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Growing Waves in Semiconductors with Two Energy Minima of the GaAs Type

In two-valley semiconductors of the GaAs type, under the influence of external electric £, and magnetic
fields H, at certain orientations E’O and H, ,» a current oscillation with a specific frequency and growth rate

was obtained. The orientation of the electric £, and magnetic fields H, plays a significant role in the excita-
tion of growing waves in semiconductors of the GaAs type. The frequencies and growth increments are de-
termined when exciting current oscillations in a circuit. The dimensions of the crystal are determined by

L.>>L,, L, L.=L,. If the dimensions of the sample differ from the condition L. >>L,, L,, L, = L,, the grow-

ing waves can fade or grow. And in this case, the frequencies of the oscillation growth and the value of the

[T L]

electric £, and magnetic H, fields will be different. The values of the magnetic field in the valley “a” are

[TR1}

strong, i.e. W, Hy >> ¢, and in the valley “b” are weak p,H, >> c. If the magnetic field values in the valleys “a
and “b” are strong, then electromagnetic waves with other frequencies will also be excited. The theory for
other values of the magnetic, electric field and, of course, for other values of the crystal dimensions will show
other values for the frequency and growth increment. When preparing semiconductor devices (generators,
amplifiers, etc.), the dimensions of the sample play a significant role. In this work, analytical expressions for
the electric and magnetic fields for certain sample sizes L,, L,, L. were obtained.
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Introduction

Among physical effects, one very interesting phenomenon stands out, which was called the Gunn effect,
after the English physicist John Gunn, who discovered it in 1963. It is currently accepted that the Gunn ef-
fect [1] in n-type GaAs is due to the volumetric negative resistance arising as a result of the induced action of
the electron transfer field from the conduction band valley with high carrier mobility to the valley with low
mobility, i.e., it is an effect whose existence was previously predicted by Ridley and Watkins [2] and
Hilsum [3]. The main confirmation of this mechanism is a decrease in the threshold electric field when the
energy gap is placed between the valleys with high and low carrier mobility, caused either by uniform com-
pression [4], or changes in GaP concentration in GaAs-GaP alloys [5]. The various characteristics of the
Gunn effect identified by threshold field researchers are consistent with a two-valley mechanism.

Typical current-voltage characteristics for a plate and a notched sample made from the same ingot
(n=4.6-10" cm™ and p = 3750 cm’/V-s) are presented in the Gunn experiment. In both cases, instability
appears or disappears very abruptly, and no hysteresis phenomena were observed with changes in V. The
plate characteristic deviates significantly from the ohmic one, apparently due to a decrease p, with increasing
E. In the case of notched samples, any curvature of the characteristic is masked by the series resistance of the
outer regions.

The measured values of the threshold field E; for plate and notched samples with a thickness of
0.025 cm were almost the same: 2130 £ 100 V/cm for the first and 2440 + 120 V/cm for the second. This
indicates that the instability is primarily a volume effect and is not significantly related to the contacts. How-
ever, the consistently slightly lower value for plates suggests that in plate samples, the domains become af-

fected in the high-field region near the cathode. The value of the threshold speeds 9, , determined either by

the magnitude E, or by the threshold current density J,, is mutually consistent and for the above-mentioned

samples they are 9.15-10° and 9.24-10° cm/s. Such agreement was observed, as a rule, for all samples except
those that were shorter than approximately 0.025 cm.

