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THE RESEARCH OF THERMAL CHARACTERISTICS OF THE LEDS

To achieve reliability and optimal performance of LED Light sources a proper thermal management design is
necessary. Furthermore, some concepts are shown in order to improve the thermal design. The authors have
explored a physical phenomenon - the heat flux and temperature, LED lamp cooling system that operates on a heat
pipe basis. The paper identifies the basic problem of the measuring heat flow. The general model of the street LED
lamp that operates on a consistently and parallel connected thermal resistance basic is showed. The needs
established methods of the calculation effective cooling system for outdoor lighting industrial facilities are analyzed.
The dependence of the thermal resistance on the ratio of the physical processes is involved in optimizing the thermal
regime, such as convection. The relevance of the impact of LED structure on its temperature field. Expressions are
obtained for measuring the heat flux density and average integral heat flow. The bulk semiconductor luminaires
developed with ribbed radiator, the calculation of which is produced by the known laws of convective heat transfer
beam. For all its simplicity and clarity, such an approach is justified only in terms of engineering practice. Giving a
fairly simple and feasible solutions for choosing or designing a radiator construction, such a model does not
provide a clear understanding of how the convective pass streams, where air pockets occur, affects how the thermal

conductivity of the materials used for the heat flow and spreading al.
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Problem statement and analysis of
recent scientific research and publications

Applications of LEDs have significantly expanded
in recent years. Global trends of LED technology
development suggest a steady increase in consumer
interest in solid state lighting. Until recently, LEDs were
associated mainly with the indication in electronic
devices, but now they are widely used in transportation
(traffic lights, road signs, and display in stores) as well
as in the automotive industry, outdoor city lighting, etc.

Progress in the development of power LEDs has
given them an opportunity to hit the lighting area of
interest, and soon LEDs will completely replace old-
fashioned sources of light [1]. Dependence of
parameters of LEDs on the ambient temperature is the
subject matter of many scientific articles that address
electrical, energetic and colorimetric properties of
LEDs, their physical meaning, connection and physical
origin (see the examples [2-4]).

With increasing crystal temperature the life
expectancy of the LED sharply reduces, so the cooling
of the LEDs is still relevant [5-8]. The extraction of heat
generated by the LED occurs through the crystall
carrier, solder joints, printed circuit board, conductive
insulating gasket or conductive paste, body-radiator into
the environment. This set of transition resistances on the
way "LED - environment" is a major drawback of LED
fixtures designs [9]. All the developers of lighting
devices try to minimize all resistances whenever
possible [10]. In this regard, provision of acceptable

thermal conditions is one of the most important
requirements for the development of lighting devices
using power LEDs.

The purpose and main part

Lamps based on LEDs have high efficiency
conversion of electrical energy into light, for this reason
the research of energy performance of LEDs is an
important task. These characteristics include the light
and heat capacity, efficiency and thermal resistance.
Their dimensioning is often done by measuring the
temperature of various elements of a construction [2,8].
Another important characteristic of LEDs is their
longevity [11]. These characteristics are also associated
with thermal capacity generated by LED, and thermal
resistance of crystal-substrate transfer.

The efficiency of heat release is characterized by
such parameters as thermal resistance heat R,. LED
thermal resistance (p-n transition) standard EIA /
JEDEC JESD51.1 determines with the equation (1).

Ro=(Ty—Tx) /Py, 1)
where T; —p-n transition temperature, Tx — control point
defined temperature, P, — thermal power dissipated by
LED.

However, the standard does not provide an
explanation of how Py power is calculated, so in most
cases it is calculated as the product of direct voltage
applied to the LED, on the LED current (Pu = Us - If).
However, unlike conventional diodes, LED -current
component associated with radiating recombination,
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should be excluded from the Py calculation [11] for the
associated energy is emitted as light. Power converted
into heat is the main parameter that is specified in the
calculation of thermal modes of LED lights.

It is determined by the difference of consumed
electric power of lights and power is converted to light
or according to the formula (2).

P=(1_—r::p]-P, 2)

where P - power consumed by LED system, 1 -
LED luminous efficiency, mmer. - light radiation
efficiency of the LED.

