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TOM TAT

Khoa hoc vat liéu mdi luén la mot trong nhimg linh vuc nhan dugc su quan tam nghién cdu nhiéu
cla cac nha khoa hoc trén thé gigi. Trong nhimg nam gan day, cac nha khoa hoc vat liéu da danh
nhiéu su quan tdm cho vat liéu graphene do vat liéu nay cé nhiing tinh chét dac biét va kha ndng
Ung dung tét trong nhiéu linh vuc cong nghé khac nhau. Phé kich thich tap thé (hay phd plasmon)
trong graphene da cho thay rang vat liéu nay cé tiém nang ting dung trong cac thiét bj dan quang
véi nhiéu tinh chat mong dgi nhung lai tiéu ton it nang lugng hon so véi cac vat liéu hién tai. Bai
bao nay tinh toan phd kich thich tap thé trong mot cu tric graphene 16p kép, co xét dén anh
hudng clia nhiét do hiu han dua trén ham dién méi dong trong gan ding pha ngdu nhién. Két
qua tinh toén cho théy trong viing lan can céc diém Dirac (vector séng nhd), khi nhiét do tang 1én
tUr khong, tan s6 plasmon gidm nhe réi lai tang 1én rat manh. Khi vector séng nhan gia tri 16n hon,
tan sé plasmon la mot ham tang khi nhiét do tang lén. Két qua khao sat cho thay, déng gdp cla
mat do hat tai vao tan sé plasmon bén trong hé giam di dang ké khi tinh dén anh hudng ctia nhiét
do6. Phd kich thich tap thé trong graphene I6p kép phu thudc kha manh vao nhiét d6 va khong

nén bd qua trong cac tinh todn va do dac thuc nghiém.
Tur khoa: graphene I6p kép, hiéu ting nhiét do, kich thich tap thé, gan ding pha ngau nhién

GIGI THIEU

Graphene, mdt c4u tric hai chiéu chi gdbm mét 16p céc
nguyén ti sdp xép trén mang hinh t8 ong, di thu hut
rit nhiéu sy quan tim nghién cttu tii cdc nha khoa hoc
trong hai thap ky gan day do chiing s& hiiu nhiing tinh
chat dién va tinh chat quang déc biét ciing nhu kha
néng ting dung cao trong cong nghé so véi cac vat liéu
trude d6'°.
don 16p — monolayer graphene - MLG) cho thdy, cac
chuén hat trong graphene la cac fermion khong khoi
lugng v6i phd tdn sic ning lugng 1a ham tuyén tinh

Céc tinh todn vé graphene (graphene

theo vector séng va khong ton tai ving cim trong phé
ning lugng’~. Dic tinh nay hoan toan khéc vé6i phd
tan sdc parabol va viing cim hitu han trong khi dién tt
hai chiéu truyén thong (two-dimensional electron gas
- 2DEG) da dugc nghién ctiu trudc day %11, Sy khdc
biét nay dugc chola méd ra cho graphene mot kha nang
tng dung rong rai trong linh vyc quang tt, quang dién
tli ciing nhu nhiéu linh vic khac niia %1717,

Graphene 16p kép (bilayer graphene - BLG) 1a mot cau
tric gom hai tdim MLG song song va rat gan nhau dén
muic van c6 th€ xem BLG 1a hé hai chiéu Iy tuéng. Véi
cach tiép cén nay, BLG c6 nhiéu tinh chat vat Iy khac
biét so v6i cac ciu triuc 16p doi graphene (double-layer
graphene - DLG), mét cdu truc gém hai 16p MLG véi
khoang cich ¢ 16n 1821, Sy tuong tac gitta cic dién
tt trong hai l6p MLG lam céc chuéin hat trong BLG trd
thanh céc chiral fermion c6 khéi lugng véi phd tan sic

parabol theo vector séng trong ving nang lugng thép.
Su khéc biét vé ban chit cac chuén hat trong BLG kéo
theo su xuat hién cua céc dic tinh khac biét ctia BLG
nhu ham phén cyc, ham dién moi, dic tinh chén, phd
kich thich tap thé, ... so v6i MLG va ca 2DEG truyén
théng &2,