In an ideal homogeneous sample £, the value should be equal to E_, the field corresponding to the

maximum velocity 3, . In real samples, inhomogeneities in the distribution of impurities can easily lead to
field fluctuations of two to three times, or even more over several microns near the electrodes or within the
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bulk. Therefore, a moderate average field can locally reach a value E,, causing the nucleation of a domain,
the movement of which will then be supported in the average field [6]. Thus, the measured values E,, de-

pending on the degree of field inhomogeneity, can range from E_ to field E , requiring a fully formed do-

main to maintain movement. The instability may be localized in some region of the crystal, although if the
extent of this region is too small, the field distribution will be distorted, forming a new stable configura-

tion [7, 8]. In most samples, due to heterogeneity, the value of £, is lower than the value of E| . A more in-

teresting mechanism for the occurrence of negative differential resistance in the bulk of a semiconductor was
proposed by Ridley and Watkins [2] and independently by Hilsum [3]. These authors drew attention to the
fact that in n-type gallium arsenide, which has two minima (or valleys) in its conduction band, the carrier
mobility in the upper minimum is much lower than in the lower one. For this reason, during field heating of
the electron gas, the electron mobility begins to drop sharply as soon as their energy is sufficient to move to
the upper minimum. This leads to the appearance of negative differential resistance. Since the time constant
in this case is of the order of 10" seconds, the negative resistance is maintained up to very high frequencies.

Later, the phenomenon of the occurrence of electrical oscillations associated with the movement of do-
mains in such a semiconductor in a strong electric field was experimentally discovered by Gunn and was
called the Gunn effect [9—13]. Many studies have been conducted. Soviet scientists made a significant con-
tribution to the creation of the Gunn effect theory [9—13]. The generation frequency in a Gunn diode is de-
termined by the domain travel time from the formation site to the corresponding contact. Since the domain is
usually formed near the cathode, this time is equal to the domain travel time through the sample. The domain
velocity is about 10" cm/s, so with a sample thickness of 10 microns, the travel time will be about
10" s, and therefore the generated frequency is about 10'° GHz. However, a slightly different generation
mechanism is possible that allows obtaining higher-frequency oscillations. This mechanism is not directly
related to the domain travel time through the entire sample. Since the domain is not formed instantly, but
over a time of about 10 s, using an external resonator with sufficiently high impedance, it is possible to
prevent its complete formation. As soon as the domain begins to form, it immediately becomes an active el-
ement of the circuit, capable of delivering power to an external load. If the load is large enough (i.e., high),
the voltage on the semiconductor begins to decrease and falls below the threshold value at which the domain
can exist. Then the domain begins to dissipate, and the resistance of the semiconductor decreases. At some
point, the voltage across it becomes higher than the critical value again, and domain formation begins anew,
continuing in this manner. This mode is called the limited space-charge accumulation mode (LSA). The fre-
quency is determined by the characteristics and size of the crystal. Therefore, in this mode, it is much easier
to achieve high generation frequencies than in conventional Gunn diodes.

The discovery of the Gunn effect in 1963 stimulated intensive research of this effect in many countries
around the world. At the same time, many companies began to develop serial samples of high-frequency os-
cillation generators based on this effect, and already in 1966, the company “International Semiconductor”
(USA) released Gunn generators with a generation frequency of 2-3 GHz and a power in continuous mode
of 50-70 mW [9-13].

Essence of Gunn’s effect is that if an electric field is applied to a homogeneous sample made of a spe-
cial material with existing electrical contacts, the magnitude of which exceeds a certain threshold value (the
effect was observed by the discoverer on gallium arsenide and indium phosphide crystals; for the first, the
electric field strength should be 3 kV/cm, and for the second — 6 kV/cm), then current oscillations begin to
be observed in the external electrical circuit. Moreover, it was discovered that the period of these oscillations
is approximately equal to the flight time of electrons from the cathode to the anode, and the oscillation fre-

quency was quite high and was in the microwave range: T, = L/ u,, here: L is the length of the sample; u, is

the drift velocity of electrons [14—-16].

