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The Reliability Investigation of chips and Flex Substrates Assembly
Using Thermosonically Flip-Chip Bonding Process
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This study assesses the reliability of the
high-temperature storage (HTS) test,
pressure-cooker test (PCT), temperature cycling
test (TCT) and high temperature/ high humidity
(HT/HH) test for an assembly of chips
thermosonically bonded onto flex substrates. A
nickel layer was deposited on the surface of
copper electrodes over the flex substrates; this
layer should enhance the bonding strength of the
chips and flex substrates assembly. After chips



were bonded onto the flex substrates, specimens
were utilized to assess the reliability of the HTS,
PCT, TCT and (HT/HH) tests. Environmental
parameters used in the reliability test were
consistent with joint electron device engineering
council (JEDEC) specifications. After the
reliability test, the die-shear test was applied to
examine changes to the die-shear forces. The
microstructure of test specimens was analyzed to
evaluate reliability and to identify possible
failure mechanisms.

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
delamination existed at the bonding interface
between gold bumps and bond pads of silicon
chips. This delamination was due to thermal
stress generated during the HTS test, and
degraded the die-shear force of the assembly of
chips and flex substrates. A clear atomic
interdiffusion of gold and sliver was obtained by
Auger line scanning after the specimen was
subjected to the HTS test at 150°C for 1000 h.
Atomic interdiffusion effectively improves the
bonding strength. However, die-shear forces
decreased slightly as the duration of the HT'S test
increased, indicating that decreases in die-shear
forces during the HTS test were dominated by
delamination between gold bumps and the bond
pads of silicon chips.

With the PCT, die-shear forces decreased
significantly as test duration increased, and
die-shear forces were lower than the minimum
requirements in the JEDEC specifications for
test durations of 96-336 h. Delamination existed
at the interface between deposited layers of
copper electrodes after specimens were
subjected to the PCT for various durations, and
the typical failure mode was deposited layers of
copper electrodes being pulled out by gold
bumps after the die-shear test. Fracture location
was the Ni/Cu interface. This delamination was
mainly due to the inability of the deposited layer
to withstand the high moisture, high pressure,
and high temperature of the test environment.
Moisture penetrated into the deposited layers of
copper electrodes, deposited layers lost their
adhesion, and delamination propagated to the
bonding area from outside of the bond area to
the central bond area as test duration increased.
The gold bumps finally separated fully from the
surface of copper eclectrodes; thus, die-shear
forces decreased significantly as the PCT
duration decreased.

Die-shear forces were significantly decreased
with increasing the tested periods of TCT from 0
to 400 cycles, and then die-shear forces varied in
the narrow range of 545 gf and 535 gf for further

increasing tested periods of 400 to 1000 cycles.
The die-shear forces were slightly below the
minimum required measure of 547 gf. Three
categories of fracture modes can be found in the
specimens subjected to TCT after die-shear test,
gold bumps peeled-off from the surface of bond
pads on silicon chips, the deposited layer of
copper electrodes was pulled-out by gold bumps
and gold bumps peeled-off from the surface of
copper electrodes. As increased the tested
periods of PCT, gold bumps peeled-off from the
bonds of silicon chips became a major fracture
mode, and the dleamination existed at bonding
interface between the gold bump and the bond
pads of silicon chips. This delamination was
contributed to that thermal stress forming due to
mismatch of the thermal expansion coefficient
between the gold bump and the silicon chip.

A Dblister appeared on the surface of bond pads
of silicon chips after the HT/HH test with
various tested periods. The moister penetrated to
deposited layers of bond pads and then results in
forming the defect of the blister. The major
fracture mode was gold bumps pulled-out the
deposited layers of bond pad after HT/HH test.
The die-shear forces would depend on the
location of blister formation after HT/HH test. A
die-shear force would decrease if the blister
formed at bonding area between the gold bump
and the deposited layers of bond pads. Thus, an
obvious fluctuation of die-shear forces was
observed after specimens subjected the HT/HH
test with various tested periods.

Keyword: thermosonic flip chip bonding,
reliability, flex substrate, HTS, PCT, TCT,
HH/HT.
= ¢§%?&

EEBPHAFDFREPAT B F
TFAETY AP ® ] 2 g
iz g o ?ii4i‘~f’;\ Bt A 5% ]
2GS o B P E AR S B 3R
R H ’”f;é‘ 4’;‘1%&'\ 15.354:‘:‘ H R 5o et -
WK ELH B LA RERE A FR
(12 B Z 44l Wi S i f L2 &

BLELZI oA FARMBEEHEAEF T
eSS S - IERE A SR g Y
G o RAcsEF - KAk Bt g R
BRIFEMG BRI RERASRFS
[3-5] - Ji[6] % 4 Az k4R MW AR K4 M4
ForiEgER Y GERF R GEFR Ay
AR X4 &R L H#(IMC) > Fl 4 me
i BAESF LR N EHTEF A AR
pFo % A4 240 f &3k (Kirkendall voids) »

AT T e ,_}mEEF”jgt\ Wf@ﬁjit > fi BEFL
B & A AR o Breach[7]% £ #F3t & s e 4e
BETF R GREY 24 ~£+§§ﬁ? )3 B R R
% 1500 /] PFis o T4 RIREP AT E - Y £ 4R



FHs 3R ENKASEHTAL AwAl 3
PERY 2 2000 /) PEISIRA AuAl § LA F 1L
Err s BRERRSF R FIR

HEER G FAtF e A d o d AR A2
gﬂﬁfﬁf—‘ffﬂlﬂaﬁ'ﬁ#—%— 53&1 liﬁ_ﬁ"i"-‘;}'ﬁ_
@yr‘i?]gegF;L:R_,;;%fgﬁ, 3 —g-.a,;pg@‘—r

"% o Uno[8]4F 314 S 4 4s 2 4F & > M ik
ﬁg‘ﬁ%ﬂﬁi*ﬁ- EvgEHEL Y o 3 /x_,@, ,&‘ B
ﬁ@iﬁﬁﬂ?i&@&uw3£§%4m1
i BRABEZE|ER G WS R
BEEREERG 4 - K 02um B £
L&Y FREAMEERATF PR DHES
NN BIE EERIEY IF«%%{FF e re
Wt AF AR AR TS 4 & i & 4 2 Chuang
PIEFAHFHREETR S AT ARLESLY
2 B4 EIEEI ]#5}3}@ ’“ﬁi'ﬁz’?&iﬁi? iﬁiﬁjﬂ ’
WREREFREY AR ATFELT K
B HA\HPRAE g R 2 >N R 735"‘
BIGEP RF » ER 2LE T e 8 B
Bk o REBRF A EAEPNINRE P —ﬁ}\
F2LREBRRE AFT S o
T ?ﬁgﬂs 3

| %iwﬁd FA R & L Wk
ﬁ‘_—____ [”-,ﬂ‘_\gl BB 1 _E’_ jfii-;f%-g —%/\—,El ﬁﬁ-ﬁ“#—-ﬁ’—t’ #h
ﬁéﬁ:“s’—‘ﬁ” AFEFIENFERT - BEE
D ur_fg Vifk"% L—- EI‘/}T P fa)i;ér%? ’ fE‘I
Rk ar% - #1571 [10-13] > “,/T?#‘z-} MEE AR
HEURELEF LY *‘t’ﬁﬁh‘ z%ib?*“* BTG 2
BRALZVREARM Tie- HFEABRERY
LRSS S

o P2 8D MR s
(Si)/ 45 (Ti)/4F (Cu)/4x (Ti)/4U(Ag) » 45 F 4590
Fd2 i ki v h ??f%ﬁ% 2 ¥
¥ 4 (adhesive)> @ A1 ** 4 o2 4R 2. 4K R 5
FHHTIE R & (diffusion barrier layer) » 17 1t {5 &
SENERE S S S e I BT R
ZFitkoa PR L LB BE O EHL
2 VR G 45 F & (bonding layer) #/ % 3%
A g MH R E R R B AF L SR
¢ Fpti(PI)/4F (Cu)/4s (NI)/42(Ag) » 48 F 4472
B enG 3 e 4 7 iR b (rigidity) 0 & @
1,\éﬁ‘ %&aﬂ ﬁﬂfi‘:‘ ’ 3 4{’%‘5‘{3 /ﬁ»ﬂ' & @4};_1_
‘&M w fa—llhr%ik*’ﬁﬁiﬁﬁmfé’ #E%
& (bonding strength)£? # ¥ 3 (bondability) -

LRV ARBIREP S P ERFRL R
&g 4 p|iE(die-shear test)s B & LB L7 40
HAFHTIRZBLERAR UHFRHNTH
B sL(SEM)BLZ 2 it £ %3 R(EDS)~ 47 &
BV ft_fg;é‘:%;f;; + A7 k‘/?]pé‘piﬁ&_r » 4
BB 28R A B ERENT S 2 MEHE
(microstructure) > # 1 ¥ ¥ T F & (Auger
spectrometer) 4 17 £ (W EL B HF R ABEE A
B R+ 2% 3 FAc(innter-diffusion) o 57 &

HR R Ak HETE MR EGORR A7
EREERT £ R EHRPEAFFTIRES
2o A FEE L UARAR R T B R
,i:ﬁz “/n_}ii}ﬁ“"ti]"/,ﬂ/}r}n_/? Fé‘ fb)i
I ~RBHEE3%

51 % fvﬁﬁ/ﬂﬁ%‘
511 ¥4 Bl

E S GRS E WA N DR O G NP =
AR RRF T LAWE AEFHE TN
Zi!_\#“lsv v H-rh féi}% &-pé““*“*}u_%ﬁx’#ﬂﬁ
PR RIE R PR RERER A Y
5 150°C % 1000 /| B » & 1§ 200 |- pr B o) -
w4 R

Bl- 7 s dh "E2HFEHFTEET FPR
BEETLT R BT R
BEFHESTHEFHFTIERZ BRDF ST
BT EART A F B T B
PHTERT PHRBLELOILIRFHTRZE
r?ﬁf;‘i”ﬂﬁ'qpﬁ”iﬁﬁéﬁﬁiﬁﬂf =2 B
I“’L ’ *l\’g‘ ;P‘- iiaa E@ifid ’ %E} /}i At L
BETI EBAEHFFHTIRIBE TR R
ﬁ’lﬁ'ﬁ- BR[S] R A % B péfﬁﬁ&iﬁ
R S P EBEFHE TR T 4 BT
o234 @20 800-700 gf H P OB R
JESD22-BI16A £4p[14]7 » o] T35% 4 &
2B fn 54T gf e A B B AR T ARAEF AT
2 TyaP 4 BB E R LE RS Y
BHTHBRASFLEHRFEL T4 @5 0R
B2 B A deBl- w0 MR A L R
TEZIBRLEBAEIE oA Y B ‘}g_féglf—}??]?i‘:i’ =4
F'Bi%w’ﬁﬁ"’5m7 BT K o Jith £ LB
BEEAFEFTRTARLES QR > AN
xi’%\' 8 43 2 :}'5——3’,‘ ﬁ:}'q.rﬁg}ijﬁ.,z;ﬁd .—5,3_1‘:;]
TRl FaBBRIF2ZRIPI0E K

