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Reflow Using Cu-Sn Compounds as a
Diffusion Barrier

Graduate student; Chih-Chia Hu Advisor: Chih Chen

Department of Materials Science and Engineering

National Chiao Tung University

Abstract

In this study, we reported an-effective approach to inhibit the growth of
Cu-Sn intermetallic compounds (IMCs) during multiple reflows of SnAg2.3
solder on Cu. Cu reacts with Sn at a very high rate and they even continue to
form Cu-Sn IMCs at room temperatures in flip-chip solder bumps. Because of
its excellent wettability, Cu serves as the popular under-bump metallurgy (UBM)
in flip-chip boundary. After joining, if Cu continues to diffuse into solder,
compressive stress may generate in the solder layer and whisker of Sn may grow.
It will be beneficial if the Cu-Sn reaction were inhibited after jointing. Therefore,
several approaches have been proposed to inhibit the growth of the IMCs,
including altering solder composition, and incorporating Ni into Cu UBM.
However, none of them is able to suppress the formation of the IMCs effectively.

The method for the inhibiting growth of the IMCs is proposed in this study. It is



reported that there are many channels in between the scallop-like CugSns IMCs.
The Cu underneath the IMCs can diffuse through the channels and facilitate the
formation of the Cu-Sn IMC:s; in other words, the channels between the CugSns
scallops play critical role in the growth of the Cu-Sn IMCs.

We propose a highly effective approach to inhibit the growth of the Cu-Sn
IMCs. By depositing a thin layer of solder on a Cu film and after a reflow
metallurgical reaction at 260 °C for 10 minutes, the channels between CugSns
IMCs can be closed up or a layer-type Cu;Sn IMC can be formed. The system
used to demonstrate this approach is SnAg2.3 solder, pure Sn and electroplated
Cu. Two schemes of structures were fabricated: the first one is 2-um-thick
solders on Cu UBMSs, and the second one is 20-um-thick solders on Cu UBMs.
The 2-pm-thick solders sample was reflowed for 10 minutes to close the
channels between CusSns IMCs. When the sample was jointed to solder
afterwards, this layer-type CusSns IMCs becomes a diffusion barrier for Cu
dissolution during additional reflowing, and the growth of the IMCs was
significantly retarded.

In this study, the increasing thickness of the Cu-Sn IMCs was only 0.2 um
after the reflow at 260°C for 10 minutes. Without the diffusion barrier layer, the
increasing thickness of Cu-Sn IMCs is 1.2 um. It is evident that the growth of

Cu-Sn IMC:s is significantly inhibited in the solder bump.
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Fom 15 CugSns #efh it % & 0 2 B il i 4 IR0 o e £ 15 g 2
EFPY18um B aisl > { RS AFTR P R EREEY A AR R
BT~ B 20 im chd fEiEH o Mo AKT T g B o

Far i £ 4 F CueSns 2 °CusSn @ 8> 407 fRiea A4 £ 1
Podrab g o FPE-T 42 um HAF A 1Oum AR B E o i e B R b
ZBd s A 260°C THARIE 24 EF o RS AR >F B> CuisSnc £ B
Fa4md 18 um G o GG ¥ - AT BREET o d T F gy iR
AOF SR SH T V@A A 4 £ e Kirkendall Void » 0 F % % 7] o

Foh R EATE S 0 0T RARTIEE > TN A 05 R
18 um g 47 > g1 Poin™ 8 L 1 7 - B9 60 um B4R 47  fe R LB g g

O Ap¥E £260 °C 4 4 95 (Hot Plate) F 445 A4 B o 4ot B & 6 18 um

20



BHTERFT IR SkE  FREAIEN 3 A4 R AR 3-3 7T o

SAEF A Y o A BERIALE TRARLELR LR BRIA £ B £
s & B R LG AR

BBLPIGE R RIAREPIRA > F AR Y FE AL gERY C FH Y A R
LB W BRI BRI o B § AR T A G kL 0 50
B N 4;)&?7 CE b ge s Benf g 4R b RE TPk R mﬁ,9g4tx
pH: 9.8 3 fit % (Colloidal Silica) i i 4ie » #4587 ff 4e %] > B 1 4 £/
L& ehf G o

