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Abstract A series of experiments on an active cooling system that used the porous micro heat sink
for thermal management of high power LED (light emitting diode) arrays had been conducted. The
experimental results showed that in case of the LED power input of 45 W, the LED chip temperature
raised up to 70°C in two minutes without the porous micro heat sink. When the heat sink was used,
the system reached stability in 50 seconds and the temperature was only 38.3°C. Even though the
input is increased to 75 W, the temperature is merely 42.5°C. Numerical analysis on porous micro
heat sink was conducted, the results indicated that the optimal structure could enhance the effect of
heat dissipation and improved the temperature uniformity on the substrate, which is beneficial to the
improvement of the life and performance of LED.
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Fig. 1 Schematic diagram of a porous micro heat sink system
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Fig. 2 Experimental setup of the porous micro heat sink
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Fig. 3 Cross sectional views of porous micro heat sink
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Fig. 4 Measuring point temperatures variation with time
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Fig. 5 T3 variation with time for experiment and simulation



2008 T B # % HE % #

36 &

43.2°C, \|BELLA 0.7°C, TERFA R BRI LR
BT, SEq R A E 2 Z R AR 1°C, X
Ut I BUE L B i i AR T A R A BT, BB
BRECSEH) R A HRACR, "M kSR B
W LRI

5 ML AL

N T ERFEIRBRYI A LED Bk W, BT 5%
RIS, BB PRCR R R RIS,
B R UER BE AR R AT, R =P
AR G5 AT OB . R M BBl 5 (R R
ST AMSEL, Bl TRBRERER 1.6 mL/s, 4
SRR 29.5°C, #H O EA 2 mm, LED AL
HH A5 W,

5.1 ELRBILMATLEN

LR HRIUE 46 W AR T i RS ELEY)
nE 6 Fras. WEHRELLE N, BN EES R
LB R AE Z AL ORE ) B> A8 LED Gif
Fr, EmiRE R 39.2°C, FHARELL AT ER T3 I
AR BE , N Jm S e TR S AT ELAR I T K
He AR R BE N R AR AR, TR e o F 55k
. T TREARYIR, FFaREN LED §iiy
ik, BT, AT T TR B R, SB3OER
FEVTHM AR S R B 3 R B
K, AR, #w LED W8 HTERE. & 7
B AL Z = 0 BB A& . B AL
i, WP HRETERS, WA, HAERLZER
ARSI R/, BRI BRI,
FESLVF LED 57 Rl BE/K TS P, HCRA R T I B
5y, xR TR A A SRR AR R A
My, Kz, MAEZERIRF TR, SRR
RO FIH T B LED f ARG, AUEXT 928
RZ ARG HAT L.

5.2 H—MXHE S ILBBAITE

W B B R A SO XGRS, 3 R
ALE N 8. & 9 s ith Fr A AR ) e A5 1L BE 43
Ai. BRI, LED et i B AR BEFEAR, i
G xR R BN 38.1°C, Ts siMIREEN 36.7°C,
HRISIEELF. B 10 & Z = 0 i gy 3B K it
B, WEHEIL, TR, XesimrzE
FEGTERTP RSB T B TE R, Bfs #vit Pl
NI, (EAESEIT A T T 8 34 31 2 1R
/N, DRGSR Y B 454 7 — ke A2 B LKA 28 e
# LED HyRR, (Hi A ghim R 5 P et i 1 i #2
£ b, REREFVIERITHEIENRS S, X

FEARETJE IR B B IR AR K.

Temperature

6 45 W SEE g5 AR R E
Fig. 6 Temperature field in the substrate of experimental
structure

i

!

i
% 5
1
it

g

e

G

b
B 7SR5 2 AR TR S AT (2 = 0)

Fig. 7 Liquid velocity vectors in the experimental porous

micro heat sink

Bl 8 SE—FEEAsH 3 ) DR BRI

Fig. 8 Outlet structure of the first optimal heat sink

Temperature

9 25— Rl M AR AL iR E S

Fig. 9 Temperature field in the substrate of the first optimal

heat sink

B 10 MmN IREINY (Z =0)
Fig. 10 Liquid velocity vectors in the first optimal heat
sink(Z = 0)



