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ABSTRACT
This paper describes the maturation and status of the Lockheed Martin “High Power” Micro1-2 

is the baseline cooler for the Jet Propulsion Laboratory (JPL) Mapping Imaging Spectrometer for 
Europa (MISE) instrument aboard the Europa Clipper mission, and The Johns Hopkins University 
Applied Physics Laboratory (JHU-APL) Gamma Ray and Neutron Spectrometer (GRNS) aboard 
the Psyche asteroid mission.
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-

MICRO1-2 MICROCRYOCOOLER

History
The Micro1-2 cryocooler is a small, robust, 475 gram space-quality pulse tube cryocooler 

1,2 
and shown in Figure 1.

Level (TRL) 6 in 20133

power and cooling power.  The Micro1-2 coldhead was designed for higher power capacity and 
included greater heat sink and regenerator volumes while retaining identical assembly techniques.  
The Micro1-1 and Micro1-2 coldheads are shown in Figure 2.  The compressor piston diameter 
was increased to provide greater swept volume, and the compressor pedestal was enlarged and 
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included 50 g of mass on the coldhead and no launch lock provisions other than shorting the motor coils.

Capabilities
Some unique capabilities of the Micro1-2 cryocooler made it an ideal candidate for several cryogenic 

conditions relevant to the Jupiter environment4

5 
under harsh environmental conditions.

The all-welded, all-metal coldhead allows the cold tip to be heated to temperatures above 125 °C.  
This operation is required for some gamma ray detectors such as the GRNS instrument, which require 
periodic annealing of the detector’s germanium crystal at elevated temperature.

Past and Future Micro1-2 Cryocooler Deliveries

input power.  Following this testing, the cooler was taken off life testing and sent to JPL for testing related 
to the MISE program4.

Figure 1. Micro1-2 cryocooler.  The compressor is 
on the left and the warm end of the coldhead is shown 

obscured by the mounting plate in this photo.

Figure 2. Comparison of the Micro1-1 
(Standard) lower and Micro1-2 (High 
Power) upper coldheads.  These coldheads 
use identical manufacturing processes. 

Figure 3.

thermal straps for improved heat sinking of the compressor motors.
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The second Micro1-2 cryocooler was built for JHU-APL, funded by NASA’s Maturation of 

Following the successful MatISSE program, this instrument was selected for the planned Psyche asteroid 

The third and fourth Micro1-2 cryocoolers were built for JPL to support the MISE instrument, part of 

in another paper in these conference proceedings6

spare Micro1-2 cryocoolers to JPL for use in the MISE instrument in 2019.
Lockheed Martin is currently building a Micro1-2 cryocooler for team partner Iris Technology for a 

controller, and delivery to NASA in 2019. Results of Iris Technology’s electronic controller development 
are presented in another paper in these conference proceedings7.

PROGRAM-SPECIFIC REQUIREMENTS

Mapping Instrument Spectrometer for Europa (MISE)
The MISE instrument, being built by JPL, is one of the instruments selected for the Europa Clipper 

from four to eight bolts to reduce interface resistance, and the thermal straps on the compressor motors 
were thickened and changed to 1100 series aluminum to reduce temperature gradients in the compressor.

-
ment is not especially sensitive to vibration, the possible impact of the MISE instrument on other 

Figure 4.
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6, and a photo of one of those 
coolers under test is shown in Figure 5.

Figure 5. One of the two MISE demo 
cryocoolers under test at JPL.

Figure 6.
Psyche, which includes a tab with a mounting hole for 
ease of integration with the thermal strap for the GRNS 
germanium crystal.

Figure 7.

nearly optimum for these environmental conditions and was selected for assembly during Phase II.
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Gamma Ray and Neutron Spectrometer (GRNS)

shown in Figure 6, was added to the cold tip to facilitate integration with the detector’s germanium crystal.

and so thermal conductance testing was conducted on a gold-plated regenerator tube and an unplated 
tube, to assess whether the low-emissivity gold plating reduces radiative parasitic heat loads.  The 
conducted heat load of the two tubes was identical, and a difference in radiated heat load of less 

to gold plate the regenerator and cold tip.

Deep Space Cooling System (DSCS)

conducted in Phase I are shown in Figure 7.  That trade study compared the cooling performance 

As part of this SBIR, Iris Technology is reducing the mass and volume of the cryocooler control 
electronics.  That work is described elsewhere in these conference proceedings7.

ACKNOWLEDGMENTS
The authors would like to acknowledge Ted Nast, Patrick Champagne, Lincoln Sanders, Enidt 

Solano, and Aurie Pedronan for their contributions to the development of the Lockheed Martin 
-

cooler and subsequent assistance with the maturation of the Micro1-2 cryocooler.
Some of the work described in this paper was carried out at the Jet Propulsion Laboratory, California 

Institute of Technology, and was sponsored by the National Aeronautics and Space Administration.

REFERENCES

2. J.R. Olson et al., “Lockheed Martin microcryocoolers,” Tri-Technology Device Refrigeration (TTDR) 
II,

Cryocool-
ers 18, ICC Press, Boulder, CO (2014), pp. 45-50.

high-power micro pulse tube cryocooler,” IOP Conference Series: Materials Science and Engineering 

Micro Pulse Tube Cryocooler,” Cryocoolers 19,

Cryocoolers 20, ICC Press, Boulder, 

Cryocoolers 20, 

85MATURATION & STATUS OF THE LM MICRO1-2 COOLER 