Ph{ kich thich tap thé (hay phé plasmon) trong vét
liéu da dugc nghién ctiu tii sém va dugc ting dung vao
viéc ché tao cac thiét bi din quang. Phé kich thich tap
thé trong MLG & ca nhiét d0 khong va nhiét d¢ hiu
han di dugc nghién ctiu va céng b tit nhiing nim
dau ctia thé ky nay cling v6i d6 1a nhiing dé xudt ting
dung trong nhiéu linh vyc cong nghé khac nhau 3?7,
Theo sau dd, ph6 plasmon trong cc cdu tric nhiéu
16p MLG ciing dugc nghién ctiu va cong bs2$%°, Nim
2011, hiéu ting chin va kich thich tap thé trong BLG &
nhiét d6 khong dugc nhom clia Sensarma va cac cdng
sy 14n ddu tién tinh toan va cong bd%2. Cac tac gia
Wang va Chakraborty? da khao sit hiéu ting chin
va phé plasmon trong BLG khong pha tap, cho thdy
nhiéu két qua tha vi. Trong nhiing nam gin day, cic
tinh todn vé phd kich thich tap thé trong ciu truc 16p
¢6 chtia BLG ciing dugc quan tam, nghién ciu!-%3,
Tuy nhién, cac cong trinh nay bd qua anh hudng ctia
nhiét d¢ vi nhiéu nguyén nhan méc di cdc nghién ctiu
truge day da chi ra sy dong gép dang ké ctia nhiét do
vio phé plasmon trong céc ciu tric 1gp 1921243435,
Bai bdo nay trinh bay cdc tinh todn vé phd plasmon
trong BLG c6 xét dén hiéu Gng nhiét do trong gin

Trich dan bai bao nay: Mén N V. Phé plasmon trong graphene I6p kép & nhiét dé hitu han. Sci. Tech.

Dev. J. - Nat. Sci.; 5(3):1455-1460.
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ding pha ngu nhién bing cich tim diém khong cua
ham dién maéi déng phu thudc nhiét do. Cac két qua
tinh todn béng s6 dugc thuc hién bing ngdn ngit lap
trinh C++; cac d6 thi dugc vé trén phan mém Origin.
Bai bdo dugc trinh bay thanh b6n phan: Phin 2 (Ly
thuyét) trinh bay co s6 ly thuyét vé cach xac dinh phé
kich thich tap thé trong BLG; Phan 3 (Két qua va thao
ludn) trinh bay nhiing két qua tinh todn bing s6 vé
phé kich thich tap thé nhiing két luan chinh rut ra
dugc trinh bay trong Phan 4 (Két lun).

LY THUYET VA PHUONG PHAP
NGHIEN CUU

Chung t6i khao sat cac déc tinh cta phd kich thich
tap thé trong hé graphene 16p kép trén nén dién
mdi Si0y (Ksip, = 3,8), cac tinh todn c6 k€ dén anh
hudng ctia nhiét d6 hitu han. Cing cin chu y rang
BLG dugc khdo sat trong bai bdo nay la ciu truc BLG
c6 kiéu xép chéng AB (AB-stacked bilayer graphene),
dugc xem la hé hai chiéu ly tudng chuia cac chuén hat
fermion c6 khéilugng véi tin sic parabol & viing néing
lugng thap 7?30, C4u triic nay c6 dic tinh khac hin
s0 v6i cdu tric BLG c6 kiéu xép chong AA*° va véi
cac cdu trac 16p doi graphene da dugc nghién ctu

trong mot s6 cong trinh trugc day 'S1%21

. Cac cong
trinh nay xem xét cic hé gom hai 16p MLG song song
v6i khoang cach du 16n (hang chuc nanomet) nén hé
dugc xem nhu hai 16p chudn hat Dirac fermion khong
khoi lugng véi hé thic tén sic tuyén tinh & viing nang
lugng thép.

