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In the point of efficient heat removal from lighiiting diode (LED)
package to ambient, the surface of the heat sinist e finished based on
required condition. The surface finishing playsimportant role in efficient
heat dissipation. In our work, the top surface edthsink was machined like
two different shapes (slotted and ‘W shaped) aedted the thermal
performance for 3W green LED. The total thermalstasce was high for
‘W' shaped surface at 100 mA. Surface modificatiwas not influenced
much on the thermal resistancBy,] value at higher operating current.
Noticeable increase on junction temperature wagrobd for ‘W’ shaped
surface at 100 mA than slotted surface. In opficaperties, low lux values
were recorded for ‘W’ shaped surface at all opegaturrent. In addition,
‘W’ shaped surface showed low value in CRI than otter surfaces (plain
and slotted). The observed CCT value was decreastt aseasuring time
increased. High value in CCT was observed for ‘W’pgthsurface at higher

operating current (> 350mA). Slotted surface shogedd performance on
both thermal and optical properties of the given @&en LED.
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1. INTRODUCTION

Apart from the special illumination, high powerHigemitting diodes (LEDs) will soon be used in
general illumination because of its distinctive atages including high efficiency, good reliabilikgng life,
variable colors and low power consumption. An exgiéen about high power LED is that it will be the
dominant lighting technology by 2025 [1]. Theoratig, the higher operating current delivers moghti
output from LED. Unfortunately, the light outputyer of the LED decreases as the temperature dffie
increasing as a result of increasing junction tenaoree {5) [2]. Increased junction temperature will induce
thermal activation of non-radiative recombinatiohetectron-hole recombination. The number of defect
responsible for non-radiative recombination incesasvith temperature [3]. Therefore, the junction
temperatures of LEDs significantly influence thiatality and durability [4].

As electronic packaging becomes more compact andepsing power continues to increase,
engineers are looking for alternatives that providere efficient thermal transfer in a smaller space
Machining heat sink is a popular alternative in timgg today’s thermal challenges. Machining is most
appropriate for prototypes, short run and low vadupnoduction; and the performance characteristiies
similar to a forged heat sink. [5]. Since the ogitipower degradation occurred as a result of irstnedr;,
proper thermal management is a key issue in po#¥ hased lighting applications. The surface geoynetr
of heat sink is an important and influences moreheat transfer from the LED package to ambient Ifg].
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literature, improvement of convective heat trangtar passive cooling using extended surfaces has be
extensively investigated [7].

An increase to the surface area of a heat sink alihost always result in improved thermal
performance and increase cycle time with add tactst. Most of the researchers have been concedttia¢
surface modification on fins side of the heat §B#.0]. No literature is available in machiningtop surface
of the heat sink where the real surface contadt®xit is expected that the surface contact afegplied
TIM to top surface of the heat sink is increasedthis work, the surface of heat sink (top) is niaetl in
different shape in order to increase the surfacgraot area and reduce the material quantity ohts sink.
The thermal and optical properties of 3W green L respect to modified surfaces are reported.here

2. RESEARCH METHOD
2.1. Theoretical background
The device junction temperature in the test cooditian be determined by:

T;=Ty+AT, 1)

whereT;, = initial device junction temperature before hegtpower is applied [°C]

AT, = change in junction temperature due to heaterepapplication [°C]

It should be noted that the relationship betwddp and power dissipation is usually linear over
some specific range of conditions and may vary icemably at the extremes of device operation. The
method itself is independent of the environmenthef device under test (DUT), thus requiring careifiodl
detailed attention to environmental conditions ey to assure that the test produces meaningsuiltee
Static mode was applied using still air box for #lemeasurement which applies heating power tdxtd
on a continuous basis while monitoring thehrough measurement of the temperature-sensitivenpeter.

