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By exposing the Si@ films used as annealing caps in the process of impurity free vacancy
disordering(IFVD) to an oxygen plasma, which is produced in a reactive ion etching machine, the
effect of the exposed caps on quantum well intermixing can be substantially controlled. The effect
of the oxygen treatment is manifested in inhibiting the Ga outdiffusion from GaAs/AlGaAs
heterostructures. A selective IFVD process using identical silica caps has been obtained by selective
exposure of the caps to oxygen plasma. Differential band gap shifts in excess of 100 meV were
achieved with control samples exhibiting band gap shifts less than 10 me\199® American
Institute of Physicg.S0003-695(99)02805-3

Post growth control of the band gap of quantum wellscontrolled*? Although attempts have been made to obtain
using disordering techniques has recently become asuch a process, no success has been reported to date in hav-
alternativé to the customarily used etch and regrowthing sufficient control of the dielectric film properties to pro-
technique3to realize photonic and optoelectronic integratedduce a differential shift adequate for device applicatibhis.
circuits. Etch and regrowth is often associated with low ef-should be noted also that recently another alternative for ob-
ficiencies and poor yields due to the nonradiative centers angining differential shifts was achieved by controlling the
oxides generated at the regrown interfaces. Impurity free vastatus of the semiconductor surface before anne&figgich
cancy disorderingIFVD) is widely used in quantum well an approach, although successful, might affect the quality of
intermixing (QWI) due to its simplicity, low optical losses, the surface after processing, jeopardizing the electrical con-
and low damage performant@lFVD makes use of the dif- tact quality of these surfaces.
fusion of point defects, namely group three vacancies and |ncreasing the resistance of dielectric caps, especially
interstitials, created by thermal treatment in a rapid thermaj;io2 and SiN,, to erosion during reactive ion etchifgIE)
annealer(RTA). Samples are usually capped with dielectrics a topic of current interesf:'> One approach to film den-
layers, which either promote, or inhibit, the diffusion of Ga, sjfication, which was demonstrated for Siims, is based
and hence enhance or suppress QWI. Various dielectric caph annealing silica at temperatures above 875 °C. Such high
ensembles have been studied to achieve a selective interminnealing temperatures make the processes only suitable for
ing proces$™° SiO, is the most widely used cap due to the sj wafers and not for the 11~V semiconductors because of
early work using such films for GaAs integrated CirCuit thejr jow thermal stability:* Another technique based on ion
processing.® In this letter we report the use of a single type pompardment was demonstrated ogNgifilms. In this tech-
of Si0, cap to produce a spatially selective IFVD process,pique SiN, films are exposed to oxygen plasma, which was
which does not depend on either the type or the doping of thg, nq g increase their resistance to erosion during etcting.
GaAs/AlGaAs heterostructure it is used on, or the technique,c, exposure was also reported to cause an increase in the

used to deposit the SO refractive index of the films after exposure, which reached a

_ In_ GaAs/AlGaAs heterostructures, QV_VI is based on themaximum of 3.7% after 30 min treatment for a 140 nrgN\gi
diffusion of Ga atoms out of and Al atoms into the QWS. Theg, ‘The operating conditions for the oxygen plasma used in
Ga/Al interdiffusion process has to be carried out througr}he treatment were: a radio frequeni@F) power of 50 W
G_aAs native defects, namely group I vacan.cies _and.inter;,;m O flow rate of 25 sccm, and a gas pressure of 100 mTorr,
st|t|alls,. Vi .and lw . The self group Il suplatu_ce d|ffus_|o_n which result in a direct currerftic) self bias of 110 V. A set
coefficient is dependent, n.ot only on the d'ff“S'O.” coefﬁmentof experiments has been conducted to investigate the effect
of the group ;flgee vacancna;\,l'”, but also Fm their concen- of exposing the silica caps used in IFVD to the same treat-
tration, [V, ].>"7IFVD uses chieflyV,, , which results from  yent that increases the resistance gNgimasks to erosion.
the Ga outdiffusion in the dielectric cap at elevated tempera-  The material used in the experiment was a metalorganic
tures to enhance interdiffusidh.The concentration of va- vapor phase epitaxyMOVPE) grown waveguide structure
cancies is, therefore, directly related to the number of Ggyitn a 4 um lower and 0.8um upper cladding layer of
atoms which diffuse into the dielectric cap. Accordingly, if Al 4,Gay seAs. The guiding region was a 78 period multiple
the solubility and/or diffusivity of Ga in a single cap can be quéntum' well(MQW) with 10 nm Al z5Ga gAs barriers
controlled, then the amount of intermixing can also begnq 2.8 nm GaAs wells. Samples from the MQW wafer were
capped with 200 nm of electron beam evaporated, St
dElectronic mail: saher@elec.gla.ac.uk exposed to the oxygen plasma for 30 min. They were then
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FIG. 2. Change in band gap emission wavelength as a function of tempera-
FIG. 1. Change in PL emission wavelength as a function of temperature foture for p-i-n doped DQW samples annealed for 60 s with 350 nm of
undoped MQW samples annealed for 60 s with 200 nm of evaporated SiOevaporated Si@cap. Results shown are for samples annealed after exposure
cap (O). Change in PL emission wavelength is also shown for samplego 70 min of oxygen plasma with a flow rate of 5 sccm, at a pressure of 10
annealed after exposure to 30 min of oxygen plasma with parameters asTorr, and a power of 275 W), annealed without exposuk&l), and
reported in Ref. 15@). annealed with evaporated Si©@ap deposited after exposure to the same
plasma procesgO).

