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Abstract: As the number of mobile subscribers has increased recently, the demand for more number of base stations has
increased. However, because of the shortage of sites for constructing base stations, a mobile communication module needs
to be small in size. To minimize the size of the module, the size of the heat sink attached to the outside of the module
should be minimized. Furthermore, the temperature of each electronic component of the module should be lower than the
allowable temperature so that thermal stability can be maintained. A commercial PIDO (process integration and design
optimization) tool PIAnNO and a commercial CFD (computational fluid dynamics) tool FLOTHERM are used to minimize
the size of the module while the constraints on the temperatures of the twelve electronic components are satisfied. As a
result of design optimization, the volume of the heat sink is reduced by 41.9% while all the constraints on the temperature
of the twelve electronic components of the module are satisfied.
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Fig. 1 Schematic diagram of a radio access station
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Fig. 3 Cooling mechanism of a radio access station
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Table 1 Thermal characteristics of packaged chips

Power Thermal resistance .

No. Supply ccw) ;FJ
W) Oix Ojy Oy 0

1 10 12 3 0.8 105
2 0.25 40.3 23.5 3.9 95
3 0.11 44.9 36 114 100
4 2.04 19.5 10.6 6.9 125
5 0.59 373 27 6.2 100
6 1.41 15 0.35 6 125
7 0.51 24 2.66 6 125
8 0.28 20 0.71 L5 125
9 1.75 12.5 52 33 100
10 0.52 40.3 23.5 3.9 90
11 25.65 - - 0.7 225
12 2.1 - - 1.2 150
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Fig. 4 Modeling of electrical chips for CFD analysis
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Table 2 Properties of the air Table 4 Temperature of each electronic component
Fluid Conductivity Viscosity Density No. Tj Upper No. Tj Upper
ul (k, W/mK) (N-s/m?) (kg/m3) bound bound
1 86.3 105 7 94.8 125
Air 2.839x 107 1.98x 107 9.0599 x 10™! 2 88.6 95 8 86,1 125
3 81.1 100 9 83.0 100
Table 3 Thermal conductivity of the components in 4 90.5 125 10 85.8 90
a radio access station 5 317 100 1 997 225
Component Material Conductivity 6 98.0 125 12 111.5 150
(W/m'K)
Sun shield Polycarbonate 0.2
Housing ALDCI12 98 om
Heater device ALDCI12 98
Heat plate ALS5052 137
ke=k,=0.35
PCB FR4 (12 Layer)
k,=0.33
23 OlsSLEES A=A
side) AAEAe A e Feleh 6w
- - - Fig. 6 Temperature distribution of a radio access
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Table 5 Effective design variables for the temperatures
of twelve components

X1, X2 X3 X4 Xs, X6, X7
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Table 6 ANOVA result for the temperature of the
first electronic component

MS Fo F
X 2.42E+01 6.84E+02 5.19E+00
x2 1.03E+02 2.91E+03 5.19E+00
X3 2.57E-02 7.29E-01 5.19E+00
x4 2.34E-01 6.61E+00 5.19E+00
x5 5.24E+00 1.48E+02 5.19E+00
X6 1.78E+00 5.04E+01 5.19E+00
x7 3.80E-01 1.08E+01 5.19E+00

S xf 3.53E-02

MS: Mean Square

Table 7 ANOVA result for the temperature of the
twelfth electronic component

MS Fo F
X1 8.78E+01 2.87E+03 5.19E+00
X2 2.70E+01 8.84E+02 5.19E+00
X3 3.22E+00 1.05E+02 5.19E+00
X4 6.69E-02 2.19E+00 5.19E+00
X5 1.82E+00 5.95E+01 5.19E+00
Xs 5.68E-01 1.86E+01 5.19E+00
X7 5.17E-01 1.69E+01 5.19E+00
= 3.05E-02

Table 8 R* and R’,; values of each metamodel

No. R Ry No. R ;7
1 0.99989 | 0.99968 7 0.99986 | 0.99930
2 0.99986 | 0.99960 8 0.99983 | 0.99919
3 0.99988 | 0.99965 9 0.99987 | 0.99938
4 0.99992 | 0.99976 10 0.99981 | 0.99911
5 0.99988 | 0.99965 11 0.99986 | 0.99933
6 0.99983 | 0.99949 12 0.99990 | 0.99953
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Table 9 Optimization results

Lower Initial Optimum Upper
Bound Value Value Bound
X1 20 40 20 40
X2 20 40 26.183 40
X3 6 10 6 10
X4 6 10 6 10
X5 6 6 12 12
X6 3 3 3 4
X7 3 3 3 4
Obyj. 52 100 58.183 100

Table 10 Temperature of each electronic component

o Approx. Real Value Difference | Maximum
Value (%) Temp.
1 90.36 90.37 0.00 105.00
2 93.03 93.03 0.00 95.00
3 84.97 84.98 0.01 100.00
4 94.34 94.35 0.01 125.00
5 85.90 85.91 0.01 100.00
6 101.88 101.89 0.01 125.00
7 98.87 98.88 0.01 125.00
8 90.14 90.14 0.00 125.00
9 87.26 87.27 0.01 100.00
10 90.06 90.04 0.02 90.00
11 105.99 105.96 0.02 225.00
12 117.37 117.41 0.03 150.00
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