AI P Applied Physics

\ Letters R,
_.-III ‘,. -.’I-‘

Reflection anisotropy spectroscopy study of the near surface electric field in low-

temperature grown GaAs (001)
Todd Holden, Fred H. Pollak, J. L. Freeouf, D. Mcinturff, J. L. Gray, M. Lundstrom, and J. M. Woodall

Citation: Applied Physics Letters 70, 1107 (1997); doi: 10.1063/1.118499

View online: http://dx.doi.org/10.1063/1.118499

View Table of Contents: http://scitation.aip.org/content/aip/journal/apl/70/9?ver=pdfcov
Published by the AIP Publishing

Over 700 papers &
presentations on
multiphysics simulation

NH COMSOL



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-37/1872294094/x01/AIP-PT/COMSOL_APLDL_011514/2013_700-user-presentations_1640x440.png/5532386d4f314a53757a6b4144615953?x
http://scitation.aip.org/search?value1=Todd+Holden&option1=author
http://scitation.aip.org/search?value1=Fred+H.+Pollak&option1=author
http://scitation.aip.org/search?value1=J.+L.+Freeouf&option1=author
http://scitation.aip.org/search?value1=D.+McInturff&option1=author
http://scitation.aip.org/search?value1=J.+L.+Gray&option1=author
http://scitation.aip.org/search?value1=M.+Lundstrom&option1=author
http://scitation.aip.org/search?value1=J.+M.+Woodall&option1=author
http://scitation.aip.org/content/aip/journal/apl?ver=pdfcov
http://dx.doi.org/10.1063/1.118499
http://scitation.aip.org/content/aip/journal/apl/70/9?ver=pdfcov
http://scitation.aip.org/content/aip?ver=pdfcov

Reflection anisotropy spectroscopy study of the near surface electric field
in low-temperature grown GaAs (001)

Todd Holden® and Fred H. Pollak®
Physics Department and New York State Center for Advanced Technology in Ultrafast Photonic Materials
and Applications, Brooklyn College of the City University of New York, Brooklyn, New York 11210

J. L. Freeouf
Interface Studies, Inc., Katonah, New York 10536

D. Mclinturff, J. L. Gray, M. Lundstrom, and J. M. Woodall
School of Electrical and Computer Engineering and NSF MRSEC for Technology Enabling Heterostructure
Materials, Purdue University, West Lafayette, Indiana 47907

(Received 16 October 1996; accepted for publication 17 Decembel) 1996

We have evaluated an “effective depletion width” ef45 A and the sign if-type/upward band
bending of the near surface electric field in low-temperature grown Gd@84) using the optical
method of reflection anisotropy spectroscopy in the vicinity of the spin-orbit Eplit E;+ A,

optical features. Our results provide evidence that surface Fermi level pinning occurs for air exposed
(001) surfaces of undoped low temperature grown GaAs. 1997 American Institute of Physics.
[S0003-695(97)00509-3

