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Reflectance anisotropy spectroscdPAS) has been used to investigate the As/P exchange reaction
for group V stabilized InFD01) surfaces exposed to Asnd/or B, under molecular beam epitaxy
conditions. By comparing RAS spectra taken before, during, and afteexyosure it is possible to
confirm that the As/P exchange reaction is exactly reversible over a range of temperatures from 420
to 560 °C. Time-resolved RAS measurements of the reaction rate, monitored at an energy of 2.65
eV, indicate that the activation energy for the exchange isAA®35 eV. © 1997 American
Institute of Physicg.S0003-695(097)02511-4

The exchange of group V atoms on the surface of aergy for P/As exchange was determined to be 1.64 eV using
I11-V semiconductor can affect both the interface propertieshe time-resolved RAS response at 2.5 eV.
and thickness of quantum structures. In molecular beam ep- The sensitivity of the RAS technique to both the orien-
itaxy (MBE), the desorption of the surface oxide from InP tation and type of surface dimer species has been well illus-
substrates is often carried out under a stabilizing As flux irfrated by studies of both Ga#01) surface reconstructiorfs,
order to avoid the use of phosphoru@xide removal under and the deposition of submonolayer coverages of Si on the

As stabilization of the InP surface results in the exchange ofP@AS001)—c(4x4) surface’ Furthermore, the quantitative

P for As atoms, leading to the formation of a thin pseudo_abllltles of RAS have also been demonstrated recently during
morphic InAs layer on the InP surfa8.The structural H desorption studies from vicinal @0],) surfaces? In this
properties of such InAs layers have been investigated irhetterwg [t)re;entBRAS data_for P-stat)lllztedk(lﬁ)@é) ?urfac(;as_
some detaif with a consensus being reached that the InagSXPOsed 0 AS. By comparing spectra taken belore, during,

. ) . and after As exposure it is possible to determine the extent to
surface layer invariably stabilizes at around two monolayers

thickness, with very little As incorporation beyond the sec which the As/P exchange reaction is reversible. Also, mea-
’ y P y -~ suring the time taken for the surface to convert from being P
ond monolayer from the surface. Moreover, the InAs/InP in-

. . _ .. to As terminated upon As exposure, as a function of tem-
terface thus formed is of sufficient quality to allow efficient

! oS S e /perature, allows an activation energy to be extracted for the
carrier capture and radiative recombination within the InAs/pg/p exchange reaction.

InP surface quantum wellHence, the exposure of the InP All processes took place on I(®1) on-axis substrates

surface to an As flux suggests itself as an appropriate syste{ithin a VG Semicon V80H MBE reactor. Solid sources

with which to Study the kinetics of the As/P eXChange reaCyyere used for In, cracked As (é)sand cracked P @? The

tion. in-house constructed RAS system, based upon a design due
In situ optical probes have been used recently to investo Aspneset al,'! was positioned at a strain-free pyrometer

tigate the kinetics of As/P exchange on (8P1),°> and P/As  viewport situated on the MBE reactor growth chamber. The

exchange on GaA801),° under metalorganic chemical va- RAS system, which has a working spectral range from 1.5 to

por deposition(MOVPE) conditions; as well as As capture 5.5 eV, measures the differencA&r) between the aniso-

by InP(001) surfaces under chemical beam epitaxy con-tropic complex reflectancer) along the[—110] and[110]

ditions.” In the first casé,surface photoabsorptiofsPA) at  crystallographic axes within th@01) surface plane, normal-

470 nm was used to monitor the change in surface reflectivized to the mean reflectance)(

ity on exposure of the In@02) surface to AsH. An activa-

tion energy of 1.26 eV was obtained for As/P exchange ﬂzzr[ﬂo]_r[llo]

based on various assumptions, including the fact thatonly a r '

single monolayer is affected by the exchange process. Ino W th | f the RAS sianal . . d si
addition to being limited to a fixed wavelength, it has been nly the real part of the signal was investigated, since

noted that this study was performed on the group Il termi- even small residual strain effects, associated with the pyrom-

nated(In) surface, a somewhat unusual condition for conven-g ]Eetrh(\ellevapSorsti,gilgtr:]l:g:antly affect the imaginary component
fuor:al epltaX|a1 growth.RIRSthe second GC?SE' reflectanfhe an- Following thermal desorption of the surface oxide under
isotropy  spectroscopy ) was used to measure the a P, pressure of 3.510 ¢ mbar, a 0.5um InP buffer was

temperature and pressure depgndence of P/As_ ex_change E’r’bwn at 510 °C. RAS spectra were subsequently acquired
GaAg001 exposed to PHl In this case, the activation en- ¢, gatic(i.e., no growth surfaces before, during, and after

