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1. Introduction

Helicons are magnetoplasmic waves propagating in
semiconductors and metals when a strong magnetic field is
applied. In our paper [1] the construction of Helicon Maser
(HM) was described. The generation of helicons in the HM
was obtained by the help of maser effect when the
magnetoplasmic waves were excited by radio frequencies
(the range 1000 MHz) much higher than the helicon
generation frequency (main peak at 20 MHz). The higher
frequency field may be called a pumping field. In analogy
with the usual maser (or laser) the semiconductor sample
plays the role of an active material and the connecting
cable — the role of high quality external resonator. The
bandwidth of the HM is much narrower than the bandwidth
of isolated sample (the same situation as in case of laser).

The HM may be used for the contactless measurement
of carrier density and mobility in semiconductors and
semiconductors, RF antenna modelling, investigation of
self - focusing and difraction of e/m waves, etc [2].

The measurement of the HM bandwidth in working
mode is rather complicated as the duration of helicon
impulse is about 10 msec. In this paper the new
experimental method of the HM bandwidth measurement
is described.

2. Subject and Methods

The block diagram of the Helicon Maser is shown in
Fig.1. Here 1 is semiconductor sample in the form of plate;
2 is excitation coil; 3 is pickup coil; 4 and 5 are the coaxial
cable lines.

The direction of the coordinate axes x, y, z are also
shown. The constant magnetic field H is directed along the
axis z and is perpendicular to the sample plane x—y. The
sample thick-ness is 2a and the dimensions of the plate in x
— y direction is much larger. In this case excited helicon is
a circularly polarised plane wave of the form exp [i(kz-
o?)].

The propagation vector k is take to be in the z direction
and may be calculated from the dispersion relationship (it
is assumed that gy 7>>1)
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where o, is the plasma frequency wy is the cyclotron
frequency, 7 is the collision time, ¢ is the velocity of light

[3].
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Fig. 1. The experimental device of Helicon Maser

For the n — type semiconductor the plasma and
cyclotron frequencies are given by
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where N, e, m are the density, charge and effective mass of
the electrons (Gauss units).

The resonance frequency of the active material
(semiconductor) may be found from the condition

3)

The Helicon Maser instabilities (generation and/or
amplification) occure when the resonant frequency of the
active material coincides with the resonant frequency of
the cable line.

The quality of the semiconductor sample (active
material) O; = oy t < 10. The long cable line quality O, in
the resonant mode is much higher O, 4000. The
equivalent quality of HR Maser (active sample + long line
resonator) in our experiments reaches the value Q =
2000.

The most appropriate material for the experimental
realization of HM is n-InSb where ® yt =1 condition
may be achieved in the fields of 0.2 T (at the room
temperature).

In the helicon maser (HM) is connected to the
pumping RF generator with the frequency £, =100 — 2000

(Rek)Za:% , n=135,..



MHz much higher than the helicon resonance frequency f
1 = 20 MHz the pick-up signal during the generation time
is proportional to time function

F :%sin 2z fit —sin2zx fot 4)
1
with the initial condition
F(0)=F'(0)=0 . 5)

3. Experimental results

During the helicon generation time the first item in
formula (4) represents the Helicon Maser response and is
much larger then the second item (the pumping signal).
Experimental results were obtained for a sample n-InSb
(carrier density N = 1,5-10'° cm™; mobility u = 5-10* cm’
vist sample thickness 2a = 0,5 cm; 7 = 300 K). The
main helicon generation peak was observed at B = 1,55 T
with the helicon frequency f; = 20 MHz in the wide range
of pumping frequencies f, = 100 +2000 MHz. The typical
Helicon Maser response is shown in Fig. 2 where the lower
generation frequency f; peaks are superimposed on the
higher frequency f; of the pumping field (eq.(4)).
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Fig. 2. The pick-up signal in milivolts versus constant magnetic
field induction B in Tesla (pumping 300 MHz)

4. The HM bandwith measurement results

The direct measurement of the HM bandwidth in
working mode is rather complicated as the duration of
helicon impulse is only about 10 msec. In this paper the
new measurement method is described and all operations
may be provided without pumping field.

