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Tém tat: Trong cong trinh niy, ching toi khio sat syt hap thy séng dien tir trong
MoSs don 16p dit trong tit trudng tinh vuong goc. He sd6 hap thu séng dieén tir
duge tinh toan bang 1y thuyét nhiéu loan khi xét dén sy tan xa dién ti — tap
chét. Phé hip thu cho thiy su xuét hién cac dinh cong hudng cyclotron-tap chét
d6i v6i qua trinh hap thu mot va hai photon. Vi tri cadc dinh c¢ong hudng (ning
lugng photon c¢ong hudng) ti 1& v6i cudng do tit truong (B), trong khi d6 nhiét
do khong anh hudng dén vi tri cac dinh cong hudng. Ngoai ra, do rong vach phd
ciia cic dinh cong huéng tang tuyén tinh theo tir truong nhung hau nhuw khong
thay ddi theo nhiét do. Déng gép clia cAc qua trinh hip thu hai photon 14 nhé
hon nhiéu so véi quéa trinh hip thu mot photon nhung 14 ding ké va can phai
duge tinh dén khi nghién citu cac qué trinh quang phi tuyén.

Tt khéa: hé s6 hap thy, cong hudng cyclotron, tan xa dién tit — tap chét.

1. MO DAU

Graphene 13 vat lieu hai chiéu don 16p nguyen tit dau tién duge ché tao thanh cong
v6i cac tinh chét vat 1y ndi troi va tiém nang Gng dung to 16n ma cac vat lieu truyén
thong khong ¢6 [1]. Tuy nhién, sy khuyét thiéu viing cAm trong graphene lam gidi
han kha nang tng dung clia né trong cic thiét bi dien ti logic. Diéu nay da thic day
cac nha khoa hoc nghién cttu va ché tao cac vat lieu hai chiéu don 16p khéc véi mot
s6 ddc tinh tuong tu graphene nhung c6 viing cAm hitu han. Céac ciu trac don 16p
dichalcogenide kim loai chuyén tiép (TMDs) véi cong thiic chung 1a MX, (M 1a kim
loai chuyén tiép thudc cac nhom tir IV t6i VI, X 1a nguyeén t6 chalcogen nhu S, Se,
Te) 1a mot trong s6 cac vat ligu don 16p tuong tu graphene duge quan tam nghien
citu manh mé. Trong s6 nay, MoS, don lép la vat lieu tieu bicu, duge ché tao thanh
cong dau tien véi nhidu tinh chat vat 1y thd vi. MoSs don 16p c¢6 kha ning chuyén
tir ban dan viing cAm gian tiép vdi do rong 1,2 eV sang viing cam tryc tiép véi do
rong 1,9 €V [2, 3]. Dong thoi, vat lieu nay s hitu t6c do md/dong cao (10%) va do
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linh dong hat tai kha 16n (200 cm®V~'s™1) ¢ nhigt do phong [4]. Céc tinh chat dién
tit cia MoS, ciing phy thudoc manh vao sé 16p, khién n6 phut hop cho cac ing dung
da dang trong linh vyc quang dién tit [5].

Tinh chat truyén dan quang-tit 1a mot trong cac dic trung quan trong ctia vat lieu.
Dic biét, nghién citu cdc qua trinh hap thu cong hudng c6 vai tro quan trong cho
cac ing dung trong linh vyce quang-dién tit. Cac hiéu ting cong hudng (cong hudng
cyclotron, cong hudng tit-phonon, cong hudng electron-phonon) cung cip céc thong
tin vé cau tric vat lieu v co ché tan xa clia hat tai bén trong vat lieu. Ching han,
tir viec phan tich pho hap thu cong hudng, ta c6 thé thu duge cac thong s6 nhu khéi
luong hiéu dung ctia hat tai, khodng cach gita caAc mitc ning luong Landau, thia s6
Lande (g), v.v. Mat khéc, & nhiét do thap, tuong tac dien tit — tap chat 14 ndi troi so
v6i cac tuong tac khac, anh hudng clia tuong tac nay lén sy dich chuyén trang thai
dien tit do hap thu séng dién tir 1a rat dang ké. Do vay, nghién citu dnh huéng ciia
tuong tac dien ti — tap chét len qua trinh hap thu quang-tir trong vat lieu giap hicéu
r6 hon vé co ché va cudng do tan xa dien t& — tap chat, ching han nhu sy mé rong
cac mitc Landau va xéc suat dich chuyén trang thai ciia dien tit. Cac nghien citu vé
sy hap thu quang-tit dudi dnh hudng cla tuong tac dién tit — tap chat da duge tién
hanh gan day trong graphene [6] va silicene |7].

