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Band alignment between GaAs and partially ordered GalnP
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An empirical pseudopotential method is used for calculating the band structure of partially CuPt
ordered Gdn;_,P alloy with order parameter varying from 0 to 1. Because the relative band
alignments between the binarigSaAs, GaP, and InRare taken into account in the pseudopotential
fitting, such a calculation naturally yields the conduction and valence band alignment between the
GalnP alloy and GaAs, as well as shows how the alignments change with the order parameter. The
band alignment is found to change from type | to type Ihat0.46(0.54) for x=0.50(0.52), which

is in good agreement with experimental data. 2602 American Institute of Physics.
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Because of various device applications, the band alignalloy is needed for accurately determining not just the band
ment for the heterostructure comprised of GaAs andalignment between the random GalnP and GaAs but also the
Galn,_,P (x~0.5) has attracted a great deal of attention.type | to type Il crossover point when GalnP becomes or-
Obtained by a number of different approachieSthe values dered.
for the conduction band offset AE.=E.(GalnP) The technique we use is an empirical pseudopotential
—E.(GaAs) range from 30 to 390 meV. It has recently beenmethod which was developed in Zunger’s grd@@mnd has
noticed that the existence of spontaneous ordering in theecently been shown to be able to yield band gaps of partially
GalnP layer could significantly alter the band off$&t*~2"It  ordered GalnP alloys in very good agreement with experi-
thus appears that besides the possible intrinsic limitation ofnental result$® In the current empirical pseudopotential
each techniqud;*the ordering effect itself might have con- treatment, the band offset obtained from a large supercell
tributed to the large scatter in the reported values, at least teontaining one GalnP/GaAs interface would be the same as
some extent. the band offset obtained by comparing the absolute band

Foulon et al?® using a tight-binding method, found the edges of the standalone GalnP and GaAs. Thus, we will cal-
valence band offset for the GalnP/GaAs heterostructure to beulate the band offsets by investigating the band edge ener-
AE,=320-390 meV, depending on the microscopic strucgies of bulk GalnP and bulk GaAs separately. One might
ture of the interface. Froyest al?® using a first-principle  concern that this approach has ignored the possible interfa-
pseudopotential method, found that the band offsets betweefial dipole effects, so the band offset would be inaccurate.
the random GglngsP and GaAs areAE.=120 meV and However, as indicated in Ref. 34 in general, in Ref. 11 for
AE,=370 meV. Their calculations further revealed that theGainP/GaAs, and in Ref. 35 for a similar systémGaAs/
band alignment between GaAs and a perfectly CuPt ordereghp), the band offset is a bulk property and insensitive to the
GalnP, i.e., d111] GaP/InP monolayer superlattice, would detail interfacial dipoles as long as the interfacial atomic po-
become type Il with AE;=-130meV and AE, sitions are fully relaxed. This consideration, in principle, jus-
=270 meV. However, ordering has long been known totifies our approach to get the band offset from the individual
never be perfect, which means that the ordered structure itandalone bulks. Furthermore, it is important to be pointed
fact should be described as a ,Gg.lni_«—,2P/  out that in the pseudopotential fitting procedure, the relative
Ga,— ,2lN1 x4+ 2P [111] superlattice with the so-called order pand offsets between the three materials GaAs, GaP, and InP
parameterp<1. Thus, it is important to know the critical haye been taken into account according to the results of the
value 7, at which the type | to type Il transition occurs. An first-principles full-potential linearized augmented plane
x-ray study of ordered GalnP has indicated that the CUVrem'Vvave(FLAva)-IocaI density approximatiofLDA) calcula-
achieved degree of order for this material is in the range ofjgn of Ref. 34. Here our emphasis is to investigate the ef-
7<0.6% If applying a widely Used_’72 TUlesl to the band  fects of ordering on the bulk band structure, and in turn to
edge energies of Ref. 29, one will fingy=0.70%° This  gptain the band offsets between GalnP and GaAs. The accu-
value appears to be contradictory to the recent experiment%cy of our method for determining the band offset mainly
results which have shown th&E, is practically zero for  gjies on the accuracy of binary band offsets. The phenom-
ordered GalnP samples with~0.5, if one compares the enon of partial ordering is simulated by using a large super-
band gaps of the ordered samples given in Refs. 25-27 witRg|| with nearly 3500 atoms, according to the values ahd

the result of the x-ray study of Ref. 30. Therefore, a direc%_ Two x values have been considered=0.5 which has
calculation of the band structure of a partially ordered GalnFyeen assumed in all the previous theoretical calculations and

x=0.52 at which the Gan,_,P epilayer is lattice matched
3Electronic mail: yzhang@nrel.gov to the GaAs substrate at low temperatufe~0 K). The
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FIG. 1. Band edge energies of partially CuPt orderegliGa,P alloys,
varying with order parametery. E,—conduction band minimum,
E,pni—Vvalence band maximum.

