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Introduction

The current interest in solid-state plasmas may be
explained by the wide perspectives for the gaseous plasmas
applications. An understanding of plasma behavior is
crucial to the controlled release of thermonuclear energy,
and to design of magneto hydrodynamic generators in
which electric power is generated by jets of gas plasma
traversing magnetic fields. Gaseous plasmas pervade the
Universe, but it is not easy to control their properties in the
laboratory. The plasmas that exist in solids are friendlier
and offer an unique opportunity to observe plasma
behavior under well-defined and accurately known
conditions. In a solid, one can usually determine quite
precisely the number of charge carriers, their masses, their
random heat energy and the boundaries of the plasma.
Such a degree of knowledge and control is rarely attainable
in gas-plasma experiments, which often take place in
transient discharges where conditions are subject to rapid
change. Consequently certain aspects of plasma theory can
be tested better in a solid than in a gas.

Statement of the problem

The present article is aimed at elaborating the
methods of calculation of the potential and current
distribution in the solid-state plasma, placed in the strong
magnetic field with due regard for the effect of metal
contacts. Problems of such type occur at designing and
manufacturing of Hall transducers and converters. The
methods proposed allow also defining the change in the
resistance of the sample.

In a general case the steady magnetic field distorts the
configuration of the current and potential lines in the solid-
state plasma. Only for long samples at a sufficient distance
from metal contacts the Hall electric field is homogeneous
and fully compensates the effect of the magnetic field on
the moving charge carriers, and the picture of the current
lines is the same as in the absence of the magnetic field.
Near the metal contacts the short-circuiting of Hall e.m.f.
occurs and the configuration of the current lines becomes
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more complicated. Even for the areas of simple
geometrical form (e.g., rectangular) the general methods of
calculation of the potential distribution at present are
absent [1].

Calculation of electrical field

Below the solution of the given task is provided for a
rectangular sample of the finite length with two metallized
ends (see Fig.1, 2), located in the strong magnetic field,
when pB >>1, where p — the mobility of current carriers;

B, magnetic field induction. To the metallized ends the
difference of potentials is applied. Since we study the
rectangular sample, and the steady field B is directed along
the z-axis [2], the configuration of lines of force does not
depend on z (two-dimensional approximation).

For simplicity we shall limit ourselves to the case of a
semiconductor sample, the electric conductivity of which
is caused by electrons with isotropic effective mass
(indium antimonide). Then the components of current

Jx» Jy and the electric field E,, E, will be related by

the equations of motion

jx_ﬂjy:O_Ex’ (1)
Jy+ P =0k, p=pB,
where o is a specific electrical conductivity of the

material at B=0.
Expressing j,, j, through E., E, we can rewrite

the system of equations (1) in the form [3]
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and function U satisfies the Laplace equation [4]
o°U  0°U
> + —~ =0. (4)
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The boundary conditions have the form

E =0, y=0 or y=b, (5)

Fig. 1. The picture of equipotential (—) and electric field (— —
—) lines calculated from the formula (13) for the case b=2a.
Equipotentials at the same time are the current lines. The
directions of the current and the field at every point are
interpendicular and denoted by arrows

jy=0, x=0 orx=a. (6)
Taking into account (2) we have instead of (6)
E,+BE, =0, x=0 or x=a. (7

In the case of the strong magnetic field >>1 (for

example, for indium antimonide in the liquid nitrogen
B>>1 if B>1T) it follows that at the boundaries x =0

and x =a the ratio

— =p>>1 (8)

y
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and the normal component of the electrical field is
considerably greater than tangential one, i.e. boundaries
x=0 and x=a are practically equipotential. Hence, all
four boundaries of the rectangley=5b, y=0, x=0,

X = a are equipotential lines.

It follows from (6) directly that boundaries x =0 and
x =a are the current lines. On the basis of (1) instead (5)
we shall have

Jx=Bjy =0, y=0 or y=b )

y
b

U=0

X

0 U=0,

a

Fig. 2. The picture of equipotential (—) and electric field (- —
—) lines calculated from the formula (13) for the case b=a.
Equipotentials at the same time are the current lines. The
directions of the current and the field at every point are
interperpendicular and denoted by arrows (b = 2a)

From (9) it follows that at the boundaries y =0 and

y =b the ratio

Jx
Jy

=B>>1 (10)

and the tangential component of the current exceeds
considerably the normal one, i.e. the boundaries y =0 and

y=b coincide practically with the current lines. Hence, all

four boundariesy=5b,y=0, x=0, x=a of the

rectangle coincide with the current lines.
The analytical expression for the function U may be
represented by the infinite series of Eigen functions [5]:

U= (cm sinmx +d,, cos mx)(gmshmy + hmchmy), (11)

—_

o0
m=

where ¢, d,,, g,, h, are coefficients, defined by

boundary conditions



Uu=U,, y=0, (11a)
u=U,, x=0, (11b)
U=0, y=b, (12a)
U=0, y=0. (12b)

By the help of the standard procedure we shall get

U, 1 [(2k-1)nx
U= - Z 2k_1sm{ }x

=1 a

o0

y sh[(2k—1)n(b—y)/a]+ 4U, > L
sh|(2k —1)nb / a] n & 2k-1
y sin{(zk -1 )ny}  shl(2k ~)n(a —x )b])
b sh|(2k —1)ra / b]
k=1,23,.

