With the variety of local objects, reflections of a probing signal get to the radar receiver. They interfere these

objects and do not allow the identification of their position in space.

The results of the experiments show that the use one quadrature registration scheme of the received signal does
not permit to separate the picture of cardiac activity from the reciprocal motion of the chest, whose amplitude exc-

eeds the amplitude of the heartbeat.

The article suggests an analytical method of restoration of the motion trajectory of an object according to two

quadratures of the phase receiver, which works in a variety of local objects.

The combination of two quadratures of the phase receiver of the radar with their previous differentiation and
subsequent arctangent-demodulation provides an actual trajectory of the object motion, necessary for further ana-

lysis of the frequency and nature of this movement
Keywords: radar, bioradiolocation, breathing, heartbeat
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B cmammi npedcmaseneni pesyavmamu Cmeopenns KOpnycie ceim-
n100i00ie (LED) eucoxoi nomyscrocmi na ocroei opyxoeanoi naamu
ma noositinozo wapy cxromexcmonimy FR4. Ilepw 3a éce, cmsopio-
emvcs demanizoeana moodeav xopnycy LED na nioxaadui. Ilomim
MOOenb OnMUMI3YEMbCA 3 YPAXYBAHHAM 6UOY, KIIbKOCMI Ma po3-
MAWMYBAHHI MENTOBUX MINCUAPOBUX 3 €OHAHL, WUPUHU MENTLOBUX
xanaunie ma posciroeanns nomyxrcuocmi LED

Knouoei caosa: c6imnodiod, onmumizauis, Kepyeanns memnepa-

MYypHUMU pexcumamu, OpyKosana niama
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B cmamve npedcmasnenvt pesyasmamol CO30aHUsL KOPNYCo8 cee-
moou00os (LED) 6bicok0il MowHOCIMU HA 0CHOBE NEHaAMHOU Naamvl
u 08011020 cn0s cmexaomexcmoauma FRA. IIpescoe ecezo, cozdaem-
ca demanuzupoeannas modens xopnyca LED na noonosxcke. 3amem
MOOeNb ONMUMUSUPYEMCSL C YHemOoM 8U0a, KOJIUYeCMEa U PACNOJI0-
HCEHUSL MENTIOBBIX MENHCCIOUHBIX COCOUHEHUL, WUPUHBL MENLOBbIX
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1. Introduction

Heat dissipation of the light source and the dependence
of its parameters on the ambient temperature, the energy
balance of the source, optical and heat transfer charac-
teristics of the materials are used in the evaluation and
calculation of the thermal mode of the light source [3]. The
article presents the results from thermal simulations of po-
wer LED’s mounted on PCB. Simulations were performed
using the method CFD (computational fluid dynamics)
via the software Mentor Graphics FLOEFD. Simulation
experiments were conducted to optimize the distribution
of heat in terms of type, number and location of the vias,
width of the conductive paths and dissipated power of the
LEDs.

2. Computational simulations using FLOEFD

Since FIoEFD is based on solving the time-dependent
equations of Navier-Stokes problems in steady state are
solved by stationary approach. For quicker acquisition of

the stationary solution a method of local computational
steps in time is used. Multigrid method is used to accelerate
convergence of the solution and to suppress oscillations. In
order to optimize the time of termination of the calculation
and to determine more accurately the physical parameters of
interest, that oscillate in iterations. Physical parameters of
interest could be determined as calculation purposes. Prior
to starting creating a model and a FIoEFD project, it is nec-
essary to choose the geometrical and physical characteristics
of the engineering problem which most significantly affect
the solution to this problem. If the model has already been
created when designing the object, i.e. it is fully adequate to
the object, then the solution of engineering problems using
FloEFD, may be required to simplify the model or add aux-
iliary parts of the model. Proper use of these two activities
can be crucial for obtaining reliable and accurate solution.
As soon as the main part of a FloEFD project, that is unlike-
ly to change is build, the next step is to choose a strategy to
solve the engineering problem using FIoEFD, i.e, obtaining
reliable and accurate solution to a problem. The strategy for
solving engineering problems includes the following impor-
tant steps:




* Settings for solving geometric characteristics of the
model and to obtain the required accuracy of the solution

* Monitoring of the calculation

* Review and analysis of the obtained solution

 Assessment of the reliability and adequacy of the sol-
ution obtained.

