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Immersion Cooling of Simulated Microelectronic
Chip with Artificial Cavity Surface

Hiroshi TAKAMATSU, Hideo KUBO and Hiroshi HONDA

Pool boiling heat transfer results from a 10mm X 10mm rectangular chip immersed in subcooled FC-72
were reported. Three kinds of surface were tested: an untreated silicon wafer surface, an etched SiO; surface
formed on a silicon wafer, and the same kind of SiO; surface with artificial cavities. The cavities were the
re-entrant type with mouth diameters ranged from 0.6 to 1.2um. These artificial cavities were effective for
the reduction in boiling incipient superheat. The boiling incipient temperature agreed well with the theoreti-
cal value estimated from the boiling nucleation theory. The chip temperature at fully developed nucleate boil-
ing as well as at the boiling incipience was reduced significantly by dissolved air.
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1. Test chip 9. Pressure gauge

2. Glass plate 10. Thermocouples

3. Holder 11. DC power supply
4. Liquid vessel 12. Standard resistor
5. Rubber bag 13. Scanner

6. Water bath 14. Digital Multimeter
7. Coolant supply 15. Pen recorder

8. Condenser 16. Computer

Fig. 1  Experimental apparatus
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4. Thermocouples
5. Holder

1. Silicon chip
2. Pyrex glass plate
3. Copper wire

Fig. 2 Test section
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Fig. 3 Fabrication process of artificial re-entrant cavity

(a) Top view of experimentally
made cavity

(b) Cut off section of experimen-
tally made cavity
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(¢) Top view of chip C

Fig. 4 SEM view of artificial cavity

S.2h 0004 SRV Sem

(b) Chip E

(¢) Chip S

Fig. 5 SEM view of chip surface
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Fig. 6  Boiling curve for different runs Fig. 7  Boiling curve for different surfaces
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