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Overview of Micro-Rotary Stirling Cryocoolers for
HOT IR detectors
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Abstract: With the improvement and promotion of the Mercury Cadmium Telluride (MCT) material
preparation process, the dark current of the FPA is suppressed to a certain extent, and an increase in the
operating temperature of IR detectors has become a development trend. The development of high-operating-
temperature IR detectors promotes the development of micro-Stirling cryocoolers to reduce the size, weight,
power consumption, and cost, and promote their performance. The SWaP3 design concept of Stirling
cryocoolers for HOT IR detectors is presented. Design techniques such as thin-walled tube short cold fingers,
high-efficiency small-size controllers, comprehensive thermal management, reliability prediction, and the
recent domestic and foreign development status of Stirling cryocoolers for HOT IR detectors are summarized.
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Table 1 Main characteristics of the cryocooler controller of HOT detector

Cryocooler Traditional controller =~ RICOR K580  HOT controller

Controller type Digital/Analog Digital Digital

Efficiency 80% >80% >90%

Input Voltage 12-24V 4-16V Work with a wide operation voltage
Temperature drift +0.6K +0.2K >+0.1K

Temperature stability +3K +0.1K >+0.2K

Weight 120g 30g <30g
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Table 2 Micro-rotary Stirling cryocoolers for high operating temperature applications
RICOR RICOR RICOR
K562S SHORT K5628 K56281
Cooling capacity 400mW@150K, 71°C  350mW@I110K, 71C 500mW@150K,71°C
Cooldown time 3.5min@150J,150K 4min@1601J,110K 3.5min@150J,150K
Power operation 12V 12V 12V
Input power 2.6 W@185mW,150K 3 W@200mW, 110K 2.5W@200mW,150K
Maximum input power 12W 14W 11w
Weight 215 ¢ 215¢g 215¢g
MTTF 17000 h 12000 h 17000 h
Temperature range —40C-+71C —40C-+71°C —40C-+71°C
RICOR THALES GUIDE INFRARED
K580 RMI1 RS046H
Cooling capacity 600mW@150K, 71°C 20mW@110K, 20C >400 mW@100K, 20°C
Cooldown time 3min@1507J,150K 45min@110J,110K <5min@110J@100K, 20°C
Power operation 4-16 V 12V 24-32V
Input power L5W@150mW,150K  2.9W@100mW,110K <3.5W@130 mW,100K
Maximum input power 10W 10W <12W
Weight 210g 250g <260g
MTTF 16000 h 24000 h >10000 h
Temperature range -40C+71°C -40°C-+71°C -45°C-+85C
4 ] SWaP3 Bit B, BOitHoR, B45 7 E Wk
Za

HOT a4 F s AR A M LUT A it e . HOT #3414
AL EEIA T HOT SRR MRl NRURIRIRe AR B AL BT RS SWaP3 HEN,

200



Fas5E FH2 W

2023 2 H

RSO S : HOT 3 A1 FJie # sXnke pR ) v LT 7 ik Fé

Vol.45 No.2
Feb. 2023

LL SWaP3 #ENINE 3k R HEEE o . MR R
SEfl g B HLSE A E L, AR TN S BB
Ao HAEPESEBEIR A REEAR LERARZ MR, K
AR E R R IR THS 28 T AR 1R i T2 2
Tte BEEAIFHIE L2 AR, I S 1
PRI A A U AN T R v 8 N WA ) R T
1), AR A HL T3t K2 HOT Hl¥ AL T 4 .

SECHK -

(1

[2]

[3]

[4]

[3]

[6]

[7

[8]

CHEN Xiaoping, SUN Hao, NIE Xiliang, et al. Overview of micro-
miniature stirling cryocoolers for high temperature applications[C]/
International Cryocooler Conference (ICC19), 2016: 115-120.

NG, BRIEBE, 77 5. /NBLIRS AR ML A 25 2 F 5 K R i 3T,

LIHMEAR, 2015, 37(11): 906-910.

SUN Hao, CHEN Xiaoping, QIAO Yong. A review of micro stirling
cooler for aero[J]. Infrared Technology,2015, 37(11): 906-910.

SIHRNL, BRZE, BREEBE, % HOT #31+F B h s ZE MR sk A WL 50

BERE[T). EZ5{KIR, 2018, 24(3): 151-156.

