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Abstract  The 3D packaged BGA devices used in aerospace had temperature limitations during the soldering process
of printed circuit board assemblies , which were incompatible with the soldering temperature of other large—sized surface
array devices (such as BGA, CCGA, LGA ). Therefore , temperature controlled soldering was required for the 3D BGA
devices during the reflow soldering process. This article designed a reflow soldering temperature controlled soldering fixture
for 3D packaged BGA devices, established a thermal simulation model , simulated the soldering process of the device during
reflow soldering. Additionally, experiments were conducted on the reflow soldering process using the temperature controlled
fixture to verify the accuracy of the simulation data. The results show that temperature control fixtures can effectively reduce
device temperature , and the top of the fixture blocks the upper jet in the welding environment , which has the greatest impact
on device temperature. The experimental results are consistent with the simulation results, proving that the simulation results
are accurate and effective , and simulation methods can be used to reduce the experimental period. Microstructure analysis
is conducted on the device after reflow soldering using fixtures. The solder joints of the device are intact, without obvious
defects, and the internal state is good. The solder joints form a continuous scallop shaped interface layer, and the thickness
of the IMC layer meet the requirements of aerospace standards.
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Fig. 2 Schematic diagram of reflow soldering process
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Fig. 3 Schematic diagram of air nozzle
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Fig. 4 Schematic diagram of SMT flow field distribution
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Fig. 5 Simulation model of printed board components
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Tab.1 Material parameters of PCB

Lz pl(kg-m™) Cl-(kg-K)" MW(m-K)"!
Cu 8930 414.8 385
FR-4 1859 1 600 0.29
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Tab.2 Copper coating information for each layer of PCB

s %i$ %ng s %2% %ﬁf&
top 54 30.48 GND9 97 30.48
GND2 97 30.48 POW10 90 30.48
ART3 64 30.48 GNDI11 97 30.48
GND4 97 30.48 ART12 82 30.48
ARTS 59 30.48 GND13 97 30.48
GND6 97 30.48 ART14 67 30.48
POW7 90 30.48 GNDI15 97 30.48
GND8 97 30.48 Bottom 74 30.48
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Fig. 6 The simulation model of 3D BGA device
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Fig. 7 The tooling model
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Tab.3 SMT temperature settings C
WX RX2 RX3 EX4 JRXS ?ffr{%
150 175 185 195 205
mXe X7 X8  JEX9 X 10 60
235 235 100 80 60
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Fig. 8 Flow chart of the experiment
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Tab.4 Results of simulation analysis
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Tab.5 Results of reflow soldering

THIFHMmm  AHHEASC AMIEEAC Rk C
T 221.0 222.0 218.0
0.5 209.0 210.0 196.0
2.0 209.0 210.0 197.0
3.5 210.0 211.0 198.0
5.0 2112 2119 198.9
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35 211.5 212.4 196.9
5.0 2133 2142 197.3
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Fig.9 Cloud image at the highest surface temperature
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Fig. 10 Temperature cloud image around the tool
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Fig. 11 Comparison between simulation data and test data of
internal row solder joints
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Fig. 12 Comparison between simulation data and test data of

external row solder joints
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Fig. 13 Comparison of simulation data and test data on the

upper surface of the device
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Fig. 14  Cutting position of 3D BGA device
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Fig. 15 Scanning electron microscopy of 3D BGA inner row

solder joints
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Fig. 16 Scanning electron microscopy of 3D BGA external

soldering joint
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Tab. 6 Results of EDS %
JLHR [t 3 A T
Cu 37.95 53.40
Sn 62.05 46.60
B 100.00 100.00
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