The excitation coil in this case is connected to the RF
source of the same frequency as helicon generation.

The process of the measurement is illustrated by Fig.
3, where U is the signal in the pickup coil and B is
induction of constant magnetic field.

In experimental device Fig. 1 the generation
frequency is 20 MHz . If the HM is excited by the RFs
slightly less than 20 MHz we have the dependence U =
f(B) described by the curves 1, 2 and 3. The resonant curve
4 for f; = 20 MHz has the smallest bandwidth which
coincides with the bandwidth of Helicon Maser in the
working mode when pumping field (100 — 2000 MHz) is
applied. For slightly higher excitation RF we have once
again the wider curve 5. Experimentally the helicon
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generation frequency and HM bandwidth may be
determined by starting at the lower RF (curve 1) and
continuously increasing the initial frequency.

In all cases the carrier density in the active material
may be found by fixing the generation frequency f; and
using the equations (1), (2) and (3) where © = 27f; .
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Fig. 3. The resonance curves of the HM for various frequencies
of excitation: 1 — 19,3 MHz; 2 — 19,5 MHz; 3 — 19,7 MHz; 4 — 20
MHz (generation frequency); 5 — 20,5 MHz; U — the signal of
pickup coil in Volts; B — magnetic field induction in Tesla

5. The equivalent circuit of HM

Fig. 4. The equivalent circuit of HM

The equivalent circuit of the HM is shown in Fig. 4.
The helicon resonator is represented by the loop I with the
active resistivity R; , capacitance C; and inductance
Ly=L+L’,. The cable line - by the loop II (75, Cs, L,). An
external generator G developps an electromotive force E
in the first loop. The loops are connected by the mutual
inductivity M. The resonant frequency ®, of both loops is

the same
COO Zl/ﬂLlCl 21/ L2C2 . (10)

The quality Q; of the semiconductor sample is small
(loop I) and the quality of cable line resonator (loop II) is
much higher

{Ql =wgl, /R =oyT =10, ™
0, = wyLy | Ry ~ 4000.

In accordance with Kirchhof's voltage law we have

two equations for the currents /; and /, in each loop
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cable line) will be the highest in the case of matched  Experimental resultats for an active material n-InSb were

conditions when the mutual inductivity M is equal obtained in the range of constant magnetic fields B = 0 —

20 T and pumping frequencies 100 — 2000 MHz. The
equivalent circuit of the HM is considered.

In resonant case =, we have instead of (8)
{IlRl ~IjooM =E ,

M =\RR, /o, . (10)
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I, =E/2R, and I, = jE/2\/RR, . (11) 7. Acknowledgement

The quality Q of all equivalent circuit will be The experiments were performed at the Grenoble High

2 . .
1 gLy +|1]" @y Ly B Magnetic Field Laboratory (France) trough the EEC
B 2 2 - "Access to Research Infrastucture action" Program.
IR, +|1,|" Ry g
_9+0 000 (12)  Refereces
2
(The equations (7 and 11) were used). 1. Jankauskas Z., Kvedaras V., Laurinavicius L.
Experimental realization of Helicon Maser in magnetized
6. Conclusions solid—state plasma // Physica B. — 2004. —Vol. 346-347. —
P.539-542.

2. Jankauskas Z., Laurinavicius L. Magnetic and Electric

In the Helicon Maser magnetoplasmi r o . .
the Helico ase agnetoplasmic waves are excitation of Magnetoplasmic Waves. Electronics and

excited by the radio frequencies much higher than the Electrical Engincering, — 2002. - No 2 (37). — P. 32-35.
helicon generation frequency. The excitation of helicons in 3 piner G.F. Lines and electromagnetic fields for engineers. —
this case may be described by the effect similar to the Oxford University Press, 1996. — P. 1008.

