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Amorphous GgO; films have been depositad situ on (100 GaAs layers grown by molecular
beam epitaxy in ultrahigh vacuum. The £3—GaAs interface is stable during photoexcitation and
the photoluminescenc@’l) intensity, measured at 514.5 nm excitation wavelength, is enhanced
drastically by a factor of 420 as compared to a corresponding bare GaAs surface.,Uje GaAs
interface recombination velocity derived from a modified dead layer model is bel8veraG.
Furthermore, the PL intensity of @a;—GaAs structures approaches that of a very low interface
state density2x10° eV ! cm ?) AIGaAs—GaAs reference structure. E995 American Institute of
Physics.

The lack of stable dielectric films providing a low inter- profile, respectively. Figure 1 shows plan-view TEM micro-
face state density has been a drawback of [l1-V semiconduggraphs and corresponding electron diffraction patterns of
tors. In the case of GaAs, surface states are attributed 1Ba,0; films deposited ata) 0 °C and(b) 500 °C. The film
defects or excess As, although some aspects of the origin efeposited at 0 °C shows a typical electron diffraction pattern
surface states are still controversiglThermal, anodic, and of an amorphous material. It consists of a diffuse halo sur-
plasma surface oxidation techniques produced high resistivounded by weak halos with a rapid decrease in intensity.
ity films but could not prevent the formation of excess As atThe intensity distribution of the diffuse halos gradually
the dielectric—semiconductor interfat®eposition of differ- sharpens up with increasing deposition temperasee °0),
ent dielectric materials including 8y, SiQ, Al,O;, and  jngicating a change from a completely disordered state into a
Gg,0, has been used in combination with dry, liquid, and\yeakly ordered amorphous state. Further increase in deposi-
photochemical semiconductor surface treatménRecentIy, tion temperature would result in distinct edges around the
Aydil et al>® achieved passivation of surface states during Yiffuse rings, which eventually develop into a sharp ring pat-
NH; or H, plasma treatment at room temperature t_)y remova{em observed in polycrystalline films. RBS measurements
of excess As and AR and subsequent formation of a indicated an atomic composition of 55.5% O, 43% Ga, and

Ga0, f|lm (a few monolayers thigkon a GaAs surface. 1.5% Gd for GaOg films deposited at 0 and 300 °C. Earlier
This letter reports on a completely new approach encom-

Lo o . ) x-ray photoelectron spectroscopy measurements revealed a
passingn situ deposition of thermochemically stabfl@ative yp P by

Ga,0, on a pristine GaAs surface grown by molecular beammlxture of Gg0; and elemental G¥ Furthermore, SIMS

epitaxy (MBE) in ultrahigh vacuum(UHV). The entirein mgasurements infjicated a strong confinement of Gd to the
situ processing system is described in Ref. 8. The systerf?xIde sgrfage region. . . .
components utilized for fabrication of Ga;—GaAs struc- Thein situ prepared GfDs-GaAs interface was investi-
tures with low interface recombination velocity afg a  9ateéd by PL measurements using an argon ion ldser
semiconductor MBE growth chambésolid-source il =514.5 nm and a HeN&\=632.8 nm laser both operated
chamber, %10~ Torr) and (ii) a dielectric film deposition at optical power densities between 0.1 and 10 WicTime
chamber(1x107° Torr), both linked together by transfer PL signal was detected by a SPEX 1681 spectrometer and a
modules with a background pressure of B ! Torr. The  Princeton 5301 A lock-in amplifier. Figure 2 shows as-
sample fabrication comprised a 14Bn thick GaAsn-type = measured PL intensity spectra for fg-GaAs and
(2x10%* cm™3) layer grown by MBE on am™ doped(100)  AlGaAs—GaAs structures as well as for a corresponding bare
GaAs substrate. Subsequently, the wafer was transferreglirface. The excitation wavelength (@ 514.5 nm andb)

from the MBE growth chamber into the dielectric film depo- 632.8 nm and the excitation power density is 0.5 W/chine
sition chamber. Finally, G&®; films were deposited by integrated PL intensity of the G@;—GaAs structure is
electron-beam evaporation from a single-crystat@asO,,  higher by a factor of 42G\.,=514.5 and 56 (\,,=632.8
sourcé!® at substrate temperatures ranging from 0O tonm) as compared to a corresponding bare GaAs surface. Fur-

500 °C. thermore, the G#@;—GaAs interface was found to be stable
The Ga0; films were characterized by transmission during photoexcitation.
electron microscopyTEM), Rutherford backscattering spec-  The interface recombination velocitycan be evaluated

troscopy (RBS), and by secondary ion mass spectroscopysing a modified dead layer modét**which accounts for
(SIMS) for microstructure, atomic composition, and depth carrier diffusion and surface minority carrier recombination.
Assuming flatband surface potential, the PL intensjtyof
3Electronic mail: passlack@physics.att.com the GgO3;—GaAs sample is given by
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FIG. 1. Plan-view TEM micrographs and corresponding electron diffraction
patterns of GsO, films in situ deposited on GaAs substrate at temperatures
of (a) 0 °C and(b) 500 °C.

