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Figure 1. Schematic drawing of 16—chip package in
this study.

Table 1. Comparison of the structures of the package
A and B in this study.

Package A Package B
Size 5X5 mm 10X10 mm
Substrate
Thickness 0.6 mm 0.6 mm
24 mil 40 mil
Size
(0.6x0.6 mm) (1x1 mm)
Chip
Distance
. 0.4 mm 0.8 mm
between chips
Electrical connection 4 serial— 4 serial—
of the chips 4 parallel 4 parallel
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Figure 2. Photographs of the 16—chip package A and
B in this study.

Journal of the Korean Vacuum Society 21(4), 2012



___Thermal pad

Thermistor -+ Hot plate

— = Peltier

T THeat sink|

Cooling fan

Figure 3. Thermal resistance measuring system,

o] A= LED #j7] A7} B2HE MPCBE A2MA| 2 3
o|E ffoll H2kA7IH, SHEHO|EE HWE|o] AAFE o)&

slo] Yot 2R 1A 5 YES TR0 Uk B
ERRECE:

o] EQ] ofgjZoli= 5E A=9} Wzt o] wjdEle] 9l
of LED 9| p-n 45 9lel 4 WA Fo] Utk MPCB
2 WEEI ohe 5=yt 92 e ot gRe

w8 WAYZEES A = Sl

Ol AAE olgste] A 2E Aok S dWst

S} Atk 94 1 mAQ] AFHE LED Fof 7

1 255 og3te] LED o A Vi 2 SA5IA
"R 02 LED AHALE7} 2715l wheha] Wie 74 ofy
A7} Wolz| B & LEDO] = go] Wolxleh, & kol A]
AAE o] g3}o] 25°C, 40°C, 55°CE] 371A] 2
FEEO|ES 7heste] Z42he] Aol &Ate &
ol == UrEMW SHET 0| B 2ot &
# ol Al (D7} 2ol 2 A

K= @

A7l A AT AALES] HEtRA 2 ddlA=
LEDO| 7}8= A77F 1 mARA 2R gho|u g Ziof 9
3 LED 2k 452 FAIE 4= Qlo] AH2=w SHEFo
Eof 2rof grial 7Pgdteh, mEbA Kgke S5
dHe SHEFOIES =7t LED H7HA] AgE o] =9

£ ©

UFTSYRAX] 21(4), 2012

Aol Ba) FHI| o A7
Aol Fasle. ol 4] LEDe] &
A5l H90% el = 1 whe] LED
B 4 (1)e] 1741 24e Biens
o

2 1o

o N v
2
|o
U
2
A
i
4

3. W7IX| B xMetel £3

S27t Fobe B A W7IA @ AFemA Ho
upele]l 219 A A(junction) EH=EE 2JHE7|(am—
bient) 9} F&3te] Ho| WEE= MPCB at7k2| 9] & #]
S on|sitt & AT A7)AE RY}F JLEE7] Y]
RuZ 3E7|8l=1 $89] Ao junctiono|A] ambient
7IA] 9] & AFolek=s OJu]E Ry, & EAIT 4= QAR
Tk o}7] A= Ra 2 IHEFS] #71817]= St Fig, 1014
oM TRt B 7] AHA MPCBY sHt2 WEEh=
Fejo|22 Z, 7|3 MPCBL & A3o| AR AA=
P2 B 4= Qlh BE 1 Aolof] AZT} HRA| Sof Q)
Ak o} wlg g JUEES} 2 BAG AHgSE

SAS7I S, njebA

Ry, = Ry + Royyg + Rypep 2)
j7)2)9] G A R HollA et A =5 o]8st
o theo] PARNE T8 5 Qe
A TJ— a A TJ— a
Rth - P - ]F . VF (3)

ol7]of| A ATyt A 259 9]F (ambient) &%= 9] 2}
O|2A] @JH L MPCB s179] EHL2LE2 A7Iel 4> 9l
ot o] AofA $E7F & 4 e A vt ) LED
oAl LAYsk= Hol LED H7]A & Ssto] itz 21
SHE A9ole A 2571 RobA A AT-7t 2 Aol
o w2bA Rale WA £74€ Zolt}, W= LED 3)7]%]
o] b E4do] LHE Z9olli= LED oflA] gk dol 9
F=2 WA U7 FA LED Fof| ArolA| Hal o] = ¢lst

