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Abstract

The crystal structure and the microstructure of the intermetallic compounds formed in the inter—
face between In solder and Au/Ni/Ti thin films have been investigated by XRD, SEM, and TEM. In-
dium solder was deposited on the Au/Ni/Ti thin films/Si substrate by evaporation. The heat treat-
ments simulated the flip chip solder joining were performed in RTA system or in furnace. Auln,
phase is formed in all specimens. InyxNi,, and/or InxNiy phase are formed in the interface between
Auln; and Ni depending the heat treatment conditions.
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Fig. 1. Powder and thin film X-ray dffraction pat-
terns obtained from RTA180-RTA 185 sample.
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Fig. 2. Powder and thin film X-ray diffraction pat-
terns obtained from RTA250-FT255 sample.
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Fig. 3. Feld emission SEM 1mages obtained from
(@) RTA180-RTA185 cross-sectional sample,
(b) RTA250-FT255 cross-sectional sample.
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Fg. 4. Bright field TEM images of RTA180-RTA185
cross—sectional sample.
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CL®

DiDisin( ANG) [].Ofcos(tan
oluf, CL& 7Hv2} Zo] (camera length), A+
Az mgoz Mzl b Febo] 200 kV
d A9olE= 0.02508 Aolx, ANGe= F ZOLZ
ARk Alolo] ZAmBA 90°0lEte] e ZEF
ZOLZ ¥¥+g AAgh ® 12 In, Au, Ni Ti
2 In-Ni# In-Au #&3 3ggEd d3 a23%
A AHg A ZaE JeriAT 29 5(a)
dA D, D, CRAD, ANGE &#3}a, 2] 1&
AMg-Ete] At ARl A HL 415 AIS)
t} R1-%9| A £4 X-A AE 2, 35
ZAo] 76.1 In-23.9 Ni (atomic %) d& & F
=l

+ CRAD (1)
CL )]

389 A®, 3let Aol 73 In-27 Ni (atomic %)
Q! InyNii (7-phase) 44& & & ATk £F
7t} A4 (camera constant), 7.40 mAS
2ato] ZOLZ 9wt =3& BAMT Z3, dut ¥
T} x"& Z+Zh 2007 12199 A HHEHIS &
F itk 29 5(b) & 7zt ZolE 110 mE &
o 42 A 1 AXsE=Folnt. ZOLZ Hvt
v} y"9] D& D= o 1.2mm, CRADE 9 75
mn, ANGE 60°2 FA=HA oW, oo dAxA
9] AYL 66 A'e: AAHAC E£F gz
B X-H AE 29, 83 240] 64.3 In-35.7
Au (atomic %) €& & = AU} ol A=
g T o= nsto, 9AAA H Aol 69 A’

[e]

ARk FEA W ARHE 2HozHE A 538 24o] 66.7 In-33.3 Au (atomic %)¢!
AR e AAT U B4 X-H 422 ¥ Aunde ¢+ AT =9 99y yE 7
H4 848 24 wPoz Tz o T0nmel 7 2207 20299 B HAHYL L & Ak F
RI-28 £48 @3 o249 944 Ade]  AAXNAUAL olgsle] BAE AN o
Table 1. Primitive cell volume of In, Au, Ni, Ti, In-Ni, and In-Au phases
Phase Primitive cell volume Phase Primitive cell volume
Crystal structure Crystal structure
I 26.15 A3 Aunln 24790 A°®
n | Tetragonal, 14/mmm, V52.30 A°® nes Orthorhombic, Cm2m, V495.79 A*
A 16.96 A® Audn 460.36 Al
u Cubic, Fm3m, V67.85 A® tts Hexagonal, P3, V460.36 A®
Ni 10.94 A® Ausn 139.19 A®
! Cubic, Fm3m, V43.76 A® Hexagonal, P63/mme, V139.19 A®
- 35.32 A® Audn 94957 A*
! Hexagonal, P63/mme, V35.32 A°® ! Cubic, P4 3m, V949.57 A®
IngsNije 388.84 A’ Audn 1099.50 A°®
(7-phase) Cubic, Im3m, V777.67 A° [ Hexagonal, P3, V1099.50 A?
InaNi, 8873 A Audn 16333 A®
(6-phase) Hexagonal, P3m1, V88.73 A° 2 Hexagonal, P3ml, V163.33 A®
InNi 103.57 A3 Audn 35.18 A3
(e-phase) |Hexagonal, P6/mmm, V103.57 A° Hexagonal, P63/mmec, V35.18 A°®
InNi 77.89 A} Auln 69.20 A°
it Hexagonal, P63/mme, V77.89 A* 2 Cubic, Fm3m, V276.79 A®
[N 77.26 A’ InNis 10463 A®
N1 Hexagonal, P63/mme, V77.26 A3 p(7’—phase) Hexagonal, P63/mmec, V104.63 A‘”’J

#% V I Unit cell volume
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Fig. 5. Convergent beam electron dffraction pat~
terns obtaned from (a) Ri-layer, (b) R2-
layer of RTA180-RTA185 cross-sectional
sample.

