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Abstract

The ground binding energy of a hydrogenic impurity in spherical GaAs quantum dots is investi-
gated by using finite difference method. The electron bound in GaAs quantum dots can be viewed
as a confined parabolic potential to the electron due to the parabolicity in the bottom of the con-
duction band of GaAs material. The results show that the ground binding energy of a hydrogenic
impurity in spherical GaAs quantum dots closely depends on the radius of quantum dot and the
parabolic potential parameter related to the conduction band. It is easily found that the ground
binding energy of a hydrogenic impurity changes considerably with the increasing of the radius of
quantum dot from a small radius. As the radius of quantum dot attains a certain value, the change
of the radius of quantum dot has little impact on the ground binding energy of a hydrogenic im-
purity; however, the parabolic potential parameter can considerably change the ground binding
energy of a hydrogenic impurity for a large of radius of quantum dot. This is the result of the
coupling and competition between the confining widths of the well potential and parabolic poten-
tial.

Keywords

Quantum Dot, Finite Difference Method, Hydrogenic Impurity, Energy Spectra and Binding Energy

Bk GaAsE F i b KSR REASRAEER
52
MM, BhOJRL, RER, A, EET, REE

VUPHERIR S E, P T
CEIEH .

NESIH: BEM, W, i, REE, R, KGR RIE GaAs BT AL RS RS R A RERITTTTL).
URAEE, 2017, 7(4): 155-162. https://doi.org/10.12677/mp.2017.74017



http://www.hanspub.org/journal/mp
https://doi.org/10.12677/mp.2017.74017
https://doi.org/10.12677/mp.2017.74017
http://www.hanspub.org

MrRECiy 5

2R IRITE 2 Be BT AEVR 5 7 TR SE R, VIR I
Email: “jianhui831110@163.com, “zhangzhihai33344@163.com

Wehs Hi: 20174F7H6H; FHEM: 20174F7H20H; KA HM: 20174F7H25H

R

AICEHARED TR T R GaAsBE T RHRERRESHAR. GaAstHH W EEA MWL,
HT R TR GaAsE T RH UBERERWMPAZRE . IRERRA: REETRPRERRES
RAGRSETROFENFHEMNBSHER. N TIERETHR, FAESRAREE T RFEHH
WRWHE, LR mE—en, BT RFRIBUXRARYERD, BTARNES, EENT
RERHET R, RAESHARZMYHASHOEMRK, ZRMIFZRHEESET RBFERA
FHEREHEREFER.

Xiin
REET R, ARENE, REARF, BN

Copyright © 2017 by authors and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

1. 518

BT AR A =gE R R 2 RIE T4, B RN ARE W, T RN, REAN, R
FERNZE[L] [2] [3] [4]. BT mi A R B B BN, e SOeRa e th, VAL, w0t
AR AT AN TV hRL, 58 7 A dr B S U 2 N o (R AE SEBR N R
AEBE G2 BN, BRI R T AR A M A2 EBE[L] [2] [3] [5]. P, &
T RN R A AT R A% R AR o

LR B 1 b, R AR R PN ZEE — N ERRIR I S B . 1T GaAs M RFF i IR A
PIRFAIE, 732 IR TERIE GaAs MBI LR R 32 21UV  BRA[6]. KUk, 5] Xiao Z 55 A [714] 142
IIITERE T T BRI & R P I ORI R 2% PR S R A RERI M . 2 )=, Varshni Y P S8 N[8]H2H 1 —
AT H PR B BRI R BR TR B 7 o b ) R0 SR B S R BE KIS, 3RAT 10 45 RN FE W] S L
Xiao Z 58 NFISRAT o ASCRA A BRZE 73 7AWt FC AR 5< B 9] [10] [11] [12]. A PRZE 7t At —Fif
T Z B BAETT %, FERM R SRR 7 REIN S 58 i X s, FH A% BT Rk AR
B, WE, KR RSB ER AT UEA, HRBZERIT R LOR T R 8E, X
TR 2 TSR AR B ) il 7 3 R 14 T LA e SR A28 8 ) AK T R S il L

AR Z el 2 RS E B AF RO A R, JF BT DO RGOS REIN A A A1 18 . AR SCFE i
A BRZED R IRET FERIE & T RO R RER P SRR, RO I PSR A RE R R & . WF e 2R
R R T AP RERPEES RPN KA RS & T RSS2 k. M EE
T, REREHEE T RPN, SR s —Ent, BT AR R R AR AR
N ETAZRES, ERNTRERNET R, JREESRAR Z A S Hm R .



http://creativecommons.org/licenses/by/4.0/

MRECHE 25

2. ERHES

TEAMRERELT, BRIERET AP 2R LR RZ BBy R MICERERHA PR, 28T GaAs
MRS R EA R PIYIRRE, 7T UE B2 B A RS Bk, 7£ GaAs B 1 i O RKE Ik
JR I R GE R B LA ] LR R
wo_, e 1

Vi 4 T me? +V (1), 1
2m er 2 ° (r) @)

