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GaAs:Sn — GaAs:Si samples with a porous layer formed on their surfaces have been explored. The po-
rous layer was formed by electrochemical anodization of the surface of n-GaAs:Si sample in
HF:C2H50H = 1:1 under 3 min etching time and etching current variation within the range of 20-80 mA.
Schottky AgPd contact across the porous layer was formed by electron-beam evaporation, AgGePd ohmic
contacts to n+ GaAs:Sn were formed by electron-beam evaporation followed by annealing. It has been iden-
tified that an increase in the anodizing current density leads to an increase in the uneven structure of the
porous layer, and when the current density is greater than 60 mA/cm?, clusters are formed as a result of
fragmentary separation of the porous layer from the substrate. The spectral analysis has proved that PL
intensity increases with porosity growth. We believe that this effect is due to the fact that the average size
of the micropores and the amount of material remaining in the layer decrease with increasing layer porosi-
ty. To identify the influence of the porous layer morphology on the Schottky contact parameters, the I-V
characteristics of the structures have been explored. It has been discovered that with increasing layer po-
rosity, the difference in characteristics between the structure without porous GaAs and structures with po-
rous GaAs increases, that results in decreasing direct current and increasing reverse current. This can be
explained by the decrease in the porous GaAs layer, and, as a consequence, by the decrease in the charge
carrier density. The Schottky barrier height for Pd/porous GaAs with different morphology of the porous
layer was calculated. It has been found out that the Schottky barrier height increases from 0.65 to 0.73 eV
with a porous layer thickness. It has been established that the increase in the porous layer thickness leads
to the rise of the ideality factor, which grows from 1.24 to 1.7 with the layer height and results in a deterio-

ration of Schottky contact parameters.
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1. INTRODUCTION

Gallium arsenide coated with a porous layer (porous
GaAs) makes devices with specific properties possible
to be produced [1]. Among other applications of porous
GaAs are humidity and gas (e.g. CO, CO2, NO, NO2 and
so on) sensors, which can operate at room temperature
and have fast response speed [2, 3]. Many such devices
apply the Schottky contact across porous GaAs for gas
control [4]. In [5], the effect of the Schottky barrier
height on the sensitivity to various gases has been
explored. The papers state that the Schottky barrier
height changes when the sample is affected by gas,
which leads to the variation in the current-voltage (I-V)
characteristic of the Schottky contact. Thus, it can be
stated that the sensitivity and speed of such sensors
directly depend on the Schottky barrier height, which
forms the electrical properties of the Schottky contact.

The formation of Schottky contacts across GaAs is
described in details in [6], at the same time the for-
mation of the Schottky contact across porous GaAs has
its own characteristics related to the morphology of the
contact area, which, for porous GaAs, is not polished
mechanically or chemically, that affects the interlayer
resistance.

Various metals are used to form Schottky contacts
across GaAs and porous GaAs, the most often are Pd,
Pt and Au [7]. For porous GaAs sensors, Pd and Au [8]
are used to form the Schottky contact but with different
methods of porous GaAs surface metallization. Howev-
er, the influence of the porous layer structure on the
electrical properties of the Schottky contact is not stud-
ied enough.
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As a rule, a porous layer on the GaAs surface is ob-
tained by the method of electrochemical etching in an
acidic medium [9]. In this method, the porous layer
structure is defined by the etchant composition, etching
current and etching time. This paper presents the re-
search of the morphology effect on I-V characteristics of
the Schottky contact across porous GaAs with different
porous layer morphology obtained by various etching
current under fixed time and etchant composition. The
solution of this problem will allow optimizing the pa-
rameters of gas sensors based on porous GaAs with
Schottky contacts. For comparison, Schottky contacts
across GaAs and porous GaAs have been explored in
the paper.

2. DESCRIPTION OF EXPERIMENTAL
SAMPLES MANUFACTURING

In this work, GaAs:Sn — GaAs:Si epitaxial samples of
crystallographic orientation (100) have been used. Sam-
ples are made of GaAs:Sn plates with 400 pm thick-ness
of 108 cm~3 carrier concentration (n*-GaAs:Sn layer)
measured by the Hall method with a Hall-200 unit. Then
the plates were surfaced by gaseous epitaxy with a
20 um GaAs layer of 10'¢ cm —2 carrier concentrations (n-
GaAs:Sn layer) guaranteed by the manufacturing tech-
nology. The conductivity type of the obtained layers was
identified by the hot probe method on a TP-201 installa-
tion. In total, 5 structures have been explored, and 4
samples have been surfaced with a porous layer.

