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We have used photoluminescence, deep level transient spectroscopy and x-ray photoelectron
spectroscopy to investigate the mechanisms of impurity-free disordering in GaAs-based structures
using doped spin-on silica layers. We demonstrate ta} is efficiently converted into
arsenic-antisite, As,, related defectéEL2-type defectswhen the GaAs layer is under compressive
stress. We propose that the efficient formation of EL2-type defects reduces the efficiency of
impurity-free interdiffusion of GaAs/AlGaAs quantum wells. 2002 American Institute of
Physics. [DOI: 10.1063/1.1484244

Impurity-free disorderindIFD) using dielectric capping 1 x 10 Si/cn? were grown by metalorganic chemical vapor
layers has been used to modify the optical properties ofleposition(MOCVD). The epitaxial layers were spin coated
GaAs-based materials for monolithic integration of deviceswyith undoped, P-doped, and Ga-doped silicate SOG at 3000
with different functionalities. This process introduces de- rpm for 30 s. The samples were baked at 400 °C for 15 min
fects related to gallium vacanciegg,, arsenic interstitials, before rapid thermal annealif@TA) at 900 °C for 30 s un-
As;, and arsenic antisites, As(i.e., EL2-type defec)sin der Ar flow. Details of Schottky barrier fabrication and deep
GaAs?® We have also shown recently that the introductionlevel transient spectroscopyDLTS) measurements have
of these defects is influenced by the stress imposed by thgeen described previously* X-ray photoelectron spectros-
dielectric layer on the GaAs layer at the annealingcopy (XPS) was used to study the outdiffusion of Ga into the
temperaturé. In GaAs-based structures, IFD is a two-step SOG layers. We used a VG ESCALAB 2281 spectrom-
mechanism, including the creation @, by outdiffusion of ~ €ter using monochromatized Kla x rays and an Ar-ion gun
Ga atoms into the capping layer, and the diffusionVf, for in-depth profiling. The in-depth profiles of O, Si, Ga, As,
away from the capping layer—GaAs interfacexperimental ~and P were measured by recording the § Bi 2p, Ga
evidence shows that the second step is stress depehdent.2Ps2: AS 3d, and P D photoelectron spectra, respectively.
However, the relative importance of the two steps is notoQG-induced impurity-free interdiffusion of a GaAs/
Known. AlGaAs structure that contains two quantum wel@Ws)

Doped plasma-enhanced chemical vapor depositegd sigvas investiga'ted by low-temperature photoluminescence
(Ref. 8 and spin-on glaséSOG (Refs. 9—11 layers have (PL). The nominal thickness of the QWs was 2.3 (@W1,
been used to control the extent of interdiffusion of GaAs-Closer to surfaceand 4.0 nm(QW2), and they were sepa-

based structures. These silica layers are inexpensive aﬁatEd by 50 nm AJ54Ga 4¢\S barriers.

readily available commercially, and their properties, includ-Ca F(;%L(j(rj?)ttle dillltiﬁga;ﬁg g:(? dePI;;;pe:(égli?jbltﬁgega;:mlgsun-
ing porosity and doping, can be controlled. The relative im- bp bp P

. : S with undoped, P-doped, and Ga-doped SOG layers following
portance of the o steps that drive disordering in GaAS'R A at 900 °C for 60 s. Two clearly resolved excitonic peaks

based structures can be addressed by using doped At correspond ta=1 electron to heavy-hole transitions in
u_ndoped SOG. In this Iet?er, we demonstrate “'f@"aca”i . the two QWs are observed in each case. The emission wave-
cies created by the outdiffusion of Ga atoms into the S|I|c31ength of the capped and annealed QWs is blueshifted, with
capping layer may not contribute to the interdiffusion Pro-the effect being most pronounced for P-doped SOG and least
cess if they are efficiently converted into EL2-type defects. for Ga-doped SOG. The blueshift in excitonic emission from
Epitaxial GaAs layers of100 orientation doped with o5 is the result of the increase in band gap of GaAs QWSs
following Al—-Ga interdiffusion across the barrier—well inter-
aElectronic mail: pnk109@rsphysse.anu.edu.au face.1® |t is worth noting here that the larger blueshift for
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FIG. 1. PL spectrdsolid curve$ of the samples capped witla) undoped,

(b) P-doped, andc) Ga-doped spin-on silica layers baked at 400 °C for 15 FIG. 2. XPS in-depth profiles of Ga, Si, O, As, or P (@ undoped,(b)

min and annealed at 900 °C for 60 s. Spectra shown by dotted curves aR-doped, andc) Ga-doped spin-on silica layers annealed at 900 °C. The

from uncapped annealed samplesferences outdiffusion of Ga into the silica capping layers was measured by monitor-
ing the Ga 33, photoelectron spectrum. The Ga in the oxide layers is
bonded to oxygen.

