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Tém tit

Su chuyén pha trang thai ngung tu exciton trong mo hinh Falicov-Kimball mé rong c6 tuong tac dién tir - phonon duoc
khao sat thong qua nghién ctru tinh chit cia ham cam tng exciton. Biang gin diing truong trung binh, ching t6i di thu
duogc hé phuong trinh tw hop cho phép xac dinh cac gié tri ky vong, tir d6 tinh duge ham cam tng exciton. Két qua tinh
s6 khing dinh vai trd quan trong cua phonon trong viéc thiét 1ap trang thai ngung tu exciton trong hé & nhiét do thap.
Giam tan sb phonon thi nhiét do t6i han cho chuyén pha trang thai ngung tu exciton tang 1én. Hé ton tai trong trang thai
ngung tu exciton khi hing sé twong tac dién tir - phonon di 16n va thé twong tac Coulomb trong khoang gitra hai gia tri
t61 han. Giam tan s phonon hay ting hiang s6 twong tic dién tir - phonon thi viing ngung tu exciton dugc md rong.

Tir khéa: Ngung ty exciton; ham cam tmg exciton; md hinh Falicov-Kimball mé rong; tuong tac dién tir - phonon; tan
s0 phonon.

Abstract

Excitonic condensate state transition in the extended Falicov-Kimball model involving the electron - phonon interaction
is addressed by considering properties of the excitonic susceptibility function. In the framework of the mean-field
theory, we have derived a set of self-consistent equations, which allows us to determine the excitonic susceptibility.
Numerical results indicate the role of phonon in establishing excitonic condensate state in the system at low
temperature. Decreasing the phonon frequency, the excitonic condensate critical temperature increases. The system
exists in an excitonic condensate state if the electron-phonon coupling is large enough and the Coulomb interaction is in
between two critical values. Decreasing the phonon frequency or increasing the electron-phonon coupling, the excitonic
condensed region is expanded.

Keywords: excitonic condensate state; the excitonic susceptibility function; the extended Falicov-Kimball model; the
electron-phonon interaction; the phonon frequency.

*Corresponding Author: Phan Van Nham; Institute of Research and Development, Duy Tan University, Danang,
Vietnam; Department of Environment and Natural Science, Duy Tan University, Danang Vietnam
Email: phanvannham@duytan.edu.vn


mailto:phanvannham@dtu.edu

56 D.T.H.Hdi, N.D.B¢, P.V.Nhdm | Tap chi Khoa hoc va Cong nghé Pai hoc Duy Tén 1(50) (2022) 55-62

1. Mé& dau

Trang thai ngung tu cua cac exciton mac du
dugc dé xuat vé mat 1y thuyét tir nhitng nim 60
cia thé ky trude [1, 2], nhung cho dén nay
trang thai nay van dang thu hat sy quan tim rat
16n cua cac nha vat Iy trén thé gisi. Trong cac
vat liéu ban kim loai hay ban dan c6 khe ning
luong hep, nho lyc hut tinh dién Coulomb lién
két cac dién tir & dai dan véi cac 15 trong & dai
hod tri ma exciton ¢6 thé dugc tao thanh. O
nhiét d6 du thip véi mat d6 du 1on, nhiing
exciton ndy co thé ngung tu trong mét trang
thai luong tor méi [1, 2]. Tuy nhién, do thoi
gian séng ngan nén cip dién tir - 16 trong ¢ gan
nhau rat d& tai két hop dé huy exciton. Diéu nay
dan dén nhing két qua thuc nghiém khang dinh
trang thai ngung tu exciton trong vat li¢u van
con han ché. Tuy nhién, véi viéc tim ra ngay
cang nhiéu hé vt liéu c6 trién vong dé quan sat
trang thai ndy dd cang khang dinh chic chin
nhing tién doan 1y thuyét.