Before the porous layer and ohmic contacts have
been formed, the samples had been degreased by suc-
cessive immersions in organic solvents of trichloreth-
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ylene, acetone, methanol, then washed with dionized
water and dried with dry nitrogen for 10 min.

An ohmic contact of AgGePd-GaAs with layer thick-
nesses of 100/50/10 nm, respectively, and subsequent
annealing for 30 min at 350 °C has been formed across
the n+-GaAs:Sn layer by the method of electron-beam
evaporation.

A porous layer with an area of 6.28 cm2 has been
formed in an electrolytic cell using HF:H20 (1.5:1)
etchant as it has been suggested in [10]. The anodiza-
tion current density varied in the range of 20-80 mA at
anodization time of 3 min. The etching area was illu-
minated by 100 W halogen lamp.

The porous layer surface has been explored using
MII-4 microinterferometer microscope with a 500x
optical magnification equipped with a DLT-Cam digital
microscopy camera and DLTCamViewer software using
an OM-O micrometer object for software calibration.
Quantitative analysis of the porous layer was per-
formed on a ZEISS EVO 50XVP scanning electron mi-
croscope equipped with an INCA-energy 450 detector.
The layer porosity was calculated by the gravimetric
method on AXIS ANG200C scale.

AgPd/GaAs and AgPd/porous GaAs Schottky contact
was formed by the electron-beam evaporation.

3. RESULTS AND DISCUSSION

Let us consider the study of a porous layer on n-GaAs
surface used in this work. As mentioned above, 4 struc-
tures have been prepared at various anodizing current.
The current density during samples anodizing is 20, 40,
60, 80 mA/cm2. The surface of the porous GaAs layer has
been studied well enough with SEM [11] and AFM [12].
In our work, for analyzing the surface of a porous layer
over a large area, we have used an optical microscope
with 500 x magnification, which made 150 x 150 pm
porous layer possible to explore. The images are shown
in Fig. 1.

As a result, we can state that the increase in current
density leads to higher nonuniformity of the porous layer
structure that supports those in [13]. When the current
density is more than 60 mA/cm?2, the formation of clus-
ters is observed because of the fragmentary porous layer
peeling from the substrate.

The porosity has been calculated by the gravimetric
method. The authors of [14] describe the gravimetric
method for porous silicon and propose the following
equation:

P(%):M, (1)
(’n1 _m3)

where m1 is a mass of the sample before anodization, msz
is a mass of the sample after anodization, ms is a mass of
the etched porous layer. The porous layer is etched with
NaOH aqueous solution.

The etching of the porous GaAs layer causes certain
technological difficulties; therefore, in the work, the
porosity was determined with the equation:

P) <=2 1009 ©@)
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Fig. 1 — Optical images of the porous GaAs layer with 500x
magnification, 3 min anodizing time and the current density:
20 mA/cm? (a); 60 mA/cm? (b); 80 mA/cm? (c)

where p is GaAs density (p=5.32 g/cm?), S is an area of
the porous GaAs layer (6.28 cm?), & is a height of the
porous layer.

The porous layer height was taken by optical meas-
urement of the fracture of additional samples, on which
a porous layer was created under identical anodizing
modes. The measurements were carried out with
DLTCamViewer software by computing the pixels on the
fracture with MII-4 microscope comprising DLT-Cam
digital camera.

The results of the calculation of samples porosity are
given in Table 1.
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Fig. 2 — Optical image of the sample fracture with 500x mag-
nification of porous GaAs layer anodized at 80 mA/cm?2 current
density and 3 min anodizing time: porous GaAs layer of 10 pm
height (a), n-GaAs:Si layer (b), n*-GaAs:Sn layer (c)

Table 1 — Results of structures porosity calculation

Sample Sample Porous
mass mass layer |Porosit
No before after Y 0 b
dizing, | anodizing height, »
ano ’ ’| cm-10-4
mi, g mz, g
1 1.0222 1.0215 1 45
2 0.8897 0.8822 4 57
3 1.1429 1.1269 7 70
4 1.0145 0.9872 10 83

To analyze the morphology of porous GaAs layers,
the photoluminescence spectra have been studied in
accordance with [15]. Photoluminescence (PL) was excit-
ed by a laser with 405 nm wavelength. The PL spectra
have been measured at room temperature. While the
obtained layers were exciting with PL, bright radiation
was detected in the green-yellow wavelength range.