(13)

The pictures of the equipotential lines (they also are
the current lines) and electrical field lines, obtained on the

basis (13) for the cases b =2a and b = a are shown in the
Figs. 1, 2.

Near the high field corner the carrier velocity is nearly
radial. In particular, near the contact the velocity is in a
direction nearly parallel to the contact rather than
perpendicular to t as it is in zero magnetic field.

In the electrodynamics of elementary charges
(electrons and holes), the finite velocity of propagation of
electromagnetic  disturbances is of fundamental
significance. If the action of a field affects the energy or
momentum of a charged particle, the change can be
directly  transmitted only to the surrounding
electromagnetic field, because, for the energy and
momentum of other particles to change, a finite time
interval is required before the electromagnetic disturbance
excited by the charge reaches them. This means that the
electromagnetic  field itself possesses energy and
momentum; otherwise there two important mechanical
quantities would not always be conserved, vanishing at the
intent when it is received. Since an electromagnetic field
possesses momentum and energy, it can be treated as an
independent physical entity in exactly the same way as
charged particles. The equations of motion must directly
describe the propagation of electromagnetic disturbances
in space and the interactions of the charges with the field.

It is important also to note that the magnitude of
magnetic flux does not depend on the specific from of the
surface stretched on the circuit. This can be visually
explained by the fact that the magnetic field lines cannot
originate or terminate in an empty space devoid of magnets.

It should be remembered, however, that this treatment
of the carrier velocity is valid only over distances large
compared to a mean — free path and hence only describes
carrier motion over distances of many microns.

In publication [6] the solution of the similar problem
for the semi-infinite slab was obtained by the help of
Schwartz—Christoffel conformed transformation. This
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approximation is quite good for all cases where the length
b is greater than twice of the width a. Our solution is valid
for all values a and b.

Conclusions

Let us define the order of error, introduced into
calculations due to the finiteness off the parameter . Let
us go back to the boundary conditions (11-15) for the
potential functions U. If conditions (12) and (14) are
precise, the conditions (13) and (15) follows from (8) only
approximately, i.e., by matching the boundaries x = 0 and x
= 0 and x = a with equipotentials, in accordance with (8)
we neglect on them the tangential component of the field
E, which is small in comparison with the normal
component E,. Actual equipotential may constitute with
the calculated according to (16) the angle approximately
equalto 1/B .

The analogous situation also exists at the determining
the configuration of the current lines. Approximation is
related with the matching of the boundaries y = 0 and y=b
with the current lines and the neglecting on them according
to (10) the normal component j, which is small as
compared to the tangential component j,. Thus the actual
current lines may constitute with the calculated the angle
of the order 1/p.

Experimental determination of equipotential lines
with the help of probe, carried out for rectangular samples
of indium antimonide at >5, confirmed the pictures, given
in the Figs, the precision of coincidence increasing with
the augmentation of . The greatest deviation (as to the
voltage) did not exceed 6 %.

The demonstration that properties of plasma can be
duplicated in semiconductor and superconductors has been
a spurce of satisfaction to the experimenter which is
always looking for new ways to study complex
phenomena.

The given methods make it possible to evaluate the
configuration of the current and electrical field lines in the
Hall elements with the consideration of the effect of metal
contacts in strong magnetic fields.
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Z. Jankauskas, V. Kvedaras. Electrical Field and Current Distribution in Semiconductor Plasma in the Strong Magnetic Field //
Electronics and Electrical Engineering. — Kaunas: Technologija, 2007. —No. 2(74). — P. 41-44.

In general case the steady magnetic field distorts the configuration of the current and potential lines in the solid-state plasma. Only
for the long samples at a sufficient distance from the metal contacts the Hall electric field is homogeneous and fully compensates the
effect of the magnetic field on the moving charge carriers, and the picture of the current lines is the same as in the absence of the
magnetic field. Near the metal contacts the short-circuiting of Hall e.m.f. occurs and the configuration of the current lines becomes more
complicated. Even for the samples of simple geometrical from (e.g. rectangular) the general methods of calculation of the potential
distribution are absent. The new method of calculation of the potential and current distribution in the magnetized solid-state plasma is
proposed regarding the role of metal contacts. Problems of this type occur at designing and manufacturing of Hall transducers,
magnetohydrodynamic generators and converters. The pictures of electrical field and current lines in magnetized semiconductor plasma
with regarding the role of metal contacts were obtained. I1l. 2, bibl. 6 (in English; summaries in English, Russian and Lithuanian).

