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Tém tat: Trong bai bao nay ching toi khao sat 4nh hudng cia
tu truong, nhiet do va nong do electron lén cong suat nhiét-ti gay
trong hé WS, don
16p. Biéu thitc gidi tich ctia S, dugc thu nhan tit phuong phap-II.

ra bdi hiéu tng phonon kéo (phonon-drag), S9_,
Két qué tinh s6 cho thiy rang S¢, dao dong theo tit truong véi
cuong do dao dong tang lén khi tur truong tang. S9. tang don diéu
theo nhiét do nhung gidm theo nong do electron. Két qua tinh s6
cho S9,_ dugdc so sanh véi két quéa thu duge trong graphene don 16p.
Tw khéa: Cong suat nhiét-tit, he WSy don 16p, tuong tac electron-

phonon am.

1 GIOI THIEU

Tungsten disulfide (WS3) 14 mot thanh vien ctia 16p vat lieu 2 chiéu quan trong-nhém
ban dan kim loai chuyén tiép dichalcogenides (TMDC), dugc phét trién gan day va
da thu hat nhiéu nha khoa hoc quan tam nghién citu do nhitng tinh chat wu viét cua
né. Trude tien phai ké dén 1a WS, c6 tuong téc spin-quy dao (spin-orbit-coupling -
SOC): véi cac gia tri A\, = 0.430 eV va A\, = 0.029 eV tuong ting cho viung hoa tri va
ving dan [1]. Do d6 WS, 1a mot tng vien tiém ning cho cong nghé spintronic [2].
Thtt hai, tuong tuy nhu cdc thanh vién khac ctia nhém TMDC, cau triic viing nang
lugng ctia WS, c6 mot ciap thung liing (valley) khong d6i xing tai cac diem K va
K’, trong d6 ving dan va ving héa tri duge phan tach béi mot khe nang lugng truc
tiép c¢6 do 16n nadm trong khoang tir viing hong ngoai gan dén ving anh sang nhin
thay. Nhitng dic trung nay da lam cho WS, tré thanh ting vién tiém nang trong viéc
ing dung cong nghé quang-dién t1 va thu hat nhiéu nha khoa hoc nghién citu trong
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nhitng nam gan day [1, 2, 3|.

Chiing ta biét rang c6 hai phan chinh cho déng gép vao cong suat nhiet: phan thi
nhat 13 do sy déng gop clia su khuéch tan electron (electron diffusion), phan thi
hai 1a do sy dong gop tit hieu ting phonon-kéo (phonon-drag) [4]. Cong suat nhiét
khuéch tan, S dugc hinh thanh tit chuyén dong troi clia electron (electron drift
motion) do tac dung ciia gradient nhiet hodc dién truong. Trong khi d6 cong suat
nhiét tit hiéu ting phonon-kéo, S9, duge hinh thanh do tuong tac electron. Bai bao
nay chi gi6i han khao sat cong suat nhiet do hieu ting phonon kéo do tinh chat quan
trong ctia n6 so v6i S?. Cé hai phuong phap dé thu dude biéu thiic ctia S9: phuong
phap thit nhat goi 14 phuong phap Q (Q-method) duge gidi thieu bdi Cantrell va
Butcher [5], phuong phap thi hai goi 1a phuong phéap I (II-method) duge giéi thieu
béi Herring [6]. Bang cach thiét 1ap mo6i quan hé co ban gitta cic cong thiic clia hai
phuong phap trén, Tsaousidou va c¢s. [7] da chiing minh duge rang hai phuong phap
néu trén 1a tuong duong. Tuy nhién, vi phuong phéap II cho phép thiét 1ap mdi quan
hé don gian gita SY va do linh dong do tuong tac electron-phonon am, .., nén cong
thitc ctia Herring c¢6 thé duge sit dung dé wée tinh truc tiép [ae bt dit lidu SY9. Vi ly
do nay, phuong phap IT da duge nhiéu nha nghién ctu sit dung dé nghién citu cong
suat nhiét-tit do higu ting phonon kéo trong céc he hai chiéu [4] va graphene don
16p [8].

Trong bai bido nay ching toi sé khdo sat cong suat nhiét-tir trong he WS, don 16p
khi ¢6 mit tit truong dat vuong géc véi mit phing clia hé. St dung phuong phép
I1 chiing t6i thu duge biéu thitc ban giai tich ctia cong suat nhigt-tit, SY,. St dung
phuong phép tinh todn s6 ching t6i sé vé hinh mo ta sy phu thudc ctia S, vao
tir truong va nhiet do véi cac gia tri khac nhau ctia nong do electron. Két qua thu
dugdce ctia chiing toi dude so sanh véi két qua thu duge trong graphene khi c6 mat ti
truong [8].

