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Hiéu iing chan lén hé s6 Seebeck phonon drag ctia don I6p va I6p
doi graphene 16p kép

Truong Van Tuan2*, Nguyén Quéc Khanh'

TOM TAT

Bai bao trinh bay viéc khao sat anh hudng ctia hiéu tng chdn phu thudc nhiét dé 1én hé sé Seebeck
phonon drag S8 clia don I6p graphene 16p kép (BLG) va cla I6p doi BLG—BLG dat trong khdng khi.
Déi vdi hé dat trong khang khi, co thé gia thiét rang cac dién tir hai chiéu ctia BLG chi tuong tac vdi
phonon am thé bién dang noi I6p trong BLG. Sau khi kiém tra lai két qua clia Kubakaddi va Bhargavi
cong bo trong bai bdo Enhancement of phonon-drag thermopower in bilayer graphene", Phys.
Rev. B 82, 155410 (2010) bai bdo nay trinh bay viéc ma rong cac két qua dat dugc tir bai bao néu
trén cho trudng hop cé xét dén hiéu ting chan va I6p doi. Két qua chira rang hiéu tng chan da lam
cho hé s6 Seebeck phonon drag gidm rat manh, dén vai bac do [én nhu da tim thay déi vai hé don
|6p BLG vai ham chan nhiét do khéng trong mot s6 cong bé gan day. Khi xem xét dnh hudng clia
hiéu tng chén clia cac dién t& & Idp th hai lén tuong tac dién tii—phonon &1&p con lai, théng qua
so sanh vdi két qua tinh toan chi st dung ham chan noi I6p, két qua dat dugc cho théy khi khoang
céch gitta hai I6p nho, hiéu Ung chén cla I6p thit hai lam gidm dang ké d6 I6n clia hé s6 Seebeck
phonon drag S8 cla I&p doi BLG-BLG. Bai bdo cling trinh bay viéc khdo sat su phu thudc clia S8 vao
nhiét d6, khoang cach gilta hai lop va mat dé hat cho ca hai truong hop hé déi xing va hé bat doi

"Truiong Dai hoc Khoa hoc Ty nhién,
DHQG-HCM

*Trudng Pai hoc Trdn Dai Nghia
Lién hé

Truong Van Tuan, Truong Dai hoc Khoa hoc
Tu nhién, PHQG-HCM

Trusng Pai hoc Tran Dai Nghia

Email: truongtuanphysics@gmail.com

Lich st

o Ngay nhan: 20-8-2023

o Ngay chdp nhan: 27-12-2023

e Ngay dang: 31-12-2023

DOI:
https://doi.org/10.32508/stdjns.v7i4.1306

‘ '.) Check for updates

Ban quyén

© DHQG Tp.HCM. Dy la bai bdo cong bé
ma& dugc phat hanh theo cac diéu khoan cta
the Creative Commons Attribution 4.0
International license.

W=

VNUHCM PRESS

i

xUng véi mat dé hai lép khéac nhau.

Tukhoa: Hé s6 Seebeck phonon drag, graphene 16p kép (BLG), I6p ddi BLG-BLG

GIGI THIEU

Trong vai thap ky gin day, rat nhiéu nghién ctu vé
cac tinh chat ctia graphene va cac cdu truc tuong ty
d3 dugc thuc hién ké ci thuc nghiém va Iy thuyét !,
Graphene 16p kép (BLG) dugc hinh thanh bang cich
x€p chong hai 16p graphene. Co hai cach xép chong
goi la AA-stacking va AB stacking. Bai bdo nay trinh
bay viéc xét BLG loai AB-stacking, nhu & Hinh 1.

