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Analysis of Thermal Deformation in Reflow Soldering of Microwave

Components
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(Beijing Research Institute of Telemetry, Beijing 100076, China)

Abstract: This paper mainly focuses on the thermal deformation of microwave components during reflow soldering. Firstly, the
"birth-death setting" of the contact pairs was utilized to accurately simulate the dynamic constraint relationship between the shell and
PCB(the Printed Circuit Board), a thermal-mechanical sequential coupling simulation method was adopted to conduct a simulation
analysis of the thermal deformation of microwave components during the reflow soldering process. Then, through the comparative
analysis of the simulation and actual test results, it is found that the error between the simulation results and the measured results is
within 10%, thus verifying the effectiveness and accuracy of this simulation method. Finally, analyses and studies were conducted on
the influencing factors such as structural stiffness, solder thickness, soldering temperature, and material combinations. Through the
research in this paper, the thermal deformation of microwave components during reflow soldering can be accurately predicted at the
initial stage of design. Meanwhile, the analysis and study of several typical influencing factors can provide clear guidance for subse-
quent design optimization, offering references and examples for improving the reliability of reflow soldering of microwave compo-
nents.
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Fig. 1 Thermal deformation in reflow soldering leads to the

appearance of pores in laser sealing welding
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Fig.2 Structural schematic diagram of microwave components
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Fig. 3 Reflow soldering temperature profile
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Table 3 Summary table of mesh independence verification
situations
P ik Mks kL SAE R ZSRARE TR
1 ARSCHEE 30276 149.84 um — 1h 3 min
2 AR 46629 154.11 pm 2.85% 1h 43 min
3 AR 75416 15552 um 0.91% 2h 36 min
4 AR 82770 155.83 um 0.20% 3h 2 min
5 EBEEITEE 75416 15473 um — 5h 12 min
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Table 1 Material parameter table
FHEH ¥ (g/em’) JEHEAS I (MPa) LV AT %5107

FERERGA) 2.7 71 000 0.33 23
ENil H2(FR4) 1.85 18 000 0.12 16@XY .84@Z

JEEHSAC305) 7.4 41 600 0.35 22

%2 %4 Anand £ 4
Table 2 Anand parameter table for solder
FHEE S0 MPa QR K A1/S m h0 MPa s MPa n a
SAC305 80 8213 36 200 0.35 9631 5.7 0.023 1.72
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Fig. 5 Thermal sequential coupling simulation flowchart
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Fig. 6 Overall thermal deformation and Z-direction thermal deformation of microwave components
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Fig. 7 Thermal deformation of microwave components in X and Y directions
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Table 4 Comparison table between simulation and measured

results
s %:(‘ﬂ:ﬁilfl i‘?ﬂ:ﬁ(lﬁl i(/ﬂ'JE’E 175:5;% i
TEERT) W) IS e
1# 93.620 93.700 0.080 0.075 6.25%
2# 93.630 93.810 0.120 0.112 6.66%
3# 9.020 9.180 0.160 0.151 5.62%
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Table 5 The melting points of several commonly-used solders

Sk SAC305 Sn63Pb37 Sn42Bi58

Y 217 °C 183 °C 138 °C

XoF AR e AL A 3k TR ASEARE 114 Tl 3 AL Bz 4R AR
VAT B M, D B SR AN 1 s, A 11
AILUE H, BEE SERE SR BT, =R A
ARTE ZURIBE I, 3R PR R Bl KR s T A 3
T, AR DA [ 3 B B SR A IR 25 K, I AR
RN 22 ARG, BT DATE It 28 12 A T 3 6
AR A B BRI RL, AR IRAARTE .

160

140

—

[543

(=)
T

—

=3

(=}
T

thermal deformation/um

[
(=]
T

140 160 180 200 220
welding temperature/'C

RO EEY RS F SR

The influence of welding temperature on thermal

D
(=}

Fig. 11

deformation

3.3.4  ARMART IR 0 om o AT
X LA AL B S T 1 L 3E 5 40 0, A5
HERIME6HTR,

&6 JURHE A oAk ARG Y
Table 6 Thermal deformation of several commonly-used
casing materials
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