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Abstract: 
Due to the wide application of ceramics in electronic device packaging, the performance of ceramic metallization layer directly 
determines the performance of the whole package device. This paper introduces the main preparation methods of ceramic 
metallization, discusses the influence of Mo powder size, metallization formula, sintering temperature and other factors on the 
performance of ceramic metallization layer prepared by activated Mo-Mn method, and introduces several kinds of methods that 
can be tested to test the performance of ceramic metallized sealing samples. A new research direction of Ceramic Metallization 
Technology in the advanced field is put forward.
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1. Introduction
With the deepening of the information age, the rapid 
development of communication, microelectronics and 
other industries, high-frequency, high-power electronic 
devices gradually occupy the mainstream of the market. 
Ceramic materials are widely used in the packaging of 
electronic devices because of their extremely stable thermal, 
electrical and mechanical properties.

However, with the gradual improvement of market 
requirements, the improvement of ceramic packaging 
technology is becoming more and more important. The 
key of ceramic packaging technology lies in the connection 
between ceramics and metals. Due to the difference of 
properties between the two materials, there is no good 
infiltration between ceramics and metals. Therefore, the 
solution is to deposit or sinter a thin metal layer on the surface 
of ceramics, which is also called ceramic metallization. At 
the same time, the performance of ceramic metallization 
layer directly determines the performance of the whole 
package device. Ceramic metallization technology was 
first applied in Germany in 1935. In 1958, China officially 
studied ceramic metallization, and now has a large-scale 
industrial chain in Beijing, Shanghai, Hunan, Guangdong 
and other provinces and cities [1].

Since the development of Ceramic Metallization 
Technology, the main ceramic materials used in practical 
production and development and application are: Al2O3, 
SiC, AlN, BeO, BN, etc., of which SiC ceramic has high 
thermal conductivity, but its high dielectric constant and low 
insulation voltage limit its use in high frequency field; AlN 
ceramic has excellent electrical and thermal properties, and 
the material is hard, which can be used in harsh environment 
However, due to its complex preparation process and 
high cost, it greatly limits the large-scale development 
and application of AlN Ceramics. The characteristics of 
BeO ceramics are high thermal conductivity, its thermal 
conductivity can be very close to that of metal materials, 
and the dielectric constant of BeO is low, the dielectric loss 
is small, and the process adaptability is strong. However, 
due to the toxicity of BeO, the preparation process will 
cause certain impact on the environment The BN Ceramics 
have high thermal conductivity, the thermal conductivity 
almost does not change with the temperature, the dielectric 
constant and the insulation performance are also suitable, 
but the raw material CBN is expensive, and it is usually not 
used in large-scale civil production. Al2O3 ceramics is the 
most mature ceramic materials, its advantage is the price 
Low cost, excellent thermal shock resistance and electrical 
insulation performance, and the preparation technology 
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is very mature, so it plays a leading role in the electronic 
ceramic industry.

In recent years, the development of ceramic 
metallization technology has been the concern of scholars 
at home and abroad. With the coming of 5g era, the research 
on Ceramic Metallization Technology will also usher in 
another round of peak. In this paper, ceramic metallization 
as the main research content, combined with the actual 
production process, the preparation method of ceramic 
metallization, the influence factors and other aspects on the 
performance of ceramic metallization layer are introduced.

2. Preparation method of ceramic metallization
The commonly used methods of ceramic metallization are 
Mo-Mn, activated Mo-Mn, direct bonded copper(DBC), 
active metal brazing(AMB) and magnetron sputtering.
2.1 Mo-Mn method
The metallized layer is obtained by adding a small amount 
of MnO powder and coating it on the surface of ceramic 
body with binder and sintering at high temperature. Cao 
Changwei et al. [2] used the Mo Mn metallization method of 
Al2O3 ceramics for reference to metallize the surface of AlN 
Ceramics after preoxidation. The ceramic layer, metallized 
layer and nickel layer are close, and the thermal diffusivity 
of AlN Ceramics is 3.8% higher than that of AlN Ceramics 
without preoxidation. The traditional Mo Mn method is 
suitable for alumina ceramics with high glass content and 
low alumina content.
2.2 Direct Bonded Copper method (DBC)
The technology of direct copper-clad method originates 
from oxide (such as Al2O3) ceramics. Its principle is that 
when the temperature is about 1066 ℃ (specifically lower 
than the melting point of copper 10-17 ℃), copper-
oxygen will form a certain amount of eutectic liquid 
phase containing copper and oxygen, while the existence 
of eutectic liquid phase will wet the contact copper and 
ceramic surface, and react with Al2O3 at the same time, 
generate composite oxide as solder, making copper It can 
be closely connected with ceramics [3].