The value of the light emission efficiency nineor.
can be calculated from the spectral distribution of the
LED radiation Figure 1, therefore, in calculation the
power is converted into heat taking into account the
spectral distribution of radiation of a particular LED.

Correct calculation of the given power gives an
opportunity to more accurately calculate the temperature
of the body, and thus the p-n transition.
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Fig. 1 - The relative spectral distribution of LED Cree
radiation XTE, Tcolorful = 6000K.
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Power converted into heat is evaluated within 40%
- 75% in the literature [3]. Quite often this value is
completely neglected. For this case the physical model
diagram is shown in Figure 2.
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Fig. 2 - Scheme of the physical model of heat transfer in
the BOL system and LED surface that is convectively

cooled. 1 LED, 2 CO (control object, a printed circuit
board, a layer of glue, radiator), 3-BOL)

On the plate surface at z = 0 heat transfer is
defined by boundary condition of the second kind (qo=
const), and at z = hok — the third kind. In addition, the
heat transfer coefficient on the entire surface z = hok
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and on the front surface of BOL is accepted as the same
and constant (o= const).

This is consistent with the absence of radial heat
losses on the side of the BOL. Thus, on the diagram in
Fig. 3 field I corresponds to the tight solid cylinder with
the height of hok and radius ry; field 11 - hollow
cylinder with the height of hok with the inner radius ryol
and infinite external radius. The surface of the second
field at z = 0 receives constant heat flux go. On the
surface at z = hox convective heat transfer is running
with constant heat transfer coefficient ao. With this
definition of boundary conditions for solving each of the
areas the classic method of separation of variables is
used, and the distribution of temperature and density of
heat flux is presented as infinite series.

Determining coefficients of these series is made
based on the values of equality of temperatures T; and

aT; aTy
Ty and radial heat flow - :-lg.h-; and — ﬂmc? on

common boundary areas, that is at r = rpy 1
0=z< hyi,

Without BOL the temperature field in the plate is
onedimensional and can be considered symmetrical
relatively to the axis, and on the convectively cooling
plate surface (z = hox) the temperature is determined by

the formula:

(3)
In the problem assumptions were made about the

same heat transfer coefficient of heat flow transducer

(hereinafter BOL) to the environment (hereinafter E) on
the front and side surfaces of the BOL.
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Fig. 3 — Scheme of the transformed problem model

It allowed transforming the original problem by

combining thermal resistance of the BOL (Rprp = :"T")
mrn

with a thermal resistance of convective heat transfer at
its but end (Ei) and introducing the concept of efficient
0

.. 1 ] — R
heat transfer coefficient &ge = {?+:ﬂ] L In this
0 mrn

way the scheme of the original problem model is
transformed in the scheme shown in Figure 3

The temperature field is also described by the
classical equation of thermal conduction [9] in the
cylindrical coordinate system. Given the decision found
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in accordance with the scheme suggested in [12], the
expression for the measured heat flux density and
medium density integrated heat flow is:

Tk~ Tas

-[E‘i:_L_+2-E:_:A__-_EL’i-

..... )
and the heat flux density is determined with the same

area on the lower side of a LED:

T —_T
— CTox—Thc
Go = dox .

o
where Bioy — number Bio.

The bulk of the semiconductor luminaries is
developed using finned radiators, the calculation of
which is made by the known laws of convective heat
beam. For all its simplicity and clarity, this approach is
justified only in terms of engineering practice. Giving
rather simple and real decisions on the choice or design
of the radiator, this model gives a clear understanding of
how convection currents move, where air pockets occur,
how the thermal conductivity of the materials used
influences the spreading of heat flow and others. It is
therefore necessary to conduct a detailed heat
calculation.

Qe = '?“__.-‘_.":1-'1:' = f-:r :
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Conclusions

Taking into consideration the mentioned above,
the importance of analyzing thermal mode of power
LEDs is stresses. The correct thermal conditions provide
acceptable operating temperature of p-n transition,
which will allow operating at high currents, increasing
luminous efficiency and minimizing its decline through
self heating and, therefore, maximizing the main
advantages of semiconductor light sources — durability
and efficiency.

