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Fig. 1. Response functions vary with the frequency
of the external field: (a) The absolute value of the
charge; (b) the real part of the dipole moment; (c¢) the

imaginary part of the dipole moment.

Bl 1 (a) 25 H T FEL AT 1R 48 06 (L BE 21 37 990 2 1 AR
b, ML () BT 7~ 45 5 ) W52 HY BH I8 (1) DR 25 4,
NN RO Qo SO A Al o R N ]
TCMRA . AN ERT, R L, = L, = 4,
N, = 4, Wi =/ JLiR 0, SRR P 7E A7 & IE
B Xof N A BT I 3 MR IR, NG R R E — A
B AR RAE 2 AP SR I SRR IR,
X B RO E TSR, XAT N RALT &
R REE AT N, B 1 (b) FE 1 (c) 5l
g5 T AR () SR R R BE AN I I I AR A AR
B 1 S B AR AR AR R 1 R, R BB RE S
W Bl gh R Ron e B LRI AL B AR AR ) S
I Rk, R AE I O AR, 12 S B
EAMNER T, SEBTH AN ET SR kAR
KIMEWRIR G, 15 1) R RO Ry A
WROE %, [R]INFE BB RE = AR ORI, &5 RS
Muniz 2% 19 F1 Yu 25 20=22] 2 |7 (O wIF 75 45 S 2510,

AR SCHR 9, 10] AUARER T3V, AR SCR B A RE A R
P AR g [ bR R 43 HY 5 BTG

log[1+4Imag(P)]

log[1+Imag(P)]

50

N
A
S M =10
%0 40 A
g 30 ems
; M Ne=6
e 20 -
. M Ne=4
10
N.=2
0 1 AN . " .
0 1.0 2.0 3.0 4.0

2 (TR ) MR R SR AR K221 (a)
ERTH Ne = 4; (b) BB THEEne = 1; (c) BT
TR Ly =Ly =9

Fig. 2. (color online) The dipole response functions
vary with the frequency of the external field: (a) For a
fixed electron number Ne = 4; (b) for a fixed electron

density ne = 1; (c) for a fixed size of quantum dot
Ly =1Ly=09.
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Fig. 3. (color online) (a) Frequency spectra of the plasmons; (b) the frequencies of the plasmons vary with the

quasi-wave vector.
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Fig. 4. The excitation intensity of the plasmon: (a) Vary with the size of the quantum dots; (b) vary with the

electron number of the quantum dot.
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Abstract

Plasmon in quantum dot system is one of the most notable research topics in the field of optoelectronics. With
the development of nanotechnology, plasmon in nano-structure has received considerable attention due to its potential
applications in future natural science areas. To better understand the quantum effect and the properties of plasmon, in
this paper we use the linear response theory and the tight-binding approximation to investigate the collective response
of charge in a twodimensional square quantum dot system. The results show that when the frequency of the external
field equals the frequency of the plasmon, there are strong charge collective oscillations in the quantum dot system,
accompanied by great energy absorption and near-field enhancement. Owing to the quantization of plasmon, the collective
charge oscillations in a two-dimensional square quantum dot system are found at different frequencies. The number of
quantum modes of plasmon increases with the size and electron number of square quantum dots increasing, this behaviour
of quantum mode of plasmon is similar to the one of phonon. The reasons for this behaviour are as follows. First, with
the increase of quantum dot size, there are more energy levels around the fermi energy, and the electrons can jump from
more energy levels to the outside of fermi circle, so there are more collective excitation frequencies (i.e., more quantum
modes of plasmon) in a larger size system. Second, with the increase of electron number in quantum dots, there are more
energy levels occupied by electrons, so there are more quantum modes of plasmon too. Furthermore, the size dependence
of plasmon shows that with the increase of quantum dot size, the frequency interval between two neighbouring modes
of plasmon is smaller, and the discrete modes of plasmon will gradually display quasi-continuous characteristic and
transform gradually into the classical continuous modes of plasmon, and the frequency spectrum of plasmon turns into
the classical dispersion relation. Such a characteristic is in accord with Bohr’s correspondence principle, implying that
the quantum plasmon and classical plasmon are gradually unified in a macroscopic size. The dependence of plasmon on
the size and electron number of quantum dots also show that with the increase of the quantum dot size, the frequencies of
the plasmon is red-shifted and the excitation intensity of the plasmon increases; with the increase of the electron number

in quantum dot, the frequency of the plasmon is blue-shifted and the excitation intensity of the plasmon increases.
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