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Evaluation of Spreading Thermal Resistance of
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ABSTRACT

As the thermal density of electronic devices rapidly increases, the demand for heat spreaders capable of dissipating high heat
fluxes exceeding 150 W/cm? is emphasized in thermal management applications. Boiling-driven heat spreaders, which operate
based on boiling instead of evaporation, circulate the working fluid through bubble pumping without wick structures, thus
offering higher operational limits than conventional vapor chambers. So, research on boiling-driven heat spreaders is gaining
new attention. However, existing studies have focused on the thermal performance of boiling-driven heat spreaders at high heat
fluxes without evaluating their spreading thermal resistance and temperature uniformity index (TUI). Since the essence of a heat
spreader is to disperse concentrated heat over a wide area, evaluating these metrics is essential. A boiling-driven heat spreader
with dimensions of 90 mm x 90 mm x 2 mm was fabricated in this study. The experimental results showed that the junction
temperature remained below 79°C at a high heat flux of 240 W/cm> The spreading thermal resistance recorded values of 0.1
K/W at heat fluxes above 100 W/cm?, which is 43% lower than that of a copper plate of the same shape. Particularly, in the
vertical up direction, the minimum thermal resistance of 0.088 K/W was achieved at a heat flux of 200 W/cm? The TUI of
the condenser section showed lower values than copper at all heat fluxes above 6 W/cm? and no significant changes were
observed at heat fluxes above 200 W/cm? due to bubble pumping. These results confirm that the boiling-driven heat spreader

operates stably even at high heat fluxes and suggest its effective application for thermal management in high-heat-flux electronic

devices.
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Fig. 1 Thermal resistance of heat spreader. (a) Axial thermal

resistance. (b) Spreading thermal resistance,
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Fig. 2 Boiling—driven heat spreader,
(a) Front view of boiling—driven heat spreader,
(b) Side view of boiling—driven heat spreader.

Fig. 3 Boiling enhancement micro porous coating.

(a) Boiling side of boiling—driven heat spreader.
(b) Optical image of micro porous coating (50x)
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Fig. 4 Test setup for heat spreader thermal performance,
(a) Exploded view showing the components,
(b) Assembled view of the test setup.
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).

T 2t0]710,1C ofshd wf AgAAei= Satglekar gkelst
A, ERES S7HA AES AL skt A
4712 wefol tisiA Ry E o ZF kS Fig, 594 =
218} st vl 7Rt S|E AxeEzh AW Heyskal
SHIL Alctol| 9128t ZH$-Z horizontal face up, HS
718k 3| E A 7h A F3star, vlsR 7t shdof 9]
gt 7 9-E horizontal face down, H|5 7|8l 3|E Ay
G} A S olEH SR URo] ATt AR
vertical right, H]G 7|5} S|E AZH 7}

ol S5 UF-o] AA 7t 7I=E HjA]

= 75}—‘,12 vertical up2 2 AoJ3}9t} Vertical rightb

vertical up WS SHAOR FRE7] Ad HERA F

Q] BB 9| ulgre 7]_§_o§ Hystach E3F HEEA] Fele
H

% 2¥i0) S Halstel 5 8ol

2.4 ol 2| H 2

2 AN 225 3%

Fig. 6(a)ollA Yebfiet, 4
g o] a2k Fof HHRee dNkAos J2H junction
2= YuRh) 1w e EF AdE el 4%
7, 79 BHEE ke, WY BAE=E k., T
29 2= 24 AN Wi Afele) A L, WY F
A Ly, BRGE ¢, @9 WA 4,5 &80 A (D o]
A= QAEE HlE7IHE S1E Az E o] A2 97 A e
Hew 7 (i=1,2 -,9)= Cold plateo] AYH 971e] &

o



S - - YS - 0|8 - &F - 018=
(a) (b)
q q
t t t t I
I
T R,
Aluminum Cold Plate — .
R
2.5 mm grease
T T,
Thermal Grease 0.05 mm TSR
spreader
Heat Spreader T ;
i
(4
Solder T 2'(5)5 mm R.salder
Copper ." -2 mm
(Heater Assembly) T, R,
R R 't
q q

Fig. 6 One—Dimensional Heat Conduction Calculation.