BRI A o A KRR TR e DAL (HNOs) ¢ fir ik
(CH;COOH) : H i (CsHs(OH)3)= 15 121 endh %% P > (F48 45 b % % & 15 >
g B R T s ok P eag § R T 18 (Ultrasonic Cleaner) 32 38 5
ARG O od N R G ERY > JESEY T TR
WA LB AP S T T RAF e o T AR S

#I!ﬁ%?\ o

21



Step 1: . 22 2022 =

IMC channel to closed up @
(reflow in oven Almostall IMC

@ 260 G for O min) ey

Step 2:
Deposited solder to
SnAg2.3  pre.reflowed sample

oh — 20 um

W WP
hotplate | ‘ hotplate |

Bl 3-3 Fook esESFLBE T AR o

22



3-3iRFE % 2

AT RS BARE L T RHERBEERAFLTEY S &
BREF > I B RTERR KRTERREE S 260°C> 27 0~5-
10~ 15 2 20 ~4a e 42 p)38 > B F R I8 > Bizg B 504 o

pUoeh s AR AR L B R R R T R de A ek 48 IR PIERPE Y A u)
L12903 A4 e

SR OEE N B RAER YR AR R A - A B2 (b
FHY T A~ BRRROER Y o ¥ b BT PG LD
WP gt sR s 405 T b - BAMREDO R B AR

MR G Ak B 2 R R Y o

23



3-44 471 E 3

ANEFT R P AT F EF R € 4 (Japan Electron Optics Laboratory,
JEOL)#1 H-6500 %] 1 3% # 3 % & + & #icéi(Field Emission Scanning
Electron Microscope, FESEM)# 5 3 & th & A, B 1 & o

= = § + (Secondary Electron) & # cn#cE X PR F L dAe Ren 8>
FRERFBR LG DR ,%%’d pLaF A - X F 3 B2 f(Secondary
Electron Image, SEI)BL % 3& & AL iR A& o

# w» fg 5t T + (Backscatter Electron) 2 2 ch#c® ¢ Fli 2k~ 2 A R @

N
ﬁft
il
5
%
pouil

FHGES Y R AR A Rk A JEd e A
* A8t 7 3 24P (Backscatter Electron Image, BED) L 238 & AR e33R 4 o
yoeb Ry P B F X K5 £ 47 A 47 ik (Energy Dispersive Spectrometer,
EDS)fam & & 47 » MR P IRfpeanie & o

AF g ¢ G AE T CueSns 2 il if (Channel) e H > @ * R E 4+ &

% ¥i(Focus Ionic Beam, FIB) o & 4 % g3+ & ¥R D £ 5 0 s 2 ad2

FRERFIF PR A A B E e 3V (Void) s B F 1Y 4
RT3 S g B LR N IRt R

B A AR Lhhbfs | S EERBELRER &% B A I

8 Image] k£ 0 57 " MGEL > B AP HREE 0 F BRREL T L



Bk o] A FRE Y SRR T S A 4 £ S SRR R DINA #
Bt T R amE P T e o

Bt B4 4203t 0 945 Tu 22 Chuan[41,42]% A H henh £ B &

PomR o HE DT AN
6Cu + 5Sn —  CugSn; (1)
42.65  80.59 117.74 (cm’/mole)
3Cu + Sn — Cu;3Sn (2)
2133 16.12  34.46 (cm’/mole)

d () QAPTd A AR L AEPERRE DR ) T
dONhr AP B IER G B 5 0.022Wo%[43] 4 b Y BEE S 1T &

I ALYV R IS ot S

-

ERAEBCESF 2R PV RENSEEF F o AP T

7| &gk o 78 [44] -

(h - ho) = kt" (3)

He h BB er Risd Schi A B 25 ER hy B4 4B 24
Ao BB o KEF BREFFFE LEFF o Ivhshy&2 tefFRT™ » #(3)

FBp AR

25



In(h — hy) =Ink +nint 4)

dogt fB RA LA F T W0 E  RF N K3 Q) T gl

F it %k ko

26



413 % BHRERE & A 2

RS R FRARED  He 7 SRR A BER AL RIAR
AR FERE TN R R R EFY - KRB 4-1-1 e 3 FE YR T4
% A 260 °C it % 1 & gFr 4% Kook chR|ALE > Bl 4-1-2 % iFARR] -

