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Fig. 1 SEM images of copper foam with different thicknesses: (a) 0.6 mm copper foam cross-section;

(b) 1.0 mm copper foam cross-section; (c¢) 0.6 mm and 1.0 mm copper foam longitudinal section
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Fig. 2 Schematic diagram of copper foam vapor chamber
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PGS E (R 1) HAP 5 0.6 mm(S,,).
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¥, TR, ST X RESEUE, BIONEIG T FLER N
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H S0 ABFGE ZRGEMIR T A 7] V5 5 960 TR 4 1 A Wit
T A PBH RS, S5 R L3R 2,

F1 HPERRSEE
Table 1 Configuration of wicks for vapor chamber
SERCE S RJREEY

Fefms AR #i:
mm mm
Sos HRZER 0.6 0.6 JERA L
Sio RN 1.0 1.0 FERIXTHRZ
Sis HRZEH 16 1.6 X R4
SZAE )
D, st 0.6+0.6 1.2 X FREEH
P AERES
D.sUio é;ﬂzﬁz " 1.0+0.6 1.6 jlﬁ}(?]’ffj{éﬂ:ﬁ]
E=HiRes .,
OF %4
D,sUss e 0.6+1.0 1.6 AEXTFRE5H
WZ41H
RS
D,, sty 1.0+1.0 2.0 X FRZE
*F2 HMAMENLER
Table 2 Thermal resistance properties
; PR
o OSWRFARH 100 WRHA AT \;%E&
FEf S L L o WO JEEEE /
fH/CCw)  BHIE/CC/W)  JREE /mm
mm
Se 0.102 0.117 0.6 0.15
Sio 0.095 0.095 1.0 0.15
Sie 0.117 0.111 1.6 0.15
D, 0.100 0.097 0.6+0.6  0.15
D, U, 0.080 0.082 1.0+0.6  0.15
D, U 0.120 0.114 0.6+1.0  0.15
D., 0.094 0.091 1.0+1.0 015

W38 7 A AR B i T8O 46 % 0.30 mm Al
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B2, i 2SS PR A Tk AR
%, (HAF R, 462 0.15 mm 1 ESE 20K
AR X ], /M Un0.30 mm) 2 SEdEMA
Fo4r, SR AT RERIAFLIRZE A . MREE R, 7E
AT, PP 0.30 mm TR 2 309%(FARH
1 0.114 °C/W &% 0.080 “C/W), iX—Z5 B ANEIE T
JEAR XTI A AE L M, o8 HL TR R B
0 I R UON O v T e L s R M G
2.2 HERAS KIEIEHE
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K3, B2 1.6 mm AT 7E 65 WA i fi T 1Y
BE A 0.117 “C/W, 117K F A B FL R BT AU
459(D, U, ,) AT it B4 BH 3 — 2D B IK %2 0.080 °C/W,
FIRA 5 32%, X FPPERESR T B9 35 TAE O BT
(R FL IR AR B+ 25 & v R T 1.0 mm 5232 A TEL TR A
H200~450 pm [ R FLAS B ZR 5 4 3 A T T
ZERBH AT 5 VA BEE 0.6 mm 52 4 6L TR DU o B
AR B AR A MG T B AN . XA RITE
FR AN ) 25 30K B T VR R R 8,

3 WRIRGCERERA 1.6 mm VR 1 FABH X L &
Fig. 3 Thermal resistance comparison for 1.6 mm

copper foam wicks
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Fig. 4 Thermal resistance comparison across condenser

surface configurations
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Fig. 5 Comparison of temperature differences for samples with

different thermal resistances
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K6 Fein(D, U, ) ZLAMAERE
Fig. 6 Infrared thermography images of D, U, , sample: (a)24.5 °C; (1)24.8 °C
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60 dMISE I Bt i At e e,
LIRS, 60 dBHE HEWILIESE R, ok
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Fig. 7 Thermal resistance variation over 60 days for vapor

chamber with a 1.0 mm+0.6 mm wick
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Heat Dissipation Characteristics of Vapor Chambers for 5G Devices with Gradient
Wicks Based on Copper Foam/Copper Mesh Composite

Lei Zixuan, Zhang Wenlu, Wu Sheng, Zhang Baiwen, Hong Ming, Chen Yan, Zhang Haifeng
(Jiangxi Copper Technology Institute Co., Ltd., Nanchang 330096, China)

Abstract: This paper innovatively proposed thin vapor chambers based on gradient porosity copper foam/copper mesh composite structure
to meet heat dissipation requirements of 5G communication equipment with high power density. Through two-way pore gradient design,
thickness of copper foam was compressed from 1.6 mm to 0.15 mm by hot pressing technology at the evaporation end, forming a high-
density microporous structure to enhance capillary. The condensation end was configured with 150 wm pore copper mesh to optimize the
working medium reflux path, significantly reducing flow resistance. Experimental results showed that the design can reduce temperature
fluctuation from 10.3 °C to 5.2 “C (a decrease of 49%) under a heat load of 65 W, with a thermal resistance (AR,) of only 0.08 ‘C/W. In
particular, the gradient structure shortened start-up time to 8 s, providing a new idea for heat dissipation of miniaturized electronic devices.
This study provided a new paradigm for the miniaturization and heat dissipation of high-power electronic devices, balancing efficient
heat transfer and structural reliability. Design concept of the three-stage flow channel (large hole for evaporation end — middle hole for
transition layer — small hole for copper mesh) can be extended to other high heat density application scenarios.

Key words: high-power-density electronics; copper foam with gradient porosity; vapor chamber; thermal management; microporous
structure
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