(a) Schematic of one—dimensional heat conduction, (b) Equivalent thermal resistance network,
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=T 41 ew | o 9AT
(G (Ty) (Rypreading)
Absolute 0.01~0.77 . 0.003~0.13
. 0.11~0.47
Uncertainty Wiem? ¢ K/W
Relati
clative 0.02~0.08% | 029~0.56% | 3.32~17.54%
Uncertainty
2 AN FY B2k = ol 4] (6)~(8)= S3fl ALt
=it
U, = ©)
v, = @)
n OR . 2
_ spreading
UR»,» . L;(i&vi ul) ®)

& g9 2= 9 A A digt £
Table, 10 A2|5}3lc,

S Aol A EREE 3.32~17.54%%2 LERGO
o, 2] B3wE 7P W B54¢1 2 Wem®oll A 7| S

et

Qlet. ol Qb Agel W AL o YHeEet A
o8 wleme] o7k A Vel wiiolth whel 30

W/em® o|Ae] Gf W9leIA L 4% ofte] W Al
FEs 228 FAY 4 Yok

3.1 HIS 7|8t 3|E

@xfet

Aoy e A 25 U =disk

S AT SEE LE FUEMUDE Hrelo]
A, AR B35 A B|E Andde] SRS P}
7SIk ARl o Y LR} BIF ANFL B
staie.

HAH &% (junction temperature)= Fig, 8of e
oul, 7t 25 BIPH F el W APE o) A P2
& TASHAT, 4 SEE ARdo] Sk Het Stet
901 horizontal face down H3F, 300 W/em’o| A Z|t]
91C2 =A= YT}, Vertical right W3F, 300 W/cm?2] 4
F&olA 86.5CE 7153t dlg dagolal 7P w2
A &5 HojFal 9o horizontal face downojlA 7]
E5 91C9} ¢F 4,5C Aol &2 wapol mp2 A =9 zjo]
7 w9 23S Bhelatyict, ek A Wk, 240 W/em?e] &

S=ERHMDIHSE =28 HM2s, 15, 2025

100
—&— Horizontal Face Down

—o— Horizontal Face Up
—=A— Vertical Right
—&— Vertical Up

90

80

Junction Temperature [°C]

¥ T T T T T T T T T | T T T
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300
q" [W/em?]
Fig. 8 Junction temperature distribution for different
operational directions,

*Oﬂfﬂ 79°C o]8lo] £EZ Ho] 2r} o] AT CPU

2 GPUS| 314 229l 80~85CrL} Lhe 2zolu] u)E
719 B|E Az TV} 3 R0 AA ] Wzko awt
Hol FAE AGT 5 USS & 5 Y,

Sy QAT Fig. 90 Yepiglen, 7+ 25 Wekd
2 5 o) uke RS o) e g EASkr v
S 719k B|E Axae) o] Yo g3 0.8 mm 7+
o] w9 Algte o)A 2EstA Hot olH3t TEE ¥
Ztoz Qg vl AJZHS 93t ¥ Bdwr} Z7fslA F o
& diHollAs vlEo] obd A st S 7IRES
2 ZFeA Houg oa 2 SUY IA%E depdth
oI 5] A=A Gl sob 20 Went o
3o} dfollal= A kol sl 0.17 K/W olste] e =
W RG-S 7|1Ssk o R ZEdict 100 W/cm
o[e] & dfolAl A kel thsf 0.1 K/W m]gke] uj

Q- ko Zupek GRFS HolZzel o vertical up WIF,
A1 0,065 K/We| 2|A ek QA%

g A= A3 dAtolA EiE 100~

—&— Horizontal Face Down

09
—@— Horizontal Face Up
0.8 bl i
—4A— Vertical Right
075 —&— Vertical Up
5 *
g .
3
QQ

T T
0 50 100 150 200 250 300
q" [W/em?]

Fig. 9 Axial thermal resistance distribution for different
operational directions,



S XX
=

O

s

. E_/'\_ MM

Ho

220 W/em®9] dfgolAl 7158 0.2 K/We| $=2]1c} of
50% 7N Axteba SeEd ) H 2wl ek 94
o] AuE B2 s 5 7|6 §|lE Axg Tzt A
Aol Hare Auel FARE A ek, 2 Aol
A ARSE HS 78 BlE AZd o 943 W %S

