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TepMO'i)'BCT~HTeJJbHblH KBapueBblH peJoHaTOp '. 
• iipH KJ)HOreHHblX TeMnepaTypax -- --

HJ)"JeHbl ·. ~aCTOT~o~TeMnepa-rypHbIC xapaKTepHCTHKli. TepMO'IYJ!CTBHTeJJbHbJX · 
KHapueBblX peJomiTopoa· (yxbl/W0 54'/l i0 06' .:;_ cpe3) ripH TeMnepawax OT,· 

-300 K .no··-4,2 ·K. ·B< o6nacrn ·30~170_ K cqxpattancH• JIHHeHHblH xapaKTep 
- JaBH~lIMOC~H qacTOTbl ·oT TeM~epaTypLl; c no~H:lKeHHeM. TeMnepaTYPbl Ha6mo,naJia~L. 
'.HeJl~HeHH~ X:apaKTepHCTHKa, KOT()prui MO?KCT 6b1Tb a1mpoKCHMHpOBaHahom-iHOMOM 
3 CTeneHH. PeJoHaTOpbl HMeJOT BblCOKyro 'l)'BCTBHTeJJbHOCTL no TeMneparype: 80 mK 
ripH 1.2 K H 1 · mK "P".I TeMriepinypax Bblille 30, K, H He'lyBCTBJ:l:TenbHbl I( MarnHTHblM 

•· non°iiM. npoee.neHHble HCCiie,noBaHHH ri9K¥ahH, ~TO TepMO'l)'BCTBHTeR_bHblH peJOHa~ 
·.TOP. MO)KeT· 6LJTb • HCnC>m,JOBaH · a Ka'leCTBe BblCOKO'IYBCTBl_:!~enbimro· Tep~o,naT'IHKa •. 
npH.Kpllo_reHliblX TeMnepaTypax. -~=,~ 
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Sp~s9v.L et al.." _ _ _ -
Thermosertsitive Quartz Resonators 
at Cryogenic Temperatures - .. - -

_ _ - The temper~t~re~frequ~ncy characteristics (TFC) of thermosensitive quartz 
resonators (yxbi/10°.·54'/11°06' :_ cut).are.inve~tigated over atemperatui-e range· 
fro~:390KtoA.2K~TheTFC Hnear character-is keptwithin'a range from 300K to 
J70K:_,As temperature decreases," we obs~rve · the· nonlinearity which . can,be 
approximated by·a polynoni of the 3~rd order. The resonators have ·a high terrip~rature 
'sens_itivity:"80 mK at 4.2K and 1-mKaia temperature-over30K, a~dthey are ' 
insensi.tive to magnetic fields. The investigati_ons show that the tell).perature:se11sitive' 
·sensor-can be used as a'temperature sensor-for cryogenic temperattii-es::: -- -

·' . ~ ' . ' lt -.. , . ' . ~ - • , -,· . ' 

: ;:_~-" The invijstigation has been.pei-f~rm~d at the Laboratory of High E~-ergies,JINR. 
' • - . . . , •• • . • ~~ . ;- °'~ - •, . ' • . . I _:: __ 



1. Introduction 

Due to the features of quartz monocrystals, they take a special position in 

comparison with other piezoelectric materials. They are nearly an ideal elastic body, 

which keeps its elastic properties to the limits of its mechanical resistance and 

possesses a very small internal friction resulting in a slow attenuation of free 

vibrations. The most important advantage of quartz is its anisotropy allowing the 

consruction of piezoresonance devices which possess either a negligible or a strong 

temperature frequency dependence. Bechmann and others [I] have· experimentally 

proved that the TFC of each resonator can be presented by a polynom of the n~th 

order and takes the form ofa straight line, a quadratic (BT, DT, CT-cuts) or a 

cubic parabola (AT-cuts). The frequency dependence on temperature can be 

presented by a polynom of the 3-rd order with an accuracy acceptable for practice 

over an interval from' minus 200° C to 200° C [2]. A family of different thermostable 

quartz resonators used for telecommunication was developed on this basis during the 

last 50 years [3]. The first thermosensitive resonators with linear TFC in an interval 

from minus. 80° C to 250° C were also developed during the last IO - 20 years [ 4]. 

A new type of thermosensitive quartz resonator (yxbl/10° 54' /11 ° 06' - cut) was 

designed at the Acoustoelectronics Laboratory of the Institute of Solid State Physics 

of the Bulgarian Academy ofScie_nces [5]. This resonator h_as a linear TFC and high 

thermosensitivity over a temperature range from minus 40° C to 200° C. The . . 

aim of this paper is to investigate the efficiency of this thermosensitive 

. quartz resonator at a temperature of 4.2 K and some basic characteristics. 

