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Abstract

Joining ceramics to metals has a variety of applications
both in the structural and the electronics fields. One of the
great benefits of the adoption of joining into the structural
applications is to provide reliability to the ceramic com-
ponents by backing up with metal components. In join-
ing ceramics and metals, two key factors, i.e., establish-
ing chemical bonding at interfaces and dissipation of ther-
mal stress across interfaces, should be paid for atten-
tion. Many joining methods have been already established
such as adhesive and mechanical joining, brazing and sol-
dering, and solid state bonding. Each has its own bene-
fits with some drawbacks. One can select a suitable process
and materials following the requirements of the applica-
tion. This report focuses on the current status of joining

technology for ceramics/metal system.
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Table 1. Variation of Joining Methods
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Category Sub-category Joining strength | Heat-resistance | Economy Notes
Organic adhesive o v o Simple process. Degradation in air/light exposure.
Adhesive joining Organic molding Poor airtightness.
Inorganic adhesive X 0 © Simple process. Weakness to thermal stress.
o Shrink-fitting o X O Simple process. Weak to stress concentration.
Mochanical joining Bolting o) 0 © Simple process. Repairable. Weak to stress concentration.

. _ Simple process. Possible in air atmosphere. Repairable.
Soldering © X © Specific requirement for solder alloy and condition.
Brazing Indirect metallization o o o T}.fplca']l'y, Mo-Mn method. And available only for alumina

with silica.
Di - Active metal layer coating or brazing with alloys with
e on © ° ° a certain amount of active metals. Requires high vacuum.
Eutectic bonding 0 0 @] Cuwy0 liquid formation. For oxides and oxidized ceramics.
Hot-pressHIP (@) @] A Excellent heat resistance. Expensive process.
Surface activated bonding © A A Nf) heating an(.i no thexmal stress. Soft metals such as Al
) . High vacuum is required for most cases.
Solid-state bonging - ——
. . Lower temperature than hot pressing. Glass ceramics with
Anodic bonding A 0 ¢} . i L
some electric conductivity at joining temperature.
Microwave heating ? @] 0 Availability?
Friction welding (@) A (@) Simple but only for aluminum
] Electron beam welding X o . A -
Welding Taser welding X © o Less availability
Cast bondin Cast molding A A @] Can be categorized in mechanical method. Only for aluminum.
5 SQ method ©) A O Simple and tight interface. Only for aluminum.

© :excellent, O:good, A: fair, X:worse
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Mo/Mn paste printing and
drying

Prefiring at 1200°C and
oxidation of Mn

Liquid formation of MnO-
Al,0,-Si0, and wetting

Reduction of surface Mo of
metallized layer at 1400~
1600°C in H,

Fig. 2. Schematic illustration of Mo-Mn process.
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Fig. 3. Au-Sn solder pattern/electrode metallized pattern.

Table 2. Thermal Stress Compensation Methods

Method Notes
oft-metal Soft metals such as aluminum, copper and nickel or
interlayer metal mesh/metal forms.
Soft-metal/hard- Lammailrsd interlayers .of soft metalshard a.nd~low
. expansion metals, typically, such as combinations
low expansion . . . -
metal interlaver of aluminum, copper, nickel, iron, niobium as soft
¥ metals and of tungsten and molybdenum.
Grading/Functionally . . .
Graded method Continuously graded layer in composition.
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Fig. 4. Phase diagram of Cu corner of Cu-O binary alloy.
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Fig. 6. SigNy/steel joints of turbo-charger rotor, tappet, and
rocker arm for vehicles.
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Fig. 7. AIN/Al joint fabricated by SQ process and IGBT for
hybrid car.
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Fig. 8. Schematic illustration of Surface activated bonding
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Fig. 9. Thermal stress distribution calculated by FEM and
crack induced by thermal stress on cooling from join-
ing temperature.
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