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INTERNAL OSCILLATIONS OF CURRENT CARRIER CONCENTRATIONS IN IMPURITY
SEMICONDUCTORS
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The unstable wave in semiconductors with defined deep traps at the presence of external constant electric and strong magnetic fields has
been theoretically investigated. The wave frequency and increment are found. The variation interval of magnetic field and critical value of
electric field at which the instability inside of semiconductor appears, have been defined.

Introduction. holes and electrons correspondingly, H is magnetic field
o ) ] ) ] strength). The single-charged deep traps by N number and
Redistribution ~ of electric ~ charges in impurity  joyble-charged ones by N. one are in the semiconductor with
semiconductors leads to the appearance of unstable waves  electron concentration 7. and hole concentration n,. Then

inside of the semiconductor. The current carriers are trapped  main equations of our problem have the following form [1]:
(recombination) or generated in the dependence on external

electric field value at the presence of deep impurities (traps). n R on
. . . + o s +
Generation increases the number of electric charges but =+ divj, :( = )
trapping decreases the number of carriers. These processes ot OF rec
occur with different probability and as a result the wave with 5
defined frequency takes place in semiconductor. Frequenc n_
duency tekes P uency y (0 N~y (EN=(—=),

of these waves essentially depends on electric field value.

If the appearing wave propagates only inside of the crystal
and doesn’t go out (i.e. current oscillations are absent), then on
such instable state is called internal instability [1-2]. ( .

)ue =7.(E i, N= 7.(0 )n.N_ (1)

ot
Internal instability theory in impurity semiconductors. ON on on
In this paper we theoretically investigate the instable ot :( ot )’“’ _( ot )’“’
waves inside of impurity semiconductor at the presence of
external constant electric field and strong magnetic one (i.e. div] = ediv( j _j )= 0
+ _

when p,H>C, C is light speed, £, are mobilities of |

B :iniﬂiE+n+:u1—[ EH ]n:r:UZiﬁ( EH )_Divni 1D]J_r[ Vn.H ]_D2¢ﬁ( v’jirﬁ )

4, are ohmic mobilities, £, H are Hall mobilities, | we linearize the system (1) and obtain the equations of the
> * following form:
u, H” are focusing mobilities of electrons and holes

correspondingly; ¥ i( E ), 4 i( 0 ) are coefficients of
trapping and emission of holes and electrons at the presence
of electric field y i( E ) and without it y i( 0 )
Dependencies of these coefficients on magnetic field strength

can be essential only in quantizing magnetic fields which of p’ E " ,UJ?,H are easy found at linearization of
aren’t considered in this work. We investigate longitudinal i N
waves for which oscillating field is AH=0, .

Supposing

{A An_( 7t )+ A, An (Ft)=

0
B An_( 7.t )+B,An (7.t )=0 ®

The explicit dependencies A, ,B, on equilibrium values

equations (1) taking into account (2) and that’s why we won’t
write them here. At the investigation of waves inside of the

semiconductor the wave vector X is obtained in the

ni( r.t ):ng+vni( r.t ) following form:
E—F,+VE( 7. ) LI
(2) X L x? X L y?
N_=N’+VN_(71¢) x y
(Vn VEVN_ )~ ") K.="m: m,, =123
=M ey =123.....
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Taking into consideration (3) the dispersion equation takes the form

AB, -AB =0,ic @ +INo’ +,o+T; =0 (4)
where
7 E /4
clu_—oc’u o.u,_ +o_u olv.-oclv -
[=—t——-—*tK +—+L—LK +i— ==T,,+'T,
7 x y 7
(o} o (o}
2= o'vv, B o{va'_,u_ +iafvfu_ +0’v.u, K
2 X
o u.oc” o”
E y
‘O'IV+K}, o u, M ovK, S ou, u 2 )2
+1 P (G+”1—_ . )‘H u ( . ——ou, ):(on ) 'H( r, )
oo U, oo y’a
. E y "vEUK v K
owv.utovu, OV o_u 2 N ¢ o.u
1—*33 :_va + Y+ - et S - y ( o, — UM )_ - J/( UL Hy —o.u,, ) (5)
o oo U, oo s
dln
c=0_+0,;0"=0"+0";0! =en, pu, ]+—’u§ ;
dIn(E;)
o, =enpu, s uy =By ou = p,Ey;
c ., 1 C 0
My =al(—)" —5; ﬂ1+:\/§_§ My, =bu; a~b~1 (2]
H H
: , |
v_=y( E, )N is frequency of electron trapping vi=7.(0)n!+y.(E, Jn, is <<combined>>
vi=y ( E, )N is frequency of hole emission frequency of hole trapping and emission by non-equilibrium
+ + , ,
. . t v=v, +Vv_.
v, = y+( E, )Nf is frequency of hole trapping raps T

The solving of dispersion equation for obtaining of
frequency taking into account (5) is too intricate problem and

