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Passivation of dislocations in GaAs grown on Si substrates
by phosphine (PH;3) plasma exposure
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The phosphidization effect on dislocations in GaAs grown on Si subst@aé\s/S) has been
investigated. It was found that the high density of dislocations in GaAs/Si heteroepitaxial layers
largely enhanced the diffusion of phosphor(® atoms during the phosphine (PHplasma
exposure. The incorporated P atoms strongly passivated the electrical states of residual dislocations
in GaAs/Si solar cell. As a result, the RPplasma exposure largely increased the open circuit voltage
(Voo and the efficiency of GaAs/Si solar cell. @01 American Institute of Physics.
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There has recently been a great deal of reports on phosnal cycle annealing was performed five times during the
phidization of the surface of GaAs electronic and optoelecgrowth in order to reduce the dislocation density with a
tronic devices by formation of a passivating cover layer ofmaximum temperature of 950°C. After the growth, the
gallium phosphidé=3 More recently, improvement in the plasma exposure was performed in a radio frequefntly
electrical properties of GaAs metal semiconductor field ef{13.56 MH2 plasma chamber in an ambient of pPiluted
fect transistors has been reported by the treatment in a phoat 10% with hydrogenPH; plasma. The induced power
phine (PH) plasma® The P atoms are reported to be substi-used for the plasma was 90 W with typical plasma exposure
tuted for As-related defect centers and suppress theonditions of 1 h, 250°C, and 0.1 Torr. The PHlasma
generation of EL2 centers near the surfaddéowever, the treatment was also performed for a GaAs substfdistoca-
phosphidization of a dislocation in a GaAs layer has not beetion density is lower than f@&m2) for comparison. The
reported yet. If the dislocation can be electrically passivatediepth profiles of P atoms diffused into the samples during
by the phosphidization, heteroepitaxially grown GaAs onplasma treatment were analyzed by Auger electron spectros-
dissimilar substrates can be used for the practical applicatiomopy (AES). The density of dislocation-related recombina-
such as solar cells, lasers, etc. For GaAs grown on Si suliion centers in the GaAs/Si solar cell were measured by dark
strates(GaAs/S), not only the passivation of the surface de- spot densityDSD) of electron beam induced curre(iiBIC)
fects but also the passivation of the bulk defdatsparticu- image. The acceleration voltage for the electron beam in-
lar the threading dislocations~(10° cm™?), which result duced on the electrode of the GaAs/Si solar cell was 20 kV.
from the 4% lattice constant difference between GaAs andhe photovoltaic properties of these cells were measured un-
Si] are very important to improve the performance ofder AMO, 1 sun conditions at 27 °C using a solar simulator.
GaAs/Si devices. Recently, we have reported the improveThe values of the photovoltaic properties discussed are
ment of GaAs solar cell efficiency by phosphidizatfon. active-area values.

However, the mechanism of the improvement has not been When GaAs solar cells are grown on Si substrates, a
clarified yet. In this letter, the phosphidization effect on dis-large number of dislocations which act as recombination
location in GaAs/Si by PE plasma exposure was investi- centers and degrade the solar cell efficiency are generated. A
gated, especially along the depth direction. direct determination of the density of dislocations is possible

The epitaxial structure was grown by conventional atmo-with the EBIC technique. In this case, electron—hole pairs
spheric pressure metalorganic chemical vapor depositioare generated by an electron beam in a scanning electron
(MOCVD) on (100 2° off towards thef011] Si substrate. microscope(SEM), then separated by a built-in electrical
The total thickness of the epitaxially grown GaAs solar cellfield in thepn junction just like the photogenerated electron—
on Si substrate was about 2un. The detailed growth pro- hole pairs in the solar cell. The resulting current is amplified
cess and the GaAs/Si solar cell structure are describegnd used to modulate the signal of the SEM monitor. The
elsewheré:” The growth temperature is 750 °C, and the ther-collected current is reduced at defects because of the locally

enhanced carrier recombination, therefore, the defects show

aAuthor to whom correspondence should be addressed: electronic maildP @s @ dark feature in the _SEM ima@kﬂb_js reported that the
soga@elcom.nitech.ac.jp dark spots correspond to dislocations in the case of GaAs on
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FIG. 2. Auger signals of P/Ga as a function of sputter time and depth for the
GaAs/Si epilayer and GaAs substrate after;Plisma exposure.

The plasma effect is also ruled out because plasma-induced
ions create damage in the GaAs layer on Si substrate, but
does not improve the crystal quality. Therefore, for the
mechanism of dislocation reduction, the passivation of dislo-
cations by P atoms can be considered. In order to evaluate
the incorporation of P atoms in the dislocations of the GaAs
layers, the samples were evaluated by AES.

