Novel impurity-free interdiffusion in GaAs/AlGaAs quantum wells
by anodization and rapid thermal annealing
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A novel impurity-free interdiffusion technique utilizing pulsed anodization and subsequent rapid
thermal annealing at temperatures near 900 °C was reported. Enhanced interdiffusion was observed
in the presence of an anodized GaAs capping layer in GaAs/AlGaAs quantum well structures.
Transmission electron microscopy studies show evidence of interdiffusion. Photoluminescence
spectra from interdiffused samples show large blue shift and no significant linewidth broadening.
Possible mechanism of interdiffusion was discussed. 1997 American Institute of Physics.
[S0003-695(197)00810-3

Interdiffusion techniques have been used to modify masimple, reliable, and cost-effectiv®. Pulsed anodized
terials and device properties in recent years. InterdiffusiodinGaAs single quantum well lasers grown by metalorganic
between quantum we{lQW) and adjacent barriers results in chemical vapor depositiofMOCVD) were fabricated and
a change in quantum well shape which in turn modifies thdound to have a threshold current of 5 mMA.
subband energies in the conduction band and the valence The samples for this study were grown by low pressure
band. As a result, the interband transition energy and refradMOCVD on the samep®-GaAs wafer and thus have the
tive index are modified, and interdiffusion has been used tsame structure. The wafer was Zn-doped at1D*® cm™3
fabricate lasers with different wavelengths without etching orconcentration and 2° off100 towards(110. A 500 nm
epitaxial regrowth. Selective interdiffusion has also been GaAs buffer layer was first grown onto the substrate. Then
used to define optically transparent waveguidesd lasers four GaAs QWSs separated by 50 nmyAlGa, 46As barriers
with saturable absorbefsThere are currently two kinds of were grown sequentially with thicknesses of 8.2, 3.6, 2.1,
interdiffusion techniques, one is the impurity-induced inter-and 1.2 nm, respectively, as determined from 12 K PL mea-
diffusion (11D ),*~® another is the impurity-free interdiffusion surements. A final 100 nm GaAs layer was grown over the
(IFID).”® 1ID usually introduces substantial undesired QW structure. All the epilayers were nominally undoped.
changes in the material resistivity and trap concentrationsSamples of area of>88 mm were cleaved from this wafer.
IFID can create large bandgap energy shifts without suctralf of each sample was then covered with thermal glue and
problems associated with 1ID. In the GaAs/AlGaAs systemanodized in ethylene glycol: de-ionized water: phosphoric
Sio, and SiN, are commonly used to promote and preventacid electrolyte(40:20:1 by volumgat room temperatur.
interdiffusion, respectively. Sig) however, reacts with Al The pulse width was 1.0 ms, the period was 12.0 ms, the
when in direct contact with AlGaAs, and thus generates Stotal pulsed anodization time was 4 min. The leading edge of
which behaves as an impurity sourcesNsj on the other the pulsed anodization current density was fixed at 40
hand, causes considerable strain. mA/cn?. The area covered with thermal glue was unanod-

In this letter, we report the use of pulsed anodized oxiddzed, while anodization took place in the uncovered area to
as the point defect diffusion source for IFID. We have re-form a native oxide layer. When the pulse was on, anodiza-
cently applied this technique to enhance the photoluminedion took place, and when the pulse was off, the anodic oxide
cence (PL) and cathodoluminescencéCL) signals from — Was etched slowly by the electrolyte. After anodization,
V-grooved quantum wires and obtained both spectrally an§amples were rinsed with deionized water, followed by ac-
spatially well-resolved light emission from quantum wifes. €tone to remove the thermal glue, then by deionized water
The pulsed anodization technique has recently attracted a®d N blow dried. The final anodic oxide layer was about 60
tention as a new way of creating current blocking layers fo?m thick. Each sample was then cleaved into two

ridge-waveguide quantum well laser fabrication, since it wag<8 mm pieces, so that each piece has half area anodized
(4X4 mm) and half area unanodized x4 mm). This en-

Y - ables a reasonable transmission electron micros¢opw)
, Electronic mail: shu.yuan@anu.edu.au and PL comparison between anodized and unanodized areas
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FIG. 2. Photoluminescence spectra of GaAs/AlGaAs quantum well samples
annealed at 900 °C. The spectra were normalized to the peak from QW1 for
each sample. Three samples were shown h@eunanodized sample an-
nealed for 30 s(b) anodized sample annealed for 30 s, #odanodized
sample annealed for 120 s.