The microstructure of the glow region is fairly uni-
form, and the radiation intensity is stable over time. For
all layers, there is a shift of the IR maximum to the
shortwave region of the PL spectrum. All porous GaAs
samples have demonstrated PL in the visible region of
the spectrum, and the dependence of the intensity and
shape of the PL spectra on the uniformity of the porous
layer surface and its height, which in turn are deter-
mined by the anodizing modes (Fig. 3), has been ob-
served. Analysis of the spectra has indicated that the PL
intensity increases with increasing porosity. This is due
to the fact that with an increase in the porosity of the
layer, the average size of micropores decreases and the
amount of material remaining in the layer decreases.

In our opinion, minor differences in the maximum
intensity of the radiation spectrum at wavelengths in
the range of 500-600 nm for samples obtained at etching
current density of 60-80 mA/cm?2 (samples 3 and 4) com-
pared with samples 1 and 2, have been caused by clus-
ters of destroyed porous layer (see Fig. 1b, c).

To estimate the effect of the porous layer morpholo-
gy on Schottky contact parameters, the current-voltage
(I-V) characteristics of the studied structures with and
without a porous layer have been constructed.

Fig. 4 presents I-V characteristics of Pd/n-GaAs and
Pd/porous GaAs Schottky contacts for the samples. From
the figure, I-V characteristics of all samples have obvious
differences in both direct and reverse branches.
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Fig. 3 — PL spectra of porous GaAs layers obtained by varying
the anodizing current density: 20 mA/cm? (1), 40 mA/cm? (2),
60 mA/cm? (3), 80 mA/cm? (4)
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Fig. 4 — I-V characteristics for the Pd/GaAs and Pd/porous GaAs
samples: Pd/GaAs (1), Pd/porous GaAs 20 mA/cm? (2), Pd/
porous GaAs 40 mA/cm? (3), Pd/porous GaAs 60 mA/cm? (4),
Pd/porous GaAs 80 mA/cm? (5)

1-V characteristics analysis in Schottky contacts of
the metal — porous semiconductor — semiconductor type
is discussed in detail in [16]. Analysis of I-V character-
istics shows the differences increase in I-V characteris-
tics of the sample without a porous layer and one with
porous GaAs while layer porosity growing. It appears in
decreasing forward current and increasing reverse
current. An obvious explanation for this dropping is
that the porous layer consists of pores where charge
carriers are absent, so differences in the I-V character-
istics increase with higher porosity.

Based on the expressions given in [17] and obtained
1I-V characteristics, Schottky barrier parameters were
calculated, particularly the Schottky barrier height (¢),
ideality factor (n) and series resistance (Rs) for every
sample. The results are summarized in Table 2.

In our opinion, the increase in Schottky barrier
height with growing porosity is caused by different rates
of Ga and As etching while forming a porous layer,
which is proved by the quantitative analysis, the results
of which are shown in Fig. 5.

The analysis proves that with porosity increase in
the porous layer columns, Ga percentage becomes high-
er and As percentage — lower. For the sample anodized
at 80 mA/cm? current density, porous GaAs columns
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Table 2 — Parameters of the Schottky barrier of Pd/GaAs and
Pd/porous GaAs samples

Sample Ideality resieslt.frfce Schottky barrier
p factor (n) height (¢), eV
(Rs), Q

Pd/GaAs 1.1 1.7 0.65
Pd/porous

GaAs (1) 1.24 1.76 0.68
Pd/porous

GaAs (2) 1.35 1.78 0.69
Pd/porous

GaAs (3) 1.5 1.8 0.7
Pd/porous

GaAs (4) 1.7 1.87 0.72

¢

Fig. 5 — Quantitative analysis of Pd/porous GaAs sample ano-
dized at 80 mA/cm? current density and 3 min anodizing time

consist of 62 % Ga and 38 % As (zone 1 in Fig. 5) while
the substrate consists of 49 % Ga and 51 % As.

Since the As electron work function is within 4.79-
5.11, the Ga work function is within 3.96-4.16 and the
work function of GaAs is 4.64, it can be stated that the
higher the Ga percentage in the porous layer, the lower
the porous GaAs work function, which leads to an in-
crease in Schottky barrier height.

