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OF AHYDROGENIC DONOR IMPURITY IN CORE/SHELL/SHELL SPHERICAL
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Effect of hydrostatic pressure on diamagnetic susceptibility of on-center hydrogenic donor impurity in a
Ga,, Al, As/GaAs/Ga,_, Al, As core/shell/shell structure with Kratzer confining potential have been

theoretically investigated in the framework of the effective mass approximation. The diamagnetic susceptibility
have been calculated as a function of the characteristic parameters of Kratzer confining potential. With the
increase of the hydrostatic pressure, the diamagnetic susceptibility increases. The same dependence from the
depth of the Kratzer potential with additional effect: the value of the diamagnetic susceptibility become
saturated. The results show that as the potential minimum point increases the diamagnetic susceptibility
increases until some critical value, after which it decreases.
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Introduction

Investigation of Coulomb systems in quantum dots (QD) constitute a subject of essential
interest of specialists, due to the changings of geometrical shapes and sizes of QD it's possible to
control physical properties, particularly imputiy and exiton states in zero-dimensional structures [1,2].
With decreasing of the sizes of semiconductor the binding energy hydrogen-like system is increasing.
Impurity states in QDs was investigated in many papers [3,4].

At last years special fixedly attention given to spherical symmetric core/shell/shell systems
[5,6]. Essential prosperity of these systems is possibility of controlling of energetic spectrum of charge
carriers through the changing of inner radius as well as outer. Wherein theoretical result obtaining for
core/shell/shell system has generelized character, because by corresponding limit transition it can be
realized spherical quantum dot as well as quantum well.

At the same time in number of papers [7,8] are studied diamagnetic properties of impurity
atoms in QD. Thereby it presents interest investigation of diamagnetic properties of impurity localized
in center of spherical core/shell/shell system in that case, when confienment potential of structure
described within model of Kratzer molecular potential [5]. The Kratzer potential have the following
form

Vconf(r):ra_z_g—’_UO' 1)

where a, B, U,— are parameters of potential. This parameters are related with the height of
confinement potential and the potential minimum point r, of U(r) potential according to the

relation: a =U,r7, B =2U,r,. Said at first caused by fact, that problem of impurity state with this
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potential is analytically exactly solvable and that’s why it’s possible to get a whole line of analitical
reults and that let us present detailed picture diamagnetic characteristics of impurity atom.

Diamagnetic susceptibility
For diamagnetic susceptibility, y,., we can write [7]:

— {fn(olb (r)}2 ridr. by

The integral in equation (2) was calculated in [5], and based on this we can write
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where are made next designations: A? :4h/(l— h)2 . D =(1+ h/(l—h)). From this expression, it
can be written analytical expression for diamagnetic susceptibility for 1S and 2s states. So for 1s
state
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Now let’s consider the behavior of diamagnetic susceptibility in dependence on hydrostatic
pressure and parameters of the QD. In all results, the units of length and energy are presented in Bohr

radius a; =104 m and effective Rydberg constant E, =5.275 meV respectively. As for diamagnetic
susceptibility, it is presented in (a;;2 .re) =4.362 m3 where r, = 4.194x10™* m is the classical radius

of electron. Also it’s necessary to notice, that in all calculations should be considered the dependence
of the u, & and r, on hydrostatic pressure P [9,10]. The effective mass changes with P as

,u(P)Z/J(O)eo'O?SP , (6)

where ,u(O) =0,067* 14, (4, is free electron mass). The variation of dielectric constant with

pressure is given as:
£=13.13-0.088P . ©)
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In all expressions P is in GPa. The dependence of R_ . (outer radius of QD) on P given as:

out

Ry (P) =R, (1-1.5082-10°P). ®)

Note that the parameter r, correlated with outer radius of QD R . This correlation will be assumed

out *

as linear and the coefficient of proportionality A,,, should be chosen from the experimental data. So

p
dependence of r, on P could be written as:

f, (P) = 2R, (1-1.5082-10°P). o)

