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Evidence of Be 3P, formation during growth of Be-doped
phosphorus-based semiconductor compounds
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Universidade Estadual de Campinas, IFGW, DFA/ LPD, CP6165, CEP13081-970, Campinas, SP, Brazil
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In this work, we present evidence that JB¢ microcrystals are formed in Be-doped
phosphorus-based semiconductor compounds grown by chemical beam epitaxy. Our results suggest
that microcrystal formation occurs when high Be concentrationd@®cm 3) and temperatures

higher than 500 °C are used for crystal growth. The main consequencgRf Bemation is a high
phosphorus consumption close to these microcrystals that causes a large density of P vacancies in
the semiconductor layer. This results in reduced electrical mobility, lattice parameter reduction, and
poor crystalinity of the film in general. €999 American Institute of Physics.
[S0003-695(199)01624-1

Beryllium is a commonly used shallow acceptor for grown at 500°C present electrical mobilities about two
[lI-V semiconductor layers grown by molecular beam epi-(four) times greater than those of samples grown at 520°C
taxy (MBE) and chemical beam epitaxCBE) due to its  (540°Q for the entire range of concentrations measured. It
high vapor pressure, close to unity sticking coefficient ands worthwhile to mention that undoped samples grown at
low memory effects. However, for large concentrations, Be540 °C aren type, present good morphologies and electrical
causes surface degradafidnand, at least for phosphorus mobility around 3000 cAiVs. Figure 2 shows the x-ray
compounds, a small reduction in lattice paramegsrwell as  diffraction measurementXRD) for heavily Be-doped
a reduction in the intensity and broadening of x-ray diffrac-samples grown at different temperatures. For the growth at
tion peak(rocking curvé measurements. In some cases, thisd00 °C, the mismatch observed is the same as the undoped
effect is so large that it is not possible to consider the layer asample, but the diffraction peak width increases slightly. For
crystalline. In these cases, we have measured Hall mobilitigher temperatures, however, we observe a reduction in the
as low as 5.0 cAiV s or lower, at room temperature. lattice parameter, which increases with Be concentration, as

In this work, we present and discuss the effect of highwell a further increase in the diffraction peak width. Photo-
Be concentration in the crystal quality of,[Ba _,P layers luminescence measuremeriisl) were carried out at 77 K
lattice matched with GaAsx(~0.5) grown by CBE. We and were also used to evaluate alloy composition and crystal
have used phosphine, triethylgallium, and trimethylindium agluality. The composition values calculated from PL and
phosphorus, gallium, and indium precursors, respectivelyXRD agree very well for samples grown at 500°C. For
The growth temperature was varied in the range 500—540 °cGamples grown at 520 and 540°C, however, the PL data
We have used solid Be in an effusion cell as the Be sourcdndicate In-rich composition, while the XRD suggest a Ga-
with cell temperature varied in the range 700-850 °c.fich InGaP layer(In mole fraction varying from 0.51 to
Growth details will be given elsewhefeFigure 1 shows the 0.475. This discrepancy between PL and XRD only occurs
Hall carrier concentration as function of Be cell temperature
for three growth temperatures: 500, 520, and 540°C. This

figure also shows the secondary ion mass spectrometry 1073 300K o
(SIMS) concentration measurements for the sample grown at ”E R o T‘J:E’OOOC
540 °C. We see that for samples grown at 520 and 540°C, = 10% o, © T=5200C
the carrier concentration saturates around 16'® and 3 2 s o § O T=540°C
x 10" cm™3, respectively, while for that grown at 500 °C, £ 10" -8 x  SIMS
an exponential behavior is observed for all Be cell tempera- ¢ ‘R

tures considered here. SIMS measurements show that actu- g ’

ally the Be concentration does not saturate for the sample E 103 g
grown at 540°C. The saturation occurs only for carrier © )
(hole) concentration and is followed by surface degradation 10" . : . : .
and electrical mobility reduction to the range 10—158rs 8.8 9.2 %6 ~ 100 104

4y -1
for higher Be concentration. For samples grown at 500 °C, 1Te, (10°7)

we do not detect surface degradation by optical microscopyic. 1. 300 K Hall carrier concentration against reciprocal of Be cell tem-
even for hole concentrations above'3m~3. Samples perature for growth temperature of 500 °ClY, 520 °C (O), and 540 °C
(<). The dashed line is the linear fitting for SIMS measurements for the
samples grown at 540 °CX) and agrees well with the temperature depen-
dCorresponding author; electronic mail: mauro@ifi.unicamp.br dence of Be vapor pressure.
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FIG. 2. Rocking curve for samples grown at three different temperaturesg|g. 4. Rocking curve for samples grown at 540 °C with flows of 7.5 and
500, 520, and 540 °C. The Be cell temperature was kept at 850 °C. InGaks scem of phosphine. The sample grown with 15 sccm is lattice matched
layers are 2um thick. with GaAs.