9 BIEU THUC CUA CONG SUAT NHIET-TU TRONG WS, DON LOP

Xét mot he WS, don 16p duge dinh huéng trong mat phang (z,y). Khi c6 mat tit
truong vuong géoc B = (0,0, B), Hamiltonian ctia hé duge mo ta nhu sau [3]

H = vp(to,m, + oymy) + Ar g0, + Prs, (1)

trong d6 7 = +1 1a chi s6 vung (valley) tuong tng véi K va K', cac dai lugng
04,0, va 0, 1 cdc ma tran Pauli matrices, w = (p + eA) la xung lugng chuan tic
véi A = (0, Bz,0) la thé vecto ctia tu truong. Cac dai luong khéac trong phuong
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trinh (1) dugce cho nhu sau: A,y = A/2— (A, — Ao)78/4, Prs = (A +A)75/4, trong
d6 s = 41 1a chi s6 spin, A la khe nang luong, A, va A, tuong ting la do dich chuyén
nang lugng do tuong tac spin ¢ ving héa tri va ving dan. Sit dung ki hiéu thu gon
n = {n,s,p, 7}, ta viét biéu thitc nang lugng cho trang thai |a) = |, k,) nhu sau

Eo=E,= Ey =P, +pky (2)

n,s)

trong d6 n = 0,1,2,... 1a chi s6 mitc Landau, p = £1 1a chi s6 viing dan va viing
héa tri, va E = [n(hw.)? + (Ar)%Y? v6i w. = vpv2/a. la tan s6 cyclotron va
a. = (h/eB)"? ban kinh cyclotron. Ham séng tuong tng clia electron cho ving K
la Y2 7(x,y) = Xs ® V7 (7,y), trong d6 x, la thanh phan ham séng tuong tng ciia

toan ti spin §, [3], va

e'hvy AP b1 (T — 20)
D, T x7 — n,s , 3

trong d6 ¢, (z — x¢) 1a ham séng dao dong diéu hoa da chuan hoa véi tam dao dong
tai wo = aZky, va AT = {[pET + A, ) /2pE] }'2, BET = {[pE}, ,— A, /2pE] }12.
Ham séng tuong tng cho ving K’ duge suy ra tit phuong trinh (3) trong d6 ¢,
duge thay thé bdi ¢,. Mat do trang thai (DoS) duge cho nhu sau

D(O) = 5oy D0~ B = 5y > (@

21 - 2122 E))? 443

v6i v, = vV B la do rong Lorentz véi v duge tinh béi don vi meV T—/2,
Khi xét dén tuong tac electron-phonon, cong suat nhiet-ti, SY,_, gay ra bdi higu ting
phonon kéo, duge cho nhu sau [4, §]

ng = _pyxMyx/Tv (5)

trong d6 py, la dién tré Hall, T" la nhiét do tuyét déi va

2

ea? dy
Myaz = Aol{BT zq:Uquhwq (E) Wonc’(Q)v (6)

trong d6 Ay la dien tich ciia he, w, = vsq 1a tan s6 cia phonon véi vs van toc séng

am, q = (q,, q,) vecto soéng ctia phonon, 7, la thoi gian hoi phuc ctia phonon, va

2w
Woa (q) = h Z f(Ea, Eo) ‘C(q)|2 ’Jn’n(u)‘qué(Ea’ — Eo — hwq)dkévky-my’ (7)

a,af
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trong d6 ta da ki hieu f(F,, Ev) = f(E.)[1 — f(Ey)], yéu t6 ma tran C(q) mo ta
cuong do tuong tac electron-phonon, J,/, (1) 1a thita s6 dang mo ta su tuong tac cta
electron gifta cc trang thai n va 1’ véi u = a2¢?/2, va N, = 1/(e"«/*¥8T — 1) ham
phan bd clia phonon can bang. Tai thang nhiét do thap, tuong tac electron-phonon

am la troi. Yéu t6 ma tran tuong téac electron-phonon am duge cho nhu sau [3]

=2

o =g
Cl = 3L, ®)

trong d6 p 1a mat do khdi lugng, = 1a hing s6 tuong tac. Thic hién tinh toan roi
thay vao phuong trinh (6) ta dugc

B ethvsu 4
My, = 8mpkpT Z/ dqq” No|Jyn( u)l? G (Mg, (9)

trong do ta da ki hiéu

%NMFJ&M=MM—%+MM@wﬁwmmL (10)
[ on(w)[2 = e~ [|ABT[ Ly (w) + | BT Lo(w)] (11)

voi L,(u) 1a da thitc Laguerre lien két bac n. Cudi cung, thay phuong trinh (9)
vao phuong trinh (5) dong thoi st dung két qua ban co dién cho dien tré Hall
pye = B/(nee) voi n, 1a nong do electron, ta duge

A RE?B
A%Z&W%WZ/d%M%)WM ), (12)

trong d6 7, = A, /vs v6i A, 14 quang dudng tu do clia phonon. Ta thay rang két qua
thu duge cho S¢, ¢ phuong trinh (12) ¢6 dang tuong tu nhu két qua thu duge trong
graphene don 16p [8].

