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Abstract: The selection of the temperature sensor in a cryogenic system depends on the temperature range,
shape, and accuracy. An accurate temperature sensor is essential for improving the reliability of an
experiment. We have developed a calibration system for cryogenic temperature sensors using a two-stage
cryocooler. To reduce the heat load, a thermal shield is installed at the first stage with multiple layer
insulation (MLI). We have also developed a sensor holder for calibrating more than 20 sensors simultaneously
in order to save time and reduce costs. This system can calibrate sensors at variable temperatures via
temperature control using a heater. In this paper, we present the design and fabrication of the temperature
sensor calibration system and a representative experimental result.
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Fig. 1 Schematic diagram of temperature sensor
calibration system
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Fig. 2 Drawing of sensor holder
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Table 1 Specification for heat load estimation

Part Unit Data
current A 0.001
Copper
length m 0.45
Instrumentaion diameter | m | 0.000127
wire
Manganin | current A 0.001
resistance | $/m | 35.3~38.8
diameter m 0.205
Vacuum vessel height m 0.52
material - SS340
diameter | m 0.149
First stage :
thermal shield height m 0370
material - Copper
area m’ 0.0135
Sensor holder -
material - Copper
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Fig. 3 Heat load at first stage of system

2 (S olgd 7 g Atk AFAHY e 82,
Al RS 45x10° md, ASHY] Hol=
045 m, TElAHe AHEEe] HEZL 1329x10°
Wm olH, wEha At ofgt HMmdAdE
1.07 wolt}. EAdAZEe 2] ) o8] o &
21t} Stefan-Boltzmann <= 02 5.67x10° W/m™ K",
el Ak, WHe ZH7E 0.017, 0373 m
ol Ao FHWAME, WAL 7+ 0.03, 0.209
m’o|th. AXFAT} ARG AL 266 Wolth FHF7}
of ot AEIALL 2 (3)-(5)F °l-&ste] ALt
FEAT ()= A @E °l&stq T
o HEe} R FE8AG a), e
0.666, 0.828°|t}. 714 H|EH] Y& 14, 7]
Aol =B AY M 2884 gmol, 71AE; RS
8314 KJkmolK, 7]1#|°] = P 0.133 Pa©|t}.
ARS8 Falxl ZRTEse] ofgt AEIHES
0.17 Wolt}h AlSAle] Bdas A (6)S o]-&35}]
T F o 2EASES A% FEd 3
Ao ge] Holet A7t A=
stk 2=A5S 9%
°]& 045 m, HAFE 0.001 A

o =24

o0&

o

o

o 4 8o
=D LA (T
= N, ol
fr =& Ho
@

Ir

2

)

[

ﬁémp
S

of

1o ) A
ol

S 93 FeAle
0.5 Acltk. HIAFS 856x107
4.45x10° m’olth. AXksle]
= 0.18 weolr, mebA] 1o
oJt}.

H| 58 2|8k B9
d 29T 2 MLIE AAg

. Fig. 4% 28-300 K204 MLI] <=

ol

T
B

o
rr
=D

o r|r

al

0
w B
o
e

1
o
o

ol ot

& o2 u
— ol ¢
<

oz

[ez]
=

el
o
ol

(
AV

}

inss
oy
L
o
rlu

)
o
R

vo fo ne

22,
N o
)

N

s

18 [

W)

14

Radiation (

150 200
Temperature (K)

250 300

Fig. 4 Thermal radiation with respect to the number
of MLI
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Table 2 Data of reference and experiment result

resistance (Q)
Sensor Ref @
eference warmup o4 o4
No 4205 | 0k | ook
(77.32K) | ’
| 266 @ LHe | 265.99 | 266.12 | 266.07
77.5 @ LN, | 77.46
) 211 @ LHe | 210.86 | 210.87 | 211.04
62.1 @ LN, | 62.07
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