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Abstract: Pulse electroplating of Ni-P alloy was studied to fulfill the material requirement to the advanced vertical probe
tip in wafer probe card. The major concerns are for the electrical conductivity and yield strength. Plating parameters such
as current density, duty cycle and solution components were examined to obtain the nanocrystal structure and proper
percentage of phosphorus, leading to how to control the nanocrystal grain growth and precipitation of Ni;P after heat
treatment. Among the parameters, the amount of phosphorus acid was the main factor affecting on the grain size and
sheet resistance, and the amount of 0.1 gram was appropriate. Since hardness in Ni-P alloy is increased by as-plated
nanocrystal structure plus precipitation of NizP, the concentration of P less than 15 at% was better choice for the grain
coarsening without minus in hardness value. The following heat treatment made grain growth and dispersion of precipitates
adjustable to meet the target limit of resistance of 100 mQ and hardness number of over 1000Hv. The Ni-P alloy will
be a candidate for the substitute of the conventional probe tip material.
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Table 1. Electroplating conditions and measured data.
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No. H3PO3 (g) CD(mA/cm?) DC(%) Thk.(um) P(at%) Ga(nm) Hb(Hv) Ha(Hv) Rb(10"'Q/o)  Ra(10"'Q/m)
1 0.5 100 70 2.1 23.8 118 756 737 55.7 5.3
2 0.5 100 50 22 26.1 105 644 755 46.4 5.5
3 0.5 100 30 22 28.4 84 663 754 334 6.6
4 0.5 75 70 23 24.6 87 746 733 6.0 52
5 0.5 75 50 23 29.1 75 751 841 41.6 6.0
6 0.5 75 30 23 32.6 65 670 981 19.5 7.4
7 0.5 50 70 2.4 28.8 77 665 1023 19.5 5.7
8 0.5 50 50 23 34.8 81 680 949 14.8 8.2
9 0.5 50 30 2.0 38.4 76 660 969 20.5 11.5
11 0.3 100 70 2.0 20.7 142 828 905 24 5.5
12 0.3 100 50 1.9 21.9 123 838 957 52 5.5
13 0.3 100 30 23 234 96 747 829 6.5 5.4
14 0.3 75 70 1.9 21.0 127 833 979 3.6 52
15 0.3 75 50 2.1 22.0 114 830 1090 3.9 47
16 0.3 75 30 2.9 243 97 722 827 4.6 5.0
17 0.3 50 70 2.4 23.1 99 807 1148 4.9 4.5
18 0.3 50 50 3.0 25.5 88 669 1004 52 0.1
19 0.3 50 30 2.7 30.9 76 666 1110 12.9 5.8
21 0.1 100 70 1.9 14.6 199 737 1007 2.6 3.5
22 0.1 100 50 2.0 15.5 214 771 964 2.4 42
23 0.1 100 30 1.8 16.5 204 843 1052 2.3 44
24 0.1 75 70 2.0 15.5 234 686 922 1.4 3.4
25 0.1 75 50 22 16.1 217 731 833 2.4 3.7
26 0.1 75 30 23 16.2 203 802 944 2.1 3.7
27 0.1 50 70 25 16.0 213 788 927 2.0 33
28 0.1 50 50 2.7 16.9 167 725 936 1.7 4.1
29 0.1 50 30 23 18.6 117 845 1086 2.1 4.1
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Fig. 1. The concentration of P according to the plating conditions.
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Fig. 2. Crystal grain sizes after heat treatment, according to the
plating conditions.
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Fig. 3. Crystal grain sizes after heat treatment, according to at% P.

A7) 65~234nme] XS Bt 24 Y AAL ol
ko] FE7 RS FE AMSEC 45 28 AFE
7t =SS 24 Y 4ol SUlEE S Kol 3l
th 2Euh AJE HE #1427 So) HoFE A4 Y A
2] A7) Fig 39 Peel 249 A dig g
Zo| A B 4= g)50] P T 25 at% F-ZollH A Y
o] Ao tigt 7€ 77} Wslshe Aol veElvdE A
2 U A H g do] EAlsteE v FYolgta
T ATh P F= 15 at% F-2ollA 20 at% 2] A%
719 2 2 A3 Ao =2 utet 2Fo] Yy 4
olojr] & AA | oJal AA 3ol vlwA LA
Ao 2 B 4 gty whHo| UH A PERE 25 at% o173
A2 EA 25 AXEA BIZE JEdlA AlAE = 2
Y Aol ng pere St met Aol =5
A

of A= Ae & 4 Ak

oﬁmﬂllﬂi

L

3

3.3. gx2lof mE Bz Hat

Fig. 4 oAl EA2] ] AE+ 644~845HvS] X E
Hol&=d, P 5% 15 at% F2olA 2] 700Hv 9& =&
Are Y 2A ) oJg Ao 2 v pe| sx7t
H S7FsliA =& SAXE FA st heke] 27 o]
H| A o] HE& PO ¥ 25 at%S A LpHA wHe dHA %)

J. Microelectron. Packag. Soc. Vol. 24, No. 3 (2017)



80 A -

1200
m]
1100 o o o
u]
1000 o 5 o O -
: o g °
= 900 o
4 o © oo o
S 800 S AP
£ 700 ¢ 0o 12 Bl
4 O ® |00 ¢ °
600
O Hb OHa
500
10.0 150 200 250 300 350 400

at% P

Fig. 4. Hardness values before and after heat treatment, according
to at% P.
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Fig. 5. Sheet resistance values before and after heat treatment,
according to at% P.
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Fig. 6. Sheet resistance values after heat treatment, according to
grain size.
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