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Plasmon excitation is one of the important properties of a material and is applied
in lots of technological fields. Plasmon excitations in graphene and graphene-
based structures have been studied intensively in recent years. This paper uses a
random-phase approximation to calculate plasmon excitations in a three-layer
graphene system (consisting of a monolayer and a bilayer graphene sheet) at zero
temperature. Calculations demonstrate the existence of three undamped plasmon
modes in long-wavelength regions, but their damping rates differ significantly
from each other in short-wavelength areas. The increase in separation leads to
different changes in the frequency of collective modes. In addition,
inhomogeneous background dielectric and the decrease in carrier density in bilayer
graphene affect strongly plasmon frequencies.
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Théng tin tic gia Tém tit:

Tinh chat plasmon la mot dac tinh quan trong cua vat liéu va dugc ung dung

Ngay nhan bai: trong nhiéu linh vuc c6ng nghé khac nhau. Phé plasmon cua graphene va cac

5/4{ 2021 o cau trc c6 chtra graphene da duoc nghién ctru séi dong trong nhitng nim gan
Ngay duyét dang: e e s XAk A ,
3/5/2021 day. Bai bao sir dung gan dung pha ngau nhién dé tinh toan pho kich thich
plasmon va hap thu trong mot cau trdc ba 16p graphene (gdm hai I6p don va
mot 16p kép) & nhiét do khdng tuyét dbi. Két qua tinh toan cho thiy su ton tai
Tiwr khoa:

cua ba nhanh phé plasmon khdng hap thu trong ving song dai nhung bi hap
nhdt: hé ba 16p graphene: thu r?t kh‘ac I’I'halzl trong vungnsong ngﬂén. Su tang 1én cua khoang cgch g'lf‘? cgc
kich thich plasmon: hé sd I6p 1am tan s6 cac nhanh pho thay doi khac nhau. Thém vao do, dién moi nén
hdp thu. khong dong nhét va sy giam xudng caa ndng do hat tai trong graphene 16p kép
¢6 anh huéng manh dén tan sé cac nhanh phd.

dién moi nén khéng dong

1. Giéi thigu

Ké tir khi dwoc phat minh bang thuc nghiém,
graphene d thu hat rat nhidu sy quan tdm nghién
ctru cua cac nha khoa hoc [1-3]. Vé mat ciu truc,
graphene don 16p (monolayer graphene — MLG) chi
bao gom mét 16p nguyén tir carbon sap xép trén
mang hai chiéu 1y tuang hinh t6 ong, gom hai mang
con hinh tam gidc. Cac cong trinh trudc day cho
thdy rang sy van dung md hinh Dirac cho MLG dan
dén két qua 1a cac chuan hat trong vat liéu nay c6
tinh chat nhu cac fermion khong khéi lwong, c6 phd
nang lugng tuyén tinh theo vector song trong viing
nang lugng thap va ving cam bang khdng, so Vi
céc fermion c6 khdi lugng vai phd tan sic parabol
va viing cdm hitu han trong céc chét khi dién tir gia
hai chiéu (two-dimensional electron gas — 2DEG)
truyén thong. Dic tinh dic biét ndy cua graphene da

cho thay kha nang ung dung cao trong nhiéu linh
vuc khoa hoc, céng nghé khac nhau. Bén canh
MLG, thuc nghiém ciing chtirng minh sy ton tai cua
graphene 16p kép (bilayer graphene — BLG) chtra
hai tim graphene don 16p song song va cach nhau
mot khoang céch rat nho. Sy tuong tac giita cac hat
tai trong hai I6p MLG mang lai nhiing tinh chat dic
biét cho BLG, so véi MLG va cac 2DEG truyén
thong. Céc chuan hat trong BLG tré nén c6 khoi
lwong va c6 phé tan sic parabol mac du van mang
dac tinh chiral. Do d6, cac ciu tric c6 chia BLG
cling mang nhiéu tinh chat dac biét so véi cac cau
trdc chira MLG va 2DEG [4,5].

