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DEVELOPING A TECHNOLOGY FOR OBTAINING HYDROGEN
ENERGY RAW MATERIALS THROUGH SOLAR ENERGY

It is shown that with an increase in amorphous films Si and TiOx on the surface of
the glass at a frequency of 13.5 MHz and under the influence of solar energy on the TiO x
membrane, water molecules break down into hydrogen and oxygen gases. At studying the
efficiency of the process, it is revealed that it is possible to increase it when the rutile is
restored by non-thermal treatment, causing additional defects, but with the help of a vacuum
chamber, where it is necessary to introduce a certain number of pure oxygen atoms:

Keywords: solar energy, hydrogen raw materials, photoelectrode, photoelectrochemical
conversion.
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SCREENED IMPURITY SCATTERING RELAXATION TIME WITH THE
QUANTUM WELL/HIGH-k DIELECTRIC HETEROJUNCTION

The screened impurity scattering probability is calculated in the presence of quantum
well (QW) / high-k dielectric heterojunction. It is found that: @) for the large values of
quasi-two dimensional screening radius the QW/high-«k dielectric mismatch effect balances
the influence of 2D screening, b) for the presented case the scattering relaxation time
dependence from the electron energy is more strong than in the QW/low-« dielectric type
heterostructure case, c¢) the scattering relaxation time strongly depends on the QW
thickness. The screened impurity scattering relaxation time numerical analysis for the
realistic InSb/HfO; interface was performed.

Keywords: quantum well, high-k dielectric, impurity scattering.

As it is known the narrow band gap I1I-V group semiconductors are reliable
candidates for optoelectronic applications because modulation-doped heterostructures
on their base provide high carrier mobility of samples. This key parameter determines
the power switching high-speed and dissipation of optoelectronic devices, and the
suitable design of the dielectric environment can essentially enhance the carrier
mobilities in these nanosytems. In particular, for InSb based quantum well located
in close proximity to dielectric substrates (InSb/AlIn;-.Sb), the carrier mobilities
3.24.10° ecm? Vs /(T'= 2 K) and 4.4.10* cm®* V' s7!(T = 300 K) were extracted
[1]. The availability of a wide class of dielectric barrier materials with relatively
high dielectric constants (high-k dielectrics) opens up additional prospects for
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increasing the mobility of samples, for which the Coulomb scattering of mobile
charges particularly on ionized impurities should be reduced.

At present, the utilization of III-V group semiconductors combined with
high-k dielectric materials (HfO,, ZrO,,) correspondingly as the quantum well
(QW) and barrier media among the post-silicon alternatives of current quasi-two
dimensional (Q2D) systems is quite justified [2]. In this regard, an investigation of
the physical properties of such systems is really important due to their significance
both in scientific interest and optoelectronic needs including photodetectors,
Sensors.

The intensive study is carried out in recent time related to electronic, optical
and transport phenomena in aforementioned systems ([3] and Refs. therein). In
particular, the effect of QW/high-« dielectric barrier media dielectric mismatch on
the impurity states screened by Q2D EG is studied in [4] where for the high-x
dielectric barrier/QW/high-k dielectric dielectric barrier, (hh-x) type of the QW
heterostructure is established that at the moderately large (relative to the QW width
d) in-plane distances an impurity screened interaction is characterized by Q2D
Debye-Hiickel potential demonstrating a restore of the screening radius parameter -
atypical in the framework of the direct 2D screening theory.

In this paper by using the Q2D Debye-Hiickel potential as an integral result
of quantum confinement (QC), QW/high-x dielectric mismatch and impurity
screening effects balanced influence under the requested distances the QW
screened background impurity scattering relaxation time has been investigated for
the first time.

Consider a semiconductor QW with the dielectric constant ¢, and
neighboring with the barrier media having the dielectric constants &;, . In the
discussed model, only the n-type Q2D charged channel with the average surface
density ns contributes to the impurity center screening. For such QW
heterostructure QC and high «-dielectric barrier effects are characterized by
conditions ap>>d and &, = &, / &, < 1, respectively, where the Bohr radius is ay =
ewh?/mee’, m. — is the electron effective mass. So that a gas of carriers is confined to
move in the x-y plane, i.e., their motion in the z direction which is taken as the
direction perpendicular to the plane of the charged channel is confined.
Necessarily, we also assume that the QW thickness d is small compared with the
Debye radius for bulk samples as rp >> d.