Phé plasmon ctia hé c6 thé xac dinh tit phuong trinh

diém khong ctia ham dién moéi dong phu thudc nhiét
6 19:21:28,31,37,38,

e=(q,0,—iy,T)=0. 1)

Trong phuong trinh (1), ®, la tdn s6 plasmon ting
vGi vector séng g con ¥ 1a hé s6 hip thu cua cac
dao dong plasma tuong ting. Trong trudng hop hip
thu yéu, ta c6 thé xdc dinh phé mot cach gan ding
ti diéu kién bang khong ctia phan thyc ham dién

moi 19,21,28,31,37,38:

Ree (¢,0,,T) =0. )

Trong phuong phéap gin ding pha ngiu nhién, ham
dién moi dong ctia BLG dugc xéc dinh bing biéu thiic

e(q,0,T)=1-v(g)(q,,T), 3
trong d6, v(q) = 2me?/(xq) la thé tuong tic

Coulomb trong khong gian xung lugng, x 1a hang s§
dién mdi trung binh ctia 16p nén (Si0;) va khong khi.
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I1(g,®,T) la ham phén héi mét do ctia BLG & nhiét
d6 hitu han, c6 biéu thitc %22

(7,0,T)

gl )
:gl%?’(g%l)(?)‘z wag7E§+ink (4)
6 an |@)@f - 0o+

l,l’cosZ(B?—9?+7)]/2 la ham xen pht trang
théi va EA = Ah?k2/ (2mx) 1a ning lugng ctia dién
tt trong BLG (m* = 0,033my la khéi lugng hiéu
dung cta dién tu, mg la khéi lugng nghi ctia dién
tt). g =4 chi thita s6 suy bién, A = £1 tuong ting
v6i viing dan va ving héa tri. f (x) 1a ham phén b
Fermi - Dirac, c6 dang:

-1
x— U
+1
e kgT

fx)= ®)

v6i u 14 thé hoa hoc. D&i véi BLG thi u = Ep 5922,
Dé thu dugc phd kich thich plasmon trong hé, ta can
giai phuong trinh (2) véi dang ham dién moi trong
phuong trinh (3) va dang ham phan cuc dugc cho boi
phuong trinh (4). Trong bai bdo nay, phuong trinh
(2) dugc gii s6 trén ngdn ngt 1ap trinh C++ bing
phuong phép chia doi khoang cach. Cac két qua thu
dugc lam di liéu ddu vao dé vé do thi biéu dién phd
trén phdn mém Origin, sé dugc trinh bay trong phin
tiép theo ctia bai béo.

KET QUA VA THAO LUAN

Trong phédn nay, ching t6i trinh bay céc két qua tinh
toan bing s6 vé phd kich thich tip thé trong BLG
c6 xét dén anh hudng clia nhiét d6. Cac ky hiéu
Ep,kp,Tr 1an lugt dung dé chi niang lugng Fermi,
vector song Fermi va nhiét d6 Fermi trong BLG.

Hinh 1 biéu dién phd plasmon trong BLG v6i mit
do hat tdin = 1012 ecm2 & nhiing nhiét d6 khac
nhauT =0, T =0,1Tp, T =0,2Tp va T = 0,5TF.
Hinh la cho thdy, nhiét d¢ lam gidm nhe tin s6
plasmon trong viing vector séng nho nhung lai lam
tang rat manh tin s6 plasmon trong viing vector séng
c6 gid tri 16n. Trong vung vector séng nho, nhanh
phé trong hai truong hop 7 = 0 (duong lién nét) va
T = 0,27 (dudng dit nét) hdu nhu khong phan biét
dugc. Chung chi tich nhau ra khi vector séng nhan
gid tri ti khoang 0,3kr tr6 1én. Khi nhiét d¢ ting
1én déng ké, su thay ddi tin s6 ctia phd plasmon cling
thay d6i dang ké hon nhu ¢6 thé thiy trén Hinh 1b.
Céc nhénh phd da tich nhau ra tai vi tri vector song
kha nho, chi khoang 0,05kr. Su khac biét cta tin
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olE,