Kich thich plasmon l& mot trong nhirng dac
tinh quan trong cua vat liéu, c6 nhidu tng dung
trong cac linh vuc cdng nghé khac nhau. Kich thich
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plasmon trong 2DEG da dugc nghién cau va {(ng
dung dé tao ra cac thiét bi dan quang tir rat sém.
Vao nhiing nim dau cua thé ky nay, cing véi su
phat minh ra vat liéu graphene, dac tinh kich thich
tap thé trong graphene ciing dwoc nghién ciu soi
dong. Phd kich thich tap thé trong graphene trai
rong hon so véi trong kim loai va trong cac vat liéu
khéc. Pho kich thich tap thé trong MLG, BLG va
cac cau trac 16p co chira chung da duoc nghién ciu
va cdng bd véi nhiéu dic tinh tha vi [6-12]. Trong
cac cau trdc nhiéu 16p, cac nghién ctu trude day da
cho thiy nhirng anh huéng dang ké cua sy khong
ddng nhit cua dién moi nén Ién dic tinh kich thich
tap thé trong hé do bai sy phu thugc phuc tap cua
thé twrong tac Coulomb vao sy khéng ddng nhit cua
moi truong [13-19]. Gan day, tic gia cua mot sb
cong bd khoa hoc trong linh vuc nay da quan tim
tGi cac cau tric nhiéu I6p graphene do kich thich
tap thé trong cc hé loai ndy c6 phd mé rong hon so
v6i cac don 16p cau thanh. Tuy nhién, phan I6n céc
cdng trinh ké trén lai bo qua anh huong cua dién
moi nén khéng dong nhat ciing nhu sy khac nhau
vé ban chét caa cac chuin hat trong cac 16p ciu tao

nén hé mac du cac yéu té nay c6 thé mang lai nhiéu
dic tinh mai la [20-25]. Céc chudn hat trong MLG
1a cac fermion khong khéi lwong véi tan sic tuyén
tinh trong vung niang luong thip trong khi céc
chuan hat trong BLG lai la cac fermion c6 khdi
lugng mang dic tinh chiral ty nhién véi tan sic
parabol. Bai b4o nay sur dung ham dién méi dong &
nhiét d6 khong trong gan ding pha ngau nhién dé
khao sat dzc tinh kich thich tap thé cia mot ciu tric
ba 16p, gom hai 16p MLG va mét 16p BLG trén dién
moi nén khong dong nhat nham cai thién mo hinh
ly thuyét, gitip cac nha khoa hoc vt lidu c6 thém
thong tin d¢ lya chon va tng dung trong cong nghé.

2. Ly thuyét

CAu trac cta hé khdo sat duoc biéu dién trén
hinh 1, gdm hai 16p MLG va mdt 16p BLG song
song nhau, tai cac vi tri z=0,d, 2d doc theo truc
Oz, trén nén dién moi khong dong nhit voi hang s6
dién mdi K, (a=1+4). Mat do hat tai trén mdi
16p graphene dugc xem la nhu nhau tai mdi diém

vacogiatri N (i=1+3).

NZ
Ka
2d <— BLG
K3
] — MLG2
K2
«<— MLG 1

Hinh 1. C4u truc cta hé 3 16p mono-mono-bilayer graphene trén dién méi nén khong ddng nhét.

Kich thich tap thé trong h¢ dugc xéac dinh tir cac
diém khong ciia ham dién moi dong [13-23]:

8(q,a)p—i7)=0 : 1)

v6i @, 1a tan sb plasmon tuong tmg véi vector
song (; 7 l1a hé s6 hap thu cia cac dao dong
plasma bén trong hé. Ddi vi truong hop hap thy
yéu, ta co thé xac dinh nghiém cua phuong trinh (1)
mdt cach gan diing tir phuong trinh sau [13-23]:

Reg(q,wp)zo. )

Hé sé hip thu cac dao dong plasma dwoc xéac
dinh tir biéu thirc
-1
ORee(q,)

7/=Img(q,a)p) o

a):(up

Ham dién moi dong cia hé 3 16p graphene trong
gin dung pha ngiu nhién dugc xac dinh 1a [21-23]

e(9,0)= det‘l—v(q)ﬁ(q, a))‘ .