Trong cong trinh nay, ching to6i tién hanh khao sat he s6 hap thu séng dién tit trong
MoS, don 16p duge dat trong mot tir trusng vudng géc dudi anh hudng cia tuong
tac dien t& — tap chat. St dung 1y thuyét nhiéu loan dé tinh toan hé s6 hap thu
clia qua trinh hap thy mot v hai photon. Cac két qua giai tich duge tinh s6 véi cac
tham s6 cu thé dé thay dugc sy phu thudc clia pho hap thu vao niang lugng photon,
tir truong va nhiet do cta he. Bai bdo dudce cau triic nhu sau: Trong muc 2, chiing
toi gidi thieu bidu thitc clia hé s6 hap thu séng dien tir trong MoS, don 16p dat trong
tlt truong vuong goc. Céac két qua tinh s6 va thao luan duge trinh bay § muc 3. Cudi
ciing, mot so6 két luan quan trong duge dua ra & muc 4.

9. BIEU THUC GIAI TiCH CUA HE SO HAP THU SONG DIEN TU TRONG
MoS, DON LOP DUOT ANH HUONG CUA TUONG TAC DIEN TU — TAP CHAT

Trong tinh toan nay, chiing toi xét mot don 16p tinh thé MoS, v6i miit phing mang
duge gid thiét n¥m trong mit phing (z,y). Dat mot tit truong tinh, déu (B) vuong
goc vai 16p MoS,, dong thoi chon thé vec-to tuong tng ciia tit trudng trong chuan
Landau 1a A = (—By,0,0). Khi d6, biéu thitc ctia ning lugng hat tai & trang thai
|a) duge cho bdi [8]

Ey=FE, sy = STA + 77\/537 + n(hw,)?, (1)

v6i chi s6 mitc Landau n = 1,2,3,..., Ay, = A — 57\, A = A/2, X = )\/2, trong
d6 A va X tuong tng 1a do rong viing cAm va nang luong tuong tac spin-quy dao
(spin-orbit coupling) trong don 16p MoS,, 7 = 1 (—1) ddi vdi thung ling K (K'),
chi s6 ving n = 1 (—1) mo t4 viing dan (vung hoéa tri), s = 1 (—1) tuong tng véi
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spin huéng len (xuéng) va nang lugng cyclotron hw, = atv/2/a, véi a. = (h/eB)"/?,

t v a 1an lugt 1a ban kinh quy dao dién tit, tich phan xen phia (hopping integral) va
héng s6 mang. Nang lugng hat tai d6i vdi truong hop n = 0 duge tinh toan doc lap
va cho béi

Eo.r = —7(A = s)\) + s\ (2)
Ta c6 thé khai trién can bac hai trong cong thitc (1) va gidn ude dé thu duge bicu
thic c6 dang don gian hon cho ning lugng

_ _ A2 g
Ensnr=(1—=n)stA+nA+ nUQA , (3)

trong d6 chiing toi d& st dung tinh chat fiw, < A,,. Biéu thitc (3) lic nay cho thay
sy phu thuoc tuyén tinh clia cdc mic nang lugng Landau trong don 16p MoS, vao
cuong do tit truong B va chi s6 miic n, tuong ty nhu déi véi giéng luong tit va siéu
mang ban dan hai chiéu truyén théng.