2. Experiment 

All the investingations of thermosensitive quartz resonators at cryogenic 

temperatures were made at the Laboratory of High Energies of the Joint Institute' 

for Nucear Research, Dubna, Russia. The experimental setup used to measure the 

TFC is shown in fig. I. 

The TFC a! cryogenic temperatures were measured using a special helium vessel 

(I) equipped with a stick. The thermosensitive quartz resonator (3) and the 

carbon thermoresistor (2) for temperature measurement were attached to this stick: 

The actual temperature T was calculated from the measured resistance of the 



therinoresistor, using the calibration curve T(R). The quartz 

thermosensitive resonator was connected to the measuring oscillator (MO) by a 

highfrequency matching cable. The generated frequen~y was measured by a digital 

electric frequency counter, 43-63/1 with_ an instability of less than I 0-3 /hour. 

Using the vertical movement of the stick, the temperature of the quartz 
( . . 

thermosensitive resonator and the carbon resistor ch~nged from room temperarure 

to 4.2K. 

The .influence of the magnetic field · on the resonanse . frequency of the quartz 

resonator was measured by a special facility with ·a superconductive coi_l (4) creating 

magnetic fielfds up to 4.5T. 

3. Results of preliminary investigations 

The first results from the investigations of the thermosensitive quartz resonators at 

cryogenic Jemperatures show that the resonators operate steadily and without 

interruption or jumping to another frequency within the whole temperature range 

from, 300 K to 4.2 K. The. TFC remain linear, and the resonators keep high 

.termosensitivity (C 1 = 1000 Hz/K.) down to a temperature of about 170 K (fig.2): 

Bel ow 170K, the TFC .has a nonlinear character, but the reso_nator still keeps its 

high sensitivity (fig. 3). The temperature sensitivity is 190 Hz/K at 170K, 60 Hz/K 

at 20K, 5.2 Hz/Kat !OK, and 2.3 Hz/Kat 4.2K. 

The short-term instability of the quartz resonator frequency at helium temperature 

was also investigated. The experiments proved that the frequency fluctuation, as a 

result of all destabilization factors, did not exceed 0.4 Hz for a 10-minu•te 
time 

interva~ (fig.4). .These fact~rs include the frequency fluctuation of the time 

base. of the frequency counter, frequency variation in the thermosensitive resonator 

itself, as well as temperature variations in liquid helium. 

This high short-term stability (of 1.5 • 10-s ) allows the measurement of 
temperature 

' fluctuations with the following sensitivity: 

~ T min = · 80 mK at 4.2 K, 
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~ T min = 20 mK at JO K, 

~ T min = 2 mK at 20 K and 

~ Tmin = 0.2mK at 170 K. 

The setup shown in fig. I was used as a base arrangement for the investigation 

of the influence of the magnetic field '!n the resonance frequency of the quartz 

thermosensitive resonators. A superconductive coil is used to create a magnetic 

field of about 4.5 T. All measurements of the resonance frequency dependence . 
on the applied magne!ic field H were made at helium temperature (T=4.23K). 

The results of the perfomed investigations show that magnetic fields from I to 

4.5T have no influence on the resonance frequency of the quartz resonator (fig.5). A 

disturbance i.n the resonani:e frequency of the quartz resonator was.registered by 

turning on a superconducting coil supply (at H=0 T). It is probably caused by an 

electric disturbance in the measuring oscillator due to power supply to the 

superconductive coil. For comparison, the changing resistance of the carbon 

thermoresistor (at T = const) under the magnetic field influence is shown in the 

same figure. The resistance R grows with increasing the magnetic field. 

4. Conclusions 

The results obtained by the preliminary investigations of the quartz 

thermosensitive resonators at cryogenic temperatures show that they keep their 

efficiency within the whole temperature range from 300K to 4.2K. For temperatures/• 

below 170K, the TFC have a nonlinear character, and temperature sensitivity 

decreases with decreasing temperature. Nevertheless, the quartz resonators can 

register the temperature fluctuation ~T min = 0.08K at 4.2K because of high short­

term stability and relatively high temperature sensitivity. This temperature 

sensitivity of the resonator, the independence of its resonance frequency of the 

magnetic field presence and a high-frequency output signal convenient for 

digital information treatment show that the thermosensitive quartz resonator 

possesses a considerable potential for its application as a quartz thermosensor for 

cryogenic temperatures, as well. For this purpose, it is necessary to examine in 
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detail its physical characteristics under the influence of low temperatures. This is the 

subject of collaborative activities during a few following years at the 

Acoustoelectronics Laboratory, ISSP, BAS and the Laboratory of High Energies, 
JINR, Dubna., Russia. 
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