QW2 from P-doped SOG compared to undoped SOG is con-

sistent with the results of Raet al,'? but is in contrast to  clude that the concentration of phosphorus in P-doped SOG
those of Cusumanet al® layers is a critical parameter to consider when designing IFD
Figure 2 shows the XPS in-depth profiles of Ga, O, Si,studies. Both the porosity of the SOG layer and the compres-
As, and/or P in undoped, P-doped, and Ga-doped SOG laive stress that it imposes on the GaAs structure are expected
ers. Figure ) reveals the outdiffusion of Ga atoms into the to decrease with an increase of P dopfirigaoet al'? have
undoped SOG, with most segregation taking place on thattributed the larger interdiffusion in their QW structures by
oxide side of the SOG/GaAs interface. This result is in quali-P-doped SOG compared to an undoped layer to increased
tative agreement with the PL results in Figa)l The GaAs  solubility of Ga atoms in the former layer, but did not pro-
layer is under compressive stress during RTA, which makeside any experimental evidence to support their argument. A
the outdiffusion of Ga atoms into the SOG layer thermody-comparison of the results shown in Figs@2and 2Zb)
namically favorablé. A comparison of Figs. @) and 2c) clearly demonstrates that this is not the case. Although there
may explain the suppression of interdiffusion by the Ga-is outdiffusion of Ga atoms into the P-doped layé&iig.
doped SOG layer. The Ga-doped SOG contains 6%—7% G2b)], the segregation effect is less than in undoped SOG
after RTA. We have not observed any marked difference$Fig. 2(a)]. Based on these results alone one would expect a
between the distributions of Ga within the Ga-doped SOQarger concentration 0¥ ,, and hence larger interdiffusion,
before and after RTA. Since this concentration exceeds th® be produced with undoped SOG. The results shown in
concentration of outdiffused Ga into the undoped SB. Figs. 1 and 2 unambiguously show that although interdiffu-
2(a)], there is a diffusion barrier against the segregation osion is related to the outdiffusion of Ga atoms into the cap-
Ga atoms into the Ga-doped SOG layer. Consequently, thging layer, other processes, which have not been identified
interdiffusion process is suppressed as shown in Fig. 1 thus far, determine the extent of disordering.
However, the slight blueshifts in PL emission of IFD QWSs In order to explain our results, we have studied the de-
suggests that chemical reactions between GaAs and Géects created in rapid thermally annealedzaAs epitaxial
doped SOG in a region confined to the SOG/GaAs interfacéayers capped with the undoped and doped SOG layers. Fig-
may still produce som¥g,. ure 3 illustrates DLTS spectra after RTA forGaAs capped
Figure 2Zb) shows that the P-doped SOG layer containswith undoped(dashed ling P-doped(solid line), and Ga-
~0.4% phosphorus after annealing. The doping concentradoped (dotted ling SOG layers. IFD created four electron
tion in our P-doped SOG is very similar to that used by Radraps S1 (Ec—0.23eV), S2 (Ec—0.46¢eV), S3 (E¢
et al,'? but is about one order magnitude smaller than the P-0.72 eV), andS4 (Ec.—0.74 eV). The concentration of
doping used by Cusumanet al® We can, therefore, con- defects created by Ga-doped SOG is similar to that obtained
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7 in Fig. 1. The Ga-doped SOG layer effectively suppresses
interdiffusion because the creation 8§, is efficiently sup-
pressed. On the other hand, the largest outdiffusion of Ga
atoms is observed in the undoped SOG layer, and yet the
extent of interdiffusion is either similar t(QW1) or lower
than (QW2) that for the P-doped SOG layer. Although the
undoped layer may produce a larger concentratiorV gf
than the P-doped SOG layer, the higher compressive stress
imposed on the GaAs layer by the undoped SOG layer dur-
ing RTA also results in the efficient conversion 8§, into
Asgtype defects. Essentially, the higher concentration of
Vg, Which is retained when using P-doped SOG layer pro-
duces a larger Ga-Al interdiffusion. Our results suggest that
100 150 200 250 300 350 400 the compound effect of the creation @, and the conver-
Temperature : (K) sion into Ag;, under compressive stress is depth dependent,
as demonstrated by the different extent of blueshifts in QW1
FIG. 3. DLTS spectra obtained from disorderetype GaAs epitaxial layers and QW2[Figs. 1a) and ib)].
using undopeddashed curje P-dopedsolid curveg, and Ga-dopeddotted In summary, we have used photoluminescence spectros-