2, AA BA FARAAIER S &
FAZE ¢F 1 m, 100 nm¢) 5&3& 24z Auln,
IneNiede & = Ao

a8 6(a), (b), (©= AH RTA250-FT255
o ddg EF%XJZF‘?’U]%’% ol &3] BAY o
Alopdeltt. 18 6(a) 2 (b) & A& dloiHd
17 3t E%“é% utabs st BEIE Ao,

Fig. 6. Bright field TEM 1images of RTA250-FT255
cross-sectional sample.
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*l-?i RTA180-RTA 1859} B}ZW}X]E TEA
W ARE A U] 24 X-8 HEHE
&3t ztzte] whabg BASTh Al £4F X
-4 e 2, AT deldd IS F
wake Zbzh Tidd Nige ottt 2’ 7
(b), (@€ &4 Ni & 9o T4 (Fl1-52
2 99), F2-&, F3-2022H 534 ¥ a4
AR E ol &sle] A& HEFHo|H, 7t& A
£ 200 kv, 7teet Aol 300 mmo] AT

% 7))l Dy, D, CRAD, Z8]3 ANGES
Z43te AldE 9ARAAY AHL 29 Adelth.
3 F1-39 QA &4 X-A dE 25, 38
ZAo] 506~61.8 In-49.4~38.2 Ni
%) d4& ¢ = vk F1-53& FA7F 150 nm
olstelmR FIt Halls (spatial resolution) &
o7l 93 7hed ZS &3 (probe) & AME-
gjo} at=tl, o] AS e X-AF# §A4 X-
Aol Fgol A7 o FEaA A
e A7 Aot AR F4F X- é
9} o] F&3 Chen 59 X-4 349
F AW HE F1-2& InNi; (6-4, hexag-
onal, P3m1) ¥ Aoz =gl en, InNiAel

A AH& 89 Aelnz £ W AR
@E%P.i—rﬂ Aard gZapde] A 29 Al
H&siA @erh Oy 82 F1-30825REH ni
AP E ol&ste P& FH=F ot vasd
=3 (mlcro—dlffractlon pattern) 2 w23t Ay}
InNi, & obdg 818 4 AUt & 19 e

(atomic

it oupeh o], In-Ni o] dEANA A48 5 2l
© A 7hed SRR AFHe] 29 A AL
gloeBz, F1-%2 In €09k Ni @9 dAe]
Zd 2 FdlE A" F e 27E delA
U AF7HA AFEHA @& In-Ni 853 g3E
A Aoz ATt F1-5& 43k In-Ni &

FHOLZ

Fig. 7. Convergent beam electron diffraction pat-
terns obtained from (a) Fi-layer, (b) F2-
layer, (c) F3-layer of RTA250-FT255 cross
-sectional sample.
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Fig. 8. Micro-dffraction pattern obtaned from Fi-
layer.

520 BPEe) ARTRE AP AANE o
g 7ol g e £84 W AAPY =
gomvy 4F 2 FUEL BAGE 27} 4%

o] 8T}

F2-Zo 24y 42 FE=dEA 17 7(b) 9
FH4 W AA3HE=FHMH D, D, CRAD,
ANGE = 46}@1 Ard Gzl F 3L 400
A’elth. Az Bk X-4 A& Aaz2g

3}t =Ao] 72.3 In-27.7 Ni (atomlc %) 4
]

In27N110°] S

&9t Au7} -—‘6}04 Auln,
ﬂir’é’-‘li AARAEE & F A
ol-g-3td #4H ZIE vy
AR & AME-Ete] BE
=742 Auln;o|2 300 nm F
2 47 IneNie® InaNiy8o
.29 6 (bl Yehd uie} zo,
Foll 22EHA e Ni uote) %7
w2E 5 Uk
RTA180-RTA 1859} RTA250-
FT265¢ AAE 47 seEe] 84 ¥ dx
A=Y oz B4 X-4 Az g B4

Ang Ve,

=
[

zd Wz} In £9¢9 Au/Ni/Ti 0=
H 557 3EE 759 v

A AR, AA BA FAE
FHHAERE & Al B

Table 2. CBED and EDS identification results of the formed intermetallic compounds at RTA180-RTA185

and RTAZ250-FT255 samples

. . ‘1
Sample name | Laer | Do | D: [ANG (CRAD| oL | 4 | ETYE | apg resu (atomic %)
b name | (m) | () | () | () | (m) | (&) (A9 Identified phase
R1 | 161 | 194 | 65 |1475| 300 0.0251] 415 76.1in-23 9Ni
RTA180- InzNiie
RTA185 :
R2 | 120 [ 1.20 | 60 | 7.50 | 110 |0.0251 66 64.3In-35.7Au
AUIHZ
F1 | 240 | 540 | 90 |26.00| 300 |0.0251 29 50.6~61.8In-49.4~38.2Ni
InxNiy
RTA 250- 72.3In-27.2Ni
TS F2 | 114 | 1.95 | 745 [17.30 | 800 |0.0251| 400 e
F3 | 200 | 505 | 8 |19.30 800 (0.0251 69 64.2In-35.8Au
Auln,
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