Time-resolved luminescence studies of heavily nitrogen doped ZnSe
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Time-resolved luminescence data from heavily nitrogen doped Zm&al N concentration
exceeding mid-18/cn?®) is presented. The luminescence exhibited a decay time and a rise time
which increased with decreasing energy of observation. Furthermore, both the decay times and rise
times decreased with increasing temperature. These observations are consistent with the following
model: (i) a band of states is created due to fluctuations in the ionized impurity concentrdiiipns;

a portion of the carriers captured by the shallower impurity states are transferred to deeper states
prior to recombination. ©1996 American Institute of PhysidsS0003-695(196)00637-1

Currently, nitrogen doping appears to be the only feafrom the phonon replica of the main pedghown in the
sible way of achieving goog-type conductivity in ZnSe, inse). Although the TRPL data could not be adequately de-
which is especially useful in 1I-VI based visible light emit- scribed by simple exponential functions, it shows a charac-
ting devices. Although current levels of doping are sufficientteristic luminescence decay tiflayhich increases with de-
for the demonstration of a I1-VI laser operating in the blue-creasing energy. The data also show a rise time which
green region of the spectrum, further improvements in devicécreases with decreasing energy; rise times were not ob-
performance are expected with increasing conductivity. served in low-doped samples in our TRPL system. The tem-
With increasing nitrogen concentrations[N(] above perature dependence of the TRPL is shown in Fig. 2. It can
:]_03-7/Cm3)7 the dopmg eﬁ’iciency is reduced due to the in- be seen that, in addition to the quenching of the PL inte?lsity
creased creation of compensating donor species, possible dyéth increasing temperature, there is a decrease in both the
to complexes formed by nitrogen with selenium vacanciedise time and decay time.

(Vs .2 These donors can be identified in the photolumines- TRPL from DAPs has been studied in several
cence(PL) spectra, specifically in the donor—acceptor Ioairsemiconductor%?11 The standard mod&lassumes that the
(DAP) region, as a second, deeper, series of peaks in addiise time is significantly faster than the decay time of lumi-
tion to the series corresponding to a shallow déndrhen ~ nescence. However, as shown in Fig. 1, in the heavily doped
the nitrogen concentration gets into the"¥6n™ range, the ~€ase this is not so. Furthermore, the observed phenomena are
PL shows a deep broad band whose peak ranges between Slierent from those reported for Znse:Ndthe TRPL from

and 2.65 e\?* Previous PL studi€$ show that this peak is
due to a “modified DAP luminescence,” where the fluctua-
tions in the ionized impurity concentrations give potential
fluctuations, leading to a broad band of states. In this letter,
we present time-resolved luminescend@RPL) data from
these “modified DAP” bands, and propose a mechanism to
explain the observations.

The ZnSe:N sample used in this study was grown on
GaAs substrate by MBE The free hole concentration was
2.6x10/cm?®, and the total nitrogen concentration was es-
timated to be between mid-¥ocm® and low-16%cn?. The
time-resolved luminescence data were collected using &
pulsed nitrogen laser operating at 337 nm, with a pulse widthg Y
of about 3 ns. The luminescence was collected, and focused _ |y mmv:},,fm%;l\»
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on a 3/4 m monochromator which was coupled to a fast et
photomultiplier tube. The system was capable of a resolution S
0 10 20
of roughly 5 ns. The sample temperature was accurately con- Time (nsecs)
trolled and monitored using a silicon diode mounted in close
thermal contact to the sample. FIG. 1. The TRPL is shown for some representative wavelengths; the in-

Figure 1 shows the TRPL at different Wavelengths. Thetensnu_as were normalized to their peak posmqns. The bumps in the intensity
occurring around 60 ns were caused by the inherent response of the photo-

inset shows the PL from the same sample. TRPL from enenyyitiplier tube. The inset shows the PL from the sample; the dotted curves
gies lower than 2.637 eV contained significant contributionswvere obtained by the best fit of two gaussians to the original data shown as
a solid line. The difference in peak positions is, within the order of the
numerical erron5 meV) of fitting, the value expected in ZnSe for phonon
3E|ectronic mail: ck26@columbia.edu replicas.