band edge energy is obtained for each valug bl averag-
ing over 100 or 20 configurations for=0.5 andx=0.52,
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FIG. 2. Conduction band offset between partially CuPt ordered GalnP alloy
and GaAs vs the band gap of the GalnP alloy. Experimental data are taken
from Ref. 27.

uncertainty due to not knowing the exact composition for the

respectively. A valence force field method is used for deterexperimental data is expected to be negligible. A large dis-
mining the relaxed atomic configurations. Details about thedgreement is shown for one data point wifj~1.82 eV,

implementation have been described in Ref. 33.

which is likely because that particular sample had an inserted

Figure 1 shows the variation of the band edge energie&aP layer between the GaAs and GalnP layer, the band off-
for the conduction and valence band of the CuPt ordereg€t had been altered, as been discussed in Refs. 27 and 36.

GalnP alloy as a function of the order parameterFor x
=0.50(0.52, AE, varies from+81 (104 meV at=0 to
—110(86) meV atn=1 (0.96); AE varies from+383(385)
meV at =0 to +353 (356) meV at =1 (0.96. These

For the other data points, the discrepancy is within the the-
oretical and experimental uncertainty. Also, we notice that
the result of Ref. 20(i.e., AE,=30 meV for an ordered
GalnP sample with 60 meV band gap reductiappears to

results indicate that upon ordering, the change in the banagree quite well with the expected value, according to Fig. 2.
gap is accommodated mostly by the downward shift of theHowever, we would like to point out that the finding of Ref.
conduction band edge, as shown in Fig. 1. Thus, the detef, AE.=200 meV not changing with ordering, is contradic-
mination of AE, is expected to encounter a large uncertaintytory with either the experimental data of Refs. 2427 or the
if the structural parameter®.g., the degree of ordering and theoretical results of Ref. 29 and this work.

composition of the sample are not accurately known. Since

It appears that for the random GalnP/GaAs heterojunc-

the conduction band edge is much more sensitive to the contion the conduction band offsets derived from various

position variation, the type | to type Il crossover point for the “electrical

conduction band offset changes from=0.46 for x=0.50
to 79=0.54 for x=0.52. Note that the variation im, be-
tweenx=0.50 andx=0.52 is not due to the numerical un-
certainty (which is ~1-2 me\j, but the difference in the

measurements” (e.g., capacitance—voltage,
current—voltagg~*?show a larger scattéranging from 390

to 91 meVj as compared to those obtained from other tech-
niques(ranging from 159 to 80 me\*>1416-18and from the
previous calculation of 120 meé¥and current calculation of

conduction band energies due to the composition difference,04 meV = 0.52) or 81 meV x=0.50). The results of the

which is evidenced by the systematic differenee25—-20
meV), nearly independent of, in the conduction band en-
ergies. In fact, this variation ofy with the conduction band

other few studie’s'1%?1-%that have yielded the valence band
offset instead, ranging from 400 to 320 meV, are in general
consistent with those of the above mentioned “nonelectrical”

energy can give a guideline for the uncertainty of so determeasurements and of the theoretical calculations. Note that

mined 7,. Note that the value ofjo=0.54 corresponds to a
band gap ofE,=1.893 eV, which agrees quite well with
most experimental data of Refs. 25-27 wh&vE .~0 is
found for partially ordered samples with,~1.9 eV. We
would like to point out thaty,=0.46 is significantly smaller
than the previously predicted value g§=0.70%° since the
use of then? rule has now been found to be unjustifiéd.
Figure 2 shows a comparison f&rE; vs E, between our

for AE, the results of the more recent “electrical” measure-
ments(Refs. 6,10—12 except for Ref. 6, have approached
those ofnonelectricalmeasurement&Refs. 14—-19 and the
theoretical results. Figure 3 shows the comparison between
our calculated results and the experimental data. For the ran-
dom structure withx=0.5, in fact, our results agree very
well with that of Ref. 29: 383 vs 370 meV f&yE, , 81 vs 90
meV for AE; (noticing that Ref. 29 use&y=2.01eV in-

calculated results and the experlmental data of Refs. 25-28tead of the more accurate value of 1. 9§‘°e1\25r the random
Note that because the ordering induced shift for the valencalloy). However, there is a discrepancy for th&, between

band is quite small, in thAE; vs E, plot of Fig. 2, the

this work and that of Ref. 29 for the fully ordered case: 353
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