From the data in Table 2, the ideality factor remains
greater than unity for Pd/GaAs and Pd/porous GaAs
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Bruiue mopdostorii mopysaroro mapy GaAs ma mapamerpu kouraxkty llorrki
nasiaxii / mopysaruii GaAs

A.Il. Oxcanny, C.E. ITputunu, M.I'. Korgacs, O.I'. Xoson, I.B. lllesuenxo

Kpemenuyupruii nayionanvruil ynisepcumem im. M. Ocmpoepadcvrozo, 20, 8yn. Ilepwompashesa,
39600 Kpemenuyk, Yepaina

B pobori mocmimxyBasuces crpykrypu GaAs:Sn — GaAs:Si, Ha sxux dopMmyBases mopysaruii map. [lopysa-
THH IIap OTPUMYBAIHU ejeKTpoxiMiuuauMm aHomyBauaaMm B HF:C2H50H = 1:1 npu yacy aHomyBauHs 3 XB 1 Ba-
piaitiero crpymiB aHoyBauus B mianasoni 20-80 MA. Jlo mopysatoro mapy creoproBasesa kouTakT [orrri AgPd
METOJIOM €JIEKTPOHHO-IIPOMEHEBOro HammieHHs, oMiudi KoHTakTu AgGePd mo n*-GaAs:Sn cTBoproBasmcs me-
TOJIOM eJIEKTPOHHO-IIPOMEHEBOI0 HAIMJIEHHSI 3 HACTyIHUM BimnasioMm. [lokasaHo, 1o 30LIBIIEHHS IIIBHOCTL
CTPYMY AHOJyBaHHs IIPHU3BOIUTH JI0 IIBUINEHHS HEPIBHOMIPHOCTI CTPYKTYPY IOPYBATOIO IIAPY, 1 IPH IIIb-
HOCTI cTpyMy Glibiire 60 MA/cM2 CIIOCTEPITAeTHCS YTBOPEHHS KJIACTEPIB, BUKJINKAHE (pparMeHTapHUM BIIIIApy-
BAHHAM II0PYBATOrO IIapy BiJ MAKJIAOKKA. AHAI3 CHEKTPIB IOKa3as, 1m0 iHTeHcuBHicT: DJI 36imbmIyeThes 3
poctoMm mopyBartocTi. B po6oTi mokasaHo, 110 JaHui epeKT BUKJIUKAHWA THM, 110 31 301IbIIIEHHAM ITOPHUCTOCTI
IIapy 3MeHIIYEThCS CePeaHINA PO3Mip MIKPOIIOP 1 3MeHIIyeThesa KUIbKicTh GaAs, 1o samummsea B mapi. s
BU3HAYEHHS BILIUBY MopdoJIorii mopyBaToro mapy Ha napamerpu KoHTakty llloTTki Oysm mocsmaxreHl BOIbT-
aMITepHI XapaKTePUCTUKA CTPYKTYp. Ilokasawo, 1mo 31 30LIBIIEHHAM MOPYBATOCTI IIAPy BIAMIHHICTh B Xapak-
TEPUCTUKAX M CTPYKTYpoio 6e3 mopysaroro mapy GaAs ra crpykryp 3 mopyBatum mapom GaAs 3pocrae, 1o
POSIBJISIETHCS Y 3HUMKEHH] IIPSIMOT0 CTPYMY 1 30LIBIIIEHH] 3BOPOTHOTO, III0 HOSICHIOETHCS 3MEHIIIEHHSIM TOBIIH-
HH IIOPYBATOI'O IIApY, 1 K HACIIIOK 3HUKEHHSM IIUIHFHOCT] HOCIiB 3apsimy. Busnaueno Bucory 6ap'epy HloTTxi
s Pd/mopyBaruit GaAs 3 pisHo0 Mopdosiorielo 1 BCTAHOBJIEHO 30UIbIIeHHS Bucotd Oap'epy Bim 0,65 mo
0,73 eB 31 30i/IBIIEHHSM TOBIIWHE IIOPyBaTOro Imapy. BcraHoBieHo, 110 301/IbIIEHHS TOBLIMHU IIOPYBATOTO
IIapy IpPU3BOAUTE 10 30LIBIIEHHA PaKTopa 1Iea IbHOCTI, SKHUHA 3 POCTOM BHCOTH IIAPy 30LIBIIyeThesa Bim 1,24
1o 1,7 i AK HACJIIOK IPU3BOIUTS JI0 IIOTIPIIEHHS IapamMeTpiB KouTakry [lorrki.

Kmiouosi cnosa: Ilopysaruit map, Apcenin rasito, Kouraxr [llorrri, ®akTop imea bHOCTI.
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