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This study was carried out to develop a new alloy superior to pure nickel powder used as a conductive powder material for a
semiconductor test socket. As such means, composition variation of Fe-(3~70)wt%Cu binary system and Fe-Cu-X (X = Ag, Co, Sn)
ternary system alloy, ingot manufacturing, thermal treatment, polishing, microstructure observation, and physical properties (electrical
resistance, magnetism and hardness) were investigated. As a result, some of Fe-Cu binary alloys and Fe-Cu-X ternary system alloy
had better properties than pure Ni. For example, in the Fe-(3~70)wt%Cu binary system alloy, the Fe-50wt%Cu alloy had electrical
resistance (p) = 6.8 x 10® Q-cm, magnetism (Bs) = 0.9 (T) and hardness (Hv) = 209.8, which were superior to pure Ni. One of those
reasons was estimated to be due to an increase in the volume fraction on the &Cu (S.S.). In addition, in the case of Fe-Cu-X ternary
system alloys, particularly, it was confirmed that the addition of Ag, Co, and Sn elements has a slight effect of increasing electrical
resistance, but the magnetism (Bs) decreased as expected.

Keywords : semiconductor test socket, electric conductivity powder, electrical resistance, magnetism, hardness
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B ATE BIEA| HAE A8 Axy EAAE ARREE & YUAE D (pure Ni powder)Rt 953 A2 -3 73}
7] 981, Fe-(3~70)wt%Cu 2941 2 Fe-Cu-X(X = Ag, Co, Ni, Sn) 394 52 24284, YAz, A8 2 Oﬂu} %
Az # 8 EEVIAY, AR B RS AR 1 AT, Fe-Cu 29385 2 Fe-Cu-X 397 &5 5, 229 I8

AR %’—’F{ EXo] Adojt}. o] 5, Fe-(3~70)wt%Cu 2974 Z, Fe-50wt%Cu oS A71A43H(p)=6.5 x 107 Q-cm,
A4 (Bs)=0.9(T) 2 A% (Hv)=209.82 %= YA (pure N} $53F EAlo] dojAtt. olafdt 92 & shls oCu L8A A
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Fig. 1. (Color online) A schematic diagram of a commercial product photograph for IC semiconductor test socket.
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Table L. Results of electrical resistance, magnetism and hardness of Fe-(3~70%)Cu binary system alloys attempted in this study.

Heat treatment and properties

Alloy composition

Saturation magnetic

(Wi%) Electric_;esistance flux density Hardness Heat tre.a.tment Rep.
(o, 107° Q-cm) (Whim?, T) (HV) condition
pure Ni 6.8 0.52 105.6 -
pure Co 5.7 1.38 253 -
pure Fe 10.7 1.94 150 -
Fe-3wt%Cu 124 2.0 175.6 500°Cx5h
Fe-5wt%Cu 13.6 1.9 237.9 ”
Fe-8wt%Cu 13.2 1.9 248.9 "
Fe-10wt%Cu 14.0 1.8 284.7 ”
Fe-12wt%Cu 143 1.8 297.8 "
Fe-15wt%Cu 10.2 1.7 281.3 "
Fe-20wt%Cu 9.7 1.6 280.8 ”
Fe-30wt%Cu 8.5 1.5 245.1 "
Fe-40wt%Cu 7.4 1.1 220.6 "
Fe-50wt%Cu 6.5 0.9 209.8 "
Fe-60wt%Cu - - - ” heavy segregation
Fe-70wt%Cu - - - ” ”
- . r 4
. .
£-Cu £-Cu X
. 8 a-Fe(CuyFe,) 5 a-Fe(CusFe,;)
WP W < ‘
. R «
(a) (b)
800 2., -
700 -f v v aFe § (Cu) e
600 ~——————— &-Cu
0 10 20 30 40 50 60 70 80 90 100
Fe Weight Percent Copper . a-Fe(CusFe,;)

Fig. 2. (Color online) Equilibrium phase diagram of Fe-Cu binary
system [15].

T5)2 Cu F7Fde] Sl we} mlad Hd¥gzos 74
SR, Cu F7FFo] 50 wt%e i3 A-ol= A (Bs) =
0.9(T) 2 7% (Hv)=209.8(FeQ] 148 o)) dojFozH,
718 AN FEEE ANEE & AR 978 54
o] Lojxitt.

S B A7 AlEE Fe-60wt%Cu 2 Fe-70wt%Cu
FEAIEE A% HA(segregation)0] WAYE|o] So] B}
Atk ¥ Fe-Cu 29332 Fig. 29] Fe-Cu 294 H3A
BloA & 4= = vk} 2ol, aFe(bee) 2 Cu(fee) -84
Qo= jFe(fec) B SFe(beey’t EAIGITE. TS 7S] EARE
& (peritectic reaction)?} 17]9] 218k (eutectoid reaction)®]
Ao, 1096 °C oPF LM jFe(fec) /37 WKL)

a-Fe(CusFe,;)

(c) (d)

Fig. 3. (Color online) Photomicrographs of Fe-Cu alloy samples
prepared by heating at 500 °C for 5 h; (a) Fe-15wt%Cu alloy, (b) Fe-
20wt%Cu alloy, (c) Fe-30wt%Cu alloy and (d) Fe-50wt%Cu alloy.
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A X (segregation)©] TAHFH= Zo] YA UTH16].

Fig. 3 & Fig. 4= Table 19 YEPH Fe-(3~70%)Cu 2%
A FFAE Z, (a) Fe-15w%Cu, (b) Fe-20w%Cu, (c) Fe-
30w%Cu 2 (d) Fe-50w%Cu®] PIAZZ] 2 2 XRD &
2 A7E Jepd Aol Fig. 3 A7Ie 455 3] 3
g&u)FOMypl 23t vz B vz, cudzig
3lol] we} Fe-Cu 294 HEAENZA & 4 = Fe-rich
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(d) Fe-50Cu alloy

(c) Fe-30Cu alloy

(b) Fe-20Cu alloy

(a) Fe-15Cu alloy
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Fig. 4. (Color online) Comparison of XRD patterns of Fe-Cu alloy

samples prepared by heating at 500 °C for 5 h; (a) Fe-15wt%Cu alloy,

(b) Fe-20wt%Cu alloy, (c) Fe-30wt%Cu alloy and (d) Fe-50wt%Cu
alloy.
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Fig. 5. (Color online) Comparison of magnetic properties curves of
Fe-Cu alloy samples were measured by the VSM; (a) Fe-15wt%Cu

alloy, (b) Fe-20wt%Cu alloy, (c) Fe-30wt%Cu alloy and (d) Fe-
50wt%Cu alloy.
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Fig. 6. (Color online) Comparison of electrical resistance (a), magnetism (b) and hardness (c¢) according to the addition of element Ag in Fe-20Cu-

(0.1~2.0)Ag ternary system alloys prepared by heating at 500 °C for 5 h.
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Fig. 7. (Color online) Comparison of electrical resistance (a), magnetism (b) and hardness (c) according to the addition of element Co in Fe-30Cu-
(0.05~2.0wt%)Co ternary system alloys prepared by heating at 500 °C for 5 h.
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Fig. 8. (Color online) Comparison of electrical resistance (a), magnetism (b) and hardness (c¢) according to the addition of element Sn in Fe-40Cu-
(0.1~1.0wt%)Sn ternary system alloys prepared by heating at 500 °C for 5 h.
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Aoz Yehdth 9 Snd Fe-Cu 294 I 83 A 11
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