It is obvious that the dependence of the geometrical parameter r, on pressure leads to the
changes the profile form of the Kratzer potential. Fig. 1 a) shows the dependence of diamagnetic
susceptibility of the electron on minimum point of Kratzer potential r,. With increasing of r; curves
monotonically fall wherein there is observed increasing of absolute value of diamagnetic

susceptibility. The curve highest located curve corresponds to biggest value of pressure, because
module of average value of r has the smallest value in this case. In addition, it should be noted, that

with increasing of r, curves diverges from each other.
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Figure 1. Dependencies of diamagnetic susceptibility Adia on parameter %o for different values of
hydrostatic pressure for a) 13 and b) 28 states

On Fig. 2 a), b) are shown dependencies of diamagnetic susceptibility on depth of Kratzer
confinement potential. As follows from this figures with increasing of U, absolute value of

diamagnetic susceptibility decrease because of decreasing of localization area of electron. As in
previous case for 2S state absolute value of diamagnetic susceptibility has bigger values than for 1S
state.

All these reasonings are valid as well for 2s state (Fig. 1 b)). As it can be seen by absolute value

1,0 0,0
Ada jg bigger than Ada for every value of I,, because in 2S state area of localization of electron is

bigger than in case of 1S state as it can be seen from graphics for IU""O and I“b in top right angles of
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both figures. In both cases, when increasing r, starting from some value of r; absolute value of

diamagnetic susceptibility starting sharply increase. This fact caused by quantum emission of electron
from QD, whereupon area of localization of electron becomes more larger, than QD sizes.
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Figure 2. Dependencies of diamagnetic susceptibility y,, on parameter U for different values of
hydrostatic pressure for a) 1s and b) 2s states.

On Fig. 3 a), b) are shown dependencies of diamagnetic susceptibility on hydrostatic pressure
for different values of r,. With increasing of P all three curves approach to each other (module of

diamagnetic susceptibility decrease).
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Figure 3. Dependencies of diamagnetic susceptibility 4dia on hydrostatic pressure P for different values of
o for a) 1S and b) 2 states.
Curve which corresponds to biggest value of r, (I, :4a;) located lower of all others,

because in this case electron is localized on greatest distance from impurity. Null value of pressure
corresponds to those value of diamagnetic susceptibility of impurity electron, when minimum of

Kratzer potential has values I, = 2a;, I, =3a; and I, =4a; .

Conclusion
In this article the dependence of diamagnetic susceptibility values of the electron in
Ga,, Al, As/GaAs/Ga,_, Al, As core/shell/shell structure with Kratzer potential and on-center

hydrogenic impurity on hydrostatic pressure are considered. The same dependencies also obtained on
the parameters r; and U, for different values of hydrostatic pressure. Due to the quantum emission of
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electron from core/shell/shell structure, starting from some value of r, the behavior of the value of

diamagnetic susceptibility is changing sharply.
References

[

. P. Harrison, Quantum Wells, Wires and Dots. Theoretical and Computational Physics, John Wiley

& Sons Itd, New York, 2005.

2. Zh. Wang, Self-Assembled Quantum Dots, Springer Science+Business Media LLC, New York,
2008.

3. Talbi, A., et al. "Theoretical investigation of single dopant in core/shell nanocrystal in magnetic
field." Superlattices and Microstructures 85 (2015): 581-591.

4. Zhang, Zhongmin, et al. "Donor impurity states in a GaAs square tangent quantum
dot." Superlattices and Microstructures 83 (2015): 439-446.

5. Hayrapetyan, D. B., et al. "Core/shell/shell spherical quantum dot with Kratzer confining potential:
Impurity states and electrostatic multipoles."Physica E: Low-dimensional Systems and
Nanostructures 66 (2015): 7-12.

6. Wang, Jiaheng, and Siu Wing Or. "Orientation-induced enhancement in electromagnetic properties
of ZnFe204/SiO2/PANI core/shell/shell nanostructured disks." AIP Advances 6.5 (2016): 055908.

7. Khordad, R. "Effect of temperature on magnetic susceptibility and thermodynamic properties of an
asymmetric quantum dot in tilted magnetic field." Modern Physics Letters B 29.23 (2015):
1550127.

8. Bahramiyan, H. "Effect of confining potential shape on energy levels, binding energy and
diamagnetic susceptibility of a spherical core-shell quantum dot." Indian Journal of
Physics (2015): 1-11.

9. Jeice, A. Rejo, Sr Gerardin Jayam, and KS Joseph Wilson. "Effect of hydrostatic pressure and
polaronic mass of the binding energy in a spherical quantum dot." Chinese Physics B 24.11 (2015):
110303.

