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THE TUONG TAC COULOMB TRONG LOP BA GRAPHENE
¢ Nguyén Van Mén®
Tém tit

Thé tiong tic Coulomb ¢6 déng gop ddng ké vao cdc dic tinh quan trong ciia hé nhiéu hat mang
dién. Bai bdo nay nham xac dinh biéu thuc gidi tich cua thé twong tac Coulomb gitra cac dién tur
trong mot cdu truc lop dwoc cdu tao twr ba [6p graphene song song nhau, diroc ngan cdach boi nhitng
16p dién moi khdc nhau bang cdach gidai phwong trinh Poisson. Két qua gidi tich va khdo sat bang so
cho thay cac ham the Coulomb trong khong gian xung lwong chiu anh hwong manh boi sy khong

dong nhat cua dién méi nén. Thé Coulomb xuyén I6p giam rat nhanh theo vector séng va khodng
cach gzu"a cdc 16p trong khi cdc thé ndi I6p bi dnh hwéng yéu hon va phu thudc vao méi truong xung

quanh cac lop graphene lan can.

Tir khéa: Thé twong tic Cloulomb, graphene, dién méi nén khong dong nhit.

1. Giéi thi¢u

Bai toan hé nhiéu hat tuong tac 1a mot trong
nhiing bai toan quan trong cua vat 1y hién dai vi
viéc giai bai toan loai nay s& gitp giai quyét
dugc nhiéu bai toan quan trong khac, gitip xéac
dinh nhiing ddc tinh quan trong cta hé khao sat.
Tuong tac Coulomb la loai tuong tac c6 cudng
d6 kha 16n vi thé khong thé bo qua trong hé
nhiéu hat mang dién. Dédc biét hon, trong cac ciu
trac 16p thi thé Coulomb dugc xem 1a thé chu
yéu, n6 dong gop dang ké vao nhidu dic trung co
ban cia ciu triic nhu ning luong trang thai co
ban, di¢n tré Coulomb drag, kich thich tap thé ...
Viéc xac dinh dugc biéu thire tudng minh cta thé
tuong tac Coulomb trong hé 14 co so dé xac dinh
cac dac trung co ban cua hé.

Thé Coulomb bit ngudn tir twong tac tinh
dién gitra cac dién tich diém, tuan theo dinh luét
Coulomb va c6 biéu thirc kha don gian d6i véi hé
hai dién tich, dd dugc xac dinh va sur dung tu lau
trong cac bai toan vat ly. Tuy nhién, d6i v6i he
gom s6 rat 16n cac hat dong nhit va phan bd tap
trung trong vung khéng gian hep nhu trong cac
cAu tric 16p thi biéu thuc cua thé, can xac dinh
trong khong gian xung luong cho tién st dung, la
khong don gian. Véan dé cang phuc tap hon d01
v6i cac hé co chira graphene — cdu trac chi gdm
mot 16p nguyén tir véi ham phan b 1a dang ham
delta Dirac.

