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Effects of Alloying Elements on the Tensile Strength and Electrical
Conductivity of Cu-Fe-P Based Alloys
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Abstract In this study, the effect of Sn and Mg on microstructure and mechanical properties of Cu-Fe-P alloy
were investigated by using scanning electron microscope, transmission electron microscope, tensile strength,
electrical conductivity, thermal softening, size and distribution of the precipitation phases in order to satisfy
characteristic for lead frame material. It was observed that Cu-0.14wt%Fe-0.03wt%P-0.05wt%Si-0.1wt%Zn with
Sn and Mg indicates increasing tensile strength compare with PMC90 since Sn restrained the growth of the
Fe-P precipitation phase on the matrix. However, the electrical conductivity was decreased by adding addition
of Sn and Mg because Sn was dispersed on the matrix and restrained the growth of the Fe-P precipitation.
The size of 100 nm MgsP, precipitation phase was observed having lattice parameter a:12.01A such that [111]
zone axis. According to the results of the study, the tensile strength and the electrical conductivity satisfied
the requirements of lead frame; so, there is the possibility of application as a substitution material for lead

frame of Cu alloy.

Key words Fe-P, precipitation, Mg-P, leadframe.
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Table 1. Chemical compositions of cast slabs (wt%).

Alloy Cu Fe P Zn Sn Mg
1 Bal. 0.146 0.038 0.107 0.053 -
2 Bal. 0.144 0.036 0.106 0.102 -
3 Bal. 0.143 0.036 0.107 0.156 -
4 Bal.  0.147 0.037 0.105 - 0.047
5 Bal. 0.146 0.039 0.104 - 0.089
6 Bal.  0.145 0.039 0.103 - 0211
7" Bal. 0.143 0.035 - - -

*Alloy 7=PMC90
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Fig. 1. Processing of specimens.
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Fig. 3. SEM image (a) and EDS analysis (b,c) of Sn added alloy.
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Fig. 4. SEM image (a), (b) and EDS analysis (c) of precipitationof Mg added alloy.
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Fig. 6. (a, b, ¢) TEM image of Mg;P, compound on the matrix, (d) EDS analysis of Mg;P, compound.

Table 2. Mechanical properties and electrical conductivity of
Alloys and comparative alloys.

TS EC
(kgf/mm?) (%IACS)

1 48.8 74.6

2 50.6 70.1

3 51.9 67.4

4 51.7 66.7

5 53.1 64.0

6 53.4 63.9

7 38.0 85.0

Bz vul2E GuosYdl o8k 3}8HFEH] (mass%)
Mg/P =0.6~2.5¢ ] H71HEE9] A3iRlo] A2 Mg;P,
7} FAEE, 2 3275 02~1 pmE QAT 2 st
EAJeRdel dES mXE AoE dEA Ak b A
719 AzERE 2ol Mg H7FsF 739 480°ColA
Aag o MEsHE Mg-PSlRHES MgP,dS 8l 4
ATt

33 7IAY Sd  22H S4 =AM

Table 20 7z} AJA SAT A=, A7HE=RE
AEE JeEplon, 7} 44 Hrkgel e =84
3% Fig. 791 YeRH AT

%)

55.0 9.0
o 800 0
E 50.0 : ;se
~ —
) 700 £
< 450 s
< ]
g‘ 600 32
£ a0 §
@ 500 Y
3 g
g 350 z
IE 40.0 §

w

300 300
0.053 0.102 0.156
wt% of Sn

Fig. 7. The change of tensile strength (TS) andelectrical
conductivuty (EC) in Sn added alloys.
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Fig. 8. The change of Tensile strength (TS) and electrical
conductivity (EC) in Mg added alloys.
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Fig. 9. Variation of Micro-Vickers hardness of alloys with
varied annealing temperature for 30min.
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