Hinh 1: Phé plasmon trong BLG, mat d6 hat tai n = 10'2 cm~2 tai mot s6 gid tri nhiét d6 khac nhau T =0, T =
0,17F, T = 0,27 va T = 0,5TF. VUng t6 mau xam chi vung kich thich don hat (single-particle excitation — SPE)

clia hé & nhiét d6 khong.

s6 plasmon tai cling mot gid tri vector song ting véi
hai nhiét d6 khac nhau (T’ = 0,17 vaT = 0,5TF) c6
thé 1én t6i gan 20%, 6 vi tri khoang 0, 5kr. Diéu nay
cho thdy clng tuong tu nhu trong cac cdu trac 16p
khac 1819212435 " anh hudng ctia nhiét do 1én phd
plasmon trong BLG la kha manh, khong thé bo qua,
dac biét la déi véi viing vector séng 16n.

Dé tim hiéu ky hon anh hudng cta nhiét d6 1én phé
plasmon, Hinh 2 vé tin s6 plasmon nhu mét ham
theo nhiét d6 & mot vai gid tri vector séng ting véi
hai mat do hat tai khac nhau n = 10'2 cm™2 (a) va
n =103 cm~2 (b). Trén Hinh 2a, tai cdc vi tri q=
0, lkr va g = 0,3kf, khi nhiét d6 ting dan tit khong
thi tin s6 plasmon gidm di chut it nhung khi nhiét d¢
tiép tuc tang thi tdn s6 plasmon ting lén rat manh.
Tai vi tri vector song c6 gia tri 16n hon (¢ = 0,4kF)
thi tin s6 plasmon 1a m¢t ham ting dan theo nhiét
do v6i moi gia tri nhiét do dugc khao sat. Cac két
qua nay hoan toan phi hgp véi két qua da dugce trinh
bay trén Hinh 1. Su phu thudc nhu trén cta tin s
plasmon vao nhiét d¢ cling tuong tu nhu trudng hop
MLG trong cic cdu tric 16p da dugc nghién ctiu trudce
day?13>. C6 thé nhan thdy ring, dang ctia cdc dudng
cong biéu dién phd plasmon trén Hinh 2b cing khong
khac nhiéu so vdi Hinh 2a mic du méat do hat tai da
dugc ting 1én 10 14n. Tuy nhién, sy gidm xudng clia
tan s6 plasmon khi nhiét d¢ ting trong viing lan cén
nhiét do khong la rat khoé nhén ra. Néi cach khac, sy
tang lén ctia mat d hat tai trong BLG da lam suy yéu
anh hudng ctia nhiét d¢ 1én phé plasmon trong BLG.
Cudi ciing, ching t6i xem xét anh hudng ctia mét do
hat tai trong BLG 1én phé kich thich tap thé trong
hé, so sanh trudng hgp nhiét d6 hitu han va trudng
hop nhiét d6 khong. Trén Hinh 3, ching t6i vé phé
kich thich tap thé trong BLG & nhiét d¢ hiu han
(T = 0,27TF) va nhiét d6 khong véi hai mat do hat tai

khéc nhaulan =102 cm=2 van = 103 cm™2 dé c6
su so sanh. Céc hinh vé cho thdy mat d6 hat tai ting
lén lam gidm di dang k€ tin s plasmon trong hé &
ca nhiét d¢ khong va nhiét do httu han. Sy thay d6i
tan s xay ra nhiéu hon d6i véi trudng hop nhiét do
khong. Két qua nay la do sy phu thudc ctia tham s6
tuong tac ry trong BLG vao mét d¢ hat tai (ry ~ n1/2,
tuong ty nhu trong 2DEG thong thudng). Khi mat d6
hat tai tang 1én thi tham s6 tuong tac giam di, lam cho
ning lugng plasmon cling giam theo 22, C6 thé néi
rdng, nhiét d6 da lam gidm dnh hudng ctia mat do hat
tailén déc tinh plasmon bén trong BLG.