Zhai Tianlei et al. [4] metallized AlN Ceramics by hot 
pressing and direct copper coating respectively. When 
the intermediate phase of Al2O3 and Cu2O exists in direct 
copper coating, the combination of Cu and AlN Ceramics 
is closer, which is about 4 times of that of hot pressing. 
The advantages of the direct copper-clad method lie in the 
excellent thermal conductivity of the ceramic substrate, the 
high bonding strength between the metal and the ceramic, 
and the strong processability [3].
2.3 Active Metal Brazing method (AMB)
AMB appears later than Mo Mn method, but because of 
its advantages such as simple process, high sealing strength 
and good structure repeatability, it has been one of the 
main methods of ceramic metal connection.

Active metal is selected as brazing filler metal in active 
alloy method, and active metal and ceramic are used to 
react, so that the two can be connected. At present, the 

active metals used are mainly Ti, on this basis, Ni based, Au 
based, Cu based active brazing filler metals are developed 

[5]. Xiong Liyuan [6] has successfully realized the connection 
between AlN Ceramics and oxygen-free copper based on 
the study of the influence of binder composition in Ag Cu 
Ti active solder paste on the performance of brazing layer, 
and the shear strength has reached 75.18MPa, which is 
slightly better than the product obtained by using imported 
brazing paste.
2.4 Magnetron sputtering method
Magnetron sputtering is a physical vapor deposition 
method. The main principle of magnetron sputtering 
is that electrons impact the target under the action of 
electric field, and the atoms or molecules on the target are 
deposited on the surface of the substrate. It is characterized 
by high film-forming rate, low substrate temperature and 
good adhesion, which can realize large-area coating. Xincl 
et al. [7] have deposited Ti / Mo bilayer film on the surface 
of Al2O3 ceramics by magnetron sputtering. After high-
temperature sintering, the welding strength of the joint 
with Fe Ni Co is further improved. The welding strength is 
69.9MPa, which is much better than the metallized samples 
at 900 ℃ and 1050 ℃ without obvious TiO.
2.5 Activated Mo-Mn method
Activated Mo Mn method was first improved by American 
L.H. LaForge on the basis of traditional Mo Mn method in 
1956 [1]. In order to reduce the sintering temperature and 
improve the wettability of the glass phase, the appropriate 
activator was added into the metallized raw material. For 
the migration process of glass phase in the activated Mo 
Mn method, Professor Gao Longqiao put forward different 
opinions. From the unilateral migration of glass phase in 
the initial ceramics, he thought that in the activated Mo 
Mn method, the glass phase in the activator and the glass 
phase in the ceramics migrate with each other, and when 
the components of the two glass phases reach the same, 
the sealing effect of the metallized layer is the best [8]. Xun 
Yanhong et al. [9] studied the effect of paste of Mo Mn Ti Si 
Al System on the metallization of alumina ceramics. For 
95% Al2O3 ceramics using the paste, the welding strength 
can reach 150MPa.

Activated Mo Mn process is the most mature and 
widely used ceramic metallization technology.