Another option for using the Gunn diode is to create high-speed logic circuits and memory elements
due to its ability to generate pulses in one period of the operating frequency. The response time of such ele-
ments will not exceed several tens of nanoseconds. In addition, the Gunn diode can also be used as a current
stabilizer, which is based on the property of its volt-ampere characteristic, which describes the possibility of
saturation when certain conditions are reached. That is, in other words, a stabilizer based on it can be used as
a means of stabilizing relatively small currents at high frequencies or stabilizing relatively large currents at
low frequencies.
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The advantages of its operation as a stabilizer are the fast time to establish the stabilization mode and
the ability to operate in a very wide range of voltages and currents. Another application of the Gunn diode is
the creation of so-called “neuristors”, which are physical devices that imitate an axon — a long process of a
nerve fiber coming from a nerve cell.

The transformation of electromagnetic energy using semiconductors is of theoretical and practical inter-
est from the point of view of radio engineering. Therefore, the mechanisms responsible for the occurrence of
current oscillations in the image were studied in various experimental and theoretical works. The dependence
of the current density (j) on the external electric field £ of a GaAs semiconductor has the form.

The characteristic features of the dependence of the current density on the external electric field are that
one value of the current density corresponds to several values of the electric field. This characteristic was
obtained by Gunn at Mueller values.

[T 2]

In valleys “a” and “b” the effective mass of electrons has the value
m, =0.072m,, m, =1.2m,, (1)
(m, — mass of a free electron). In GaAs A=0.36eV based on (1) the mobility of electrons in the corre-

sponding valleys satisfies the condition
M, >>1, @)
In 1963, the English scientist Gunn experimentally [11] discovered in GaAs current oscillations with a
frequency of w~10° Hertz at fields £ ~3-10° V/cm. This effect was called the Gunn effect. Microscopic
theories of the Gunn effect are constructed in several theoretical works. However, the frequency of current
oscillations in calculations and the critical values of the electric field obtained in these theoretical works cor-
respond to the experimental values approximately. In some theoretical works using the Balsman kinetic
equation, the mean free path of charge carriers was calculated, and analytical expressions for the electric
field at which current oscillations begin in two-valley semiconductors of the GaAs type were obtained. The
conductivities in both zones were also calculated in the presence of an external magnetic field. However, in
this theoretical work we calculated the frequencies of current oscillations in two-valley semiconductors tak-
ing into account the time of transitions between two valleys, and we will calculate the values of these times
depending on the size of the GaAs semiconductor. Current oscillations begin at certain values of external
electric and magnetic fields. Theoretical studies of the Gunn effect in an external constant electric and mag-
netic field have not been investigated. Therefore, the excitation of electromagnetic waves in GaAs semicon-
ductors with constant electric and magnetic fields is of great scientific interest. In this theoretical work, we
will calculate the value of the electric and magnetic fields. At the point of the beginning of excitation of elec-
tromagnetic waves in GaAs semiconductors. We calculated the critical values of the electric and magnetic
fields at the point of excitation of the waves. The values of the electric and magnetic fields are needed to
prepare semiconductor devices (generators, amplifiers, etc.) For electric and magnetic fields, we will clean
out the analytical expressions at which the current oscillation begins in the semiconductor. The theoretical
method for studying the Gunn effect is the solution of the equation of continuity of the current flux density in
individual valleys and Maxwell’s equation for alternating electric fields inside the sample.

Main Equations of the Problem

In the Gunn effect experiment in two-valley GaAs semiconductors, the electron concentration # is con-
stant, and therefore,

n,=n"+n,n,=n +n. (3)
The transition between the valleys occurs under the condition
no=-n. 4
The transition times between the valleys T, and T,, are determined by the continuity equations
‘,’+divj;=n—‘l’,i’,’+divj,;=n—;’. %)
ot T, Ot T,
Here n, — concentration of electrons after transition from one valley to another; 1, — concentration of

electrons after transition from one valley to another; j' — current density of electrons after transition from

one valley to another; j, — current density of electrons after transition from one valley to another.
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The current flux densities in the presence of an external magnetic field are determined by the following
equations:
j,=c,E+c, [EI:I] + GZGF][E]:IJ;
" - o I, (6)
J,=0,E+o0,| EH |+o,,H| EH |.
In (6) the condition is considered eEy/ >>k,T for the electric field (where e is the elementary charge,

E, is the electric field, k, is the Boltzmann constant, 7" is the temperature of the sample). Therefore, there

are no diffusion terms for the current density.
The magnetic field is determined by Maxwell’s equation

o =—crotE 7
ot )

The electrical conductivities 6,,6,,,0,,,0,,0,,,0,, are calculated in [17, 18].