Trong graphene don 16p, thé tuong tac
Coulomb da dugc xac dinh nhu mét ham ty 1€
nghich véi vector song va hang s6 dién moi nén
trung binh bao boc 16p graphene. Két qua nay da
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dugce st dung dé xac dinh cac tinh chét khac
trong graphene nhu kich thich tap thé, hé sb dan
quang, toc do song am... [3], [14]. Trong chu
trac graphene nhiéu 16p c6 dién moi nén dong
nhit, ngoai thé tuong tac Coulomb ndi 16p (co
dang giéng nhu ddi v6i graphene don 16p) thi thé
Coulomb xuyén 16p, dac trung cho tuong tac
gilrta cac dién tur trong hai 16p khac nhau, c6 su
xuét hién cia ham [y thtra am co sb tu nhién
cua khoang céch gifra hai 16p va vector song [4],
[15], [16]. Cac ham nay giam rat nhanh khi
khoang cach gitra hai 16p va vector song tang 1én
nhung lai c6 dong gop dang ké ddi voi ving
song dai va khoang cach hai 16p nhé nén da gay
ra nhiéu dic tinh méi la cho ciu trac 16p doi so
v6i cac 16p don cau thanh [4], [13], [15], [16].
Dbi voi hé gdbm hai 16p graphene duoc ngin cach
boi nhimng 16p dién moi khac nhau, biéu thic thé
tuong tac Coulomb dugc xac dinh nho viéc giai
phuong trinh Poisson va c6 dang khé phtc tap
theo vector song, khoang cac gitra hai 16p va da
dugc Badalyan cac cong sy cong bd va sir dung
[1]. Sau do, thé twong tac cho hé loai nay ciing
dugc nhom nghién ciru cia Nguyén Qudc Khanh
sir dung dé xac dinh pho kich thich tap thé va cac
tinh chat khac cua 16p déi [5], [6], [10]. Biéu
thirc the tuong tic Coulomb trong cdu triic 16p
d6i gdm mot 16p graphene va mot 16p khi dién tir
hai chiéu v6i dién moi nén khong déng nhat ciing
da duoc tinh toan va duoc sir dung dé tinh dién
trd Coulomb drag, tan s6 plasmon va toc do phan
rd plasmon [7], [8], [11], [12]. Cau tric gdm
nhiéu 16p graphene dd dugc Zhu va cac cong su
nghién ctru v6i dién moi nén dong nhét [17].
Theo tim hiéu cua tac gia, nhimg hé ba 1op
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graphene c¢6 dién moi nén khong dong nhat hién
chua thiy c¢6 cong bd khoa hoc nio mic du cac
cong bo trude day cho thdy cé su khac biét dang
ké trong biéu thirc thé twong tic Coulomb tir d6
dan toi su khac biét vé nhimg dic tinh dién cta hé
khong dbng nhét so voi hé dong nhit mang cling
cac thong s6 déc trung [1], [5], [7], [8], [9], [11].

Chinh vi vai tro quan trong cua thé tuong tac
Coulomb va su khéng dong nhat cia dién mdi nén
dbi véi cac dic tinh ciia cau trac 16p, bai bao nay
nhim xé4c dinh thé tuong tac Coulomb cho cac
dién tir trong mot cAu trac gdm ba 16p graphene,
dugc ngin cach nhau bang nhimg 16p dién moi
nén khac nhau, lam co sé cho viée xac dinh céac
dic tinh khéc nita cua cu trac loai nay. Céc biéu
thirc giai tich cua thé Coulomb néi 16p va xuyén
16p dugc xac dinh tir nghiém ctia phuong trinh
Poisson trong khong gian xung lugng.

2. Ly thuyét

Lop ba graphene voi hing s6 dién méi nén
khong dong nhat co cdu tao dugc mod ta trén
Hinh 1. Ba 16p graphene song song nhau va song
song v&i mat phang Oxy, cach déu nhau mot
khoang cach bang d, 1an luot & cac vitri z=0,
z=d va z=2d.

7=2d

Graphene 3

«— Graphene 2

Graphene 1

Hinh 1. Lép ba graphene véi bén 16p dién mdi co
hing s6 di¢n méi khac nhau

Thé twong tac Coulomb trong khéng gian
xung lugng dugc xac dinh bang biéu thic [13]:

U, (d —+Imjm¢qzzM |VJ |a)

véi 1,j=1,2,3 1a cic chi sé cho timg 1dp
graphene. Cac ham ; ;(z) 1a ham song xé4c dinh

trang thai cua céac dién tu trong céc 16p graphene.
Céc ham nay c6 dang:

u(2) =58(2), )
2.(2) =5(z-1), 3)
7:(2) =5(2-2d). @

Lan luot thay cac phuong trinh (2), (3), (4)
vao phuong trinh (1) voi chi y tinh chét ctia ham
delta Dirac ta dugc biéu thic cac thé Coulomb
ndi 16p va xuyén 16p trong khong gian xung

Uy (g)=—-e4(,0,0), (5)
Uz (d) =-e¢(a.d.d), ®)
Uss(Q) =—e¢(q,2d,2d), (6)
UlZ(q) :U21(Q) e¢(q 0, d) 7)
Ulg(Q)=U31(q)=—e¢(q,0,2d), (8)
U, (a)=Uy,(a)=—eg(q.d,2d). 9)