annealed along with control unexposed samples at different , ,
temperatures. The amount of the photoluminesce(fis observed effects are due to changes in the cap properties. As

shift versus the annealing temperature is plotted in Fig 1can be seen in Table |, the refractive index of the silica films,
The unexposed samples show amounts of intermixing thre@! 633 nm, changed from 1.532 before to 1.474 after the

times larger than for the exposed samples. Differential ban )SE/OSL;:e (1fhplasma. The_IEEicknessbof thel fi_lm(;jicret:gseﬁ_ bﬁ'
gap shifts in excess of 70 meV were achieved between thg. o ater the exposure. This can be expianed by the hig
s,~800V of the plasma, which can assist in sputtering

exposed and unexposed samples when annealed at 925 : )
Although the samples exposed to oxygen plasma intermif f the film, by ion bombardment. Also, the etch rate of the

1 i 0,
considerably less than the unexposed ones, they do show F?Ii(ps)l_ieed rf(!]r‘?alcsti\?sifjjxth;ntalatac:-ége gsr;f::jp?ﬁ;i Ort])?a.in
shifts as high as 20 nm. This is drawback when looking for a P ’ 9

S - . above that of the thermal oxide, indicates a Si rich film
cap to completely inhibit intermixing. However this effect . . .
L agreeing with previous reports for the same type of St
can be overcome by optimizing the plasma parameters f

- . o : . O'Fhe observed reduction in the refractive index, after plasma
minimal intermixing, as will be explained below. : .
. . L . exposure, can be explained in one of two ways.
The material used in the optimization experiment was a . . .
The first proposes that oxygen is incorporated in the

10 nm GaAs double quantum well in a positive-intrinsic- .. . . .
neaativen-i-n dobed heterostructure. which is a profile usedmms during plasma exposure so reducing the refractive of
gativep P ' P the layer but only within the ion penetration range. This

Loésﬁssroglgliii:na?g;? ggs;g;’eeéze%g;tcvgg'?huesntr;f_k' would mean that the refractive index we me.asured after ex-
; . osure is an average of two layers one identical to that of the
posjed to the oxygen plasma unde_r different condlthns. Thgriginal film, and the other oxygen rich. However, the ion
optimum performance was obtained aftgr exposing .th nergy is sufficient to allow penetration no further than
samples for 70 min to an oxygen plasma with the fOIIOW'ng~5 nm in such an amorphous material, and so the observed

parameters: a film thickness of 350 nm, lwik 5 sccm Q@ reduction in refractive index is larger than would be expected
flow rate, a pressure of 10 mTorr and a power of 275 W*from such a hypothesis

This set of conditions results in a self dc bias of 800 V. Aset " o .+ experiments showed that electron-beam depos-
of samples with 350 nm of electron beam evaporatedZSiOit d SiO, can have a pore fill factor of 0.23. Also 4.1%
was tlhen prr?cesse_zd with these parameteri. Ar|10ther set Qlcrease in the visible refractive index of the as-grown films
samples wit ,OUI Sipcaps was exposed to the plasma, andafter their exposure to air was observed. According to the
had an identical 350 nm of electron beam evaporated, SiOgetive medium approximation, this increase in the refrac-

deposited after plasma exposure. A third set of samples WaR/e index was ascribed to the incorporation ofCHin the
used as a reference, also coated with 350 nm of electron

beam evaporated SjO The PL shift versus the annealing _ N _
Q'ABLE I. Properties of the silica caps before and after exposure to 70 min

temperature for the three sets of samples is plotted in Fig. 2, .
. . . . of oxygen plasma with a flow rate of 5 sccm, at a pressure of 10 mTorr, and
The samples with unexposed Sifims exhibit intermixing 5 yower of 275 w.

within the expected range for the thickness of the cap, and
the annealing temperatures udddowever, the samples ex- Film Before After Relative

posed to the plasma exhibit minimal intermixing, less than _ ProPerty exposure exposure change
10 meV, for temperatures below 945 °C, above which inter-  Thickness

. 355 320 -9.8%
mixing extends to a few tens of mega-electron-volts. The (nm)
samples exposed to the oxygen plasma prior to the deposi- R‘?frg‘:t"’e 1.532 1.474 —3.9%
tion of silica caps show intermixing behavior very similar to E;Eh?;te
that of the unexposed silica caps. This suggests that the (nmmin? 30 27 —10%

plasma exposure does not affect the GaAs at surface, and the:
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