Journal of the Microelectronics & Packaging Society
Vol. 15, No. 3, p. 9-17. 2008

Cu Di4& H=E 83 By Hawo HaxE

Contact Resistance of the Flip-Chip Joints Processed
with Cu Mushroom Bumps

Sun-Hee Park and Tae-Sung Oh"
Department of Materials Science and Engineering, Hongik University

P

-
ﬁ i

A EFHOZ Co WHE HEE YT Sn 71T =) 2YF Bdsld CuH4E W
% FAslg e, ole] HEXEE Sn planar M= FE&H el wlwalgh 19,1952 MPa 89
|Eo g 3438 Cu HHE HE 7{-‘1"‘:"“ 15 mQ/bump®] Bt &84S YeRIA Co o
WX 4R Sn planar HE o] uisl] o] $4°8 H&AE BAE Jehiddel 3] gyl

l~w4 um F712] Sn ZHES W/|=33 Cu HHAE HE HE -4 A&EALS sn ZRF FA ¥
Fatgont, 7 ¥ Sn ZEEL FAE2 S APl Cu vi4lE WE PE&BME H&A o) Sn ZHE
Zo| B9l S E2 S Azl IA 2=l

li
oSl
oo

o 2o
He

Abstract : Cu mushroom bumps were formed by electrodeposition and flip-chip bonded to Sn substrate
pads. Contact resistances of the Cu-mushroom-bump joints were measured and compared with those of
the Sn-planar-bump joints. The Cu-mushroom-bump joints, processed at bonding stresses ranging from 19.1
to 95.2 MPa, exhibited contact resistances near 15 m{/bump. Superior contact-resistance characteristics
to those of the Sn-planar-bump joints were obtained with the Cu-mushroom-bump joints. Contact resistance
of the Cu-mushroom-bump joints was not dependent upon the thickness of the as-electroplated Sn-cap-
coating layer ranging from 1 pm to 4 pm. When the Sn-cap-coating layer was reflowed, however, the
contact resistance was greatly affected by the thickness and the reflow time of the Sn-cap-coating layer.
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Fig. 1. Schematic illustrations showing flip-chip processes
bump-height difference.
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Fig. 2. SEM Micrographs of (a) a Cu mushroom bump with
a Sn coating layer on its cap surface and (b) an area
array of Cu mushroom bumps of 25 um-pitch.
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Fig. 4. Contact resistance of the Cu-mushroom-bump
joints and the Sn-planar-bump joints, flip-chip-
bonded at 150°C for 180 sec, as a function of the
bonding stress.
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Fig. 5. (a) SEM micrograph of a Cu mushroom bump with an illustration showing the radius and the height of the spherical
cap and (b) an schematic illustration of the cylindrical configuration equivalent to the mushroom bump.
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Fig. 6. SEM micrographs of the Cu-mushroom-bump joints flip-chip-bonded at bonding stresses of (a) 6.4 MPa, (b) 19.1
MPa, (c) 31.8 MPa, (d) 44.4 MPa, (e) 57.1 MPa, and (e) 95.2 MPa.
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Fig. 8. SEM micrographs of Cu mushroom bumps with
(a) an as-electroplated Sn cap-coating layer, and
with a Sn cap-coating layer reflowed for (b) 30 sec,
(c) 60 sec, and (d) 120 sec. (Thickness of the Sn
cap-coating layer was 1 pm).

oA HEA g mATHAZ Co HHAE HZ A
Ko A Sn =9 AAHF o] BT} BolatA &
Aste] W/ = AR A go] A &kst=H| 71918t
Aoz wddEr
F1g 701]/\1 Cu A E ¥ = H <459} Sn planar ¥
7t 7 el wet
7}l w2 Sn
ey
AZE 1 umel

- ‘6‘
7T T, E']

F[F ox B o

=
]
=
=

+

A1 4 um H A Eﬁiw 1@1
2 A& 3] 250°Ce] 222 ozoﬂﬁ 120%
A FAFoZH Sn ZHF S H*ET A28}
Atk Sn ZEF FA7F 1 um, 2 pm B 4 um¥
w Sn ZEZ9] FE L A7k W E Cu Y4 &
H o] SEM Pl M #x AR ZH7] Fg. 8, Fig. 9
2 Fig. 10°] YeRN At} Fig. 89141 | um T4 €]
Sn_:_E]ZO] HAE CuHHE HEZE 25000 &
T2 3027 fA el M Sn Y Fo] Cu
wk-g-3lo] CugSns 57+ HHE-S FAH2H D
A ZZE AI7HE F7HAZ Ol e} CugSns 57
stEo] At g #AE 5 Uk old
CusSns &7 339 o¥= EDS 24842
2 g £ Utk Fig. 99 7o) Sn THZ ]
FA 7} 2 pme! 3%, 60271A 9] A Z29 A g



o] wjg A Hﬂi}lﬂ‘ﬂ
Sn Z¥ZFo| Cu {34 ¥ % 8te] CueSns B57F 5}
SRHA g AR
o 7 vk 2y 12039 a
ZEF AY Folle AHA 22 Sn Y FO| B

AR o] THAAM CusSns T47F 3HgE 0] Jrl’é}
St Sn TR EF FAE 4 umz F7HAIZ
u}g} Fig, 103 7o) 12029] 2| E2% X2 Fo
T HE HE ZHo] By A WslEe Sn =2
W30l BF £REA ¥ dol ke AS ¢
T ATk

Fig. 10(d)° A} 4 pm P%vﬂ% s

g 715 FAE bso} vamqg e Bae
4 At Sn 2R FY TG PEZS A7 W
A7) Cu P42 HEZE Sn H=o] e &
150°Co A} 327F A 5te] E-3] F&aoH,
oI5 AWl H&EA T2 Fig, 119) deppsick so
FYZe FAE 1 um, 2 um 2 4 ym% H3HA|7
o 7] Eeo) A7 =3 Aol Cu v41E W
:a/\]-_g_z‘s}oq A3 HEH A= Sp ZEZ9 =
Ao WE B&x 5o wals Ao A &
ATt Lﬁoﬂ Sn ZYZL PZE2S AT /\] ]

i}

Fig. 9. SEM micrographs of Cu mushroom bumps with
(a) an as-electroplated Sn cap-coating layer, and
with a Sn cap-coating layer reflowed for (b) 30 sec,
(c) 60 sec, and (d) 120 sec. (Thickness of the Sn
cap-coating layer was 2 um).
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