9 # X ¥ BT ZAMMRUIMKIIE LED Ko B LR & 0 B it 2009

5.3 FRMHZILAHE

B 11 Rt E B G54, Rk DR
B, AE—ANTHL, ERERIENESS N ET
s, B2 SEE, T ESHEE.
LREZEHROERRAZE, E£—E0EIE
R L#aw 28 ms), mikEE a2
WFZm, B mZFLSmEskss, 8 EwRzY
B BOR . B 12 AEACRES A E, AR ]
PEH, SHeEREMCY 38.2°C, Ts SHREN
36.7°C. BARTAERERA BDEMIRT, BB
MBI SIES 3] TR KM, FE4R LED MR RS
FEARFRAE 3°C LA, ATRATUXW A A T4 LED
Wy E A TAEYERE. 18 13 25 Z = 1 B#RTH Ay 3 B &=
7Y, \TUAEH, RUBLEhERKHZEL, FERlEE
Z J RN REIT REAR T R A ARSI R T, 5
ZFS NI TE A IRE, 5 BRI iR
FEWRUN. AT X PhEs 7E—E FEBE L REINR LED fy

AP A7

| =

=

.

P 11 5B R AR

Fig. 11 Outlet structure of the second optimal heat sink

Temperature

Bl 12 58 R AR FLS v iR
Fig. 12 Temperature field in the substrate of the second
optimal heat sink

[ 13 S5 FdGHS MBI (2 =1)
Fig. 13 Velocity vectors in the second optimal heat
sink(Z = 1)

6 ):é\ é[ﬂ:]:

LED R A f1 T HiE 20 S EFER N IR
WFFRRIR A, {5 LED Hk W8 — H ] £ K Y1 LED
BT, EEXTXA WG, A< 30K 2 FLARUT 3k
HEATXKIR LED B3, FHi#t17T R4 LR AE
EAAL BT, BB TE R

1) ZAHRTTBRRE LA R WHEEES,
I ER M AR, AR OR B TGE T AR A I AR ST

2) WX SRR M BERLE R, KRS
B AR W] LIVE O R G — I S 5O B
TE;

3) RFIBGHER, HgEd O8I, RUTEN—
N A, —F 2L TR B A TT LA GF ik
# LED BHECR, SOBA R THE® LED &M
TAEH:RE.

2 %F XM

[1] Zukauskas A, Shur M S, Gaska R. Introduction to Solid-
State Lighting [M]. New York: John Wiley & Sons, Inc,
2002: 21-29

[2] ARIK M, WEAVER S. Chip Scale Thermal Management
of High Brightness LED Packages [C]// Proc. SPIE 4th
Int. Conf. Solid State Light, Denver, CO, 2004: 214-223

[3] Hun S H, Seo Y K, Tae H J, et al. Heat Sink Design for
a Thermoelectric Cooling System [C]// 11th Intersociety
Conference on Thermal and Thermomechanical Phenom-
ena in Electronic Systems, Orlando, FL, 2008: 1222-1230

[4] Daniel J, Schlitz. Electro-Hydrodynamic Gas Flow LED
Cooling System: US, 20100177519 [P]. 2010

[5] Bong-MinSong, BongtaeHan, AvramBar-Cohen, et al.
Life Prediction of LED-Based Recess Downlight Cooled by
Synthetic Jet [J]. Microelectronics Reliability, 2012, 52(5):
937-948

[6] H Peter de Bock, Pramod Chamarthy, Jennifer L Jackson,
et al. Investigation and Application of an Advanced Dual
Piezoelectric Cooling Jet to a Typical Electronics Cooling
Configuration [C]// 13th EEEI THERM Conference, San
Diego, CA, 2012: 1387-1394

[7] Ing-Youn Chen, Mei-Zuo Guo, Kai- Shing Yang, et al. En-

hanced Cooling for LED Lighting Using Ionic Wind [J].

International Journal of Heat and Mass Transfer, 2013,

57(1): 285-291

ZERRLL, BRI, SR, IR, RBORPIAR M T AzhE

LED B MWFFE [J]. #EHSHHR, 2012, 26(06): 158-160

Li Linhong, Chen ginghua, Cai Weiwei, et al. Thermal

8

Studies of High-Power LED with Cold Spray Technology
[J]. Materials Review, 2012, 26(6): 158-160

[9] Yuri S M. Influence Coefficient Method for Calculating
Discrete Heat Source Temperature on Finite Convectively
Cooled Substrates [J]. IEEE Transactions on Components
and Packaging Technologies, 2006, 29(3): 636-643



