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DANG GIAI TICH GAN PUNG SONG DAI CUA TAN SO PLASMON
TRONG CAU TRUC BLG - GaAs

e Nguyén Van Mén", Béng Thi Kim Phugng"

Tém tit
Cdc két qua gidi tich cho pho plasmon cua vdt liéu con rat han ché do tinh phirc tap cua ham
phdan cyc. Bai bdao ndy trinh bay biéu thirc gidi tich ciia tan sé plasmon trong gan dung song dai cua
mét cdu triic Iop doi duoc tao thanh tir mot 10p bilayer graphene va giéng the luong tr Gads. Cac
tinh todn cé ké dén bé day [6p khi dién tir va su khong d‘ong nhdt cia hang 0 dién moi nén dwa trén
cac ham phdn cyc trong gan ding pha ngau nhién. Két qua cho thdy, tan sé nhanh quang hoc co
dang giong véi biéu thirc dd dwoc dé cdp trong cdc cong trinh trede dady, trong khi tan so nhanh am
hoc chiu anh huéng cia cd khoang cdch gitra hai 16p va bé day I6p.
Tir khéa: gidi tich, bilayer graphene, phé plasmon.

1. Giéi thiéu

Ké tir khi m&i duoc phat hién vao nam
2004, nhitng dac tinh dac bi¢t cuia graphene da
thu hit rat nhléu sw quan tdm cua gioi khoa hoc
[2]. Su tan sdc nang lugng tuyén tinh trong ving
nang lugng thap, cac gia hat khong khéi lugng
cling nhu bé rong ving cdm bang khong 1am cho
graphene (don 16p graphene — MLG) that su
khac biét so v&i cac vat liéu hai chiéu truyén
théng [9]. Khong giéng v6i MLG, graphene 16p
kép (bilayer graphene — BLG) c6 hé thirc tan sic
dang parabol, cac gia hat trong BLG 1a c6 khéi
luong va ham phan cuc c6 dang hoan toan khac
biét. Do d6, cac cau trac 10p c¢6 chira BLG ciing
s& mang nhiéu dic tinh thu vi hon so véi MLG
va dang duoc quan tdm tim hiéu [10], [14].

Phé plasmon cua vat liéu da dugc quan tam
nghién ctru va ung dung trong nhiéu nim nay.
Céc cdu trac co dang giéng thé don va giéng thé
d6i lugng tir trong d6 giam nhét hé dién tir tuong
tac dd dugc nghién ctru tir cudi thé ky trude [3],
[11], [14]. Trong nhitng nim gan day, phd
plasmon ciia MLG [5], BLG [13], va ca MLGG
(mono layer gaped graphene) [4] ciing da duoc
quan tam nghién cuu. Bén canh d6, cac nha khoa
hoc d4 ching minh rang, phd plasmon cua 16p
d6i co dic tinh khac biét so véi cac 16p don ciu
thanh [6], [11], [17], [16]. Bang chimg 1a cac
cong bd vé phd plasmon ciia 16p doi graphene
(DLG — double layer graphene) [6] va 16p doi
MLG — 2DEG [8] cho két qua khong trung khép
v6i 16p don céu thanh ching khi khoang cach hai
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16p dan vé khong. Bén canh cac két qua giai 5O
rat phong phu vé phd plasmon trong hau hét cac
cong bd khoa hoc thi cac biéu thtrc giai tich cua
tan sd plasmon trong gan dung song dai cling lan
luot duge cho ra doi, mic du voi s6 lwong han
ché hon do tinh chét phuc tap cua phép tinh giai
tich cac ham phan cuc cia ciu truc 16p. Biéu
thirc giai tich trong gan dung séng dai cua cac
cAu tric 16p don nhu 2DEG, MLG, BLG di dugc
Xac dinh boi Sarma va cac dong nghiép [7], [15].

Trong cau trac 16p doi, Sarma [6] da dua ra biéu
thirc tan s6 plasmon trong gan ding song dai cho
DLG véi hang s6 dién moi nén dong nhat ¢ nhiét
do khong tuyét d6i. Principi va cac cong su (8]
thi tinh biéu thirc nhanh quang ciing trong gan
dung song dai cho 16p d6i MLG — 2DEG khi
khong tinh den bé day 16p va su khong ddng nhét
cta hang s dién moi nén mot cach day da. Nam
2017, Nguyén Vin Mén va Nguyen Qudc Khanh
[7] ciing xac dinh biéu thirc giai tich ciia tan s6
plasmon cua ca nhanh quang va nhanh am trong
hé BLG — 2DEG nhung khong tinh dén bé day
16p 2DEG. Theo tim hiéu cua tac gia, biéu thic
giai tich cho tan s plasmon trong 16p d6i BLG —
2DEG c¢6 tinh dén bé day 16p thi van chua thiy
¢6 cong bd khoa hoc ndo.