Trong s cac mo hinh 1y thuyét thuong dung
dé khao sat trang thai ngung tu exciton, mo
hinh Falicov-Kimball m¢ réng (Extended
Falicov-Kimball model - EFKM) la md hinh
tiéu biéu va thuong dugc s dung nhiéu nhat
[3-5]. M6 hinh EFKM 1a m6 hinh c6 tinh téi sy
nhay tryc tiép dién tir dai ¢ va dai f va thira
nhan su két cap cua dién tir ¢ véi dién to f
thong qua tuong tic Coulomb. Véi mo hinh
nay, nguoi ta xem nhu ghép cap dién tir C - f
tuong duong véi mot trang thai exciton. Tuy
nhién, day la mé hinh hoan toan dién tir, trong
d6 da bo qua phan tuong tac gitra dién tir véi
phonon. Trong khi d6, cidc nghién ctru thuc
nghiém quan sat gan ddy trén mot s vat liéu da
cho thay phonon ciing déng vai trd quan trong
trong viéc hinh thanh trang thai ngung tu
exciton [6 - 9]. Do vay, tuong tac gitta dién tir
v6i phonon can phai dugc dua vao tinh toan va
xem xét k¥ ludng.

Trong mot sé nghién ciru trude, ching t6i da
khao sat trang thai ngung tu exciton trong mo
hinh EFKM c¢6 tuong tac dién to - phonon
thong qua nghién ciru tinh chat ciia tham sb trat
tu trang thai ngung tu [10 - 13]. Tuy nhién,
tham sd trat ty chi cho thiy tinh chit dong hoc
ctia sy ngung tu & dudi diém chuyén pha. Do
do, dé co thé mo ta chi tiét hon chuyén pha
trang thai ngung tu exciton trong hé, can phai
nghién ctru thém tinh chét dong hoc cua su
ngung tu & trén va dac bi¢t 1a 1an can diém
chuyén pha. Bén canh d6, mot s nghién ctru
gan day trén vat liéu TazNiSes vé d6 dan quang
bang ly thuyét phiém ham mat do két hop véi
nhom tai chuan héa ma tran mat do, hay nghién
clru céac trang thai dién tir trong khong gian
thuc cua pha nhi¢t do thép, cac tac gia da khéng
dinh exciton hinh thanh truéc khi ngung tu,
ngay ca khi hé ¢ trang thai ban kim loai [14,
15]. Piéu nay hoan toan trdi ngugc véi quan
niém truéc d6 cho rang exciton hinh thanh va
ngung tu dong thoi khi hé & trang thai ban kim
loai, con ching chi hinh thanh trude khi ngung
tu & trang thai ban dan [16]. Vi vy, nghién ciru
ky ludng céc tinh chét dong hoc cua h¢ nhu do
din quang, ham cam Gng exciton,... nhim mo
ta chi tiét co ché chuyén pha trang thai ngung
tu exciton trong cac hé ban kim loai, ban dan 1a
hét sirc can thiét.

Trong bai b&o nay, chung t6i nghién ctu ly
thuyét vé sy hinh thanh trang thai ngung tu
exciton trong mé hinh EFKM c6 ké dén tuong
tac dién tor - phonon bing 1y thuyét truong
trung binh tinh. Trong d6, chiing t61 tap trung
nghién cuu anh hudng cua phonon 1én sy hinh
thanh trang thai ngung tu exciton trong h¢
thong qua phan tich tinh chat cia ham cam tng
exciton tinh.

Bai bao duoc chia thanh 4 phan. Trong do,
chdng toi trinh bay md hinh EFKM ¢6 tuong
tac dién tir - phonon va ap dung ly thuyét
truong trung binh cho mé hinh trong phan 2.
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Tur do chung t6i rut ra hé phuong trinh xac dinh
ham cam ung exciton théng qua cac tham sb
cua mo hinh va gidi h¢ phuong trinh ty hop
bang phwong phap tinh s6. Két qua tinh sb va
thao luan duoc ching t6i trinh bay trong phan 3
ctia bai bao. Cudi cung, phan 4 1a két luan cua
bai bao.