In this condition for the appropriate range of effectively moderately large 2D
distances

2 1/2
a<p<(2)(G)((EE) -4) M
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the screened background impurity interaction potential Vs(p) takes the following
Q2D form [4]

2 -
yhhk(p) = _:_Wexp(pp/ps) ’ )

where ¢ = 2.718..- is the natural number, p;, - the Q2D screening radius as

po= )

In Exp. (3), for the degenerate and non-degenerate 2D EG statistics under
the condition of the size quantum limit, i.e. when the one-particle ground quantum
level in QW is occupied only, the screening parameter g, correspondingly takes the
forms:

2 (TL'Tlshz
mekpgT

qs = »1) )

ap ’
and

qs =

Zmsh (Insh ¢ 1)), 5)

ag MmekpT * \mekgT

Exp.(2) is received in the leading order of the parameter d / ap which permits
to get a solution for any arbitrary normalized charge distribution function in z direction.

The scattering rate due to the scattering of carriers by background impurities
in the relaxation time approximation is given by [5, 6]

1 2 2
== 25w Ny [Mg|" (1 = cos®) 8(Bg — Ep) (6)

where ¢ = |E —k | is the difference between the initial and final wave vectors of
scattered electron in QW plane, 8 - the electron scattering angle as 8 = k'k/ |7€| |7€|,
E - the energy of two-dimensional motion, Ny, - the density of ionized impurities.

In Exp. (6), the matrix element of scattering Mz is defined by means of the
screened Coulomb interaction potential Fourier component related to the QW
region as:

2me? 1
M= =

: @)
TS [qraps

where § is the normalizing area in the QW plane.
After substituting Exp.(7) in Exp.(6), for the scattering probability we

obtain:
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where Ng = Ny, /d is the density of ionized impurity scattering centers per unit area
of the QW.

Corresponding to Exp.(1), the electron wave vector obeys the validity
criteria related to the moderately small k£ vector’s range as:

1 € e3+1\2 1/2

2 & — &2

e k> (ps) ((63_1) er) . )
Finally for the QW impurity scattering probability expressed by the energy

. h%k?
of 2D motion Ey = — , we get
2m,

1 Nsn' e*

— ,7,,1 (10)
eLh E [ z}hzed

The most characteristic features of Exp. (10) are:

a) as we can see from Exp. (8), for the large values of the kp; parameter,

Exp. (10) goes to the electron energy dependence %~E—i [5], corresponding to the
k

limit of no 2D screening in dielectrically homogenous QW structure, indicating
that here the QW/high-x dielectric mismatch effect balances the influence of the
2D screening;

b) the scattering relaxation time for the presented QW/hh-k dielectric
mismatch case depends on the electron energy E7 more strongly than in the low-k
dielectric barrier/QW/low-k dielectric dielectric barrier (QW/low-k) type QW

heterostructure case [6], for which —~(1 +akEz ) , where a depends on the

material parameters;

¢) the scattering relaxation time here as similar to the QW/low-k dielectric
mismatch effect case [6] strongly depends on QW thickness d.

As an illustration of the offered theoretical model, let us now carry out the
impurity scattering time numerical calculations for the realistic InSb/HfO, interface
[2], for that the dielectric constants ratio =&, /e» = €msp /€nr 02 = 16.8 / 25=0.625
value is taken. InSb bulk sample holds the smallest electron effective mass (m* =
0.014my, my - is the free electron mass)) and a macroscopically large impurity
effective Bohr radius as @y~63.7nm. In accordance with the strong QC condition ay
>>d, we will display a numerical data for the QW width values d </0 nm.
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In Figs.1 and 2 are shown impurity scattering time dependences as a function
of kd parameter for fixed ny/T and QW width values in accordance with Exps. (8)
and (3).
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Fig. 1. Impurity scattering relaxation time T as a function of kd parameter for the fixed
OW width values of d; = Snm (solid line) , d> = 10 nm (dashed line) for the HfO,/InSb/HfO,
hh- « type QW structure with the nondegenerate 2D EG screening (ny/T = 1.5.10° cm™?/’K).
The graphical line corresponding to no 2D screening case in dielectrically homogenous
OW structure is presented as well (dashed-dotted line)
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Fig. 2. Impurity scattering relaxation time T as a function of kd parameter for the fixed QW
width values of d; = 5nm (solid line) , d> = 10 nm (dashed line) for the HfO»/InSb/HfO; hh- k
type QW structure with the degenerate 2D EG screening (ny/T = 2.10° cm™/°K). The
graphical line corresponding to no 2D screening case in dielectrically homogenous QW
structure is presented as well (dashed-dotted line)

As we see from the graphs, at the certain characteristic values of QW width
the impurity scattering relaxation time 7 increases with the enhancement of the
scattered particle wave vector and consequently of the energy. This enhancement,
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as follows from Figs.1 and 2, is stronger for the degenerate 2D EG screening case
(n/T = 2.10° em™?/ K with ps= 9.1.107 cm). In particular, for the d; = 5nm the
scattering relaxation time 7 starts from the value of 7= 6.1.10"''s in deeply long
wave limit whereas an analogous result for the nondegenerate 2D EG screening
case (ny/T = 1.5.10° ecm™/ ’K with ps= 1.8.10° cm) is 7= 1.3.10"'s. At the same
time, the enhancement rate for the nondegenerate case is higher than in degenerate
case. For the large values of QW width (d> = 10 nm), such enhancement softens
already in both cases and the ionized impurity scattering strengthening takes place.