187



Z

Al
&l

o% Zolet. 4] (3)° A4 P= LED 5ol AkLE= 4]
golt}, P= 29 FHIZ 2MEE 28] A G2l Poea
Hlo] P MH 28] A Zhl Pope @] o2 U
L=, 42 LED 7171914 Puea?t ZA| PEJ 70
~90%= X}XIS}% Aoz dej# Qlr}, P= LED A% Al
of AZ7|2RE & 4= 9l U 1o} VS Fote] e
3] & = 9o, Poue YHHEOR ARFE ARGt
LEDO|A] W& 5= BAS] & Tefsto] o5 4] A
O gbehs & ARk FatodXint Wb Prew
€ 59 A R g 4 Sl

=7t = VFW ATy-7} 230 w2bA Rfe =7
2]
|

oot JlN' £

)

A S Helsh= bl glojils gRA AR
A8 TEdjol slnz AAsE oulo A= P
| Prears 8]——1:1] o] ZFe ABILES ALg3}
£ e golr}, E3t &
AT 5= gl 4ol P7E A
% 1 m‘lokﬂ% PheaJ} P} 70~90%0] 3ok 5

2 4] (3)0|A] PheasTAlOl PEES Z-8-31= Zlo]
‘é? | AFRETH B2 Ao A% o]9} e o] o=
1 (3)o) A 1:9} Vi2 23} ZHol P2 ARSI}

O o)

lo = XN
3 10 1&,0 R (DY

s
2
P—}
lo

Al
=

=t
=

24

=1
=

=

I,

oo

at al

Fig. 4= mjj7]2] A9} B2 7|3}3+&] ¢l
Zolt}, Table 1] Y IS0] o] thaizlo g
Be] 497} o 3ujele & 5 e, vlmel w

A B2] 747} 4ufjo] & 5j7]7] BY]

o1

3t

Tl

Figure 4. Schematic drawings of package A and B.

188

=
oQ
i~
=2
>
Hr
n
©
!
=1
w}
£
N
R
1o

o=z EH?]X] B ¢ &

AP
EEEFEERREE
stol 1/16 WEIE A o ZHHE
o Hoz y|AE LAY onE

o

o A7k gold whE

e olet, 2
= A}—_/’_\_oi LED ;d_,] /\li]}\al ]
HFe o LED % 5]
o) d Aako.
Fig. 5= 1j7|X] A, BE +4
AR SHBAS vmet Aol o
Qo2 A AL2(25°C)ollA el Q7tek=
HAE YEhd Aot} Fig, 5004 JH7W
= 0.6 mm FHH} 9712 BE 48kl §
O] A97F &A%l HEE & £ %oH AE =
mAE FYU5HA 78 FEekE 0.6 mm o= oF 3.65
V7}, 1 mm o= oF 3.2 V7t delA Hug o ¢l7tE

=
£
O
£
N

o

Forward Current vs. Forward Voltage

1000
200
800

0.6 mm chip I
w1 mm chip

? - /
- 400 v / ;:

30 |/ o

200 [

/|
10; o5
0 1 2 3 4 5
VE(V)

Figure 5. Comparison of the |-V characteristics of the
two chips in package A and B,

Journal of the Korean Vacuum Society 21(4), 2012



163 LED T7|XIIA & 27]0] 2 Wy o

© AE = vEA HS & 5 Aok = 2271 ASst
7iut LED Hof e Y27t defAle 7--olle Fig.
59] E_/\-LTLA-]O] x{u}x% oy _,_].._ﬁi o]%ﬁ]—;ﬂ %1:].
Fig, 6& ¥ 255 25°C, 40°C, 55°CY] 837[4] £x &2
gejatn 1 mAdA 9] A % J3t Aitolr}, of7]A

T e, AU 43 *g Sh1AE )

iEOﬂ EPEW
$7F Ajke] ‘;&1 7lg7l% o BAE S
& 16719 ] 540 Tt & 4 At o
oA+ o]50l FLsIth= 7H stell Fig. 69 AAUAES

o]-g-5to] LED 9] A= HskE HAFH o o
th Fig. 7 974 A%} Boj| tfste] J Q7HARE &
JoHA WSS o AR 0] WSlRES Fig, 69] T
£ o] §sto] &3k Aolet. a- A =74 A~l 457
9712 Bel Hlgte] A=} oF ov) A= & G 5
Atk 200 mAS] A9-E oE 59 ol ﬁH?]xl x%xﬂzjg
2 3.2 WO S 7headla2 Anlste o uf 7]
E AL H|5te] 50°C =2 d H|glo] uj

—

A A AT
717 BO] AL Ao ulste] 23°C 3-8 & 4= 9
o}, of7]of tisiA= that 2ol sjAE 4= Qlth. LEDY]
71U A| 9] e FFE 1Y Wet= F 80% H=7F 4
AHAQ] Wn WAl = Y 2] 20% FE=7t Bloll|A]

9.9

9.8 P
9.7 i A S

9.6
9.5
9.4
9.3
9.2
9.1
9.0 ||

8.9 T
25 40 55

Ve (volt)

---/+--- package A

—— package B

Ambient temperature (°C)

Figure 6. Relationship between the ambient temper—
ature and the package forward voltage.