Bai b4o nay trinh bay két qua tinh toan chi
tiét vé tan s6 plasmon ctia mét cau trac 16p doi
dugc hinh thanh tr mét 16p BLG va mot 16p
2DEG bi giam nhét trong giéng thé luong tur
GaAs, ngan cach nhau bd1 nhitng 16p dién moi
khac nhau. Cac ham phédn cuc trong gan ding
pha ngiu nhién (random phase approximation —
RPA) ¢ nhiét 46 khong tuyét ddi va thé tuong tac
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Coumlomb ndi 16p va xuyén lép trong khong
gian xung luong dugc si dung cung voi sy
khong dong nhat cua hang s6 dién moi nén va bé
rong hitu han cua giéng thé lugng tir.

2. Ly thuyét

H¢ khao sat co6 dang lop doi dugc hinh
thanh tr mot 16p BLG trén cdu trac di chét
GaAs/AlGaAs hinh thanh 16p khi dién tir hai
chiéu véi khdi lugng hiéu dung m,... trong
giéng the lugng tor GaAs (Hinh 1). Cac 16p dién
moi nén xung quanh hé c6 hang sb dién méi
hoan toan khac nhau, lan luot 13 «,, «, VA ;.

Viéc tng dung ly thuyet dién tr cua
Maxwell di chi ra ring diéu kién ton tai cac
modes dao dong plasmon trong vét chat 1a ham
dién moi mo ta h¢ phai triét tiéu [15]

5(q,a)p)=0. 1)

Trong gan dung pha ngau nhién, ham dién
mdi dong cua 16p d6i BLG — 2DEG (c6 ciu tao
nhu trong Hinh 1) ¢6 dang [1], [16], [17]

€2DEG-BLG (qvw) = [1+U2DEG (q)nzbEG (Qrw)]x
X‘:1+Ug (9)Mgs (q,a))] —[Uga0ee () Mypgc (9, @) g6 (0, @) (2)

V6i I,pes (0, @) va Ty (0, @) lan luot 12
ham phan cuc cua 2DEG va BLG da dugc thiét
ap trong [3], [13], [14]. C&c ham U e, (9) Va
U206 (0) 1an luot 13 thé twong tac Coulomb

noi 16p va xuyén 16p trong khong gian xung
lugng, c6 biéu thirc [12]:
2

2re
U peer (Q) - fopeciy (qd , qW) (3)
27e?
U206 (q) - fg-ZDEG (qd , qW) (4)
Air )
acer z=d+w : BLG
Sp. i
GaAs
AlGaAs Ky

Hinh 1. Lép déi BLG-2DEG véi ba 16p dién méi
co h&"lng s0 dién méi khac nhau «,, k, va K,
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fg—ZDEG (X, y) =

2k, cosh(X),
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+sinh X|:K2D (K‘ZZ + Kle)COSh y +(/<1/<22 + K‘3K22D)Sinh y]. ®)

Viéc giai phuong trinh (1) bang phuong
phap giai tich v6i cdc dang ham c6 sin trong cac
biéu thirc (2)-(8) mot cach chinh xac la diéu
khong kha thi. Do d0, ta str dung dang khai trién
cac ham nay trong ving séng dai dé tim nghiém
giai tich gan dung ctia phuong trinh (1).

3. Két qua va thao luan

Céc biéu thirc ham phéan cyuc cua BLG va
2DEG trong vung song dai c6 dang [3], [13]:

My (0) = os & ©
e Mg g o’
. n q?
va T,pe6 (0, @) = ——2256- ., (10)
“oRe My pec o’

Thay vao phuong trinh (1) voi dang ham
dién mdi cua 16p do6i da dugc cho trong (2) ta
dan téi phuong trinh

1- wOZBLG fg (qdvqw)%’[‘ﬁznse fones (qd,qw)%Jr (11)
+(UDZBLG('UDZZDEG [ fg (qd,qw) fooee (qd ) qW) fg 2DEG (qd qw)]% =0
, 2 2ze’n .
trong do Oypee = ———225 va
m2 DEG

oo = 2E e Vigi me . 1a khéi luong hicu
BLG
dung cua dién to trong BLG; céc dai lugng
Npes VA Ng o lan luot 12 mat d dién tir trong
16p 2DEG va trong BLG. Phuong trinh (11) la
mot phuong trinh trung phuong theo @. Phuong
trinh nay c6 bon nghiém va hai nghiém dwong 1a
07 = 0 Foce (00, + e Ty (00, 0) 2800 0 oo (0. w) ]+
+[ 0o Ty (00 W) | + 2080608 [2[ £, 2056 (00,QW) | = f,006 (0. qw) £, (qd, qW)]}} @2)
Trong gan dang song dai (q—0), cac dai
lwong qd va qw nhan gid tri rt nhé. Do d6 ta
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c6 thé khai trién cac ham f, . (qd,qw),
f,(ad,aqw) va f,_,oeq (0d,qw) dudi dang chudi

va chi gitr lai dén s6 hang bac nhat cia vector
song. K&t qua khai trién do la

2 2(7"327/(22) 5 2( 3K2D*KK‘3+K3
f. d,qw) = + d+ + 13
e (00.00) A {".2(’(1*""3)2 Ko 3’(20(’(1'*"(3) ( )