N.V.Men/ No.21_Jun 2021|p.73-80

Trong biéu thirc (4), f[(q,a)) la tensor ham

phan hdi cua hé. Do cac 16p graphene dugc cd lap
nhau bang nhitng 16p dién mdi ¢6 bé day du I16n nén
c6 thé bo qua hiéu eng xuyén ngam. Khi dé, tensor
ham phan hdi c6 dang chéo:

11(q, ) = 5,1y (9, @)

O day, Iy (0, @) (i =1+3) Ia cac ham phan hoi

BLG véi (i =3), da duge xac dinh trong cac cong
trinh trude day [11,12].
Tensor thé twong tac \7(q) biéu dién tuong tac

Coulomb gitra cac hat tai dién trong cac lop
graphene, duoc xac dinh tir phuong trinh Poisson,
¢6 biéu thuc [17, 22]:

vy (0)= 2 1, ()

q
nhiét @6 khong cua MLG (voi 1=1,2) va cua
Trong dé:
. 2[(K2+K3)(K3—K4)+2K3(K2—K‘s)ezqd +(K2+K3)(K3+K4)e4qd]
= , 7
1(a) M (ad) (7)
. _ 8e™[ i, cosh(qd )+, sinh (qd ) || x; cosh (qd )+, sinh (qd ) | ©
zz(q)_ M (qd) !
. 2|:(K2+K3)(K2—K‘l)+21('2 (K3—K2)e2qd +(K'1+K2)(K'2+K'3)64qd]
= , 9
= (0) M (ad) (©)
8ic,e”™ [ x, cosh(qd ) + x, sinh(qd ) |
f = f =2 : ! , 10
12(a) = 1 (a) M (ad) (10)
8k, k02
f(0)= =22 (11)
(0)- (0) - S
8x,e°™ | k, cosh(qd )+, sinh (qd
fsz(q): fzs(q): : [ 2 ( ) ! ( ):I 7 (12)

M (qd)

Vaoi

M (X)=(, — K, ) (1, + 1) (16, — i, ) + 27 (i, — i, ) (e, — i,k ) + €7 (6 + 15, ) (6, + 163 ) (165 + 15, ).

C6 thé thay rang, thé twong tac Coulomb phy
thudc khé phic tap vao sy khac nhau giira céc 1op
dién méi ngan cach cac 16p graphene. Hon nita, néu
c4c chuan hat trong mot 1op graphene c6 tinh chat
khéng gidng véi trong hai 16p con lai thi ham phan
hdi va do d6 ham dién méi dong cua ca hé s& bi
thay d6i dang ké. Khi do, kich thich plasmon cua hé
s& thé hién nhitng dac tinh méi la so vé6i hé c6 ba
I6p gibng nhau va ca vai hé co dién moi nén dong
nhat. Céc khao séat vé dac tinh kich thich plasmon
ctia mot cau truc 16p ba nhu vay s& dugc trinh bay
trong phan 3 tiép sau day.

(13)

3. Két qua va thio luin

Trong phan nay, ching t6i trinh bay cac két qua
giai s6 vé& phé kich thich plasmon va hip thy trong
hé ba 16p graphene, gdbm hai 16p MLG va mét 16p
BLG trén dién moi nén khong dong nhét nhu trén
hinh 1. Cac 16p dién méi st dung 1a SIO, (
K, =Kgo =3,8); BN (K, =kg =50);
hBN (i, =k =3,0) va khong khi (
K, =K, =1,0) [11-13,16,26]. Cac ky hiéu Kg
va E 1an luot 1a vector song Fermi va ning lugng
Fermi ctia 16p MLG thir nhat, ding lam don vi cho
vector song va tan s6 plasmon.
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Hinh 2. Phé plasmon va hap thu trong hé graphene ba I6p BMMLG ((a) va (b)) va MMMLG ((c) va (d)). Cac sb

ligu s dung 12 d =20nm, va n, =n, =n, =10"cm™. Cac duong chdm — gach biéu dién duong bién ving

kich thich don hat (single-particle excitation — SPE).