99, 99,

Here o, — electrical conductivity in valley “a”; o,, — Hall electrical conductivity in valley “a”; ©,, —

a

99,

focusing electrical conductivity on valley “a”; 6, — electrical conductivity in valley “b”; &,, — Hall elec-

trical conductivity at valley “b”; ©,, — focusing electrical conductivity on valley “5”.

Theory

By solving the system of equations (5, 6, 7) taking into account (3, 4), we can determine the frequencies
of current oscillations in two-valley GaAs semiconductors. For small values of physical quantities E.H,n,

ie E= EO +E ',]:[ = I:IO +H ',n=n,+n", frequencies of current oscillations will be determined.
(E' H' n') ~ ei(k#m). (8)
The fluctuation values of the electric and magnetic fields and the concentration of charge carriers when
a current appears inside the sample are small compared to the constant thermodynamic values of the electric
and magnetic fields and the concentration of carriers.
Selecting a coordinate system

E,=iE, ,H,=iH,, .
From (6) we easily obtain
-]z,zx 5 | (Ga + GZGHO)c )Ev,c - GlancEz B (9)
2 E H
Jo =0,E + 29k —k )E, +o,H, E + 2" er (f Bk ET); (10)
o ®
2 E _H
Ji =0, B, + 2k —k )E! +0,H, E + 2o (k 'k E!). (11)
® ®

From (6) provided that E zEOx,H =iH,, , the corresponding components of the current density in the

valleys “a” and “b” have the form (10, 11), and in the valleys “b” the corresponding values (9, 10, 11) have
the same form when “a” is replaced by “b”.
In the experiment, the values of current density are measured in different directions. We will write ex-

pressions for the fluctuation current density along the X axis, equating to zero (10, 11) we find £] and E!,

and substituting into (9)

Ga Ga _GaGa

. Iy~ z 11z ’.
.]ax: csa—’_CSZaI—IO)c_’— a a a a Ex’

Glycj2z _GZyGlz

b __b b _b (12)
_ H cYlycsz _Glzcl E!

be Gb+62b + b b b b x*°

GI_VGZZ _GZyGlz

The current densities along the X and Z axes, of course, have certain values, following the experiment,
we consider them equal to zero, i.e. j, = j, =0. Therefore, the values of the corresponding electrical con-

ductivity have the following form
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a,b la bc 202a bCon
o’=0 ,+——Ik -k )o , =—=""—"SF
ly a,b ® ( v) ya,b (DHOX z
20, E ¢ o, ck E 26, ,cE
Gg‘h _ G] } hkv _ 2a,box kx,cza , = la,b~"z"ox _ 2a,b ox ky,
oH, ’ oH, oH,, (13)
a,b 26211 onxc cTla bCkxon 202:1 bCon
Gl;ab:—k +Glab’GZZab % b - - - ky'
” oH, oH,, oH,
From (5) we obtain
(1-ioty, )div ! =(1+iot, )div j, . (14)
Considering, u H,_>c and p,H _<c,and choosing the dimensions of the sample
L =L,L>L,L, (15)
the dispersion equation under the above conditions (15) have the following form:
(I) o'+ (l— - IOtlzcoxd)Z - 31120%(])2}0)3 - (i6(|)z ﬁ+ 31:2103x(|)§ Ky +
Mb “a b
4 12 18
+4 150, ¢2 a i3¢¢21 + lewxdﬁ ﬁ + TZlmxd)a i - i3¢a + lemxd)i i}oxmz +
“a a b Ha (16)