B A s e T IR o 4 e RELR AR R T R o B 4-1-3
S E R T 2um hd AR S 5 10 A 4B 4 fod AST 24 ) pF > 383
& CusSn HRIAL B AL B o Bl 4-1-4 5 F S o o a0 AT (4 1 4
18 um 5 4% 45 chip-iR Bl & RIALE] -

BREAARMLPEETRE G FFRT AL 2um BH e
$5 10 A48T+ § reerup D chlic® 0 A5 5 TR K CuSns s H 3 A

TR R R B R LB RGT A L 4% CugSns B AR
25 Rk R R LR el i o 4o Bl 4-1-3(a) ~ (b)
i o H Ade b 18um A S e B L IERALABEM L EBE TG
b B 4-1-4(a)~(d)*77 > ¥ 5 F] CueSns @ B T Tk @ 225 Bk 0 § B30
b oE e AL R 4o R 4-1-1(b)

¥ 2 um4R A7 g B BRI 24 | 1S 4R 48 > Bl S KR 9 CuySn o

4oBl 4-1-3(e) ~ (D77 > ¢ Rl BRI EPEg iz o B 2 (54 18
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um B 447w 4% s L A EBRAEFHCEFEEF G 0 F ”%E‘J% & L4
CusSn o 4R H Frak 4 o 5 & ~ 4547 P F ok B4 40 4o B 4-1-4(e) ~
(D7 -

“F TR R g EDS A E AR A A o

28



n WD 10.0mm

Bl 4-1-1 267 P 87 4= SEM RIALE  (a) 2 um SnAg2.3 & 5 um
iF h. 5 (b) 20 pm SnAg2.3 & 20 pm 4k fh 3. 0 (¢) 2 um Sn = 10 pm 4F

g b2 & (d)20 um Sn A 10 pum 4F 5 o
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10gm WDI102mm

3,000 1 |!|— WD 10.0mm

Bl 4-1-2 w7 FFEPE T 442 DSEM 408 ¢ (a) 2 um SnAg2.3 A& 5 um
4F 3.t 0 (b) 20 um SnAg2.3 7% 20 um 4F BB > (¢) 2 um Sn = 10 um 4F

b2 2 (d)20 pm Sn - 10 pm 4F 5 o
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Cu,Sn, SnAg2.3

NCTU COMPO 15.0kV 1,200 1W0gm WD102mm

NCTU COMPO 15.0kV {1,000 0gm  WD10.2mm

NCTU COMPO 15.0kV  X1,000 100gm  WD10.1mm

Bl 4-1-3 &7 % 2@ 8 4260 °C it 4% {5 ¢ SEM 4R 22 -4 1) : (a) ~ (b)
2 um SnAg2.3 % 5 um 4F hB. F x 4% 10 4 45 0 (¢) ~ (d) 2 wm Sn & 10 um 4F

Wb 4R 10 A48 % (o) ~ (DA ASE 24 | P& > 28352 CusSn -
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NCTU N 000 10pm  WD94mm

100 W0gm WDI10.1mm

NCTU COMPO 150KV X1,000 10pm  WD94mr NCTU

Bl 4-1-4 & 67 % e 1260 °C i 4% {54 + 18 um 5 4345 o SEM R4
2 4R ] ¢ (a) ~ (b) 2 pm SnAg2.3 A& 5 pum 4 i b e 42 10 A 4 (o)~ (d)2
um Sn Z 10 pm & 3¢ 4% 10 A 4801 % (e) ~ (DF AT 24 -] pF 2317 =

CU3SI] °
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427 iR R T A LI L £

v

BfEW - @D SR AR T s £ F o B Rk
* 260 °C U4 @ 3217 0-5~10~15 420 A 4 i 4% - ) 4-2-1 .20 um SnAg2.3
245 4 20 um 4F L P R R L e PR T chRIALE] 0 AL MR B
T ARMEPSTE EIL > SRR A &4 CuSns 4T B4 R 5 2
N TELI ARPER A K o

H AP R A LR HE S RO 0 B] 4-2-2 £.2 um SnAg2.3 447
B SumdF hEL L auE R e Fw s 10 A4 i AgE E £ 18 um
Bdssd o 2w P T chRIALE) o a0 A g 4R pRE Y o AR R G R
T R 1 CueSns 177 iR4F ARt R Akl i 45 10 A 4815 2 B B on
BE B EP RS T 1 pm o CueSns = £ 1y - 7 K_FIB ®1f? F #R