BHEERRE -

512 & 4iam A7

=iE- HERERER IR £ RS
R iEEAETFILIEELE AR i@ ;75
R FRER 1000 ) PEiS 2B A e Aol = (a)
(b)*s7+ » B = () FREFEIF H T L&D

RO BT R FIEAE 2 R 0 & 0y
BR B P B a4 (flexible) » 3t K pERF
(1000 |- F5) 2 % 8 (150 )RR T 7 A 4

2% % (deformation) » @ #& % % F]# & 4 (thermal
stress)@m & 4 2 4 Ias BlZ (D)5 77 & s B
TosMBEEFHTRZEFE TG AR
5% & (delamination) & 3% JF (pore) ¥ 4 50 #¢ %
B FREE LRSS T REFHE LI
FELmRFALFZBRLE NG o

MR BRFREASFEE TR
%75 B3R 400 -] BFE2 1000 - PE1S > & (hBLE
ol PR L NG A N4cB = (a) (D)2 (c)



BT REBERRRFELENRER S P
B Bb MG RE AFRRE ERI 85
%R 400 22 1000 ) PRz 0 & LHLEE S
PERRET SRR L g
GHAEZ A BealEr AFREIE 1k
PR AR A A RFIEF PR Rk
HE g AR HOE & VLT A ROEIE ik
Z AR ENWEBTE R RBREEY W
LA N nnvikliﬁ-é\» e b é_i;&}%
AoiEa g MBER L P ERRELEFAS
M 2 Ka G L ERB RS RE
f; ’ /F;’ EIBB %?ﬁﬁ@’ 4 Ei&*?%ﬁi@ ';"] °
513 sL¥5d & 17

BB T 4 R 318 2 BT 5N (fracture
mwa,?ﬁ@m;ﬁm@ﬁﬁmm%%gs
PR ALRER T REEZEY AN
& (WHR P P SR A (pull-out) ~ & (hI
BF R A 4 4 3 (peel-off) ~ & MBEF 5
R E T 2 4] 3 (peel-off) > 4rBlw ¥TT o &0
Bl fp4F IR BRI T &
BB B TR 45 6 %R LT T R
ZREFA O ENT A PIEMR T RETAR
B deBle ()47 5 0 £ WRE T EE G
HAN LB B b PR L G A3 B
5o Bl (b) s (07 0 AT £ MR I
PR RS £ HER L P ERL R BT
Fmd SRR GREERLE G A Y
BRI P A RN T R I RE R Y
BEFEERARLTE

WRASFERERRE LT P EEY
TFREEERT O T4 RIRRGS > £ B A
BB R Ao BT AT RSB E
REFRIB LB ET S RS AR 2 ¥
RN AR PR ) o R e R o
BAYF T Lo fdpz gl YA hm s
Ln‘lﬁa—'fﬁk—?fﬁ oo Hfgﬁg‘lgﬁ—iﬂﬂ ﬁ:i‘ » Bl (a)
FEOT R BT AR TR E 4 RIRPE > A 4N
g A vk 2 Ao A A0 2 AR R R
T B di(crack) Bl= (b) 2 ¥ 4 Bl &N
BATWF S P2 40 A LB i 2 kR
(EDS)#s Bl 0¥ 4F T 1822 & WELA T30 & 7
2 e % o g I(point 1)z 2~ & L 4F >
gL 2(point 2)z_ B A& A 4242 - ST
SRR A T AR IR T S T 4 P
FOoEBIENMALG  HFETEREG D W
FoZREERT ELNASEFHTIRE T2
BEBR o

Bl= 5 B R R RIGE 1000 ) PFES > B f
PE ST A RS B B - ()
(b) 5 & (WH.d e S0 SN A 2 BB HESS AR
HEBl- 9rn AR R R BRI AP
2 fe g AE IR A AL A ) kS ]
“(0)~ (d) & & MB R A T IREUER 2 4

oA AR WARERIA S T £ O
FREP o ¥ OEA T IR T4 R
SREF TR ENB AL PR
FoiF Ay TR A A AW B e A 2
Bl REMANEN BAHGY RHE
ERARIREMIF- () (D3 &NHHEF L
SR E 4 B (peel-off) 2 AL A 050 0 & LA
FEHER AP S FERBEFERY FINA D
AR RGBT R A 2w o SRR F N R
TR A DB 0 B & g i
HEFHR2ZPFING EAEFT A RIREFE
IR 2 ak B @ 3R A Ak ek BT B R R
TR R 2 H S TR - SR AR
ZELERRERLIBERERPM -

RO G RRERNEL £ WHA R
TR BN Q&R oA d &
HE T A A s £ RS Y
T2 A AN RF o BT AT
T oo BT R EBGFREY TR LEELEN
B2 #OPEGELZ R > Fla 3R ehe A48
Mot o BIRETHT & F B2 A B Ao P -
FERIIRF HFTEHFERERR LT
R BRSFOFEBERARERE S R
BREERZ)- T4 B2 R (B- )
514 #& M5 2 HET I NFRAT

MUOEEER o F R E T RF e (line
scanning) A ¥ &£ & A & B R F 2 2 3 HiR
%> B~ () B R 1000 ] i 0 & WA
ST EZEEANR KSR
(microstructure) » Bl ¥ ¥ iF ¥4 R & HE L2
PRI L FHFI AR RAE E A
oo b RABAE A VAT AF A 2B 4
# (intermetallic compound)z_ 7% % > B~ (b) &
BEhe ~E 2 AFmEs 558k % 1000
VRS ERRIPREAAIIHIT CEE
RFHICTHEY 25 RF 223 Hit
PR RARL G LTS -

FEVE 2 Y SR EEGR
Bl ARRT AP E LI BT BT
BFBRARZES L ELHE L FERT TR
WIE L B AT R E BT R PR S
EN Gz an SRR MK
E’ EIBH Hi%%?ﬂi%ﬂy:i\‘i%"\f ’ ;’i% /Ef}ﬁ??/?']?é‘
Bor Rt EEFEZTS ERARFFEE S
RIEE 2T 4 EHCET ' o
528 B &L RF
5.2.1% 4 iz

F it EeWHELRET SR EELR
B oM T A PR LA RFET S B2 R
Cop B P RENEAEYFEZT 4 EESR
BAERRRETHE® A FT > T 3R
B 96 /| pFiz 3% % 4 i@ 143 JEDEC R4 5 i1



To%i 4 & 547 gf 2 & o 4oBl4 orw 0 B
REZENAEFFRI G 2 Bl hpae ¥
4OPIR TS 2 BLETHOS ) HIETIRR Y 2T R T
LMo m B S BB AT RS
'«’3&*“&8’1!’5&.@'— L3 Féfﬁ}mig—;\rﬁ‘%ﬁ,mﬁ
TRFRBEMAE & PRI EHEE L HF
EPORPIHRTFIAR &P LSRR 2
BEBRLAEFZEZLFEHRF LT 4 B
i 420 JEDEC 402 B K& £ A # & ¥
BEHEFLBRESTE GBI EFBREER
RSP TR ARG G T
5.2.2 BL¥Td A4

Bl PREVHEEREAFZET LR
RAE 24 PP T4 PR BTG 4oB]
(@) T R AN A SETARARE S LB
%75 AR 0 4o Bl ()47 0 4F T R ARNEER A
A AL L T AR s
BN A BN RP AR RS SR
RAEX A8 [ pF > B 4 pliRis 2 Bidrm 4o B+
(b)#757 > 4F % AR e d X 0 A(R
L ()9 B BiT Rk 2 ##’"ﬁﬁﬁﬁW%
B AgdmAR > HPREPEERET 48

PRE O EMAEEFREYRALHTE
57?:“3—4 R P4 PRI R 2 A
EMMBE G O REZEET RSP LY
FFETFAETEIRLCOFP LT ERFRES
HRPEBREL 96 ) BF o T4 RIRELS 2 pLET
g]ﬁmﬁﬁ%%ﬁ@&%% B ko {2 7
AR B3 RER ﬁ%u%%mﬁﬁﬁ
B2 B PR AT R EE P 336
+%’$%@?4ﬂéimwm%ﬂ¢@w
T B A R AR BN T 4 RIRERY o
R AR SR IR R 2 R d R B R
EFRDF >FFHTIRETE Y > E A
TR F A 271 T 4 RER
T A T AR SRR AR e LR
FE T4 pIET R LT 4 EARS A (B4 )
P PR FREFES B EE T ER
ZHHEBH B RAERZEFAD £ OB E M
THRIEE 2R R~ LRIEPER L
ErORFELH o F TR T2 0
Radlo REF S P HHFFELERERRAHT
1!§ °
523% &N BRB

L HEFERAF S P ERFER LR
BRELFFR2ZAFBS > T Riks
(SEM)j. % i@@ nﬁ%w;&mﬁﬁ%
+%$’$&&%@’ﬂ%@i%%%¥w%

Bl - (@7 5 53 BAFRIPE48 | pFiS
ENMBEHFTIHRES G 'IFLPQ%F—" R
F 4ol = (b)97 7 ER R E A BIEE T 2

AL EBRAHTEL 2O R
(©) ~ (d)*777 > & MBI EF A T HBIE S
Ry 4 m&a@ @éﬁ“%nmﬁf
HEREE RS ﬁ%i\mﬁ?ﬁ%ﬁ 34
ﬁ@»ﬁﬁ%?ﬁ%*'%ﬂ”ﬁ‘ﬁ’%ﬁ
BRETPFMERIZ & TR 8%
A2 R 2 41 R R BRIt B
Al o

® TR TR R R E R
WO R 20 A T 0 1A B R R (EDS) e AR
EMBE I AL RE S & A T R
T (@FEBRELPEA I FE £ LK
BHFHT LIRS B REARL T
Hodrd e s g o mA & A H(point 1)2
~F A S £ 48 W A 1T s(point 2)
RS B X AR Hﬂ"@* (b)~ (©)#77 »
o AP REEEP B RELREZ MR 3k T
AL K 2 oo

Bl == SHRPIZRETRR 48]
R E 4 RS 2 Yra %ﬁﬁu% b
W4 TR A2 A B .5s¥ =
g (point 1) » AARLBET L ¢ 2 ~F 5 82

