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ABSTRACT 

 
The modern needs of the electro-optical market for small low-power and light-weight IR systems are impelling research 
and development of High Operating Temperature (HOT) IR detectors, requiring development of dedicated “HOT” 
cryocoolers. 
The development of cryocoolers with emphasis on the “SWAPଷ” configuration means small size, low weight, improved 
performance, low power consumption and low price, in order to optimize IDDCA for future hand held thermal sights.    
 
This paper will present the development and the progress made with the new "HOT" cryocooler, including customer data 
after the evaluation process, performances achieved using a common cold finger, test results update on a large series of 
production coolers, life and qualification test update and acoustic noise reduction. All the above mentioned information 
relates to the FPA temperature range of 130 - 200K for various cryocooler models based on rotary & linear design 
concepts.  
 
The paper will also review the progress with the latest development activities implemented in the cryocoolers and the 
electronic control modules in order to improve reliability and minimize regulated power consumption. 
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1. INTRODUCTION 
 

In the past, standard operation temperature for an IR detector was lower than 77K. A recent survey of the cooled IR 
detectors market reveals that significant progress in IR detectors technology has been achieved lately, and as a result, 
their operating temperature has increased to about 150K. Prior to the recent technological advances in detectors, when 
the typical standard operating temperature for an IR detector was 77K, and sometimes even lower. low FPA 
temperatures of this kind, required a cryocooler that could provide higher cooling capacity, hence affecting size, weight 
and power consumption. Therefore an increase in the FPA temperature up to the HOT range (150K and above) improves 
cryocooler thermodynamic efficiency dramatically and also reduces the detector assembly thermal losses. These are the 
potential benefits allowing a cryocooler's Size, Weight and Power consumption (SWaP) reduction. Furthermore, this 
development is focused on the “SWaP3” approach meaning small Size, low Weight, low Power consumption, improved 
Performance and low Price [2]. In addition to these parameters, a HOT cryocooler is required to provide low acoustic 
noise, short cool-down time, and highly accurate temperature stability. By all the characteristics mentioned above the 
new compact low power and cost HOT Cryocooler implemented in the cooled infrared thermal imager can compete with 
the uncooled infrared thermal imager based on a microbolometer detector in terms of lower power consumption and 
smaller bulk derived from smaller optic size. Furthermore it is still generally acknowledged that the cooled detectors are 
superior to the uncooled competing technology in terms of working ranges, resolution and ability to detect/track fast 
moving objects in dynamic infrared scenes [3, 4]. This article will describe the progress that was made on the 3 new 



 

 

"HOT" cryocoolers, the K562 short improved, an improved model that was based on the standard K562, the K580 an 
Integral Rotary cryocooler and the K588 a Split Linear cryocooler incloding an update on the electronics and control.   

2. CRYOCOOLER MODELS PERFORMANCE UPDATE 
 

2.1 K562SI - SHORT IMPROVED – Integral Rotary Cryocooler 

2 K562 SI coolers were sent to AIM for testing and examination on a IDDCA level. A preformance report was received 
from AIM after testing. The configuration set up was as described in Figure 1. The results of  testing the power 
consumption at different ambient temperatures with different FPA temperatures are provided in FIgure 2. The results of 
testing the cool down time at different ambient temperatures with different FPA temperatures are provided in Figure 3. 
Another test was conducted to determine the stability of the power consumption over numerous cool down cycles. 
Testing was performed at room temperature with a 140K FPA temperature. Results are shown in Figure 4.  A test to 
determine the stability of cool down time over numerouse cool down cycles was performed at  room temperature with a 
140K FPA temperature.The  results are shown in Figure 5.   
 

 
     Figure 1.  K562SI AIM test configuration specification 
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2.2 K562SI Cryocooler test results 

During 2016, more than140 coolers were manufactured and supplied. Data recorded from all K562SI coolers was 
analyzed for statistical performance distribution. All coolers were tested at ambient temperatures of 23°C, -41°C and 
71°C with total heat loads of 190mW, 220 mW, 290mW respectively. The FPA temperature of the tested coolers was 
140K. The results are shown in figure 6 through 8. 
 

 
     Figure 6. K562SI cooler Steady State Power Consumption Distribution 

 

 
     Figure 7. K562SI cooler Open Loop Temperature Distribution 
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     Figure 8. K562SI Cool Down Time Distribution 

 

 
2.3 K580 Integral Rotary Cryocooler 

The K580 cooler has aroused interest and tens of units were sent to customers for evaluation.  
One evaluation process was conducted by Sofradir. The K580 test results, as performed by Sofradir, at 200C ambient 
temperature are presented in Table 1. The test results at 710C are shown in Table 2. 
 
 
 
     Table 1. Performance of the K580 In a range of  FPA temperatures and a range of added heat load at 200C ambient temperature 
 

Steady State 
Temperature 

 Measured self-
heat load 

Max Input 
Power 

Steady State Input power 

 [mW] [W] 50mW added 
heat load 

100mW added 
heat load 

200mW added 
heat load 

170K 136 8 1.6 1.8 2.2 
150K 165 8.3 1.9 2.1 2.6 
140K 183 8.6 2.1 2.3 2.9 
110K 250 9.3 3.1 3.7 4.4 
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Table 2. Performance of the K580 In a range of  FPA temperatures and a range of added heat load at 710C ambient temperature 

 
Steady State 
Temperature 

 Measured self 
heat load 

Max Input 
Power 

Steady State Input power 

 [mW] [W] 50mW added 
heat load 

100mW added 
heat load 

200mW added 
heat load 

170K 203 8.5 2.3 2.5 3.2 
150K 244 9.1 3 3.3 4.4 
140K 270 9.4 3.4 3.9 5.4 
110K 424 10.4 10.4 - - 

 
 
To determine drift parameters for the revised common cold finger design of the K580, a drift test was conducted 
including over 300 runs. Results are presented in figure 9. 
 