%3] CueSns spg e R4 R G > BB EY % LRk 4oB 4-2-3 97

>
o

Rt 4% 15 A 4TS 0 % T F1E ke CugSns £ T B 6 i chB B4R v

2

=N\
L
=2

P B AR R L S E BN o p SR A

i i
L

B?;_ 5y
P ok o TG TR BRI 4 4

S
|

e
pag)
I
R

v R

h

=
S

B

N1

P2 BB %R AR doF 424 9TF 0 ST R BRI 0
RO R AR LS BT hiv 4840 § Frok ek

BEEF R CuSns ¥ CusSn ¥t 4H £ Y &4 & £ frab gk o
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B 4-2-5 20 um S 45 A 10 um 4 55+ erE P A aw R R T e pIARL ) o
MaHBEgRY T AREmah B HEIT > S L RPN LR LS
CusSns fe g5 45 22 4 i & 4 2 T Mg 42 PF AV =& £ > =2 & 5V 2 B 4-2-1 - 4% o

Bl 4-2-6 €2 um #4145 & 10 pm 4F i b o B iR (Taw 4% 10 A 4 0 il
WEJE 0 B R 18 um BARAT o L gRPER T RIARE o F L ar 4%k
Bl a8H Rk A2 5 TR K CueSns » I Bz 18 dhue 48 p| 2R ¢
FAF AR E R £ R f 0 E CueSns & £ il -

B 4-2-7 2.2 pm #545 f 10 um 4F 55 ¢ e P LR (T A RID 24 0] B
Bk CusSn a2 » £ 45 ¢ 18 um 54547 > 2w g5 g P T g AR R o AR
CusSn +* CueSns § { 4Fen@ Zandk » fuan 5 A 4w 20137 o 44 % 6 1
CueSns BT 5 272 4 £ B3Ffed= 4o k@ — Bk CusSne AR i 48P
FI0A B Barh NI IMAE R ¥ E ~ % Bk CueSnsy 2 2% CuzSn
Ty R TG PR A 4L 0 3R K 3095 8 CueSns chR FIE_F] S A
it T CueSns & CusSn #& Z_> CusSn i& H & 2 £ 277, = CueSns o f1#* % 4-1
R FAL 0 HZ EAOERAEAREY P AR b2 BRI HPER

IF»LEI’ ]4]%]428"7;?IE,)%];P‘CU_3SH$»P|]—/‘4?);:7 Lb,}wmr,\ﬁ 9‘?%51

=\

3t 5 T 4 & CueSns v % o
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Bl 4-2-1 20 um SnAg2.3 4547 20 um 4F (b} g B > Lir AR T h

SEM R 1 (2) 0 A 48 (b) 5 A 48 (c) 10 A 48 - (d) 15 A 452 () 20 4 4% -
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COMPO 150KV X1,000 10 ym WD 9.4mm COMPO 150KV X1,000 10 4 m

COMPO 150KV X1,000 10 #m WD 9.7mm COMPO 150KV X1,000 10 4 m

COMPO 150KV X1,000

Bl 4-2-2 2um SnAg2.3 4547 & Sum 4 (G E P 0 A T4 10 4 48
U AT B 18 um B4R4F > L 4RpE T ch SEM RIARE ¢ (a)

024> (b)5 A4 (c)10 A4 (d)15 A~ 4% (c) 20 A 4 o
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B 4-2-3 i 4%p)3E 10 A 457 FIB % 1% : (a) 2 um SnAg2.3 4545 & 5 um 4F
B o RGBT 4R 10 A 4B0R i R T o L 4R 18 um B ARAT aE R

(b) 20 um SnAg2.3 £5 47 f 20 pm 4F [HB b s oo

4
—a— Non-pre-reflow
e Pre-reflow 10 min

3
E
S
n
g 2r
2
i
-
==
O 1r
=
|

0 =

1 1 1 1 1

0 5 10 15 20
Reflow time (min)