Phé kich thich plasmon trong hé ba 16p
graphene co céu tao nhu trén hinh 1 dugc biéu dién
trén hinh 2(a). C6 thé thiy rang, phd kich thich
plasmon trong hé khao sat gdm ba nhanh phd phan
biét. Nhanh phd co tan s6 cao nhit 1a nhanh quang
hoc (optical — Op), hai nhanh con lai c6 tin s6 thip
hon 1a cac nhanh &m hoc (acoustic — Ac). Hai
nhanh c6 tan sé cao c6 thé tiép tuc ton tai trong
vung kich thich don hat (single-particle excitation —
SPE) trong khi nhanh ¢6 tin s6 thap nhit bién mat
khi cham duong bién cua vang nay. Hinh 2(b) biéu
dién hép thy plasmon cta cac nhanh phd, cac sb
lidu twong tng voi hinh 2(a). Bd thi cho thiy, sy
hap thy ning lugng xay ra trén cic nhanh phd
plasmon 1a rat khac nhau. Nhanh Op va nhanh Acl
mac du bi h'c”ip thy nang lugng rat sém (tai vi tri

khoang q=0,15k. va q=0,3k;) do di vao ving

SPE nhung sy mét mat ning luong xay ra cham

trong khi nhanh Ac2 bi hip thu nang lugng mudn
hon nhung ning lwong mit rat nhanh va bién mat
tai vi tri khoang =0, 6K . So sanh cac Hinh 2(a)
va (c) ta c6 thé thiy rang sy khac nhau vé ban chit
cac chuén hat trong cac 16p din dén sy khac nhau
dang ké vé gia tri tn sd va dang diéu cac nhanh
phd. Pdi véi hé ba 16p mono-mono-monolayer
graphene (MMMLG), cc nhanh phd nim rat gan
nhau va c6 tan s6 khong khac nhau nhiéu trong khi
d6i voi hé ba 16p bi-mono-monolayer graphene
(BMMLG) thi cac nhanh phd tach nhau ra rat xa.
Mot didu dic biét nira 1a mdc du nhanh Op trong hé
khéo sat co dang diéu khong khac nhidu so véi
nhénh nay trong cac hé don 16p va nhiéu 16p da
dugc khao sat trudc ddy nhung sy hdp thy ning
luong lai xay ra hoan toan khac hdn, nhu c6 thé
thay trén Hinh 2(d) [11,14].
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Hinh 3. Phd plasmon trong hé 3 16p graphene véi hai gia tri khoang cach khac nhau. Cac s liéu sir dung 1a

n=n,=n,= 10%cm™, d = 20nm va d =50nm .Cac dudng chim — gach biéu dién dudng bién ving SPE.

Hinh 3 v& phé kich thich plasmon trong hé tmg
voi hai gia tri khac nhau cia khoang cach giira cac
16p d =20nm (céc duong dam) va d =50nm (cAc
duong manh) véi mat do hat tai bang nhau trong ba
I6p graphene va bang 10"cm™. C6 thé nhan thay
tur hinh 3, su tang 1én cua khoang cach gitra cac 16p
lam tin sé cac nhanh phd thay d6i theo hai chiéu
nguoc nhau: nhanh Op giam tan sé dang ké trong
khi cac nhanh Ac lai c6 tan sb tang 1én. Sy thay doi
nay twong tu nhu dic tinh plasmon trong hé ddng
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nhat. Két qua nay la do khi khoang céch giira cac
I6p tang 1én thi sy twong tac gilta cac hat tai trong
cac lop giam di va khi khoang cach du Ién, cac
nhénh phé s& dan tiém can véi hé don 16n c6 cing
thong s vat 1y [18,20,21,23]. Nhu vay, ¢6 thé nhan
dinh rang sy khong ddng nhat cua dién mdi nén va
su khac nhau vé ban chat cua chuan hat trong cac
I6p graphene khong anh huéng nhiéu dén tac dong
cua khoang cach gitra cac 1op 1én phé kich thich
plasmon trong hé.
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Hinh 4. Pho plasmon trong hé 3 16p graphene voi mat do hat tai khdng bang nhau giira cac 16p.
Céc duong chim — gach biéu dién duong bién ving SPE.
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bé khao sat sy anh huong cia sy mét can béng
cua mit d6 hat tai gitra cac 16p 1én dac tinh plasmon
trong hé chung t6i v& trén hinh 4 pho plasmon trong
hé véi mat do hat tai trong cac 16p khong gidng
nhau: ¢6 hai 16p véi mat do hat tai bang 10%cm™
trong khi mat d6 & 16p con lai bang 5.10'cm™2.
Céc dd thi cho thdy, dang diéu cua cac duong
plasmon khong bi thay d6i nhiéu so v6i hinh 2a
(truong hop mat d6 hat tai can béng). Bén canh do,
khi mat d¢ hat tai trong 16p MLG thtr 2 (N, ) gidm
di ciing khong lam anh huong dang ké dén phd

