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An automatd apparats for dielectric determinatios on solid sample was designe to allow
cryogenc measuremeston air-sensitive corrosive hygroscopi¢c powderel samples without
determinatio of sampé thickness provided that it is uniform. A three-terminkdesign enabled
measuremestthat were nat affected by errors due to dimensionh changs of the sampe or the
electrods with changs in temperature Meaningfu dielectrc dat could be taken ove the
frequeng range from 20 Hz to 1 MHz ard the temperatue range from 12 to 360 K. Tessk with
Teflon and with powderel NH,Cl gawe resuls tha were accura¢ within a few percem when
compare with literature values © 199 American Institute of Physics[S0034-67489)00107-(

I. INTRODUCTION

Dielectric measuremest of solids complemen other
solid-staé techniques changs in the dielectrc constante
relake to various microscopt processesOne of our interests
is the characterizatio of low-temperatug solid-staé proper-
ties including pha® transitions in alkali—metd hydroxides;
thes are corrosiwe and hygroscopt materias in which there
are noticeabé deuterium-induce effects! Severa detailed
desigrs for dielectrc measuremestof solids in the appro-
priate frequeny range (<1 MHz) hawe been published?~’
There are no publishal repors of apparata fully able to
med the presem requirementscryogenc dielectric measure-
mens of air-sensitie powde sampleswhere sampé load-
ing could be dore quickly and easily, unde inert atmosphere
conditions The presem innovation can be an advantag for
all granula samplesgiven the uncertainy in dielectrc mea-
suremers tha can arise from moistue absorptior?

Il. SAMPLE CELL

The cell, shown schematicaif in Fig. 1, was designé to
perfom measuremeston pressd powde samples sand-
wiched betwea a low-potentid disk electroe and a high-
potentid disk electrode An annula ring electroe was lo-
catal outsice the low-potentid electrode this configuration

enable determinatio of ¢, through measurement of the ratio

of the disk capacitane (betwea the high-potentih electrode
ard the disk electrode to the ring capacitane (betweea the
high-potentia electrog@ and the ring electrode, without
knowledge of the sampe thickness: All electrods were
mack of brass The low-potentid ring ard disk electrodes
were insertel into a groundel guad block, ard electrically
isolated from it by varnish The use of a three-terminbhcon-
figuration incorporatirg a groundel guad block reduce the
effecs of fringing capacitanc&® The ring ard disk elec-
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trodes were connectd to a smal relay (Teledyne model
732-12 to switch the capacitane measuremenmocde be-
tween the high-potential/dik electrode and the high-
potential/ring electrodesThis relay was within the vacuum
chamber ard as close as possibe to the conditiors of the
electrodesin orde to minimize lead impedane corrections.
A spring-loadd bras piston fastene to the high-potential
electrode ensuré intimate contat¢ betwea the sampé and
electrodesthe single mog importart limitation of precision
dielectrc measuremestof solids?®

The cel wasisolatal from its surrounding by an indium
sed ard by O rings in the hermett feedthroughsard it was
suspende in a vacuun can tha could be immersa in a
cryogenc fluid.

The cel was surroundd by a heate wire, and the tem-
peratue was determiné using a platinum resistane ther-
momete (see Fig. 1).

. MEASUREMENT

The dielectrc constah and loss were determiné as a
function of frequeny ard temperatue by a Hewlet—Packard
4284A precision LCR mete (20 Hz—1 MHz). The imped-
ane measuremestand the temperatue measuremernwere
s up so that they could be compute controlled A computer
interface also was usel to regulae the powe to the heater,
the relay position (high-potentid agains the ring or the disk
electrode, and the mode (manué or softwale contro)). The
sampe is the dielectrc betwea the high-potentia electrode
ard the low-potentid disk electrode wherea the dielectric
betwea the high-potenti& electroé and the low-potential
ring electrock is the surroundig atmosphe (a smal amount
of helium exchang gas effectively, a vacuunm as far as the
dielectric constanis concernefl Residudimpedane in and
betwea the leads was handlal by the LCR meter The disk
electrode/rig electroe area ratio was calibrate with mea-
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FIG. 1. Schemat of the sampé cel for the dielectrc apparats usa to
measue air-sensitive corrosive hygroscopic powder@ samples at cryo-
genc temperatures.

suremerg of an annula Teflon spacer ard was determined
within 0.5% independenof frequeny and temperatue (80—
280 K).

IV. PERFORMANCE

The dielectric apparats has been usel to take measure-
mens in the temperatue range 12-360 K. With Teflon as a
tes materia) the resuls were within the publishel rangé®*!
with estimaté uncertaintis (systemati and randan errorg
totaling 4%. To ted the apparats on a powderd solid
sample measuremestwere performel on a pressed pelle of
NH,CI. A correctim using Bottcher’s formula?~* was ap-
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plied to the measurd powde daia to obtan bulk dielectric
constamn values The room-temperatu bulk value obtained
here from measuremestof the powde is 8% lower than the
single-crystavalue?® the differen likely stens from inad-
equacie in Bottcher’s formula and imperfed¢ sampée—
electroa contact The latter error, basel on analyss of the
systen as three capacitos in series (air gap sample air gap,
yields a totd air ggp of 1% of the sampé space More im-
portanty for our interests evidene for the well-studied
orda—disorde transiticn in NH,CI is clearly observal® as
an abrug jump of ~4% in e nearT=250 K. Furthermore, the
apparats has been usal to successfull investigae dielectric
properties of alkai—metd hydroxides:
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