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A photocurrent induced by optical orientation of
free carriers has been investigated under interband
and intraband absorption of the light in Te. The
photocurrent was found to be proportional to the
degree of circular polarization of the light and
reverses the polarity as the sign of the circular
polarization is changed.

I. Introduction

It has been found that the optical orientation of free carri-
ers can be accompanied by their drift in optically active crystals
[1-4]. Absorption of the circular polarized radiation in such a me-
dium induces a photocurrent which reverses the polarity as the
sign of the circular polarization is changed. The effect hereafter
referred to as a circular photogalvanic effect (CPGE) is phenome-
nologically described by the relation [1,4]

de Ao (1)

Here j 1s the 1nduced current den51ty, ]: is the light intensi-
ty, 5{ = é €% , E' is the polarization unit vector. In cubic
crystals or in uniaxial crystals for the light propagating along
the C axis, =@ » where &g is the unit vector in the
light propagation direction and f) is the degree of the circu-
lar polarization. The tensor # is non-zero only for optically
active crystals in which case there are components of polar and
axial vectors belonging to equivalent representations of the crys-
tal point group.

It has been pointed out [l] that the circular photocurrent can
be generated in Te both under direct interband and under indirect
intraband transitions. In the latter case, the two-step virtual
transitions via intermediate states in other bands give rise to
the CPGE. The effect was first investigated under free-carrier ab-
sorption of the ( Qs -laser radiation in Te [2,3].

In this paper we report the first observation of the interband
CPGE. We also present here the results of further studies of the
intraband CPGE which show the existence of other mechanisms of the
effect besides that described in [1-3].

II. Interband transitions

The band structure of Te is shown in Fig. 1l(a). Due to spin-or-
bit splitting the spin degeneracy of the valence band is lifted
at the extremum M(P). The, electron wave function Y. ((=1,2),
in the valence_subbands P% and Ma is a linear combination of the
states Ii 3/2>> with the angular momentum Jé_ =t 3/2 [5,6]
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where () 2 +
Coap :‘;C{_;/z —( I_—__'?_/_)‘/z, D= i
ps % - - 1
2 (5%+ pKZ] "
Further we assume §>0. It follows then that for Kk ;> 0 the contri-
bution from the state [3/2) prevails in the function ¥, while for

kz < 0 the state |[-3/2) is dominant.
Under optical pumping by the ¢% polarized light propagating
along the (C axis, the |-3/2>—9|—l/2> transition is allowed on-

ly. Hence for the transitions from the valence subband M{ the elec-
trons with K;<0 and holes with Kz > 0 are excited predominantly

in the sample and as a result a photocurrent appears along the crys-
tal C axis. The corresponding component of the tensor ) can be

written as — e — h
¥zz= 0z + thz=‘%b— (‘ Uze Tp + UthP) . (3)
Here K is the absorption coe ficient,'tg and ‘CF are the momen-
tum relaxation times of the photoexcited electrons and holes res-
pectively, (¥, and T'zp, are the average velocities of the photocar-
riers before the momentum relaxation. According to [1l] Uze and Vzh
increase with increasing the photon energy and are of the order of
Vo = B/% = 4x107 cm/sec for Rw REgt24. For the photon energy,
n W Y Egr2a the transitions from the split-off valence subband Ma
begin. hese transitions induce the photocurrent of the opposite
polarity and 1Uze , U‘zp decrease.

Because of the large value of the absorption coefficient, the
direct measurements of the e.m.f. due to the CPGE are complicated.
However, the effect may be measured readily at a transverse magnetic
field }Jilx. Assuming for simplicity that the momentum relaxation
times ’tg and Tp are independent on the wave vector we obtain for
transverse e.m.f., Vy , in the case of {» K™ (see Fig. 2)

V__HJ,I = ( Uze , Vzn) e qh (4
oh YT ChomRw \mh T m$ ) TP TP
M|” being the longitudinal effective masses for electrons and ho-
les and (% being the longitudinal conductivity.

The measurements of the interband CPGE were performed in undo-
ped samples of Te with Na = 5x10'* cm™® of residual acceptores.

