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ABSTRACT

This article analyzes the electric field strength resulting from the transfer of
momentum from linearly and circularly polarized photons to current carriers in a
semiconductor superlattice. The expressions for the electric field strength of the
PhDE (photon drag effect) in the case of linear and circular polarization are
obtained, revealing a nonlinear and oscillatory character. The analysis also suggests
the presence of linear-circular PhDE dichroism in the energy spectrum of a
semiconductor superlattice. Finally, the energy parameter of the superstructure is
estimated based on the intensity magnitude.
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AHHOTALIUSA

B oannou cmamove anaausupyemcs HANPANCEHHOCMb J9J1€EKMPUUeCKo20 NoJlA,
BO3HUKAIOWASL 6 pe3yibmame nepeoauu UMNYIbCAd Om JAUHEUHO U YUDPKVISAPHO
NOJIAPU3OBAHHBIX gbOWlOHO@ HocumenAam moka 6 I’lOJZynpOBOaHMKOGOZZ ceepxpeutlenike.
Tonyuenvt vipasicenus 01 HAnPsANCeHHOCMuU Anekmpuyeckoeo nois @D (3gppexm
gomonnozco  yeneuenus) 8 cuyyae JUHEUHOU U  KPY2OBOU  NONAPU3AYULU,
oOHapyxcusarwue HelUHelunsvlll U KolebamenvHulll xapakmep. Ananu3 maxoce
ceuoemenbcmayem 0 — HAIU4UU  JUHEUHO-Kpy2oeoz2o  ouxpousma D@D 6
SHep2emu4eckoM  ChneKkmpe  HOJAYNPOBOOHUKOBOU  ceepxpewemku.  Hakoney,
aHepeemuquKuii napamemp Ha()cmpoﬁku oyeHueaenicsa Ha OCHoee 6elUudUHnbl
UHMEHCUBHOCMU.

Knroueswie cnoea: Jlopeny, cuumams, TuHeliHO-KPY2080Ll, YOMOH.

INTRODUCTION

It is known [1,2] that an incident electromagnetic wave transmits an impulse to
current carriers, as a result of which they participate in directed motion. Depending
on the experimental conditions, this leads to the appearance of a direct current (in a
closed sample) or a constant voltage (in an open sample). Below, the strength of a
constant electric field is calculated, due to the transfer of a momentum of a linearly -
and circularly polarized photon of an electromagnetic wave to current carriers.

It is explained as the result of the action of the Lorentz force arising from the
movement of carriers in the electric field of the wave in the presence of the magnetic
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field of this wave. Consider a circularly polarized transverse electromagnetic wave
with frequency o propagating in a semiconductor superlattice along the z axis

&, =6,C0s(w-t—0q-2), &,=¢sin(w-t—q-2), 1)
H,=H,cos(w-t-q-z), H,=—Hsin(w-t-q-2),
where  is the wave vector of the electromagnetic wave. We assume that the x

axis is directed along the superstructure axis, and we choose the energy spectrum
E(p)of electrons in the form

E(r)):(lox2 " p%m* W cos(a p%j (2)

Here m* is the effective mass of electrons, is the energy parameter of the
superstructure (superlattice).

We write the equations of motion of current carriers neglecting diffusion and
recombination in the form

dv, V e 1
dv, V e 1 y y
x o Vx _ _2 —+—2L=—1(¢,+=V,H,
a7 m*(gX cVZHy)’ ddt 7z m (&, Cc ),
dv, V e 1
Lttt =—(,+-V,H, -V H,
dt 7 m ( c(v s VyH),

where T is the time of impulse relaxation, V =27V E(p) is the group velocity of

the current carriers. The electric field strength of the photon drag effect ¢; is
determined from the condition of the absence of an electron flow along the z axis, i.e.
from the condition v, =0.

After simple transformations, it is easy to obtain useful expressions for further
calculations

ILIEO .
V, =—"——(cos@+ wzrsSIinb
X l+a)22_2 ( )1 (4a)
HE .
Vy :ﬁ —ot cos @ +siIn 6), (4b)

where 8 =wt—g7. Solving the third equation (3), taking into account (4a, 4b),
we have

V, = A +Voii[An sin(e,, 0 +w)+B_sin(a,, 0 —w)+

m=1 n=1
E., cos(e,,0 +w)+F, cos(a,, .0 —w)]|+
+DY cos(a O+ (-1 ) + RV sin(a0 + (1) v), (5)

where
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e pH, - pH o7

= us, +————-(cosy —wrsiny ),V, = ———,

Po = pe, c(l+ 0)272)( vV ¥): Vo 2¢ch
A = (_1)m+la @t Jo (%) Jom 1 (X) + 3o (X) 5y 1(X2)
1+a’o’t?

. = (0000 s () + ("1, (%) o (). ©

1+a’w’t
Bm = An(am _)am—l)’ I:m = An(amﬂ _)am)’

o (D" @073 1(%)+ 150 () = 3o 1 ()35 (%))

" 1+ a(z)z @°7?

o (@m0 00+ 320 () = 321 (), (9)

mn

(_1)m’ )

1+ a(z) o’t’

DY) =D (a? > al)), RY) =R? (a2 5 a')), o, =2-m, af) =2-(m+n-1),

a? =2-(m+n), a®=2-(m-n-1), o =2-(m-n-1),

al =-2-(M-n), X, =0T X, X=p&am h’l(1+a)272)_1, J.(x)— Bessel functions
of the first kind of integer order n. In (1.5.5) underline are those expressions m=1
that in case m=1 do not depend on time for and contribute to the stationary
component V, . Separating the stationary component V, in (1.5.5) and assuming that

V, =0 we get an expression for the electric field strength when illuminated by light
of circular polarization:

£ ___ HeH,

H, )
AL+ ) [3,(x)3,0x)siny + 35 (%) 3, (x) cosy |

(7)
The expression for the electric field strength of the EUV in the case of linear

polarization &"

(cosy —awzsiny)—

can be obtained from (7), neglecting the first termin it, i.e.

gl —gl ———C(ﬁ"; )(cosy/—corsinw), (8)

As can be seen from (7) and (8), the dependence of the PhDE (photon drag
effect) electric field strength on the intensity of the exciting light (1) is nonlinear and
has an oscillatory character, i.e. 5 ) and g can take both positive and negative

values. It can be seen from (8) that due to the presence of narrow allowed minibands
in the energy spectrum of a semiconductor superlattice, it is possible to detect linear-
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circular dichroism of PhDE not only with nonlinear but also with linear absorption of
light.

Finally, we note that it is possible to estimate the value of the -energy parameter
of the superstructure (superlattice) knowing the magnitude of the intensity lo. In the

case £ =0 we have
e, (1,)h° (cosy —awrsiny)
W=— 2 2 - ) (9)
al+ o’ c") Jo(xo)Jl(X10)(S|n W)+Jo(x10)J1(Xo)(COSW)

rae X, =X(1 =15), %, =X (I =1,).

CONCLUSION

Calculations show that when CO: is illuminated by a laser with an intensity of
I~ 0.1 MW / cm? a wavelength of 10.6 pm (at which ®»t=32) and for a
semiconductor (with a mobility of n=10*m?/(Vs)) with a superlattice with a period
of =10 cm, we get the value &Y =10° VV/cm, and the value &, =10°V/cm.

From the latest analysis of the electric field strength, even in the semiclassical
approximation, there is a linear-circular dichroism of the current of the photon drag
effect in semiconductor superstructures.
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