B 4-2-4 FhBEHFEY  MEBEFEARARMHFEFRM M GE -
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COMPO 15.0kV  X1,000 10um WD 10.0mm NCTU COMPO 150kV  X1,000 Wegm WD 105mm

COMPO 150KV X1,000 10gm WD 10.0mm NCTU COMPO 150KV X1,000 10gm  WD96mm

COMPO 150KV X1,000 10 #m WD 9.4mm

B 4-2-5 20 um A4 5 20 um 4F P czE B o R 4R pE T 0 SEM AR

D(a)0 A4k o (b)S A4 (c) 10 A48 > ()15 A 48E (e)20 A &b -
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NCTU COMPO 15.0kV 1,000 10gm WD 10.1mm NCTU COMPO 1,000 10gm W

Cu

COMPO 150KV X1,000 10 xm WD 9.7mm NCTU COMPO 1501 21,0 1M0gm WD 100mm

COMPO 150KV  X1,000 10 #m WD 9.9mm

Bl 4-2-6 2pum #4454 10 um 490 g B o hiB T iw 48 10 A 4R 0 i
GUESE 0 B b 18 pum B4RA7 > 2w 42T T 1 SEM RIALE ¢ () 0 A 4 -

(b)5 A4 > (c) 10 A4 > (d) 15 A 4% (e) 20 A 4& -
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150KV X1,000 Wem  WD94mm NC COMPO 150KV X1,000 1Wem WDI102mm

Bl 4-2-7 2pm 447 4 10 pm 45 R P LR F AT 24 ) AL K
H CusSn 2 » £ 45+ 18 um 54547 » L w4505 FF T 9 SEM R4 B © (a)

0448 (b)5 A48 (c) 10 A4 (d)15 A 482 (e) 20 A 48
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) 4-2-8

—a— No Barrier

: -
¢ Cu Sn_Barrier 7]
31 4 Cu,Sn Barrier T -
g -
- | Y.
S _/
w
2 2 L '/, . L ]
-t j ?
=
S M
O 1} “ A
> / o
- ! A
T .-/, —
0 & 2
1 s 1 1 1 1
0 5 10 15 20

Reflow time (min)

BRI 0 A AR AL

41
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241 FREPALERC LS DTIBE BT
LY RLE S
M AR PET (A AR) [2um B E BASE 10443 Y (um) | & T B FEIT P (um)
4 2.16 £0.06 2.93+0.10
9 2.62 +0.08 2.95+0.12
14 337+0.14 3.11 £0.09
19 4.22 +0.05 3.58 £0.07
24 5.08+0.12 5.03+0.12
LY =8
B AR PER (A 4E) | 2pum T R FAST 10 4 483F 2 (um) | 2 pm T ¥ FUERIE 24 ] R E (um)
4 2.08 £0.10 4.10+0.26
9 2.13+£0.10 4.13+0.26
14 2.62+0.15 4.49 +0.25
19 3.74 +0.13 4.67+0.33
24 4.07.+£0.17 5.12+0.51
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AP A AR RBER LR 24 £ & F CusSns it 4% P
Wi e AR T2 E CulSns S end £ R o

B] 4-3-1 % 20 um SnAg2.3 4547 & 20 um 4% (LB b g P o A AR
T AR E) o CueSns i 4EPFER R I E > T RIS E Kk o ¥ ¢h > CugSns
Bt B end o N F R B AR B S o

Bl 4-3-2 5 2 um SnAg2.3 4547 & 5 um 4F JhBLF iR R o RiE{Tiw 4R 10
AdBR b T L $ 0 18 um B4R 45 & i 4R BRI T AR BB o CugSns
7 B 4-3-1 ¢ e Bk ol n TeRR 4Rk o CueSns 20 FF el B e 4
iE'Jé‘éEHéE%)Tﬁﬁ MAT R E o BT g B B T G e B AT
CugSns © S LB T > & B, [ Bem < g~ & R #kd o

A0 AR B LB F 97 G P CueSns B B 2 SF K 0 4o B 4-3-3 477 0 2 ER
LAk s Sy s ts ek 5 14 L AeHLHEF Y & ,T*n—\Cu6Sn5<§ Pl iR o B
N A 420 L E B AREFT M AE 0 4B 4-3-4 F17 o d b
MGRe v SR RASEGE P Hi - P aF A pH Mtk 2
FlasEp R £ 310 2480018 A B A adZeaE P 3 CueSns i i £ &
FHrIRIT G o B A IR AR Y o

