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Recent advances in pn-junction quantum well light emitter structures in the blue-green in
the authors laboratories are reviewed. The results include relatively efficient (O.LVo at

^T=300 K) LEDs and injection diode lasers, the latter having reached cw operation at T=
77K and pulsed to room temperature with threshold current density of 1 kA/cmz.

A major milestone in the field of wide bandgap optoelectronic devices was reached in LggL,when two
research groups working independently achieved the proof-of-concept demonstration of a blue-green diode laser
in ZnSe-based heterostructures [1],[2]. This followed a three decade long search for a semiconductor laser at
short visible wavelengths. Todate, both groups, one at 3M Corporate Research Laboratories and our Brown-
Purdue team have demonstrated continuous-wave operation at T= 77Kin the wavelength regime of 470-480 nm,
while pulsed room temperature operation has been observed at somewhat longer wavelengths (500-510 nm) [3],
[13]. As a natural byproduct of this device and materials science research, light emitting diodes (LEDs) of
potential technological significance have also been fabricated. In this presentation, we review some of the
pertinent results in our laboratories, including both LEDs and diode lasers.

Much of the recent progress ows its origin to the application of modern epitaxial methods, especially
MBE, to the synthesis of wide gap II-W semiconductors and the parallel realization of optoelectronically usefut
heterostructures. It is also important to acknowlege another seminal factor towards the recent breakthrough of
the diode laser, namely the progress in p-type doping of ZnSe, chiefly by Park et al [4] and Ohkawa et al [5].
In terms of the heterostructure details, the choice for the optically and electronically active region in the new
light emitting devices has so far chiefly been the (ZnCd)Se/ZnSe or (Zn,Cd)Se/Zn(S,Se) quantum well (QW),
a configuration which had been shown through earlier optical pumping studies to be a prime candidate for laser
devices within II-VI heterostructures [6]. Electronic confinement (type I quantum well) is quite robust in this
system, unlike that encountered with many other wide gap II-VI heterostructures. As a consequence, the quasi-2
dimensional aspect of this system also manifests itself in strong excitonic effects which further enhance the
interband optical cross-sections, observed to room temperature and bevond [7.|.
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Figure L shows the schematics of

some of the principal p-n heterojunction
configurations used by the authors in the
fabrication of LEDs and diode lasers. The
benefit of a III-V buffer layer in the MBE
growth of such structures is a high quality
heterovalent electronic interface, as well
as lattice matching of the II-VI
superstructure with the buffer/substrate.
In such a way we have built devices on
structures where only the (Zn,Cd)Se QW
layers are strained and remain in the
pseudomorphic regime so that the strain
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induced misfit dislocation density remains below 105 cm-2 t8l. An
illustration of the uniform electronic quality of the III-V/[-VI interface
is shown in the upper trace of Figure 2 which depicts light emission
from a spatially patterned LED stnrcture t9l. While the electrical
contact to the top n+ -ZnSe layer is only applied locally, blue/green
emission extends quite uniformly over the entire lithographically
defined surface area. The bottom portion shows a seven segment LED
where an ITO transparent top layer has been applied [10]. Figure 3

shows the emission characteristics from an LED at room temperature,
operating at Iu= 494 rwr [8]. For this device, we measured a differential
quantum efficiency of nearly 0.1.Vo. The isoelectronic planar doping [11]
of such a structure with Te readily leads to bright green LEDs at

wavelengths in the range of 530-550 nm.

Photographic image of the laser emission is shown in Figure 4

where the multiple transverse modes of this relatively wide (20 pm)
stripe-geometry mesa device are seen. Grating surface emitting
structures have been realized in optically pumped structures [12]. An
illustration of the diode laser performance is given in Figure 5 which
shows the emission spectrum and output power for pulsed operation at
room temperature [13]. In these particular (ZnCd)Se/Zn(S,Se) QW
laser devices, the end facets w_ere coated for reduction of the threshold
current density to L kAlcr* (at T= 77K, we measured Ir5= 2?0

Alcm;z). Without the coated facets, heating due to higher currents
makes the reaching of room temperature operation difficult and devices

are only short lived; the output characteristics of such devices are

shown in Figure 5 t3l. We also mention that in initial studies of the
gain switching in our lasers, optical pulse generation on a sub-1.00 psec

timescale has been accomplished.