10. Barseghyan, M. G., A. A. Kirakosyan, and C. A. Duque. "Hydrostatic pressure, electric and
magnetic field effects on shallow donor impurity states and photoionization cross section in
cylindrical GaAs—Gal—xAlx As quantum dots." physica status solidi (b) 246.3 (2009): 626-629.

<hHNUSUShY ALCU UL URDIESNRESNRLL UMrUSSEMh Uu<UULUPULUN
MNSELShULNY UhRNRY/TENS/TENS FLHUAGY L4ULSU3PL UESNRU RPUTLULUUL
mnuNrudpht kuuNhubh YHhuvusthilyuult CLHULARLUWUNRE3UL dru

U.U. Udppluwtywu™, TP, Cwjpwybnjwi'?, E.U. Twqupyui’?, <.UW. Uwpquywu'>3
'Cwy-Mmuwlwt hwdwiuwpwb

2Gpluwup wbpwlwt hwdwuwpwb

3U. Mapbppnigh Mnjhuipbfubhulwt hwdwuwpwb

‘U. Uppuwtywup wbdwl wqquyht jwupnpuwgpinphw

Upryniwwpwp  quugywsh  dnunwynpnigyuu gpowuwlubpnd - wbuwlwunpbu  hGwnwgnngbp &
hhnpnuwnwuinhly duodwu wanbignip)niup Ynwingtiph uwhdwuwthwynn wnwbughwiny
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IPPEKT 'MAPOCTATUYECKOI'O JABJIEHUSA HA TMAMAT'HUTHYIO
BOCIPUMMYMBOCTbH BOJIOPOJONOJ0OBHOM JOHOPHOM ITIPUMECH B
CO®EPUYECKOM KBAHTOBOM TOYKE SIIPO/CJIOM/CJION C OrPAHUYUBAIOIIIUM

HNOTEHIIUAJIOM KPATHEPA
C.M. Amupxanan®, JI.B. Aiipanersin®?, .M. Kazapsan'?, A.A. Capkcusinl?3
YPoccuiicko-Apmanckuii Yuueepcumem
2Epesanckuii I'ocyoapcmeennuiii Yuusepcumem
3C. Hemepbypeckuii ITonumexnuyeckuii ynugepcumem
*Hayuonanvnas nabopamopus umenu A. Anuxanana

B pamkax Tteopum 3¢GQEKTHBHON Macchl TEOPETHUYECKH HCCIeAoBaH 3(P(EKT THAPOCTaTHIECKOTO
JIaBJICHWS] Ha IMaMarHUTHYIO BOCIPHUMYHMBOCTH BOZOPOJONOAOOHON NOHOPHOW mNpHMecH B C(epHUecKOH

Ga,_, Al, As/GaAs/Ga,_, Al, As

KBAaHTOBOH TOYKE SOPO/CIOM/CION ¢ OTpaHUYMBAIOUIMM  ITOTCHIUATIOM
Kparnepa. JlnamMaruutHas BOCIIPUMUMYHMBOCTH BBIUMCIICHA KaK (YHKIUS XapaKTepPUCTHYECKHX IapaMeTpOB
noreniana Kparmepa. C yBenuueHHMEM THIPOCTAaTHYECKOTO MJABJICHHS IUAMarHUTHas BOCIPHUMYHBOCTD
yBenu4yHBaeTcs. Takas jKe 3aBUCHMOCTh OT TJyOuHbI moreHuuana Kparuepa ¢ p00aBoYHbIM 3(dekrTom:
BEIMYMHA JUAMAarHUTHONW BOCIPHMMYHBOCTH CTAHOBHUTCS HACBHINIEHHOHN. Pe3ynbTaThl MOKa3BIBAlOT, YTO C
YBEJIMUEHHUEM TOYKH MUHHMYyMa MOTEHIMaIa AHaMarHUTHAs BOCHPUUMYHUBOCTH YBEIWYHBAETCS JO HEKOTOPOTO

3HAYCHMA, ITOCJII€ KOTOPOTO YMCHBINACTCA.

KaoueBble cjioBa: C(i)epnquKaﬂ KBaHTOBasA TOYKa, IOTCHIHAI KpaTuepa, JuaMaravuTHasa
BOCHPHUHUMYNBOCTD.
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