(point 2) > M A T3 H FH L& MB LG 2 B
A% L 4(pint 3)22 £ (pint4) > B 7 AR I A2 4%
WAL EMBEAG - AR ESEERHER
Bi2 Ad A fes- RoZEEvLup
ELRUIE AL A 2 U AR I N ke
B A o

d R G 2T RS TR e
s Rk Fathd & B B R S it B A
2oEn A LR EHFTRESEPM L R
@AM BT EA A 2 0 d L8
44 E L & 9 (uderfill) F» 2+ 5 A& J(%’ 2%
g2 B AR R L A T AL R B R R ORI
ZEFA A OEBF K P ERENRR
FETRREZ S E o
5.3 R BHR R
53.1 % 4 jpl3#

‘3‘_/3_5‘7. %}?]‘IEIF‘J;-%}%; =GN i’:‘ﬁ}?'fig
T2 BT BB T4 eRl e A
TR P REVEFAEKFEYILTIES
B R TRIRIE 400 S HP 1S A4 Ed 830 gf
3 540 gf > sf{s3TiRIEE 400 3 1000 i o
P4 Akl RS 1% JEDEC 4
LBl B L 54Tl BAR S PR
S R Y SRR ARRRRA00 10 2
TA e MM R L & R R YA
B FREFFCERBRARE BT E
i GRS TESE: EIRC I SR
AEH TR ERETERRE M KT
BEMRFZ LR HPERFLZAL



S S I A LR S
2 4% & 5 R 3% 113 JEDEC 2R4f 2 B i & F o
TTBERETIPNFAFI RN ELE S
B3 Eo R R BT T
T R g1 o

532 8%a &7

B PEREN I AF R SR
K PR RRIE 1000 S Hp 15 0 T4 RIS 2 974
#23% (fracture mode)™ 5 = #F » A 8] 4 L LK
B 4F T HRAEH At (pull-out) ~ £ LB A
FHEE A G 2 ) (peel-off) ¥ & MK & %
B 4E A g (peel-off) » = BETH B A B Bl
(@)~ ()& (c)#rm °

BB ETRRIGE 1000 S 1 B dr 1R
G & WK AT R B ETG 4
B+ 7 (a) B+ I (b)) 7 5 KA 4F 7 g
UESE RS A R T IR SLE RN S
BT A B O R A R R S T S
BIRRPE S IR AR TR I AT A
MDA G o m A TR f P &
Bl s P4 R iR fs 2 M % 35 (plastic
deformation) » ¢* — BLAHCF & KSR R TR
Pl 2 BLETHESS AR 00 > do ]2 (@) 22 (b)#F T o
B - ORISR A T IR AR AR A 2
= 4 (composition) » 12 iy & K F & A 473040
4 T BN B Adpoint 1) > BT iRV B 24
WL A el T ()T o AR TR 2
£ WH.(point 2)31 & & A L 44 - BEE AL 4o
L 7 (d)FT - AT F T A T R
RPHFEAH I ENH TS5 P RN
POATARR AR R E w0 & WL U2
BEBRARAIFHHIREBET LB FA 02
WP 4 7 R AAFLH B (point 3)2. A & A
LAEBE ol T ()P 0 M SR WP A
ELMBATHHFH TR BT & MR YT
EAFRFRRE S RGBS F R (point 4)
23 BEY L EBE BT (DA HR
kG 2 4V IMAEHS T EME KR LD
Bl BFINL B AT REF o d BidTe B
~HFZ A ERBEARTELAI PR
A2 %% Faot BET RN BT & s
B AL A LB R -

Fofe B a AT & W HUTIE R R TR IR
1000 8P ¥ G4 4 pliEis > £0hsd it A
¥ 4F 7R B2 BLETG > 4ol = (a)22(b)
AT 0 SRR 2 4 T ARGEICT A 4L ek
G ABFRARTFT T ENBETFEHT
B2 BEFRB O OCATHH S VB2 LA R
APz PR o0 i R RS ITHIF

TEE R &L BB Y BN (point 1)& 4
T2 hRIFRA (point 2) 0 A 2 A& A
%5480 4ol 2 (B (d)rT 0 BT R E P
ELNHEARTHEFHFTIERELZG cHAT K
& hH.2 ¢ [ (point 3)22 £ (L HL ¢t R](point 4)
EERCE TR U EEEE SR R P S
TEREEUEARC RN OEIORERSS ¥
T2 5T AR EHTIRZIELE ST
FoM TR R P R AT R P A2
PR TS SV T & W2 )
EE-REUE  7:8-i0 S R P N g R
5@&7 iF o

PP SUR R UATRRIGE 1000 EH 0 £
BLBT A B PR A A TN E R 2 B YT
o deBl - ()8 (b)) o A Bk HE R A
FARTHREAFESHZ £ 0LH ENE P F
R4 (point 1)2- 3 & o= 5 41 4o@ - - ()%
BT £ W R R Rd & BB REELE
EUE AR L LR A 2 Ef]?rii‘(point )20 R e
A AE LA deBlL (AT RBERE A
AT A ORIEE EMRER BB ARA
(delamination)2_ 44 fé> g B #h LR T ¥ T
APIBBAFRY L PEREY AP LY
4 3 4 ) 3 Ay(point 3)2 1 B A A F L
& 0 A AgAdpoint 4)2. 1 & A A F L4
el = () (DT od A F AT ERETL G
A fE 2 B (A R T AL A 2t S B
MNP B PERYFIANREYL X &
Th¥.s A5 d LB S P ERE £ LK
EVRARPBFEGE O HBEANG C AL ME S
B e S BETH BT B R B RS
5§)§i7r f_t °©

S-S HRPEHARNEZERAREY
2 BT AT R R ATRERE T £ HER
B2 BETHOSS o AeBlE N om0 F DR R Bk
LT STRI-RUE RN P 5 ROk SLY-EUE N
B AL A G A SN A
R RIS B L R = g o N R
MAFZEZBEBAEI H & LR EFHTE
el ST R R TR I A e R
M0 e 3R R PATR 400 P 1S 0 pt AR RCS
BAEA 20-25% % o L RLETRO 2 4B g e
P (RS )i R R AR 400 &
s> £ MBS PRS2 ST g0
50-60% x4t AR S P4 BT R A
F] o

WRSERERGL AP T £ OR
AR e LR IR - AT SR N
EIMEA L FEY LA e B R &

7
“~



L. 5. ABCD; & 5% ¢ B & W32 %5 5
EFG > 4B+ 4 #7571 ° & Efﬁ??]fz?w » dp B
R & B B 2 R s Ao B S Lo
T “E/Efiﬁ&ﬁﬁpfﬁs4f VB e B IE £ Y
3 RBHE D B R iR e

RS N TR ) S S

P AR R UATRRIGEE S AT 200-1000 FF 0 32
F 85-90%RF ; FEL F P A A M L BE
A7 5 & WEUE AR R R e Bl -
- 75T ’.Sq_ﬁd!‘fi fFl-I%\'/EJ\‘:Q‘—k‘ 200 =k 8 I A
A SRR G 86% 0 B R Vo T iR 32
1000 =x & > 4F T W4 g2 S 4 5N
56% > BEARF S ¢ L2 RELNEE R E 32l
oo w0 AR R FRRGEL &
et BE REFETH R PRI & NMEJUE
AT ARE S A m A B2 ST A HON IR B 4 o

SRR ERBIEL P SRR
BF 2 BB B & B R B R
i d Btz A E s SRR ET
#\‘@_f;ifﬁ 4 ;?.Jq‘éig‘;, s tl;f{_r R l__ﬂa)é]ﬂ,—
feao ;}’H—FWFKER%]T}F‘PF,AFJ R R PR R fiﬁ/?l
BEOP LTI REERS CERE PR
PRSI S (R AR
533& & e AT

Fofo PAREVHMEAF RS LER AR
Bl o NT I EERZFIRE TR 2R E
e B R P TRRIEE 200 F Hp s FEIRE M
Y A
(@)#77F » SRR BIRRIREHE 1000 0 £ 0
HeEp Y28 Bl L= b)Y rw 0 5
#R ﬁif&f]vé‘»vé‘u R R ‘;‘v&‘iéiﬂ,’m
BooA IR A T Y g2 W
R S R
&ﬁ#ﬁﬁﬁ%% L LR R Y B
LH.d 55 ,.:tyfg:%{-[‘7 l’*q‘)}—d *3—_\‘ O /F"J;é‘—’i’
Eﬁé‘,éf#?h—‘!“ R U W= D =g h ARG
R Ak path ] R ATRAE S TR o

- ﬁ) K ﬁ;{f ElBB JTL s '—’r’$ Lnr'bia#%-ﬂ!;'ﬁ' B

RIERBRAFEDZEEOREL PR
EMB.EY B ENMBZFERR V ER R VLI%wH
#1000 iFEH 2 H YL ﬁ{%iiﬁi‘
%o ArBl L= (a)ffm 0 ELBLE R & PR
¢k ip) ﬂ}Iﬂﬂﬁﬁi&}—\F?n’ L AN RUE WY 2
B PR IO IR = (b)) 0 Fl 4
LR ER R P ERENAYIE G L R Y
b TIPS R R R 3 2
AL ] %’/ wmELBEF LT E AL R
\ﬁﬁ%’! R %‘qﬁiﬁi'& » FC ge
TREAELKL FEAAF N P ERA L
BN .