2 24
+(i¢z 4-31, 0,0, —i32¢, H_Z - 24T12(0x¢§ B i2 B ¢§ +15,0, B _
n

a a My b

4 ¢2 Hy IZlemx(l)i)wiw—&z]@id)i Ha _ {%@48— 129 ﬁ—b}zq)z ﬁ— —0
u b b a b

H
Here ¢, = Haor o =ck,_.
c

We can estimate the values of the magnetic and electric fields using the formula

E, =2H, ”b \/ﬁ (17)
b
W, =10, =10*, x=-2.
()

Then the fourth-order dispersion equation with respect to the frequencies of current oscillations has the
following algebraic form

i 3
x4+( ! —%J]x“r 6 (“”] N L 12(“”) CLERT
10, Ty Ty O, \ Ky, o, 1, Ty, K, Ty My

2
+ 24—122(ﬁ] x— 81,0, —i48=0
RN

The solution of this equation in the general case (i.e. without assumption is not possible). Therefore, we
will use the conditions and from (18)
we obtain

2 2
¥ —15x,x, — 2% 3 +(20112°’x +12“—ng§ +[24+6ot12 al ];wﬂxl 8, (19)
5 9, T 5

2 20 2 )
4x§xl+5xg—Mx§xl+2[L 12ubjx0xl (24+601:1203xﬁ} 2y —48=0.  (20)
5 B

(18)

a a

2

a a a a

Then after isolating the real and imaginary parts of equation (18), we obtain the following two equa-
tions (19-20). When obtaining (19-20), we assumed for the transition times from valley “b” to valley “a”
from the condition
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Ty, =35. 1)
From the joint (19-20) the real and imaginary parts of the frequency oscillation are obtained as follows
X = gwr (22)
Substituting (22) into (20), we easily obtain:
3
A %TIZO‘)X (23)

The ratio 2L <<1 , this follows explicitly 0,, <<0,,.
Xo

Comparing (22) and (23), we obtain

1
T _ [ijé l <<1.
T, \27) 2

@ 9

And this indicates that the transition time from valley “a” to valley “b” is less than the transition time

from valley “b” to valley “a”.
Thus, the frequency of current oscillations

2

W, = g T 0, 5
the frequency of increase
0 =1, 0
=—1T,0,.
1 12
20 7

With another value of the solution T,,, the frequency and the increment of increase will have a com-
pletely different value.

Discussion

Thus, the conditions for excitation of increasing waves in two-valley semiconductors depend signifi-
cantly on the choice of coordinate systems relative to external electric and magnetic fields. Of course, these
conditions depend on the size of the sample. The obtained analytical formulas for the electric and magnetic
fields correspond to the Gunn experiment. The time of transition from the second valley to the first valley

1 1 e .
T, = = =—" for 1,, ~10. The characteristic time of transition from “a” to “6” and from “b” to

50, S5ck. 10cn

“a” in addition to the specified values, other values can be obtained. However, the condition T,, ~T,, is not

violated when obtaining current oscillations in the specified semiconductors. The orientation of the electric
and magnetic fields plays a role in obtaining the corresponding oscillations. Of course, from all possible ori-
entations, it is necessary to choose the orientation for which the required value is less than the value of the
external electric field. This means that the direction of the magnetic and electric fields coincides and is di-
rected along the electric field and the excitation of current oscillations occurs as in the Gunn experiment. To

reduce the electric field, it is necessary to check other orientations E, and H . For the preparation of corre-

sponding devices based on GaAs type semiconductors, it is practically advantageous at lower values of the
external electric field.