2.2. Surface modification

In order to test the surface influence, three idahheat sinks (see figure 1) are selected (28 x 2
9 mm). One among them is considered as plain sirfand the other two is machined as given in tiperd
2. Figure 2(a) and Figure 2(b) named as slottethsairand ‘W’ shaped surface for throughout thisepap
The specification of the modified surface is givarfigure 2 itself. The area of the heat sink (tigpp75
mn¥, 850 mni and 610 mrhfor plain, slotted and ‘W’ shaped surface respetyi

Figure 1. Photograph of ideal heat sink used ([Haitfece)

o)

Figure 2. Schematic diagram of surface machinda)eslotted surface and (b) W shaped on heat sjmk t
surface.
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In this study, 3W green LED package attached wittd{iCore Printed Circuit Board was used
all measurementand placed over the heat sink as shown in Figuag B{umina thermal paste kit was us
as TIM in this study. The thermal transient chageeation of the LED for above said three condisios
captured based on the electrical test method JEIESI-51. The thermal behavior of the LED is captu
by the Thermal Transient Tester (T3Ster) in stillbmx as given in photograph in lure 3(b). In order to get
the optical behavior with respect to modified scefaMK350 LED meter (Make:UPRtek) was usec
measure the optical behavior of given LED such asetated color temperature (CCT), Color Rende
Index (CRI), and Lux was measured and reported.

Lens a

__Lews (a)
_. LED chi

Heat s-Ing ) = P

PCE } i Solder paste
\ .

TIM

Heat
Sink

Figure3. (a) Schematic diagram of the LED on a heat aimtk (b) Measurement setup for thermal trans
analysis of LELCfixed within a still-air chamber.

2.3. K factor calibration

Before the real measurement, the LED was therneallprated using dry thermtat and T3Ster as
the power supply. The product of K and the diffeesim temperatu-sensing voltage (referred to 4V)
produces the device junction temperature

AT; = AVg K 2
K = AT,/ AV (3

During the calibration proce: the LED was driven with lower operating currentLetA to preven
selfheating effect at the junction. The ambient tempeeaof the LED was fixed to °C and the voltage
drop across the junction was recorded once the tgaibhes thermal equilibrium w the temperature of the
thermostat. Later, the ambient temperature of 8 was varied from °C, 45°C, 55°C, €°C, 75°C and
85°C and the voltage drop across the junction waschat each ambient temperature. From the calilor
process, the K-factorfdhe LED was determined (2.289) from the grapljuoiction voltage (voltage droj
against ambient temperature as shown iure 4.

T3Ster: thermal coefficient/calibration-3w led

2.06 I I I I
204 [~ ch.0 -0.002289 v/°C |-
2.02 | .
2 - -]
1.98 |
1.95 | .
1.94 | .
192 | -
1.9

Measured data [V]

20 30 40 50 60 70 80 =l
Temperature [°C]

Figure4. K factor calibraon curve for given 3W green LED
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2.4. Thermal transient analysis

During the thermal test, the LED was driven at ¢hdifferent currents 100 mA, 350mA and 700
mA in a still-air chamber at room temperature of@5 1 °C as shown in Figure 3 (b). The LED was
forward biased for 900s. Once it reaches steadg,stiae LED was switched off and the transient iogpl
curve of heat flow from the LED package was captifoe another 900s. The obtained cooling profilehef
LED for plain, slotted and ‘W’ shaped surface of theat sink was processed for structure functicsgu
Trister Master Software.

3. RESULTSAND DISCUSSIONS

3.1. Thermal properties

The thermal resistanc&®{h) analysis of 3W green LED with different surfacedified heat sink
was performed and the results are given in TaldleTyvalues were derived from the smooth curve observed
during transient analysis (see figure 5 a-c). tveh that the variation ifi; as well asRy, is comparatively
small for all modified surface. Noticeably; value slightly decreases for modified surface {etband ‘W’
shaped) at high operating current (700mA). It btttes the increased surface contact area of TINbprof
heat sink surface [11]. Unfortunately, noticeabteréase inT; could be observed at 350mA operating
current. It reveals that the results shows that rtieified surface does not show much influence on
decreasingl; values and especially a small increaseTjrcould be observed at 100mA for ‘W’ shaped
surface since the surface contact area was comyaless than slotted and plain surface surfaBasce
the removal of material on surface and extendedtintace area, the machined surface area has mamde m
bond line thickness for applied TIM via slotted ald# shaped surface and it has high thermal padmfr
MCPCB to heat sink surface (see figure 6) and h#me¢hermal resistance is high [12,13].