The samples were intrinsic at room temperature (Nn;z5x10'° cm~?).
They were prepared in a form of a plate, the crystal C axis being
perpendicular to the illuminated surface. The samples were irradia-
ted by 3.39umline of a continuous He-Ne laser with power of up to

5 mW, so that only the electron transitions from the M{ subband
took place. The linearly polarized laser light was first passed
through a rotating quarter wave plate. The degree of circular pola-

«

rization of the light incident on the crystal varied with time as
bin2P =4in4TVt, where § is the angle between the optical axis of
the quarter wave plate and the polarization plane of the laser 1A.ght .,
The photovoltage 'Vg was measured by means of lock in. To obtain the
dependence \/g on degree of polarization the plate rotated slowly
and the sygnal was registered at frequency of the laser light chop-
ping. For the measurements of the absolute magnitude of the voltage
a speedly rotated plate was used and the registration was at the
double frequency of the rotation.

The magnetic fields were up to Hx =10 kG. The transverse signal
Vy was found to depend linearly onHx.Fig. 2 shows the experimen-
tai dependence\@ﬁ?). The signal variation is described by the for-

mula
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"Fig.l The band structure of Te near the extremum point M:
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Fig.2 The e.m.f. induced by
3.39um irradiation of a Te
sample as a function of the
angle ¥ of quarter wave
plate at T=300 K
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Fig.3 Temperature dependence of
the CPGE voltage in the case of
intraband transition for Te crys-
tals with different concentrations
of the acceptor impuritg: 1. Np=
5-10'" cm™3; 2.Na=2-10!° cm™3;
3.Na=1.3:10'® cm~%; 4.Nq =1.6-10'"
cm~? 5. pure crystal with mechani-
cal defects. The size of the
samples is 10 mn? x 1 cm
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Vy(f) = ng +Vg° Ainay ‘ )

The cgnstant contribution \4? is due to the Dember effect. The ra-
tio V%/W@ was approximately 0.05 in agreement with the theoretical

estimation o
Vy _ oms Vo [T
Vy my Uz, ¥ To 5 (6]

which is valid if TFze) 772,". Here 172}., is the thermal velocity of ho-
les and T, is the hole lifetime.

III. Free-carrier absorption

In addition to our previous works [],2] we measured the intra-
band CPGE in doped Te crystals in a wide temperature range. The
photovoltage was induced by the radiation of Q-switched 0z pulse
laser producing 100 nsec pulses with a peak power about 8 KW and
operating at the frequency 500 Hz. The samples were prepared as in
[3]. The geometrical arrangement is shown in Fig.3.

Fig. 3 shows the temperature dependence of the longitudinal sig-
nal V@> for a series of samples with different impurity concentra-
tions. 1In lightly dpoed samples ( Np<2x10'® cm~®) the sign reversal
of the CPGE occurs at the temperature where the Hall coefficient
reverses the sign, i.e. in the region of the transition from p-type
donductivity to intrinsic conductivity. This is consistent with the
mechanism due to the virtual optical-phonon-assisted transitions
proposed in [2,3] (Fig.l(b,c)).

In contrast with the undpoed crystals, for samples containing
more than 10!® cm~? acceptors the sign reversal of V¢ occurs in the
extrinsic region. Moreover, the temperature corresponding to V¢ =0
does not depend on Na and at higher temperatures V¢ is a linear
function of T . We conclude that at high temperatures another me-
chanism contributes to the CPGE. This mechanism may be due to two-
phonon-assisted intraband transitions [7].

A number of Te crystals show an additional sign change near
the liquid introgen temperature. The low-temperature reversal of V&
was observed to be associated with the mechanical defects in the
samples. This was confirmed by the measurement of CPGE on the samp-
les with roughly ground surface. In this case the temperature regi-
on of negative V¢ vanished and the CPGE showed a constant sign
(Fig.3, curve 5).

It should be noted in conclusion that at present CPGE has been
observed also in some other crystals with different symmetry (the
point group T ) [8].
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