) Pé tim dang tuong minh cua cac biéu thirc
thé tuong tdc nady ta can xac dinh dang tudong
minh cia ham ¢(q,z,z’). Ham ¢(q,z,z’) 1a anh
Fourrier ctia ham ¢(p—p',2,2'), ham thé biéu
thi twong tac cua hai phan tir dién tich p va p'
tai cac vi tri z va z' trong khdng gian. Ham
¢( P — p’,z,z') la nghiém cua phuong trinh
Poisson [13]
V[/{(Z)V¢(p—p',z,z’)]=47re5(p—p')5(z—z'). (10)

Ham «(z) 1a hing s6 dién modi nén doc
theo truc Oz. V6i hé trén Hinh 1, ham nay cé thé
xac dinh la

K, z<0
K, O<z<d
x(2)= /<2 d<z<2d (11)
3
Ky, z>2d

St dung phép bién d6i Fourier cho ham ¢
ta dan t6i phuong trinh [13]

d{K(z)M(qz’zyq—x(z)q%(q,z,z’):47re5(z—z’). (12)
dz dz

Giai phuong trinh (12) v6i ham K'(Z) X&c
dinh tr phuong trinh (11) ta thu dugc ham ¢

mg v6i cac truong hop khac nhau rdi 1an luot
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thay vao cac phuong trinh (5)-(9) ta s€ thu dugc
biéu thirc thé twong tac Coulomb.

3. Két qua va thao luan

Viéc xéac dinh nghiém cua phuong trinh (12)
chi nhim muc dich tim thé tuong tac Uy (q )
trong cac phuong trinh (5)-(9) nén ta chi can tim
nghiém ung véi ba trudng hop sau:

+ Truong hop 1 (z'=0, ung vai cac dién
tir trong 16p graphene 1): nghiém cua (12) la:

Ae*, z<0

Ae* +Ae ™, 0<z<d
¢(q’z10) = , . . (13)

Ae”+Ae™, d<z<2d

Ae™*, z>2d

Dé xic dinh cic hang s6 A +A, trong
phuong trinh (13), ta st dung diéu kién lién tuc
cia ham ¢, cua dao ham ham ¢ va gian doan
hitu han ctia dao ham ham ¢ tai z=2"=0 [2]:
A=~A+A
Ae™ + A ™ = Ae™ + Ae™™
AAequ + Ase—qu — '%e—zqd
(KzAz — KA _KlAl)q =4rwe
Ko (A — AR ) = i (AL —Ae™)

K3 (A4€2qd _ Ase—qu ) — _K_4'A6e—2qd
H¢ cac phuong trinh (14) cho phép ta xac
dinh cac hé s A clia ham thé ¢(q).

+ Truong hop 2 va 3 (z'=d va z'=2d,
g v6i cdc dién tir trong 16p graphen thir hai
va thtr ba): dang nghiém ciing giong nhu (13)
nhung hé cac phuong trinh xéc dinh h¢ so
(thay vi A ta ky hi¢u 1a B va C) c6 khac do dao
ham gian doan tai z=d va z=2d [2]:
B, =B, +B,

Be* +B,e™ =B,e™ +Be ™

B,e*™ +B,e > = B,e ™

x,B, —K,B; = 5,B;
[K3(84eq” ~Be™)-
K, ( B,e’" —B,e ™ ) = —x,B,e 2"

Va

. (14)

(15)

K, (B,e™ —Be ™ )]q =4rxe
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C, =C,+C,

C,e™ +Ce™™ =C,e™ +Cie™™

C,e* +C,e ™ =Cee ™

5,C, —1,C3 = 15C

K (C4e“Id ~C.e ™™ ) =K, (Czeqd ~C,e ™ )
|:—K4C g2 —K‘3(C e’® —Ce " )}q =4re

Giai he cac phuong trlnh (14) (16) dé duoc
cac hé s6 A,B,C, (i= ,6) 101 thay vao

biéu thirc ciia ham ¢. B1eu thl'rc thé tuong tac
(5)-(9) c6 thé viét lai thanh:

. (16)

Uy, (g)=—¢A, (17)
Uy, (0) =—e(B,e™ +Be ™), (18)
Uy (g)=—eCee ™, (19)
U, (a)=U,(q)=-¢B, (20)
Uis(g) =Ug (q)=—eC,, (21)

Uy (1) =Us, (0) = —(C,e™ +Cie ™). (22)
Céc tinh toan chi tiét cho thiy, biéu thirc thé
Coulomb cho 16p ba graphene c6 dang:

