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Donor—acceptor pair luminescence in Zn, sCd, ,Se-ZnSe
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Abstract

The optical property of aZn,sCd, ,Se—ZnSe strained-layer superlattice (SLS) has been investigated by making use of photol uminescence
and time-resolved spectra. It isfound that the donor—acceptor pair (DAP) band shiftstowards|ower energy with decreasing excitation density
and increasing delay time. The luminescence lifetime of the DAP band is slower than that of the exciton luminescence. On the basis of these
results the DAP band originates from the radiative recombination of the donor—acceptor pair in Zn, gCd,,Se-ZnSe SLS. © 1997 Elsevier

Science SAA.
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1. Introduction

I1-V1 wide-gap semiconductor quantum well and super-
| attice structure material s have attracted much attention since
Haase et a. [1] observed the blue-green laser in the
Zn,gCdy ,Se—ZnSe quantum well laser diode. But most of
them concentrate attention on the impurity behavior in the
confined layers of p or n types and the excitonic optical
property in quantum well and superlattice structures, while
the study of impurity behavior in superlattice is limited. In
this paper, we report the observation of donor—acceptor
(D-A) pair luminescence in undoped Zn,sCd,,Se-ZnSe
strained-layer superlattices (SLS).

2. Experimental details

The Zn, ¢Cdy ,Se-ZnSe SLS sample used in this experi-
ment was grown by atmospheric pressure metal organic
chemical vapor deposition (AP-MOCVD) at 320 °C. Dime-
thylzinc (DMZn), dimethylcadmium (DMCd) and H,Se
were used as the source materials. The sample structure was
composed of 120 periods of 7 nm Zn, gCd, ,Se, 7.5nm ZnSe,
with 0.5 wm ZnSe cladding and 1.6 wm ZnSe buffer layers
grown on a GaAs (100) substrate. The photoluminescence
(PL) was excited by the 337.1 nm line of a Model UV-24
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pulsed N, laser. The laser pulse was 10 nsin duration. The
spectral distribution of luminescence was carried out using a
SPEX 1404 double grating spectrometer with an RCA-
C31034 cooled photomultiplier. Theluminescencedecay and
time-resolved spectra (TRS) were measured by a Model
4400 Boxcar Averaging System.

3. Resultsand discussion

Fig. 1 shows PL spectra of the Zn,sCdy,Se-ZnSe SLS
under different excitation densities at 77 K. Three lumines-
cence peaks named E, E,,, and donor—acceptor pair (DAP),
respectively were observed. The peak positions at the exci-
tation density of 0.08 MW cm™2 are located at 445.5 nm,
478.8 nm and 505.3 nm, respectively. Among them, the Eg
bandistheradiativerecombination from exciton—carrier scat-
tering in the ZnSe cladding layer. One of the most interesting
aspects concerns the origin of the DAP band. It isfound that
the DAP and E,,, bands all shift towards the higher energy
with increasing excitation density. In order to get a clear
understanding of the origin of DAP band the luminescence
decay curves of E,, and DAP bands are shown in Fig. 2.
Their recombination lifetimesare 7.5 nsand 11.5 ns, respec-
tively. Asthelifetime of DAP band is slower than that of the
E,n band, it demonstrates that their luminescence mecha-
nismsaredifferent. The TRScan help usto further understand
the origin of DAP band. Fig. 3 shows the time dependence
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Fig. 1. PL spectra of ZnygCdy,Se-ZnSe SLS at 77 K under different exci-
tation densities of (a) 0.04 MW cm~2, (b) 0.08 MW cm~2, (¢) 0.2 MW
cm~2and (d) 0.5 MW cm~2,
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Fig. 2. The averaged normalized luminescence decay curvesfor Ey, (- - -)
and DAP ( ) bandsin Zn, gCdy ,Se-ZnSe SLS.