XI Zhongli, CHEN Jun, CHEN Xiaoping, et al. Overview of free piston
stirling cryocoolers for HOT detectors[J]. Vacuum and Cryogenics, 2018,
24(3): 151-156.

FAzHE, XM e LARR MR R ZLAMRIZR(CR) [J]. 419k, 2019,

35(9): 7-13.

WANG Yifeng, LIU Ping. On the high operating temperature mercury
cadmium telluride infrared detector[J]. Infrared, 2019, 35(9): 7-13.

Tz, XM, W TARRERRORZAMRM S FIZ8). 4096,

2019, 35(9): 1-8.

WANG Yifeng, LIU Ping. On the high operating temperature mercury
cadmium telluride infrared detector[J]. Infrared, 2019, 35(9): 1-8.

Riabzev S V, Radchenko D, Raf D, et al. Ricor's new development of HOT

cryocoolers: compact cost-effective linear model[C] //Proc of SPIE on

Infrared  Technology —and  Applications XLV, 2019: 11002:

DOI:10.1117/12. 2520842.

Nussberger M, Zehner S, Withopf A, et al. Update on AIM HOT cooler

developments[C]//Proc. SPIE on Infrared Technology and Applications

XLV,2019: 11002: DOI:10.1117/12.2520488.

TN, BRIESE. HOT S R R e L AR 2347 (C) /1B = R R e re

RN ARREN BT SIOLE, 2016: 115-119.

SUN Hao, CHEN Xiaoping. Analysis of miniature Stirling cooler for high

operating temperature application[C] //Proceedings of the 3" Symposium

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

on Novel Photoelectronic Detection Technology and Application, 2016:
115-119.

Filis A, Bar haim Z, Havatzelet T, et al. Ricor's rotary cryocoolers
development and optimization for HOT IR detectors [C] //Proc. Of SPIE
Infrared Technology and Applications XXXVIII, 2012: 8353: DOI:
10.1117/12. 923835.

Amiram katz Victor-Segal, Avishai-Filis. RICOR's cryocoolers
development and optimization for HOT IR detectors[C]// Proc. of SPIE
on Infrared Technology and Applications XL, 2014, 9070:
DOI:10.1117/12. 2050317.

David O B, Carmiel M, Segal V, et al. Ricor's advanced rotary cryocooler
for HOT IR detectors[C]//Proc. Of SPIE on Infrared Technology and
Applications XLV, 2019, 11002: DOI: 10.1117/12.2517715

Nachman I, Riabzev S, Filis A, et al. Advanced Ricor cryocoolers for
high-end IR missile warning systems and ruggedized platforms[C]// Proc.
of SPIE on Infrared Technology and Applications XL1.,2015, 9451: DOI:
10.1117/12.2176019.

Jean Yves Martin, Jean Marc Cauquil, Tonny Benschop, et al. Thales
cryogenics rotary cryocoolers for HOT applications[C] //Proc. of SPIE
on Infrared Technology and Applications XXXVIII, 2012, 8353:
DOI:10.1117/12.918587.

Pundak N, Porat Z, Barak M, et al. Field reliability of Ricor microcoolers
[C)// Proc. Of SPIE on Infrared Technology and Applications XXXV,
2009, 7298: DOI:10.1117/12.816262.

Zvi Porat, A Sne-Or, Nachman Pundak, et al. Reliability assessment
procedure of cryocoolers[C]// Proc of SPIE on Infrared Technology and
Applications XXIV, 1998, 3436: DOI: 10.1117/12.328031.

Groep W, Weijden H, Leeuwen R V, et al. Update on MTTF figures for
linear and rotary coolers of Thales cryogenics[C] //Proc. SPIE on Infrared
Technology and Applications XXXVIII, 2012, 8353: DOI: 10.1117/12.
918245.

Katz A, Bar Haim Z, Riabzev S, et al. Development and optimization
progress with RICOR cryocoolers for HOT IR detectors[C] //Proc. of
SPIE on Infrared Technology and Applications XLI, 2015: 9451: DOI:
10.1117/12.2176016.

Levin E, Katz A, Haim Z B, et al. RICOR cryocoolers for HOT IR
detectors from development to optimization for industrialized

production[C] //Proc. of SPIE on Tri-Technology Device Refrigeration
(TTDR) I1. 2017, 10180: DOI: 10.1117/12. 2262334.

201



