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Cryogenic cooling without helium gas

Can be used for superconducting refrigerant, cell
freezing, and semiconductor cleaning

¥ Overview

Helium is difficult to obtain and expensive, so cooling systems
that use helium are expected to be difficult to continue using.
The invention enables rapid cooling without helium by
continuously spraying a two-phase flow of cryogenic gaseous N,
and solid N, (SN,). Specifically, it is characterized by
continuously generating slush N, by spraying at transonic speed
using a Laval nozzle.

In an example of cell freezing, a 23% improvement in cell
survival rate during thawing was achieved compared to liquid
nitrogen immersion. This invention has the potential for
application in various cooling systems beyond this specific
example. Additionally, its application for resist removal in
semiconductor cleaning without harmful chemicals is also under
consideration.

IProduct Application

O Superconducting refrigerant

O Semiconductor refrigerant

O Rapid freezing of food and cells

O Semiconductor cleaning (resist removing)

SN, Spray irradiation region

Schematic of experimental apparatus

Geometry of Laval nozzle for
SN, particle production

l Cooling characteristics by SN, particulate spray

Cpuite short time to reach
the eritical heat flux g,

Freezing rate:
Up to 25.8 (K/sec)

In immediately alter the spray particle
impingement about 5.0 scconds,

ultra-high heat flux cooling characteristics to
reach the 1.0 x 10° W/m?* level of eritical heat
flux has been attamed.
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Irradiation time and the impact wall heat flux of solid nitrogen particulate spray
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