5.4 [EEMERRIF

"i A~ @1\\- o

541 % 4 gz
Pl yRENESFFZFYLER/E
RBIRRS > TS RIBATE LTS B ol L
AR 0 3R 4 SRR MR RRIEE 200 /) pF
oK 700 gf o TS RERIGEPE R 2 B £
(400-1000 -] p&) » H % 4 & % 530 gf #2 620 gf
Bt > F 4R JEDEC #jp2 S i1 & & 547
gf» PIRRA T4 B MR & RS PR Y
BORGRA B 2 T;é’* “if:‘“'/}:“ BlEis o A7
B 2 E”’!'—EI'_LL %ﬁ'b’#g- FlE 5
BORARA B 2 %% fﬁ.?r & EER /R
BlIEPEF ML B4 B AR 2%
@ ¥ 4 @i JEDEC 2z & £ s F7
ke e b VA i
5428 %% & 15
PR SR IRRRE 1000 o) pEE T4
Bl A BB NG EMEd H PER
FLBLAE A AL el ST ()T o F e B
AR EAENTR BENE & LB & LB B4
ZEFRFITNFA > @ E R IR
? R AR BRI - T (FIBlINA ) i
— B TR e ’*ﬁévi 30 BRI > BIRF S
SR A IRF ,’”;"e;Pe 2_f5 4= de@l - L
(b)~Lr71‘~ » 1 ﬁkﬂ -5 E__?—\[} B4 A
é}’ﬁ‘-}f@L R 7 FEHBRZF RGBT
ATHRE O Ao LT (0T 0 @ R B 2L
FROAVERIRZ 0 B LI (D)
oo dETRTE A 2 R F G R ERBIE
2R FF R f PR LR A
fy’éx/%”]‘%%’;?—%%q‘*%/e’ FF
EEANENBEFRS P4 PleE s BAS =
PR ARER(F- LT (@) $2TF 4@
TSR 2R F e AR MH B 5 AR
BHERF R 0RM T4 EREIER
WM M- BEVEP T ENER/E
BPEE SRR RF(B L)
5438 & ha & ¥%
RSB RPIER200 ) S FEE R o 4o
Bl- LT 2MBEPLF28E 05
MR A 2 AR Fe B B A R
ek F G R B - (b)) #
Bt & LB 5 R g a (B
) £ GBI R AR ST A
Baobd 4 RIED g BB S P AR
TR 2 A B4 RIRERET B S K4 L
Pt’ﬁ%héf:”ﬁ—ﬁé}ﬁ-m Ei)):J R B BB R 2 7
48 o ER/EIRIPIERA00-] PR 1S 2o F B
B ARl LA (C)FTT 0 L B RS ERRT
f_[nlﬂa«f%-%‘?\?ﬁ\‘i@i"i’ /F ké mf&%@i"ﬁ—
L S R EIEF BTSN R Rt
Bl= - = ()~ LrT ol R G 2 R RS
EMBEFEFRAENABRT RSB E £



BEACEAT A F ek WK A e B Rk
LR RBIET R F AR S A
PR 2 ke R A RIERE & MR
WOV G A Ao HBB P2 W4 g
BIRPER 2 B8 B Foenk s ral w4
%ﬂ?ﬂ%ﬁ%%&gigmaqgﬂmpw

PogE L T4 BRI IR RIFEER A
25 -
s B

"5/3_'\:'5] FRBBF B ERFELT S E
DI R RER m_lpq ,;;?];%FS—FN 2 B £
ENE. B BB ded s A '@‘ﬁt“{’ i\ah » B
WREGZERFELKRSS L VERIRP
%ﬁm’in@ﬂ;‘—f{’—,’ ’rgﬁ}é,ﬂv’ “e B R l\:q ]?/?Jpé‘
P £ WHER S PR FIEOUE GcL R
A2 BB TR TET I RAFTEEFEFTE
u:.l\cq/EJ\:qé Fis 0 EMBEHFTREFP g
ERARL IR LR S S B T
A ET AR BB IR GRS
e Lfl—'?i’—@x*ﬁ—»#%r WREILREMEE S PR
BT AL 2 KT o

EBRETPRE P hLPEHFELT S
BT BT E R MR LR P
Be ]letiﬁk*};#&rpéui&ﬁ@ a\ﬂi&ﬁg#
SR BRELLZAY ALK EHFTIRES Z
BRSO G AT RRENT A S R 2
R SERGERPE R 2 B 0 Bk F 2R 8 o
B4 & ORI G A A L0 K
BBB HE Iz AR ST R ”JR.}é] i+ ke

DI A T ARAE N2 A T U o fed M 4
i F1dehE L &K B (uderfill) 7 o B B AR F 2
&~ B @J_%}_,Ii A R Y B @71 + 8
EEEE - ’}%& B S P EHFNE
BAEFTRRL G E

L
B

/.l‘!a-}i %}EI_I%\/P'];é?; 24 BHB Jil ﬁ}\’t;’ ’3" 4 IE'
PET S d BT iE g 2 B B s
R I - A %*ﬂ RO SE U TR

iﬁpi‘a%\tm:}’iﬁ a;v,fé_@%r);‘dﬁ‘ 4§ At
& i I)P'J-Lftnlﬁh’j f_{'-,ﬂ“_t;'jlj L I?L{E?F%_L it
MR A AN B S Y EIA 2 &
. FRLLEMNEFLE T LS
oo ’#*“B’Eifiﬁ/ﬂ;éﬂi‘é_i i%%);’%a! fmAA A
LE B B 114{[;%{_[‘9,1%] TR P R N
A4 XA L FLE S NI R e
%%ig\%@iéﬂ‘é’ﬂ’;’/}é}??nﬁé SR
FEHA 2 AR o

R/ RBIRE PR e RFE2ZT 4 |
iRl BT U 0 2 (5 NERIERE I E A
A4 F S gh o BT 4 R4 & EY
B 5 MR & P BRI PR
BT e 2 A 4 R A ) S R
F & R 2R BlE R J‘?}‘@‘”iﬁ%@éj}i”ﬁ_
¢ "E‘Eg—ﬁ&ét%“_r Ié%i%ﬁgi%é‘#%%'}é}iﬁ

"I NS * 8 7 BR@]
"é 2.0 & FE o
FEY 2 FEHES O FRELHER S
PERFZ AR B LRFEN 20T
AR 5 PR R L R D Y B
S P ARG

D Tl S A

1. B 4,3 8, ﬁj&’:}% R, B B
% Aﬁw “ﬁﬁéﬁw%$ﬁ%ﬁ

BEAEL «?Ipf:“ N S A A

- N iﬁ]?ﬁﬂﬂ 3t ¢.,2011 -

fil"} —k? 5‘5_@& ,}}f?fi “Fod T

%. BB @lﬁi‘*’%— & %‘\‘@\ f”L f—_k’f); s . +/m

»;Kﬁﬁgﬂéip"iﬂmﬁﬁ
1T EF - S ANE2RE A,
2011 -

3. C.L. Chuang, M.Y. Kang,” The Reliability of
the HTS Test and PCT for Chips and Flex
Substrates Assembly Using Thermosonically
Flip-Chip Bonding Process”, submitted to
Microelectronic engineering, 2011.

4. C.L. Chuang, M.Y. Kang,” On the Reliability
of TCT and HT/HH Test for the Assembly of
Chips and Flex Substrates Using Thermosonic

Flip-Chip Bonding Process”, submitted to
Microelectronic engineering, 2011.

Wl ER A A e T4 BT

PR
?;_—4—\ Iy

‘Er

N
ﬁ\w\é\fmld"

PN g;—‘g' < ;Fﬁe

1. D. Wojciechowski, J. Vaneteren, E. Reese,
H.W. Hagedorn, Microelectronics Reliability,
Vol. 40, 2000, p 1215.

2.J.C. Jagt, IEEE Trans Comp, Packaging,
Manuf Technol- Part A. Vol. 21, 1998, p 215.

3. C. L. Chuang, Q. A. Liao, H. T. Li, S. J. Liao,
G. S. Huang, Microelectronic Engineering,
2010, Vol. 87, 624-630.

4. C. L. Chuang, J. N. Aoh, C. H. Pan, submitted
to Microelectronic Engineering.

5. C. L. Chuang, H. F. Fan Microelectronic
Engineering, 2011, Vol. 88, 3080-3086.

6. Ji, M. Li, C. Wang, H.S. Bang, H. S. Bang,
Materials Science and Engineering, Vol. 447,
2007, 111-118.

7. C. D. Breach, F. Wulff, Microelectronics
Reliability, Vol. 46, 2006, 2112-2121.

8. T. Uno, Microelectronics Reliability, Vol.51,
2011, 148-156.

9. C. L. Chuang, Wei-How Chen, Hsun-Tien Li,
Hui-Ta Chen, Microelectronic Engineering,
2010, 87, 2146-2157.

10. JEDEC standard, JESD22-A-103-B, “High
temperature storage life”, 2001.

11. JEDEC standard, JESD22-A-102-C, “Pressure

cooker testing”, 2000.

12. JEDEC standard, JESD22-A-101-B,

“Temperature humidity test”, 1997.



13. JEDEC standard, JESD22-A-104-B,
“Temperature cycling test”, 2000. w00 B Ay peolft o bord pa

14. JEDEC (EIA) Solid State Technology Product B e
Engineering Council (Arlington, 1998)

i~ W2

# - 7 RARPIERIE £[10-13] 1 | |
R R R BEEE IR R ] | | |
BA 559C/125C | A 0 Il I I |

EAH2C |

. BA T +85°C 800 1000
splzk e | e : 4 A

RIEGER R AR D 1500C | A% PR Smin R 2atm SR © 85%

AR i & 1 15°C/min | A HE R 1 100%

IS
3

Percentage of fracture mode (%)
N
3

Test duratlon(hrs)

-\ 4 %
300200.600 @I rgm.'pq l?ﬂ*ﬂ l&%é‘»lﬁ— \L%’—g‘
weem | 5001000 | 200:400.600.800.100 | 24.4896.168.240, | 200400.600.800.
i ? Ocycle 336 hours 1000 hours
hours
RIEEER 1000 hours 1000 cycles 336 hours 1000 hours
1200
—e— With Ni layer
1000
=
2 goo 4
g
(=3
ey - & 14 > TN
§ 6004 Jedec Standard : 547 gf B = = % Y A lpsl l? Bl pé‘ 2_F da *@ T E ﬁ-ﬁgﬁ—-ﬁx *F
£
$ \ﬂ%‘ BB 4 RIS (QEFESEEG > (b)F &
Q 400 4 . ,
W\H{\ mF 2 EWH
200

[ 200 400 600 800 1000
Test duration (hrs)

B- BEEGR =g S O [CIESE--d

Fl= SR EEF 1000 | PF (7 & 236308l
AFHE G (b)= RlFE I R

b

delamination

B GEE 1000 o) FEES 0 (a) B0 dF R AR LT

£
I

Fodo 5 & B G0 ()R & S ART2 & ME o (C) 4 MEHF L

= S RS o (DF b ¥ HA T2 & B () & DA

—— 3o BBEEEG 0 o o (D& MAP & 5 B8
‘|- % (b) 400 -] B¥ (c)

10646

80845

£ 60045

4.0+5

3 1000 | i » £ b HE St b B B B
LG (@ R EAE DR 2T HECH

Bz T4 R 678 (4 R RS R HRy
b)) LWBE2HFERE Mo HH ()& WA S
Borbdrd o J|EE



1200

—@— With Ni Layer
—&— Without Ni Layer
1000 A
S 800
@
IS
=]
5 600 - Jedec Standard :547 gf
9]
=
@
)
o 4004
200 4
0

0 24 48 96 168 240 336
Test duration (hrs)

Bli BEFIFEETI B2 PF

NG il

Bt #&Hris **iﬁ'rifésiﬁif' 4R ALETR 0 SRR
% ()24 ) B (b)48

‘| PE () 96 -] ¥ (d)336 /| BF

(©)

