Optical anisotropy and spin polarization in ordered GalnP
Su-Huai Wei and Alex Zunger

Citation: Applied Physics Letters 64, 1676 (1994); doi: 10.1063/1.111828
View online:



http://scitation.aip.org/content/aip/journal/apl?ver=pdfcov
http://oasc12039.247realmedia.com/RealMedia/ads/click_lx.ads/www.aip.org/pt/adcenter/pdfcover_test/L-37/1326236762/x01/AIP-PT/Asylum_APLArticleDL_070815/AIP-JAD-Trade-In-Option2.jpg/6c527a6a713149424c326b414477302f?x
http://scitation.aip.org/search?value1=SuHuai+Wei&option1=author
http://scitation.aip.org/search?value1=Alex+Zunger&option1=author
http://scitation.aip.org/content/aip/journal/apl?ver=pdfcov
http://dx.doi.org/10.1063/1.111828
http://scitation.aip.org/content/aip/journal/apl/64/13?ver=pdfcov
http://scitation.aip.org/content/aip?ver=pdfcov
http://scitation.aip.org/content/aip/journal/apl/69/9/10.1063/1.117429?ver=pdfcov
http://scitation.aip.org/content/aip/journal/apl/68/26/10.1063/1.115993?ver=pdfcov
http://scitation.aip.org/content/aip/journal/apl/64/21/10.1063/1.111449?ver=pdfcov
http://scitation.aip.org/content/aip/proceeding/aipcp/10.1063/1.40626?ver=pdfcov
http://scitation.aip.org/content/aip/proceeding/aipcp/10.1063/1.40626?ver=pdfcov
http://scitation.aip.org/content/avs/journal/jvstb/7/4/10.1116/1.584606?ver=pdfcov

Optical anisotropy and spin polarization in ordered GainP
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Spontaneous CuPt-like ordering of Ga,In;_, P causes a splitting at the valence band maximum
(VBM) and induces an anisotropy in the intensities of the transitions between these split VBM
components and the conduction band minimum. We calculate these intensities as function of
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monolayer planes Ga, , ,,Iny 2y and Ga,_ ,pInq 4 0 of long-range order. We provide here an easy to use formal-

stacked along the [1 11] or the [111] duectlons (known as the
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tive to the random alloy. These effects have been observed in

ism to calculate the intensities at the I point as a function of
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larized piezoreflectance.” However, quantitative analysis of  the 6X6 Hamiltonian:
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here, has to be added to the d:agonal blocks Here,
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natjon of the six basis functlons {p, o}, where p,=p,, Dys OF

and ASO is the spin-~ ~orbit sphttmg For Gag sIng P, we
calculated® A%(=1)=0.20 eV and AS°=0.10 eV. The ei-
genvalues and eigenvectors of the valence states can be ob-
tained by solving Eq. (1). The three spin-degenerate energy
levels (in decreasing order) E(I'y,s,), E»(I's,), and
E4(Tg,) {shifted by JASC+A° ()]} are

E (7)=3ASP+A%(n)],

(2)

Fz arv wv L ovivaar bUllll’!’l!\alllD ald U aiv ‘i DPLIIULD

parallel or antiparallel to the z direction. The conduction
states are taken here as W,.=s0, where s is the L=0
orbital component. The transition intensity between ¥, and
WV, is proportional by the matrix element squared
[v,c:K;bc‘Hintl qz’v)lz |<\Pc‘Hint!‘I’u>!z7 where Hint is the inter-
acting Hamiltonian. For linearly polarized light along the
[{, m, n] direction we have H,xIx+my+nz, while for
circularly polarized light ¢* with angular momentum paral-
Ly} and aat], adf el I 9 7y “f“l
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- (e - T2 Since in this “weak ordering” regime, ['y, s, and I'g, are
5\ ” nearly degenerate, only the combined intensity
' T ey (g yeliiciaian (207 Voatio =T
I T ) this combined intensity is the same for the [110] or the [110]
g o polarization [Figs. 1(a) and 1(b)], as appropriate for a cubic
A 07%; o - L e system. Thus no polarlzatlon dependence should be detected
F b T4 if tha £
=‘
2 increase, the intensity ratios
- P I(Tg.—Ty,, 5,,)/1(F 6c— I's,) approaches unity for both po-
o.sl " Wlee = Te) | larization directions. In the extreme trigonal limit [Fig. 1(c)]
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M ?)'jT' T [(F6C—F6v) 17 6”[110]
~
PR \ and the polarization dependence for both transitions
] 2 ~ ,—I'+..<.) and I(T'x —I'c.) are given by [Fios. 1{a
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and (b) light polarized alone [110]. Part (c) gives the intensity ratio
I(I‘chr4u,5u)/l(r6c_Fﬁv)-

can be calculated by writing the orbital wave functions and
H;,, in terms of the spherical harmonics Y),, and by noticing

where ¢ is a normalization parameter.