The purpose of the further study is to develop the
research methods of thermal parameters of LEDs and
LED lamps. This assumes the following tasks:

- to develop mathematical models of thermal
processes;

- to calculate thermal resistance;

- to conduct experimental studies, compare theory
and experiment.

References

1. LEDs and their application for coverage. Edited
by ak. AEN RF Ju.B. Ajzenberga. M .: Znak, 2012.

2. K.C. Yung, H. Liem, H.S. Choy, Heat transfer
analysis of a high-brightness LED array on PCB under
different  placement configurations, International
Communications in Heat and Mass Transfer, Volume
53, April 2014, Pages 79-86.

3. Young-Pil Kim, Young-Shin Kim, Seok-Cheol
Ko, Thermal characteristics and fabrication of silicon
sub-mount based LED package, Microelectronics
Reliability, volume 56 (2016) pages 53-60.

4. Wyman D.A., Danilov V.S. Investigation of the
effective heat dissipation in LED SMD // Coll. scientific.
tr. The NSTU. - 2013. - Ae4. - S. 72-81.

5. Report of company «LSRC» Led luminaire
lifetime [Electronic resource] URL:
http://lwww1.eere.energy.gov/buildings/ssl/pdfs/led_lumi

naire_ lifetime_ guide_sept2014.pdf (date of the
application: 25.11.2016).
6. LED Life for General Lighting:

Recommendations for the Definition and Specification
of Useful Life for Light-emitting Diode Light Sources.
ASSIST recommends, Volume 1, Issue 7. Alliance for
Solid-State Illumination Systems and Technologies
(ASSIST), 2006.

7. Sung Ho Parka, Jae Hoon Kim. Lifetime
estimation of LED lamp using gamma process model //
Microelectronics Reliability, Volume 57, February
2016, Pages 71-78.

8. IES LM-79-08. Approved Method: Electrical
and Photometric Measurements of Solid-State Lighting
Products. Illuminating Engineering Society of North
America, 2008.

9. Kogan L.M. Semiconductor light-emitting
diodes / L.M. Kogan. M .: Energoatomisdat, 1983. - 208
p.

10. Minseok Ha, Samuel Graham, Development of
a thermal resistance model for chip-on-board
packaging of high power LED arrays, Microelectronics
Reliability, volume 52 (2012) pages 836-844.

11. Sorokin V.M., Kopnin V.P., Sery A.F.
Svitlodiodna lamp light fixture i deyaki nuances thermal
support. Svitlotehnika ta elektroenergetika. 2013, Nel
(33), p. 4-13.

12. Wesley D. A. Thin disk on a convectively
cooled plate — Application to heat flux measurement
errors / D. A. Wesley // Trans. of the ASME. — Journ. of
Heat Transfer. — 1979. —Vol. 101. — P. 346-352.

Jliteparypa

1. Céemoouoovr u ux npumernerue 01 0C8eUjeHUs.
oo obweii peoaxyueii ak. ADH P® FO. b. Auzenbepea.
M.: 3nax, 2012.

2. K.C. Yung, H. Liem, H.S. Choy, Heat transfer
analysis of a high-brightness LED array on PCB under
different placement configurations, International
Communications in Heat and Mass Transfer, Volume
53, April 2014, Pages 79-86.

3. Young-Pil Kim, Young-Shin Kim, Seok-Cheol
Ko, Thermal characteristics and fabrication of silicon
sub-mount based LED package, Microelectronics
Reliability, volume 56 (2016) pages 53—60.

4. Baiiman J[.A., [Qanunos B.C. Hccredosanue
cnocobos  agexmuenoco  omeoda  menia 8
ceemoouodax nosepxrocmuo2o moumaoica // Co. nayu.

mp. HITV. — 2013. — Ned. — C. 72-81.

L 4

© A.l. Kolesnyk, L.4. Nazarenko

L 4

29



Csimnomexnixa ma enekmpoenepzemuxa, 2016, Ne 2(46)

) 4

5. Omuem «komnanuu «LSRC» Led Iluminaire
lifetime [Onexmponnwiii pecypc] URL:
http://www1.eere.energy.gov/buildings/ssl/pdfs/led_lumi
naire_ lifetime_ guide sept2014.pdf (0ama obpawenus.
25.11.2016).