Céc ham riéng tuong ting, bao gom ca mitc khong (n = 0), d6i véi thung ling K va
K’ lan luot duge cho boi [8]

WL ) = ethet ( AP 1 (y — yo) ) 7 (1)

[gn+1 $n(y = Yo)

ikyx
n,—1 r kx — € ( an(y - yO) ) ’ 5

e (1) \/@ A Py — o) ©)
trong d6 k, 1a thanh phan theo phuong z cla vec-to séng cia dién ti, SHES
(AZ’;)Q +1, Al = Vnhwe/(A —T1s\) 7]7'\/ — 75\)2 + nh2w? va ¢, (y — 1) 1a cac
ham riéng ctia cac dao dong tit diéu hoa lugng tit ¢6 tam tai yo = a’k,, duge cho bdi

1 — y)? -
exp [_ (y ?;0) :|Hn(y yo)’ (6)
2rnlag/m 2ag Qe

Gy — yo) =

véi H, (i—f’“) 1a da thic Hermite bac n d6i s6 (y — yo)/ae.

Bay gio ta gid st cdc tap chat duge phan bé mot cach ngdu nhién, dong nhat trong
mit phing hai chidu ctia mang tinh thé. Khi d6, x4c sudt chuyén dsi clia dien ti
giita cac trang thai o) va [o/) gy ra bdi tan xa dieén tit — tap chat d6i véi qua trinh
hap thu £ photon dugc cho béi bidu thic [9]

27mz
Weaar = ZZ!U W | Jaar (0)*0IF(000) Ok ko 4920 (Eor — B — Ch), — (7)

k (=1

trong dé n; 1a nong do tap chat; Sy 1a dién tich chuan hoa cia mau; ag 1a tham sb
mic 4o (dressing parameter); Jy(x) ham Bessel clia bién $6 z; ag 1a tham s6 mic 40;
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U(q) = Uy/ks, Uy = €2 /2¢,€ v6i €, and € 1an lugt 12 hing s6 dién mai cao tan va hing
s6 dien moi, k, 14 nghich ddo do dai chén; J..(¢) 1a thira s6 dang duge cho bai

055 Ma! / n 2
2 s,s 1 — — , , 2 — —
|[Jaar ()] = W”_ﬁ'un me [Ag;/\g,;,,/n—lL;g_’;l<u)+Lz§ "), (8)
voi u = a¢*/2, L™(u) 1a da thitc Laguerre lien két, n; = min(n,n’) vd ny, =
max(n,n’).

Hé s6 hap thu song dien tit lien hé v6i x4c suit chuyén doi theo biéu thitc [9]
\/E
I'= oN, > HE)1 = f(Ea)) Wy, (9)

trong d6 f(F,) la ham phan b6 Fermi-Dirac ctia dién tit, Ny la s6 photon t6i v6i
nang lugng Aw, ¢ 1a téc do anh sang trong chan khong. Tuong tac dién tit — tap chat
c6 thé lam cho céc dién tit thay ddi quy dao ban dau ciia chiing v déng gép vio
hé s6 hap thu. Ta c6 thé danh gia su déng gép nay bing cach chuyén déi tong theo
q, o, o thanh tich phan

Eq: — (2:06)2 Zdu Zrdgp, (10)

a
L Ly/2a2 s
= > ) o / dkx:%;’CQZ/ > (11)
a/a’ n,s,m,7/ n',s'n 7’ L, /2a2 n,s,n,m n' s 1!