We have calculated the transition intensities 1, ;between
the valences |1) and |2) and the conduction state in (111)
ordered Gag sIny 5P as a function of AE 5(7)=E () —E (7).
. fix o pal- NP . v
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transitions I'y,, 5,— s and I's, — T, as function of AE, for
polarization é[f[liO] (part a) and é|[110] (part b). Measured
intensities include, in addition to I, ., line broadening, joint
density of states, and the Boltzmann population factors. We
see from Figs. 1(a) and 1(b) that the intensity I(I's,— T4, 5,)
does not depend on AE,, thus on degree of ordering. This is
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I(e)=1110 Sin2 9+11'10 COS2 0. (7)

For the I's . — Iy, 5, transition [Fig. 2(a)] the intensity is in-
dependent of #. For the I'.— Ty, transition, however, we

that the allowed dipole tragsitinns are for Am=+1_This___see a strong dependence on_the ardgrine ngrameter n. I{Q)

ing function (at small z) of the polarlzatlon angle O. Figure

larized electroreflectance data of Kanata et al.® (solid dots).
We find that the best fit to the measured intensities is ob-
tained using 7=0.58. Inserting this value into Eq. (2) gives a
valence band splitting of AFE ;=34 meV. The directly
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ergetic analysis. The analysis of Ref. 5 of the same data
neglected polarization cross-terms'® and is thus incomplete.
Our model has an interesting conclusion on [, . vs 7: in
most previous analyses of experimental data,”> " the inten-
sity ratio of the quasicubic limit {Eq. (4)] was applied
to all degrees of ordering 7. The ordering dependence of the
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FIG. 3. Calculated spin intensity (/_—71.),. and (I_—71,),. (in arbitrary
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FIG. 2. Calculated transition intensity of (111) ordered GayslngsP as a

function of polarization angle ©. Here, ©=0 denotes light polarized along
frtinl . - Q9 s e . 140 _Iy
35

he corresponding AL, are U, 34, and 50 meV,

rnfalriqta _of

6 g .
= eng —p —HP/2) s 2 Li(9i2)
T'=cos ¢ HelE 4-sin ¢ P,

the spinorérparallel and anti[;arallél to the [001]. direcﬁon,

respectively. The electron spin polarization P is defined as>!?
[_ _I+
Py ©

where I_ and I, are the transition intensities for |’ spin and
1" spin, respectively. In Fig. 3 we show the calculated spin
intensities (I_—~7,),. and (/ _—1 ), for ordered Ga, sIn, sP
alloys. For the random alloy (AE;,=0) the states |1) and [2)
{both T'g,) are degenerate. In this case, we find that optical
pumping from both states leads to a P=50% electron spin
polarization.® For ordered alloy (7#0), the |1)=Ty, 5, and
|2)=T, states split. We find that photoelectrons generated
from the I'y, 5, and the I'g, states are both fully polarized
P=+100% if litting AF .4 ic larae enoyphotn

ordered I1I-V alloys (e.g., GagsIng sP) could be a better can-
didate of spin polarized photoelectron source.
Note that despite the identical optical response with re-
spect to the linearly polarized light along [110] and [110] of
he fwo Cubro g Qyarian beir respnage

Using the o light noted above but for (111) ordering, we
[y N — e - b — , .

wp 1 4v,5v SLALC 1S Oy 2U70 4dnd e lUli:ll_lIllCHSll.y 1_T1I,4 18
reduced to 55.56% of the intensity for (111) ordering. This
difference can be used to distinguish (111) ordering from
(111) ordering, which is not possible using the linearly po-
larized light. This also indicates that in order to obtain the

! For a recent review on spontaneous ordering in semiconductor alloys, see
A. Zunger and S. Mahajan, in Handbook of Semiconductors, 2nd ed.
(Elsevier, Amsterdam), Vol. 3, and references therein (to be published).
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linearly polarized light, e.g., Hy,=x+y is different from the sum of the
intensities of the two incoherent polarized light H,=x and H;,=y. Ref-

A

ALOW O H’cal TMPINg Only TTOM e NIgnest I state, the
putip 4y,5v

KT P KE E ) [ DT

— &'f‘ o £ n hoe 10NV vain eclaweode A
' £ G
ultUivuvaa

achieved by using (001) ordered material [e.g., AlysGagsAs
(Ref. 13)], as proposed by Ciccacci et al.'? However, since
(111) ordered material has much larger valence band split-
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