3. Analysis of factors affecting the properties of 
ceramic metallized layer
With the continuous development of materials, ceramic 
metallization technology will keep pace with the continuous 
progress. Although ceramic metallization technology has 
been diversified in production and development, there 
are still many problems for us to further study for these 
existing technologies. Next, the most widely used and 
relatively mature activated Mo Mn method will be taken 
as the research object, focusing on several factors affecting 
the properties of ceramic metallized layer prepared by 
activated Mo Mn method.
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3.1 Particle size of powder
The effect of powder size on metallization layer is mainly 
concentrated on Mo powder size. The size of Mo powder 
particle size will greatly affect the sealing strength of the 
product. Compared with 3 μm Mo powder, the sealing 
strength of 1 μm Mo powder can be increased by more 
than one time, but the smaller the Mo particle size is, the 
better. In the production process, too fine Mo powder will 
produce agglomeration, increase viscosity, not easy to 
form, and the coating is easy to crack [10]. Cui Ying et al. 
[11] used dry grinding and wet grinding processes to treat 
Mo powder. The two processes can greatly reduce the 
particle size of Mo powder. The median particle size of wet 
grinding is D50 = 1.78 μm. the sealing strength of 95% Al2O3 
ceramics metallized with this Mo powder has been greatly 
improved, reaching over 350MPa. Li Jingyun et al. [12] found 
that when fine Mo powder was used to prepare metallized 
layer, the second metallization process (i.e. nickel plating 
process) would produce nickel layer blistering, which may 
be due to the fact that the stress of fine Mo powder could 
not be effectively released during the sintering process, thus 
leading to nickel layer blistering. It is suggested that nickel 
coating and new electroplating process can effectively 
improve the foaming of nickel layer.
3.2 Metallization formula
The introduction of activator is the key of the whole activated 
Mo Mn method. Different activators have different effects 
on metallization. Among them, the "three elements" of 
activator proposed by Professor Gao Longqiao is generally 
accepted by domestic scholars. The "three elements" of 
activator refers to the introduction of three basic oxides 
MnO, Al2O3 and SiO2 in the design of metallization 
formula. The function of different oxides in sintering is 
also different. MnO is used to reduce the viscosity of glass 
phase at high temperature, so as to promote the migration 
of glass phase; Al2O3 is used to improve the sealing strength 
and expand the metallization temperature range; SiO2 can 
improve the wettability of the framework formed by Mo 
powder micro oxidation to glass phase, and improve the 
anti crystallization ability of glass phase [13]. In addition, 
the introduction of other activators can also improve the 
performance of metallized layer. Yang Xirui [14] respectively 
used Bao and ZrO2 as activators to explore the influence 
of different activators on the metallized layer of alumina 
ceramics. The results showed that the tensile strength of 
the metallized layer could reach 138MPa when the content 
of Bao was 1.5wt%, and 121MPa when the content of 
ZrO2 was 0.2wt%. The activation mechanism of the two 
activators was not the same. Huang Yigong et al. [15] Based 
on the ceramic metallization of calcium aluminum silicon 
high alumina ceramics, explored the role of different 
components in the activator. The research shows that when 
the mass ratio of SiO2 to Mn is between 0.54-0.60, glass can 
be formed, Al2O3 will expand the scope of glass formation, 
and CaO can reduce the crystal phase in the activator 
melt.

3.3 Sintering temperature
Ceramic metallization can be divided into several different 
processes according to different sintering temperatures: 
low temperature below 1300 ℃, medium temperature from 
1300 ℃ to 1450 ℃, high temperature from 1450 ℃ to 1600 
℃, and extra high temperature above 1600 ℃. Different 
temperatures have their own fields and characteristics [16]. 
If the sintering temperature is too low, the metallized paste 
will not form glass phase. If the temperature is too high, 
the glass phase will overflow to the surface of metallized 
layer, which will affect the plating and sealing strength. 
Koto White et al. [17] studied the influence of manganese 
glass on the sealing strength of the metalized layer, they 
found that the sintering temperature was also critical to the 
formation of the glass phase. In the low MnO glass(mass 
fraction is less than 32%), the average tensile strength varies 
with temperature rise, in the high MnO glass phase (mass 
fraction is higher than 43%), the average tensile strength of 
the highest when the sintering temperature is 1300 ℃, 1450 
℃ in the tensile strength decreased, while the main reason 
is that 1350 ℃ high MnO glass phase alumina crystal 
growth affected the tensile strength. Huang Yigong et al. [18] 