Sau day, chiing t0i s& xét qua trinh hap thu mot (£ =1 ) va hai ( £ = 2) photon. T
biéu thitc dinh nghia ctia ham Bessel

(_1)’” TN\ 2m+L
Jel@) = ZO mT(m+ 0+ 1) (z) (12)

m=

ta co
QpQq\ 2 1 rapg\4
Tiaoq) = (52) Jaon) = 7 (52) - (13)

Dé thu dugc biéu thitc tuong minh cho hé sé hap thuy, ta can tinh céc tich phan theo
u, duge ky hiéu béi I; va I, nhu sau:

)
I - So2m /du<%)2<aoq>2 (555// n—l!u”2_"1e_“
(27TCLC)2 kjs 2 0’2262/;/ nz!
0

2
(AT 2L ) + 27 0| 6 B = Baan — ), (10
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50277' ]o <U0)2 (]. Qpq 4 553’ nl! No—n1 . —u
12 =09 dul — —( ) ——u ? e
(2ma,) ks 2\ 2 Ons0,7, no!
0

2
X {AZ;AZ/,;, /Z—jLZf:Tl“(u) + L™ (u)} S(Ewgar— Enspr—2hw).  (15)

St dung tinh chat tryc giao ctia cac da thitc Laguerre lién két, ta tinh duge cac s6
hang ting v6i qua trinh hap thu mot photon va hai photon nhu sau:

_ SO UOOZO 2 585/ . 2
Il n 47T(lc4< ]{35 ) 02’;'677',7 (A?LSAn’s/> (nl +n2 - 1)

n's’

—QAZZAZ:/\/THTLQ + (n1 + %) + 1)} 6 (En’,s’,n’,T — En78777,7' — hw) (16)

2

ns**n's’

— SOU02a04 535’ {(
 16macSk, 63767,

X ((TLQ — nl) +3 (2711 - 1))] — 4/\2;/\2//;\/711%2 (ng + ’le) + [2 + 6711 (m + 1)}

+ (ng — Tbl) ((TLQ — 77,1) +3 (27111 -+ 1))]} X 0 (En’,s/,n/,T — En,s,r],T — 2hw) . (17)

L N2
A”TA”T> 2+ 60y (ny — 1)+ (n2 — 1)

Tit cac két qud tinh duge & (16) va (17) ta thu duge biéu thic cho hg sé hap thu
cho qua trinh hap thu mot va hai photon trong MoS, don 16p du6i dnh hudng ctia
tuong tac dién ti — tap chat nhu sau:

I — 2\/57'('%1
~ cNshS,

Z Z f (Ensm) [1 —f (En’S’n’T)] []1 + 12] . (18)

’ ’ ’
n7n ’878 /,77,,7 7T

Dé tranh sy phan ky khi déi sé clia cac ham delta bing khong, ta co thé thay cac
ham nay bing ham Lorentz do tan xa bdi cac tap chat tich dién, duge dua ra béi
biéu thitc )

§(Zaw) = Joo!

T (Zaa’)2 + (’Yaa’>2’ (19)

20

VOl

SOniU2 588/ TAn'T 2
’7c2ya’ = szm’ss’nn’ﬂ- - Z nZ’U (Q)|2|Jnsnrn’s’n’7 (q)|2 = : |:(AZSAZ/S/> + 1:| :
q

 2maZk? geT,
(20)
3. KET QUA TINH sO VA THAO LUAN

Trong muc ndy, ching toi sé thuc hién tinh s6 két qua giai tich vita thu duge & trén
dé 1am ré6 mot sb dic trung vat 1y ctia hé s6 hap thu séng dien tit trong MoS, don 16p.
Céc tham s6 st dung dé tinh toan s6 dugc cho nhu sau: n; = 5 x 10° m~2, a = 3,193
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Hinh 1: Sy phu thuoc ctia hé s6 hap thu vao ning luong photon tai tit truong B—1T,
nhiét do T = 4 K ting v6i s =1 (dudng dit nét) va s = -1 (duong lién nét). Hinh
nhé bén trong 1a hé s6 hap thu tng v6i nang lugng photon trong khodng tit 0,74 eV
dén 0,9 eV nham gitp ta nhin thiy 1o cac dinh cong hudng ddi véi qué trinh hap
thy hai photon, do cac dinh nay thap hon hang tram lan so vdi cac dinh cong hudng
tng véi qué trinh hap thu mot photon.