T
7He e 2l 5 o

3.2 HE 7|4t 5
EH 2 FUdx (TUI)

ofn
N
jug
T
ol
m

>.
&
)
i)
Lo
1

(o3
Ay
K3
=
=
J a
2
1e
Y
ot

> 24
ds) W AUE B D¢ BEdd TSk R
IO(a)Oﬂ/\—]b AL AAFFO] A 2
For Halo 2A 2t Ao A9 vertical
200 W/em?®] @84&0]4] 0,088 K/WE 2A5Hct,
W/em®e] D44 713 B 0,096 K/W2 ZHaF o)
Bl 0.0720] vlE) oF 36% 7}eF Z7Vetg o), o A3

up ‘3F

0.1 K/W 9] 9 22 dAgE fA8kL 952 &9l
sttt ol vl 718 3| E AxFr|ofA dHdo] Tl
A o 2t o] Fo R 7] ¢F1l HE F5H2 B2 WO
22 AN A 4Y9] ES 3E AR autyos Hgd
T 0SS uigitt, Ado] x1aH 47l 2] A Wkl uket
o) W E S5F Y AR Fgo s laf AHA
Fhof] Mgt zfol= EA s, F-ojulgh s HALR YERt
A= ot ol HS 7|9t 3|E AxH Lyt ¢ 1 glo]
I bubble pumping Eﬂ% Bl BE A Werola ¥
sHA| <= ¥

S@si] Bl E40 Eelol A Aol A%AA
T o Yol A e e;s} S50 A
[e)

w9l csh Ak St
2 vepgon, ulS sl e Azde WR)H BAxo
2 Sul5o] WASHE 30 W/em? v]ute] We gl
B 7] B2 Aee et e SAL AT g HolF
2 9k, SEel WA 20 Went o2l 5k Wi
A u1E A SE Adegt o e dAFE 2T 9)

(2
o

&5 oF 4= gt} 100 W/em?, 200 W/cm2 183 300
W/em®2] Hf-ol| A w5 719k 3|E AZdy o 49 7hz)
0.116 K/W, 0.098 K/W, 1&]3l 0,111 K/We] A A3}
g HolFa ek A9 ZF7F 0.176 K/W, 0.182
K/W, Z12]aL 0,188 K/We| 4t AAF gt el Tt

114

=]
oo™

FolME - HRF - 0lFS
(a)
1.0
S —*#— Horizontal Face Down
—@— Horizontal Face Up
—=a— Vertical Right
—¢— Vertical Up
—==—p—0 o004
0.0 T T T T T
0 50 100 150 200 250 300
q" [W/em?)
(b)

00 /% Boiling-Driven Heat Spreader
—O— Copper Block

Repreading (/W]
(=}
[
!

o
W
I

0.2 4

[N R AL

0.0

0 2]0 4IO 6IO 8I0 l(l)O léO 1z|10 léO léO 2(30 2%0 2AI10 2(I>0 ZéO 300
q" [W/en?]
Fig. 10 Spreading thermal resistance for: (a) Different
orientations. (b) Comparison between the boiling—driven
heat spreader and copper block,

©
pacy
flo
I
O
ruR

)jt
}o = L o ot
F}O

°f1‘°ﬂ*1 H|5 7|5t 3|E Axde o] Sk o

79 %Lﬂﬂml ﬂ*& AR} oF 43% ¢
Ao HoF=aL Qloh
—_rI-O‘E (Temperature Uniformity Index,
ig. 11°] Ueht Sleh HlE 7|9k 31E Azer 9
= A% (TUD7F Fejgol diaf 2 W/em*S A9
o RE %%%Oﬂ disiA o WA yebden ol vls 7]
iF S|E Ay o] S5 227 FE|EEn o -?°‘3PE}
oujolt}, 53] H|F 7|ut S|E AZ T S5 2
WA= (TUD oA FEstojof 3 FE-2- 200 W/cm o)<}
gololrt, 200 W/em” o]5ke] FAollA] S5 2= FUE
Agro] 271l wet Zbshs Ae nae ol:
Felth ARt Aol SN 200 Wiem® HS) B
ol wekle met S5 2% RUE(TUD foolg
8p7}h LA ghieth, oli w5 7k S|E 2zdeel )
% 7o) AgtHol7lo] Ueht: Aoz, uF 23 EH
ofl A AT 71327} BlE X S EESte SA] Alghd
A4 o] AFHAlE HoliH vls S o HA| Aol
AEGAS FEs Bek % TA-L bubble pumping-

fl

2
ok
S
et

ol

N
_ll'ﬂ.l r—r‘
_°|_1'.
2 3
5
o
O
>.
gL
oL
ﬂJR

— "
S jo rlo
)

L

D

O =

?