3 KET QUA TINH SO VA THAO LUAN

Trong phan nay ching t6i sé trinh bay két qua tinh s6 cho cong suat nhiét-tit trong
WS, don 16p. Cac tham s6 duge stt dung 1a [1, 3]: hvp = 4.38 €V A, A=090eV, \, =
430 meV, A, =29 meV, = =3.2¢eV, p=236 x 10 kgm=2, vy, = 4.3 x 10> m s7!,
va A, =10 m

Hinh 1 mo t& sy phu thudc cia mat do trang thai (DoS) vao tit truong. Két qua
dugc tinh cho cac déng gép tit cac trang thai khac nhau: 7s = 1 (14 t6 hop clia hai
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Hinh 1: Sy phu thudc ctia mat do trang thai tai mitc Fermi, Dp, vao ti truong tai
v =0.3meV T-Y2 van, =102 cm™2.

trang thai K1 va K']), 7s = —1 (1a t6 hop ctia hai trang thai K| va K'1) va trang
thai tong hop. Két qua cho thay ring mat do trang thai dao dong véi tir truong véi
bien do tang lén trong khoang tit truong 16n. Két qua nay phu hgp véi két qua thu
dugce trong silicene [9]. Ngoai ra, do tuong tac spin-quy dao trong WS, 1a 16n nén
mat do trang thai tng véi cac trang thai 7s = 1 va 7s = —1 1a tuong do6i tach biét.
Do nang lugng tng véi 7s = —1 c6 gia tri nho hon so véi nang lugng ting véi 7s = 1
nén s6 lugng ctia dinh dao dong cia mat do trang thai tng véi 7s = —1 16n hon so

véi trang thai ing v6i 7s = 1.

300¢f (a — Total 1 bh — 4= -1/2
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Hinh 2: Sy phu thuodc clia cong suat nhigt-tit, S7,, vao tit truong: (a) dong gop tir cac

trang thai khac nhau véi v = 0.3 meV T~1/2, (b) véi cac gia tri khac nhau ciia v. Két qua
dugc tinh cho n. = 102 em™? va T =2 K.

Hinh 2(a) mo t& sy phu thudc clia cong suat nhigt-tir vao tir truong ti sy déong gop
clia cac trang thai khac nhau cta electron. Ta thay rang S¢, ddi véi cac trang thai
c6 7s = £1 deéu dao dong theo tit truong véi cuong do tang dan dong thoi s6 lugng
dinh dao dong gidm dan khi tir truong tang len. Két qua nay phu hop véi két qua thu
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duge do6i véi SY, trong he hai chiéu truyén thoéng [4] va trong graphene don 16p [8].
Do anh huéng ctia tuong tac spin-quy dao manh, dong gép vao SY, tit cac trang thai
ing v6i 7s = 41 13 hoan toan tach biét, diéu nay khong dugc quan sat trong he
graphene don 16p [8]. S9_ do déng gop tir trang thai c6 7s = 1 16n hon nhung c6 s6
luong dinh dao dong nhé hon so véi déng gop tit trang thai c6 7s = —1. Két qua nay
12 hé qua ctia su thay doi ctia mat do trang thai theo tit truong, nhu duge minh hoa
& Hinh 1. Anh huéng ctia do rong Lorentz lén cong suat nhiét-tit duge minh hoa &
Hinh 2(b). Ta thay rang khi v tang lén bé rong ctia dinh duge md rong dong thoi do
cao ctia dinh gidm xudng. Véi cac gia tri v nho, cdc dinh phu (duge chi dinh bang
cac miii tén doc mau den) duge quan sat tuong doi r6. Tuy nhién cac dinh phu nay

sé bién mat khi v tang len. Céc két qua sau day duge tinh cho v = 0.3 meV T—/2,

600 @ — T=8K (x1/4)
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Hinh 3: Sy phu thudc ctia cong suat nhiét-tir ddi véi trang thai c6 7s = 1, S7., vao tit
trudng: (a) véi cac gid tri khac nhau ciia nhigt do tai n. = ng véi ng = 102 ecm=2, (b) v6i

cac gia tri khiac nhau ctia nong do electron tai T' = 2 K.