27e?
Uij(q)szij(q)a (23)
trong do:
f11(Q)=2[(K2+K3)(K3 K4)+2K3(K2 (:ad))e +(K2+Kz)(7(3+’(4 Md] (24)
f(a)= ge2ud [K‘ cosh(qd )+ x, sinh( qsqggrcgcosh qd)+x,sinh(qd ] (25)
Ky 3 ) (K — Ky )+ 26y (K — 16, ) €79 + (i, + k6, ) (i, + K5 ) €4 (26)
fzg(q):Z[( 2 ) (K — k) + 26, (K (q;)) (145, (1, +555) ]
8x,6° [ k, cosh(qd ) + &, sinh (qd 27
f12(q)* le(q) [ (qd)) ] ( )
_ Bioye 2qd
. . N (qd)
8x;6*" | k, cosh(qd )+ i sinh(qd ) | (2
)= 1ofe) - L], 29)
Vi
N(X):(Kl_’(z)(’(z+K3)(K3_KA)+ZEZX(K2_Ka)(KlKa_K2K4)+ (30)

e (K 1, ) (1, + 5 ) (15 + Ky ).

Céc biéu thirc twong tu cho 16p doi
graphene di dwoc Badalyan va Peeters cong bd
[1]. Thé tuong tac Coulomb ndi 16p (intra-layer),
dugc xac dinh tir cac biéu thirc (24)-(26), bi anh
huong boi hing sd dién moi ciia moi truong
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xung quanh cac 16p graphene lan cén va khong
chiu anh hudéng nhiéu boi vector song g va
khoang cach gitra hai 16p d (do tur s6 va mau sd
chta lity thira co s6 tu nhién cung bac). Trong
khi d6, thé twong tac Coulomb xuyén 16p (inter-
layer) bi anh huong manh bdi tich qd (do chua
thira s& liy thira co sb tu nhién & mau sd co bac
16n hon so voi & tir s6) nhu c6 thé nhan thiy tir
cac biéu thirc (27)-(29).

3 T L :
" \I G=20nm, n=10" om? " g=20mm, n=10" o

..........
[ o B oz am

Hinh 2. Thé twong tic Coulomb ndi I6p (a) va Xuyen
I6p (b) trong I6p ba graphene véi di¢n moi nén
khéng dong nhit. Cac tham sb sir dung la

d =20 nm, n=10"cm™

=91, x, =K, =10

» K1 = Ksjo, =38,

Ky = K3 = Kal,0,

Hinh 2 biéu dién cac ham thé tuong tac nhu
mot ham theo vector song q. Trong hinh V¢,
U, =27e" va kg
graphene, n 1a mat do hat tai trong graphene.
Cac hang s6 dién mo6i nén duogc st dung la
K, = Ksio, = 3,8, Ky = K3 = Kp,0, =91,
i =10 [13]. Cac Hinh 2(a) va 2(b) cho
thay, cac thé tuong tac ndi 16p co6 gid tri 16n hon
dang ké so voi thé tuong tdc xuyén 16p ¢ cung
mot gia tri vector song, khoang cach 16p va mat
do hat tai.

la vector song Fermi cua

Hinh 3. Thé twong tic Coulomb ndi I6p (a) va xuyén
16p (b) trong l6p ba graphene véi di¢n moi nén
khéng dong nhit. C4c tham sé sir dung la

d =20 nm va d =50 nm, n=10" cm™
Ky = Ksio, =3,8, Kk = K3 =Kp,0, =91,
Ky = Kair _110
Dé tim hiéu k§ hon anh huéng cua khoang
cach gilra cac lop doi voi cac the Coulomb da
tim dugc, Hinh 3(a) va 3(b) vé€ cac thé nay voi

hai gid tr1 khoang cach 16p khac nhau
d=20 nm va d =50 nm. Két qua cho thay, ¢
hai khoang cach 16p khac nhau, dd thi cic ham
U; (q) nam gan nhau trong khi d6 thi cac ham
Uy (q) tach 1am hai nhém rd rét. Pidu nay ching
t6 cac ham thé U;(a) phu thugc manh hon vao
khoang cach 16p so v6i cac ham U, (q) nhu da
nhan diph tir cac biéu thirc giai ‘Eich. . )