Results

Analytical formulas for the purity of excited waves and for the growth increment of these waves are ob-
tained. The dependence of the frequency and the growth increment of the growing wave on the external elec-
tric and magnetic fields is not the only one for obtaining a growing wave in the specified semiconductors.
The obtained forms for the electric and magnetic fields are quite consistent with the Gunn experiment. The
experimental data of the Gunn effect for the electric field are in good agreement with our theoretical studies
for the electric field. However, there are no experimental values of the magnetic field and therefore the val-
ues of the magnetic field obtained by us theoretically were not compared with the experimental data. Numer-
ical estimates of the transition times from valley “a” to valley “b” are of the order of the electron relaxation
time. The value of the transition time from valley “a” to valley “b” and back, depending on the value of the
external electric and magnetic fields may be different. However, in all cases, the transition time from valley
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[T 2] 9

“b” to valley “a” is greater than the transition time from valley “a” to valley “b”, i.e. T,, >7T,. This condi-
tion proves that the charge carriers (in this case, electrons) are scattered by the crystal lattice, lose energy and
pass from the outer energy valley to the lower valley. There are no theoretical studies of the Gunn effect in
alternating electric and magnetic fields. For such a theoretical analysis, it is necessary to solve nonlinear dif-
ferential equations, for example, using the mathematical method of Bogolyubov-Metropolsky [18, 19, 20].
Such a study of the Gunn effect leads to the determination of the amplitude of the current oscillation, and, of
course, to determine the amplitude of the emerging waves as a function of time.

The obtained analytical expressions of the electric and magnetic fields for certain sample sizes can be
used in the preparation of semiconductor devices (generators, amplifiers, etc.).
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D.P. l'acanos, II1.I'. Xanunosa, P.K. Mycradaesa

GaAs Tunri eki 3JHepruss MUHUMYMBbI 0ap KapThlIal eTKi3rimrepaeri
ecill KeJie ’KaTKAH TOJKbIHAAD

E

» CBIPTKBI BIEKTPJiK xoHe /{;, MarHuT epicrepiHiH ocepineH GaAs THMNOTI €Ki XONIAKThl KapThlIaii

eTkisrimrepe Oenrini 6ip GarbiTTap GolibiHina E, sxoHe M) TOKTHIH TepOenici 6enrini Oip sKMilTiKTe sxoHE
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6Cy KapKbIHBIMEH alblHafbl. E, 3IEKTPIK xoHe /) MarHuT epicrepiniH OarbiThl GaAs THMNTI >KapThllai

OTKI3TIMITEPETi 6CY TONKBIHAAPHIH KO3IBIPY KE31HIEe MaHBI3IBI PO aTKapaabl. DICKTPIIIK )KOHE MAarHUTTIK
epicTepiH MOHAEPIH aHBIKTAY YIIiH aHAJHTUKAIBIK OPHEKTEp ajdblHAbL Ti30eKTeri TOKTHIH TepOerici Ko3FaH
Ke3[le ©Cy OKHUIKTepi MEH eciHminepi aHbIKTamamel. L,>>L,, L,, L.=L, KpuCTaubIH emmemMaepi
aiikpiHpanasl. Erep ynrinig emmemuepi L, >> L,, L,, L, = L, »arnaiinan esreme 0oJica, TOJNIKBIHIAPABIH 6CYyl
ancipeyi HeMece ocyi MYMKiH. By perre TepOemicTiH ecy KHUiNiri MeH EO SMEKTPIIK koHe [, MarHuT
epicTepiHiH MoHJEpiH Oackanmap amaabl. AJKAaNTarbl MarHUT OPICiHIH MOHIEpi «a» KYWITi, sFHH [,Hy >> ¢,
«by ankabbIHAa anci3, srHu W,Hy >> c. Erep «a» xkoHe «b» ajkanTapblHAarkl MarHUT ©PIiCIHIH MOHI KyIITi
6oJica, OH/Ia 3JIEKTPOMArHUTTIK TOJKBIHAAp OacKa XKHULTIKTEPMEH Jie KO3Faiaabl. MarHUTTIK, SJIEKTP ©piciHiH
JKOHE KPUCTAJLI eIIIeMCpiHiH 0acka MOHACPIHIACTI TCOPHS KUK TICH OCy YIIiH 0acka MOHAEP/i KepceTe .
XKapteutait eTki3rinr KypsuUIFbLIaps! (reHepaTopiap, KYMeHTKImTep kaHe T.0.) JailblHaay Ke3iHae YITiHIH
eemzepi MaHbI3IBI POyl aTkapasbl. byl sxymbicTa yarinepin 6enrini Oip emmemaepinae Ly, Ly, L. 31ekTp
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Hapacrarwmue BOJHBI B IOJYIPOBOAHUKAX
¢ AByMSI MUHUMYMaMu Heprum Tuna GaAs

