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Study of Cryocooler-based HTS SQUID Cooling System
Involving an Infrared Temperature Controller

Souichiro IWAQ, Yoshimi HATSUKADE and Saburo TANAKA

Synopsis: A high-Tc superconducting quantum interference device (HTS SQUID) cooling system was developed based on a
pulse-tube cryocooler (PTC) and a novel temperature controller. In this system, the temperature controller uses infrared irradiation
instead of the commonly employed electric heater to provide accurate and low-noise performances. The infrared light was irradiated
via a fiber-optic cable onto a SQUID-mount stage, where a HTS SQUID was cooled to approximately 77 K by the PTC. The output
of the irradiation source was controlled with a feedback scheme while monitoring the temperature of the SQUID-mount stage. The
temperature of the stage was stabilized at 77 K, and kept within £0.03 K deviation, for more than 2 hr by the temperature
controller. The measured magnetic flux noise of the HTS SQUID magnetometer in the cooling system with the temperature
controller showed little magnetic influence due to infrared irradiation.

Keywords: HTS SQUID, pulse tube cryocooler, cooling system, temperature controller, infrared irradiation

1. FLC®IZ

&R /=8 SQUID (HTS SQUID) (XHRERE LDk
ExEOREE Y THS. HTS SQUID IHEKERBEH
SQUID (LTS SQUID) &£ ¥ % 80K LA L& VVRE TEIMET 2
7=, Fr=vZazxrdmion, V7 A7 HELST
BILEMTES. 07 HTS SQUID # A\ 7= ek ERE
ERRMBHLE Y ~OEABHEETVWS ™Y L
L, —h b HTS SQUID SR & ZALT 5720l
Bre LTSI D= D DSR2 MBS LELR LN, Z AW
EENG, AREHRTHILENLL AC ERTHER
g2 5 AR VBV BES AR TORA~OBITHLE
AARTHD. EBE, KEHICATBEHBFELRVIZDIE
R CTEEMRRE@ME O L 2REREEE AV SQUID
BEIS AT AOBRBRED LN TS 9,

Z 7% THTS SQUID B H A H B OB EREZIZEI,
E—FRar T Ly FOBE~NY VAT ARELZHAETD
FEMNAWLNTEE. LaL, e—F&2AWDEE, &
REITHER ) A AH3FEAEL, SQUID DREEZIET S EDH
MR H D, —F, AESTAFEEBEOAGOEE, B/ A
RNITE LARAVWHIBELBOBERN BV, RERD
BERRARIRETHD. £ TAPFRETIE, SQUID A
THR /A R RELRVWFRARBERHEBEZ AT

Reccived May 18, 2005
DR ERE
T441-8580 EMBRBHBHREETEE y K 1-1
Toyohashi University of Technology, 1-1 Hibarigaoka,
Tempaku-cho, Toyohashi, Aichi 441-8580, Japan

* E-mail: tanakas@eco.tut.ac.jp

300

WEL O >RMBHMEE L RERGNEER SQUID HAlY
A7 ADOBEREEIToT. AV AT A& MAVT HTS SQUID
v IR R A—FEBESE, BEREMBIUTERED /A
AELTREFLMERRABONTLOTRET D,

2. FARBEHHEEZAVEARRANIZT A

2.1 YATLHME

AW TR L-AEEAEIV AT L OHKEN % Fig. 1
WRT. AVATATRIER, BEMER, BERESROE
BE TR L.
HERIZTHTS SQUID v/ X b A—4%, SQUID = V7 k
Q=g R, AT RFATFSAHF, /—h PC THAHEL
7=. HTS SQUID = 7 X b A — & D% /35 A — & % Table 1
R 1, BREERBHED ) A XA T A% Fig.
2R,

Speotrum [
‘Analyzer

PC

T mperature. .. .
control system

Connecting Bypass needle valve

cryocooler
ryogoo tube

Thernz

couple

Valve motor
unit

™ Cold head
Bl Cryostat

,i Heat Transfer rod

Mount stage Vacélimé

Fiber-optic cable 3, :
iber-optic ¢ SauD pig

Fig. 1 Schematic illustration of the cryocooler-based
SQUID cooling system with infrared temperature
controller.
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Table 1 Characteristics of the HTS SQUID magnetometer
used in this project (at 77 K by liquid nitrogen).
SQUID parameters Characteristics
21, 85.9 LA
R./2 4 Q
Acse 0.049 mm?
Magnetic flux noise 50 u ¢y/Hz'? @ 1kHz
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Fig. 2 Noise spectrum of a HTS SQUID magnetometer
cooled by liquid nitrogen.

MBERIL, RSB SV REHEE (T4 2 Bl
PRII), WML —K(L L= SAARZ Y N, 7544
AFy MNNERZIZEIK DD —R R 7, BEEOB
WA EFEEDVBEZBLDDANTE—Fa=y },
WETAEEMT H7200ELARNI L 7Ly CHERE L.
FENEL L R ERBHEIT, SO RE L EARNEE LA
BIN/ZATTHD. TD=dd, —@WBEICRLNAES
HEOREBAIE S, BIRBTORFAHNAEEL 72
7. AHETHVREE L2 EABEEO S
Table 2 (Z7R7 9,

I SQUID BB DMK & Fig. 3 (2R ¥ . G BEIEER
~y FISEBEROBER ) A A0 B2 ERT 5012,
MIRBEIEIE~y F& SQUID DIEEEx B+ LENH - 7=,
TIT, HBEOKE~ Y FIZE & 208 mm D EEFZHRAR
DR Y K (620 mm) #BRELT, ZOEMBICHARD
SQUID REBRAT—V#mMY T, ¥/, A TF—
MOILET DT OREBLIERT 2725, SQUID iXH 7
TATTARIERNLTCRAT—C LIcRB L.

BERESRIL, EBEEROMENTHEREHK- ) —< Ly
NS—EE S, IREFESE (Lakeshore Model 331), R4
FUyTRERBLOFRART VFHE, EX3mO%T 7

Table 2 Specifications of a coaxial-type pulse-tube cryocooler.

The lowest temperature 57.1K
5W (at87.5K)

780 W (with AC 100 V 60 Hz)

Cooling power

Elcctric power consumption
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Fig. 3 Cross-sectional drawing of the bottom part of the
cryostat.
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Fig. 4 Schematic diagram of the temperature controller.
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Fig. 5 Schematic illustration of copper cylindrical bulk.

Table 3 Comparison between the theoretical thermal
magnetic noise due to a copper stage and the experimental
white magnetic noise of the HTS SQUID magnetometer.

Theoretical thermal Experimental

Distance from copper

o o
stage to the SQUID magnetic noise

white magnetic

[ pT/HZ'?) noise [ pT/Hz"?]
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6 mm 1.27 0.80
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Fig. 6 Time trace of the temperature at the SQUID-mount
stage with an infrared temperature controller.
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Table 4 Flux noise level of the system with and without
infrared temperature controller.

Temperature Flux noise at 1 kHz Magnetic noise at
control method [u ¢h/HZ'") 1 kHz [ fT/Hz'?]
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Fig. 7 Noise spectra with and without the infrared
temperature controller. (SQUID-mount stage temperature: 63
K).
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