An important requirement for further improvement of the laser devices towards eventual room

temperatue, cw operation, is t}le improvement of electrical contacts in the pn-junction devices. The rangg 9f
present issues and challenges are both fundamental and practical, both intrinsic and extrinsic to the materials

and structures employed. Intrinsic aspects are a natural part of the landscape for any wide gap semiconductor
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Fig. 3: Outpttt characteristics
structure at room temperature

improvement in the p-doping levels with
superlattice "bandstructure engineering"
contact problem.

Fig 2 Lithographically defined LEDs;
(top) demorutration of lueral atnent
spreuding (bottom) rutmeic display-

MQW LED

A similar problem of barrier resistance occurs at the

U-VI/ru-V heterointerface for p-type materials. Again, an

effectively reverse bias (GaAs lZnSe)junction will appear in

series with the forward biased ZnSe QW pn-junction and

leads to substantial nonlinear impedances in the vertical
transport. This configuration also calls for significant

ZnSe for future device development. A number of heterojunction and

schemes are presently pursued as an alternative for solutions of the
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Finally, device applications aside, these new II-VI quantum well based structures offer an excellent
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opportunity for novel 2D exciton physics. In particular, by
quantum confinement one can obtain the situation where the
exciton binding energy exceeds that of the longitudinal
phonon energy. Hence, the normally very strong Frohlich
interaction induced exciton dissociation into free electron-
hole pair states at elevated temperatures (in the relatively
ionic II-VI's) is much reduced. Given also the rebustness of
the exciton gas against a phase transition into an electron-
hole plasma, it follows that quasi-ZD excitons can participate
in the formation of gain and laser emission. Three points of
evidence indicate that the n=L HH exciton state in the
(Zn,Cd)Se/ZnSe and (Zn,Cd)Se/Zn(S,Se) QW is directly
responsible for laser action at T =7'7 K, and is likely to be
very important up to room temperature [14]. These are (i)
close spectral correlation between exciton absorption and
stimulated emission, (ii) achieving of laser action under

direct resonant (optical) pumping into the exciton ground state, and (iii) the measurement of gain in the presence
of a partially saturated but still-present exciton absorption resonance (see Figure 6). These results are drawn
together into a model in which the exciton gain is realized by a combination of phase-space filling and exciton
relaxation kinetics.
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diode laser outpfi

G
M. Haase et al, Appl. Phys. Lett. 59, L272 (1991). 'E

H. Jeon et al, Appl. Phys. Lett.59, 3619 (1991) €
H. Jeon et al Appl. Phys. Lett. 60,2045 (1992) ;
R.M. Park, M.B. Trofer, C.M. Rouleau, J.M.DePuydt E

and M.A. Alaase, AppL Phys. Lett. 57,2127 (1990). g
K. Ohkawa et al, Jpn J. Appl.Phys. 30,L152 (1991) .E

H. Jeon et al, Appl. Phys. Lett. 57,2413 (1990) g

J. Ding et al, AppL Phys. Lett. 57,2885 tigqOl, N. T. ,E

Pelekanos, et al, Phys. Rev. 845,6037 (1992).

t8l W. Xie, et al, Appl. Phys. Lett. 60, 199 (1992)
t9] H. Jeon et al, Appl. Phys. Lett. 60, 892 (1990)

[10] M. Hagerott et al, Appl. Phys. Lett. 60, 2825 (1992)
[lU Q. Fu et al, Phys. Rev. 839, 3173 (90)
II2l H. Jeon et al, to be published
t13l T. Ishihara et al, Appl. Phys. Lett. 60,2460 (1992)
[14] J. Ding et al, Surface Science 267,616 (L992), and in
press

2.40 2.45 2.50 -t55
Photon Energy (eV)

Fig. 5: Output characteristics of ZnCdSe/ZnSSe
diode laser at room temperafire (pulsed)
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