2(x2 _ 2 2 g2 _ 2
f, (qd,qw) = 2_, (s )2 d+ (s KZD)Z wiq (14)
K tK; K'Z(K'1+K'3) KZD(K'1+K3)

2 _{ 2(K22+K1K3)d+(1(11(2 2K,K2 — rqrczrca } (15)

Thay cac biéu thirc (13), (14) va (15) vao
biéu thirc (12) ta s& thu duoc biéu thirc cac tin sd
plasmon. Xét hai trudng hop cu thé sau:

Trong truong hop diu cong ta chi can giir
lai sb hang bac mdt khac khong cua vector song
va thu dugc nghiém la

Z(a)2 +af ) Ae?

02DEG oBLG e n n

a)f _ q= 20ec |, lBlG q. (16)
K+ K+ K,

fg72DEG (qd , qW) =

KZ(K1+K3) KQKzu(K1+K3)

mZDEG mBLG

Biéu thirc (16) cho thdy, trong gan dung
song dai, tan sé nhanh quang hoc ty 1é thuan véi
can bac hai cua vector song va phu thudc vao
cac hang s6 dién moi cia cac 16p bao boc quanh
hé, khong phu thudc hiang sé dién méi 16p trung
gian (x,), bé day 16p 2DEG va khoang cach
gitta hai 16p. Két qua nay hoan toan twong tu
nhu d6i v6i hé BLG — 2DEG ma dd bo qua bé
day 16p 2DEG da dugc trinh bay trong [7]. Bleu
thire (16) con cho thiy su phu thude cua tan sb
nhanh quang vao cac yéu té dic trung cua cic
16p céu thanh (BLG va 2DEG) 1a nhu nhau (phu
thudc vao mat do hat tai & bac can bac hai).
Diéu nay c6 thé giai thich 1a do trong gan dung
song dai thi ham phan cuc cta hai 16p nay co
dang giéng nhau va hé thirc tin sic cua ning
lugng ciing c6 cung dang parabol.

Trong truong hop dau trir, vi cac sd hang
bac nhit cua vector song tri¢t tiéu 14n nhau nén ta
phai gitr lai dén s6 hang bac hai va thu duogc két
qua la

n, n,
27e2 —2DEG _BLG
Mypec Mers |’2d + (15+8”

[”ZﬁJr”BA L""Z 127Ky

+
2 2
(“’UBLG + Onopes )I"Vz

2
o olastiine [2 (15487
- 127%K,

Mo (@7)

Biéu thic (17) cho thiy tan s6 nhdnh 4m
hoc ty 1& vdi gia tri vector song. Khac v6i nhanh
quang hoc, tan s0 nhanh am hoc lai phu thudc
vao hang s6 dién mdi cua 16p trung gian («x,),
16p 2DEG (1, ), bé day 16p 2DEG (W) va ca

khoang cach gitra hai 16p (d ). Nhu vay, bé day
cua 16p 2DEG trong hé chi anh hudng 1€n nhanh
am hoc trong phd. D thiy, khi cho bé day 16p
2DEG dan vé khéng (w—0) trong biéu thic
(17) ta lai thu duoc biéu thirc tan sé nhanh am
cua h¢ BLG — 2DEG duoc trinh bay trong [7].
Db6i voi hé ¢6 hang sd dién moi nén dong
nhit x, =k, = &, = x thi biéu thic (16) va (17)

c6 dang don gian hon nhu sau:

27e?| n n
W2 = 206, TBLG |q
mBLG

K
2d+(15+8ﬂ2>W}q2, (19)

(18)

m2 DEG

2 I I
@ 2DEG BLG

[”ZDEG + nBLGj
mZDEG mBLG

Dé ¢6 nhirng nhan dinh xac dang hon ciing
nhu danh gia két qua thu dugc, chung t6i so sanh
két qua thu duoc v6i két qua di co (khi bo qua bé
day) va v6i két qua giai sb (ddy du) trén cac do
thi Hinh 2 va Hinh 3.
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Hinh 2. Phé plasmon ciia 16p d6i BLG-2DEG so sanh
két qua glal tich va két qua giai s6

Hinh 2 v& phd plasmon cua 16p d61 BLG —
2DEG cho két qua gan ding giai tich (duong
dam) va két qua giai s (dudng manh). Cac sd
ligu str dung 1a x; = Kagas =12,9; K, = Kg0, =3,8;
Ky =Ky =10, Kp = Kgaas =12,9; d =100 nm;
w =200 nm; mg s =0,033m,; m,,s =0,067m,
volr my 1a khéi luong nghi ctua dién tr [1], [10];
NeLe =Mopeg = 10*cm
va kg
song Fermi cua BLG.