Low temperature growLTG) GaAs, i.e., layers grown our experiment have enabled us to evalyajean “effective
by molecular beam epitaxMBE) at substrate temperatures depletion width” of <45 A and(b) the nature of the near
between 250-300 °C, possess a number of interesting elestirface electric field, i.en type (upward band bendingThe
tronic properties associated with the excess arsenic concefirst result has been obtained by a comparison of the experi-
tration incorporated during growthin as-grown LTG:GaAs mental data with a self-consistent Poisson’s calculafion
material, the excess arsenic results in a large concentration baised on the properties of the defects and surface Fermi level
point defects (K107 cm %) are due primarily to arsenic pinning in this material.
antisite defects. The pinning of the Fermi level near midgap ~ Sample No. 1 consisted of a LTG:GaAs film grown on a
in this material is generally associated with the pointSemi-insulating GaA®01) substrate in a Gen Il molecular
defects? Also the stability of LTG:GaAs against oxidation beam epitaxy system. A 2000-A-thick buffer layer was
in air has recently been demonstrated using scanning tunnegrown at 580 °C prior to lowering the growth temperature to
ing microscopy? grow the LTG layer. A 5000-A-thick LTG layer was grown
Although much is known about the properties of bothat a substrate temperature of 250 °C as measured by a ther-
bulk and (1100 UHV cleaved surfaces of LTG:GaAs? mocouple. At this temperature, the excess arsenic concentra-
there is little knowledge about the electronic properties oftion is between 1 and 1.5 percent. The layers were grown at
air-exposed(001) LTG:GaAs. Specifically, since the01) @ rate of lum/h with As, and were undoped. Sample No. 2
LTG:GaAs surface is stable against oxidatfoit,might be ~ consisted of 1000 A of undoped GaAs fabricated on an
suspected that the Fermi level pinning associated with aird-type (Si=2x10'® cm™®) buffer, 1 um thick, on ann®
exposed surfaces of “normal” temperature grown GaAs, in(00D sub;trate. It hag bgen ;hown that such a cpnﬂguratlon
which oxidation results in excess elemental As, should nop@s @ uniform electric field in the undoped region due to
occur for LTG:GaAs surfaces. Therefore, in order to gaint€'Mi level pinning at the surfacg.The magnitude of this
more information about the nature of the surface and assoclectric field (6.5¢10° V/cm) was evaluated from the
ated electric fields in this material, we have performed Pseérved —Franz—Keldysh oscillationsFKOs)  using
reflection anisotropy spectroscofAS)°> *?investigation of photorgflect_asncE Sample Nos. 3 and 4 C°”+5'5t’3d +°f @b
LTG:GaAs (001) (designated sample No) &t 300 K. For 1x10" cm Si or Be doped layers on™ or p* sub-
comparison purposes, we also have studied-aype sample ~ Strates, respectively. _
(002) with a uniform surface fieldsample No. 2andn- and In addition to the Imear ele_ctro-optlc effectz there may
p-type (001) material (sample Nos. 3 and 4, respectively alsg be a background signal which should be eliminated. We
with space-charge surface fields. Reflection anisotropy sped€fine @R/R), as
troscopy measures the polarization_anisqtrqpy of Iigh_t lin- (ARIR); = (R119— Riz10)/(Rr11g+ Rizia) (18
early polarized along thgl10] and[110] principal axes in
the plane of th001) surface of zincblende-type semicon- WhereR(11q and Ry are the reflectivities for light polar-
ductors. It has been demonstrated that RAS can be employé€ed along thg110] and[110] directions, respectively. The
to determine the sign and magnitude of n3ear surface electrigignal AR/R), is
fields in zincblende-type semiconductdrs® The results of (AR/R),= (Rigo— Rizio)/ (R + Reiio))- (1b)

dAlso at the Graduate School and University Center of the City UniversityThg RAS SpeCtrum of mtereSﬁR/R) IS thep obtalned by
of New York, New York, NY 10036. taking the difference between these two signals, A®/R

YElectronic mail: fhpbc@cunyvm.cuny.edu =(AR/R);— (AR/R), to eliminate any background terms.
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and 3(dashed ling The positions of thé&,, E;+ A, features are denoted

FIG. 1. RAS spectra of sample Nos(sblid line), 2 (dotted ling, 3 (dashed by arrows at the bottom of the figure.

line), and 4(dot-dashed line The positions of th&,, E,+ A, features are
denoted by arrows at the bottom of the figure. is well known that in as-grown-type GaAs the Fermi level
is pinned midgap so that\/ﬁ,s= 0.71 V. For Np=1