KET LUAN

Bai bdo da trinh bay nhiing tinh todn bing s6 vé phd
kich thich tap thé trong cdu truc graphene 16p kép
trong gan dung pha ngiu nhién c6 xét dén hiéu tng
nhiét do. Két qua cho thdy, sy phu thudc ctia tin s6
plasmon vao nhiét d6 khi vector séng 16n va nho la
khac nhau. Trong viung vector séng 16n, nhiét d) ting
lam t4n s6 plasmon ting lén ddng ké trong khi tin s6
nay lai giam di chat it khi nhiét d6 tang nhe tii khong
trong vung vector séng di nho. Bén canh d6, mat do
hat tai trong BLG tang 1én 1am giam manh tan s6 plas-
mon va khi d6, ph6 kich thich tap thé ciing phu thudc
yéu hon vao sy thay d6i cta nhiét d6. Nhu vay, phé
kich thich tap thé trong BLG c6 xét dén anh hudng
ctia nhiét d¢ khac nhiéu so véi trudng hgp nhiét do
khong da dugc khao sat va trinh bay trong cic cong
trinh trudc day. Do d6, d€ cai thién mo hinh ly thuyét
thi viéc tinh dén 4nh hudng ctia nhiét d6 khi khao st
déc tinh plasmon trong graphene 16p kép la diéu cin
thiét.

LOI CAM ON

Nghién ctiu nay dugc tai trg bdi Quy Phat trién khoa
hoc va cdong nghé Qudc gia NAFOSTED) trong dé tai
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Hinh 2: Tan s6 plasmon trong BLG nhu mét ham theo nhiét d6 tai cac gid tri vector song khac nhau véi mat do

hat tai n = 102 cm~2 (a) van = 10'3 cm 2 (b).
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Hinh 3: Phé plasmon BLG & nhiét d6 7 = 0,27 va T = 0 vdi hai gia tri mat d6 khac nhau: n = 10'> cm=2 va
n=10"3 cm~2. Cac dudng cham - gach biéu dién dudng bién viing SPE & nhiét d6 khong.
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DANH MUC TU VIET TAT

2DEG: two-dimensional electron gas
BLG: bilayer graphene

DLG: double-layer graphene

MLG: monolayer graphene

SPE: single-particle excitation

XUNG POT LOI iCH
Tac gid cam két khong cé xung dot vé 1gi ich.

PONG GOP CUA TAC GIA

Nguyén Vin Mén: tiép can ly thuyét, lap trinh, thu
thép va xti 1y s6 liéu, viét ban thao, chinh stita ban théo.
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Plasmon modes in bilayer graphene at finite temperature
Nguyen Van Men®

ABSTRACT

New material technology is always one of the areas attracting a lot of attention from scientists over
the world. In recent years, material scientists have been paid a large amount of interest in graphene
Use your smartphone to scan this because this material has unique properties and application abilities in lots of technological fields.
QR code and download this article Collective excitations (or plasmon dispersions) in graphene show that this material can be applied
in plasmonic devices with potential properties and less energy consumption, compared to recent
materials. This paper calculates collective excitations in bilayer graphene, taking into account the
effects of temperature within the random-phase approximation. The results demonstrate that in
the nearby Dirac points region (small wave vectors), as temperature increases from zero, plasmon
frequency decreases slightly and then increases significantly. With the larger wave vectors, the plas-
mon frequency behaves as an increasing function of temperature. Numerical calculations present
that the contribution of the carrier density to plasmon frequency in the system noticeably decreases
as taking into account the temperature effects. Collective excitations in bilayer graphene depend
strongly on temperature, therefore this factor should not be neglected in calculations to improve
the model and to make a better agreement with experimental results.

Key words: bilayer graphene, temperature effects, collective excitations, random-phase approxi-
mation
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