¥ & CueSns = ’"’T,ﬁ e Cu r+ 'Qmﬁn{ BIE & CugSns 2 & e f'Ei
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PRET R FH I gL koo

44



X700 Wym WD102mm SE X70 10ym WDI102mm

WD 10.1mm

WD 10.1mm

Bl 4-3-1 20 um SnAg2.3 4%4F £ 20 um 4% (LB P R 0 A AERER T on

SEM iR 1B < (2) 0 4 48 0 (b) 5 4 48> (c) 10 A 48> (d) 15 4 483 (e) 20 4 4B -
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Wygm  WD101mm NC Sk 5.0kV WD 10.1mm

m WD 10.1mm SE XK Jpm WD 10 1mm

Wym WD102mm

B 4-3-2 2um SnAg23 4545 & S pum 4k LB b g P Lie s 10 A 48
U AT > B4R 18 um B AR4F > & v £2PE T 0 SEM il : (a)

024> (b)5 A4 (c)10 A4 (d)15 4% (c) 20 A 4 o
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B 4-3-3  CueSns & 7 2. B © (2) 20 pm SnAg2.3 4247 % 20 pum 4F /H 4.}

3

R 7 0 (b) 2 um SnAg2.3 4547 & 5 um 4F (G B P o LB T 4R 10 A sER D

WA PRdT 0 B 18 um B4R R R o

5000
=— Non-pre-reflow
- .\ & Pre-reflow 10 min
‘é‘ 4000 |- .
2 5
= N
G e
= 3000 - \
= e
= \
= \
5 N
= 2000 - ==
g ° L e .
H -
®
®
®
1000 1 " 1 " 1 L 1 L |
0 5 10 15 20

Reflow time (min)

Bl 4-3-4 CueSns ds & R % 45 PEAPRF P 2 B (2R o
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% 42 CueSnsid if hi £ B AT o

AR (S &) | AT R LR T (um) | 2um F B A S (um)
0 4400.21 1841.08
5 3370.10 1873.69
10 2166.08 1402.25
15 1835.06 1277.41
20 1659.74 1176.52
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4-47 IR DA SR LA R EF ¥ &k

hEP 420 @R A BT R B R 0 1R 34 ¢ i et 2

RE SR F o

L3

B RT EE BT 0 ) R AR i R g -

B 4-4-1 % ¥ P 2iE 5 > 20 um SnAg2.3 4547 & 20 um 4F (L. b o Saw
PR~ A& HE AN EFEFERE B Rl LHEFT O
Becim il T REAFTEI034 FL AL Bd—?F'&ffpﬁxnlao ¥ eI F %k e
P fibARRIE 10 A AR T T IR vk o FPL R ERBw 10 A s 4%
BRARE AR - TuE A SR O AR S5 2 £ sl a5 BT
(Ripening)#z 4] » = £ PP 4p i n B 5 0.33[45] 0 ~F7 3 ¥ ehilic(Es 4§ 42
o Bl 442 LR BkeE Y > 2 umSnAg2.3 4548 & 5 pum 4k (h B b o S ge
RIFF0~10 248 R-H A4 £ i G BRI Bp Rt L {HPFF itk
BB Pt PEINES 004 HFREFIdn @R w 3-45;8F(3)

TR i ¥ ke
FoesfREmrEEF kP EBSL~ L5 3.12X%x 1072 em3s™t &

L

540 X 107 em3s71 - d

o

A0 0t CugSns b s SBECRLIR A e 8 0 4

s

ERT A L BRGEY L FRY LT R B R

“T\l.\\(
AN
o



H#F 5 CueSns £ CusSn v 5 FHATIEFE K Tk o
Bl4-4-3 5 2um 47 & 10 pm 4F b g 8 > R F 0 B FEgE A S

CueSns il & # {lmi%/ﬁ] £ FEF 18 um 54547 5 5w 4% PR 0~10 4 48 0 B

N

AERCEF BRI Ritlic L HPFF i ® Wl > &
LB dien %2019 B 4-4-4 5 2pum A4 A& 10 pm 495 a0 8o
A7 B A AILA) S CusSn w5 FFHTIedE A > L8 18um K44 > 5
WEERIEO0~10 A8 BB A EBH LS ERAR B R L HET D