On the other hand, the presented graphical results show that suppression of
ionized impurity scattering is taking place for the large values of ny/T parameter
and therefore for the small values of Q2D screening radius ps.This is due to the
weakening of impurity potential when passing from the nondegenerate 2D EG
screening case to the degenerate in accordance with Exps. (2-5).

The suppression of ionized impurity scattering also occurs with a decrease in
the QW width. Such behavior in the SQL is due to the dependence of the cross
section for scattering by ionized impurities on the carriers energy when the latter
increases as the width of the layer decreases. For that case the scattering cross
section decreases with the increase of the particle energy.
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4.<. ULKUrnNL3UL, U.d. vlUSr3uy, .M. unuuL3UL

turuvudnrduo kunuNhyu3ht SrUUllL deruuutsuuul duvusuue
L£4ULSu3bhtL enu/purar- k theLuSrhy <6SMNULSUUL
<ucdunuuue

Cwoywpyyws E Eypwuwynpywsd fuwnuntyught gpdwu hwjwuwywunieiniup pywiu-
wwjhu hnp / pwpép-k nhkEyunphYy hbnbpnwugdwu wnuwynyejwdp: Sty £, np. w) pwgh
Gplswih EYypwuwynpdwu pwnwynp dbé wpdtipubph nbwpnwd pywuwnwihu hnp / pwnpép-
nhbiEYunpwlywu wuhwdwwwwnwufuwunyenup hwjwuwpwyonnd £ Gpyswih Eypwuwynp-
dwt wanbgnip)niup, p) ubplujwgywsd nbwpnud gpdwu ybpwywugudwu dwdwuwyh Ywtu-
qwsényp)niup Lityupnup tutipghwihg wybih nidtin £, pwu pJwuwnwihtu hnp /gudp-k nhwh
nhtGyunpwlwu hbwnbpnjunnigwéph nbiwpnud, g) gpdwtu ybpwlywuqudwu dwdwuwyp
fuunnpbu Ywiudwd & pJwuwnwihu hnph hwuwnnieiniuhg: bpwlwu InSb/HfO2 htnbpndw-
ybpunyeh wnyuwnypyudp Yuunwpyws E gndwu ytpwlwuqudwu dwdwuwyh pywihu ybp-
[(nénLRynLu:

Unwugpuypti puntip. pjwuwnwihu hnp, pwpép-k nhkGYunppy, fuwnuntjwihu gpnid:

K.I'. ATAPOHSH, A.K. XAYATPSH, 3.11. KOKAHAH

BPEMS PEJTAKCAIIUU DKPAHUPOBAHHOI'O IPUMECHOI'O
PACCESAHUSA C TETEPOIIEPEXO/IOM KBAHTOBAS
SAIMA/BBICOKHM-x JTUDJIEKTPUK

PaccunTana BepOSTHOCTH 3KPaHUPOBAHHOTO IIPUMECHOTO PACCESIHUS B IIPUCYTCTBUU
reTeporiepexona kBantopas sima (KS)/Bbicokuii-k AMAIEKTprK. BhIssBIeHO, UTO: a) TIpu 0O0Jb-
LIMX 3HAYCHUSIX Pajiyca KBasUIBYMEPHOIO SKPAHUPOBAHHUS IHAJICKTPHUYSCKHI pa3phblB THIIA
KA/BBICOKMIA-K TUANIEKTPUK OallaHCHPYET BIMSHHE NBYMEPHOTO KPAaHHPOBAHUS; O) IS
NPEICTABICHHOrO CIIy4asi 3aBUCHMOCTh BPEMEHH PEJIaKCAIllHU PAcCEsHUsI OT SHEPIUH JJICKT-
POHOB OoJiee CHIIBHOE, YeM B CiIydae reTepocTpyKTypbl KSI/HUBKHI-K IUANIEKTPHK; B) BpeMs
penlaKcany paccessHus CHIbHO 3aBUCHT OT ToiIMHBI KSI. BeirmonHeH uuncieHHbIH aHamm3
BPEMEHHU peJlaKCallMi YKPAaHWPOBAHHOTO ITPUMECHOTO PACCESIHUS JUIsl PEaIMCTHYHOM rere-
porpanuiist InSb/HFO..

Kniouegvte cnosa: xBaHTOBas! siMa, BEICOKHI-K TU3JIEKTPUK, IPUMECHOE paccesiHue.
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