. Trong cac hinh v¢&, E.
lan lugt 1a ning luong Fermi va vector
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D6 thi cho thay, két qua giai s6 va giai tich
phu hop kha tét nhau trong vung séng dai, cac
nhanh phd tuong Ung dan tiép xac nhau khi
vector song dan vé khong; nhanh 4m hoc phu
hop t6t hon so v6i nhanh quang hoc. Piéu nay
hoan toan c6 thé 1y giai duoc, vi trong cac tinh
toan gz‘?ln dung, tan s6 nhanh 4m hoc duoc gitr lai
dén s6 hang bac hai ctia vector song trong khi chi
$6 hang bac mdt cua dai lugng nay duoc gitr lai
trong biéu thirc ctia tan sd nhanh quang hoc.

0.0 02 0.4 0.6 038 1.0

8 T r 8
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6 6
w4 4
2 e e m 2 D~ 2
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Hinh 3. So sanh két qua giai tich cho truwdng hop
w=0 va w=200nm

Hinh 3 biéu dién nhanh quang hoc (dudong
lién nét) va nhanh am hoc (dwdng dut nét) cia
phd plasmon trong truong hop co bé day (duong
dam) va khong co bé day (duong manh). D6 thi
cho thiy, nhanh quang hoc cua pho trong trudng
hop co bé day va khong c6 bé day 16p la gan
giéng nhau trong ving vector song kha 16n. Diéu

nay dugc gidi thich 1a do nhanh nay khong chiu
anh hudng nhiéu cta bé day 16p 2DEG khi gia tri
vector song nho. Tuy nhién, van xuat hién su khac
nhau trong két qua 13 do biéu thuc sir dung dé vé
d6 thi 1a biéu thirc (12), & d6 van c6 su dong gop
ctia bé day 10p trong biéu thire chinh xé4c cia cac
thé twong tac (cac biéu thic (3) va (4)).

Dbi voi nhanh 4m hoc, bé bay 16p chi co thé
bo qua khi vector song rat nho (q < 0,3k, ). Khi
vector song tiang 1én, anh hudng cua bé day 16p
1a rat dang ké lam cho nhanh 4m trong hai truong
hop (c6 va khong co bé day 16p) tach nhau ra xa.

4. Két luan

Bai bao dd s dung két qua vé ham phén
cuc ciia BLG va 2DEG trong gan dung RPA,
khai trién cac ham thé twong tic Coulomb véi
gidi han song dai dé tim biéu thirc giai tich cua
tan s plasmon trong cau truc 16p d6i duoc ciu
tao tir mot 16p BLG va mot 16p 2DEG c6 bé day
hitu han voi hang s6 dién méi nén khong dong
nhit ¢ nhiét d6 khong tuyét ddi. Két qua tinh
toan cho thdy, nhanh quang hoc ctia pho khong
khac nhiéu so véi két qua da duoc cong bd trude
day cho truong hop bo qua bé day 16p. Tuy
nhién, nhanh 4m hoc nhan phan déng gop dang
ké ciia bé day 16p 2DEG trong biéu thic giai
tich, voi mae do tuong tu nhu khoang cach gitra
hai 16p. Két qua ndy md ra mot dinh huéng mai
cho cac tinh toan phd plasmon cho 16p doi BLG
— 2DEG v6i cac tinh toan bang s6 mot cach chi
tiét cho truong hop bé day 16p 2DEG nhan gié tri
hiru han./.
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LONG WAVELENGTH APPROXIMATION ANALYTICAL PLASMON FREQUENCY
IN BLG - GaAs HETEROSRUCTURE

Summary

Analytical results for plasmon excitations are quite unpopular because of the complicated
polarizality functions. This paper presents the analytical calculations for plasmon frequencies in long
wavelength limit of a double layer made of bilayer graphene and GaAs quantum well. Calculations
are done with taking account of electron gas layer thickness and background dielectric constants
inhomogeneity, based on polarizality functions in random phase approximation. Results illustrate that
the optical frequency is similar to that obtained in previous researches, while the acoustic one is
affected by both the distance between two layers and 2DEG layer thickness.

Keywords: Analytical, bilayer graphene, plasmon excitation.
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