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Development and Performance Test of a Novel
Cryomicroscope

Po-Ting Lee’ Chiang- Yi Yang"

1. Department of Bio-Mechatronics Engineering, National I-Lan University

Abstract

A cryomicroscope system was composed of a cold stage, a temperature-controlled(TEC) circuit, an image
processing unit, and a software for system integration. The cooling and heating rates of a conventional
cryomicroscope for the cryopreservation of biological cells are controlled by using liquid nitrogen. However, the
conventional cryomicroscope can not be widely used by some laboratories for the reasons of high price and large
size. The purposes of this study are to develop a cyromicroscope system based on thermoelectric cooling chip (TEC)
instead of liquid nitrogen. TEC cryomicroscope has the advantage of small size, easy setup, precise temperature
controlling, and low price. The developed system can achieve accurate control of cooling rate between 0.5°C/sec
and 3°C/sec and isothermal control with root mean square errors lower than 0.5°C compared with the setting
temperature. The results show that TEC cryomicroscope is viable for studying on intracellular ice formation
phenomenon in biological cells, for example, Artemia shrimp in this study.
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Fig. 1 Schematic of the setup of a TEC
cryomicroscope.
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Fig. 2 Diagram of an EZ-type temperature
control circuit for a TEC chip.
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measured from thermal couple using
LabVIEW as the development kit.
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Fig. 7 Extreme characteristic response of
cold-side temperature of a TEC chip by
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Fig. 10 Errors of measured temperature of
cold-stage in comparison with the setup
values of a performance isothermal test.
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Fig. 12 Observation of I1F of artemia’s eggs
in cryo-preservation procedure at 5 second.
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Fig. 13 Observation of I1F of artemia’s eggs
in cryo-preservation procedure at 25 second.
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Fig. 14 Observation of I1F of artemia’s eggs
in cryo-preservation procedure at 30 second.
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Fig. 15 Observation of I1F of artemia’s eggs
in cryo-preservation procedure at 45 second.

16 HpTRE"E BIHS0F)

Fig. 16 Observation of I1F of artemia’s eggs
in cryo-preservation procedure at 50 second.
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Fig. 17 Observation of IIF of artemia’s eggs
in cryo-preservation procedure at 80 second.
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Table 1 Observations of IIF phenomena and
IIF temperature for artemia’s eggs by using
self-developed TEC cryomicroscope.

PR SRR | pus
N 02:43:45 (30 7)) -14.9885 10%
N 02:43:55 (40 7)) -15.1047 20%
T 02:44:00 (45 7)) -15.1787 30%
T 02:44:05 (50 7)) -15.0058 40%
N1 02:44:10 (55 F}) -15.2415 60%
AT 02:44:20 (65 7)) -15.0992 80%
N1 02:44:25 (70 7)) -15.1687 90%
N 02:44:40 (85 F)) -14.7526 100%
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