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Abstract— Study the quantum-sice structures of matter is
imporiant in erder to coupling nanotechnolopies anad use of
the nunomaterials. The high frequency (HF) resonant method
in research of semicomductors  amd  diclectirics st low
temperature is semsitive and exuct in row ethers. This is dwe to
high quality of resonamce ot bw signol-te-noise ratie and ag
sl cmergy loss in tested motter. The concepd of "giga -
muna" takes o place here. The vse of compact tunnel disdes ax
the gemerutor und detector conplel with resonator considered
in this work is attroclive for low-temperafure shlies of
nanostruciures. The feature of work is also that the bottom of
ressmiier is conxial system of rings - Corbino geometry. The
Corbine sysiem serves, on the one hundl, as analyzer of motter
properiies of ot low freguencies (LF)L on ofber one, servis as o
modulator of HF fcll in resonoter. Filling the vaooumed
cuvity by varions paees sdditionally can serve by the specific
theme of researches. 5o, proposed HF-LF mini-analyeer of
matter Ffor fhe low- temperature investigndion. The main
compusition of device on resonstor basis is given.

Kepwordv—aaromatermels, dicleciricy omd sewicondrciors;
ITF cavity; superfinid helinm; mamowires

[. INTRODMICTHON

Stady of the structural characteristics of diglectrics and
semiconductors, in particular, quantume-eglectron ferm atiens
in them, 1% necessary for applications. The chips with
quantume-size structores play o crucial rele in modemn
devices, Al commensurable of structure with the electron
wavelength, s guantam-mechanical nature, described by
the Schridinger eguation with the cormesponding boundary
conditions, is clearly expressed. These structures mmclode
quantum quantum  wires, disks,
superlattices. The practice interest is effects such as size
Juantization, tunneling, superpasitien,  and

wiells, quantum amdl
resonant
entanglement of guanium  states. One of concepts the
quantum  teraction  of  elecirons with  maler was

considered in [ 1].

Devices using nanostructured chips take place in many
arcas: receivers and transmitters of irmdiation, information
compuier  syslems, At al’ artificial
nanostructures with given kmetic and spectral properties
use the methads af "rone engineering” and "engineering of

and el crealing

wive functions”. Hath the low temperatures and the high

currier’s  mobility  are  necessary Ffor  the  gqualitative

=&

realizution systems with quantum wells. The guantized
emergy  levels of carmer i the Heisenberg uncertaioty
As-Ar=k. (the Ag amd AT
uncertainties in energy and relaxation tme, respectively, & -

relation, values ure
Planck's constant] should be clearly resclved against the
background of thermodynamic energy & « T (& is Boltzmann
canstant). The guantom-zize effects ot relatively  high
temperatures lake place in semiconductors with an electron
mobility of at least 1000 cw® /W = 5 at structures up to 10D
nm. The coherence of the particle states at boundary should
b envugh and the roughness lateral size should not exceed
de Broglhe wavelength. Modern nanotechnologies  allew
obtaining samples with the atomic- smoeoth surfaces, and
the wse of the separation lavers (spacers) essential shiclds
the charged defects.

Many methidls and toals is used for o detailed stidy of

both the bulk and the surface features of matter, mamely:
EFR (electro-paramagnetic resomance) and NME (noclear-

magnelic  resenancel;  Raman  spectroscapy;  xeray
speciroscopy; lunnel  amd  alomic  force  scanning
micrascepy. Modernized methods  for study  the

micrastructures of matter can be applied i study of the
The methal high frequency (HF)
resgnance at low temperatures 15 sensitive and exact at

munasimciures. aof
studying the subile effects in dielectrics and semiconductars
[2-6]. At low temperafures the guality factor, € af
micrawave resonator reaches high value (especially the
superconducting resonator), and the “scanning™ resonance
ling is extremely marrow. In such conditions the power of
thermal neise in matter does mot exceed the quantum limit,
amd the external Nelds are shielded by the conducting shell
pf resonator. The O« factor of resonator reaches valoes
moere 10" at helium temperatures and the measurement
resaflution, determined by widih of the resonance line A4Y, is
less than 1 He at frequency of - 1 GHz.

Motahle 15 study of diclectrics and semiconductors
under pulses of heat, light, or irradiation. Sech parameters
as Fermi level, the carrier recombination time, the energy
wmnization of traps, the carrier free path, the effective
capture cross section and the effective carreer masses can be
determined. In the microwave range at o magnetic field o
possible to study the EPR of matter. The topelogical
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dielectrics and  the weakly conducting materials  have
special attention in modern studies. One of the goals here 15
search For Majoerana  quasiparticles and  creation of a
guantum bits of guantum computer on their basis,

HF resonance method as wsually complicated because
large composition of HF devices: generator, receiver,
attenuators, circulater ete. In this woerk for the improvement
of situation proposed the combination of an HF resonator
with tunnel dindes as a generator and detector.