2. M6 hinh va phwong phap Iy thuyét

Pé khao sat trang thai ngung tu exciton,
ching ta xuét phat tir Hamiltonian ctia mo hinh
EFKM c6 tuong tac dién tir - phonon dugc viét
trong khong gian xung lugng nhu sau:

H=H, +Hy+ Ho +H,_,, 1)

trong d6, thanh phan khong tuong tic cua hé
dién ttr trén dai dan ¢ va dién tor trén dai hoa tri
fla

fio f
H, Z EthCk + Z e fie 2

voi ck (o) va fk (fi) 13n luot 14 cac toan tu
sinh (huy) cta cac dién tu ¢ va dién ti f mang
xung luong k. Trong gan dung lién két chit,
nang lugng tan sdc cua dién tir ¢ va dién to f
duoc cho boi

eff _ _cf/F _ icff
g =& -

Fe —H (3)

E.l'lf
véi k13 nang lugng tai nat cua dién tir ¢ va

dién t f; t7 1 tich phan nhay nat. Trong
mang hai chiéu hinh vuéng véi hang s mang
a = 1, budc nhay trong mang tinh thé Ia

= E(C”k + cosk,). Trong cong thuc (3),
K 1a thé hoa hoc. Phan ning luong mo ta hé
phonon khong tuong tac la

H,, = @, Z blb,
1 (4)
b;r (24) 13 cac toan tir sinh (huy) phonon
mang xung luong q voi tan sd khong d6i “o.
S6 hang thir ba trong Hamiltonian (1) mé ta
phan tuong tac Coulomb ctia hé dién tir

o U t 1
Hﬂ-a — Ck+qckffkr—qfk
ki ©)
v6i U 1a cudng d6 thé tuong tac Coulomb giita
dién ttr ¢ va dién tur f, N 1a s6 nut mang tinh thé.
S6 hang cubi cing trong Hamiltonian (1) mé ta
phan ning luong tuwong tac cua hé dién tir véi
phonon
_ 4 T optept
Hs—ilh - EZ[ck+qfk [b—q + bfl) +H. C.]
ka (6)
v6i & 13 hang sb tuong tac dién tir - phonon.
Trong gan dung trudng trung binh, khi s6
hang thiang giang va cic hang sd dugc bo qua,
Hamiltonian trong phuong trinh (1) duoc viét
lai tich riéng thanh phan dién tir va phan
phonon nhu sau

arMF _ qrMF arMF
HMF = 30 4 30l )

trong d6 phan dién tir

HE = Z Bion it Z L fi e+ &Z[C'quk +f‘:c"+q)
k
(8)

va phan phonon
HUF = w, Z blb, +VNR(bI +b_ )
(9)
v6i ning luong tan sic tai chuan hoa cua céac
dién tr

.-_C.-f —_ E' .'f _|_Unf.-|5 (10)

== ﬁﬁdﬁicﬂ van' = %Ek{fkak:'
lan luot 12 mat do dién tir ¢ va mat do dién tir f
voi

{c{ch} =nF ()

(fofid =" (&) (1)
la ham phan bdé Fermi-Dirac c6 dang
nf () = (1+ef)™ v6i B =1/T la nghich
dao cua nhiét do.

o day, n

Trong cong thirc (8) va (9), cac truong thém
vao
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h = %z{cltmfk—" fkTCHQ}

k (13)
dugc xem 13 cac tham sb trat ty trang thai
ngung tu exciton. Khi tham s trat tu khac
khong, hé ton tai trong trang thai ngung tu
exciton. Viéc nghién ctru sy hinh thanh va
ngung tu cua exciton théng qua tinh chit cua

tham sd trat tu da duoc chung t61 khao sat chi
tiét trong cac nghién ctru trude [10 - 13].