3. Thermal computational simulations of LED PCB

Thermal mode is determined by the heat intensity of the
structure, which is characterized by specific power p per
unit area S.

P=c (1)

P
S

where P is the total power of the light sources into the
light body and S is the total area of heat dissipation ass-
embly. Basic initial data to solve the problem of thermal
management is the temperature of the LEDs and exactly the
p-n-junction (active area) of the LED crystal and ambient
temperature. It is known that the junction temperature, and
the current affect the lifetime of LEDs (LED’s working
resources).

Many manufacturers grant such dependencies for their
LEDs. This article discusses an approach for optimized th-
ermal design of the topology of PCB for LED modules. For
substrate FR4 material is selected to lower the cost of the
LED module.

In Fig. 1a, 1b and 1c are shown cross-section and topolo-
gy of the selected for simulation structure.

FR 4 diclectric
BOTTOM LAYL

Fig. 1. Construction of PCB LED module

Optimizing thermal mode is performed in respect of
thermal vias in the substrate, width of the thermal paths,
dissipated power from the LED. The substrate is coated from
the both sides with copper layers 70 um thick. The thickness
of the FR-4 is respectively 1588 um , width of the contact
pad is 3,3 mm and 20 mm.

In Fig. 2 and 3 are shown results of the simulations for
samples with widths of the conductive paths of 3,3 mm and
20mm and without thermal vias.

Simulations are performed with different power dissipat-
ed from the LEDs. The displayed results of 3D simulation of
Fig. 2a and 3a refer to the 1 W dissipation power, fig. 2b and
3b refer to 5 W, respectively.

The maximum temperature gradient for both widths of
the paths at 1W dissipated power LED is 2°C, while at 5W
dissipated power is 7°C.

ra

a(1w)

b (5W) ‘

0

o t

Fig. 2. 3D thermal simulations of LED module with path’s
width 3,3 mm for different dissipated power

Fig. 3. 3D thermal simulation of LED module with path’s
width 20 mm for different power dissipated

Thermal simulations were conducted to evaluate the
thermal mode with and without vias for different dissipated
power. Fig. 4 shows the results for the two cases of heat dis-
sipation without vias.

Fig. 4. 3D simulations of LED module without vias

The maximum temperature in the middle for the reg-
ion underneath the chip on the back side of the substrate
at 1 W power dissipation of the LEDs is 38°C and 56°C
at 5 W, respectively.

For fivefold increase in power dissipation the maximum
temperature underneath the LED chip on the back side of
the board increases by approximately 65%.

Fig. 5 shows the results of thermal simulations with
different number of vias with a diameter of 0,7 mm at 1W
and 5W dissipation power of LED’s and width of the paths
of 3,3 mm.
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Fig. 5. 3D simulation of LED module with vias



For 16 vias arranged in the configuration shown in
Fig. 5 for dissipated power 5 W, heat dissipation increases
almost 2 times. As a result of the research, it appears that
smaller openings in the range of 0,25 mm are a good solut-
ion, especially matrix arranged with a pitch 0,64 mm. The
larger diameter of the vias and a larger number reduces the
thermal resistance.

Thermal resistance is reduced by reducing the thickness
of the FR4-dielectric, too.

Fig. 6 presents the profiles of the temperature distrib-
ution on vias for LED’s dissipating power of 1 W and 5 W,
respectively.

The zero point of the distance has been chosen as the
center of the LED.
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Experimental measurements are made with an infrared
camera and shows that the errors of the simulations is not
higher than 10% in the various models of the process of
optimization.

4. Conclusion

Performed research shows that the use of CFD codes can
be successfully used to simulate and optimize the design of
the LED package-on-substrate. The results show that the
models agree well with the actual measured value. A major
advantage is saving time and money for the development of
reliable design of LED modules.
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Fig. 6. Dependency of the temperature distribution from the center of the LED to the edges of the substrate
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Abstract

This paper presents work done to create a high power light emitted diode (LED) package on a PCB and a dou-
ble layer FR4. Firstly, a detailed model of an LED package-on-substrate is created. Then the model is optimized
with respect to kind, number and location of the thermal vias, width of thermal paths and LED power dissipati-
on. The method CFD (computational fluid dynamics) via the software Mentor Graphics FLOEFD is used as a tool
to assist in the design of the power LED for the real application. The results show that the models agree well with
the actual measured value. A major advantage is saving time and money for the development of reliable design of

LED modules
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