FIG. 1. TEM micrographs of unanodize@ and anodized(b) GaAs/

AlGaAs quantum well structures annealed together at 950 °C for 105 s. (1 4 nm and is closest to the surface disappears after RTA

treatment. This narrow well has become indirect material

proximity cap. Samples were annealed in Ar ambient at 90@fter interdiffusion process, as the Al content in the barriers
and 950 °C for 30—120 s after a rise time of 25 s. was 54% initially. In Fig. 3 we plot relative PL energy shift

After the interdiffusion process, TEM was used to checkfor anodized samples annealed at 900 °C as a function of
the structural properties of these samples. 90° wedge TENRTA time. The relative PL shift is the PL energy difference
specimens were prepared by the cleavage method. Thebgtween anodized area and unanodized area on the same
specimens, oriented along th00] zone axis, were investi- Piece of sample annealed together. PL peaks from QWs of
gated in a Philips EM 430 operating at 300 keV. Figure 1 isthe unanodized areaghe reference sampleshow little
a pair of bright-field images from a sample annealed aPlueshift after RTA, in agreement with thermal stability stud-
950 °C for 105 s withou{Fig. 1(a)] and with [Fig. 1(b)] €S of GaAs/AlGaAs single quantum wells using
anodization. A few dark lineghickness fringesparallel to  Photoreflectanc®. Anodized samples, however, show sig-
the edge can be seen. Their distance from the edge is sengificant blueshift of QW PL peak energies with increasing
tive to the chemical composition. Therefore, four GaAs wellsRTA time and temperature. _
separated by AlGaAs barriers can be distinguished by the Itis known'” that, at elevated temperatures, oxides of Ga
shift in the fringes. In the following we denote the 8.2 nmand of As are thermodynamically stable relative to GaAs
QW, 3.6 nm QW, the 2.1 nm QW, and the 1.2 nm QW asCXide. Itis clear from our results that the anodically formed
QW1, QW2, QW3, and QW4, respectively. In Fig. 1, Qw1 Oxides are associated with the enhancement of group il in-
and QW2 are shown. Comparing images of Fig. 1, the contérdiffusion. The interdiffusion results imply that the concen-
trast at the interfaces is more gradual for the anodized arg5ation of a native point defect, i.e., a group IIl vacancy or
[Fig. 1(b)] than for the unanodized ar¢Big. 1(a)], indicat-

ing a broadening of quantum wells in the anodized area after %0 ‘
RTA. The interdiffusion was also confirmed by secondary .
ion mass spectroscof$IMS) studies. 0 : gvvgé 1

12 K PL measurements were performed using an Ar ion > 60 4 QW3 - . |
laser beant514.5 nm, a spectrometer, and a Si detector. For E
anodized samples without RTA treatment and unanodized g 0 ‘ i
samples with RTA treatment, the PL energies do not show T 40t . . .
significant shift. Figure 2 compares PL spectra of two typical §° 30 L R |
anodized samples and an unanodized sample after RTA f . . :
treatment at 900 °C for 30 and 120 s. Relative to the unan- & 20¢ 1
odized but annealed sample, the QW peaks for the anodized 101 ¢ ¢ |
samples were all shifted considerably towards shorter wave- RTA@900C
length (blueshify after RTA. This indicates the anodized 0('; 5‘0 ‘ 1(‘)0 150
GaAs layer enhances the interdiffusion in the structures be-

RTA Time (s)

low it. For anodized samples, the full widths at half maxi-
mum (FWHM) of the PL peaks are more or less the same a‘Ig—IG. 3. 12 K PL energy shift of anodized GaAs/AlGaAs quantum well

the as-grown sample, no matter'the_y are annealed or NOt. gyryctures with respect to unanodized samples annealed at 900 °C as a func-
The PL signal from QW4, which is the most harrow QW tion of RTA time.
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