Trong nghién ctru nay, ching t6i khdo sat sy
hinh thanh trang thai ngung tu exciton trong hé
thong qua phan tich tinh chit cia ham cam Gng
exciton. Trong khong gian xung lugng, ham
cam ung exciton duoc viét dudi dang

1
$(00) = =2 Ul gl g fi)
kk (14)

Dé tinh ham cam g exciton, chung ta viét
phuong trinh chuyén dong cho ham Green hai hat

w {{fchk+q|C]t’+qfk"}}uJ = {[thck+q: C]-["+qfk"i|} + {{[thck+q:H:| |C]1l-"+qfh"}}u (15)

St dung Hamiltonian (1) tiép tuc viét
phuong trinh chuyén dong cho cac ham Green
béac cao hon va ngit ham Green bang gin dung

pha ngiu nhién, ching ta thu dugc ham cam
ung exciton dudi dang sau

_ —x"(q )
x(q.w) = 292wy x% (q, @) (16)
L+Ur (g w) - —— 29%wo x* (q,w)
T T I Y Uy (q )
voi 3. Két qua tinh s6 va thio luin
2% w) = £Z (nf) —(nf.q) Trong phan nay, ching toi trinh bé_ly_ két qua
N w— wy(q) (17) nhan duoc tir chwong trinh tinh so giai tu hop
hé phuong trinh xac dinh ham cam ng exciton
) ; duoc tim ra trong vphén truéc vai sai s6 khong
1% (q, @) =£Z{”k—q}_{”1-.} vuot qua 102 dé thao luan anh huong cua
Ni w— wy (q) (18) phonon Ién trang thai ngung tu exciton trong
1g bai toan nay,
trong do

wi(aq) = & —&_,

(19)

O day ching ta da ky hiéu {”{1} ={ f]:r fih
{ng) = {c;: ¢ ) vOi gia tri duge xac dinh tir cong
thac (11).

Nhu vay, cac phuong trinh (10)-(11) cho ta
hé phuong trinh tu hop xac dinh céac gia tri ky
vong va tur do tinh dugc ham cam Ung exciton
tur cac phuong trinh (16)-(19).

_ = =f
wp(q) = Elc:+q = i

nang. I
mét tinh tong quat, chung t6i chon t° = 1 coi la
don vi cua nang It
e — ¢/ =2.0; ¢ =03 dam bao dai din c
rong hon dai hoa tri f hay dién tir f dinh x hon.
& -
khi d6 thé léa u duoc thay ddi dé thoa
man n® +n’ = 1.
O day, chung t6i md ta kich ban ngung tu
exciton trong md hinh thong qua khao sat ham
cam ung exciton tinh tic 1a khi @ — 0. Chlng
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t6i ciing xét cac exciton co xung lwong khdi
tdm g = 0 tham gia vao hinh thanh pha ngung
tu. Do do, trong bai bao nay, chiing tdi chi xem
xét tinh chat cia ham cam Ung exciton tinh
¥ = x(0,0) véi cong thirc tong quat dugc xac
dinh trong cong thuc (16).

Ham cam Gng exciton thé hién su thang
giang exciton trong hé, do do su tdn tai cla
trang thai ngung tu exciton duogc thé hién boi
su phan ky cua ham cam tng. Chinh vi vy,
trong nghién ctru nay, dé mo ta sy hinh thanh
trang thai ngung tu cua exciton trong moé hinh,
chiung ta s& khao sat chi tiét anh huong cta
phonon 1én tinh chat phan ky ctia ham cam tng
exciton tinh ¥ trong h¢.

Trudce tién, ching t61 khdo sat su tdn tai cua
trang thai ngung tu exciton trong hé khi xét dén
anh huong ciia tan sd phonon va hang s6 twong

30 .
(a)
g=0.3
20+
=
10
0 .
0.0 0.1

15 - :
(b)

g=0.6 .

10 : ?