Separation

Flt- #LEBEVHBAFZREETR SR EER
(a)24 | P¥ ()48 /| & (c)336 | ¥ (d)336»‘B*

B+=- (@F & FREREVEHFELS aLﬁ—
% > (b)point & 7 B > (c) point 2 4 17 Bl Bl ¥

48] E‘*’ ﬁé

o R FZ_
7
B pi“fsvﬁi%bf‘u‘rm FE] (b)7 F 3t s ¥ 282 £ L3
1200
—a— With Ni Layer
—@— Without Ni Layer
1000
=y
2 800
(9]
2
(=]
L 600 1 Jedec Standard : 547 gf
8 e e ——
<
[
2 400 4 }/i\,\‘—.\i
a
200 4
[ T T T T T
0 200 400 600 800 1000

Test Duration (cycles)

R R T

B+ m_)ii 3% 1000 Y &ﬁf m@v_wmaﬁwm@fr
o (a)#¢ I’i&»*ﬁ#&&i%m » (b)d & %&i&fm » (c) point
1 2 5t &% > (d)point 2 2 it £ %3 > (e) point 3 2.
it & X3 0 (c)point4 2 it B K o

Sesi et g AT Y w

Mt mA (3 1000 % + & fysic 8 b r*i’dfmrw

B rﬁﬁ--»lzi%’(a)ﬁ B ARFEBESTS > (b)&H P %&i‘u’i’
> (c) point 1 2_ it & %% > (d) point 2 2_ it & k3§ >
(e) point 3 2_ it ® % - (c) point4 2 it & X -

3



Percentage of Fracture Mode (%)

I Au bump peel-off from Cu electrode
—~ 100 4 B8 Au bump peel-off from bond pad
§ 888 Au bump pull-out from Cu electrode
)

3
S 80
g
2
3]
S 60
L
k)
)
2 40
<
@
<4
o)
o 201
T Tt ;
Pl Brae T vt Oy DO MY -
0

0 200 400 600 800 1000

Test Duration(Cycles)
Blot- KPP L MR RBRED ST R
12805 S 2 A

Bl - EARBEHRI000 = > &£ mHd & P &RH a2 B
B3 0 (I AR SRS o (b)& ¥
(c) point 1 2_ it & & 3 > (d) point 2 2_ it & £ 3 > (¢)
point 3 z_ it & %3 > (c) point 4 2 it £ K o

100
I Au bump peel-off from Cu electrode
B Au bump peel-off from bond pad
80 B8 Au bump pull-out from Cu electrode

Mot RPEA B2 ERFRIRESG 2 Y
FEEWHFEZFAG 0 (2)200 FH > (b)1000 iF £

40

) I | | I I | I \ .

0 y | y y I y y y il \
200 400 600 800

1000 Delamination

60

Percentage of Fracture Mode (%)

Separation _

Test Duration(Cycles)

Bt~ ERBREDHT 4 RRECEARS 2 At

(a : ~ | W= L= PR ER 1000 81 0 & 8 4R SR
: : B ()6 0 LR ()h ¢ BRE

1200
—A— With Ni layer
: [ —&— Without Ni layer
s . C 1000
B4 S ELEAGT LR —
S 800 -
=
8
I Au bump peel-off from Cu electrode ‘6
B Au bump peel-off from bond pad v .
100 4 EE® Au bump pull-out from Cu electrode = 600 - JEDEC Standard : 547 gf
2
7]
80 - Iy
a 400
60 -
200
40
207 0 . . . . . .
I B I ' ' 1ls 0 200 400 600 800 1000 1200
0 .
0 200 400 600 800 1000 Test Duration(hrs)
Test Duration(Cycles) B R N N A I Y Ll 4 2 5 B ER
Lo S e PORCAN by Ztw ER/ERPIRERE T4 ez B H
Log R E MR R BRI S T W R/ IR R PR w3

b
1SR S 2



Bl= T 5B MEIRRIE 1000 | FF 150 (a)F S & A% B ET
B ()4 30 RBAAEG (8 HARF LS
12 ;f— & o (d) S P AR 2 7‘}; se

Bz 22 PR v RENRERE S o IR/ R
()200 -] F¥ > (b)200 -] B35 K 4% Kok 383 % 5 (c)400
[P 0 (d)400 o) P F e By 2R3 A



DR REERERSTFHFL

100 # 9 * 10

; e 31l ot o [P FEAEREL LR
F 2L A L ey o

R S ks
€ & I R Aug 8-11, 2011 ¢ ®k ¥ 2 Shanghai, China

A 7#¢ k¥4 [China Semiconductor Industrial Association

(* +)2011 e+ 490 3 AR ERF 6

€ k ¢ # |(¥<)2011 International Conference on Electronic Packaging Technology &
High Density Packaging
(" %)
(# * ) Enhancements of Bondability and Die-Shear force of Chips

ERA L Thermosonically Bonded to Flex Substrates by Depositing a Nickel Layer

O I ]

iF + P ¥
-~ %4 g 3 ITAE

i:tg%ﬁif}&;{ﬁ]%%‘?qdfggzg%d ARETEME e A Il PR ERTIFY
R ERFRF L 81 8P T IL PR 4P FIVAFERIET AL BNE RV E
PRI HER I AREE AT OB T P AR A R E P EE o PR G ATE
PHRIECAF -BRE A P B FREMRPN TEERTRERAS
Sle Bl K ER I TP G2 AR F P Y kT E - b S R E
,%lﬂﬁw\ﬁ“4 CAPEE =87 TP 8P EMRRT AL R A N B
MEMT IR EARE WL AP RAETIRAMKRES 0§ £
ERIBEAE AR > ¥ A 5 A~ L 3E D Advanced Packaging & System Integration -
Packaging Materials & Process ~ Packaging Design and Modeling ~ High Density & SMT -~
Advanced Manufacturing & Packaging Equipment ~ Quality & Reliability ~ Solid State Light
Packaging and Integration ~ Emerging Technologies = F]~ % 5 & <~ i 5 3 3> qx & <~ ik
TFRMP LT AN R Flet 0 AR AL kp ST RP S . B
g3k St A diiE 600-700 A o w T R ERB AP FFARTRCRE FHH
HBp B3 fl2bléEd &2 e 7 4%?:*’f#fﬁ Fh A HBEPFFE L FIFLT AEK
HAKRT FHAEMCRREF R A1 RQEHPFE -

1




:\ﬁgm@:
1ﬁﬁw%ﬁﬂ$—%$ﬁ%?4ﬁ%ﬁﬁ*%‘%?ﬁﬁ%%ﬁi’%ﬁﬁﬁﬁ
fe & 4p i > ¢ F4 L Y% P T Microelectronic Reliability i % Michael Pecht #3: ~ p
* & » * & Tadastomo Suga #:#2#? Rao Tummala %32 % > 2 ¢ Michael Pecht ?{#ﬁ il
Y FEHTFRER S AN AR BRI E B o HARSL kR
2V RE{ AR EPR o £ 2 £ /4% 2 JEDEC Standards ~ F 4246 40 # > 34 4
FPAEFRPTZ B 0 B REZPEP PRT I RELBFREF KRB gRY
Wit SEMT I RARIFRDE XA L AR LI NTRR2ZFYE 10 b
HEBEPI G 0 kp P A Suga RREL T T NFE IR E (Self activated
bonding ;SAB) | Hjtv » 808 Sk & BT * 20 #UBR £ & (thermal compression bonding)
A2 3 L 4% £ (ultrasonic bonding) &t £t 5 A 4 & (thermosomc bonding) # #& % L . (bump) £
% (bond pad)*t ¥ B4 L RIBBNZTIBE AL T & WHE TR B L > Bt
B EAGFT Y S k o RE NP RS A TR é“afﬂ:a‘_:a‘_ ) AL 4E Suga RN
WY ETHRRETIOI AT AM N FRECZEREY REF AT EAY
(substrate) » >+ £ J§ h . (bump) 2 £ T H&(electrode) % & 18~ #ick B F 2 R 2B o 3%
BRI TR ENBE L BT ET ﬁﬁé B F CEEBRRETIERE B SUgARIRA TR
AR 2IROEAEFTHRETY B EIRBEZ R LF R LEBFIPAR>EE
P E G BAE R A~ - A2 TR o
BT g R R Az (2000)3 A R G E L F St gt - AT 6 0 PR TR A2
T AR d i3 PR SR 2 48 S (wire bonding)$t s A e S Bpei 3-D s et
o P R AR A R RG> ISR AS e el R
HoApA 2 T S LA AR M PN g 2 AR AR ¢ EpgEea T d L E R F(F
E oM ER AR REPHETFL O RFCFIAAEEIRFRT S84
KRz AP VIR AR ARAT S CFREER A A EFET > Ragax
o AP AT R AR LARR o
o EmER:
LM S > ZFEE Ay +o > 2 TR L F A LB LTy 7 4
PRI R e £ R AT £ R RIS o
2§ RH Y R FPNIEEE § kb FF RE T LR IERSTRES R
FP o BvRAFEF LGRS -
354 W% ¢ &fﬂﬁﬁﬁ RES O (VREIARRIEY AEm o VRAF LR E
ERAPERGER L AR FEREEIE R

b

Eh

ToHTFRLEE PG
1.ICEPT-HDP 2011 PROCEEDINGS(ISBN:978-1-4577-1768-0)
2.SEMICONDUCTOR MANUFACRURING (ISSN:1555-9270)

3.EQUIPMENT FOR ELECTRONIC PRODUCTS MANUFACTURING (ISSN:1004-4507)




-
7N

#v 2011 & 81 8 P, EYPF ML

“/f»,—]_.
< .

73 F\ = N T
' $ s IEEE § FLE 2. g;i,‘gé‘qé (4o is #557) o

CEBRBY(ERAM2 ERRY):

g 0y [E}Hi”‘g

Eieowonic Manvtacturiog & Packaging Technwl-
ogy Sogisty of the Chinese stityte of Electron-
ios. Ching

$SEIMESHEN A E
@ riversity, Chimg

Applications of Ministry
China
graamaanwsl
 RAD Public Service Piatfor
display Desigr Manufacturing and
ﬂ&ﬁﬁlﬁﬁ‘ﬁﬂiﬁi!lﬁi L
Applied Science & Technology Rese:
“TRY), Hong Kong, China
FRANTHE §RE BB 5
ng Faith Consulting Co., Ltd., Ch
AETHELEBAM LT

C




Enhancements of Bondability and Die-Shear force of Chips Thermosonically Bonded to Flex
Substrates by Depositing a Nickel Layer

Cheng-Li Chuang'*, Jong-Ning Aoh”, Chi-Chuan Pan®
'Department of Occupational Safety and Health, Chung Shan Medical University, Taiwan
’Department of Mechanical Engineering, Chung Cheng University, Taiwan
*E-mail address: luke@csmu.edu.tw

Abstract

The purpose of this study was to investigate the influence
of the nickel layer on the bondability and die-shear force of
chips and flex substrates they were assembled using
thermosonic flip-chip process. The copper electrodes over the
flex substrate that were electroplated with a 0.5pm-thick
nickel layer on the surface of copper film and the silver film
was then deposited on the nickel layer to be as the bonding
layer. This nickel layer was expected to improve the
bondability and die-shear force of the assembly of chips that
were thermosonically flip-chip bonded on the flex substrates.
The thermosonicially flip-chip bonded experiments were
conducted using an automatic thermosonic flip-chip bonder
developed by ITRI. After chips bonded on the flex substrates,
a subsequent die-shear test was performed to evaluate the
bonding quality according to the JESD22-B116 standard.