3. SIuxayckac, B. KBsgapac. PacnpeneseHne 3jIeKTPHYECKOro IOJISI U TOKa B IOJYNPOBOJHHKOBOW IUIa3Me B CHJIBHOM
MArHUTHOM I10Jie // DJIeKTPOHHMKA U JieKTpoTexHuKa.- Kaynac: Texnosnorus, 2007. — Ne 2(74) . — C. 41-44.

B obmiem cirydae mocTOsIHHOE MarHWTHOE I10JIE CHIIBHO MCKaXkaeT KOHQHIYpaluio JHHUK TOKa WM ITOTEHIHANa B IUIa3Me TBEPAOTO
Tena. JIMme 1l JUIMHHBIX 0Opas’loB IPH JOCTaTOYHOM YAAICHHH OT METAUIMYECKHX KOHTAKTOB JJIEKTpHUYecKoe Ioje Xoiuia
OJTHOPOJHO U ITOJHOCTBIO KOMIICHCHPYET BO3JEHCTBHE MarHUTHOTO IIOJIST HA JIBMDKYIUMECS HOCHTENIH 3apsjia, a KapTHHA JHHHU TOKa
TaKas e, Kak MU B OTCYTCTBHE MarHUTHOTO IoJisi. BOIM3M e METaIMYeCKUX KOHTaKTOB MPOMCXOAUT 3aKOpauMBaHUE 3.71.C. X0/uIa U
KOH(GUTypaLys IHHAN TOKa ycinoxuseTcs. [axe aist obnacteil mpocToit reomeTprdeckoit popmbl (Harmpumep, NpsIMOYToIbHOM) ob1ast
METO/IMKa pacyeTa paclpeleNeHUs IOTEHIHala B HACTOsLIee BPEeMs OTCYTCTBYeT. IIpe/uiokeHa HOBas METOAMKA pacyera
pacrpesiesieHHsl NOTCHILMAla M TOKa B IUIa3Me TBEPAOTO TeNa, HaXOMALIErocss M CHIBHOM MAarHHTHOM IOJIe, C y4YEeTOM BIIMSHUS
METaJUIMYECKAX KOHTaKTOB. 3a7a4i TAaKOTO THITA BO3HUKAIOT IPH IPOSKTUPOBAHUH U IIPOM3BOJICTBE AATUYMKOB XO0JUIA, MATHUTOTHAPO-
JIMHAMUYECKHUX T'eHEepaTopoB U KOHBepTepoB. M. 2, 6ubi. 6 (Ha aHrmmiickoM si3bIKe; pedepaThl Ha aHIIIMHCKOM, PYCCKOM M JINTOBCKOM
s13.).

Z. Jankauskas, V. Kvedaras. Elektrinio lauko ir srovés pasiskirstymas puslaidininkinéje plazmoje stipriame magnetiniame
lauke // Elektronika ir elektrotechnika. — Kaunas: Technologija, 2007. — Nr. 2(74) — P. 41-44.

Bendruoju atveju nuolatinis magnetinis laukas iSkraipo srovés ir elektrinio lauko linijy konfigtiracija kietojo kiino plazmoje. Tik
ilguose bandiniuose pakankamu atstumu nuo metaliniy kontakty Holo elektrovaros laukas yra homogeninis ir visiSkai kompensuoja
magnetinio lauko poveiki judantiems kriivininkams, o srovés bei elektrinio lauko linijy konfigiiracija yra tokia pat, kaip ir nesant
magnetinio lauko. Salia metaliniy kontakty Holo elektrovara yra trumpai sujungta ir srovés liniju konfigiracija tampa sudétingesné.
Netgi paprastos geometrinés formos (pvz., sta¢iakampés) bandiniams bendry potencialo pasiskirstymo skai¢iavimo metody kol kas néra.
Pateikiamas naujas metodas elektrinio lauko ir srovés pasiskirstymui puslaidininkinéje plazmoje stipriame magnetiniame lauke
skaiCiuoti, atsizvelgiant { metaliniy kontakty itaka. Tokio tipo uzdaviniai iSkyla projektuojant ir gaminant Holo jutiklius, magneto-
hidrodinaminius generatorius ir keitiklius. Il. 2, bibl. 6 (angly kalba; santraukos angly, rusy ir lietuviy k.).
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