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Analysis of Thermal Properties in LED Package
by Via-hole and Dimension of FR4 PCB
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Abstract: In this study, the heat transfer capability have been improved by using via—holes in FR4 PCB,

when the LED lighting is designed to solve the thermal problem. The thermal resistance and junction

temperature were measured by changing the dimension of FR4 PCB and size of via hole.

As a result, when the dimension was increased initially, the thermal resistance and junction temperature was

decreased rapidly, the ones was stabilized after the dimension of 200 [mm?]. Also, the light output was

improved up to maximum 17% by formation of via—hole and expansion of dimension in FR4 PCB.

Therefore, the thermal resistance and junction temperature could be improved by expansion of PCB dimension

and configuration of via—hole ability.

Keywords: LED, Via hole, FR4 PCB, Thermal resistance, Junction temperature

1. M E

i)
ofg
P

o] = (light emitting diode, LED)x= %3t
Ux &&, 159 59 FHE& mEo=E 7&
A sk Aol ek @A iy taZdol
back light unitez @gtlo]e =yl A&y
A2 2w B AYe] 2HoR 1 g8
1oltt, AW dA T4 ~F
LED= thAst7] fleir= 7
Aot [1,2].

| =of B =

2

tio

hal

(

o e

o
by

o 2

o
la
el
>,

M (2 JH 3o 2 of o
of rr
ftlo

=
o i 4
B Lo
N
o 1o
=
N 32

I
e T
i
—
o
S
Loy

o

5
o mg’
o 4
.-
Bore
o
2
I
o

=
oZ,

)
g
ne rio ox
N
oz
of»
_O\L
4
1:,0{4
o
2
ro J
o 1
o
it
o

)
)

M
[ e
|m filo
=2 o =
T
- 2
i3 >
S

S Y
o o
e t
A
~N P
L A W (¢4

B o
_>‘i
L 1o

=
0
-

a. Corresponding Author; parkdh@wonkwang.ac.kr

o®2E F ZEY Astet AHAoR HAHT, 47
oz o #Y& FaAZIE 8909 FHo LED
Azte] AEAE AstAZlvr [3-5] Ao 22 EAE
siAdst7] 9l LEDFA AdE & vt=A] 53
o7 FHAOT AIGA AN HIYZEF B o] &
& 2 AFAE FAE F Uk

A= LED =WAA A I7HdF5 w5 o)7]
A MNFE TIHAA EES FolAY EXEET =
& @37F¢] MPCB (metal printed circuit board)S A}
|3l &3 o WES 98] heatsinkE F2sta
AATE o] Q1 7MA s P 2T FIUt
AR wel LED Fd9 FAo] HAax1 vt [6].

2 AT E 71 AFEEtE MPCBH AL of 4]
A A el FR4 (flame retardant composition 4) PCBol

via—holes #A3te] PCB=7], via-hole Alo]= 2
Mol WSE Fo] o e JIex: 2 4 AT



A7 A A 733 =], A24d A3E pp. 234-239, 20119 3€: AAH T 235

(a) 22 ¥ Mg
Heat source
* LEDE X&3 dxp 2aelA AstsiA 4 AF
L e (thermal resistance)& Z743dt= A2 H71A 24t
g 54 bl ol b FaE azolth o
FR4DeIectric- o xi?%% 7)1 A] Fo "R A3 Eo|A WA
Eodg PR WEAVE 492 582 tehat
bton g 05 AF 2x7h bl 9| 97148 FA7 WA
o AR WY G4 ohsE ] W] ¥l A
®) T exg wRn A A4 4 AYgE Fole
Zol #ziolth

Thermal \ia

Top layer Cu

HEEENEN T T
L7l B
lm[)ee_v:trcA-IIIIIIESodermisk Ry;x = 7PH 2-1)

Bortum\ayerCu o 71 A,
Ryyy = AEEES 97009 22x 2 4 4%
(T/W)
Fig. 1. Type and construction of PCB (a) FR4 cross- T, = ot4 Aol Hg2% (T)
sectional geometry, (b) FR4 geometry with thermal vias. T, = grew (1)
Py = 2REE A9W) = /70D x AV)
548 BAsglon AEdeds Fa o 48
58 = B2 g8 ol4Hl P-N A3 tho|=elA Xzt TS
w22 &S x| 22 A HF (sensor current)
2 e W w4 a9 LEd e o
A% e BAE 72 5 ek ol yeis A
N % WS (K-factonghsl sl o & £E7E7
Tk gk azbe] A 2xe H2E Zid ue
21 PCB SE test gol 4 (2-2)2 A Wk
FR4 PCBE| layer= 579 Fo2 ofold glo  T,=T,+AT, (2-2)
o A7HAeY] BEE zhe A7 dus a9 1
@el et =& b = WHE AR g p s sl AEe Arte] de 27 &
FR4¢] dd=g&o] v EdHY €53 97 wiE
of dagel & otoiAA gk adA o g (O ALE AR AzkA W vsE gy

o] 7]#9] FR4 PCBZ A &3 & =277} g2 27px  S=(T)elth
B} 9 via-holes HI A f‘éEHi gt w3t dxo] HHeA = 25 AT (temperature sensitive
AAEES =o]7] 98] via-holeo] %@ o] parameter, TSP)E Ah&3tel LEDe 7] o7}

copper® EH#Oo 24 LEDWIA 9 heat slugeld S7HHE e)F A2k WshE tat 28 A0
M EE do] FPGRE viaholedt ¢ ozel s AT 5 ATk

via-holes &3 ©% we] wd UYrles A7 H o

9t} AT, =KX AV, (2-3)



236 J. KIEEME, Vol. 24, No. 3, pp. 234-239, March 2011: S.-H. Kim et al.

Thi h ﬂow -
K= —+—" (2-4)
I/low - Vhigh .

samplel
AVp=V,o—V (2-5) ] i ]
==
439 LERLAST Vel 24E dokd aAA
le2
FE telese] A WE AT HE FRE @ -
olojof a1} o] <QlEle] Azle] AA| stHo] o] Fo
A A e A=R sfof 3t} [7]. wtA HE2E9 sampled
Z4e 4 AFL T elA M FaF Kol H
- sampile
ok ol AN 5 gk i
T,= Tyo+ AVpx K (2-6) Fig. 2. Design sample of FR4 PCB.
2.3 PCB EAM Table 1. FR4 PCB size and via—hole size.
Width(mm) x via—hole via—hole
FR4 PCB Length(mm) 0.5 mm 0.4 mm
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Table 2. Thermal conductivities of FR4 PCB layers.

Thermal
conductivity
(W/mk)

58

Thickness
(um)

Layer/ Material

SnAgCu solder 75

Top layer copper 70 398

FR4 1500 0.2

Bottom layer copper 70 398

ENIG (Electroless

Nickel/Immersion Gold) o8

35
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Fig. 4. Voltage variation of PCB area.
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Fig. 5. Junction temperature variation of PCB area.

Table 3. LED PKG voltage difference A Vf.

PCB Type 1 2 3 4

AV, [V] 0.1488 | 0.1281 | 0.1038
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Fig. 6. Thermal resistance over time.
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Fig. 7. Distribution of stable lumen maintenance.
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Fig. 8. Temperature changes using CFDesign (a) FR4
PCB temperature distribution, (b) temperature curves.
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Table 4. Junction temperature of the area.

Thermal . . .
Type temperature (C) Simulation ()
Sample 1 85.945 87.747
Sample 2 66.114 75.997
Sample 3 64.251 70.416
Sample 4 55.865 58.309
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