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Abstract: The shrinkage of LTCC substrate is very important, which affects the performance
of the product and post assembly. According to the research and analysis of the actual
production process and related process, it is found that the hot pressing parameters and sintering
technology are the key factors to affect the shrinkage. Based on this, a lot of experiments have
been done to study the relationship between hot pressing parameters and shrinkage. According
to ununiformity temperature of sintering nace, sintering space can be changed reasonably, the
temperature variation of sintering position is recorded, the sintering rule of production is found
out, so as to control the sintering shrinkage of LTCC substrate
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1 Introduction
Low-temperature co-fired ceramics (LTCC) technology has developed rapidly in recent years.

It has the advantages of small size, light weight and high reliability, and has been increasingly
applied to military, aviation, aerospace and other fields.With the increasing integration
requirements, the larger the substrate, the more stringent the dimensional accuracy of the
substrate is required in assembly, and there are many factors affecting LTCC production, in
addition to the characteristics of the material itself, the problem of inconsistent shrinkage of the
substrate in sintering affects the assembly accuracy of the products in the later period.About 4%,
this will cause the same batch, the same type of products will be in the conductor and through
hole and other circuit graphics position deviation, for some micro-level assembly accuracy of the
product, these deviations undoubtedly have a huge impact. LTCC in the actual production process,
each link can have an impact on the shrinkage rate, from Figure 1 shows that hot pressing and
sintering is the key process affecting it.In this paper, the influence of hot pressing and sintering
process on the shrinkage uniformity of LTCC substrate is described in detail, and the research on
the uniformity of hot pressing parameters and sintering furnace temperature is emphasized, from
which the method to control the uniformity of sintering shrinkage is found.

Experiment 2
The experiment was carried out in the production line of LTCC Division of China Power 43

Institute. According to the LTCC technological process, the product was drilled, filled, printed
interconnection wires, laminated in order and accurately, and then hot-pressed and sintered to



form a multi-layer interconnection substrate.The hot pressing is carried out by isostatic press and
sintering is carried out in a special box sintering furnace. By changing the hot pressing parameters
such as temperature and pressure, adjusting the sintering furnace temperature and sintering
position, the sintering shrinkage of the substrate under different process conditions is measured,
and the relationship between the substrate shrinkage and the above factors is analyzed, so as to
obtain a method for controlling the sintering shrinkage consistency.
2.1 Verification of shrinkage coefficient of raw porcelain tape

Before each batch of raw material is put into production, its shrinkage coefficient should be
verified. Under the same pressure, the shrinkage rate of the same type of products produced by
different batches of secondary porcelain belts should be tested, as shown in Figure 2.

Fig. 2 Relationship between the shrinkage rate of the product and different batches of secondary
porcelain tapes

Figure 2 shows that different batches of raw porcelain belts may produce different shrinkage
rates of products, which is caused by the inconsistency of the production status of each batch of
raw porcelain belts by the manufacturer.

Assuming that the standard dimension of a certain type of product is 100m after sintering
and the silk printing screen coefficient is 1.193, the product dimension is measured by image
measuring instrument after sintering, and the measurement results are as shown in Table 1.

Table 1 Shrinkage factor validation

Shrinkage coefficient is obtained as follows: 100mmx1.193 = 119.3m, if the dimension of the
product is 99.99mm, then the shrinkage coefficient of the raw porcelain tape is 119.399.99 =
1.193, if the dimension is 100.67mm, then the shrinkage coefficient is 119.3/100.67 = 1.185, and
so on.
2.2 Measurement method of product size

In order to better control the size of each piece of product, the size of each piece of product
on the substrate is measured during the experiment. For the products with uneven shrinkage of
the whole substrate, the raw cut after hot pressing is sintered as an independent small piece of
substrate. The measurement is based on the periphery of the product cutting line, as shown in
Figure 3:

Fig. 3 Test chart of substrate dimensions



If the standard size of the substrate is a and the width of the cutting line of B is C, the
measured value by the image measuring instrument is X = a + C and y = B + C.

Results and discussion
3.1 relationship between hot pressing temperature, pressure and shrinkage

In order to prevent the substrate from being deformed, a special laminating die is used and
hot pressing is carried out after vacuum sealing. Only when the substrate is subjected to uniform
compression can the shrinkage of the substrate be caused. The isostatic press adopts water
pressure to ensure uniform compression. As can be seen from the long-term production practice,
the parameter setting of isostatic pressure has great influence on the shrinkage of the substrate.

In the experiment, a certain type of product on the production line is used to observe the
change of shrinkage rate by adjusting the parameters of isostatic pressing, hot pressing pressure,
hot pressing temperature and hot pressing time, etc. Tables 2, 3 and 4 are the different
parameter settings of a certain type of product produced by FERRO raw porcelain under multiple
groups of experimental conditions.