As, exposure, in the presence of theflax. RAS transients,
dElectronic mail: spxzs1@cf.ac.uk monitored at an energy of 2.65 g@eak energy of a feature

riTi0)t Mrai
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before (@), during (M), and after(V) exposure to As fluxes of 1.2
FIG. 1. RAS spectra measured at 510 °C for (D0R) before (®), during X 10 % and 2.8<10°® mbar, respectively. The horizontal lines indicate the
(W), and after(V) exposure to an Asflux of 4.6x10°® mbar. The inset  corresponding “zero” levels for the two sets of spectra.
shows a time-resolved measurement performed at 2.65 eV during a similar
sequence.

on the total group V flux, a matter which will be dealt with in

related to surface As—As bondwere also recorded during more detail elsewherg.
the initial exposure and final removal of the Affux. Figure 2 contains similar sequences of spectra obtained

Figure 1 displays the RAS spectra obtained at 510 °Gat temperatures ofa) 530 °C and(b) 420 °C, with “opti-
before, during, and after exposure of the (0®1) surface to  mal” As, fluxes of 1.2<10"° and 2.8< 10 ® mbar, respec-
a 4.6x 10" ® mbar As flux. Sufficient time was allowe@~3 tively. The InR001) reconstruction for the clean, P stabilized
min) for the surface to stabilize, in each case. The peak losurface was found to alter frof2x4) at 530 °C to(2Xx2) at
cated at 2.65 eV for the clean InP surface remains at approx#20 °C. The data in Fig. 2 show clearly that the As/P ex-
mately the same energy following Aexposure, rather than change reaction is fully reversible over a range of tempera-
shifting to 2.3 eV, the energy characteristic of bulk InAs. tures from 420 to 530 °C. In fact, RAS measurements per-
This behavior is fully consistent with the formation of a very formed at temperatures as high as 560 °C show a similar
thin InAs layer, pseudomorphically matched to the InP sub-degree of reproducibility between the spectrum obtained for
strate, and similar spectra have also been observed for thihe clean InF001) surface and the spectrum following appli-
InAs layers (<10 ML) grown on InR001).!? The overall cation and removal of the Adlux. However, at this elevated
similarity in shape between the RAS spectra for the cleantemperature it has not been possible to supply enoughds
and As-exposed, InP surfaces indicates that the surface syraaturate the spectral change observed for the As-exposed sur-
metry remains essentially unaltered during the exchange prdace. This is probably due to the high evaporation rate for As
cess. This observation has been verified by simultaneousom the surface at 560 °C.
RHEED measurements, taken during,Aexposure, which RAS transients, monitored at an energy of 2.65 eV dur-
reveal that the reconstruction (8% 4). By performing sepa- ing As, exposure, have been acquired over the entire tem-
rate measurements, using incrementally larger fRxes, it  perature range studied. The time taken for the change in
has been possible to establish that exposure to afflésof  intensity to reach 95% of its maximum value has been deter-
4.6x 10 ® mbar provides the greatest change in RAS resmined, and the reaction rate has been defined as the recipro-
sponse, at this temperature. In this respect, it will be referredal of this quantity. Figure 3 shows an Arrhenius plot of the
to subsequently as the “optimal” flux. natural logarithm of the reaction rate versus reciprocal tem-

Since the largest spectral change following, Agposure  perature. The activation energy for As/P exchange on
occurs around 2.65 eV, the energy characteristic of surfaciknP(001) obtained in this manner is 1.23.05 eV. This can
dimer species, this energy has been used to monitor the terhe compared directly with a value of 1.26 eV obtained from
poral behavior during the As/P exchange process. The ins&PA measurements on the In-rich InP surface, using a much
to Fig. 1 shows a time-resolved measurement of the RA®iarrower range of temperatures from 370 to 400 °C, under
intensity at 2.65 eV before, during, and after,Asxposure. MOVPE conditions’
In addition to the transients obtained at the start and end of In conclusion, RAS measurements have been used to
As, supply to the surface, it can be seen that the signal alsmvestigate the As/P exchange process on00B surfaces
decreases when the, Flux is turned off. Similar behavior exposed to an Asflux, under MBE conditions. This system
can also be obtained, in the presence 9ftiy increasing the is ideally suited to a study of the As/P exchange process,
As, flux above the “optimal” level of 4.6¢10°% mbar de-  since it is known to provide a thin overlayér2 ML) of
scribed previously. This indicates a complicated dependend®As on InP. While a previous studyising MOVPE condi-
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(°C) peratures from 420 to 560 °C, in a MBE environment. RAS
transients measured at an energy of 2.65 eV allow an activa-
tion energy of 1.23:0.05 eV to be determined for As/P ex-
change on In@01) surfaces, under these conditions.
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