19

rlr

rlr

b

ox

S=ERHMDIHEE =28 28R, ’i1S, 2025



035
—#— Boiling-Driven Heat Spreader

0.30 4 —O— Copper Block

T .

0.20 +

~
S
4

(B E—

(1511 2 RN <. SO

0.05

000—1 T T T T T T T T T i § T T T T

0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300
q" [W/em?)

Fig. 11 Temperature uniformity index comparison between

the boiling—driven heat spreader and copper block,

2 sk Bl5 AN Sl 2ndue) Sy HFUeold,
o]e} Z+8 bubble pumping FAE PH{40] Lol LR T
S SR WA 57 200 Wi’ o142 49 S8

Fr&ollA AEAY wgho] st °]—r°174 S
o ATt B S fAEL AG HelP
o), o|AE J|E Axdy o] 2hEgl 7 HEY
2ol o7 Abele] HERA F0] dry-outd oA
ofuzl, <=3t & H|% (pool boiling) oA 5'101‘4
S(flow boiling) 0.2 ZFto] BT 4= QItt= A8 3
S qlek, Wt eIl shEe2 Hol=giA CHrol
Eost & w5 Ug) B Sl Bl AxdEel o
of W} o % Lkl it AuHOR
E AZYEE 200 Wem? oJ49] & dfgofA
AR RAT B opF, 3ET 2E w7
S|E Azt zA o]0l e 9
oz o,

Fl

[o mﬂ =)
o T orE N 3o L m&

%

l‘

_ﬁ
i

ﬂl

£ Ao WE S S And oS AL, 9
AL B3 7120 HAhEIA) ehorel B A 5%

N' ox

T =
2 ow gow (TUDY YFt BA4S QST B AT
T8 4232 e Aok
1) 90 mm X 90 mm X 2 mm92] FHH Fe) o] ul5 7]vt
S|E A HE AlASte] 10 mm X 10 mme] A2t
SlElE F9) 28 TSl A4E A Ash
2) HH LEo] A9, 2AE P TR 240 W/em?
o] Aol Al 79C ofste] =5 Yehfglon, o]
< A fFE9] CPU GPU 2 3-8 2:=9]
ekl 80~85C Mo} w2 Zhe WojSqint,

W AR B

> >ji

O

3) 100 W/em?® oJ4F0] =e ag

A

S=ERHMDIHSE =28 HM2s, 15, 2025

T2 o] His| 43% W 4= I It} Vertical up 3}
200 W/em*e] g0l 0,088 K/Wel A A

5 SHE & FURTUDNS B9, 6 Wemt o}
BE Gf%old BU FHS A& Few w o
o ke 7=alglon], 200 Wen o] B Bg
Sol =gshd ABGAY 2Fo] WA 5T &
= FUIUDe] A9 WEE trehtA] gheg Bl

5
A dHog 2ok T = ek
W/em? 0]49] &2 GR59] A} Av] yrdo vlE 7|9k
S|E Az |y Hed 4= Q& AR 7|t
s 7|
H AL asly|aAHEAR oz St LAkl
FHAATTA A Y-S wo H 93 (No. 2020R1A2C3

]_
008689) = o]oj| 7‘4‘:%14‘:}
2 ¥7= LIG Nex19| A4 wlof =3
A=Yt

A= ol

References

(1) Zhang, Z., Wang, X., and Yan, Y., 2021, “A review of the
state—of—the—art in electronic cooling.” e~Prime-Advances in
Electrical Engineering, Electronics and Energy, 1, 100009.

(2) Schelling, P. K., Shi, L., and Goodson, K. E., 2005, “Managing
heat for electronics.” Materials Today, 8(6), 30-35.

(3 Jiang, H., Wang, X, Ding, C., Shan, D., Guo, B., Qi, H., and
Xu, J., 2024, “A review of emerging design and theoretical
progress on vapor chamber for efficient thermal performance.”
International Journal of Heat and Mass Transfer, 231, 125814.

(4 Liu, T., Yan, W, Yang, X., and Wang, S., 2022, “Improving the
thermal performance of thin vapor chamber by optimizing
screen mesh wick structure.” Thermal Science and Engineering
Progress, 36, 101535.

(5) Zhou, F., Zhou, G., Zhou, J., Huai, X,, and Jiang, Y., 2023,
“A novel ultra—thin vapor chamber with radial-gradient
hierarchical wick for high—power electronics cooling,”
International Journal of Thermal Sciences, 183, 107896.



