
Pulse Tube Cryocooler at 4 K: Customization for Sensitive 

Cryoelectronic Applications in “Dry” Low Noise Cryostats

Jens Falter1, Bernd Schmidt1,2, Marc Dietrich1, Jack Schmidt2,

André Schirmeisen1,2, and Günter Thummes1,2

1TransMIT-Center for Adaptive Cryotechnology and Sensors, Gießen, Germany
2Institute of Applied Physics (IAP), Justus-Liebig-University (JLU), Gießen, Germany

 Address1:

TransMIT Gesellschaft für Technologietransfer mbH

Zentrum für adaptive Kryotechnik und Sensorik

Heinrich-Buff-Ring 15, D-35392 Gießen

 Address2:

Justus-Liebig-Universität (JLU)

Institut für Angewandte Physik (IAP)

Heinrich-Buff-Ring 15, D-35392 Gießen

 Contacts:

 Jens.Falter@TransMIT.de

 Schirmeisen@TransMIT.de

 Thummes@TransMIT.de

▼ Introduction ▼ Cooling THz-Detectors in Radio Astronomy (SOFIA) [6]

▼ Temperature stabilization unit for „upGREAT“-detectors

suitable for high cooling powers

▼ Mechanical Vibration of PTD 406 C

in Measurement and Simulation

▼ References & Acknowledgments

▼ Intrinsic Thermal and Mechanical Variations

▼ Cooling power of PTC in non-vertical operation
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TransMIT PTD 406C

helium compressor

e.g. Sumitomo SHI F-70

supply line

(high pressure)

return line

(low pressure)

„flexlines" to compressor

(length = 4 - 40 m)

▼ typ. cooling power

with SHI F-70 compressor:

1st stage: ≥ 20 W @ 55 K

2nd stage: ≥ 0.75 W @ 4.2 K

1st stage

2nd stage

▼Pulse tube cryocooler system

▼Cryogen free

▼Closed cycle

system

▼„Dry“ cooling at

liquid helium

temperatures [1,2]

▼Remote

configuration for

low vibration

▼Galvanic insulaion

against EMI

All regenerative cryocoolers suffer from thermal and mechanical variations

of the cold head due to the periodic pressure wave of compressed and

expanding gas inside the tubes.
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f ≈1 Hz

TransMIT

PTD-406C

with CP6000 compressor

 temperature variations
from periodic expansion (adiabatic)

of the working fluid (He)

 mechanical vibrations
periodic elastic deformation („breathing“)

of the thin-walled tube with the pressure

oscillation (s: wall thickness; d: diameter)
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(E: Young‘s modulus)
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ΔZpp.max

*Zmiddle of 2nd stage

Pressure

ΔP

Compressor

e.g.

ΔZpp middle

of 2nd stage

ΔZpp.max

6.5 bar CP 2000 A 8.06 µm (11.05µm)

9.3 bar CP 4000 12.02 µm (15.8 µm)

13 bar CP 6000 16.8 µm (22.1 µm)
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▼ Mechanical and Thermal Decoupling [5] from Application

ESA/PTB/TransMIT project

(2010-2012) [4]
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PTD 4200 / CP2000A / f = 1.4 Hz
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T(d) = 18 mK

T(0) = 109 mK
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Damping factor: 5.5

th(4 K,1.4 Hz) = 1.9 mm 

for stainless steel

cold platform 2nd stage

stainless steel plate

chip holder

Mounting flange

for JJ-voltage

standard chip

TransMIT - PTD4200 cold head (upside down) with stainless

steel plate (d = 3 – 5 mm) and chip mounting flange (copper)

10 V-standard chip

(20,000 Nb junctions in series) 

Photo: Courtesy of M. Schubert, 

IPHT Jena

PTC

Laser-

Interferometer

vibration decoupling by:

- perbunan flange

- copper braids
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PTD 406C operated with

CP 2000A compressor (Δp ≈ 6.5 bar) 

at a frequency of f = 1.3 Hz 

High requirements on PTC performance

for cooling the detector (1.25-1.5 THz) and electronics:

 Compressor must be air-cooled !

