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Analysis of the response surface method for optimising the flatness of
ceramic-metal brazing
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Abstract: Ceramic-to-metal packaging is widely used as a key process in electronic vacuum devices in integrated circuit packaging,
medical devices, and defence. The flatness of the two connections determines the reliability of the chip, and it is of great significance
for the development of the semiconductor industry to predict and control the change of ceramic flatness after encapsulation. Design
of experiments for ceramic-metal brazing based on a high-temperature co-fired ceramic-metal structure using the response surface
method to simultaneously investigate the effects of multiple experimental variables on the flatness of ceramic-metal brazing. The
change in ceramic flatness before and after brazing was taken as the response value, and a prediction model with quadratic
polynomial regression equations was developed using a CCD combinatorial design to investigate the effect of ceramic size and
metal size on the change in flatness. The results show that increasing the height of the ceramic or decreasing the length of the
ceramic sides and the thickness of the wall reduces the change in flatness. At the same time, the ceramic size has a more significant
effect on flatness, while the wall thickness plays a smaller role in affecting flatness. The results provide a reference for the

prediction and control of ceramic brazing flatness.

Highlights: (1) The influence of ceramic size and metal size on the change of flatness after ceramic-metal brazing was investigated.
(2) The mathematical model of ceramic-metal brazing flatness with respect to each test parameter has been developed

using the response surface method.
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Fig. 1 Schematic construction of the test enclosure:
ceramic-metal wall construction
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Fig. 2 Influence of different edge lengths on the flatness
of ceramic—metal brazing
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Fig. 3 Influence of different edge heights on the flatness
of ceramic—metal brazing
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Influence of different metal wall thickness on the
flatness of ceramic—metal brazing
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Table 1 CCD test design and flatness change value of porcelain parts

R LIPS M

EiRe L Ka/mm B B bimm B AR R B h/mm - E AR AR d/mm
1 30 2.4 0.6 0.004425
2 40 2.4 0.4 0.002560
3 20 2.4 0.4 0.001 640
4 40 0.8 0.4 0.080680
5 40 0.8 0.8 0.106175
6 40 1.6 0.6 0.020040
7 30 0.8 0.6 0.073730
8 40 2.4 0.8 0.009400
9 20 0.8 0.8 0.040000
10 20 0.8 0.4 0.028000
11 30 1.6 0.4 0.011120
12 20 1.6 0.6 0.010300
13 30 1.6 0.8 0.026530
14 30 1.6 0.6 0.017270
15 20 2.4 0.8 0.004750
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Table 2 Analysis of variance (ANOVA) for flatness

Source P2 J7 FISSE/mm” Al Edf 997 R/mm’ 2 (0] )y 22/ N J7 22 F-value B E Ep-value
Model 0.0144 9 0.0016 32.78 0.00060
ElhKa 0.0018 1 0.0018 36.82 0.00180
B EED 0.0094 1 0.0094 191.31 <0.00010
AR RE 0.0004 1 0.0004 8.08 0.03610
ab 0.0016 1 0.0016 32.82 0.00230
ah 0.0000 1 0.0000 0.7587 0.04236
bh 0.0001 1 0.0001 1.94 0.02224
a 0.0000 1 0.0000 0.8618 0.39590
b 0.0010 1 0.0010 20.75 0.00610
e 3.961E-07 1 3.961E-07 0.0081 0.93180

R?=0.9833, Adjusted R> =0.9533, Predicted R> =0.8402
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Table 3 Modified analysis of variance (ANOVA) for flatness

Source PR -5 FISSE/mm’ H HHEdf 197 R/mm’ 21 [8] 5 /40 N 7 22 F-value Y (Hp-value
Model 0.0144 7 0.0021 49.01 <0.0001
EihKa 0.0018 1 0.0018 42.97 0.0003
AR EED 0.0094 1 0.0094 223.23 <0.0001
SRR RE 0.0004 1 0.0004 9.43 0.0180
ab 0.0016 1 0.0016 38.29 0.0005
ac 0.0000 1 0.0000 0.8853 0.0371
be 0.0001 1 0.0001 2.26 0.0171
b 0.0011 1 0.0011 26.02 0.0014

R*=0.98, Adjusted R’ = 0. 96, Predicted R = 0. 8822
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Fig. 5 Comparison of predicted and experimentally
measured values from regression equations for
changes in flatness
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different porcelain side lengths. (a) 20 mm; (b) 30
mm; (c) 40 mm

T AR AL R PR TR, A 8 B, ph BT A
RRLB I NEY ) NG VTR s N AN PA S E )
B PPV B AL (R A .



%34

FOUHE, Fovm B E R AL R4 B TR P | E B AT 125

ST AR d/mm

ST AR d/mm

AEAH d/mm

A

E7 AREGSET, EHLKEEEEENEHTE
BT ERIERRE
Fig. 7 Role of porcelain side length and wall thickness
on the change value of porcelain flatness under
different porcelain heights. (a) 0.8 mm; (b) 1.6
mm; (c) 2.4 mm
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Fig. 8 Law of the role of porcelain edge length and
porcelain height on the change value of porcelain
flatness for different wall thicknesses. (a) 0.4
mm; (b) 0.6 mm; (c) 0.8 mm;
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