Thie {Carkina
system) takes place here too. On the one hand the system
properties at low

coplanar  system of nng  electrodes
serves as a analyzer of the matier
frequencies (LF) and, on other one, serves as o modulator
af HF field in resonater. Need to be notice the filling
vacuumed cavity by  gases or  comlensed  matters

additionally is specific theme of researches.

II. THE DEVICE DERIGMN.

A CAFITY.

high-frequency electrical ascillation Hgy -type in dhe
evlindrical resonator @5 most acceptable maode o the
experimental studies of semiconductors and dielectrics. The
matier mteracts weakly with electric field near walls of
resamnatar [2, 3], The conductavity, o 15 determined by the
losses of HF energy in the matter relative 10 an accumulated
energy in the cavity volume.

1 1

§E=d5
A1 Amap
] [ i

E Exdv

(L

here m is the electren density, @ is the electron mobility of

charge ¢ and w is frequency. The walue of azamuthally
component of the electric field Ep along both the axe (zp
and the radial {#) coondinate is the relation Eg 0z ri= Eg
sapfazA V(383 wfad (here Jpoas the Bessel function, a 1%

resanatar radius, [ is resenator heighth, The conductivity af

a disk-shaped imsert with thickness d near bottom s
expressed as

o = A(l/Q) w1 -"lis'm an.d,fu]

(2}

The @ -factor can be calculated by the decrement methaod:

=gz 2 de (VP /¥, where ris time of change of

the  output HF pulse from wvalue of FJ ow F2. The
magnitude of voltage 15 measured exactly enough by the
comparator method. At the power changes in e- time, the
=factor 1% determined by somplest expression as aig = r. The
relative change in resonance frequency, given by the
diglectric crnsiant o, for thin insert (a5 =<=< 1) 15

Af ffy = {nlﬁ}- (&—1)-(ap1)

(2}

The promise of this method was noted at studving of

surface electrons above helium film on dielectrnc subsirate
in resonator [6]. With Qefacior of a superconducting
resanator about 107 the eleciron mobility was determined as
~ 1 em™ /¥ = 5, anid with higher of (=factar this value was
significantly lower.

=9

From the expressions for 4f and &, the values of hath the
losses, dg F, and the polarizztion of helivm determined as
LE = 107% and ~ 107" respectively.

Fig. 1. Cylimedrical nierownve resonstor with Corbing system (phaoto): |
the sabes for coupling the ndcrownve resonsar with the geseraior and the
detevion, 2 - the capillory of filling the cavity with gaseoes or liquids;
the hent ling conneciisg the resonmor with the refrigeraton; 4 - the resanmor
housing:: 3 - the coplanar sysiem of ring measuring elecimdes - Corhine
system; & — the imeoalating risg- bigh mode cholee; T - the conical flange of
the vacuum seal; ¥ - the clamping ring; 9 - the power supply cossscsor
| D and AL

The combined design of microwave resonater is shewn in
Figure 1. It 15 a copper cylinder (resonator} with internal
diameter and height of 42 mm for By mode. Resonater has
two tubes for placing tunnel disle modules. The Corbing
electrode svstem was siluated on the resonator botbem.
Structural elements of the resonator are shawn in items e

Fig. 1. The internal surface of resonator, for specibic
research  tasks, com be  coversd with a  layer of
superconducting  material  {usually  lead or ) with

thickness exceeding the skin= laver.

& TUNNEL DAODE WODULE

It was noted above that the complex compositien of HF
devices  in traditional measurements limits  the use of
resgnance method, Tunnel diodes are used to simplity aof
apparatus at lewstemperatore measurement. The tunmel diode
coupled with the resomater can operate either in the HF
generator regime or in the HF detector ane. The regime is set
by the operating point on the MNeshaped currentvoliage
characteristic.

Fig 2. The | diode module in coaxiol ise: 1 is the pision with adjusiisg
wheel; 2 is the section of shori-ciroaii coanial lime; 3 is binding loop of the
tunnel dinde with caviry

An image [photo) of the tunnel diode modale with the
tuning piston on coaxial line and with the coupling loop 10
resonatoer is shown i Fig.2. The tunnel dicde operates at
relatively low potential of - 0.2V and here need high
stability bins source. The frequency- pulling regime leads
un increase the resolution HF resonance method [7] The
frequency tuning of generator by the electric potential on
tunnel diede reaches 2530 MEz The relative frequency

mslability durng measurement time 15 estimated 1o be less
than — 1"
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O COESING SFSTEM.

A poplanar combination of rings {Corbine's geometry)
lacated on resomatar bottom (Fig. 3. The Fig. 1, p. 5 shows
this Carkine’s gerometry svstem in composition of HF-LF
minilab on resonator basis).