when high Be concentrations and temperatures are used fgrcharged H gas over Be at 700°C. BB, was also ob-
growth. A possible interpretation for this result comes fromtained by El Masloutet al® by direct reaction of P vapor
the fact that the presence of crystal defects in the layer coulglith Be at 700 °C. Since we have both P and Be at high
affect the XRD data with no significant change in the PLtemperature, the B®, formation during growth, already
peak energy. The PL intensity and linewidth, on the othefsuggested by Panigi al.” should not be neglected. Since Be
hand, should change more noticeably at first if the layer prediffusion on the surface is a thermally activated process and
sents a poor crystal quality. increases exponentially with temperature, the probability of
In this sense, the PL emission of the heavily dopedBe and P atoms repeated interactions should increase with
sampleg(Fig. 3) presents a drop in intensity and an increasecemperature as well. Moreover, the higher the temperature
in linewidth with increasing growth temperature, as well theysed for growth, the closer it gets to the temperature region
reduction in lattice parameter observed in the XRD. A simi-where BgP, formation has indeed been obserdetihere-
lar behavior was observed for the XRD of heavily Be-dopedfore, we should expect a higher rate of ;Bg formation
InP samples. In that work, the difference between the when the growth temperature is increased.
atomic radii of Be and In was considered as the cause of the The BeP, structure is cubic bixbyite and its unit cell
compression. For the mismatch values and Be concentratiog®ntains 16 moleculésThe lattice parameter is 1.015 nm. If
considered here, however, this explanation does not seeficrocrystals of BgP, are formed during growth, a large
realistic. The formation of complexes involving Be and P, quantity of phosphorus will be consumed in this proogise
and the consequent creation of P vacancies in the layee,P, unit cell contains 32 phosphorus atonigherefore, if
should be considered as well. The presence of such defects éixcess P is not used during growth, we can expect a large
the layer should not alter the alloy composition and coulddensity of P vacancies in the InG&ér InP) layer. This can
create the average lattice parameter reduction observed in thgduce the lattice parameter and even degrade the crystal
broad XRD peaks for heavily doped layers grown at higherquality of the layer.

temperatures. In order to verify this hypothesis, we have grown a Be-
Stackelberg and Paufushave obtained B#, passing
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FIG. 5. 77 K PL spectra for samples grown at the same Be cell and growth
FIG. 3. 77 K PL spectra for heavilv Be-doped samples grown at differenttemperatures. The phosphine flows are 7.5 and 15 sccm, as indicated in the
temperaturegsame as in Fig. )2 figure.
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doped layer of IpGa,_,P in the conditions favoring a large arsenic compounds may have the same originz{Bg in
formation of defects according to our interpretation of thethis casg

XRD data(growth temperature of 540 °C and Be cell tem-
perature at 850 °C(see Fig. 4 but with phosphine flow
doubled. The morphology for this sample is mirror-like in
the optical microscope and the changes in XRD and PL data

can be observed in Figs. 4 and 5, respectively. The alloy

composition values calculated from PL and XRD agree with ;y-J-tha”%: JY ifyStthTOV‘&"?% 1519g0k 4K laa 3. Crvst
each other and the crystal quality was greatly improved as G'rov\cfth' 1";’9 2'750(1%%3." - Miyamoto, . foyama, and K. 19a, J. L1yst
we can observe from the PL and XRD linewidths. However, 3m. A. Cotta, M. M. G. de Carvalho, M. A. A. Pudenzi, K. M. I. Landers,
no improvements in electrical mobility were observed for the C. F. de Souza, R. Landers, and O. Teschke, Appl. Phys. G&ttl124
sgmplg grown under a larger Biflow. This was expected 4319§t?&ini M. M. G. de Carvalho, M. A. Cotta, M. A. Pudenzi, N. C
sincé increasing the P overpressure should not affect theF.rateschi’, A..Sil\./a Iéilho, L. P. Car’dos:o, 'and R. ’Lan.de;s, J. Crys}. érthh
Be;P, formation rate but only supply P for the vacancies.  (submitted.

In summary, we propose that during growth of heavily 5M. V. Stackelberg and R. Paulus, Z. Phys. Chem. Ab22B305(1933.
Be-doped phosphorus compounds zBemicrocrystals are Géiaile'\éiselﬁqufé‘lzgé xgt;% A. Courtois, J. Protas, and C. Gletizer, J. Solid
formed consuming a large quantity of P and ConsequentIWM. B. Panish, R A. Hamr'r‘1, D. Ritter, H. S. Luftman, and C. M. Cotell, J.
causing a large density of P vacancies in the film. This pro- cryst. Growth112, 343(1991).
cess is responsible for a reduction in the lattice parametefR. W. G. Wyckoff, Crystal Structures(nterscience, New York, 1964
measured by XRD and degradation of crystal quality. Al- 9¥0|Li§1’u$é3én d M. Kawabe, Jpn. J. Appl. Phys., Pa, 81 (1985
though this work deals only with phosphorus compounds, Weos_ . yoon, P. H. Zhang, H. Q. Zheng, K. Radhakrishman, and G. I. Ng,

believe that the surface degradafidhiof heavily Be-doped  J. Cryst. Growth193 285(1998.
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