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A coaxial air line was constructed to connect a radio-frequency impedance analyzer and a 
temperature-stabilized sample holder. It is suitable for dielectric measurements in the 
frequency range 1 MHz-I GHz and at temperatures between 10 and 450 K. The dielectric 
dispersion of Fe-doped BaTiO, and Na-doped KCN is presented. The results demonstrate the 
capability of this setup when investigating materials with high as well as with low dielectric 
constants. 

Dielectric measurements can provide important in- 
sights into the dynamics of molecular and ionic matter. For 
the complete characterization of the relaxational and reso- 
nant motional mechanisms involved, a large temperature 
range and a broad spectral frequency range are required. For 
the study of orientational polarization effects, i.e., for fre- 
quencies below some 10 GHz, automated measuring equip- 
ment is now commercially available. In the low-frequency 
range 0.1 mHz < f < 1 MHz, where test-device dimensions 
are much smaller compared to the wavelength of the electric 
field, techniques using frequency response analysis are 
usually applied. ' At higher frequencies resonance methods2 
and reflectometric methods3-hust be used. While the ap- 
plication of the first method is restricted to a finite number of 
frequencies, this is not true for the latter techniques. 

For temperature-dependent measurements the test port 
of the radio-frequency analyzer and the sample holder must 
be therrnally decoupled using a coaxial line. Therefore, an air 
line was constructed that is suitable for measurements from 
cryogenic temperatures up to T= 450 K. Construction and 
correct calibrations are described in the following section. 
Also included is a brief description of the experimental set- 
up. Finally, results on some typical dielectrics are presented. 

We are aware that similar experimental techniques have 
already been used elsewhere.' However, so far no detailed 
description of a setup for reflectivity measurements in the 
frequency domain covering the MHz-GHz range has come 
to our attention. 

II. EXPERIMENT 

A. Coaxial line 

Coaxial semirigid cables, which provide a suitable con- 
nection between the measuring Port and the temperature- 
controlled sample holder, may be obtained from severai 
companies.' These exceedingly expensive cables consist of a 
dielectric material such as Teflon for low-temperature or 
magnesium oxide for high-temperature applications stabi- 
lizing two conducting tubes in concentric positions. For car- 
rying out precise dielectric measurements in a wide tempera- 
ture range, this causes a number of disadvantages: On the 
one hand, two different types of cables are necessary; on the 
other hand, the thermal changes of properties of the dielec- 
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tric inside the line must be compensated for at a number of 
temperatures. To overcome these difficultit-s, an air line was 
constructed that is suitable for cryogenic and elevated tem- 
peratures. Because of the special construction, the calibra- 
tion performed at room temperature was valid over the 
whole temperature range. 

A drawing of the air line is shown in Fig. 1. It connects 
the network analyzer to a HP16091 sample holder8 using 
commercial PC7 connectors (5 ) . '  Below the upper connec- 
tor, a copper block (1  1) flanged to the cold head of the 
closed-cycle refrigerator guaranteed rapid thermalization 
when used at cryogenic temperatures. The sample (13) is 
inserted between two pins (3)  at the end of the line. The 
upper pin was glued to the short (4) to facilitate sample 
changes. For low-temperature applications, in addition to 
the stainless-steel outer sleeve ( 7 )  ,8 another sleeve (made of 
alumina) was used to reduce the thermal mass and thus to 
increase the cooling rate. A diode sensor on the lower end of 
the sleeve measured the sample temperature. For elevated 
temperatures a heater wire and a platinum sensor were im- 
mersed into a copper sleeve. The measuring signal was guid- 
ed between two gold-plated stainless-steel tubes (9) ,  whose 

FIG. 1. Schematic drawing of the air line: 
Parts ( 1 ) - ( 6 )  are commercially available 
(Refs. 7 and 8):  ( 1 )  ratchet, ( 2 )  ground 
sleeve, ( 3 )  pin, (4) spring from which the 
nonmetallic part was removed (for conven- 
ience the upper pin was attached with glue to 
the spring), (5  ) PC7 connector, ( 6 )  dielectric 
Support ring, (7)  sleeve, (8 )  Teflon ring (8.1- 
mm o d and 2 5-mm i d ), (9)  stainless-steel 

, tubes (8-mm o d X 0  5-mm wall and 3-mm 
o d X 0  2-mm wall), ( 10) sealing edge, ( 11 ) 

- 12 copper block flanged to the cold head, (12) 
.. , brass vacuum feedthrough, and ( 13) sample 

. All self-fabn~ated parts subjected to the elec- 
tric field are plated with gold The length from 

5 connector to connector 1s some 35 cm. 
6 

901 J. Appl. Phys. 65 (3), 1 February 1989 0021 -8979/89/030901-04$02.40 @ 1989 American Institute of Physics 90 1 