Fig. 3. The coplonar syssem of
ring measuring electodes - Corhing
system. i consis e (in radisl
direciisn: nner dise is elecrode o
LF amplifier dor  bridge), the
sepaming ring s the  ground
potential, oater mensurement neg -
o LF genermor signal, geard ring
for fommisg the surfhee eleciron
spat, the insuliied ring

It added as

low =Frequency  system for  analyzing
conductivity of matter wp to 50 MHz in mimnilab. The
compenents Corkino system in this device bave following
dimensions: internal disk the diameter 13 mm, nngs with
external diameters of 17T mm, 3 mm and 39 mm,
respectively. The gap between components is smaller 0.1
mm. In this svstem, the LF- impedance of matter are
determined by maethed  [8]. The
capacitive coupling of the substrate with ring electrodes

the Sommer-Tanner

connected b g sensitive device (For example, 10 a capacifive
bridge or 1o a twosphase closed amplifier = locksine
amplitier) 15 considersl.

The long ling madel for caleulating the characteristics of
a substance is considensd in [9]. The phase shift of the
signal relative to the electrndles of the penerstor and
amplifier depends on the speeific resistance of the substrate
p, the capacitive coupling of the subsirate o the electrodes
O, and the geometric factor G, determined by the ratio of
the diameter of the rings, do - p = O = & The
magneioresistance above  liguul
helivm using Corkina systems are measured in [10]. The
study of magnetaresistance was considered for bhoth the
Drrude mode and the ulirasgquantom lmat mode.

al electrons  localized

The system with Corkino electrodes, in addition te Jow-
frequency study of substance, makes it possible o modulate
the HF faeld the The sensitivity
measurement increases, The Corbine system is housed ina

mn resonator. aft
cone-shaped Nange, vacuum sealed using vacuum grease
{Fig. 1, p. 71 The vacuumized cavity can be filled with the
comresponding gas  during  complex  studies of
semiconductors and dielectrics. & sample abf a disk-shaped
substance is placed near the bottom of the resenator {for
euse ol calculation).

I01. EXAMPLE (W RESERCHE.

Mudlern nanotechnologies have led 1o creation of, for
example, one=dimensional {1} or quasi-=one-dimensional
(D) conducting systems. The charges move Freely in one
direction, while the other movements of the charpe are
quantized. Stedy of 1D systerm  in semiconductars
motivaded the creation of this svstem based on surface
electrons over helium = SE. The QI system of elecirons
over helivm in the grooves of a profiled substrate with a
clamping field, £1, was fist realized by Kovdrya and

Q0

Mikolaenke [11]. The advantages of 3E are high plasma
hompgeneity, wide range of vamation of electron density
and width of conductive lines in separate experiment.

Figure 4 demonsirates the result on siudy by Sommers
Tanner methidd the conductivity of (10= surface electrons
o a negatively charged profiled substrate. The experiments
o this question were carried out with subseguent analysis
[the analvsis 15 not given here). The procedure arrengement
of this svstem was fallows. Electrons are emitted from a
free source onto a substrale to ferm charge bands. Then the
electrons are directed by the field inte the grooves with
helieum to form lines from the surface clectrons. The depth
of the potential well for 5E is estimated as ¢ — e * EL*d (4
15 the deviation of the fluid surface in the groove with a
radius  of A  microns),
guaniization of the spectrum — {1 K. The charged bands af
the dieleciric substrate  shift the specirum  of serface
electrons as o — &7 =&’ = n, S o= a” (here ®, 15 the density
of the linear charge of the substrate, a = the distance
between the charges). The temperature dependence of the
conductivity ¢ at the substrate charge potentials and surface
electrons of about 15 W has o stepwise behavior at
temperatures below 14 K. The observed feature is not
deseribed by SE scattering on helium atems in a gas or an

curviture  of  abowt with a

mplons. Dependence shows the behavior of the Q10 system.
The energy imterval & = o in this case comesponds te the
distance between the peaks. The parameters of the sleps i
different experiments were different.

Fig- 4. The conductivity

- ve temperaiure of quazis

. one-dimensional  sefice

) eectrons over superfluid

helin  ar charged profiled

: substrate. The measuring is

performed by Sommer-Tanner
miehecsd

V. COMCLUSION

Thus, the wniversal minssystem  for high-freguency
studies ol diglectrics and  semiconducters using  tunnel
didles a5 the gencrator and the detector was proposed on
the basis of a micrewave resonator. For low-freguency
shdies of maitter, the coplanar combination of coaxally
arranged rings (Corbino geometry) at the bdtom  aof
resgnator was uwsed. The compact tunnel diodes near
simple  design and  that
o decrease o miMse

resgmator  provide o at low
temperatures  lead patential
Mopdulation of the microwave signal by a low-frequency
signal through the Corbine system increases the sensitiviby
and accuracy of measurements. Filling the evacuated cavity
with gases or other condensed substances allows analy=ing
their influence on the properties of semiconductors and
dizlectrics.
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electrons over helium. The resulls muost use

in nana-

electronie consulering the quantum features matber.
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