BLG c6 cdu tric nang lugng dién ti khac véi graphene
thi du nhu sy tdn sic ning lugng béac hai va khéi
lugng hiéu dung khac khong tuong tu nhu khi dién
ttt chuén hai chiéu (Q2DEG). Mot trong nhiing tinh
chét ctia BLG dugc quan tdm nhiéu do 1a hé sb See-
beck phonon drag S%. Hé s6 Seebeck phonon drag
ctia BLG don 16p, khong xét dén hiéu tng chén da
dugc khio sat bsi Kubakaddi va Bhargavi” cho tin xa
phonon 4m thé bién dang noi 16p. Ansari va Ashraf®
da xét dén hiéu tng chéan lén S8 ctia BLG nhung bo
qua sy phu thudc nhiét d9 ctia ham chén. Déi véi ciu
truc 16p doi, Smith?, Vazifehshenas va céc cdng su 10
da nghién ctiu hé s6 Seebeck cho céu tric Q2DEG-
Q2DEG c6 xét dén hiéu ting chan. Tuy nhién ham
chan stt dung bdéi cc tic gid nay la khong chinh xac
vi né khong qui vé ham chin don 16p khi mat d¢ hat
ctia 16p thi hai tién v€ khong. Hiéu ting chin 1én S8
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Hinh 1: C4u trdc tinh thé cla AB-stacked BLG. (a)
céach nhin phdng véi cdc nguyén tir A1 (trdng) va B1
(den) & I6p dudi va cac nguyén tir A2 (den) va B2
(xadm) & 16p trén. Vector a1 va a2 la cac vector mang
nguyén té vdi dé 16n vector la hdng s6 mang a va
phan hinh thoi ddm dugc gidi han béi cac dudng duit
nét la 6 nguyén té. (b) cach nhin tirbén véi cac tham
s6 tuong tac gilfa cac lan can gan nhat yy, 1.

Trich dan bai bao nay: Tuan TV, Khanh N Q. Hiéu tng chén Ién hé s Seebeck phonon drag ciia don
I6p va I6p doi graphene I6p kép. Sci. Tech. Dev. J. - Nat. Sci. 2023; 7(4):2763-2769.
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ctia Q2DEG da dugc xem xét trong cac cong trinh
clia Smith va Butcher!! va ctia ching t6i 2. Gan day
Chinnappagoudra va cong su '? chi ra ring hiéu ting
chan lam giam céc tinh chat nhiét dién ctia BLG dén
vai bac.

Theo sy tim hiéu, cho dén nay chua c6 sy khdo sat nao
vé hé s6 Seebeck phonon drag ctia 16p d6i BLG-BLG.
Ngoai ra viéc xét dén hiéu ting chin thoéng qua ham
phéan cuc & nhiét do khac khong cho BLG va BLG-
BLG ciing chua dugc nghién ctiu. Do d6, bai bdo nay
trinh bay viéc khao sat chi tiét vé S8 ctia BLG va clia
16p doi BLG—BLG, luu y xem xét su phu thudc ctia
S8 vao nhiét 4o, mat do dién ti ctia cac 16p va khoang
cach d gitia hai 16p.

PHUONG PHAP

BLG 14 céu tric gom hai 16p graphene xép chong 1én

nhau, ¢6 chiéu day bing kich thuéc hai 16p nguyén

tor 14, Trong lan cén ctia cac diém K, BLG la mét ban

kim loai khong c6 khe ning lugng véi hé thiic tan sic
dang parabolic,

 sh3

sk = W

Céc tinh chat dién cta dién ti trong cic vung ning

(1)

lugng thip co thé dugec mo ta bing mot Hamiltonian
hiéu dung cho hat c¢6 khéi lugng véi ham song tua

—i26,
% ("’ ) ) @)

trong d6 s = +1 va -1 tuong ting véi ving din va viing

Dirac,

Yk =

hoa tri.

Mot trong nhiing ddc tinh quan trong ctia khi dién tu
hai chiéu la sy phan hoi ctia no véi trudng dién tu.
Gan dung don gian nhit mo ta su phan hodi ciia mot
hé d6i v6i bude song ngdn la gan dung tu hop, trong
d6 moi dién tit dugc gia thiét 1a chuyén dong trong
trudng ngoai cong véi trudng cam ung ciia tt ca cac
dién tli ctia hé '>1°, Ham dién méi diic trung cho hiéu
ung chén trong gin ding pha ngau nhién (RPA) c6
cong thiic 1617,

2
£(g.7) =1+ 25T (q,T) (3)

v6iI1(g, T) 1a ham phan cyc & nhiét o T,

gsgym* [ dk 2
(g, T) = —{\ /A gt —k
(q;T) 2k Jo K3 { +q

— |k —@?| + [f (Ex) + f (Ex+2u)] 267~ (4)

2
B —4) o (-2

qV q* —4k?