UFTSYRAX] 21(4), 2012

QA Wope 22 HHAA] El=d], of ) Wop 2} Weo HlE5 27

oA} F-&-(extermal quantum efficiency, EQE) 7 2 EA|

sl o5 Apole] WAZ AelstE Tk 4] (5)2F Uk,

o A% Zholo, Rur ATS )
e 9 A3 golE] o] 5 & A3 gk ket e Kol
!

Rur 71KJoll4 ¥t Qo] ojg7] SEuiks et
Yt glolmi LED o) % RewHs AH42 Aol
glom 243 714 Azl @ A% gt magel ojst
= gholth, 2 Q170 R P o2} ] BlRE <

As 7|9} MPCB7IA A8 Aas gtk & 4 ol
g, 7140 BY 49 Ao| TAmat oz} o]e} 3}
i1 9l 71w} MPCB7I s Ao aj717] Ag] oF 3ol
B2, 5714 BY R 714 A9 oF 1/3¢] g2 7HAIch
1% 4 ik B2 LED HolA WA do| WA Fig,
i 2ol 492 o2 FIIE AL ohick A
L ol sl 1K) A T
A8H 0.6 mm H7} 3714 BE FASH 1 mm e 9
HRAL 0,61 1 g Holsh wAyRle), Sk HollA] &
A3 o] ofdf WREOR 55 uf 44 o] op G

60
50 N—
---/v--- package A . ’
9—‘; 40 —@— package B
L A’

l— e
30 -

<

23 50 100 150 200
Current per chip (mA)

Figure 7. Comparison of the junction temperature of
package A and B.

189



7|33 MPCBE FdllA 32 e 2ATEH o] FEE
RRZRA| = g 7] 2] A9} 5712 BojlA] 0.6 @ 19] HETHE2
Zfol7k Qlet, & whes| pAREe = of ThH ATk st
j7]2] A%} 5i7] %] BOIAIQ] Run4ke] H]7} 3 & 10] B ZA|Tk
e 49714 A3t o] b thas 2R 2jo]7h Ay
o Aolck,

of7]o] B|Et Ruer= 4] (5)OA & 4= UXO] ROl
(1-7)5 &2k gte]=2 LED 9] ¥ a&7kA] =gt gt
olt} 7 & 9FoFA A E(extermal quantum efficiency,
EQE)ZA] LED ol 355 dglo] guht o= nh=
A& Yet= gtel, e 2717F AAE 7
Fo] AotAl= Ao HuE Qlrk, of7of tisiA= o
S o] A 4= Qo). YRAEE 7 = WA
& 7 et FFEEE 7 cxvraciiond] T, WRSARE
& LED fof 3w¥ A=o] p—n AAo|A Akl A
o] AAgol ofste] xZEo® dup HEtE =71 ofn|s)
W FFEEAEE p—n FJAHolA HEHE EE0| LED K&
Mo oduh} MEEL/HE ekt A3olct, 714 A
o 3)717] BE o} Qi LED A2 THAHo] 11 3 0

o
Holrk taz op7le] FAT HFE W S 47
=

olulz o

21—

B 3119 Aot dth ARUES} fobd HAjel
Aol Aol Zekgeol o|2A Hw He| vxol
B Aol WieEge] Ego] sty ol MAEt
2 o] Aol B HolFAL op Ao HuElr) (8],

6.0
5.0 A
______ . \ AN
g 4.0 A A
X
230
o .\.\.——.\.
2.0
---“s--- package A
1.0 p g
—#— package B
0-0 T T T

23 50 100 150 200

Current per chip (mA)

Figure 8. Comparison of the thermal resistance of
package A and B.

190

oH2 g A #j7]%] Bo] o] 3uljel= A2 p—n A
A Y EEo] SRR mALe 7] Aol LED g uje]
A el whaleh o] ofste] ARFR F4ElE ol W
S ou|atE R 17]X] By 9f7]A] Ac] H]3}e]
go] W& Ao & wekdct mEkA] 712 BE] 97t uf
7|2 AT QREFAEE 7 o] RolA= AoR A 4=
det [91.

nprete 2 nEE M Fig, 59 I-V A AlCA]
HokFZ0] 200 mAE FYUsH 7l FHEkE 0.6 mm
o= ©F 3.65 V7, 1 mm Fell= oF 3.2 V71 AEjA| HEg
Holl A7be)= E 7} thath= Holth, o= oF 11%9]
A atolg 7B 4] (5)0f|4 7|2 B 9= W,
Fro] &oba th2 270] FUSIHA AT} 15 ZofA|
A "t o] BE AEo] FHAA Fig, Tol|lA w717
A9} 5j7]2] B AM2E AbgZo] 28 H= 2}o]7} U=
AR AT 4 Ut