H=-—

quv(r):{o r<R,

o >R,
m BRERE TR & RN BHEG o, RERTIIE; n RAMEIEHE o =¢/dng, N
W THE, & NETAHEH. ERRAFRR T, JFEQL) T UK 2
H\Pn,l,m(r’el (0) = E‘Ijn,l,m(r’e’ ¢) (2)
W (n0,0)=R (NYn(6.0): Yin(0,0) NERIERE, BET7%n, |, mapiloRmnE T JuE

BETHABE TR T RSV, DL 2 S AT DU I U A T4 | BT Rl
SRy (1) =X 1+ FARATTRQMITRLR), WS X, AL F AR,

H, X, (r)=EX,,(r)

o a* ((r+1)] e 1
le_zm{y— (rz )}——+5ma)§+v(r). @)

fENPTERET, RATGIATENSE . A KE r=_¢2a,, E,=hr?/2m'al s a, =—he/m'e? NPIRFAR,
R, :ez/ZgaB NEIERAER, y = ho, [2R, NIVIFEIHZE. TTRE) AT LA N
X +I(I +1) X e’X

- —— +ima)p<§2a§X:£X. (4)
oc & E,cfa, 2E, E,

4 g =€ feazE), @, =Mala} [2E,, t,=1h? RIE=E/E,, FAITLARITFE(4)H
_aZX 1(1+1) K3 P 5
6§2+ 2 X §X+¢2§X—EX (5)
FIHABR 2501k, SZ a7 AT EHL, S h=R/Ma, : & =ih, K J7FL(5)EHiit:
2X, _Xigl_XH +'(' fl) X, -2 X +0,82X, =EX; 121,23 M +1, (6)
h & &
RPN R X, = X,,,, =0, FREE)TLFEML: [H][X]=E[X], %

[(1+1
[gi]{(g—ﬁ)—%wz«ﬂ . RATTLLE [H] 2k
2ty +g, 1, 0

—t,  2y+g

H=| 0

o O o

@
2ty oy, 1
0 0 —t, 2ty + 6y

e, [X]=[X, X, X, X e

()



MrRECiy 5

X RR(T)IEAT RN AL, T RIS ) R G RE RN S (3 R 5. FEUk, K sRAARE B ARE 7 FE A 1]

FEALSR AR B A MEAE R AER I R . BRI &1 sl AT rpo O IR SR A B B2 R A R T LLSE SCN[T7] (8]
E,=E,—E (8)

Hr, B, NRAAMFIERN REGEESRE, ERRFAPRAESRER.
3. BR5V
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Table 1. The ground binding energy of the hydrogenic impurity in spherical quantum dots with the parabolic potential y = 0.2
1 Hy=02 MK EFRP LI LRESREHE

RE) o mmEam o oy emor Dl emor S B2
1 9.880910 9.861214 5.152486 5.094034 1.13% 5.121075 0.61% 5.117964 0.67%
2 2.512514 2.507675 2.732638 2.699487 1.21% 2.727622 0.18% 2.725295 0.27%
3 1.197094 1.195099 1.982281 1.957590 1.25% 1.979243 0.15% 1.979673 0.13%
4 0.790637 0.789724 1.670637 1.654711 0.95% 1.668888 0.10% 1.669588 0.06%
5 0.651425 0.651053 1.545602 1.535990 0.62% 1.545238 0.02% 1.545203 0.03%

Table 2. The ground binding energy of the hydrogenic impurity in spherical quantum dots with the parabolic potential y = 0.3
F2 Hy=03MEkEEF R LI RRESRERE

Re) et wEEAR  oad  en® O em® T mmaam  BE
1 9.895036 9.875369 5.153915 5.095526 1.13% 5.122564 0.61% 5.119445 0.67%
2 2.568587 2.563858 2.745262 2.712574 1.19% 2.740115 0.19% 2.738099 0.26%
3 1.319118 1.317347 2.026906 2.003933 1.13% 2.024912 0.10% 2.024611 0.11%
4 0.989143 0.988526 1.770142 1.756438 0.77% 1.769566 0.03% 1.769440 0.04%
5 0.911952 0.911813 1.700058 1.690804 0.54% 1.699923 0.00% 1.699905 0.01%

Table 3. The ground binding energy of the hydrogenic impurity in spherical quantum dots with the parabolic potential y = 0.4
3 Hy=- 04K EFR PRI RRESRERE

R@) Tl mﬁ%ﬁm ot eihn[(sg]) error eEqbn[(gs]) error ﬁﬁﬂ%ﬁﬁﬁ RE
1 9.914803 9.895176 5.155917 5.097615 1.13% 5.124655 0.61% 5.121520 0.67%
2 2.646494 2.641917 2.762897 2.730848 1.16% 2.758183 0.17% 2.755981 0.25%
3 1.483536 1.482041 2.087713 2.066796 1.00% 2.086372 0.06% 2.085797 0.09%
4 1.236781 1.236430 1.892868 1.880732 0.64% 1.892510 0.02% 1.892472 0.02%
5 1.202147 1.202110 1.861207 1.851498 0.52% 1.860523 0.04% 1.861161 0.00%
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Figure 1. Curve: The relation between the ground binding energy of the hydrogenic impurity and
the radius of spherical quantum dots
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Figure 3. Curve: The ground state radial location probability distribution of hydrogenic impurity in spherical quantum dots
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Figure 2. Curve: The relation between the ground binding energy of the hydrogenic impurity and the parabolic

potential parameter
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