Khi c6 sy hién dién ctia gradient nhiét d6 VT, cac hat

4k +g* +

tai dién va phonon khuéch tan trong vat liéu, gy ra

2764

cdc dong dién va nhiét. Mdi lién hé gitia hién tugng
nhiét va dién nay goi la hiéu ting nhiét dién. Suétnhiét
dién la mot dai lugng ddc trung cta hiéu tGing nhiét
dién 21819 & nhiét do thép, gradient nhiét do VT
sinh ra dong xung lugng phonon kéo theo hat tai dién
do tuong tdc phonon-hat tai, giy ra sudt nhiét dién
phonon drag $87,

3
=
m 2D21p /""d
2N,k T2pr2iivd Jo 1
3 e
x (hoy) Jy dEG (Ex, 0) 2T X
N fo (Ex) [1— fo (Ex+hay)]
1 VE.—v

V6 v = (12 /20 [(9/2) — (v /)P, G(Ex, 0g) =
[1 — (hoy)? /4m*vsE;)?; D, p, vy 1an luot 1a hing s6
thé bién dang, mat do khéi lugng va véin tdc cua
phonon 4m. Ham phan b6 dién tt dugc cho boi théng
ké Fermi-Dirac fy(Ey) = {exp[(Ex — Er)/kgT] +
1}71, v6i Ep = hyk? /2m* 1a ning lugng Fermi cho
dién tt hai chiéu, I, 1a quang duong tu do trung binh

8 =
(5)

ctia phonon.
Lép doi BLG-BLG la cdu tric gom hai 16p BLG song
song dit cach nhau mét doan d (Hinh 2).

K3
BLG

BLG
K1

Hinh 2: Cau tao I6p d6i BLG-BLG véi cac nén dién
méi khdc nhau.

Hé s6 Seebeck phonon drag ctua hé ghép doi co

dang®'?,

_ OuSi+ oS}
o, + 0

58 (6)
trong d6 o 1a d6 dan dién, 0 = Nye 7, (Ep) /m*; u, 1
ung v6i l6p trén va 16p dudi.

Nghién ctiu trong bai bao nay dugc giéi han 6 md
hinh BLG-BLG dit trong khong khi véi k1 = k3 = k3
= 1. Trong trudng hgp nay, chi cin xét phonon ndi
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16p va hé s6 Seebeck phonon drag ctia 16p thi i c6 hé
thuc:

*3/21)21
8 _
5=  2V2NekgT2pm2h3y 2/ 44
- Wii(q.T)\>
< (heoy)? [ dEG (Ey, ) (%)
<N fo (Ex) [1—= fo (Ex+hay)]
E VE =Y
trong d6 Wj; (g,T) 1a thé chin néi 16p
Mﬁi(qv ) [‘Gl( )
Vi (@) Vjj (q) = V5 (@)1 (¢,T))/

[[1+Vu( )Hu (¢, 7)) [1+V}; ()15 (¢.T)]
_V ( )Hll (qu)Hjj (qu)}

v6i Vij () 1a thé tuong tac Coulomb,

7

20-23
>

®)

Vij(q) = fu( ) ©)

vall; (¢,T)la ham phén cuc ¢ nhiét do T cua l6p thu
i dugc cho boi (4). Ddi v6i hé 16p doi nhu Hinh 2,
fij(q) c6 dang,

fi1(q1) = [2(k2) cosh(q1d) + k3 sinh (q1d)]/ (10)
[k (k1 + i3) cosh (q1d) + (i &3 + k3 ) sinh (q1d)]
f22(q2) = 2[(ka cosh (q2d) + Ky sinh (q2d)]/  (11)
[K' (K‘l + K'3)COSh (qzd) (K‘l K3+ Kz) sinh (qzd)]
fi(q1) =2/ (12)
[z (K1 + K3) cosh (q1d) + (K1 K3 -+ k2 ) sinh (¢, d))]
f22(q2) =2/ (13)
[ (k1 + K3) cosh (g2d) + (K1 K3 + k3 ) sinh (q2d))]

KET QUA VA THAO LUAN

Hé s6 Seebeck Coulomb drag véi cac tham s6 cia BLG
dugc khao sit nhu sau: m* = 0.033m,, D = 20 €V,
7.6x1078 g/cmz, vy = 2x10° cm/s, 10 um7. Trong
cic Hinh 3—Hinh 5, xem xét 16p d6i d6i xting. Lép
doi voi mat do cac hat tai khdc nhau dugc khao sit va
trinh bay & Hinh 6.