= 1 1
5H Al \|

0 :

0.0 0.2 0.4

@, 13 hiang sd. Piéu nay hoan toan phu hop voi
viéc md ta hé phonon trong cac hop chét
dichalcogenide kim loai chuyén tiép & ving
nhiét d6 thip. Dién hinh, & hop chét
TmSeo.s5Teoss, nhi¢t dung riéng phu thuoc mot
cach tuyén tinh theo nhiét d6 & ving nhiét do
dudi nhiét d6 chuyén pha trang thai ngung tu
exciton, khac véi duong theo quy ludt Debye
cua cac phonon am [17, 18]. Mat d6 phonon
quang duge xac dinh giam tuyén tinh khi giam
nhiét do. Piéu nay cé thé hiéu duoc do xuét
hién lién két ctia cac phonon quang véi exciton
khi nhiét d6 & dudi nhiét d6 chuyén pha [17,
18]. Tur dir liéu thuc nghiém do nhiéu xa nhiét
tia X, nguoi ta cling khfmg dinh su ton tai trang
thai phonon quang véi tan s6 phonon ting khi
giam nhiét do, khi h¢ ¢ trang thai ngung tu
exciton [19]. Hinh 1 cho thdy tGng v&i mot gia
trj xac dinh cta tin sé phonon, gia tri ciia ham

Hinh 1: Ham cam (ng exciton tinh ¥ phu thudc vao nhiét d6 T tai I = 3.0 véi
g = 0.3 (hinh a) va g = 0.6 (hinh b) khi &, thay ddi.

tac dién tir - phonon khi thé twong tac Coulomb
du 16n U = 3.0. Hinh 1 biéu thi sy phu thudc
cua ham cdm ung exciton tinh ¥ vao nhi¢t do T
& mot vai gia tri khac nhau cua tan sd phonon
wo tng v6i hai gia tri du 16n cua hing s twong
tic dién ta - phonon g = 0.3 (hinh a) va
g = 0.6 (hinh b). O day, ching t6i chi xét cac
phonon quang mo td bdi md hinh Einstein voi

cam ung exciton tinh tang khi gidm nhiét do.
Trong vung nhiét do thép, khi gidm nhiét do thi
ham cam ng tdng manh va phan ky tai mot gia
trj nhiét do toi han T,.. Dau hiéu phan ky cua
ham cam tng thé hién hé chuyén sang trang
thai ngung tu exciton khi nhiét do du thap:
T < T..Con khi T = T_, niang lugng nhiét qua
16n 1am pha huy hoan toan trang thai lién két
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dién tir ¢ - f hinh thanh exciton nén trang thai
ngung tu bi suy yéu. Didu nay duoc thé hién
bdi gid tri hiru han cia ham cam Ung ¢ vung
nhi¢t d§ cao. Trong trudong hop nay, hé 6n dinh
trong trang thai plasma cta cac dién tir va 16
trong khong lién két. Tang tan sd phonon, nhiét
d6 toi han cho chuyén pha trang thai ngung tu
exciton giam. Sy gidm gia tri cua ham cam Gng
exciton tinh khi ting tin s6 phonon hoan toan
phu hop véi dir li¢u thyc nghiém thu dugc trén
dichalcogenide kim loai chuyén tiép TiSeo.
Trong vt liéu nay, ngudi ta quan sat thiy trang
thai ngung tu exciton ton tai dong thoi voi su
léch mang tinh thé va co lién quan dén su mém
héa phonon quang [19]. Trong do, dit li¢u thuc
nghiém thu duogc tir tdn xa nhiét tia X thé hién
phonon mém di hay ning luong ciia phonon
giam khi nhiét d6 tién t6i nhiét d6 chuyén pha
trang thai ngung tu exciton. That vay, khi tang