 ±45° tilt of the cold head

 Temperature variations < 20 mK

(without loss of cooling power !!)

 No large LHe-bath Cryocooler needed

 Refrigeration temperature  4 – 4.5 K

 Cooling power  0.5 – 0.7 W !

damping unit

(using high ρCp)

sample/ device

to be cooled

4 K cold

flange of PTC

pulse tube cold head

(with minimized

disturbances)

1st stage cold

flange of PTC
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Temperature in K

35 cm³ Lhe at

equilibrium pressure

Lhe-pot (2.05 kg copper)

Heat capacity ratio @ 4.2 K: 

22.7/0.203 = 112 or heat 

capacity of 35 cm3 LHe

equals 230 kg copper

He-cylinder

V ≈ 3 - 5 L
P ≈ 8 bar @RT

outside

inside

He gas inlet from

outer He-cylinder

Precooling of gaseous

He at 1st stage

Gradual cooling-down 

of He gas in capillary

along regenerator 2

Fast liquefaction of

precooled He at 

2nd stage into

helium pot

Cold flange 2nd stage

Mounting platform

for experiment
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▬▬ 0 ml (vacuum)

▬▬ 35 ml LHe

▬▬ T2 ≈ 4.2 K

▬▬ T2 ≈ 2.2 K

T = 2x amplitude

PTD 406C; f = 1.3 Hz; CNA 31 compressor

PTD 406C; f = 1.3 Hz; CNA 31 compressor

LHe filling level in mm

0   5.5              11.0      16.5  22

„dry out“

Applications as cooling of THz

detectors in radio astronomy

require high temperature stability

at large cooling loads

(e.g. T < 20 mK @ 4.2 K with

cooling power of 500mW @ 

4.2K). Here, a reservoir filled

with liquid helium can be used to

stabilize the temperature

variations of a cryocooler. 

Especially at cryogenic

temperatures, the heat capacity

of LHe is two orders of

magnitude higher than the heat

capacity of copper. The LHe-

system works in a closed cycle

and can be integrated in the dry 

cryostat. It works autonomously

and remains maintainance free.

LHe

condensing He

vapor

Condenser (A = 308 cm2)

Evaporator (A = 36.3 cm2)
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L
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Depending on the heat load, the damping effect

sets in when the filling level of LHe exceeds the

„dry-out“ effect. Once the reservoir is filled with

LHe, the temperature oscillation is reduced to

about T = 13 mK at 4.2 K transducing a cooling

load of about 500 mW. Such large power 

transitions are possible without a recognisable loss

in cooling power (cf. identical mean temperature of

dampened and undampened T-variations ). The 

two phase (liquid and gaseous) He in the reservoir

works as a thermo-syphon wherein the power is

transported by the vapor of He in the evaporator at 

the bottom of the reservoir and the recondensing

of He in the condenser. 

„upGREAT“  detector

cooled by PTD 406C

inside SOFIA aircraft
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1st stage temperature T1 in K

cold head orientation:
 vertical operation
 tilted operation (by 45°)

Q2 = 0.0 W

0.1 W

0.2 W

0.3 W

0.4 W

0.5 W

0.6 W

Q1 = 10 W5 W0 W

0.0 W

0 W

0.4 W

Loadmap of the simultaniously available cooling power

of both stages of a PTD 406C cold head operated with

a SHI CNA-31A compressor in  vertical („normal“) and

tilted (by 45°) orientation.

cf. Cryomech PT4-05: z-displacement = 25 µm 

with 5 kW compressor (CP 950) [3]

IEEE/CSC & ESAS SUPERCONDUCTIVITY NEWS FORUM (global edition), April 2017.  
Poster presentation at KRYO 2016. No manuscript was submitted for hardcopy journal publication.