Hinh 3(a) mo t& sy phu thudc ciia cong suat nhigt-tir vao tir truong. Két qua duge
tinh cho cac gia tri khac nhau ctia nhiét do tai n. = ng va déi véi trang thai co
7s = 1. Dé thuan tién cho viéc quan sét, cac két qua déi véi T = 4,6 va 8 K duge
nhan véi mot hé sé tuong tng. Ta thay rang khi nhiét do ting lén do rong va cudng
do ctia dinh dao dong déu tang. Két qua nay phu hop véi két qua thu duge trong
graphene don 16p [8]. Hinh 3(b) mo ta sy phu thudc clia cong suat nhiét-tir vao tir
truong véi cac gia tri khac nhau ctia nong do electron tai 7' = 2 K. Ta thay ring khi
nong do electron tang lén thi do 16n ctia SY, gidm xudng do S, ti 1é nghich véi n,
nhu duge mo ta & phuong trinh (12). Bén canh d6 s6 lugng dinh dao dong ciia SY,
cling gidm khi n, tang. Két qua nay pht hop véi két qua thu duge ddi véi he 2 chiéu
thong thudng [4] va graphene don 16p [8].

Trong hinh 4(a) chting t6i mo ta sy phu thuoc clia cong suat nhi¢t-tir vao nhiét
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Hinh 4: Sy phu thuodc ctia cong suat nhiét-tit ddi v6i trang thai c6 7s = 1, S%,, vio nhiét
do: (a) véi cac gia tri khac nhau clia tit trudng tai n. = ng véi ng = 102 em =2, (b) véi céc

gia tri khac nhau ctia nong do electron tai B = 5.8 T.

do v6i cac gia tri khac nhau cta tu truong tai n, = ng. Cac gia tri cia tur truong
B =4.2,5.8,85 va 17.5 T tuong ting vdi cac dinh dugc mo ta ¢ hinh 3(a). Ta thay
rang SY_ tang theo nhiét do: ¢ khodng nhiét do thap SY, tang nhanh, trong khoang
nhiét do cao hon SY, tang cham theo nhiét do va dat gia tri bao hoa khi 7" > 10 K.
Két qua nay phtt hgp vé6i két qué thu duge trong graphene don 16p [8]. Bén canh do,
gia tri cia SY, 16n hon tai cac gia tri 16n hon ctia tt truong, nhu duge mo ta roé rang
¢ hinh 3(a). Hinh 4(b) mo ta sy phu thuoc clia cong suat nhiét-tit vao nhiet do véi
cac gia tri khac nhau ctia nong do electron tai B = 5.8 T. Ta thay rang cong suat
nhiét-tir gidm khi nong do electron trong hé tang lén, tuong ty nhu két qua duge
minh hoa & hinh 3(b).

4. KET LUAN

Trong bai bao nay ching toi da khao sat sy anh hudng cia tir truong, nhiét do va
nong do electron lén cong suat nhiet-tit trong WS, don 16p. Ching t6i da tim thay
su dao dong ctuia SY, theo tut truong véi cuong do cta SY, tang lén khi tir truong
tang. Bén canh do SY, ting theo nhiet do va gidm theo nong do electron. Céc két
qué thu dugce 1a phut hgp véi két qua thu duge trong graphene [8]. Bén canh do, khac
v6i trong graphene, do tuong tac spin-quy dao trong WS, 1a tuong doéi 16n nén céac
dinh dao dong do cac trang thai spin hudéng lén va huéng xudng 1a tach biét nhau.
Déang tiéc 13 hién nay chua c6 két qua thuyc nghiém vé cong suat nhiét-tit trong WS,
don 16p dé so sanh vé6i két qua 1y thuyét ctia ching toi. Tuy nhién, véi két qua thu
duge ve cong suat nhiét-tir len dén vai pV/K, két qua clia ching toi phut hgp tot véi
két qua thie nghiem do duge trong MoSy don 16p [10], mot thanh vién khac thuoc
nhém vat licu TMDC.
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Title: MAGNETO-THERMOPOWER IN WS; MONOLAYER

Abstract: In this work, we study the influence of the magnetic field, temperature, and
electron concentration on the magneto-thermopower due to the phonon-drag effect, S%,, in
WS, monolayer. The analytical expression for S%, is found from II-method. The numerical
results show that Sy, displays an oscillation as a function of a magnetic field with its am-
plitude increase in the large magnetic field region. Sy, increases with the temperature but
decreases with the electron concentration. The numerical calculations for S7, are compared

with that in graphene monolayer.
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