(hinh 4a). Tuy nhién, sy giam di ctia mat do hat tai
trong 16p BLG (N;) lam thay d6i manh dic tinh
clia phd: hai nhanh phd c6 tan sb cao nhét sit lai
gan nhau hon trong khi nhanh c6 tin s6 thap nhat
¢6 chidu dai giam di kha nhiéu (duong manh lién
nét trén hinh 4b), két thic tai vi tri xdp xi
q=0,25k; (so voi q=0,55k. & hinh 2a va 4a).
Dic diém nay hoan toan khac so véi cac hé nhidu
16p ¢6 cac 16p gidng nhau da dugc khao sat trudce
day [21-23].
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Hinh 5. Phd plasmon trong hé 3 16p graphene véi dién moi nén dong nhat va khong dong nhat. Cac sé liéu sir

dungla n, =n, =n, =10%cm™ va d = 20nm. Céc duong chim — gach biéu di&n duong bién viing SPE.

Cubi cung, hinh 5 so sanh phd kich thich
plasmon trong hé ba 16p graphene vdi dién moi
nén dong nhit va khong dong nhat. Hé dong nhat
duoc su dung co héng $6 dién moi 1a gia tri trung
binh cua hing s6 dién moéi cua hai 16p ngoai cling
(R =(x,+x,)/2=2,4) [13,19]. DS thi cho théy,
tan s6 cac nhanh phd plasmon trong hé c6 dién moi
nén khong ddng nhét co gia tri nhé hon nhiéu so
v6i gia tri tuong tng trong hé c6 dién modi nén
khong ddng nhét vé6i cing mat do hat tai va khoang
cach giira cac 16p. Két qua nay cho thdy hiéu tmg
chin x4y ra manh hon trong méi truong ¢ hang sd
dién moi khong dong nhat. Trong ba nhanh phd thi
su khac biét xay ra nhiéu hon ddi véi nhanh quang
va nhanh am c6 tan s cao hon. Két qua nay tuong
tu nhu ddi véi cac hé co dang 16p d6i da duoc khao
sat trude day [14].

4. Két luan

Bai bao di tinh toan phd kich thich plasmon va
hip thu trong mot ciu tric gom hai 16p MLG va
mot 16p BLG trén nén dién moi khong dong nhat.
Biang cach tim nghiém cua phuong trinh diém
khong ciia ham dién méi dong trong gan dang pha
ngau nhién bang phuong phap sb. Cac két qua tinh
toan bang sé cho thay, c6 ba nhanh phd plasmon
ton tai trong hé, hai nhanh c6 tin sb 16n hon tiép tuc
kéo dai trong vung kich thich don hat trong khi
nhénh c6 tin sb thdp nhit sém bi tit hin do mat mat
ndng lugng manh. Khi khoang céch gitta cac lop
graphene tang 1én thi tan s6 nhanh Op giam xudng
trong khi tan s cac nhanh Ac lai tang 1én déng ké.
Bén canh d6, sy khong dong nhat cia dién moi nén
cling nhu sy mat can bang trong mat d¢ hat tai gitra
céc 16p graphene lam thay d6i dang ké dac tinh
plasmon cua hé.



N.V.Men/ No.21_Jun 2021|p.73-80

REFERENCES

[1] Geim A.K., Novoselov, K.S. (2007). The
rise of graphene, Nature Mater 6, 183.

[2] Maier, S.A.(2007). Plasmonics—
Fundamentals and Applications. Springer, New York.

[3] McCann, E. (2011). Electronic Properties of
Monolayer and Bilayer Graphene, In: Raza H. (ed.)
Graphene Nanoelectronics. Berlin: NanoScience
and Technology Springer.

[4] DasSarma, S., Adam, S., Hwang E.H.,
Rossi, E. (2011). Electronic transport in two
dimensional graphene, Review Modern Physics 83, 407.

[5] DasSarma, S., Hwang E.H., Rossi, E.
(2010). Theory of carrier transport in bilayer
graphene. Physical Review B 81, 161407.

[6] Politano, A., Cupolillo, A., Profio, G.Di.,
Arafat, H.A., Chiarello, G., Curcio, E. (2016).
When plasmonics meets membrane technology, J.
Phys. Condens. Matter 28, 363003.