%‘J’ﬁ{lﬁ' lpk}%] P}:’ﬁ’:«b ¥ f ’:‘J 'ELP' 006 o

7‘**\
=~
\
\—-
Ly

CueSns iz FHHTIEIE A & CusSn i 5 FHITIEFE R e
Aul L 948 x 1071 em3sL g2 438 x 107 em3s o d ptEwF A5 1
CusSn B 5 FFATIEFp e i #94 & BN L b e 4R p)ia Y en L S g
W CueSns i FEFR & cndt R e d Pl P 3F S o ¥ o o d NEHP B R
O AP SR AT B F it S kel B0 G b R P F B s

ST EL=1 EIETERE

50



20 pm Solder In(Ah) to In(At)

1.30

1.20 <>

He y=034x+028
i 1.00 //_'_,_,,.. i
Eo% rd

0.80 _,,-/"/

o
0.70
0.60
1.00 1.20 1.40 1.60 1.30 2.00 2.20 2.40 2.60 2.80
In(At)

B 4-4-1 ¥ ez % > 20 um SnAg2.3 4545 & 20 um 4 JhBL b o 5w 4% R

020 40 6 £ £ 4 BRI B R EHE SRR D OH R G -

Cu,Sn; Barrier In(Ah) to In(At)
1.16
1.14
-

112 -
_ y=0.04x+1.00 _—
= g
<110 _—
£ _—

1.08 ff *

o
1.06 .
1.04
100 120 140 1.60 180 200 220 240 260 280
In(At)

Bl 4-4-2 FEHeFEY > 2umSnAg23 4 A SumsrhBE b > LT H R
F eI A5 3 CueSns s FHETIEAE A > £ b 18 um B 4% 47 > 553w 4% )3 0~20

Ba G ETB E AR R R B R £ PR I ) -
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Cu,Sn; Barrier In(Ah) to In(At)
1
0.95 ¢
0.9 _—
055 y =0.19x + 0.42
E //,,,
< o8 _—
2
= 075 - B
0.7 *
0.65
0.6
1.00 1.20 1.40 1.60 1.80 2.00 220 240 2.60 2.80
In(At)

Bl4-4-3 2pum 47 A 10 um 4 % b g o e 7 B g2 35 2 CueSns

£

o

PR PBATIEIE R 0 R 18 um B4 > S 4RRRR 0~10 A 48 B-H 4

RS ERE S RCT T Rt R

Cu;Sn Barrier In(Ah) to In(At)

1.52

1.50 L 2

148

y =0.06x + 1.31

=146
)
E s

142

*» *
140 —
138
1.00 1.20 1.40 1.60 1.80 2.00 220 240 2.60 2.80
In(At)

Bl 4-4-4 2pm 47 A 10 um 4F % F g P o e 70 B A aJ2 352 CusSn

PR IEECIESE R 0 B4R 18 um B4 i 4ERR 0~10 A 4 HH 4 4

o

Bl B4 BRI B g A B R E D R -
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$7% 8%

BAETY o A PR REEY 2um hESH > FF RS A KT A
$oo TR BICHILIEA - F R P LR IBHE M LB L P
R o AR ERFEFT RS mi £/ EF D Al pm 52
oo R hi 4 K 2 um G o sx kB E o T B g 10 A s ehE
it F kB Y TR E] 0 G OIRdEA R R 5312 X 10712 em3s™ 1 > %
AR 540 x 107 em3s™1 0 0 - BaE & o

$r gk oI P TS S ke R AR A AR B
Z Bl AR R BT BN E R Tl R IR I e 4R 2
fextgR st o E At A g BIVEF R Bk o

BB N & BT & d CugSns 22 CusSno £ s (F 24 b 2 & oot s

AT o R & CusSns WA FETIEIHA A BEFR P EFRILE T

N AP E o L CusSn ISR 0 B A AR pER B 10 A AR
BIpg ~Eanh B4 Ld 310442 SFheT 30 28T

25 BT CusSns o ¥ Rk 4 10 A 4k B F K B E 0 12 CusSn fafe
WA ARE R 438X 107 om®s™h 5 % £ e CueSns s FRATIESE K %
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