Table 2 Same temperature and pressure, different time

Table 3 Same pressure and time, different temperature

Table 4 Same temperature and time, different pressure

The experiment is carried out under the same sintering conditions, and the results are
shown in Figure 4, Figure 5 and Figure 6. Figure 4 shows that the shrinkage rate decreases by
15.47% -15.44% with the change of hot pressing time 300s-900s. Figure 5 shows that the
shrinkage rate decreases slowly in a small range of 15.35% -15.54% with the increase of hot
pressing temperature. Figure 6 shows that the shrinkage rate decreases from 15.86% to 14.87%
with the increase of hot pressing pressure.



Figure 4. Time vs. Shrinkage

Figure 5 Temperature vs. Shrinkage

Figure 6 Pressure vs. Shrinkage
To sum up, the hot pressing time and temperature will have an effect on the shrinkage, but

the effect is not significant, the way of adjusting the hot pressing pressure is more effective.
3.2 Relationship between sintering and shrinkage
3.2.1 Effect of Sintering Zone on Furnace Temperature Consistency

Sintering process is one of the key processes of LTCC manufacturing, the key control point is
the uniformity of sintering curve and sintering furnace temperature, which has a great impact on
the properties of sintered substrate and shrinkage ratio.The sintering process of LTCC production
line is mature, sintering curve has become stable, this topic does not discuss it, this paper mainly
focuses on the uniformity of sintering furnace temperature, poor uniformity of sintering
substrate shrinkage.In the actual production, it is found that the shrinkage rate of the products
fired from the same furnace is different, and some competitions are very different, which not
only causes waste in production, but also has an impact on the consistency of product
performance.Secondly, the cooling air flow from one side of the furnace to the other side, the
shelf space is narrow, which has a certain obstruction to the air flow, resulting in one side of the
lower temperature than the other side.

Fig. 7 Comparison drawing of transformation scheme of sintering material frame
As can be seen from Fig. 7, the sintering rack of Option 1 is low and the sintering space of

each layer is narrow, the height of sintering layer is 5 cm, the total height is 30 cm, and the height



of sintering layer of Option 2 is 10 cm, the total height is 75 cm.

Table 5 Temperature measurement in furnace

Table 5 shows that the temperature difference in scheme 1 is 20.3 ℃ , that in scheme 2 is
14.2 ℃, and that the uniformity of furnace temperature in scheme 2 is greatly improved, which
shows that the increase of sintering frame plays an obvious role in improving the flow of gas and
temperature.
3.2.2 Relationship between sintering position and shrinkage

LTCC sintering process requires that the temperature difference in the sintering peak holding
stage should be controlled within ± 5 ℃. After changing the sintering material frame, the
temperature difference is tested to be 14.2℃, which does not meet the control requirements.

Table 6 Shrinkage Test

Table 6 shows that when the temperature difference between the sintering positions in the
furnace is 14.2 ℃, the shrinkage rate changes by 0.64%, and the calculated shrinkage error is ±
0.4%, and the shrinkage consistency is not good.The error is controlled within ± 0.3%, because
the hot pressing pressure has the greatest influence on the shrinkage of LTCC substrate in the hot
pressing link, 16 sintering positions of the material holder are numbered in this paper, as shown
in Figure 8, different hot pressing pressures are used to control the sintering shrinkage at each
position.

Figure 8 Sintering Position Number

Table 716 shrinkage rates and shrinkage errors at different pressures



Table 7 shows that the shrinkage of raw ceramic substrates sintered at 16 positions with
different hot-pressing pressures varies from 15.21% to 15.98%, and the shrinkage error is -0.44%
to -0.47%. After adjusting the hot-pressing pressure, the sintering shrinkage varies from 15.43%
to 15.71%, and the shrinkage error is -0.18% to -0.22%, which meets the requirement of
controlling the shrinkage error within ± 0.3%.

In addition, the characteristics of different peak sintering temperatures at different locations
can be used in practical production. For example, a substrate is sintered at A2 position with a hot
pressing pressure of 3200psi, and it is found that the size of the substrate is small, the shrinkage
rate is large, and the shrinkage error is -0.41%, which does not meet the accuracy control
requirements. According to the relationship between peak temperature and shrinkage rate, the
higher the temperature, the greater the shrinkage rate. If the substrate is sintered at C3 with a
low peak temperature, the shrinkage rate will be smaller, the shrinkage error is 0.12, and the
shrinkage accuracy is controlled.

Table 8 Shrinkage Rate and Shrinkage Error of Substrate after Position Adjustment

4 Conclusion
1. The sintering shrinkage of low temperature co-fired ceramic substrate increases with the

decrease of isostatic pressing and hot pressing pressure, and decreases with the increase of hot
pressing pressure.

2. The sintering shrinkage of the low temperature co-fired ceramic substrate is related to the



sintering area of the sintering furnace.
3. When the sintering temperature is not uniform, the sintering shrinkage of

low-temperature co-fired ceramic substrate is related to the sintering position, and fine
management is more conducive to the control of sintering shrinkage.

4. The shrinkage rate of LTCC ceramic substrate can reach below 16% and the accuracy can
be controlled within ± 0.3% if the above parameters are well controlled.