Anh huéng ctia hiéu ting chin 1én hé s6 Seebeck
Coulomb drag ctia BLG, dugc mo ta trong Hinh 3a,
cho ba gid tri ciia mat d¢ hat. Hiéu ting chédn c6 thé
lam gidm S dén hai bac do16n. Két qua nay ciing dugc
Ansari va Ashraf® tim thdy & viing nhiét 6 thip véi
ham chin khong phu thu¢c nhiét 9. Chu y rang két
qua khong chan cua bai bdo nay trung v6i két qua cua
Kubakaddi va Bhargavi & vung nhiét d6 cao (30—70
K)”. Hinh 3b trinh bay viéc so sanh két qua S ctia 16p
d6i BLG-BLG trong hai trudng hgp: chi xét dén chin
ndi 16p va xét ca anh hudng chin cta 16p thi hai cho
khoang cich d = 10 A. Hinh chén & Hinh 3b cho théy
16p thit hai lam tang hiéu ting chin 1én khoing 10%

va do d6 lam giam d6 16n ctia hé s6 Seebeck Coulomb
drag ctia 16p d6i BLG-BLG. Hinh 3 ciing cho thdy khi
xét dén hiéu ung chin, & nhiét do thip (cao) d¢ 16n
cta S8giam (tang) khi mat d¢ dién ti ting.

Hinh 4a trinh bay dnh hudng ctia hiéu ting chin 1én 8
ctia BLG. Hinh 4a cho thdy hiéu ting chan lam giam
S8rdt manh d6i voi moi gia tri mat do dién ti khao
sat. Ly thuyét khong chan cho d6 16n ctia §¢ giam khi
mat d ting cho ca ba gid tri nhiét d6 T=5K, 10 K,
va 50 K. Tuy nhién ly thuyét c6 xét dén hiéu ting chan
cho thay khi T = 50 K thi d¢ 16n ctia S8ting khi mét
do hat tai ting. Hinh 4b trinh bay sy phu thudc mét
d6 ctia $¢ cho trudng hop 16p d6i véi d = 10 A véi ba
gid tri nhiét d6 nhu ¢ Hinh 4a. Hinh 4b cho thay, khi
xét dén hiéu ting chin giy béi hat tai cta ca hai l6p,
d6 16n ctia S8gidm so vdi trudng hgp chi xét hiéu ting
chén noi 16p dic biét 1a ddi véi trudng hgp nhiét do
thép.

Hinh 5 trinh bay dnh hudng ctia khoang cach d gitia
2 16p BLG trong 16p d6i BLG-BLG 1én $8 cho mét s6
gid tri ctia mat do dién td va nhiét d6. Hinh 5 cho
thdy d¢ 16n S8 ting khi d tang va d¢ 16n ctia S8 ting
v6iham chan Wiy /Vy1 (¢,T)) chi nhé hon ding ké so
v6i trudng hop chi xét hiéu tGng chin néi 16p khi d
nho. P4 la vi hiéu Ging chin cta 16p thit hai 1én tuong
tac hat tdi—phonon ctia 16p con lai la ham gidm ctia
d.

Cudi cung xem xét 16p doi khong d6i xting véi mét
do dién tu cta hai 16p 1a khac nhau. Hinh 6 biéu dién
két qua S8cta 16p d6i BLG-BLG, v6i Ny; = 2x10!2
cm~2, Ngo = 5% 10! cm~2, tinh bdi cidc ham chin
Wii/Vii(q,T)val/g;(gq,T) cho hai trudng hgp d = 10
Ava100 A. Hinh 6 cho thay chi xét dén hiéu ting chan
ndi 16p thi S8ctia 16p doi khong phu thudc khoang
cach d, con khi xét dén hiéu ting chin ctia ca hai 16p
thi sy khac biét gitia cac két qua ing v6i hai ham chin
cang 16n d6i v6id cang nho.

KET LUAN

Bai bdo nay trinh bay viéc thuc hién khéo sat hiéu
tng chin 1én S8ctia BLG va 16p d6i BLG-BLG, sau khi
kiém tra him chdn phu thudc nhiét do '° va hé s6 See-
beck phonon drag $¢7 ctia graphene 16p kép BLG da
dugc cong bo trong cac cong trinh trude day.

Két qua khao sat déi voi hé 16p doi cho théy sy khong
chinh x4c ctia ham chén trong céc cong trinh*10, vi
thé da stt dung ham chin chinh xdc hon, nhu da dugc
st dung béi nhiéu tic gid®>*? trén co s& ky thuat
gian d6 Feymann cho hé hai thanh phan.

