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1, INTROZUCTION
The hot electron relaxation in the semicon-
The studies

o the hole inter-valence-band relaxation pro-

sctors hes been well studied’.

cess in the CdS single crystal will be shown in
this paper.

1t is well known that the valence band of the
wrtzite type CdS crvstal consists of A, B ad
¢ bands denoted by Eg, E7 and E7, respectively,
ad the conduction band has the E7 symmetry. In
the electric dipole trensition, the EQ(A) and
By E7 lconduction band) transition is allowed
mly for the Elc polarized light. But the tran-
7 {conduction band} is al-
imed Tor the light polarized for both Ejc and
B/c”.

sition bebween the E

2. EXPERIMENT

Wa have measured the photoluminescence spec-
tra of CdS single crystal at 70K up to 300K. The
sanples measured were platelet like CdS crystals
with the crystal axis in the plane of the plate-
let, A mode locked Nd:YAG laser with the exci-
tation the order lN;Wc:mmz, the
bulse duration of about 100ps at wavelength

intensities of

3%5rm waz used as the excitation source.

The sarple was excited by the polarized inci-
dent light for E;lc as well as B lle, and the
Iminescence with the

spectra polarization

direction of Elc and El|c were measured.
5. RESULTS AND DISCUSSTON
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The photcluminescence spectra and picosecond decay dynamics of highly excited Cd3 crystal at
different polarized states have been investigated. The valence band hole inter-band relaxation
ras been found, and the theoretical discussions are given.

1t is observed that the photoluninescence
spectra consist of two broad bands denoted by
E and EX—ZI_D at room teﬂperaturez. We observed
that the spectra are different for the different
detected polarization direction but at the same
As the results shown in Fig.

the energy position of the band peaks in the

excitation.
1)
spectrum detected by E|ic polarization direction
is higher than that in the spectrum detected by
Eic polarization direction, the value is 19weV.
This value is independent on the excitation den-
sities, and equals aproximately the splitting
energy between the Valence bands A and B in CdS
crystal. According to our experiments on the
band edge absorption and other authors' re-
sults‘{*, the splitting between A and B valence
bands is about 19meV. So the luminescerkes Cor-
responding to Elc and Ellc are related to the
recomination cs% the holes in the valence bands
A and B, respectively,

In case Elil e, only the electrons in B barnd
are excited, while the B holes are generated,
From the spectra, both the recambinations of the
excited state electrong with B holes and those
with A holes are cbserved. It can be inter-
preted that the presence of A holes is due to
the holes relaxation fram 8 band to A band. At
the beginmning of the luminescence excited by
Eil o, a part of the holes of B band recanbine
with electrons, another part of holes relax to
A bard. So for the Eii |c excitation, the lumi-

nescence  from E7—Eg is different to that from
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FIGURE 1
The luninescernwe of the highly excited CAS  at
room temperature,

E,’;E?. We have measured decay of lunminescence

arcird  500rm, where there are possibilities

of E,?—Eg and E-E. transition., The results are
shown in Fig., 2 for sample excited by EiHc.
We have chserved that the emission polarized for
Blle direction reached the meximan first, and
decayed® quickly as campared with the emission
polarized for Elc.

Suppose that tA and tg are the lifetime of
the recarbination of the electrons with A holes
and B holes, respectively. donsidering the
laser pulse has a certain width, the spectra
measured were deconvoluted by a microcompuabor.
So tA—107ps and t8—65@s are obtained, For tA
anc tB and the B holes relaxation to A band time
tB—A’ there is a relation of them, l/tB = l/tA
+ 1/tB_A. SO tp . -166ps.

' is well known that hot electrons relax
very fast by the scattering with the LO optical
phonons, e.g. in Cd3e the relaxation time of the
electrons due to the IO phonon scatiering is
less than Ips, and in GaAs less than Zpsl. The
relaxation due to the accustic phonon scat-
tering is relatively slower than the 1O phonon
process, For this reason, we have neglected the
hot electron relaxabtion process in the discus-

sion. We consider the hole reloxation is also

ournat of Lur

wiorth-Holland

300K B, |1
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FIGURE 2

The luminescence decay arouand 500m of the
highly excited Cd5 at room temperature. :
. INTRODU(

Secandai

due to the phonon scattering. For 045, the

splitting between the 2, B and T, C valens optical &

bands are 19, 63meV, respectively, and the L& geattering

phonan energy 1s 3EmevS. Due o the L0 phones: lumingscent

scattering, the C holes relax immedistely then ba
the B and A band, this is the reason why we

not firnd C heles in the experiment. As the

vestigats
the time

. . lead
hole relaxes owing to the ascoustic phonon sca e

tering, the relaxation time of B hole is mo
mach shorter than the carriers recotbinati
time, So the B holes relaxation can be £
in the é}{perinents, We have also cbhserved

similar hole relaxation in various temperabure picosect

4, CONCLUSION RESULTS
We have found the hole inter-band relaxat Exeiton:
in CdS single crystal at room tamperature’

we attribute the process to the acoustic p

scatteking.
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