deprade die-shewr force as HTS test duration
increased. Thrs experimental régall s oonsisted with changes
in die-shear foees (Fie 11 Figurs 7 shoava the three facture
mede categories for specimens subjecsted 1o the 1000-h HTS
st Agrnek exsted on the frociuge morphology of conper
electrodes wnd w deformed gold bump was cbserved in the
fracture morphology of pold bumps (Frga. 7o and by This
fructure mode 15 mmler o that of specimens nol sehpectod o
the HTS test (Fig @) The erack and deformed gold bump
sugped thal band sirenath ol specimens remumed pood sffer
the HTS test. For the faeture maode of gold buampe peelimg off
of the surface of copper  electrodes, the crack wis nlso
ohaerved on the surfice of copper electrodes nfier diosher
test (g To) end g deformed pold bump existed on the
fracture morphology of the silicon chips. (Fig 7d) As
mentrongd. this peeling-ofl facture mode mdicates wesk
bone strength of specimens after the HTS test; however, the
orack existdd oo the fracture moarphology of copper electrodes
ind o deformed gold ump exsted alter the die-shear test,
suggesting thut gocd bond sirength can ke obiined with this
frocture mode  Figures Te and | show the gold bump that
peeled mway from the bond pad of sihicon chipa. Fig 71 shows
the frocture morphology of bond prds; only & partion wf
depesited layers was pulled cut of the central bond grea. The
periphéry of the bond ares appesred o (aflén separition
herween the bond pod ond gold bamp, These ohservational
results: mdeate that this fracure mode was enhanced by
erock ot the interface between bapd pads ind gold bamps
after the HTS tear (Fig 30 Figore Te shows a non-detormed
gold bump Figure 3¢ ahows crack ot the mterlree hetween
bond| pods and gold bumps, indicating that bond strempth v
weak  with this  Fruecture mode  Thus, die-sherr  foroes
dlecrepsed ws TTTS e duralson mersssl
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Fig 7 SEM micrographs of frecture merphalogy of () the
copper electrode on flex substrate, () the gold bump en the
“silicon chip. (¢} the copper electrode on the flex substrate, (d}
the pold bump on mlicen chip, (e) the gold Sump on silicon
chip, ([} bond ped on silicon chip The specimens were
ubjectad 1o the 100LE HTS teat,

Line scanming by FEAES wis conducted tor dennly the
atomic interdiffusion botwoen the pold bump and copper
electrpgles. A sound bond was aohieved and no ersck or vaids
were chairved al the bond interfice between gold bumps and
copper clectrodes after the 1000k HTS test (Fuz 8a) The
ciovious atomsc nterdiffusion between the oold bump ol
silver fuver was obtained lor specimens subjected 10 the JOU-
B HES test Avomie mierdiffusin effectvely enhanoes bond
strength, Hence, the reliahitiny of the 0TS gest Toe the gofd
bumps snd copper electroded assembly should noe Be an
ImpETant ae
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(by ay

Ag

Ni

Distance fum)
Fig. B (&) The cross-section of Au bumg bonded o copper electrode
affer the F000-h TS =8, (b) line scommang profile of the kol

inferinge between gold buing wsd coppar electrods aftar tha 1000
HTS tesl

The relighality of the ITTS test démonstrates that @ sound
boned can be achieved between pold bumgs and  copper
electrodes. However, thermal stress formed at the interfhee
betwesn gold lumps and hond pads of mlhicen chips durmg
the HTS test; ernck existed at the imerfade between bond
pads und gotd bumps. The percentage of gold bumps peelmg
off af the surlece of bond pads incregsed as HTS test durntion
mareased Thus, dieshesr forces of the chips and (Texibie
substiates assenvhly were depruded after the HTS test: The
reliability of the HTS teu for the aswembly of chips and
Daxible substrotes with the nickel laver was demnwted by
crnck st the interfuee between pold bumps snd Bond pagls

Tigh humidityhigh temperature test
DHe-shenr test afier the HHHT test

The HHHT test of chips thermosonieally bonded onto
copiper electrodes with the nickel laver showed that die-shear
[oeces had a significont negative ourrelation with test
durations masging from 0 h to 400 b and then yaned witkin g
nartow range s the lest duribions were farther inerensed
from 400 ho1o 1000 K (Fig®) Moest dieshenr fopoes
approdched the momimum regquered by JEDED standarids
speaimens subjected to the HEVHT test with test durptions
from 00 b to T b Al die-shear forees of assemblies of
chiips und cupper electrodes without the mcke] laver were B
livwer than 347 after the HH/HT test wihen test durstions:
ranged [rom Ok to 1000k The low bond strength of chips
thermosonically bonded onto Tex substrates resubted fom
weik  bonding. Therefire, no  further  expernments - gmd
analis were reguired nfter the HEZHT test for gald tsemps
thermasonieally bonded onto copper elecirodes withoul the
nickel layer
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Fig. @ The die-shear [orces of chips thermosonically
bonded. on thex substrates pfter subjected to the HHHT
test with various test durations