6. LED Life for General Lighting:
Recommendations for the Definition and Specification
of Useful Life for Light-emitting Diode Light Sources.
ASSIST recommends, Volume 1, Issue 7. Alliance for
Solid-State Illumination Systems and Technologies
(ASSIST), 2006.

7. Sung Ho Parka, Jae Hoon Kim. Lifetime
estimation of LED lamp using gamma process model //
Microelectronics Reliability, Volume 57, February
2016, Pages 71-78.

8. IES LM-79-08. Approved Method: Electrical
and Photometric Measurements of Solid-State Lighting
Products. Illuminating Engineering Society of North
America, 2008.

9. Koean JILM. Tonynposoonuxoswvie
ceemousnyuarowue ouoovt /  JLM. Koean. M.:
OHEPIOATOMMUSBNAT, 1983. — 208 c.

10. Minseok Ha, Samuel Graham, Development of
a thermal resistance model for chip-on-board

ISSN 2079-424X

packaging of high power LED arrays, Microelectronics
Reliability, volume 52 (2012) pages 836-844.
11. B. M. Copoxin, B. II. Konnin, A. @. Cepuii.

Csimnodiodona aamna-ceimunbHuK i OesiKi
onopy. Csimnomexuixa
enexmpoenepzemura. 2013, Nel (33), c. 4-13.

12. Wesley D. A. Thin disk on a convectively
cooled plate — Application to heat flux measurement
errors / D. A. Wesley // Trans. of the ASME. — Journ. of
Heat Transfer. — 1979. —Vol. 101. — P. 346-352.

HIoOaHcu

menjioeoco ma

Author: KOLESNYK Anastasiia Igorivna

Postgraduate of the Department of Lighting and
Sources of Light

O. M. Beketov National University of Urban
Economy in Kharkiv,

E-mail — Atay1791@gmail.com

Author: NAZARENKO Leonid Andriyovych

Doctor of Technical Sciences, Professor of the
Department of Lighting and Sources of Light

O. M. Beketov National University of Urban
Economy in Kharkiv,

JOCJIKEHHSI TEIIJIOBUX XAPAKTEPUCTHUK CBITJOAIOAIB
A.L Konecnuk, JI.A. Hazapenko

AHanizyemvcsi 3an€HCHICMb MEn08020 ONOPY 6i0 CNIGEIOHOUEHHS PIULHUX NPOYECis, 3A0ITHUX 6 ONMUMI3AYLl

MENN08020  PEINCUMY,
memnepamypne noae. Ompumano eupas
CepeoHbOIHMEeZPANbLHO20 MENI0B020 NOMOKY.

Maxkux sAK KOHBeKyis. AxmyanvHicmv 6nau8y KOHCMpYKyii ceimaodioda Ha 1020
ona  eumipsaHol

SYCMURU  menjioeoco NOmMoOKy ma 2YyCmuHu

Knrouosi cnosa: c8imnoodioo, KoHeeKkyis, meniosuti onip, 2yCmuHa menio8020 NOMOKY.

HUCCJIEJOBAHUE TEIIVIOBBIX XAPAKTEPUCTUK CBETOANO10B
A.N. Koaecunk, JI.A. Hazapenko

Ananusupyemcs 3a8UcCUMOCMb  MENi08020 CONPOMUBTIEHUS OM COOMHOWEHUA QU3UYECKUX Npoyeccos,
3a0eliCMBOBAHHbIX 68 ONMUMUIAYUU MENN08020 pedCUMda, MAaKux Kak KoHeKyus. AxmyanbHOCmb 61UAHUSA
KOHCMPYKYUuu c8emoouooa Ha e2o memnepamypuoe noie. Ilonyueno evipadxcenue O01a usMepeHHOU HIOMHOCMU
Menno8o20 NOMOKA U NIOMHOCHU CPEOHEUHINESPANbHO20 MENI08020 NOMOKA.

Knroueewvie cnosa: ceemoduod KOH6€eKYus, menjioeoe conpomuesieHue, niomHocnb menioeo2o nonmokKa.
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