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Abstract

The effects of pulse current electrolysis conditions on the composition and the microstructure of Ag-Sn

alloy were studied by using a pyrophosphate bath. Both cathode current efficiency and throwing power of

alloy deposits formed under pulse plating conditions, decreased with in¢reasing mean current density,

and

lower than those under D. C. electrolysis condition. Tin content of Ag-Sn alloy decreased noticebly with in-

creasing the mean current density, while it increased with the increase of On-time from 1 to 10 ms. The pre-

ferred orientation of Ag-Sn alloy changed with increasing path(}de overpotential in the sequence of (200)—
(100 +(111)—(111) at 20°C and (110)~+(111)—{111)+ (100} at 30%C. The effective crystal grain size of
the alloy was decreased by decreasing temperature from 30°C to 20°C and the surface structure of them was

related o the preferred orientation.
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Table 1. Bath Composition and Electorolysis

Condition
|,_ — ; o . —_—
\C()mpositierll Conc.{g/1) Electrolysis Condition [
[KAg(CNY,| 1851
\__ | Temperature : 20°C, 307
e _ i Bath volume @ 500ml
i 5!’1;.}' ZO, 51.68 ])H - 10
lr ———————— Mean current density . 1,3,6,10
K0, |o1egz1 |mAjem '
] L |Stirring . 200rpm
| _ Ton 2 1,10ms
I KCN 15 | Tute 7 1,7,20,9C ms
‘ | Anode ; 99.99% Ag sheet (3%
NaBO, | 10 dem)
B Cathode | Copper sheet {3x3
cm)
H.0, 2ml
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Fig. 1{a). Current efficiency vs electrolysis
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Fig. 1{b). Current efficiency vs elecirolysis
conditions at T. =10ms.
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Fig. 1{c). The change of the current efficiency
of Ag-Sn alloy deposits according
to the peak current density at 20°T.
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The change of the cathode overpot-
ential of Ag-5n alloy deposits acco-
rding to the electrolysis conditions
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55 Table 2. Tin content of Ag-Sn alloys accor-
- foff 21 :g; ding to the P.C. electrolysis condition
% sl 35323 at 207
& : L
a (mA Twr| Twu=10ms |Tar T, =1ms
E | v ,.|{ms}| Sn Content(%) |(ms)| Sn Content( %)
2 3 /em*) !
- ’ 1 18.8 (0.1 18.0
s . . . . ‘ ;o 7 18.5 0.7 17.1
o ] A & 8 10 19 20 | 17.4 120 17.7
Mean Current Density(mA/cn’) 90 ! 16.1 9.0 15.4
Fig. 3{a}l. The change of the throwing power 1 14.0 0.1 12.2
of Ag-Sn alioy deposits according 7 13.5 0.7 13.7
1o the electrolysis conditions at T, S P ! 18 20| 23
=1ms. 90 13.4 9.0 13.2
o i 10.1 0.1 8.9
7 9.1 X 8.5
- "5 9.6 2.0 7.0 f
£ a5t 80 9.0 9.0 7.0
£ 1 8.6 0.1 | 7.6
z o L7 ‘ 8.7 0.7 7.6
| : 3 (Tnj;f)gio u | 20 8.0 2.0 6.3
o202 l %0 | 80 90| 6.3
25 2 +
o 2 1 5 8 10 12 '

Mean Current Density (mA/en?) -

Fig. 3{b}. The change ot the throwing power

of Ag-5n alloy deposits according
to the electrotysis conditions at T
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Fig. 4(a). Tin contents of Ag-Sn alloy acco-
rding to the P.C. electrolysis condi-

tion at 20°C.
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Fig. 4{b). Tin contents of Ag-3n aloy acco-
rding to the P.C. electrolysis condi-
tion at 30°C.

idtd 3mA/eme]dhe) A Eel A AgSnitel
Bk #A s Y4 5L o 4 9i9ith Leidheiser 59
2 P.C.oAsigel D.C syl vlaste] Ag-Sn
ool AgSn 47 52 d4% HAd
A0S B ub odeh oebAl B ol el A
T 20T Azl aHEAHAsAlel AgSndt
o] EAsgE vl o] Aal= 20T AHFfd=
=74 FFFe FAGgg} Frlsiz F4d
A=tel @ Fabe] Aabxle] 7|13 o s #Helx
v AbA EE A 7 o] 244 salel 4 7hE

3.3. MuiEk 3 BojHzxH
"P.C. Asfzze 7% Ag-Snit

o
©
-lo
iy
)