The following thermal resistance equation realitlks above said statement as the resistance
increases with the thickness of TIM increases.

RTIM = L/kA (4)
where L — thickness of TIM (m), k - thermal conduity of TIM (W/mK) and A — contact area of TIM
(14]

Table 1. Junction temperature and thermal resistahplain and modified surface heat sinks from
cumulative structure function

Plain surface ‘W’ shaped surface Slotted
100 350 700 100 350 700 100 350 700
T, 9.8 36.98 80.36 10.75 37.55 79.86 9.8 37.86 79.92
Rth-tot 35.41 34.09 34.79 36.18 34.61 34.55 35.00 34.47 6334.

Rth-b-hs 22.17 21.00 20.43 23.00 21.43 20.18 21.81 21.3 320.4

To measure th&;,, the cumulative structure function was derivedrfrthe cooling curve using
T3ster software and given in figure 7 (a-c). Onsidering totalRy, (R, the surface modified heat sinks
showed low value when compared with plain surf&ué.the difference is comparatively small. In order
confirm the repeatability, the measuring of transieooling curve is repeated for 3 times and tliteince
in Ry, is observed less than 0.02 K/W. TRg. value of both modified surface (slotted and ‘Waph)
increases as the input current increases upto ¥@md slightly decrease when measured at 700 mis. It
attributed to the effect of low heat capacity arghhrIM thickness in slotted and W shapped surfd@g. In
order to test the interface material resistance thiermal resistance between board and heat Bjnk.f is
measured from the cumulative structure functiore Rh,.ns Value increases for slotted and ‘W’ shaped heat
sink surface when measured at 100 and 350mA aglatiglidecreases for high operating current (700 ez\)
observed foR.iot.
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Figure 5. Transientaoling curve of 3W green LED for plain ¢ surface modified heat sink recorded at
100 mA, (b) 350 mA and (c) 700 mA

LED (@)

TIM

urface
slotted
Heat sink

Extended thermal path

()

LED

TIM
lain

surface
Heat stk

Figure 6. (a) lllustration of increased bond lineckness (TIM) for the LED attached on slotted aoef of
heat sink and (b) Schematic diagram of LED attacki¢tal heat snk by TIM
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TaSter Master: cumulative structure function(s)
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Figure 7 Cumulative structure function of plain and suefaodified heat sink recorded(a) 100 mA, (b)
350 mA and (c) 700 mA

From the all observed results, it is concluded thatslotted and ‘W’ shaped surface help to re«
the thermal resistance at high operating curréris &ttributed that the molecular agitation (fedectrons;
within the material is more at hicT, than the LED operates at low operating current. From the figure
7a, it is observed clearly that the ‘W’ shaped atefgives higlRy, value than plain and slotted surface. Fi
the figure2, the surface area ofat sink contact with MCPCB via TIM is low for ‘Whaped surface (22
mn?) than slotted surface (300 r?). The figure7b reveals that the surface modified heat sinkintstheat
transfer from board to ambient at 350 mA operatingent. But the resultin Figure 6¢ depicts that the
operating at 700mA supports the surface modificaba heat sink to enhance the heat removal sire
contact surface area is high compared with plaifasa