Combination Scattering (Raman effect) when a part of the

high RF wave energy that posses through the active Pateikta spaudai 2004 12 10

material is absorbed and re-emitted by the magnetized

Z. Jankauskas, V. Kvedaras, V. Zaveckas. Helikoninio mazerio tyrimas // Elektronika ir elektrotechnika. — Kaunas:
Technologija, 2005. — Nr.3(59). — P.70-72.

[magnetintoje kieto kiino plazmoje gali sklisti helikoninio tipo elektromagnetinés bangos. Helikoniniame mazeryje $io tipo bangos
suzadinamos radijo dazniais, gerokai aukstesniais uz helikono generacijos dazni. Generacijos juostos plotis §iuo atveju daug mazesnis
negu izoliuotame puslaidininkiniame rezonatoriuje (ta pati situacija kaip ir lazeryje). Eksperimentiniame jrenginyje panaudota InSb
medziaga. Nuolatinis magnetinis laukas kito nuo 0 iki 20 tesly. Aptariama ekvivalentiné HM schema. Eksperimentai buvo atlikti
Grenoblio stipriy magnetiniy lauky laboratorijoje (Pranciizija) pagal EEC programa. Il. 4, bibl. 3 (anglu kalba; santraukos lietuviy, angly
ir rusy k.).

Z. Jankauskas, V. Kvedaras, V. Zaveckas. The Investigation of Helicon Maser // Electronics and Electronicall Engineering. —
Kaunas: Technologija, 2005. — No. 3(59). — P.70-72.

Radio frequency magnetoplasmic waves know as helicons will propagate in solid — state plasmas of metals and semiconductors
when a strong magnetic field is applied. In Helicon Maser the helicons are excited by RFs much higher than the Helicon generation
frequency. The bandwidth of HM is much narrower than in case of isolated sample resonator (the same situation as in laser). InSb was
used for active material in the experimental device. The constant magnetic field varied within the interval 0 — 20 Tesla. The equivalent
circuit of the HM is considered. The experiments were performed at the Grenoble High Magnetic Field Laboratory (France) through the
EEC "Access to Research Infrastructure action" Program. I11.4. bibl. 3 (English, summaries in Lithuanian, English and Russian).

3. SIukayckac, B. KBsanapac, B. 3apsinkac. HcciienoBanue reJIiKOHHOro Masepa // JjleKTPOHMKA M dj1eKTpoTexHuka. — Kaynac:
Texuouorus, 2005. — Ne 3(59). — C.70-72.

B HamarHm4eHHOH IIIa3Me TBEPAOTO Tela PacIpOCTPAHSIOTCS TeIMKOHHBIE JICKTPOMArHUTHBIE BOJHBEL B reamkoHHOM Masepe
BOJIHBI 3TOTO THUIIA BO30Y>KNAIOTCSI P ITOMOIIH PaJHio JacTOT 3HAYUTEIHHO IPEBHIIIAIONINX YaCcTOTy I'eJIMKOHHOM reHeparmu. [llnpuaa
MOJIOCHI B 3TOM ClIy4yae 3HAYHMTEIBHO yKe, 4YeM B CIydae M30JHPOBAHHOIO IOJTYNPOBOAHMKOBOTO 00pasia (aHAJIOTMYHO CUTYyaIlud B
naszepe). B skcrniepuMeHTaNbHON YCTaHOBKE MCIOIb30BaIM Matepuan InSb . [TocTosiHHOE MarHUTHOE TOJIe MEHSIOCh B penenax 0 — 20
Tecn. PaccMOTpeHa 3KBHBaJICHTHAs CXeMa IeJMKOHHOTO Masepa. JKCIEPHMEHTH! IPOBOAMINCH B JIA0OPATOPUH CHIIBHBIX MarHUTHBIX
noneit (I'peno6is, Oparws). M. 3, 6uban. 4 (Ha aHITTHICKOM s13bIKe; pedepaThl Ha IMTOBCKOM, aHTJIMHCKOM U PYCCKOM 513.).
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