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Fig. 1. The pressure-enthalpy diagram of the helium-4.
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Fig. 2. Schematic diagram of the 1 K cryogenic system pre-
cooled by a pulse tube refrigerator.
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Fig. 3. Photograph of the experimental system.
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Fig. 4. Schematic diagram of the 1 K gas circuit system.

3) MIERG. ATITE T —EEMHEREMN
PG T — R B AR R 2R R B R T R i
T BTS2 A AR AR, IR Rt
A HLBETTIF SC RS B 45 . IEAh, 456 Lake-

shore JRFEAYL, SEFL T X 1 K R G0 W) 5 4%
il Fe 2l I A AL B, S T A —
SRR SR BEYIBE. RGP A MR SR
Lakeshore #5 %€ i #Y CX-1030-CU-HT-1.4 L i &
THHATIE, ANHE A 5 mK.

4) HAE GRS, FEAFE RS S mES
TIE . ELS A B R N 2 )2 e PR R A R
WERGE NI EAS B, JFBHP S A PREE (1) 4 S A

4 LR 53D
41 A4KTWEES

L5 25 0T R JR 1 K S T ¥4 L Ay L 7R ) v
AE, IZAEHLAE T E = FE 48 HUR AT e i, L
WA B A B R . FIRIFHL 40 min N 904
SLTRERIATRE R 3 K AR, & —gaa kLl
FER 2.14 K, —R¥% K T AATRE S 28.8 K, Jf-A]
AR 4.2 K #2435 1.5 W 174 2 ALFE 45 K #2145
45 W By il ¥% it , PR e M Bk 3% E Cryomech PT415
RM F1 HAAE A RP-182B2S 77, HAK L2 1.

300
(a) — Ty W2f=T -
-_ ANANAA NANAN
250 | T g /\/\ i /\’(\/\/\ ﬁ\‘” /\ |
2 geaf VU V V J .\} VY
% 200 + E 60 120 180
2 £
=
T 150
[
2,
5
=

Time/min

5.5
(b) Input power: 14 kW; pressure: 1.8 MPa;
5.0 | Frequency: 1.4 Hz

OW 225 W
a5t 15 W 45 W

4.0
0.75 W,
3.5

3.0

1st stage heat load

2.5
ow

Second stage temperature T5/K

2.0

2nd stage heat load

1.5 . .
25 30 35 40 45 50

First stage temperature 77 /K

P54 KBS HIAHILTI A TERE (o) BEEIIZ, (b) B1e
Fig. 5. Typical cooling performance of the developed 4 K pulse
tube refrigerator: (a) Cooling curve; (b) cooling capacity.
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Table 1.  Comparison between the developed prototype and foreign 4 K GM-type PTRs.
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Fig. 6. Typical cooling performance of the 1 K cryogenic
system: (a) Cooling curve; (b) cooling capacity.
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A high-capacity 1-K cryogenic system pre-cooled
by pulse tube cryocooler”

LIU Xuming %  ZHA KuifanV?  MA Shuai®?  HAN LimingY?
XIE Xiaolin?  GUO WeijieV? PAN Changzhao V21
1) (International Quantum Academy, Shenzhen 518048, China)

2) (Shenzhen Quantum Cooling Technology Co., Ltd., Shenzhen 518048, China)

( Received 15 February 2025; revised manuscript received 15 March 2025 )

Abstract

A 1-K cryogenic system can provide a stable and necessary low-temperature environment for some fields
such as quantum computing, condensed matter physics research, and cryogenic scientific instruments.
Specifically, in the field of basic research, 1 K is an ideal condition for studying quantum phenomena in low-
temperature physics, such as quantum Hall effect and topological phase transition; in the field of technical
applications, 1 K is a necessary condition for some quantum devices, such as superconducting quantum
interferometers and single-photon detectors, to achieve high-sensitivity operation; in the field of ultra-low
temperature technology, 1 K is the pre-cooling stage of refrigeration technologies, such as dilution refrigerators,
and is also the basis for further achieving mK temperature ranges and lower temperatures. At present, in most
of domestic 1-K systems, GM (Gifford-McMahon) cryocoolers are used for pre-cooling. These systems encounter
some difficulties in achieving lower vibration control, lower electrical noise interference, lower pre-cooling
temperature, and higher liquefaction efficiency. The 1-K systems based on pulse tube cryocoolers pre-cooling
have inherent advantages in solving these problems. In this work, a 4-K GM-type pulse tube cryocooler is first
developed by using a domestic helium compressor and a developed rotary valve, and the cold-end heat
exchanger and the room-temperature phase shifters are redesigned in order to achieve a minimum cooling
temperature of 2.14 K, and provide 1.5 W at 4.2 K and 45 W at 45 K cooling capacity simultaneously. With
the home-made pulse tube cryocooler as the pre-cooling stage, a 1-K cryogenic system is further constructed. By
designing key components such as JT flow resistance, combined thermal switch, and anti-superflow structure, a
minimum cooling temperature of 1.1 K is achieved, with a cooling capacity of 100 mW at 1.6 K. This study lays

an important foundation for subsequently developing dilution refrigerators with larger cooling capacity.
Keywords: pulse tube cryocooler, GM-type, 1-K system, Dilution refrigeration
PACS: 07.20.Mc DOI: 10.7498/aps.74.20250181

CSTR: 32037.14.aps.74.20250181
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