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A Low-Loss Thermal Isolator for Waveguides
and Coaxial Transmission Lines

Marat Davidovitz, Senior Member, IEEE

Abstract—A low-loss element insertable into microwave coax-
ial transmission lines and waveguides is designed to provide a
thermal isolation barrier at the point of insertion.

I. INTRODUCTION

RYOGENICALLY cooled devices placed in dewars re-
Cquire electrical connections to external power supplies.
The standard microwave transmission media, i.e. waveguides
or cables, cannot be used for this purpose as they are excellent
heat conductors and as such would typically provide a very low
thermal-resistance path. When placed in a high-temperature
gradient the transmission lines will conduct heat from the
external envircnment to the cooled devices, necessitating use
of large pumps to maintain required device temperatures.

The purpose of this communication is to describe a thermal
isolator designed to alleviate the heat-loading associated with
transmission lines in cryogenic systems. The above-named
device is to act as a very high thermal resistance element in the
heat flow path, with minimal disturbance to the transmission
characteristics of the electrical connection.

The currently acceptable method of isolating devices in
a dewar from the external environment entails the use of
extremely small cross-section coaxial cables [1]. Cross-section
reduction affords higher thermal resistance. However, such
cables are inherently fragile and thus inconvenient to handle
and unreliable. Their primary disadvantage, moreover, is their
extremely high ohmic loss. Since the loss is a distributed
effect, long (with respect to the guide wavelength at the
frequency of operation) cable runs in the dewar result in
prohibitive electrical system losses. It is, therefore, desirable
to retain the standard low-loss lines, while providing thermal
isolation by means of a ‘“‘lumped’’ isolator element. The
proposed isolator can be spliced into a line run at a dewar
entry point, effectively ‘‘choking off’” heat flow.

. DEVICE DESCRIPTION

A circumferential gap in a hollow-tube waveguide has
a relatively minimal effect on the microwave transmission
characteristics, provided it is electrically very small. On the
other hand, if the radiative and convective exchange across
the gap can be made negligible, its thermal resistance is prac-
tically infinite. To maintain axial alignment of the waveguide
after a gap is introduced, high-strength foam, or comparable
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Structure of the thermal isolator.

Fig. 1.

low-thermal-conductivity material, can used to encase the
waveguide. The foam’s inherent low thermal conductivity
lends itself to a package that presents a very high thermal
resistance in parallel with the gap in the waveguide.

It is clear that the design of such a thermal isolator requires a
balanced trade-off among electrical, thermal, and mechanical
constraints. Since the theoretical tools required to carry out
the necessary analyses were not available, a combination of
empirically derived data and rudimentary equations was used
to design a prototype. Presently, a brief description of this
device and its performance characteristics will be given.

The prototype was constructed utilizing the standard Ka-
band (WR-42) rectangular waveguide. The mechanical draw-
ing presented in Fig. 1 demonstrates the structure of the device
tested. The photograph in Fig. 2 depicts the assembled thermal
isolator.

The key geometrical and material parameters for the design
are

1) The gap-width wy: The microwave characteristics of

the device are almost exclusively determined by this
parameter. The results of an experimental electrical
characterization of the gap in the WR-42 rectangular
waveguide are summarized in the insertion and return-
loss plots (Fig. 3(a) and (b), respectively). A 12-in.
section of the WR-42 guide, bisected and aligned in
a rigid foam support, was utilized in the experiment.
It should be noted that the results presented in Fig. 3
include the intrinsic waveguide propagation losses; the
12-in. section of WR-42 guide used in the experiment
had a 0.2-dB insertion loss prior to the introduction
of the gap. Based on the results of the aforementioned
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Fig. 2. Thermal isolator prototype.

experiment, the prototype gap width was chosen to be
10 mils; after fabrication it was found to be 13 mils (at
room temperature and atmospheric pressure).

2) The thermal conductivity of the foam (k): The foam
chosen for the construction of the prototype was the
Cummings RH-10 polyimid, closed-cell type, with a
manufacturer-specified £ = 0.3 f—]f%—%%
perature. The accuracy of this thermal conductivity value
could not be ascertained.

3) The cross-section of the rectangular foam cylinder
formed by the recessions in the foam encasement
used to link and align the two halves of the isolator;
the cross-section and length of the this cylinder
determine its thermal resistance, which is the dominant
contribution to the overall thermal resistance of the

device. This is also the weakest link in the structure,

largely controlling its mechanical characteristics. The
aforementioned cylinder cross-section for the prototype
was 0.776 in?, over a length of 0.250 in. Using the
vendor-supplied thermal conductivity value, the thermal
resistance of the cylindrical foam link was estimated
at Reyi = 293 %VI—{— It should be noted that this figure
is a rough estimate. Determination of the actual value
would require consideration of the spatially dependent
geometrical and material distributions.