SYE- 242 - HYS

Ho

(6) Zhou, G., Zhou, ]., and Huai, X., 2023, “High performance
vapor chamber enabled by leaf-vein—inspired wick structure
for high—-power electronics cooling.” Applied Thermal
Engineering, 230, 120859.

(7) Chen, G,, Tang, Y., Wan, Z., Zhong, G., Tang, H., and Zeng,
J., 2019, “Heat transfer characteristic of an ultra—thin flat plate
heat pipe with surface—functional wicks for cooling
electronics.” International Communications in Heat and Mass
Transfer, 100, 12-19.

(8 Huang, D., Jia, L, Wu, H, and Aaker, O, 2021,
“Experimental investigation on the vapor chambers with
sintered copper powder wick.” Journal of Thermal Science,
30, 1938-1950.

(9) Lu, Z., Bai, P., Huang, B., Henzen, A., Coehoorn, R, Liao, H.,
and Zhou, G., 2019, “Experimental investigation on the
thermal performance of three—dimensional vapor chamber for
LED automotive headlamps.” Applied Thermal Engineering,
157, 113478.

(10) Li, Y., Zhou, W., Li, Z., Chen, Z., and Gan, Y., 2019,
“Experimental analysis of thin vapor chamber with composite
wick structure under different cooling conditions.” Applied
thermal engineering, 156, 471-484.

(11) Deng, D., Tang, Y., Huang, G., Ly, L., and Yuan, D., 2013,
“Characterization of capillary performance of composite
wicks for two—phase heat transfer devices.” International
Journal of Heat and Mass Transfer, 56(1-2), 283-293.

(12) Egbo, M., Keese, J., and Hwang, G., 2021, “Enhanced
wickability of bi-particle—size, sintered—particle wicks for
high—heat flux two—phase cooling systems.” International
Journal of Heat and Mass Transfer, 179, 121714.

(13) Li, Q., Lan, Z., Chun, J., Lian, S., Wen, R., and Ma, X, 2021,
“Fabrication and capillary characterization of multi-scale
micro—grooved wicks with sintered copper powder.”
International Communications in Heat and Mass Transfer,

- 0|

. oOX .
HgF -0

ral

fol

o

121, 105123.

(14) Moon, J. H., Fadda, D., Shin, D. H., Kim, J. S., Lee, J., and
You, S. M., 2021, “Boiling—driven, wickless, and orientation—
independent thermal ground plane.” International Journal of
Heat and Mass Transfer, 167, 120817.

(15) Wang, X., Moon, J. H., Fadda, D., Shin, D. H,, Lee, J., and
You, S. M, 2022, “Experimental investigation of heat
spreading in a wickless and ultrathin thermal ground plane.”
Case Studies in Thermal Engineering, 31, 101799.

(16) Lim, H,, Doh, S. Y., Shin, D. H,, You, S. M., and Lee, ]J.,
2023, “Thermal performance of a boiling—driven heat
spreader using passive flow control.” Case Studies in Thermal
Engineering, 41, 102604.

(17) Lim, H, You, S. M., and Lee, J., 2023, “New thermal
packaging with a boiling—driven heat spreader for thermal
management of the power electronics.” Applied Thermal
Engineering, 219, 119515.

(18) Chen, Y. S., Chien, K. H., Hung, T. C., Wang, C. C,, Ferng,
Y. M, and Pei, B. S., 2009, “Numerical simulation of a heat
sink embedded with a vapor chamber and calculation of
effective thermal conductivity of a vapor chamber.” Applied
Thermal Engineering, 29(13), 2655-2664.

(19) Zhou, F., Zhou, J., and Huai, X., 2023, “Advancements and
challenges in ultra—thin vapor chambers for high—efficiency
electronic thermal management: A comprehensive review.”
International Journal of Heat and Mass Transfer, 214,
124453,

(20) Moffat, R. J., 1988, “Describing the uncertainties in
experimental results.” Experimental thermal and fluid
science, 1(1), 3-17.

(21) Sarkar, S., Gupta, R., Roy, T., Ganguly, R., and Megaridis, C.
M., 2023, “Review of jet impingement cooling of electronic
devices: Emerging role of surface engineering,” International

Journal of Heat and Mass Transfer, 206, 123888.

S=ERHMDIHEE =28 28R, ’i1S, 2025



	비등 기반 히트 스프레더의 확산 열저항 평가
	ABSTRACT
	1. 서론
	2. 실험 장치 및 방법
	3. 실험 결과
	4. 결론
	References