Appl. Phys. Lett. 69 (11), 9 September 1996 0003-6951/96/69(11)/1523/3/$10.00 © 1996 American Institute of Physics 1523
Downloaded-04-0ct-2004-t0-128.59.59.40.-Redistribution-subject-to-AlP-license-or-copyright,~see=http://apl.aip.org/apl/copyright.jsp



(a)
1.0
£
2
0.8 g %
—Aa
0.6 1 E, g
= E (Measured from the band)
Z’ 0.4 - (b)
s
= 25
[P =
0.2 =2
2 3
= A
0.0 4
E (Measured from the band)
-0.2 T v T T v ] X o
0 20 40 60 80 100 FIG. 4. A representation of the distribution of leve(s) the shaded areas
Time (nsecs) represent the number of states within an enétgwr E,from the band; with

increasing energy of emissigemallerE from the band there is a smaller

number of levels above that ener@y shows the distribution of filled levels

FIG. 2t t_Thet temper?ture céer:ﬁr:ﬁen_ce (:.f the TI?deL IS sfg_own Lor some (;e[%e., those which can emit photonaith increasing temperatuférom PL it
resentative temperatures. Bo e rise imes and decay imes decreased Wiy o\ that the filled level distribution widens and shifts to the red, in

Increasing temperatures. addition to the decrease in total intengitat higherT, there is a smaller
number of filled states above a given energy; see discussion for the effect on

ZnSe:Na is expected to behave similarly to the TRPL in lowthe observed decay time and rise time.

doped ZnSe:N, owing to their similar energie& model that

is consisten_t with our present time-domain observations 85 E(fw)=Es—(Ep+Ex)—20, (1)

well as previously reported steady-state PL data from heavily

doped ZnSe:N:%is shown schematically in Fig. 3. Here, the whereo is the half-width of the fluctuations and the rest of

fluctuations in the ionized impurity concentration lead to athe notation is standard.

distribution of spatially separated potential wells in both the ~ The observed decay tinfdy, at a given energy, is com-

impurity and band statgslternative models such as impu- posed of both the radiative lifetime,§ and the contribution

rity banding, where the presence of other donors perturb théue to the transfer processeg), which deplete the popula-

donor level, are not likely to be significant at these impuritytion without contributing to the intensity at the energy of

concentrations owing to the relatively de¢p45 me\), observation, and can be written as

compensating, donor; furthermore, the line shape expected

from impurity banding® a sharp, high energy edge followed Utg=1+ 1ty . )

by a low energy tail, is not observed in the L A carrier  Similarly the rise time would contain contributions from
that is captured at an impurity site, in addition to direct re-poth the capture time and contributions due to the incoming
combination with a carrier of the opposite type, can transfefransfer processes.
to a state lower in energy prior to recombination, giving rise  With increasing energy of observation, the photons come
to a lower energy photon. This leads to the PL band givefrom carriers captured at shallower states, and these carriers
as’ find a larger number of states lower in energy to transfer to
[Fig. 4@)], and hence decrease the decay time(2jd° The
rise time of the luminescence similarly decreases with in-
LD‘?Vel creasing energy of observation, due to the decreased incom-
st ing transfer from shallower leveléhere are not as many
states that are shallower to transfer from, and hence there is
mainly direct capture from the band, which is assumed to be
fas. With increasing temperature, the thermalization from
the levels increases; thus, at a given energy of observation, as
ACCEPTOR the temperature is increased, the addition of thermalization to
/ STATES the recombination decreases the decay time(2ja More-
over, thermalization preferentially depopulates the shallower
states. Thus, at a given energy of observation, as the tem-
perature is increased, the number of filled states above that
energy is decreasddFig. 4(b)]. This leads to a decrease in
VALENCE BAND the influx of carriers into the state, resulting in a decreased
rise time.
FIG. 3. Schematic representation of the recombination process in the pres- ~ Although these TRPL results are indicative of transfer

ence of fluctuations. An electron captured at a donor(sitein addition to 5 30nq |ocalized states, there could be more than one path-
the probability for direct recombination, has a probability to transfer to

states lower in energgh) and(c), thus leading to a lower energy emission. W&y fo'r the transfe(Fig.'S); a more detailed analys_"is’ which
This also decreases the decay time of emisén takes into account various transfer processes, is needed to
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