Poi voi hé co dién modi nén dong nhat, ta
thay x =k, =k, =k, =Kk Vvao cac bicu thuc
(23)-(30) va thu dugc:

_ 27 e
U;(a) p e :
Biéu thirc (31) 1a thé twong tic Coulomb di
dugc Zhu va cac cong su st dung dé tinh phé
kich thich tap thé cho hé gdm nhiéu 16p graphene
c6 dién moi nén ddng nhat [17]. Pé co6 duge
nhitng so sanh chi tiét hon, Hinh 4 v& d6 thi cac
ham thé véi dién moi nén dong nhat va khong
dong nhat. Hé dong nhat sir dung hang s6 dién
moi nén 13 trung binh cta hang s6 dién moi hai
16p xung quanh hé (K:E:(K1+K4)/2:2,4).

(31)

ugqin,

Hinh 4. Thé twong tac Coulomb ndi 16p (a) va xuyén
16p (b) trong I6p ba graphene véi di¢n moi nen dong
nhat va khong dong nhat. Cac tham so sir dung la

d =20 nm, n=10"cm™

Ky = i3 = Kpi,0, =91, Ky =Ky =1,0. HE ddng nhét

v K1 = Ksio, = 38,

so sanh c6 hing sb dién moi trung binh bang
k=k=(rq+K4)2=2,4

Hinh 4(a) cho thdy, ddi véi hé dong nhat,
thé Coulomb ndi 16p trong mdi 16p graphene 1a
nhu nhau duoc biéu dién bing dudng lién nét
dam. Trong khi do6, cac ham nay co6 gid tri khac
nhau dang ké d6i v6i hé khong dong nhit do
chung phy thudc khac nhau vao cac hang sé dién
moi ctia moi trudng. Sy khac biét xay ra nhidu
nhit d6i véi thé U,, (q) do 16p graphene 2 nim

cach xa hai 16p dién moi bao boc hé (x; va «,)
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nhit. Hinh 4(b) cho thiy cac thé twong tac
Coulomb xuyén 16p trong hé khong dong nhét ¢
gia tri khong khac nhau nhiéu. Trong hé¢ dong
nhét, cdc ham U, (q) va U, (q) c6 clng gié tri

(duong lién nét dam) trong khi thé U ,(q) nhan

gia tri nho hon nhiéu va giam nhanh hon theo
vector song (duong cham gach).

4. Két luan

Bai bio di st dung phuong trinh Poisson dé
tim biéu thirc giai tich cua thé twong tic
Coulomb noi 16p va xuyén 16p trong khong gian
xung luong cia modt cdu trac gdm ba 16p
graphene dugc ngan cach boi nhing 16p dién
moi nén khac nhau. Két qua tinh toan cho thay
cac thé twong tac ndi lop bi tac dong bdi dién
moi bao boc cac 16p graphene lan can, nhan gia

tri khac nhau nhiéu déi véi tung 16p graphene va
it chiu tdc dong bdi khoang cach gilta cac 16p.
Trong khi d6, cac thé Coulomb xuyén 16p giam
nhanh theo vector song va khoang céach gitra cac
16p. Ca thé tuong tac ndi 16p va xuyén 16p bi anh
hudng dang ke boi sy khong dong nhit cia hang
s6 dién moi nén trong hé. Cac két qua giai tich vé
thé Coulomb trong bai bao nay co thé st dung dé
khao sat nhiing dac tinh quan trong khac nhu
dién tro Coulomb drag, tinh chit van chuyén
hodc pho kich thich tap thé cua hé.
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COULOMB BARE INTERACTION IN THREE-LAYER GRAPHENE

Summary

The Coulomb bare interaction has significant contributions to important characters of charged
multibody systems. This paper is to determine the analytical expressions for Coulomb interactions
between electrons in a structure made up of three parallel monolayer graphene sheets, separated by
different dielectric layers via solving Poisson equations. Analytical and numerical results show that
Coulomb potential functions in momentum space are affected strongly by the inhomogeneity of
dielectric background. Inter-layer Coulomb potentials decrease remarkably with an increase in wave
vector g and separated distance d, while intra-layer ones are only weak functions of g and d, and
depend on the environment around other graphene sheets.

Keywords: Coulomb bare interaction, graphene, inhomogeneous background dielectric.
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