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Fig.1 Application of copper in various fields
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Table 1 Thermal expansion coefficients of common materials

brazed to copper

Material Thermal expansion coefficient/x10™ K’

Copper 16.6
Steel 9-12

Aluminum 23-24
Titanium 8.6
Ceramics 3-8
Graphite 2-5

Diamond 1-4.5

C/C composites 1
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Fig.2 Schematic diagram of brazing between a steel shell and a

copper rod®**
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B R, A A 2 b ) A 7E AN I B AR, e
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o T 2 SR (R EBORA S 3K, DR b 75 A4St P I 28 s R P
(T AINSi,N D RAE Ay Ty 2824 G A2 38 (1 AR

TE HL ) LT, M) /A B Sk e vl vz F T L )
FaTHC PR T R GE (LS TR0 L I 2 IR D g s LA —
REIIAR A0, QB &L B B A FESER B, BE A At
B b LR o K A 45 P /A B Sk TE v H R R e AT R
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(RS BT FE XA B T 980D FE TR OB AR I A v 7 AR )
B, P2 B & B RCR AT S itk o 78 02 FF 26 1 B
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Table 2 Performance parameters of three commonly used ceramic substrate materials
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Material Thermal conductivity/W-(m-K)™ Bending strength/MPa Thermal expansion coefficient/x10° K
AlLO, 20-30 300-350 6.5-72
AIN 170-240 350-400 2.7-4.6
Si,N 60-120 650-850 2342
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Fig.4 Structural schematic diagram of variable frequency interrupter (a) and sample (b)"”?
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Fig.5 Brazing mechanism diagrams of AIN/Cu joints brazed with TiN/AgCuTi composite filler'™: (a) initial state; (b) Ti enriched to the AIN side

with subsequent production of TiN; (c¢) formation of solid solutions and interfacial reactions; (d) formation of complete brazed joint

El6 RH WAE a2 ALO,/Cu ST 4 3k F i v A i

Fig.6 Evolution process of the Al,0,/Cu brazed joint interface with W as the interlayer®: (a) braze melting period, (b) isothermal period, and

(c) cooling period
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Fig.7 Schematic diagram of slotted copper plate!”"
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Fig.8 Interface evolution models for the graphite/Cu joints brazed with (Cu-50TiH,)+B composite filler’™: (a) stage before the melting of filler;

(b) initial stage after the melting of filler; (c) final stage after the melting of filler; (d) cooling stage
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Fig.9 Schematic diagram of assembly cross-section of the graphite/copper brazed joints (a) and cross-section microstructrue of graphite (b)**
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Fig.11 Residual stress distributions in doped graphite/copper joints™: (a) tensile stress distribution and (b) localized magnified view
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Table 3 Performance parameters of commonly used dielectric materials for high-power microwave windows
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Dielectric properties (10 GHz)

Thermal properties

Mechanical properties
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AIN 8-8.5 4-10 100-240 4-5 350400
BeO 6-6.4 1.2 209.3 5.1-8.9 130-180
BN 4344 2-8 16.75-50.24 7.5 Low 2
Diamond 5.6 <1 2723.5 1.1 >250 10
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Fig.12 Mechanism schematic diagrams of the diamond/AgCu-10Sn-1Ti/copper brazed joint™: (a) before brazing; (b) dissolution of the filler

metal; (c) formation of intermetallic compounds CuSn,Ti; and CuTi; (d) coexistence of liquid and intermetallic compounds at the

interface; (e) interlayer solidification; (f) oint final morphology
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Fig.13 Schematic diagram (a) and photograph (b) of heat dissipation capability evaluation device; photograph of diamond/copper composite thin

plate (c); infrared thermography of heat sources with different heat sinks (d); relationships between the surface temperature of the heated

ceramic plate and time (e); simulation results of temperature distribution for different radiators (f-h)!'""
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Fig.14 Fracture modes corresponding to different shapes of interfaces!'”: (a) linear interfaces and (b) serrated interfaces
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Fig.15 Schematic diagram of conical interface joint'
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Research Progress on Brazing Copper with Dissimilar Materials

Long Fei'?, Song Kexing', Zhang Zhaogqi', Wang Ce**, He Peng™*, Sun Jun’
(1. Henan Key Laboratory of Advanced Conductor Materials, Institute of Materials, Henan Academy of Sciences, Zhengzhou 450046, China)
(2. Zhengzhou Research Institute, Harbin Institute of Technology, Zhengzhou 450018, China)
. State Key Laboratory for Mechanical Behavior of Materials, Xi’an Jiaotong University, Xi’an , China
3. State Key Lab ry for Mechanical Behavior of Materials, Xi’an Ji g University, Xi’an 710049, Chi
(4. State Key Laboratory of Precision Welding & Joining of Materials and Structures, Harbin Institute of Technology, Harbin 150001, China)

Abstract: The basic properties, structural, and functional applications of copper were described and the process characteristics and joint properties
of copper brazing were and analyzed. The current research status of brazing between copper and dissimilar materials such as steel, aluminum,
titanium, ceramics, and carbon-based materials were reviewed and examples of studies on brazing copper with heterogeneous structures were
listed. Specific considerations in the brazing process were also examined, including brazing filler metal selection, process formulation, interlayer
design, use of brazing equipment, and performance inspection. The importance of joining structure and joint interface design was emphasized.
Furthermore, it is proposed that the development direction of copper brazing should focus on being green, intelligent, reliable, and low-cost,
providing a technical reference for the engineering applications of copper and the brazing fabrication of heterogeneous structures containing
copper.
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