1.0
0.8
0.6+
0.4+

0.2

0.0+
0

tan s6 phonon, ning lugng cta phonon cang
l6n. Khi dao dong ctia phonon cang nhanh hon
chuyén dong cua dién tir thi phonon kho hd tro
su két cdp cac dién tr ¢ — f hinh thanh exciton,
dan toi xac sudt ghép cip dién tr ¢ — f hay
exciton nhd hon. Trang thai ngung tu exciton
trong hé vi vay bi suy yéu, nhiét do chuyén pha
trang thai ngung tu gidm. So sanh Hinh la va
1b chiing ta nhén thay, khi ting hang s tuong
tac dién tir - phonon thi nhiét do chuyén pha
trang thai ngung tu exciton cling tang lén. RO
rang la phonon cling déng vai tro quan trong
trong viéc hinh thanh va ngung tu cua exciton.
Dic tinh nay minh hoa rd nét cac quan sat thuc
nghiém trén vat liéu TmSeo.45Teoss [17,18]. Khi
ap suat di 16n, cac dai 4f va 5d xen phu nhau,
khi d6 dudi sy hd tro ctia phonon, cac dién tir 4f
két cap v6i cac dién tr 5d dé tao thanh céc
exciton va co thé ngung tu & nhiét 4o du thap.

1.0

0.8

0.6 1
o

044

0.2+

0.0+
0 1 2 3 4

Hinh 2: Gian d6 pha trang thai co ban ciia mé hinh trong mit phang (U. g) khi @y thay d6i. Trang thai ngung tu
exciton trong dang BCS hay BEC dugc biéu thi baoi vung ke caro. Trang thai ban kim loai (SM) hay ban dan (SC)
duogc biéu thi boi vung gach chéo.

Cubi cing, dé thiy rd hon anh huéng cua
phonon 1én trang thai ngung tu exciton trong
mé hinh, tir két qua khao sat tinh chat phan ky
ctia ham cam tng, chiing t6i thiét 1ap trén Hinh
2 gian d6 pha cta mé hinh trong mit phing
(U, g) trong trang thai co ban ung va4i hai gia
tri ciia tan sO phonon. Gian do pha duoc thiét
1ap dya trén khao sat tinh phan ky ctia ham cam
g exciton tinh. Ung v&i mdi gia tri xac dinh

cta thé twong tac Coulomb, chung t6i tim gia
trj t6i han cua hang sb tuong tac dién tir -
phonon tai vi tri phan ky ctia ham cdm ung.
Gian d6 cho thdy, véi mot gia tri xac dinh cia
tan sb phonon va hang sd twong tac dién tir -
phonon, hé chi ton tai trong trang thai ngung tu
exciton (dwoc biéu thi bai ving ké caro trén
gian d0) néu thé twong tac Coulomb nim trong
khoang gitta hai gid tri téi han Uct va Uca.
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Chang han trong Hinh 2a, véi w, = 2.0 va
g = 0 thi cap gid tri cta thé twong tac Coulomb
toi han tuong tmg 1a: Uc1 = 0.88 va Uz = 3.53.
Két qua nay hoan phu hop véi két qua khao sat
su hinh thanh va ngung tu exciton thong qua
tinh chét ciia tham s trat tu trang thai ngung tu
[10,11,13]. Khi U < Ua va hang sé tuong tac
dién t- phonon chua du 16n, hé ton tai trong
trang thai ban kim loai (SM) dugc mo ta boi
ving gach chéo trén gian do véi cac dai ¢ va f
xen phi nhau. Néu U > Ucz, do dich chuyén
Hartree tach dai hoéa tri va dai dan, hé chuyén
sang trang thai ban dan (SC) dugc moé ta boi
ving gach chéo bén phai gian db. Khi thé twong
tac Coulomb c6 gia tri trong khoang tir Uc1 téi
Ucz thi hé 6n dinh trong trang thai ngung tu
exciton ¢ dang BCS tuong tu nhu trang thai
siéu dan cua cip Cooper trong ving twong tic
yéu hodc ¢ dang BEC khi U du 16n. Giao nhau
cua hai trang thai ngung tu do d6 ciing dugc
thiét 1ap. Tang hang sb tuwong tic dién tur -
phonon, gid tri t61 han U gidm trong khi Uc2
tang. Dicu d6 c6 nghia ving ngung ty exciton
duoc mé rong. Dudi sy hd trg manh mé cia
phonon, cac dién tir ¢ va dién ti f dé dang két
cip tao thanh exciton va co thé ngung tu khi
nhiét d6 du thap. Gian dd ciing cho thiy trong
truong hop khong cé tuong tac dién tor -
phonon thi tan s phonon hau nhu khéng anh
huong to1 sy hinh thanh trang thai ngung tu (so
sanh Hinh 2a va 2b tai g = 0). Trong trudng
hop nay, exciton trong hé ngung tu hoan toan
dudi anh huong cua tuong tdc Coulomb. Tang
tan s6 phonon thi hang sé twong tac dién tir -
phonon té1 han cling tang theo va vung ngung
tu bi thu hep lai. DPiéu nay hoan toan phu hop
vol cdc quan sat thyc nghiém trén vat li€u
TazNiSes bang phép do quang phd Raman véi
cic mode phonon mém [20]. Trong d6, két qua
cho thiy cac phonon quang ning luong thip c6
vai trd thiic ddy qua trinh chuyén pha trang thai
ngung tu exciton. RS rang 1a phonon cé ning
luong cao s& lam giam xac suat ghép cip dién