of measured PL spectraat 77 K. From Fig. 3 the DAP band
shifts towards the lower energy with increasing delay time,
while the peak position of E,;,, band undergoes no change
with increasing delay time. The E,,, band should be ascribed
to exciton luminescence of then = 1 heavy hole [ 2]. It exhib-
its an intense phase space filling effect of the exciton states
with increasing excitation density. Based on previous exper-
iment resultsin Zn, sCdy ,Se—ZnSe SLS, it indicates that the
luminescence behavior of DAP band is just the feature of
donor—acceptor (D-A) pair luminescence. It iswell known
that the energy of photon resulting from D—A pair transition
isgiven by [3]

E(f”)=Eg—(Ed+Ea)+§r (1)

where E, is the energy bandgap, E4 and E, are the donor and
acceptor binding energies, respectively, e is the dielectric
constant, r isthe separation between donor and acceptor, and
€?/ e- risthe Coulomb interaction. Asthe different intra-pair
separations contribute to the luminescence, the optical tran-
sition probability of the pair emission W(r) is expressed by
[4]

—-r
W(r) =W, ex Rb/2) (2)
where W, is a constant and R, is the Bohr radius. From
Eq. (2), the transition probability decreases with increasing
separation of the D-A pair. Therefore, the distant pair con-
tribution to luminescence becomes larger with increasing
delay time. Ascan be seenin Fig. 3, the luminescenceinten-
sity decreases with increasing delay time. According to
Eg. (1), the photon energy emitted by a D—A pair decreases
with increasing pair separation, i.e. the peak position of DAP
band in Fig. 3 shifts towards lower energy with increasing
delay time. On the other hand, from Fig. 1, the peak position
of DAP band shifts to higher energy with increasing excita-
tion density. This demonstrates that the recombination of the
closer D-A pair isdominant. At room temperature, weobtain
the same characteristic for DAP band as is obtained in PL
spectraof different excitation densitiesand in TRS at 77 K.
On the basis of the above results and analysis, the DAP
band in Zn, gCdy ,Se—ZnSe SL S originatesfrom theradiative
recombination of aD-A pair. Why doesit occur in the undo-
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Fig. 3. Time-resolved spectra (TRS) of Zn,gCd,,Se-ZnSe SLS at 77 K
under the excitation density of 0.25 MW cm ™2,
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ped SLS? According to crystal chemistry we know that there
are alot of interface states which is formed by the dangling
bond between the heterojunction layers. The surface density
AN of dangling bonds for the (100) surface of the sphalerite
structure related to the lattice mismatch is expressed by [5]

4
AN=N,—N,=2Nf N=— (3)

2
aipn

where N is the surface density of chemical bond on either
semiconductor which depends only on the lattice constants
a, » and the particular interface plane. The lattice mismatch f
between Zn,zCd,,Se and ZnSe is 1.4%, N=1.25x 10"
cm~2and AN=3.5X 10" cm ™ 2. Becausethelatticeconstant
of Zny, sCd, ,Seislarger thanthat of ZnSe, thedangling bonds
are mainly located at the ZnSe side near the interface. It isa
capture center which can catch electron from theval enceband
of Zn, gCd, ,Se. The donor impurity can beintroduced by the
pollution of cadmium source. As mentioned above, it isrea-
sonabl e to suggest that the dangling bonds in the interface of
Zn, gCdy ,Se—ZnSe SL Sshould act astheacceptor of the D-A
pair. Our earlier work [6] has reported the radiative recom-
bination of D—A pair observed in ZnSe-ZnS SL S based on
the same explanation.

4, Conclusion

The luminescence of the DAP band in Zn, sCd, ,Se-ZnSe
SLS originates from the radiative recombination of a D-A

pair determined by PL spectraunder different excitationden-
sitiesand TRSwith increasing delay time. It suggeststhat the
dangling bonds in the interface of Zn, ¢Cd,,Se-ZnSe SLS,
which can catch electrons, act as the acceptor.
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