A, t =11 eV, do rong ving cAm A — 1,66 eV, niang lugng tuong tac spin-quy dao
— 75 meV, mat do khdi lugng hai chiéu p = 3,1 x 1077 g.cm™2 va chi xét cac dich
chuyén clia dien tit tir trang thai |0,s,1,1) sang trang thai |1,s,1,1).

Hinh 1 mo t& sy phu thuoc cta hé s6 hap thu vho ndng lugng photon tai tit trudng
B =1 T, nhiet do T = 4 K tng v6i s =1 (dudng ditt nét) va s = -1 (dudng lién
nét). Tit phd hap thu nay c6 thé thly mdi dudng cong c6 hai dinh cyc dai tng véi
cdc gia tri khac nhau cia ning luong photon. Béng phan tich s6, chiing toi rit ra
duge ¥ nghia ctia cac cye dai nay nhu sau: V6i truong hop s = 1, dinh thit nhét
dinh vi tai gia tri ning lugng photon Aw = 0,7926 eV. Gia tri ndy thod man diéu
kien E1111 — Eo111 = 2hw. Day chinh 1a diéu kién cong hudng cyclotron mo ta
dich chuyén ctia dién tir giita hai mic Landau n — 0 v n’ = 1 bing cach hip thu
hai photon. Do vay, dinh cuc dai nay c6 thé goi 1a dinh cong hudng cyclotron hay
cyclotron-tap chat do c6 déng gép clia tuong tac dien ti — tap chat vao xac suat dich
chuyén dien ti. Dinh thit hai dinh vi tai gia tri ning luong photon hw = 1,5852 eV,
gid tri nay thod man diéu kien Fy 111 — Fo111 = hw. Dinh nay mo ta dich chuyén
ctia dién ti gitta hai mitc ning lugng néi trén bang cach hap thu mot photon. Céac
diéu kien do tim cong hudng cyclotron c¢6 cong thitc chung AE = (hw v6i AE 1a
hiéu nang lugng clia dién ti gitta hai trang thai dau va cudi. £ = 1,2 tuong dng vdi
qué trinh hap thy mot va hai photon. Ta c6 thé giai thich hoan toan tuong tu cho
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cac dinh cong hudng trong trudng hgp s = -1. Ngoai ra, so sanh do cao cua cac dinh
cong hudng ting véi qua trinh hap thu hai photon (hinh nh6 bén trong Hinh 1) va
cac dinh cong hudng tGng v6i qua trinh hap thu mot photon ta thiy cac dinh cong
hudéng ting v6i qua trinh hap thu mot photon cao gap hang tram lan so véi cac dinh
cong hudng ing véi qua trinh hap thu hai photon. Diéu d6 cho thiy déng gép cua
cac qua trinh hai photon 1a nho so véi cac qué trinh mot photon nhung van c6 thé
quan sat dudgc.

Dé thay ro anh hudng clia tit trudng lén vi trf ctia cac dinh cong hudng, trén hinh
2, chiing t61 khao sat sy phu thudc cua vi tri dinh cdng hudng vao tit truong B ting
v6i qué trinh mot photon (hinh bén trai) va qué trinh hai photon (hinh bén phai)
tai nhiet do 7' = 4 K.

[ A 0.8686F o
1.7370} N ; o
. | A 1 photon A 1 . 0.8684" + 2 photon g 1
> i A 1> [ *
g 17368 L 2oses2 ’,0‘
£1.7360 N 1 $0.8680! o*
E [ R 4 1 g [ . ¢
17355 LA | 0.8678) .
t A { t -
A | 08676
1.7350- 4 ¢
0 4 6 8 10 0 2 4 6 8 10
B(T) B(T)

Hinh 2: Sy phu thudc cia vi tri dinh cong hudng (ning lugng cong hudng) vao tir
truong B dbi v6i qué trinh hiap thu mot photon (hinh bén trai) va qua trinh hap thu
hai photon (hinh bén phéai) tai nhiet do 7' = 4 K.