 

  
     Figure 9. K580 with common cold finger drift test distribution. 

 
 
Further testing on the K580 cooler was conducted with regard to future optimization processes. Three coolers were tested 
in a range of input voltage values. All three coolers were run under the same conditions with 185mW @150K @ 230C. It 
can be seen that there is a decrease in input power relative to a decrease in input voltage and an increase in efficiency 
respectively.  The results are shown in Figure 10. 
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     Figure 10. A change in input power and efficiency relative to the change in input voltage. 
 
 
 
Since induced forces information was required on the K580 with regard to higher ambient temperatures, a test for 
induced forces was run at 710C.  The setup of the test is shown in Figure 11.  The results of the coolers running at a 46Hz 
frequency at 230C ambient temperature and at 68Hz frequency at 710C ambient temperature are shown in Figure 12 and 
13 respectively. The results are compared and summarized in Table 3. 
 

 
     Figure 11. Induced forces set up  

6.00
7.00
8.00
9.00
10.00
11.00
12.00
13.00
14.00
15.00
16.00

1.20

1.30

1.40

1.50

1.60

1.70

1.80

5 6 7 8 9 10 11 12 13 14 15 16 17

Pi
n 

[W
]

Vin [V]

Pin[W] VS Vin[V] K580@150K

Power Consumption Efficiency

Efficiency [%]

Piston (Y) 

Motor (Z) 

Cold head (X) 

M  



 

 

 
     Figure 12. Induced forces results at 180mW@150K@230C conditions. 
 

 
     Figure 13. Induced forces results at 260mW@150K@710C conditions. 
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     Figure 15. K588 compressor revised design with common cold finger 
 

 
     Figure 16.  K588 reduced induced forces at 230C ambient temperature, 180mW @150K heat load. 



 

 

 
Figure 17.  K588 Performance  

 
Figure 18.  K588 Performance 
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Furthermore, a full performance mapping was conducted to provide accurate comparison between both K580 
configurations.  Figures 20 through 28 provide the comparison graphs whereas A0 represents the K580 cold finger and 
A1 represents the common finger configuration. 

 
 

 
     Figure 20. K580 A0 VS A1 test results at PFA 130K@-40°C 
 
 

 
     |Figure 21. K580 A0 VS A1 test results at PFA 130K@23°C 
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     Figure 22. K580 A0 VS A1 test results at PFA 130K@71°C 

 
 
 

 
     Figure 23. K580 A0 VS A1 test results at PFA 150K@-40°C 
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Figure 24. K580 A0 VS A1 test results at PFA 150K@23°C 
 
 

 
Figure 25. K580 A0 VS A1 test results at PFA 150K@71°C 
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     Figure 26. K580 A0 VS A1 test results at PFA 180K@-40°C 

 
 
 

 
     Figure 27. K580 A0 VS A1 test results at PFA 180K@23°C 
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     Figure 28. K580 A0 VS A1 test results at PFA 180K@71°C 
 

 

4. HALT RESULTS 
To ensure the quality of the K580 cooler and its reliability in harsh environments, a HALT test was conducted on two 
K580 coolers. The setup is shown in Figure 29. And the results are summarized in Table 5. 
 

 
     Figure 29. K580 HALT test setup 
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Table 7. K580 life test  
 

Status 
Accumulated 

hours 
Average power 
@150K&23°C 

Self heat load S/N  #  

Under test 13,594 hr W1.49  mW 210 78-0121 1 

Under test 10,800 hr W1.63 mW 220 78-0129 2 

Under test 13,593 hr W1.79 235 mW 78-0134 3 

Under test 9,602 hr 1.72W 230 mW 78-0135 4 

Under test  
common cold 

finger 
2806 hr W1.98 mW 225 78-0228 5 

Under test  
common cold 

finger 
2080 hr W1.58 225 mW 78-0230 6 

6. FUTURE WORK 
Development and qualification of two coolers, the K562S Short Improved and the K580 models has already been 
completed and the coolers are available as qualified off the shelf products. The K562 life test was launched and 3 coolers 
have already gained more than 7000 working hours. The K580 controlled life test is planned to be launched during 
Q1/2017. During 2017, several improvements will be implemented in the K580 cooler and controller in order to improve 
its-efficiency and to add speed and torque control applications for the reduction of the induced moments and the parasitic 
power consumption. The K588 linear cryocooler development has made significant progress over the past year, thus a 
number of laboratory models are currently available for evaluation and characterization testing. Moreover, the first 
prototyping demonstrates that the near-specification performance under 2WAC regulated input power at working set-
point is already achievable. 
 

7. SUMMARY 
RICOR has made significant progress with the development of cryocoolers for HOT IR detectors. The K580 cryocooler, 
with the common cold finger is a commercial product and joined the K562SI model, after passing the initial development 
phase successfully. The K562SI has been successfully manufactured in quantities and the statistical data looks 
promising. The K588 model was re-designed to fit the common cold finger and to meet growing market demands in 
terms of weight, cost and interfaces. Rigorous testing was done on the K580 cooler to provide data on performance after 
the introduction of the common cold finger. Evaluation testing of the K580 by clients provides results of performance 
DDA level. At present it is in continuous supply to a number of customers around the world. The K588, including its 
new controller, is currently at the testing stage, and soon it will be prepared for engineering series manufacturing and 
qualification testing. Life testing of both the K562SI and the K580 is still running while K580 with common cold finger 
controlled life test is at its beginning. 
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