through the research on the influence of wet hydrogen on 
the quality of metallized layer in BTU horizontal hydrogen 
furnace, found the cause of the blackening of ceramic glaze 
layer in the process of ceramic metallization, analyzed the 
influence of water vapor content in wet hydrogen on the 
quality of metallized layer, and provided an important 
idea for improving the strength of metallized layer. Zhong 
Wei et al. [19] simulated and calculated the instantaneous 
temperature in the high-temperature hydrogen furnace by 
establishing the three-dimensional flow and heat transfer 
mathematical model of alumina ceramic metallization 
process. The results show that the maximum temperature 
difference in different positions of the high-temperature 
hydrogen furnace is 26 ℃, and the setting temperature 
for metallization is generally low, which also provides 
an important basis for optimizing the hydrogen furnace 
structure and further improving the temperature 
uniformity of the hydrogen furnace. Accurately controlling 
the sintering process is the key to the success of the ceramic 
metallization layer. Only fully considering the influence of 
sintering temperature and other factors on the formation of 
the metallization layer, can the ceramic metallization layer 
with better performance be prepared.
3.4 Others
Microstructure：Microstructure directly affects the 
bonding strength and air tightness of ceramic metal 
materials. Through the study of microstructure, it can play 
a guiding role in improving components and optimizing 
process. The section layer of weldment with better welding 
performance should be clear. Only when the interface 
of each interface layer is clear can it be proved that the 
interface layers are firmly connected by chemical bonding, 
without forming a fragile middle layer or being damaged. If 
the structure of the metallized layer is loose, the Ni layer or 
the solder layer will enter into the metallized layer, which 
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will affect the welding strength, and the air will be released 
under vacuum due to the poor air tightness [20].For ceramic 
matrix, the matrix porosity and pore diameter size also 
influences the glass phase diffusion, manganese content 
in the aperture size of glass phase manganese content in 
the capillary force is the main driving force, porosity is 
directly affecting the manganese content in the matrix of 
the absorption rate of glass phase, and glass phase content 
in the matrix affects the manganese content of glass phase 
diffusion depth, so the metallized layer of organization 
evolution and mechanics performance change is also 
affected by the matrix microstructure[21].
Coating method：Coating methods affect the uniformity 
of metallized paste coating. The existing coating methods 
mainly include manual coating, screen printing, spray gun 
spraying, etc. For products with relatively small quantity 
and inconsistent size and scale, manual coating should be 
adopted, while for large-scale factory production, screen 
printing process is generally adopted, with good coating 
uniformity and basically consistent product thickness. The 
coating thickness should be 50 μm [22].
Organic components：In the coating process of generic 
paste, in order to ensure that it has certain process 
performance: viscosity, rheology, thixotropy, plasticity, etc., 
it is necessary to add appropriate and appropriate amount 
of binder, diluent, thixotropic agent, plasticizer and other 
organic compounds. For different coating methods, the 
composition of organic matter is different. The paste for 
manual coating is made of nitric acid fiber as binder, amyl 
acetate as solvent, and the viscosity of the paste is 1.20-
1.40Pa·s; the paste for screen printing is made of ethyl 
cellulose and terpineol (or ethanol, n-butanol) as solvent, 
and the viscosity of the paste is about 25Pa·s [1]. 

4. Performance test method of ceramic metal-
lization
At present, the main testing methods for ceramic 
metallization are: metallographic microscopy, scanning 
electron microscopy (SEM) and X-ray fluorescence 
thickness gauge to observe the microstructure and 
thickness [23]; EDX energy spectrum analysis to detect the 
regional elements of metallization layer to understand the 
reaction process in the sintering process; X-ray diffraction 
to analyze the phase of metallization layer Test the tensile 
strength of sealing sample with electronic universal testing 
machine [24]; test the fatigue resistance of sealing sample 
with electro-hydraulic servo fatigue testing machine [25]; 
test the air tightness of sealing sample with helium mass 
spectrometer leak detector [26].

5. Summary
After decades of continuous development, the application 
field of ceramic metallization technology continues to 
expand, from semiconductor chips, auto parts, vacuum 
switches and other life-related fields to military radar, 
basic communication, new energy development and other 
important fields, ceramic metallization technology has 

gradually become the basis of its development. China's 
ceramic metallized sealing devices have gradually met 
the basic needs of the country, but we still need to carry 
out further research in the high-end field. There are still 
some problems in Ceramic Metallization Technology to be 
discussed:

(1) High power, high frequency electronic devices 
are the main direction of future development, so the 
development of better performance, higher quality sealing 
devices still need to be focused on;

(2) The optimization of technological process, 
the reduction of production energy consumption and 
production cost, and the realization of large-scale 
production of products are still to be explored;

(3) The formulation of product quality standards 
needs to be further improved.

The continuous improvement of ceramic metallization 
technology is the premise of the progress of ceramic metal 
sealing technology. I believe that with the continuous 
efforts of the industry, ceramic metal sealing technology 
will continue to move forward steadily.
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