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Abstract: Thermal management becomes a key technology as the power density of high performance and high density
devices increases. Conventional heat sink or TIM methods will be limited to resolve thermal problems of next-generation
IC devices. Recently, to increase heat flux through high powered IC devices liquid cooling system has been actively
studied. In this study a chip-level liquid cooling system with TSV and microchannel was fabricated on Si wafer using
DRIE process and analyzed the cooling characteristics. Three different TSV shapes were fabricated and the effect of TSV
shapes was analyzed. The shape of liquid flowing through microchannel was observed by fluorescence microscope. The
temperature differential of liquid cooling system was measured by IR microscope from RT to 300°C.
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Fig. 1. TSV and microchannel design.
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Fig. 2. Fabrication flow of on-chip liquid cooling system.
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Fig. 4. Comparison between measured pressure drop and estimated
pressure drop.
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Table 1. Temperature measured after liquid cooling at different
heating temperatures

TSV diameter

Heating Flow Rate
Temp. 50 pm 100 um
0 pl/min 97°C 97°C
50 pl/min 91°C 89°C
100°C
100 pl/min 88°C 86°C
150 pl/min 85°C 82°C
0 ul/min 196°C 195°C
50 pl/min 182°C 180°C
200°C
100 pl/min 178°C 176°C
150 pl/min 174°C 173°C
0 pl/min 289°C 287°C
50 pl/min 281°C 276°C
300°C
100 pl/min 279°C 271°C
150 pl/min 272°C 268°C
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)
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f : friction factor

R. : Reynolds number

y : viscosity of water

v : velocity of water

L : length of microchannel

Dy, : hydraulic diameter of microchannel

718 2% (heating temperature)ol] W2 N Wz 35
Table 19] YER AT 7FE &% 7} 200°C2] 73-3-o1A W
Z} A 3] &= Z(temperature differential)7} 73 A 1t
EFt o™, 50 pl/min®] 73 -¢- 714 25 100°C, 200°C, 300°C
MM % b= 27} 6°C, 14°C, 28] 3L 8°CE AFH Q)
t}. Liquid flow rate®] S71&55 25 2= U S S7fst
3L, 150 pl/min®] 73-F- 7FE-2 % 200°CA] 2% 2}7}
22°CE 71 =1 S AT 7HFE 2% 200°C A 7H
2 2% 27F YR A2 two-phase cooling &7¢] L}E}
7] wol Tt Fig. 591 @23 n]4 40l ostH 7+
25 200°C 2] 73-%-91 4 bubblex} slug”} &Y 3FH A two-
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Fig. 5. Shapes of liquid flowing through microchannel.
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Fig. 6. Cross sectional view of different TSVs (SEM image).
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Fig. 7. Effect of TSV shapes on liquid cooling efficiency.
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