curve spin-on glass capping layers. The samples were annealed at 900 ° _ :
under Ar flow following baking of the silica layers at 400 °C for 15 min. The EOpy’ x-ray electron spectroscopy, and deep level transient

region between 0.35 and 0.5n was probed in all samples by adjusting the ?peCtrOSCOpy to study the im_puritY'free disordering process
quiescent and filling biases. in GaAs-based structures using undoped and doped spin-on

silica layers. We have shown that the extent of impurity-free
disordering of GaAs-based structures does not depend only
on the creation o¥/ g, but, maybe more importantly, on their
conversion into Agrelated defects. Our results have high-
lighted that a better understanding of the defect reactions
Felated to impurity-free disordering of 11l-V semiconductors
%ay indeed yield the operative mechanisms behind the inter-
éjiffusion process.
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when then-GaAs epilayer is annealed without any dielectric
capping’ This is in good qualitative agreement with the re-
sults shown in Figs. (t) and Zc).

Of more interest are the differences between the defe
rates of introduction by undoped and P-doped SOG layer
The concentration 084 is higher in then-GaAs layer disor-
dered using undoped SOG compared to P-doped SO
whereas bottS1 andS2 show the reverse effect. We have Two of the authorgP.N.K.D. and H.H.T). gratefully ac-
recently provided evidence th&4 is a member of the EL2 knowledge financial support by the Australian Research
family of defects>® During RTA the GaAs layer is under Council.
compressive stresSsand the formation of Asand, conse-
quently, Aga (Veat ASi—Asg,) is favored. As forS1 and  1kqr 4 comprehensive review of impurity-free vacancy interdiffusion, see,
S2, we have proposed that they are related to complexes thator example,Semiconductor Quantum Wells Intermixir@ptoelectronic
involve As andVg,. In particular, we have tentatively iden- Properties of Semiconductors and Superlattices, Vol. 8, edited by E. H. Li
- . 23 . (Gordon and Breach, Amsterdam, 2000
tified SZ, as theV g~ Siga complex In light of the results 2p. N. K. Deenapanray, H. H. Tan, C. Jagadish, and F. D. Auret, Appl. Phys.
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a larger fraction of thes¥g, is efficiently converted into the 256i(260§_enapamay’ - Martin, and C. Jagadish, Appl. Phys. 6t
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) . . G11(2001).
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; ; _ Marsh, B. Voegele, and M. J. Rose, J. Appl. PI8%. 2445(1997).
quly favorable. Consequently, relatively . MOk&s, IS . re 9G. Li, S. J. Chua, S. J. Xu, X. C. Wang, A. Saher Helmy, M.-L. Ke, and J.
tained as sho_vvn by_the larger concentratiorSaf obtained H. Marsh, Appl. Phys. Let73, 3393(1998.
from disordering using the P-doped layer compared to thé°L. Fu, P. N. K. Deenapanray, H. H. Tan, C. Jagadish, L. V. Dao, and M.
undoped SOGFig. 3). Gal, Appl. Phys. Lett76, 837 (2000.
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In light of the results in Figs. 2 and 3 and the above kp';r’F?Hyvsv' \L/'e?tlgk(;eﬁ?g'(?do% Tan, C. Jagadish, L. V. Dao, and M. Gal,

discussion, we are now able to explain the results Ofzg v, k. Rao, A. Hamoudi, Ph. Krauz, M. Juhel, and H. Thibierge, Appl.

impurity-free interdiffusion of GaAs/AlGaAs QWs depicted Phys. Lett.66, 472(1995.