Frocture morphelogy analysis after the HEFET test

Figure 10 shows the Trocture morphology af e substrases
in speciment subjected w0 L000-H HHHT test after the die-
shear tesp Chwirously, the depesited Invers on the bond pd
were Pullid sy by e gold bump abter the die-shear test,
el & roumned eonenvity was foemed on the bond pad oF sileon
chips (Fig ), Analyais of the factore morphology showed
thut this concevity comtaned s tound bond region with o
smell creumicrence. To verify posshle chenge mosurfece
morphodegy of hond pads, this specimen was tlled 300 o
éximing the fracture marphology wing 4 SER. The surfade
morphology of the hond pads showed multiple blisters, some
af which were néar the binding region (Fig 106} Under high
mugnifieation, SEM clearhy confirmed thet the hiistera oo the
b pnd weere ot bisndling region nnd on the swerfiee of bl
pads (Fig 10 and &) Thering HA/HT  test,  moesture
penetrating the deposited lwvers of bond pads coesed loss of
ndhesive strength in the deposited layors. Eventumlly, blisters
formed on the bond pad surfaces when the mossture
vinporied, The blesters thus déteriotifed the dae-sheir [oroes
in specimens subjected to the HHET test. Smmilarly, o oock
cecurted m the bond mierface betwesn the pobd bump and the
Biind s in the ek HHAHT ws (Fig 1Ta und b)) YWhen
the test durnton of the HILTIT test wis imdrensex] to 400 h,
Blisters ocourred &t the crosa section of chips ond e
substrutes pasembly (Figs. 11e and &) A shpit crack was
formed st bond pad of siheon chup aller specimen subgected
to 200-h HHVHT test, und then the moisture penetrated into
the depostted lavers of the bond pads as test durations of
HHHT mcesed The blisger wis formed finelly. dus to
mosture vaperized o HEFTT  test These observational
reailis gan Be usad 1o interpret the die-shear forces wers
sipnificantly detenorated in specimens dubyected (o HHHT
tegt with dursbions ranging from 0h te 400k (Fig. &)
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Fig. 10 SEM romographs of the Focfure morphologes of bond
pads afiier dis-shear test for spocimens subjected to [000-h HEUHT
tesh, {n) o eoncoty formed on the surlace of bond pads, (b sevaml
Dilasters was Shsarvedd on bond pad, (2) 4 Wisder cocurred st himiding
cirpumlzreres, () i logs mugmfcition to ohserve w blster formed
oo the dirflice of bond gods

Fig. 11 SEM ndemanrsphs shise aoss section of goeld |moeps
thetmosoideally bonded onde the fex sobstmtes for- specimes
sisbjetted to the HHHT test with visrious fest dugationis, (a) a el
tmp bonded ontoegopper glooirodzes after 200-h HHHT fest (b)) &
delammmation ccourred sl misrfaee between e golid bumgs and e
bimcd pod witer 20d<h HH/HT test, (&) n clip bonded onto flex
subwirale afier 1000-h HHHT test, id) o bhster seourred wt
dhypowatadd lavers of bonit pods after 10000 HHAT tes

The HH/HT selibility test confimed pood bondime of the gold
biamjts ciile copipies eléotrodey ovet (o substrobes seibrjeeted bo (a9t
iherntiom of 200 BooFig D1} Howaver, the ernck and blistess that
oocurresd ol bond interiece between pfd bungs and bond pads of
sabicon chups in HHHT rests of varymg dorations deteraoratad e
diz-shear forees. The blisters resulted from modsturs penotrating te
deprmitzd lnvers of bomd pads before boing vaponzed To anbance
the reliability of HHAHT tedr, praventing molstues fiom penetmiing
the deposiied livers of tenid pads i cssznhal




Conclusions

A 0.5um-thick nickel layer deposited on copper electrode
surfaces effectively enhanced the die-shear forces of chips
and the flex substrates assemblies by using a thermosonically
bonding. Die-shear forces decreased slightly after the HTS
test with various test durations. The percentage of gold
bumps peeling off of bond pads on silicon chips increased as
HTS test duration increased. Crack was observed at the bond
interface between gold bumps and bond pads of chips. This
crack was due to thermal stress during the HT'S test. However,
the FEAES result demonstrates that a sound bond can be
achieved between gold bumps and copper electrodes. Thus,
the reliability of the HTS test for the chips and flexible
substrates assembly was dominated by crack at the interface
between gold bumps and bond pads.

The HH/HT test performed at varying durations showed
adequate reliability in confirming that gold bumps were
firmly bonded onto copper electrodes over flex substrates.
Hivwever, @ orack oecorred gt the hond interface betwesn the
gold tump and the deposited lavers of bond pads in
specimens subjecied o 200-h DIV test. &z the duration of
the HE/HT tests increased, formation of bliswers on the
surfaces of hond pada increased. Mo'siures peretrating the
deposited layers of bond pads during HRHT et decreased
the edhesive strenpth of the deposited layers Eveniually,
blisters foned when the wobsiures vaporized Cracks and
blisters degroded the dis«hewr foroes n speclmens sabjectsd
oy FIEIELT test st various Lest durstions.

To ebiein a good reliability of HTS and HEVHT tesis on
chips thermesonically homdad cirectly onto flex sumtrates,
reducing the thermal stress during the HTE test and
preventing myoisiwre from pepeirating into depesited lavers of
b pads during FEVHT test ars seserbial.
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