B 1BYXZOMMHHBIX NOMYyNpoBOAHUKAX Tuna GaAs Mo BIUSHHEM BHELIHETO SJIEKTPUYECKOro F, ¥ MarHur-
Horo H, noneii npu onpenenéHHeIX opueHTanusax E, u Hj nomaydeHo konebaHue Toka ¢ onpeaenéHHoi yac-

TOTOH U MHKPEMEHTOM HapacTaHus. OpueHTalMs 3JIEKTPUYECKoro E, W MarHUTHOrO H moseil urpaer cy-

LIECTBEHHYIO POJIb IPH MpoLecce Bo30yKICHHUs HAPACTAIOIINX BOJIH B MOIynpoBoaHukax tuna GaAs. ITomy-
YCHBI aHATUTHICCKUE BRIPAKCHUS JUIS OTIPEICNICHNs] 3HAUCHHI SJICKTPHYECKOT0 M MAaTHUTHOTO ToJield. Ompe-
JICNICHBI YaCTOTHI H HHKPEMEHTBI HapacTaHUs MPH BO30YKACHUH KoJeOaHuil Toka B menu. PasMepsl Kpucrai-
na onpenenstorcs L, >> Ly, L,, L, = L,. Ecin pa3mepsl 00pasnia OTIM4aI0TCA OT ycaosus L, >> L, L,, L, = L,,
TO HapacTas, BOJHBI MOTYT 3aTyXaTh WJIM HapacTarbh. [IpW 3TOM 4acTOTHI HapacTaHHs KOJeOaHWs, a TaKKe
3HAYEHUs DIEKTPUUECKOTO E‘O ¥ MarHUTHOTO Hj moned OyayT moy4arsesl APYTUMU. 3HAYCHUST MATHUTHOTO
MOJISL B JIOJIMHE «a» SIBISIETCS CHIBHBIM, T.€. [, Hy>> ¢, a B onuHe «by» sABIseTCs cnadbM [,Hy >> ¢. Ecim
3HA4YE€HHE MarHUTHOTO TIOJIS B JIOJHMHAX «a» U «b» CTaHOBUTCS CHIIBHBIM, TOTJ]a BOSHUKAIOT 3JICKTPOMArHHT-
HbI€ BOJIHBI C JPYTUMH 4acTOoTaMu. Teopusl MpH APYruxX 3HaYEHHUSIX MarHUTHOTO, SJIEKTPUYECKOTO IOJIs U
pa3MepoB KpUCTalIa MOKaKET Jpyrue MoKa3aTedH A 4acTOThl M MHKpeMEeHTa HapacTaHus. [Ipu npuroros-
JICHUH TIOJIyTIPOBOIHUKOBBIX IPHOOPOB (T€HEPATOPOB, YCHIIUTENEH U T.J.) CYIIECTBEHHYIO POJIb UIPAIOT pas-
Mephl obpasia. B manHo#l paboTe ObUIN MOJTyYeHBI aHATUTUYECKUE BBIPAKEHHS DIEKTPUUECKOTO M MarHUT-
HOTO NOJIs ITPY ONpEJICIEHHBIX pasmepax obpasuax Ly, L, L..
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