[7] Politano, A., Pietro, A., Profio, G.Di.,
Sanna, V., Cupolillo, A., Chakraborty, S., Arafat
H., Curcio, E. (2017). Photothermal membrane
distillation for seawater desalination, Advanced
Materials 29, 03504.

[8] Ryzhii, V., Ryzhii, M., Mitin, V., Shur,
M.S., Satou, A., Otsuji, T. (2013). Injection
terahertz laser using the resonant inter-layer
radiative transitions in  double-graphene-layer
structure, J. Appl. Phys. 113, 174506.

[9] Shin, J.S., Kim, J.S., Kim, J.T. (2015).
Graphene-based hybrid plasmonic modulator, J.
Opt. 17, 125801.

[10] Yan, H., Li, X., Chandra, B., Tulevski, G.,
Wu, Y., Freitag, M., Zhu, W., Avouris P., Xia, F.
(2012). Tunable infrared plasmonic devices using
graphene/insulator stacks, Nature Nanotech. 7, 330.

[11] Hwang E.H., DasSarma, S. (2007).
Dielectric function, screening, and plasmons in 2D
graphene, Physical Review B 75, 205418.

[12] Sensarma, R., Hwang E.H., DasSarma, S.
(2010). Dynamic screening and low energy
collective modes in bilayer graphene, Physical
Review B 82, 195428.

[13] Badalyan S.M., Peeters, F.M. (2012).

Effect of nonhomogenous dielectric background on
the plasmon modes in graphene double-layer

structures at finite temperatures, Physical Review
85(19), 195444,

[14] Khanh, N.Q., Men, N.V. (2018). Plasmon
Modes in Bilayer—Monolayer Graphene
Heterostructures, Physica Status Solidi B 255(7),
1700656, Vietnam.

[15] Men, N.V., Khanh, N.Q. (2017). Plasmon
modes in graphene—GaAs heterostructures, Physics
Letters A 381(44), 3779, Vietnam.

[16] Principi, A., Carrega, M., Asgari, R,
Pellegrini V., Polini, M. (2012). Plasmons and
Coulomb drag in Dirac/Schrodinger hybrid electron
systems, Physical Review B 86, 085421.

[17] Scharf B., Matos-Abiague, A. (2012).
Coulomb drag between massless and massive
fermions, Physical Review B 86, 115425.

[18] Hwang E.H., DasSarma, S. (2009). Exotic
plasmon modes of double layer graphene, Physical
Review B 80, 205405.

[19] Vazifehshenas, T., Amlaki, T., Farmanbar
M., Parhizgar, F. (2010). Temperature effect on
plasmon dispersions in double-layer graphene
systems, Physics Letters A 374(48), 4899.

[20] Zhu, J.J., Badalyan S.M., Peeters, F.M.
(2013). Plasmonic excitations in  Coulomb-
coupled N-layer graphene structures, Physical
Review B 87, 085401.

[21] Men, N.V. (2020). Plasmon modes in N-
layer gapped graphene, Physica B 578, 411876,
Vietnam.

[22] Phuong, D.T.K., Men, N.V. (2019).
Plasmon modes in 3-layer graphene structures:
Inhomogeneity effects, Physics Letters A 383,
125971, Vietnam.

[23] Men, N.V., Khanh, N.Q., Phuong, D.T.K.
(2019). Plasmon modes in N-layer bilayer graphene
structures. Solid State Communications 298,
113647, Vietnam.

[24] Wachsmuth, P., Hambach, R., Benner G.,
Kaiser, U. (2014). Plasmon bands in multilayer
graphene, Physical Review B 90, 235434.

[25] Phuong, D.T.K., Men, N.V. (2020).
Plasmon modes in N-ayer graphene structures at
zero temperature, Journal of Low Temperature
Physics 201: 311-320, Vietnam.

[26] Svintsov, D., Vyurkov, V., Ryzhii, V., Otsuji, T.
(2013).  Voltage-controlled surface plasmon-
polaritons in double graphene layer structures,
Journal of Applied Physics 113, 053701.



N.V.Men/ No.21_Jun 2021|p.73-80



N.V.Men/ No.21_Jun 2021|p.73-80