Chips were successfully thermosonically flip-chip bonded
on the copper electrodes that deposited with a 0.5um-thick
nickel layer using the adequate parameters. 100% bondability
can be obtained and the die-shear force was higher than the
minimum required values stated in the JEDEC standards for
the assembly of chips they were thermosonically flip-bonded
on copper electrodes with depositing a 0.5um-thick nickel
layer. A poor bondability and low die-shear force were
existed when chips thermosonically flip-bonded on the copper
electrodes that the nickel layer without depositing on them.
According to observation on the surface morphology of the
copper electrodes that were deposited with the nickel layer, a
clear bonding trace can be observed, indicating the nickel
layer was effective to improve propagation of the ultrasonic
power to the bonding interface between the copper electrodes
and the gold bumps. Enhancing the bonding quality of the
assembly of chips and substrates during thermosonically flip-
chip bonded process. Both bonability and the die-shear force
are thus improved. In this study, the adequate bonding
parameters of chips they were thermosonically flip-bonded to
the flex substrates were an ultrasonic power of 20.66 W, a
bonding force of 625 gf, a bonding time of 0.3 s and a
bonding temperature of 200°C.

Deposition of the 0.5um-thick nickel layer on the copper
electrodes over flex substrates is effective to improve the
bondability and die-shear forces of the assembly of chips they
were thermosonically flip-bonded on the flex substrates.
Keywords: Thermosonic flip-chip bonding, Flex substrate,
Nickel layer.

Introduction

The flex substrates have been widely used in consumed
electronic products due to their flexibility and lighter than
those of the rigid substrates. However, the thermal stability

and mechanical properties of flex substrates are inferior to
those of rigid substrates. Several challenges must be
overcome before flex substrates can be used in the packaging
of electronic products. For example, the thermosonic flip-
bonded process is difficult to be applied to the assembly of
chips and flex substrates. The temperature of the thermosonic
bonding of gold balls onto rigid substrates is approximately
200°C [1]. Most flex substrates soften at such an elevated
bonding temperature and dynamic sinking therefore occurs
during thermosonic bonding [2]. Furthermore, the ultrasonic
power could not propagate to bonding interface between the
gold ball and the copper electrodes, and the bonding
efficiency of the ultrasound is thus reduced. The gold ball
cannot well bond on the copper electrode over the flex
substrate [3].

In a flip-chip-on-flex (FCOF) assembly, the anisotropic
conductive paste (ACP) and the non-conductive paste (NCP)
were added to bind the chip and flex substrate [4, 5]. To
obtain a sound bond with the sufficient bonding strength
between the chips and the flex substrate, the curing time and
curing temperature should be precisely controlled. These
features in adhesive binding process would increase the
manufacturing cost in the electronic packaging. Therefore, a
direct bonding process for the assembly of chips and flex
substrates is required. In general, there are three categories of
bonding process have been used in direct assembly of silicon
chips and rigid substrates, thermal compression bonding,
ultrasonic bonding and thermosonic bonding, respectively.
The major bonding energy of thermal compression bonding
process was thermal energy and bonding load. Nave et. al [6]
has point out that the bonding parameters of silicon device
flip-bonding on the ceramic substrates using the thermal
compression bonding process were 0.5 N in bonding load for
each bump and 300°C in bonding temperature. At this
elevated bonding temperature, the thermal stress would be
formed at bonding interface and the electronic device could
be damaged. The ultrasonic power is the major energy source
of the ultrasonic bonding process. The bonding quality is
highly depended on the ultrasonic power. Too small
ultrasonic power is insufficient to produce good bonding
quality between chips and substrates. A crating could be
formed underneath the bond pads when an excessive
ultrasonic power was applied to assemble the chips and
substrates. Therefore, the ultrasonic power should be
controlled in the moderate range in the ultrasonic bonding
process. The thermosonic bonding process combines two
energy sources, ultrasonic power and thermal energy. This
bonding process is a matured process for the assembly of
chips and rigid substrates. However, the thermosonic bonding
process is difficult to be applied to the assembly of chips and
flex substrates directly since the dynamic sinking occurred at
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flex substrates during thermosonic bonding process. The
ultrasonic power could not be transferred to the bonding
interface to form a sound bond with sufficient bonding
strength between the gold bumps and the copper electrodes.
The bondability and die-shear force of the assembly of chips
and flex substrates cannot meet the minimum requirements
stated in the industrial codes. It is thus essential to improve
the rigidity of flex substrates before the thermosonic bonding
process was applied to the assembly of chips and flex
substrates.

Deposition of a 0.5um-thick nickel layer on the surface of
copper electrodes is an effective way to improve the
bondability and bonding strength of a gold ball bonded on the
copper electrodes over the flex substrates using the
thermosonic wire bonding process [3]. This nickel layer was
shown which can improve the rigidity of copper electrodes
over the flex substrate and the ultrasonic power can be
successfully transferred to bonding interface between the gold
ball and the copper electrode. The bondability and bonding
strength are thus improved. However, this method was limited
to single gold ball that were thermosonically bonding to
copper electrode over the flex substrate. No public literature
was found to provide an effective scheme to be applied to
assemble the chips and flex substrates directly using the
thermosonic flip-chip bonding process. This work thus
attempts to assemble the chips and flex substrates directly
using the thermosonic flip-chip bonding process. A nickel
layer of 0.5um-thick was deposited on the surface of copper
electrodes over the flex substrates, and this nickel layer is
expected to improve the rigidity of copper electrodes over
flex substrates, and then to enhance the bondability and die-
shear force.

Experimental method

A commercial flex substrate of polyimide (PI) was used in
this investigation and the copper layer was deposited on the
surface of flex substrates as a copper electrode. To examine
the effect of the nickel layer on the die-shear force and
bondability of the assembly of chips and flex substrates using
thermosonic flip-chip bonding process, the specimen was
divided to two categories, one is copper electrodes without
the nickel layer deposited, and the other is copper electrodes
depositing with the 0.5pm-thick nickel layer. Finally, the
0.5um-thick silver layer was deposited on the surface of each
copper electrode as a bonding layer to improve the
bondability and bonding strength [7]. The stacking sequence
of the former copper electrode was Ag/Cu/PI from top to
bottom and the latter copper electrodes comprised a nickel
layer that was deposited between the copper layer and the
silver layer. The stacking sequence of the latter copper
electrode was Ag/Ni/Cu/PI. These deposited layers were
electroplated on the surface of copper film. A automatic stud
bump bonder was employed for gold stud bumping onto
copper pads and the bumping parameters have been described
in authors’ previous work [8]. After gold stud bumping, the
bumped wafer was diced into chips with 1.19 mm x 0.97 mm;
each has eight gold stud bumps.

The bonding experiments of chips studded with gold stud
bumps they were thermosonically flip-bonded onto copper

electrodes over the flex substrates were carried out on an
automatic thermosonic flip-chip bonder developed by the
Industrial Technology Research Institute (ITRI). The major
parameters, bonding load, ultrasonic power and bonding time
for used in the assembly of chips and substrates are
investigated in this study. After chips bonded on the flex
substrates, the die-shear test was carrier out using a Royce
552 tester to evaluate the die-shear force in a manner
consistent with EIA/JEDEC JESD22-B116 standard [9].
There are at least 15 specimens that were tested to obtain an
average die-shear force for each bonding condition.

Scanning electron microscope (SEM) was used to measure
the diameter of the gold bumps they were bonded on the
copper electrodes and to investigate the bonding interface
between the bumps and the copper electrodes. After die-shear
test, the SEM and an energy dispersive spectrometer (EDS)
were adopted to examine the fracture morphology after die-
shear test, and to elucidate the fracture mechanism of the
assembly of chips and flex substrates using thermosonic
bonding process.

Results and discussion

Effects of ultrasonic on the bondability and die-shear
force

The ultrasonic power plays an important role to assemble
the chips and flex substrates using the thermosonic bonding
process. To verify the effect of ultrasonic power on die-shear
force of the assembly of chips and flex substrates, the
ultrasonic powers are varied from 0 W to 36.2 W and others
bonding parameters are fixed (bonding load in 625 gf,
bonding time in 0.5 s and bonding temperature at 200°C). The
bondability in this study was defined that the number of chips
bonded on the flex substrates divided by the total number of
bonding actions. Figure 1 presents the bondabilty of chips and
flex substrates they were assembled at various ultrasonic
powers. The bondabilty is 0 for chips they were bonded to
copper electrodes with the nickel layer and to copper
electrodes without the nickel layer when the applied
ultrasonic power was 0 W. No chip can be successfully
bonded on the copper electrodes over the flex substrates at 0
W of ultrasonic power. This experimental result indicates that
the chips and flex substrates cannot be successfully assembled
using the thermal compression bonding process and the
ultrasonic power plavs an important role for the assembly of

chip *°f \

Bondability (%)

40 -

20l —A— Without Ni layer
—8— With 0.5 um Ni layer

o

Figure 1 Relationshipsumlgsént‘;szvgt(lmthe ultrasonic power and the
bondability of the assembly of chips they were bonded to copper
electrodes with the nickel layer and to copper electrodes without
the nickel layer. Bonding parameters were 625 gf in bonding
load, 0.5 s in bonding time, 200°C at bonding temperature, and
the ultrasonic powers were varied from 0 W to 36.22 W.
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As increase the ultrasonic power to 4.4 W, the bondability
of chips they were thermosonically bonded to copper
electrodes without nickel layer only approximately 30%. Most
of chips cannot be bonded on the copper electrodes, and the
bonding marks with limited scrapes left on the surface of
copper electrodes over the flex substrates, as shown in Fig.
2(a). It well known the scraping traces on the surface of
copper electrodes over the flex substrates was made by the
vibration of ultrasonic power during thermosonic bonding
process. Therefore, the bonding marks with the limited
scraping traces imply that the ultrasonic power at the bonding
interface between the gold bumps and the copper electrodes
was not sufficient to form the sound bonds. The low
ultrasonic power of 4.4 W results in a poor bondability of
chips they were thermosonically bonding to copper electrodes
without depositing the nickel layer. In contrast to a poor
bondabilty of chips and copper electrodes without depositing
the nickel layer they were assembled using a low ultrasonic
power of 4.4 W, 100% bondability can be achieved using a
low ultrasonic power of 4.4 W for the assembly of the chips
and copper electrodes depositing with a 0.5pum-thick nickel
layer over the flex substrates. All tested chips were
successfully bonded on the copper electrodes depositing with
the nickel layer over the flex substrates as shown in Fig. 2(b).
The nickel layer deposited on the copper electrodes was
effective in improving bondability of chips they were
thermosonically bonding to copper electrodes over the flex
substrates at low ultrasonic power. In authors’ previous study
has been verified that the rigidity of a copper electrode over
the flex substrate can be strengthen by depositing a nickel
layer on its surface and this nickel layer improved the
bondability of a gold ball it was thermosoniclly bonding to
the copper electrode over the flex substrate [3]. The nickel
layer could enhance the propagation of the ultrasonic power
from chips to the bonding interface, and the bondability was
thus improved

Figure 2 The micrographs show the surface morphology of
chips they were thermosonically bonding to (a) copper
electrodes without depositing the nickel layer using ultrasonic
power of 4.4 W, (b) copper electrodes with 0.5um-thick nickel
layer using ultrasonic power of 4.4W. Others parameters were
625 gf in bonding load, 200°C in bonding temperature and 0.5s
in bonding time.