Hinh 2 mo ta sy phu thudc clia ning lugng photon tai cac dinh cong hudng (goi tat
13 nang lugng cong hudng) vao tit trudng ddi véi dich chuyén dien tit tit trang thai
|0,1,1,1) sang trang thai |[1,1,1,1) khi tit truong B ¢6 gié tri ting dan tit 1 T dén
10 T. Ta thay rang nang lugng cong hudng tang khi tir trudng tang theo quy luat
hwres < B . Quy luat nay hoan toan phi hgp véi diéu kién cong hudng cyclotron do
cac muc Landau trong MoS, ti 1& v6i B, dong thoi gidng v6i quy luat trong giéng
lugng t va situ mang ban dan chuan hai chiéu, vd khac biet v6i quy luat trong
graphene [6] va silicene [7].

Khi nghién citu cdc dinh hap thy cong hudng, ngoai vi tri cac dinh thi do rong vach
phd cong hudng (FWHM) 1a mot thong s6 quan trong gitip ta danh gia xdc suit
dich chuyén trang thai ctia dién tit do tuong tac véi photon vi cac hat khéc trong
mang tinh thé (tap chat, phonon,...). Do vay, chiing tdi tién hanh tinh todn FWHM
stt dung chuong trinh tinh s6 trén may tinh v khao sat Anh hudng cia tit truong va
nhiet do len FWHM. Céac dinh cong hudng tng véi qué trinh hap thu mot photon
(thod méan diéu kién Ey 111 — Fo11.1 = hw) va hap thu hai photon (thod mén diéu

s byt
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Hinh 3: Sy phu thuoc ctia do rong vach phd FWHM vao tit truong B tai nhiét do T
=4 K va s = 1 d6i v6i qué trinh hap thu mot photon (hinh tam giac) va qua trinh
hap thu hai photon (hinh thoi).

kien Ey 111 — Eo11,1 = 2hw) déu duge xem xét. Hinh 3 mo ta su phu thudc ctia do
rong vach phd FWHM vao tit truong B tai nhiet d6 7= 1 K, s = 1 véi qua trinh
hap thy mot photon (hinh tam giac) va qua trinh hap thu hai photon (hinh thoi).
Tit hinh vé ta thay do rong vach phd hap thu tang theo tit truong B. Didu nay co
thé giai thich 13 do khi cudng do tir trudng ting thi ban kinh quy dao cyclotron ciia
dien ti gidm, lam tang kha ning giam gitt dién i, din dén x4c sudt tan xa dien tit
— tap chéit ciing ting. Két qui nay hoan toan phu hgp véi cac két qui di quan sat
trong graphene [6] va silicene [7] bdi cing mot phuong phép.

Tuong ti, hinh 4 mo ta sy phuy thudc cia do rong vach phd FWHM vao nhiet do T
tai tit truong B =1 T, s = 1 ng vdi qua trinh mot photon (hinh tam giac) va qua
trinh hai photon (hinh thoi). Ta thay ring khi ting nhiet do trong khoang tit 0,1 K
dén 40 K, FWHM héu nhu khong thay ddi (c6 thay ddi nhung rat nhé). Didu nay
cho thiy tac dong nhist khong c6 dong gép dang ké d6i véi tan xa dien ti — tap chét
trong MoS, don 16p. Day 1a mot dac diém quan trong va can dudc nghién citu bang
cac quan sat thyc nghiem dé danh gid va so sanh chi tiét 4nh hudng clia nhiet do
len co ché ciing nhu cuong do tuong tac hat tai-tap chat trong vat lieu nay. Sy phu
thuoc rat yéu cia FWHM vao nhiet do ciing da duge quan sat thiy trong graphene
don 16p [10] cho thay sy gidng nhau vé 4nh hudng ctia nhiét do len cac tinh chat hap
thu quang-tir ctia graphene va MoSy don 16p dudi anh hudéng cia tan xa dién tu —
tap chat. Ngoai ra, Hinh 3 v& Hinh 4 ciing cho thay FWHM dbi véi qua trinh hap
thy hai photon luon luén nhé hon FWHM d6i v6i qua trinh hap thy mot photon.
Ching han, FWHM tai B =1 T c6 gié tri xap xi 0,00786 eV dbi véi qua trinh hap
thu mot photon va xap xi 0,00197 eV dbi v6i qua trinh hap thy hai photon. Dac
diém nay mot 1an nita cho thay déng gép clia qua trinh hap thu hai photon vao xéc



