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Fig. 1  Production process of C19400 copper strip
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Table 1 Chemical composition of C19400 copper strip sample ( % )
Element Cu Fe P Pb Zn Others
Mass fraction 97.363 2.420 0.021 0.022 0.141 0.033
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Fig.2  Thermodynamic calculations for Cu-Fe-P system: (a~c) Cu-Fe; (d~f) Cu-P; (g~i) Fe-P
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Fig. 3 Thermodynamic calculations for the reaction
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Fig. 4 SEM images of defect area in C19400 copper strip:
(a) Blocky inclusions; (b) Pits; (¢c) Wormlike precipitation ;
(d) Rod-like precipitation
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Fig. 5 SEM-EDS results of blocky inclusions in copper strip: (a) SEM image; (b ) Elemental distribution diagrams
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Fig. 6 SEM-EDS results of residual inclusions in pits on the surface of copper strip: (a) SEM image; (b) Elemental distribution diagrams
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Table 3 Chemical composition of residual inclusions in pits

(%, mass fraction )

Element Fe P Cu
Pl 79.9 16.2 39
P2 78.3 16.2 5.5

P17 S il Ay B 3 T B 3R R AT HE AH 1 SEM-
EDS /#4553, Fe M7 AH LZRARTE 25 47 18 T 4
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Fig. 7 SEM-EDS results of wormlike precipitates on the surface of copper strip: (a, ¢, d) SEM images; (b) Element distribution
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Fig. 8 SEM-EDS results of rod-like inclusions on the surface of copper strip: (a) SEM images; (b) Element distribution
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Table4 Chemical composition of wormlike precipitates Table 5 Chemical composition of rod-like inclusions ( %,

(%, mass fraction ) mass fraction )

Element Fe Cu Element Si Cu Fe p

P1 97.2 2.8 P1 67.1 30.7 2.1 0.1
P2 96.3 3.7 P2 68.8 28.9 2.1 0.2
P3 96.8 32 P3 68.3 29.3 22 0.2
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Fig. 9 SEM images of inclusions in ingots: (a) Carbide;

(b) Oxides; (¢) Phosphide; (d) Hard point
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Fig. 10 SEM-EDS results of slag: (a) SEM images; (b) Elemental distribution diagrams
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Table 6 Chemical composition of slag (% )

Element C Cu 0] Fe Si Al P
Mass fraction 87.6 6.8 3.8 0.8 0.4 0.3 0.2
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Fig. 11 Mechanism diagram of defect formation in C19400
copper strip
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Table 7 Standard performance value of C19400 hard strip

sample
. FHLR JLAfIAR i/
PEfE R (HV) * fivse R
%TACS % MPa
C19400  125~145 =60 >5 410~490
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Fig. 12 Properties of hard strip sample: (a) Hardness; (b) Conductivity; (¢ ) Elongation; (d) Tensile strength
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Defect Analysis of C19400 Copper Alloy Strip

WEI Yinghui'?, LIANG Huijie'?, LIU Wei'?, CHAI Shengli'?, LU Jundong'?, YANG Jingzhao'”
(1. Shanxt Key Laboratory of Copper-Based New Materials, Yuncheng 044000, China; 2. Shanxi North Copper New
Material Technology Co., Ltd., Yuncheng 044000, China)

Abstract: Surface defects in C19400 copper-iron alloys significantly degrade both electrical conductivity and mechanical properties,
posing a key limitation on their application in high-end semiconductor packaging and electronic components. In this paper, origins and
microscopic morphology of compositional defects in C19400 copper strips were systematically investigated. Distribution behavior of
elements in the copper matrix was first predicted using Miedema model for thermodynamic calculations of Cu-Fe-P system. Subsequently,
the defective samples were characterized in terms of microstructure and composition through methods including spark discharge optical
emission spectrometry, scanning electron microscopy, and energy-dispersive spectroscopy. Results revealed the presence of various
inclusion defects and precipitation in C19400 copper strips. Specifically, oxide inclusions appeared as irregular flakes; carbides aggregated
as dark fine particles in localized areas; phosphides were distributed inside pits; hard inclusions were embedded as irregular particles
within the pits, and precipitates aligned in elongated forms along the rolling direction. Traceability analysis indicated that compositional
defects introduced during the melting and casting stages remained through manufacturing process to strip stage. Subsequent rolling and
annealing treatments further altered the size and distribution of these inclusions. This study clarified the evolution path and microstructural
characteristics of these defects, providing a theoretical and experimental basis for optimizing processing of C19400 and enhancing
reliability of this material in high-end electronic applications.
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