For the ultrasonic power was varied from 14.46 W to
27.56 W, the bondability of the assembly of chips and flex
substrates maintained at 100%, implying all the chips were
successfully bonded on the both test specimen, copper
electrodes without depositing the nickel layer and copper
electrodes depositing with the nickel layer. Increasing the
ultrasonic power provides the sufficient bonding energy at

bonding interface, and the perfect bondability can be obtained.
However, the bondability of chips they were thermosonically
bonding to copper electrodes without the nickel layer reduced
to 80% when the applied ultrasonic power increased to 36.22
W. An excessive ultrasonic power applied to copper
electrodes without depositing the nickel layer could not be
formed a firm contact between the gold bumps and the copper
electrodes, and then the ultrasonic power could hard to
propagate to the bonding interface during the thermosonic
flip-chip bonding process. The bondability is thus degraded.
One hundred percent bondability was shown in Fig. 1 for
chips they were thermosonically bonding to copper electrodes
with depositing the nickel layer at high ultrasonic power of
36.22 W. Depositing a nickel layer on the copper electrode
improved the elastic modulus. The elastic modulus increased
with the thickness of the nickel layer from 68.7 GPa with no
such layer to 108 GPa when a 0.5pum-thick nickel layer was
deposited on the copper electrode [3]. Therefore, the 0.5pum-
thick nickel layer deposited on the copper electrodes over the
flex substrates could enhance the rigid contact between the
gold bumps and copper electrodes for a high ultrasonic power
of 36.22 W applied to bonding process, and the perfect
bondability can be maintained.

Deposition of the 0.5um-thick nickel layer on the copper
electrodes over the flex substrates is an effective way to
improve the bondability of the assembly of chips and flex
substrates. Based on the experimental results, two advantages
can be obtained as follows; the first is that the nickel layer
enhances the propagation of the ultrasonic power to the
bonding interface for a low ultrasonic power of 4.4 W was
applied to bonding process. The other is that the nickel layer
could improve the rigidity of copper electrodes over the flex
substrates and could provide a firm contact between the gold
bump and the copper electrode for a high ultrasonic power of
36.22 W was applied to the thermosonic bonding process.

To examine the influence of the ultrasonic power on the
die-shear force, each chip with eight gold studded bumps was
thermosonically flipped-bonding to flex substrates at different
ultrasonic powers. The thermosonic bonding parameters were
625 gf in bonding force, 0.5 s in bonding time, 200°C in
bonding temperature and the ultrasonic power varied from 0
W to 36.22 W. Figure 3 presents that the die-shear force of
chips they were thermosonically bonding to copper electrodes
with the nickel layer and to copper electrodes without
depositing the nickel layer increases with the ultrasonic power
form 0 to 20.66 W, and then decreases with the ultrasonic
power is further increased from 27.56 to 36.22 W. The
bondability of the assembly of chips and flex substrates is
zero when the applied ultrasonic power was 0 W, no die-shear
force can be thus obtained. It is well known that the minimum
required die-shear force stated at JEDEC standards is highly
depended on the contact area at bonding interface between the
bumps and the copper electrodes. In this study, the average
contact diameter of the bonded bumps at different ultrasonic
power was measured using SEM as shown in Fig. 4. At low
ultrasonic power of 4.4 W, the average contact diameters of
bonded bumps after chips they were thermosonically bonded
on copper electrodes with the nickel layer and on copper
electrodes without the nickel layer were approximately 75um
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and 72pm, respectively. An minimum ball-shear value stated
in JEDEC standards is 30.8 gf for each ball bond when the
diameter is 76.2um (3.0 mil) and the 26.5 gf for each ball
bond when the diameter is 71pm (2.8 mil). For each chip has
eight gold studded bumps, a reasonable average die-shear
force of each chip they was bonded to the copper electrodes
with the nickel layer should be at least 246.4 gf and to the
copper electrodes without the nickel layer should be higher
than 212 gf for a low ultrasonic power of 4.4 W was applied
to the bonding process. The average die-shear force of chips
they were bonded on copper electrodes with the nickel layer
is approximately 340 gf when an ultrasonic power of 4.4W
was applied to the bonding process, as shown in Fig. 3. This
average die-shear value was higher than that stated in the
JEDEC standards. However, the average die-shear force of
chips they were bonded on the copper electrodes without
depositing the nickel layer is far below the minimum required
value stated in JEDEC standards when the ultrasonic power
of 4.4 W was applied to the bonding process. Deposition of
the nickel layer on the copper electrodes was an effective way
to improve the die-shear force of the assembly of chips and
flex substrates at a low ultrasonic power of 4.4W.

800

—@— With 0.5 pm Ni layer
—A— Without Ni layer

600 |

400

Die -shear force (gf)

200 |

0

0 10 20 30 40
Ultrasonic power (W)
Figure 3 Influence of the ultrasonic powers on the die-shear

force of the assembly of chips they were bonded to copper
electrodes with the nickel layer and to the copper electrodes
without the nickel layer. Bonding parameters were 625 gf in
bonding load, 200°C in bonding temperature and 0.5s in
bonding time.
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Figure 4 Relationships between ultrasonic powers on the average
diameter of gold bumps they were thermosonically to copper
electrodes with the nickel layer and to copper electrodes without
the nickel layer. Bonding parameters were 625 gf in bonding
force, 0-36.22 W in ultrasonic power, 200°C at bonding
temperature and 0.5s in bonding time.

Increasing the ultrasonic power to 14.4 W, both the
average diameters of bonded bumps rapidly rose to
approximately 104pm after chips they were thermosonically
boned on the copper electrodes with and without the nickel
layer, as shown in Fig. 4. The minimum average required
value stated in JEDEC standard is 493 gf when the average
diameter of bonded bumps was 104pum. As the die-shear
forces given in Fig. 3, the die-shear forces of chips they were
thermosonically bonded on copper electrodes with and
without the nickel layer were 560 gf and 300 gf, respectively.
This die-shear force of the assembly of chips and copper
electrodes with the nickel layer is higher than those stated in
JEDEC standards. Similar analytical method was conducted
to comparison of the experimental results shown in Figs. 3
and 4, the average diameter of the ball bonds and the die-
shear force are both increased at the ultrasonic power of 20.66
W. No significantly difference in average diameters of gold
bonds was observed in Fig. 4 between chips they were
thermosonically bonded on copper electrodes with nickel
layer and on the copper electrodes without the nickel layer,
both of them are approximately 108pum. The highest die-shear
forces appeared at the ultrasonic power of 20.66 W among
various ultrasonic powers for chips they were thermosonically
bonded on copper electrodes with and without the nickel layer.
The die-shear force of the assembly of chips and copper
electrodes with the nickel layer is 660 gf, which is higher than
those of stated in JEDEC standards and the die-shear force of
the assembly of chips and copper electrodes without the
nickel layer, as shown in Fig. 3. As improve the ultrasonic
power from 27.56 W to 36.22 W, both of the die-shear forces
shown in Fig. 3 were degraded for chips they were
thermosonically bonded to copper electrodes with the nickel
layer and to copper electrodes without depositing the nickel
layer. This experimental result reveals that the excessive
bonding power could degrade the die-shear forces and the
appropriate bonding parameters are essential to obtain the
sufficient die-shear force.

Depositing of the 0.5um-thick nickel layer on the copper
electrodes over the flex substrate was effective to improve the
die-shear forces of chips they were thermosonically bonded
on them. A sufficient die-shear force can be achieved at the
ultrasonic power of 20.66 W in this study. The insufficient
and the excessive bonding power were deleterious to die-
shear forces.

Effects of bonding load on the die-shear force

To investigate the degradation of die-shear forces at the
ultrasonic power of 36.22 W, the bonding interface between
the gold bumps and copper electrodes was shown in Figs. 5
and 6. Figure 5(a) displays the cross-section of a chip bonded
on the copper electrode with depositing the nickel layer at
ultrasonic power of 36.2 W. A delamination exists at bonding
interface between the gold bump and the copper electrode as
shown in Fig. 5(b). The serious delamination can be found at
the interface between the bond pad of the chip and the gold
bump and the interface between the gold bump and the copper
electrode after chips they were thermosonically bonded to
copper electrodes without depositing the nickel layer at the
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ultrasonic power of 36.2 W as shown in Figs. 6(a) and (b).
This experimental result indicates that bonding power was
excessive and the bonding load seemed insufficient to keep a
firm contact between the gold bumps and the copper
electrodes.

Figure 5 SEM micrographs of (a) the cross-section of gold
bumps thermosonic bonded on the copper electrodes with the
nickel layer and (b) larger magnification at bonding interface
revealing a delamination formed between the gold bump and
the copper electrode. Bonding parameters were 625 gf in
bonding load, 36.22 W in ultrasonic power, 200°C at bonding
temperature and 0.5 s in bonding time.

Figure 6 SEM micrographs of (a) the cross-section of gold
bumps thermosonic bonded on the copper electrodes without
depositing the nickel layer and (b) larger magnification at
bonding interface revealing a serious delamination formed
between the gold bump and the copper electrode. Bonding
parameters were 625 gf in bonding load, 36.22 W in
ultrasonic power, 200°C at bonding temperature and 0.5 s in
bonding time.

As increase the bonding load to 925 gf, the sound bonding
interface can be achieved at ultrasonic power of 36.22 W after
chips they were thermosonically bonded on copper electrodes
with the nickel layer and on the copper electrodes without the
nickel layer as shown in Figs. 7 and 8, respectively. These
observations can be used to interpret why the degradation of
die-shear force at the range of the ultrasonic powers from
27.56W to 36.22 W, as shown in Fig. 3. The bonding energy
of the ultrasonic power at the range of 27.56W to 36.22 W
was excessive and the bonding force at 625 gf was
insufficient to maintain a firm contact between the gold
bumps and the copper electrodes. The ultrasonic power could
not be transferred to the bonding interface to produce a sound
bond with the sufficient die-shear force. This experimental
result indicates that increasing bonding load appropriately is
essential when a large ultrasonic power was applied to
thermosonic bonding process.