Khao sat nay chi xem xét hé dit trong khong khi, do
d6 c6 thé gi6i han & phonon ndi 16p nhu trong cong
trinh”, b&i vi néu hé dugc dit trong méi trudng dién
modi, can phai khéo sit cic loai phonon khac khién

2765
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Hinh 3: $¢bién thién theo nhiét d6 T (1—80 K). & Hinh 3a, dudng nét dit dé biéu dién cho Ny = 0.5x10'2 cm~2,
dudng nét cham biéu dién cho N = 1.0x10'? cm~2 va dudng nét dut-chdam biéu dién cho Ny = 1.5x10'2 cm 2.
Hai ky hiéu (0) ((1)) mo ta két qua khong (cd) xét dén hiéu ing chan. Hinh 3b mo ta su bién thién theo nhiét d6
cta S8 cho truang hgp I6p d6i BLG-BLG trong dé dudng nét dai la két qua véi ham chan Wiy /Vi; (¢,T), duong
nét ngén la két qua vSi ham chan cho ba gia tri mat d6 nhu & Hinh 3a. Hinh chén trong Hinh 3b biéu dién su phu
thudc nhiét dé ctia hai ham chan Wy /Vi1 (¢,T) va 1/€; (¢,T) chod =10 A.
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Hinh 4: S¢ bién thién theo mat do dién tir Ny (5x10'1 cm=2 - 5x10'2 cm~2). Hinh 4a biéu dién két qua ctia don
I6p BLG: dudng nét dut biéu dién cho T=5 K, dudng nét chadm biéu dién cho T= 10 K va dudng nét dit-cham biéu
dién cho T= 50 K. Hinh 4b mo ta két qua cho I16p d6i BLG-BLG c6 d = 10 A véi dudng nét dai iing véi ham chin
Wi1/Vii1 (¢,T), dudng nét ngén tng véi ham chan 1/¢; (¢,T) cho cac nhiét d6 nhu & Hinh 4a.

cho viéc tinh toan thém phtic tap va sé dugc trinh bay
trong cac bai bdo tiép theo. Két qua khdo st chi ra
rdng hiéu tGng chan lam cho S%cta BLG va 16p doi
BLG-BLG bi gidm dén vai bac d6 16n. Doi véi BLG
va tdn xa phonon am, két qua tuong tu da dugc tim
thdy cho S8 trong cong trinh® khi sti dung ham chin
nhiét d6 khong va cho d6 dan nhiét dién i '® khi st
dung ham chin nhiét d¢. Déi véilép déi BLG—BLG,
khi xem xét ca hai truong hop la 16p d6i doi xing va
khoéng d6i xting, khi mét d¢ dién tt & hai 16p 13 khac
nhau va chi ra tdm quan trong cta hiéu ting chin cta
16p thit hai 1én tuong tac dién tii—phonon & 16p con
lai. Can luu ¥ rdng cdc khdo sit trong bai bdo da bo
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qua tuong quan nhiéu hat 1én hiéu Gng chan. Tuy
nhién déi véi truong hgp mat do hat thip, dong gop
clia tuong quan nén dugc xem xét.

XUNG DOT LO1iCH

Cac tac gia dong y khong c6 bat ky xung dot lgi ich
ndo lién quan dén cac két qua da cong bé.

DONG GOP CUA CACTACGIA

Truong Vin Tudn: tinh todn s6, gii thich, viét va gtii
bai.

Nguyén Qudc Khanh: hiéu chinh céc giai thich va bai

viét.
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Study the effects on the phonon drag Seebeck coefficient of
bilayer graphene and bilayer graphene—bilayer graphene double
layers

Truong Van Tuan?"*, Nguyen Quoc Khanh'

ABSTRACT

This paper presented the investigation of the influence of the temperature—dependent screening
effect on the Seebeck phonon drag coefficient $8 of a monolayer of bilayer graphene (BLG) and a
BLG—BLG double layer placed in an air environment. For a system in an air environment, the two-
dimensional electrons of the BLG was assumed to interact only with the intralayer deformation
acoustic potential phonons in the BLG. After reviewing the results published by Kubakaddi and
Bhargavi, “"Enhancement of phonon-drag thermopower in bilayer graphene" in Phys. Rev. B 82,
155410 (2010), this paper expanded the mentioned-results to encompass the screening and dou-
ble layers and found that the phonon drag coefficient in the BLG monolayer system was strongly
reduced by the screening effect, even up to several orders of magnitude compared to the zero tem-
perature screening function, as shown in some recent publications. When comparing the effect of
electron screening in the second layer on electron-phonon interaction in the remaining layer, or
on the intralayer screening function, the distance between the two layers was small. The screening
effect of the second layer significantly reduced the magnitude of the phonon drag Seebeck coeffi-
cient S8 in the BLG-BLG double layer. The effect of temperature, layer spacing and particle density
on S8 for symmetric and asymmetric systems with varying layer densities were also investigated.
Key words: Phonon drag coefficient, Bilayer graphene (BLG), Double bilayer graphene (BLG-BLG)
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