Fig. 82 #|7|2] A%} Bo|| thato] Rk H|iLEE o]
o}, 9712 A oF 4°C/W, H71] B 9F 2.4°C/WS] Rine
WS ol gl ol Fig, 7oAl 97]#] A9}t 9f7]%]
BO] ATgEo] 28 o)A Xfo]7} el 3-S ejd o ArfF o
2 zol7}k At 7)o Al Rt ATE W2 Wi
ol B R Fig, To|A|¢] o]t ZA| Uehb= Z 02 o]
3d 4= Qlrth. Fig. 804 YR Runedl2 712 A
gk gho]=2 LED 3 Z}zbel| tigt A4S mhetslaia)
g djofi= o}7]o] 16 F3 4k ARgdhe Alo] 2ul7t 9l
t} [10].

_‘,ﬂ.iig

Iv.d8 8

Z7F 0.6 mm®t 1 mm 7|9 o2 FLAIE 16%] LED
3714 AL} Bof| tisto] JF-mo} A Ie] BAE ©]
Sol0] BHLE A5 19} o A% o RIS
7 AseL 714 BY 497 714 Ad] H]sto] AT
50% %k A6 Oo™ R 40% A& 428k 1
Olfr&2+= Ruer= R0l (1-7)5 &% 4420H| oh&3} 22
Assol o Aow AN % Uk

AR, 1 mm O] ©H#0] 0,6 mm HEC} 3} Fe =
B2 Ru> 72| A7} 38} 7p7te] At

S, GRPARE 7] Ao BHol e o

Journal of the Korean Vacuum Society 21(4), 2012



16 LED TH7[X[ollM & =700 mhE WHEY ¢+

2 TR 9714 A9 pgtel ABR (- p) w714 B
o

AR, 1 mm 4] Aol 0.6 mm Hol Hlste] &
AR7L AFES W) gl AA AeB LED| 3
FEe o= 47 Ak

2 APE BE|ERe} AFATAT] NGl

Il

Ho
r

[1] S. H. Han, Y. J. Kim, J. H. Kim, J. Y. Jung, H.
C. Kim, and G. S. Cho, J. Korean Vacuum Soc.
21, 164 (2012).

[2] M. Y. Tsai, C. H. Chen, and C. S. Kang, Electronic

Components and Technology Conference 1812

UFNZYRAX] 21(4), 2012

o

(2008).

[3] C. J. Weng, Int. Commun. Heat. Mass. 36, 245
(2009).

[4] Y. W. Kim, J. P. Kim, J. B. Kim, M. S. Kim, J.
M. Sim, S. B. Song, and N. Hwang, IEEE Trans.
Compon. Packag. Technol. 28, 45 (2009).

[5] L. Kim and M. W. Shin, IEEE Trans. Compon.
Packag. Technol. 30, 632 (2007).

[6] S. L. Lee, J. K. Yang, and D. H. Park, J. KIEEME
23, 973 (2010).

[7]1 S. H. Han, Y. J. Kim, J. H. Kim, D. J. Kim, J.
Y. Jung, S. I. Kim, and G. S. Cho, J. Korean
Vacuum Soc. 20, 280 (2011).

[8] P. F. Ji and C. H. Moon, Journal of Information
Display 13, 1 (2012).

[9] J. H. Youk, D. W. Hong, and S. J. Lee, Korean
J. Opt. Photon. 22, 141 (2011).

[10] B. H. Kim and C. H. Moon, Journal of the Korean
Institute of Illuminating and Electrical Installation
Engineers 25, 34 (2011).

191



< Research Paper>>» Journal of the Korean Vacuum Society Vol.21 No.4, July 2012, pp.185~192
http://dx.doi.org/10.5757/JKVS, 2012.21.4.185

Study on the Thermal Dissipation Characteristics of
16-chip LED Package with Chip Size
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p-n junction temperature and thermal resistance of Light Emitting Diode (LED) package
are affected by the chip size due to the change of the thermal density and the external
quantum efficiency considering the heat dissipation through conduction. In this study, forward
voltage was measured for two different size LED chips, 24 mil and 40 mil, which consist
constitute 16-chip package. p-n junction temperature and thermal resistance were determined
by thermal transient analysis, which were discussed in connection with the electrical

characteristics of the LED chip and the structure of the LED package.

Keywords : Light emitting diode, Light emitting diode chip, Light emitting diode package,

Heat dissipation, Thermal resistance, Thermal transient analysis
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