Table 3. Texture Coefficients of Ag-5Sn alloy
electrodeposited at 30C

Im (TM Torr Ag-Rich Phase ]
}3"‘“‘% (ms) | (ms) [(111)(220)[(220}|(311)|(222)
1 {1106 17 | 08|07
7 [ 11108 |15 08 | 07
10 50 [ 13T L1 | 1.3 09 | 06
o1 {90 [1.2 09 [ 120908
' 01 [ 1.2 | 07 | 15 | 0.9 | 0.7
0.7 | 12 ] 08 | 1.3 | 0.6 | 0.8
L Mo Tl o716 10 |07
: 90 | 15 | 0.8 | 0.8 | 06 | 11
1 |12 |08 12| 1.0 | 08
7 [ 1z To08 11| 1.0 08
10 2015 (08 (00 [c8 110
03 90 | 1.9 | 06 | 05 | 0.8 | 1.1
' 01 {15 | 06| 1.3 | 0.9 | 0.8
07 {11 (04117105 08
L 3o Ti0 o8 1851271 14
50 | 1.0 | 1.0 | 1.3 [ 1.0 | 06
i 1 | 331030 02 | 1.3
7 128105 101 1041 12
0 2072507 01 |65 12
08 90 | 21 | 1.3 ] 0.2 | 0.6 | 0.8
' 01120 15 ] 01 | 08| 09
07 (25 104 01104 | 13
I M50 725 (09 (61105110
90 | 31 | 0.1 |01 [ 0314
1 118 16| 06 | 0.8 | 07
7 | 1312 |08 ] 08| 08
10 50 116 1.2 06 | 08 | 0.7
0 90 | 1.7 ] 01 | 0.7 | 0.7 | 09
’ 01 [ 18 [ 13 [ 04 | 07 | 08
07| i8] 0.0 | 0.3 | 1.0 | GO
L 2011810 [ 02109 |10
|90 [ L7 {13 {0508 |08

off weba] SAe e (110)4 Ao e 4
3 (110) + (111) & 3hul el A (110) + (111)
+(100) ¢z 2 - (111 A ¥ 8- (111) +
(100 egxxe] £4z Walsle] DC AHsls
Ag-Sn #F9 #4998 AL WEA S e
Wolnh wepd $-& AFHEY ZhoM FEF
21+ (100 &gl x2S vieliol (100)
Axpdel Aol EgH AdE Lees o] EWof

B A gkgkch

dhedel] A&7t 20CE AFH 2HdA4E
Afdzel Frobell whebd SAsEEe (110)-
(100)+ (A11)—(131) FAlw)ake] =42 435
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Table 4{a) Texiure coefficients of Ag-Sn alloy electroplated at 20

T,=1ms
{ Tw 1 a-Phase{Ag-Rich Phase) Ag:Sn Phase ‘
b ms) | iy (200} (2200 | 1 | (222 (100y | ey | (2o

— I o 066 | 0 4.34 0 0 {
o1 [ Tor 0.83 0 417 1 0 0
CmA/er® | 20 | 083 0 L AI7 0 0
| 790 1 090 0 397 | 0 0 |
o w 35/49 0 1786 |0 0 82/105 | 80/106 | 23/30 |
0.1 0.51 0 148 0 0
3 [ 07 0.61 0 a3 0 0 {
v Y O 0.49 0 151 0 0 '
] 80 048 0 152 | 0 0
w T a0/48 0 69/114 0 0 122/180 | 61/125 | 23/28
01 et 259 | 054 |0 g |
6 0.7 247 253 0 0 0 1
A et 2.0 145 | 153 70,63 0 0| :
: X 33¢ ' 0 . 185 | 0 0 |
T Tias/s02) 127/z21 | 15/180 0 0 15/13 | 85/147 | 34/169
0.1 ¢ 296 0 969 | 135 0
10 0.7 3.20 0 072 1.08 0 J
mA/en’ | 2.0 38 | 0 033 o8 0 | !
- L 9.0 43 0 | 0 4 064 0 L !
- 1363/1431, 0 0/3 | 37/51 0 79/234 | 98/324 | 73/98 |

(<¥ . Integral Intensity of (hkl), cps}

Table 4(b). Texture coafficients of Ag-Sn alloy electroplated at 207
T.,=10ms

777—{ _____ LT, B o @:Phas(;(:*{g.:ﬂ_ich Phasc) Ag.Sn Phase !
\ (ms) AL ooy | ooy | oin | open oo | aol) | on)
T A "0 336 | 0.89 0 N T
1 7 T 0T 0 334 091 0
CmAjent |20 068 0 1 348 . 082 0|
T_‘gb'"" 031 0 413 046 0 '
o Fa Ean/180 -~ 1427256 | 2b/50 — i 195/380 | 75/120 | 39/64
T 1 088 1.09 1.87 .05 | 0
3 [T 7 086 | 0.6 251 099 0
D mAjemt | 20 132 1.05 1 183 | 079 0 ;
EE 124 086 177 1.03 0
i 7 342/1429 | 106/330 | 178/262 | 103/165 , — | 70/380 | 95/262 | 0/64 |
L 00 1.58 033 | "o o ! ' '
6 | 7 171 084 | 245 = 0 0
mA/en’ | 20 1.06 1.05 2.80 0 0o \
L L 168 [ 032 | 0O 0o 0 ] ! L }
| v [246/6%72] 90/304 | 0/167 1 — - 50/420 | 50/349 | 101/129
L 1| 282 1.16 6 . Loo | 0 i
w7 2.57 1.65 0 0.78 0 {
mA/en’ [ 20 329 | 0.89 0 08z | 0 ;,
! [ 50 494 008 0 0 70
I |1580/17200] 80/462 | O 0/150 | — 87/100 | 58/150 | /85

{¥r ! Inlegral Intensity of (hki}, cps)
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