Plotted in Fig. 1 by the solid, dotted, dashed, and dot-<10'® cm™3, V§ | lies 0.075 eV above the conduction band
dashed curves are the RAS spectra of sample Nos. 1-4, redge.
spectively, in the range of 2.5-3.5 eV. The positions of the  From a linear interpolation between the fields of sample
E; (2.88 e\ andE;+A; (3.11 eV transitions® are denoted Nos. 2 and 3, we find an “effective near surface electric
by arrows at the bottom of the figure. It can be seen that théeld” E.=2.2x10° V/cm in the LTG:GaAs material. In
phases of sample Nos. 1-3 are opposite to that of sample Noontrast to previous experiments on semiconductors with a
4. Thus the band bending of the LTG:GaAs matefgaimple  SCR, in this material, the RAS does not measure the surface
No. 1) is clearly n type (upward band bendingAlso the electric field.
amplitude of the RAS signal for the LTG:GaAs material lies It has been shown that
between that of sample Nos. 2 and 3.

In order to more accurately evaluate the amplitude of the ﬁ =R ﬂ} , (4a)
linear electro-optic effect in the vicinity of th&,, E; R Ve(e—1)
+A, features, we have taken the numerical derivative with w
respect to photon energy of the specfdesignated as (Ae)=2ixk, f e?"L?A e(z)dz, (4b)
0

d(AR/R)/dE] of the LTG:GaAs (solid line) and sample
Nos. 2(dotted ling and 3(dashed ling These results, which \yhereA ¢(z) is the perturbation of the unperturbed dielectric
exhibit three extreméA, B, and O, are shown in Fig. 2. As  function due to the electric field and (= «, | +ix; ) is the
a measure of the amplitude of the linear electro-optic effectynperturbed complex propagation vector of the light. For the
we have evaluated linear electro-optic effeatA e)<E(z). At 3.0 eV for GaAs:®
|d(AR/R)/dE|pg+[d(AR/R)/dE|gc " :tafj?lpmpagation vector, =(6.85+i2.96)x 102, in units of
5 :

In order to evaluateeE(z), we have performed a self-
The ratios of the amplitude of this signal for sample Nos. 1consistent Poisson’s calculatf@rassuminga) a trap density
2, and 3 are 2.9:1:6, respectively. (N7) of 1x10?° cm 2 having a Gaussian distribution of

Because of the high doping level in sample No. 3, it wasstates with widtha(=0.2 eV), the peak of the Gaussian
not possible to observe FKG3Therefore, for conventional distribution occurring 0.25 eV below the intrinsic Fermi
SCR sample number 3with width of SCR>penetration level, and(b) midgap surface Fermi level pinnifigshown in
depth of the ligh, the surface electric fieldE=4.6x 10° Figs. 3a) and 3b) are the results of this calculation for the
V/cm) has been evaluated from the relafibn energy bandgsolid lineg and E(z), respectively. In Fig.

_ c ¢ U2 3(a), the dashed line is the Fermi level due to the donor states

Es=[(2aNo /x0€0) (Ve s~ Vi p =K T/a) I, © while the dotted line is the intrinsic Fermi level. In the bulk,
whereNp, is the donor concentration §410'® cm™3), e5is  the Fermi level lies about 0.3 eV below the conduction band
the permittivity of free spaces, (=13) is the static dielectric edge, in agreement with Ref. 1. Note that in Figh)3 the
constant, and/g ¢ and Vg , are the surface and bulk Fermi electric field does not vary linearly with position from the
levels(relative to the conduction band edgeespectively. It  surface and thaE =4.5x10° V/cm.
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Y ——— - profile. In contrast to a conventional SCR, in our material the

‘ ; ' ' ] field E(z) does not vary linearly with position. There is good
agreement between our experimentally determined effective
near surface electric field and the calculationidgap surface
Fermi level pinning, yielding an effective depletion width
<45 A. Finally, since a 20-50 A layer of LTG:GaAs is used
in tandem with am™ ™ thin space charge layer of “normal”
GaAs for nonalloyed ohmic contact$the design of this
contact layer should be revisited now that there is evidence
for surface Fermi level pinning effects in LTG:GaAs.
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