II. ELECTRICAL AND THERMAL
PERFORMANCE CHARACTERISTICS

Two-port network properties of the device under room-
temperature conditions are presented in Fig. 4(a) and (b). The
insertion loss remains less than 0.5 dB over a wide frequency
band. The return loss is greater than 20 dB throughout almost
the entire waveguide band. The effects of the experimental
embedding circuit, up to the flanges of the isolator, were
removed through a TRL calibration. A calibrated electrical
measurement could not be performed under the actual oper-
ating conditions. However, it has been shown (Fig. 3) that
the return and insertion loss degrade gracefully as the gap
width is perturbed. Since the device contains materials with
relatively small coefficients of thermal expansion the gap-

at room tem- -

02

i \I,}o'r%,\m\lr“‘ ,,,.»,,,\,,..Am‘\.,,‘.p’,,,,trmw,,\w“"\
N“"’\h,\'

s %,
0.4 N vuv-‘:«ﬂf. y 4y
n,,,,,»fww#’}%,-._h-m..v T g
'—%""“'&v.,wwqe s o,

0.6 B . ‘?&]’A’w‘*"‘\“ K
s, "
X

IL (dB)

12

19.8. e

1 .4 1 L L I3 L 1
18 19 20 21 22 23 24 25 26
f (GHz)

@

16
18

20

22

RL (dB)

24

s

26 |

2 23 24
f (GHz)

®)

Fig. 3. The (a) insertion loss (IL) and (b) return loss (RL) as a function of
frequency and gap size in WR-42 waveguide.

25 26

width, and therefore the electrical performance, should not
change drastically.

The thermal conductivity of the foam used in isolator fab-
rication is a nonconstant function of temperature. Therefore,
measurements were conducted over a range of thermal condi-
tions. The parameter used as the indicator of the performance is
the thermal resistance. In essence, this parameter was obtained
by placing the device in an evacuated dewar between two
metal supports maintained at constant temperatures. One of
the supports was attached to a liquid-nitrogen or liquid-helium
cooled “cold-finger,” while thermal power was supplied to the
other support by a calibrated heater. Temperature sensors were
embedded in the supporting structures close to the ends of
the device. To ensure maximum thermal power flow into the
isolator, care was taken to decouple the end attached to the
heater from other heat sinks and sources. Radiative exchange
between the isolator and other surfaces was neglected in both
the experiment and theoretical predictions.
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Fig. 4. Frequency dependence of the (a) insertion loss (IL) and (b) return
loss (RL) for the thermal isolator prototype.

Laboratory measurements of thermal resistance R values
were taken for three different operating points, distinguished
by the temperature difference AT = T7 — 7> maintained at
the two ends of the element:

1) Power input of 168.8mW was required to sustain Ty =

324°K, Tp = 299.25°K,, yielding R = 146.6 <£.

2) For T7 = 320°K, T, = 78.36°K the required power

was 414.5mW, yielding R = 583 f—‘%
3) For Ty = 320°K, T, = 7.28° K the required power was
433.4mW, yielding R = 722 5.

A comparison of the theoretically estimated thermal resis-

tance with the measured value stated in the first entry of

the preceding summary reveals a factor of two discrepancy.
This is not unexpected in light of the approximate nature of
the estimate. The thermal performance of the isolator exceeds
expectations as the operating temperature drops, perhaps re-
flecting a decrease in the thermal conductivity of the foam at
lower temperatures.

IV. CONCLUSION

A waveguide comporent designed to present a high thermal
impedance and low electrical losses in the transmission path
was designed and characterized. The thermal performance was
on the order of magnitude predicted using basic theoretical
constructs. Good insertion and return losses were observed
over a wide band of frequencies.

Alternative versions of the same device type may contain
other waveguide and transmission line types, possessing differ-
ent (broader) bandwidth characteristics. Gap loss can also be
reduced by flaring the guide open ends into horns to smooth the
transition. When intendzd for insertion into coaxial cable runs,
the waveguide-to-coaxial cable launchers may be incorporated
directly into the isolator, resulting in a more compact element.
Further optimization, including structural modification and use
of lower thermal-conductivity foams, is expected to enhance
the thermal isolation performance significantly.
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