HE SO HAP THU SONG DIEN TU TRONG MoS, DON LOP... 59

0.010;
— 0008» A A A A A A A A A A A A 2 A—-
> [ ]
L 0.006¢ 4 1 photon
s [
g 0.004} ¢ 2 photon
L [ 1
0002 @« ¢« ¢« « ©« ¢ ¢ ¢ ¢ ¢ o ¢ o o
0.000"
0 10 20 30 40
T(K)

Hinh 4: Su phu thuoc ctia do rong vach pho FWHM vao nhiét do T tai tit trudng
B=1T, s = 1 dbi v6i qua trinh hap thu mot photon (hinh tam giac) va qué trinh
hap thu hai photon (hinh thoi).

suat dich chuyén trang thai dien ti 1a nhé hon so véi qué trinh hap thu mot photon.
Tuy nhién, déng gép clia cdc qua trinh hai photon 14 dang ké va khong thé bé qua
khi nghién citu cac hién tuong lién quan dén hap thu quang trong cac vat lieu thap
chiéu.

4. KET LUAN

Trong cong trinh nay, ching toi da nghién citu qua trinh hap thu quang-tit trong
MoS, don 16p dat trong tit truong tinh vudng géc dudi anh hudng cta tuong téac
dién tit — tap chat. Két qua khao sat sy phu thuoc ciia hé sd6 hap thu quang-tit vao
ning luong photon cho thay sy xuét hieén clia cac dinh cong hudng cyclotron trong
phd hap thu. Ning lugng photon cong hudng ty 1é thuan véi cudng do tir trudng.
Dong thoi, do rong vach phd cong hudng cyclotron-tap chit ting mot cach tuyén
tinh khi cudng do tir trudong ting va hau nhu khong thay doéi theo nhiet do. Diéu do
cho thay xac xuit dich chuyén trang thai cta dien ti do hap thu cong hudng phu
thudc manh vao cuong do tir truong va it bi &nh hudéng boi nhiet do. Qua trinh hap
thu hai photon cho déng gép vao phd hap thu yéu hon so v6i qué trinh hap thu mot
photon nhung dang ké va c6 vai trd quan trong trong nghién cttu cic qua trinh hap
thu nhiéu photon va linh vic quang phi tuyén. Cac két qua trén 1a co sd cho cac
nghién citu tng dung clia vat lieu méi va ché tao cac thiét bi quang-dién ti nano.
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Title: ABSORPTION COEFFICIENT OF AN ELECTROMAGNETIC WAVE IN MONO-
LAYER MoSs UNDER THE EFFECT OF ELECTRON - IMPURITY SCATTERING

Abstract: In this work, we investigate the absorption of an electromagnetic wave in a MoSq
monolayer subjected to a perpendicular static magnetic field. The absorption coefficient is
calculated by the perturbation theory taking account of the electron-impurity scattering.
The absorption spectrum shows the appearance of cyclotron-impurity resonant peaks for
one and two photon absorption. The position of the resonant peaks (the resonant photon
energy) is linearly proportional to the magnetic field strength, while it is not affected
by the temperature. In addition, the full width at half maximum of the resonant peaks
increases linearly with the magnetic field but almost does not change with temperature. The
contribution of two-photon absorption processes is much smaller than that of one-photon
absorption ones but is significant and needs to be considered when studying nonlinear
optics.

Keywords: absorption coefficient, cyclotron resonance, electron — impurity scattering.