0 ONT0
n, = n_N, . = n N7 . so we solve the equation (4) in the following way:
—_ () 2 + 2 .
NZ N, Supposing @ = @, + 1y , where
vi = )/_( E, )nf + )/_( 0 )n ;,_ Is <<combined>> frequency Yy <<a, (6)

of electron trapping and emission y non-equilibrium traps. ] ) .
| we obtain from (4) the following two equations

0)03 +F100)02 —2F130)07+F2200)0 _( le )27+F; =0

s e , (7-8)
3oy +20,0,,y +o,T, + ( I, ) w, =0
Designating x=£=M and comparing values | From (10) we find:
wH H
P . (I )
L., T3, 1“2 from (7-8) taking into account (6) we 4 :_SG)T (11)
obtain 0 10

, Substituting (11) into (9) we obtain the equation for
3 2 2 3
@, + 1,05 _( I, ) y=TI57=0 obtaining @y :

) (9-10)
30ly+ 20,0,y +(T! Yaw,=0 |

2 2 I,
o, +§Fwa)§ +§F120a)02 ~T}w, —Erwr; +§( r, ) =0 (12)
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Under condition

or,ri=(r) ). (13)
the solutions of equation (12) have the following forms:
5
o, = —grw (14)
(T )
y = _u (15)
3 I,

At obtaining of solutions (14-15) we consider the region
of frequency variation
3
3715
@,>> 2 T2 (16)
10

Under condition (6) we find the variation range of
external magnetic field as follows:

5Kyu_ ’ i_x )% Hchar

X

H<<H <<( (17)

It is easy to check that if (16) is correct then the magnetic
field value satisfies to following the inequality:

L
H>H, (2~~~ (18)

If (17) and (18) are correct then we obtain the variation
range of electric field:

VfLy ( L_} & )2 (19)

10~ L, YN

The internal instability appears in cubic crystal under the
following condition:

E,>>

V.L

E,>E_, =—
10 p,

char

and magnetic field variates in following interval:

Hcharr( ’ 5lu_E0L7z-

sy )% <«<H <«<H,,
)7 v—L

n
where L is size of cubic crystal.

One can analyze the solution of equation (12) in several
cases, i.e. at different variations of frequency @, as the

function of T',,,T"}, ,( r,, )2. We confine ourselves by the

detail investigation of the equation (12) because of volume
limitation of this paper.

Conclusion.

Thus, the instable wave with frequency (14) and
increment (15) at the variation of external electric field (19)
when magnetic field variates in interval (20) will propagate in
semiconductors with given traps.

Oscillation values of physical values can be presented in
the following form:

e ~

21

(An, AE,AN )~ e/F-) _ gt _ griow
~A,e" cos(a)ot + @, ) = B(t)cos(a)ot + %)

where A, is initial amplitude, ¢, is initial phase.

It is seen from (21) that amplitude oscillations of carrier
concentration and electric field in considered semiconductors
depend on time. The exact form of this dependence requires
the solving of nonlinear differential equations.
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ASQAR YARIMKECIRICILORDO COROYAN DASIYICILARI KONSENTRASIYASININ DAXILI ROQSLORI

Xarici elektrik ve giiclii maqnit sahesinde yerloson dorin talali yarimkegiricilorde yaranan dalgalarin dayanigsizligi nazori olaraq tadqiq
edilmisdir. Dalgalarin tezliklori vo inkrementlori tapilmisdir. Yarimkegiricinin daxilinde yaranan dalgalarin dayanigsizligina uygun xarici

elektrik vo maqnit sahalarinin kritik qiymatleri hesablanmisdir.

E.P. I'acanos, I1acoya He3xan Xocceiin, b.3. Anuen

BHYTPEHHUE KOJEBAHUSI KOHIIEHTPAIIMM HOCUTEJIEN TOKA B IPUMECHBIX
MHOJYITPOBOJHUKAX

TeOpeTI/I‘{eCKI/I HuccCiIca0BaHa HeyCTOﬁ‘{HBaSI BOJIHA B IOJIYIPOBOJHUKAX C OIIPECACIICHHBIMU FHy6OKI/IMI/I JIOBYHIKaMH IIpU HAJIUYUH
BHCHIHETO MMOCTOAHHOI'O 3JICKTPUYECKOI'O U CUJIbHOI'O MAaroiuTHOI'O nosieid. Haliziens! yactora u HWHKPEMEHT BOJIHBI. OnpeueneHLI UHTEpBaI
U3MEHCHHWS MAarouTHOT'O IIOJISI U KPUTHYCCKUE 3HAYCHUS DJICKTPUIECKOT'O I10JIA, IIPHU KOTOPbIX HAYUHACTCA HeyCTOfI‘-IPIBOCTB BOJIHBI BHYTPpU

MOTYTIPOBOAHHKA.
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