The incorporation of P atoms along the depth of the
GaAs/Si epilayer was profiled by measuring the Ga-Auger
peak(1070 eV} and P-Auger peakl19 e} intensities. Fig-
ure 2 shows the P/Ga Auger signal ratios as a function of
sputter time and depth for the GaAs/Si epilayer and GaAs
substrate after PHplasma exposure. The observation of an
FIG. 1. Typical EBIC image of GaAs solar cells grown on Si substratesAES signal for P atoms in the deeper region was limited by
before(a) and after(b) PH; plasma exposure. the detection sensitivity of the AES measurement. The flat

portion of the signal of P atoms in Fig. 2 was due to detec-
Si® Figure 1 shows the EBIC image of GaAs/Si solar cellstion limit of AES. A high concentration of P atoms was
before and after PHplasma exposure. We measured thedetected up to a sputtering time of 8@vshich corresponds
DSD to evaluate the dislocation density in the junction  to a depth of about 24 nm removed by sputterifoy the
region of GaAs/Si solar cells. For the Rldlasma exposed highly dislocated GaAs/Si epilayer after Rlglasma expo-
solar cell, the dark spot density was remarkably reduced tgure. Compared with that diffused into the surface region of
about 3x10° cm™2 compared to that of the unexposed cell the GaAs/Si epilayer, it is clearly seen that both the amount
(~7%x10°cm™?). The passivation effect of dislocations by and the depth of P atoms diffused into nondislocated GaAs
hydrogen atoms during the plasma exposure can be ignoredubstrate under the same plasma exposure procedure was
because the DSD was not reduced by the hydrogen plasnmuch smaller. Although there are no reports about the rela-
exposure without PHgas under similar conditions. It means tionship between P atoms diffusion and the density of dislo-
that the significant reduction of dislocation density can becation in GaAs/Si epilayer, the enhanced diffusion of P at-
achieved only when the RHplasma was used. oms into the GaAs/Si epilayer during the Phblasma

There are several possible reasons for the reduction axposure would be explained by a dislocation-related pipe
dislocation density by Pfplasma treatment. One is the ther- diffusion mechanism, which was usually used to explain the
mal annealing effect. But, the temperature of the sample durauto diffusion of Si atoms during the growth of GaAs/Si
ing the PH plasma treatment is 250 °C, which is much lower epilayer. It was reported by Freundliet al. that the prefer-
than the growth temperature of GaAs: 750 °C. It has beerntial diffusion channels for Si incorporation in the GaAs/Si
reported that the dislocation density can be reduced when thepilayers exist, and the density of these diffusion channels is
annealing temperature is comparable or higher than theonsistent with the dislocation densttylt is evidenced that
growth temperatur& Also in our experiment, the disloca- the PH plasma exposure not only formed a passivating
tion density reduction was not observed by the annealing atover layer of gallium phosphide on the surface of GaAs/Si,
250 °C in hydrogen plasma exposure. Therefore, the dislocdut also resulted in an enhanced diffusion of P atoms deep
tion reduction by annealing effect is ruled out. Hydrogeninto the epilayer due to the high concentration of dislocations
effect is also ruled out because the dislocation density wai the heteroepitaxial layer. As a result, the electrical activity

not decreased only by the hydrogen gas, as mentioned abowef. dislocation line-related recombination centers was effec-
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TABLE |. Photovoltaic properties and DSD of GaAs/Si solar cells under 1 An enhanced diffusion of P atoms in GaAs/Si epilayers dur-
sun AMO illumination at 27 °C before and after PHlasma exposure. ing PH; plasma exposure was first found, which is thought to
Sample No. DSOem ?) Ve (V) Eq (%) be_ stror_wgly related to _the_ high density of dis_locations that
existed in the heteroepitaxial GaAs layer. The incorporated P
As-grown cell 10° 0.85 15.9 atoms during Pkiplasma exposure enhanced the passivation
PH; plasma 3x10° 0.93 18.6 . : L .
exposed cell effect on dislocation-related recombination centers in the ac-
tive region of GaAs/Si solar cells, which was directly ob-
served in the EBIC image measurement. As a result, the
tively passivated by the incorporation of P atoms as isoelegPhotovoltaic properties, especially thg. of GaAs/Si solar
tronic dopants. The isoelectronic solution additions in acells were effectively improved after the Ridlasma expo-
GaAs crystal are expected to have some effects on the elegure.

tronic states of dislocations and passivat¥ it. :
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