Figure 7 SEM micrographs of (a) the cross-section of gold
bumps thermosonic bonded on the copper electrodes with the
nickel layer and (b) larger magnification at bonding interface
revealing a sound bond formed between the gold bump and the
copper electrode. Bonding parameters were 930 gf in bonding
load, 36.22 W in ultrasonic power, 200°C at bonding
temperature and 0.5 s in bonding time.

Figure 8 SEM micrographs of (a) the cross-section of
gold bumps thermosonic bonded on the copper electrodes
without depositing the nickel layer and (b) larger
magnification at bonding interface revealing a sound bond
formed between the gold bump and the copper electrode.
Bonding parameters were 930 gf in bonding load, 36.22 W in
ultrasonic power, 200°C at bonding temperature and 0.5 s in
bonding time.

Effects of bonding time on the die-shear force

The SEM was used to examine the bonding interface
between the gold bumps and the copper electrodes for the
assembly of chips and flex substrates at ultrasonic power of
20.66 W, as shown in Fig. 9(a). A large magnification of the
SEM micrograph shown in Fig. 9(b) displays that a slight
delamination can be found at the interface between the bond
pad of chips and gold bumps after chips they were
thermosonically bonded on copper electrodes with the nickel
layer. This delamination could decrease the service life of
chips. A short bonding time of 0.3 s was thus choice to be
applied to the thermosonic bonding process. A die-shear force
of the assembly of chips and flex substrates was
approximately 600 gf and the average contacted diameter of
gold bumps was 102 um at bonding time of 0.3 s. The
minimum requirement stated in JEDEC standard is
approximately 466 gf when the contacted diameter was 102
um. This die-shear force is higher than those stated in the
JEDEC standard. Neither the delamination nor defects was
found at bonding interface of the assembly of chips and flex
substrates at bonding time of 0.3 s shown in Figs. 10(a) and
(b). This observation indicates that a sound bond without
defects can be achieved by reducing the bonding time. This
phenomenon can be explained by the interfacial energy
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saturation [10]. Extending bonding time results a
delamination forming at bonding interface, because an
excessive bonding energy was provided. For 0.3 s in bonding
time, a sound-bonding interface with no defects was observed
and the die-shear force was higher than that stated in JEDEC
standard. Although the die-shear force at bonding time of 0.5
s was higher than that at bonding time of 0.3 s, but reducing
bonding time to 0.3 s not only to obtained a sound of bonding
interface, and it can reduce the manufacturing time.

Figure 9 SEM micrographs of (a) the cross-section of the gold
bump thermosonic bonded on the copper electrodes with the
nickel layer and (b) larger magnification at bonding interface
revealing a slight delamination formed between the gold
bump and the copper electrode. Bonding parameters were 625
gf in bonding load, 20.66 W in ultrasonic power, 200°C at
bonding temperature and 0.5 s in bonding time.

17.1mm 15.0KF x108

Figure 10 SEM micrographs of (a) the cross-section of gold
bumps thermosonic bonded on the copper electrodes with the
nickel layer and (b) larger magnification at bonding interface
revealing a sound bond formed between the gold bump and
the copper electrode. Bonding parameters were 625 gf in
bonding load, 20.66 W in ultrasonic power, 200°C at
bonding temperature and 0.3 s in bonding time.

Analysis of fracture morphology after the die-shear test
For chips they were thermosonically bonded on copper
electrodes with depositing the nickel layer using a bonding
time of 0.3 s, an ultrasonic power of 20.66 W, a bonding
temperature of 200°C and a bonding load of 625 gf, Fig. 11
shows fracture morphology and an energy dispersive
spectrum (EDS) on the copper electrode after the die-shear
test. A residue on the surface of the copper electrode after die-
shear test can be found as shown in Fig. 11(a). To examine
the composition of the residue on the surface of the copper
electrode, an EDS was used to determine the composition of
the residue. The composition of the residue is mainly gold and
a small amount of silver as given in Fig. 11(b). This analytical
result implies that the fracture mode was the gold bumps
fractured. The bonding strength of the assembly of chips and
flex substrates are even higher than that of gold bumps.
Figure 12 reveals the fracture morphology of chips they were
thermosonically bonded on copper -electrodes without

depositing the nickel layer using a bonding time of 0.3 s, an
ultrasonic power of 20.66 W, a bonding temperature of 200°C
and a bonding load of 625 gf. A round indention can be found
on the surface of the copper electrode as given in Fig. 12(a).
To verify the composition of this bonding indention on the
surface of the copper electrode using an EDS, the main
composition is silver as shown in Fig. 12(b). The fracture
mode of the assembly of chips they were thermosonically
bonded on the copper electrodes without depositing the nickel
layer is a peel-off at bonding interface between the gold
bumps and the surface of copper electrodes. The gold bump
peeled-off from the surface of the copper electrode during the
die-shear test, indicating the die-shear force is low. This
experimental result proves again that high die-shear force was
obtained for chips they were thermosonically bonded on
copper electrodes with the nickel layer.

nnnnnn 1

(a) the fracture morphology of
copper electrodes with a 0.5um-nickel layer after die-shear test,
(b) the EDS analysis on the residue left on the surface of the
copper electrode. Bonding parameters were 625 gf in bonding
load, 20.66 W in ultrasonic power, 200°C at bonding temperature
and 0.3 s in bonding time.

Figure 12 The SEM micrograph of (a) the fracture morphology
of copper electrodes without depositing a 0.5um-nickel layer
after die-shear test, (b) the analysis of the EDS on the round
indention left on the surface of the copper electrode. Bonding
parameters were 625 gf in bonding load, 20.66 W in ultrasonic
power, 200°C at bonding temperature and 0.3 s in bonding time.

Observation of the bonding interface between the gold
bumps and the copper electrodes

To observe the bonding morphology on the surface of
copper electrodes, the assembly of chips and flex substrates
was put in water bath, and then a large ultrasonic power was
applied to separate the chips from the flex substrates. The
SEM was used to verify the bonding morphology on the
surface of copper electrodes after chips separating from flex
substrates. For chips they were thermosonically bonded to
copper electrodes with the nickel layer at various ultrasonic
powers, the surface morphology of copper electrodes was
shown in Fig. 13. A clear round indention with a diameter of
72 um approximately shown in Fig. 13(a) was observed for
chips they were thermosonically bonded to copper electrodes
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at ultrasonic power of 4.4 W. As increasing ultrasonic power
to 20.66 W or 27.56 W, the deposited layers on the copper
electrodes were pulled out to form caves as shown in Figs.
13(b) and (c), indicating the bonding strength between the
gold bump and the copper electrode is higher than the
adhesive strength between deposited layers of the copper
electrode. This experimental result reveals again that high
ultrasonic powers resulted in high die-shear forces of the
assembly of chips they were thermosonically bonded to
copper electrodes with the nickel layer, as mention in Fig. 3.

Figure 13 SEM micrographs of fracture morphologies on the
copper electrodes after gold bumps separating from the surface
of the copper electrodes. The assembly of chips they were
thermosonically bonded on the copper electrodes with the
nickel layer at various ultrasonic powers, (a) 4.4 W, (b) 20.66
W and (c) 27.56 W. Others parameters were 625 gf in bonding
load, 200°C at bonding temperature and 0.3 s in bonding time.

In contrast to a round indention left on the surface
morphology of copper electrodes for chips they were
thermosonically bonded on the copper electrodes with
depositing the nickel layer, neither scratches nor clear round
indention was observed on the surface morphology of copper
electrodes for chips they were thermosonically bonded on
copper electrodes without depositing the nickel layer at
various ultrasonic powers, as shown in Figs. 14(a), (b) and (c).
It well known that high ultrasonic power results more
scratches forming at bonding interface. Thus, more ultrasonic
power was propagated to bonding interface for chips they
were thermosonically bonded to copper electrodes with
depositing the nickel layer. Deposition of the 0.5um-thick
nickel layer on the copper electrodes over the flex substrates
are effective in improving the transmission of ultrasonic
power to bonding interface, and the die-shear force of
assembly of chips and flex substrates was enhanced.

Figure 14 SEM micrographs of fracture morphologies on
the copper electrodes after gold bumps separating from the
surface of the copper electrodes. The assembly of chips
they were thermosonically bonded on the copper
electrodes without depositing the nickel layer at various
ultrasonic powers, (a) 4.4 W, (b) 20.66 W and (c) 27.56
W. Others parameters were 625 gf in bonding load, 200°C
at bonding temperature and 0.3 s in bonding time.

Conclusions

Deposition of the 0.5 pm-thick nickel layer on the copper
electrodes over the flex substrates, the chips were successfully
thermosonically bonded on the copper electrodes over the flex
substrates. With the suitable bonding parameters, a perfect
bondability and a high die-shear force of the assembly of
chips and flex substrates can be achieved. This nickel layer
was effective to enhance rigidity of copper electrodes,
increasing the bonding efficiency of ultrasonic power at
bonding interface between the gold bumps and copper
electrodes during the thermosonically flip-chip bonded
process. The bonding quality of the assembly of chips and
flex substrates are thus improved. In this study, the adequate
bonding parameters of the assembly of chips they were
thermosonically bonded to the flex substrates were an
ultrasonic power of 20.66 W, a bonding force of 625 gf, a
bonding time of 0.3 s and a bonding temperature of 200°C.

As a large ultrasonic power was applied to the
thermosonic bonding process, increasing bonding load is
essential to make a firm contact between the gold bump and
the copper electrode, and the ultrasonic power can be
transferred successfully to the bonding interface between the
gold bumps and the copper electrodess. The die-shear force is
thus enhanced. Extending bonding time results a delamination
forming at bonding interface, because an excessive bonding
energy was provided. To obtain a sound bond with the
sufficient bonding strength, the thermosonic bonding
parameters should be controlled in a suitable range.
According to the observation of the surface morphology of
copper electrodes after chips they were separating from the
copper electrodes, a round indention mark with the cavity was
observed on the copper electrodes deposited with the nickel

2011 International Conference on Electronic Packaging Technology & High Density Packaging



layer, indicating the nickel layer is effective in propagating
ultrasonic power to bonding interface between the gold
bumps and the copper electrodes.

Deposition of the 0.5um-thick nickel layer on the copper
electrodes over flex substrates is effective to improve the
bondability and the die-shear force of the assembly of chips
they were directly thermosonically bonded on the flex
substrates. This scheme has great potential to be applied to
asemble the chips and flex substrates of electronic packaging.
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