(l—aL

wherek is the semiconductor radiative recombination yield,
I 4 the light intensity entering the semiconducterthe semi-
conductor absorption coefficient at the excitation
wavelengtht L = D7 the minority carrier diffusion
length, andS=sL/D the reduced interface recombination
velocity. Using a minority carrier diffusion coefficie of
7.5 cnf/s and a radiative lifetime for holes=64 ns® for a
doping concentratiofNp=2x10%® cm™3, we getL=6.9
pum. In order to compare the PL intensities of the

alL+S
1+S

KIO

1-a°L?

lo= 1)

Ga0,;—GaAs sample and a corresponding bare GaAs sur-

face, a hypothetical flatband PL intensity;, of the bare
sample accounting for the dead laydepletion layer effect
has to be determined

Tio=7eW,

)

where.7 is the measured bare sample PL intensity ®Whis
the semiconductor depletion layer width. Sirge oL for a
bare GaAs surface, the PL rai®between the measured PL
intensity of the GgO;—GaAs sample and the hypothetical
flatband PL signal derived from Ed2) of a bare surface
predicted by the modified dead layer model is

| 1 al+S
b _ (1—aL

1+S

T 1-al ®

The PL ratioB has been inferred from the measured inte-

grated PL intensitieds, and .7 taking into account the
change in sample reflectivity after &3 film deposition and
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FIG. 2. PL intensity vs wavelength for @a;—GaAs structures, AlGaAs—
GaAs samples and for a corresponding bare GaAs surface. The 470 A thick
Ga0; film was deposited at a substrate temperature of 500 °C and the
AlGaAs—GaAs sample was grown at 650 °C by MBE.

modified dead layer model gives an upper limit for the
Ga,0;—GaAs interface recombination velocity due to uncer-
tainties associated with the actual band bending in the inves-
tigated structures. The consideration of a residual band bend-
ing in the GaO;—GaAs samples as well as of a band bending
less than 0.8 eV at the bare GaAs surface under illumination
would provide larger values g8 resulting in an even lower
Ga0,;—GaAs interface recombination velocity as predicted
by the modified dead layer model. The presence of a residual
band bending at the interface of our &g—GaAs samples is
discussed in the following.

Figure 3 shows the peak PL intensity as a function of

assuming a Fermi level which is pinned 0.8 eV below theexcitation power density for G&;—GaAs and AlGaAs—
conduction band edge on the bare GaAs surface, respegaAs structures as well as for a corresponding bare GaAs

tively. Rearranging Eq(3) gives the reduced interface re-
combination velocity

B l+alL—pB
T B-1
Using Eq.(4), Ga05;—GaAs interface recombination ve-

(4)

surface (\,=514.5 nm. The PL intensities in Fig. 3 are
corrected for the change in reflectivity after &g film
deposition and for the absorption of excitation light in the
1000 A thick AlGaAs layer, respectively. According to Egs.
(1) and(2), a linear relation between PL intensity and exci-
tation density is expected for constant interface recombina-

locities s of 9400 and 12 500 cm/s were obtained from thetion velocity and band bending. Such a linear dependence of

integrated PL intensity ratio8 measured at 623.8 and 514.5

the PL intensity on excitation power density is observed for

nm, respectively. The quantification of the PL data using theéhe AIGaAs—GaAs sample and the bare GaAs surface. How-

626 Appl. Phys. Lett., Vol. 66, No. 5, 30 January 1995

Passlack et al.

Downloaded-27-Jun-2003-t0-128.113.111.105.-Redistribution-subject-to-AlP-license-or-copyright,~see-http://ojps.aip.org/aplo/aplcr.jsp



In summary, the firstin situ deposited GfD;—GaAs
10° RPN structure has been fabricated in ultrahigh vacuum. A
e = 01 0 Ga,0,—GaAs interface recombination velocity as low a8 10
2 [ MloasGaosshs-Gads cm/s has been obtained and a low interface state density has
been concluded. This structure may find a wide range of
applications from passivation of surface states in various
Ga05Gahs types of electronic and optoelectronic devices to metal—
insulator—semiconductor field-effect devices.
5 The authors would like to thank G. J. Zydzik, G. P.
Schwartz, R. A. Gottscho, T. D. Harris, and L. C. Feldman

Peak Photoluminescence Intensity (arb. units)
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