3.2 Optical properties

The optical behavior of 3W LED was alcharacterized by measuring the parameters like (
CRI, Wavelength and Lux using the LED meter. Theasueed CCTs for plain and modified surfaces
given in FigureB. The color temperature or color coordinated tewmdpee over 5000 K are called coolors,
while lower color temperatures (27-3000K) are called warm colors [16]. According to en's
displacement law, the spectral peak is shifted tdevashorter wavelengths for higher temperature®
observed results are obeyed the Wien’s conceptltee CCT value increases as the current input incre
and hence thé,c. shifted to lower wavelength from 54539 nm [17]. It is clearly described in fig 8.
reveals that the CCT varies with respect to inpwtrent as we know. At 100mA, ‘W’ shaped sace
maintain the value from start up to end time of t@asurement. But plain and slotted surface showitas
results at starting point. No big difference in C@&Tobserved for plain and slotted surface measat:
100mA. In addition, linear behavios CCT decreases as running time increases coubthderved for botl
350 mA and 700mA input current for all surfacest Bu higher input current, ‘W’ shaped surface st
higher value than other two surfac
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Figure 8 Variation of CCT values with rpect to measuring time for 3W green LED fixed oaipand
surface modified heat sink.
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Figure 9 Variation of CRI values of 3W LED against measgriime at various driving current fixen (a)
‘W’ shaped surface and (b) plain and slotted suax.

Especially, the results observed at 700mA show kilhe at initial stage and decrease drastic
over period of time. It is indirectly related toethaise inT; as well asRy, of the LED package. The fig
shows that the CCT values measured at 350 and 20@ne very close to each other at the end of
measurement (15min). Finally, the CCT values are within the coebion (>4000 K) even though t|
surface modification dan Color rendering index (CRI) is a measure of lameurately an artificial ligr
source displays colors. The higher the CRI, thdebethe artificial light source is at rendering asl
accurately. According to published results [18§ thfferences iICRI values of less than five points are
significant. In order to study the influence offaige modification on CRI for the given 3W green LEBe
CRI values are recorded for modified surfaces féérmdint driving current:

The observed results areven in figure 9(a—b). Figur@a clearly indicates that the CRI valt
drastically decreases as the running time increas@90mA operating current than other driving eaots
(350 and 700mA) for ‘W’ shaped surface. Fig.9b sbdlat the slotted surfashows a noticeable change
CRI value when the LED operated at 100 mA. In addjtCRI values observed as low for slotted surfai
all driving currents. Overall, ‘W’ shaped surfadeow low value than other two surfaces (plain arudtetl)
even at highr operating current. But liner behavior for bothip and slotted surface could also be obse
at operating current above 350 r
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387 O ISSN: 2088-8694

— B— Plain surface
700 —»— slotted sarface
] ‘W shaped surface
T00mA
. ‘\-\t‘\_rz—:&_‘-________'___k_. .
?.
500 -
€ w Py » » 350mA
5
E 300 -
200 . 100mA
100 -
T T T T T T T T T
2 1] 2 4 [ 10 12 14 16

Time (sec)

Figure 10 Change in Lux of 3W LED against measuring timeaatous driving current for plain ar
modified surface.

Figure10 shows the influence of surface modification loa light output at various driving curre
It shows that the ‘W’ shaped surface shows lowlawel for all driving current when compared to athgo
surfaces. It may be due the effect of ince inT; as well ady, of the LED package. Also, it reveals that
slotted surface doesn’t influence much on the lmitput for 3W LED at different operating curremndahe
observed values are very close to the values ah glarface. This observon supports the possibility
reduced material quantity of heat sink without etifey the optical properties of the LED. In pe
wavelength measurements, we could not observe wliffelnence and the values were in between — 541
nm.

4. CONCLUSION

Thermal conductivity behavior of surface modified heatkswas tested for 3W green LED
different driving currents. Machined surface hadencontact surface area than the plain heat siok Ry,
was observed with modified surface at 700 mA. Teedasedhermal performance coupled with the abi
to expand the surface area without increasing iteecf the heat sink could be achieved. Machinethsa
had low materials quantity than the plain surfdogerface resistance between MCPCB and heat sirsk
varied with respect to surface modification. Ogtjmaperties reflect the surface modification ahdw low
lux value for ‘W’ shaped surface than plain andtteld surface at various driving currents. Good aab
behavior was achieved for slotted sue with increased surface area and reduced matmigkent. The
observed CCT values for ‘W’ shaped were high atrafreg current > 350 m,
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