ta ¢ - f hinh thanh exciton, do d6 trang thai
ngung tu chi dugc thiét 1ap khi hing sb tuong
tac dién tir - phonon dat gia tri du lon. Mbi
quan hé ti 1¢ cta tan s6 phonon va hang sb
tuong tac di€én to - phonon téi han cling da
duogc khing dinh trong cac nghién ciru trude d6
ctia chung t6i [21, 22]. Nhu véy, gian d6 pha
mot 1an nita khang dinh phonon ciing dong vai
trd quan trong nhu thé tuong tac Coulomb
trong viéc thiét 1ap trang thai ngung tu exciton
trong hé¢.
4. Két luan

Trong bai bdo nay, chung to1 da khao sat anh
hudng cta phonon 1én tinh chit cia ham cam
ung exciton hay su hinh thanh trang thai ngung
tu exciton thdng qua 4p dung 1y thuyét truong
trung binh cho mé hinh Falicov-Kimball md&
rong co6 tuong tac dién tir - phonon. Khi bo qua
dong gop cua thiang gidng, chung t6i da rat ra
hé phuong trinh tu hop cho phép xac dinh céac
gia tri ky vong va tir do tim dugc ham cam tng
exiton cua md hinh. Gidi h¢ phuong trinh tu
hop bang phuong phap tinh s, két qua tinh s6
khao sat ham cam tng exciton tinh cho thay, ca
phonon va thé twong tac Coulomb déu déng vai
tro quan trong trong sy on dinh cua hé trong
trang thai ngung tu exciton ¢ nhiét do thép.
Giam tan s6 phonon thi nhiét d6 t6i han cho
chuyén pha trang thai ngung tu exciton ting
lén. Hé én dinh trong trang thai ngung tu
exciton khi tin s6 phonon dii nho, hang s6
twong tac dién tir - phonon du 16n va thé tuong
tdc Coulomb trong khoang gitra hai gia tri tdi
han. Giam tan s6 phonon hay ting hang s6
tuong tac di¢én tir - phonon thi ving ngung tu
exciton dugc mé rong. Nhitng nghién cuu k¥
ludng hon vé anh hudng cia ap sudt ngoai 1én
tinh chit cua ham cam tUng exciton s& duoc
chung t6i thuc hién trong tuong lai.

Loi cam on

Nghién ctru nay duoc tai trg béi Bo Gido duc
va Dao tao trong dé tai ma sé B2021-MDA-14.
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