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ABSTRACT

A Digital Transmitter/Receiver Module(DTRM), which is an essential part in active phased-array radar systems,
generates a high heat density, and needs to be properly cooled for stable operation. A tile-type DTRM that is a
stacking structure of multi-layer components was modeled with simplification and heat dissipation characteristics of
the DTRM model were studied using computational fluid dynamics(CFD) simulations. Most of the heat was
dissipated by the heat conduction through the cold plate, but the heat transfer by the forced convection on top of

the DTRM also was found to play an important role in the thermal management. Under the given conjugated heat
transfer environment, the DTRM was confirmed to secure a stable operating temperature range.
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Fig. 1. The Computational Fluid Dynamics(CFD)
simulation model. A) A DTRM on two cold
plates, B) A cross section of DTRM
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Fig. 2. Components of DTRM in each layer. A) 1%
layer, B) 2 layer, C) 39 layer, D) 4" layer
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Table 1. Heat generation rate of the primary heat
sources and the applied thermal pad

thickness
. HGR Thermal pad
Layer Chip thickness
(W] [mm]
HPA
(High Power Amplifier) 2483 )
¥ DRAL1 263 )
layer (DRiving Amplifier) ’
DC-DC
(DC-DC converter) 194 03
DRA2 0.8 0.5
DRA3 1.2 0.5
nd
2 ITNAl . 29 0.5
layer | (Low Noise Amplifier)
LNA2 3.2 0.5
LNA3 3.2 0.5
3 T/R IC
layer | (T/R Integrated Circuit) 601 05
FPGA
N (Field Programmable 18.0 1.0
4 Gate Array chip)
layer
OPTIC IC
(Optic Integrated Circuit) 194 1.0
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Table 2. Properties of the materials used in CFD

simulations
Material Property
Density(p) 1080.7 [kg/m’]
Dynamic )
viscosity(i) 0.00214 [Pa-s]
Cooling liquid
(EGW55 @300K) | Specific .
heat(C,) 3278 [J/(kg'K)]
Thermal
conductivity(gy | 0393 [W/mK)]
Density(p) 2700 [kg/m’]
Cold plate & | Specific .
DTRM housing | heat(C,) 953.86 [J/(kg'K)]
(Al6061 @300K)
Thermal
conductivity(k) 1555 [Wi(mK)]
Thermal
Thermal pad conductivity(k) 3 [WimK)]
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Fig. 3. Temperature distributions
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Fig. 4. Temperature distributions of the cold plates
and A) 39 layer & B) 4™ layer of DTRM
under natural convection(NC, left) and forced
convection(FC, right) conditions
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Fig. 6. Heat removal rate of coolant/air under natural
convection(NC) and forced convection(FC)
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