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TOM TAT

Trong bai bao nay, hién twgng phach luong tir ctia exciton trong cham luwong ti
hinh é-lip dang det InN/GaN duoc nghién cttu bang ly thuyét ham séng tai chuan
héa. Chung t6i ap dung mo hinh ba mtic exciton gom mot muic ¢ trang thai co ban
va hai muc kich thich duoc lién két bdi mot laser bom manh cong hwong. Khi co
tac dung cua laser bom, ching t6i da quan sat thdy dau hiéu ton tai hién tuong
phéch luong tir cua exciton thong qua sw xuét hién dao dong tuan hoan trong phd
cuong do hap thu cta exciton. Ngoai ra, sy anh huedng manh cua ti s6 cac ban truc
va do léch cong huong cua séng bom lén cac ddc trung ctia hién twong phach

luong tir ctia exciton ciing dwoc khao sat chi tiét.

Tw khéa: chdm luwgng ti, cuong d6 hap thy, exciton, hinh é-lip dang det.

1. MO PAU

Trong nhitng ndm gan day, ban dan hé thdp chiéu la mot trong nhing ddi
twong nghién ctru rat dwoc sy quan tam va thu hit caa nhiéu nha khoa hoc [1-3]. Cau
tric hé thap chiéu duoc hinh thanh khi ta han ché chuyén dong cua cac hat tai theo
mot chiéu, hai chiéu hodc ba chiéu trong pham vi khoang cach budc séng de Broglie
cta nd (cd nm). Viéc chuyén tir vat liéu c6 cdu truc ba chiéu sang hé vat liéu co cau trac
thap chiéu da lam thay doi dang ké nhiéu ddc tinh cua vat liéu, dong thoi xuat hién
nhiéu dac tinh wu viét hon ma hé vat liéu ba chiéu khong cé. Cac cau trac thap chiéu ¢
nhiéu tng dung quan trong trong viéc tao ra cac linh kién va thiét bi quang dién tw [4-
6]. Mot trong nhiing cau trac thap chiéu dang nhan duoc nhiéu sy quan tdm nghién
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ctru vé ly thuyét 1an thue nghiém d6 1a chdm lwong tir. Trong chdm lwong tir cac hat tai
bi giam gi® theo ca ba chiéu trong khong gian, lam cho chdm luong t&r duoc ky vong
c6 nhiéu dic tinh th vi hap dan. Nguoi ta da chiing minh dugc rang céc tinh chat
quang hoc ctia cham luong tir c6 thé duoc diéu khién boi viéc thay d6i kich ¢ va hinh
dang cta chdm lugng ti [7,8].

Hién tuong phéach luong tir ctia cac exciton trong cau trac thap chiéu da duoc
quan tam nghién cttu tit nam 1990 [9], k€ tir d6 cho dén nay da c6 nhiéu cong trinh
nghién ctru ly thuyét va thuc nghiém vé hiéu tng nay [10-16]. Quang pho phach luong
tee da tro thanh moét cong cu hiru hiéu d€ nghién ctu cac nguyén tir va phan t lién
quan dén cau tric dién tir va dao dong cta chung. Bén canh d¢ bang su phan tich tan
s0 ctia phach luong tir nguoi ta ¢ thé xac dinh chinh xac d6 tach nang lwgng rat nho
gitra cac muc. Ngoai ra, phd ctua phach luong ti cho phép ta xac dinh thoi gian song
két hop cua cac qua trinh chuyén doi va khao sat cac trang thai két hop [11]. Pa cd
nhiéu cdng trinh nghién ctu vé hién twong phéach luwong tt ctia exciton trong giéng
luwong tw [9, 11, 14], day luwong twr [15], va chdm luong t&, dac biét la cham luong twr
hinh cau [16]. Tuy nhién, cac cham luong tit c6 hinh dang phtic tap va gan véi thuec t&
nhu chdm lwong ttr hinh é-lip van chua dugc khao sat chi tiét. Trong bai bdo nay ching
toi sé nghién cttu vé hién tuwong phach luwgng tir cuia exciton trong cham lwong tit hinh
é-lip dang det bang phuong phdp ham séng tai chudn hoéa. Bai bdo gom ¢ cac phan
chinh nhu sau. Phéan 2 trinh bay m6 hinh va ly thuyét. Phan 3 trinh bay cac két qua
chinh va thao luan. Phan két luan duoc trinh bay trong phan 4.

2.MO HINH VA LY THUYET
2.1. Him séng va cdc mitc nang lugng ctia dién i va 16 trong

D€ don gian chung toi gia thiét cac chdm luwgng tir hinh é-lip dang det chiu sw
tac dung cua mot thé ndng vo han. Xét mot cham luwong ti hinh é-lip dang det nam doi
xtng quanh truc z, véi a va ¢ lan luot la d6 dai cac ban truc cua chdm trong mat phéng
xOy va hudng z, trong do x, y, z la cac toa d¢ trong hé toa do Cartesian véi goc toa do
tai tam d6i xting ctia é-lip (Hinh 1). Ham séng bao ctia dién ti (16 tréng) trong cham
lwgng tir hinh é-lip dang det chiu tac dung cua mot thé nang vo han c¢6 dang [8,17]

Wi (1) =i (&:,0) = Ay i) (i) S (<ih,7)e™, (1)

trong d6, N=1,2,3,..; 1=0,1,2,3,..; m=-1,...,0,..,+l; 3% (<ih,i&) va S (~ih,;) Tan luot
la cac ham phong cau xuyén tam va cac ham phong cau goc dang det loai 1; A, 1a hé

s0 chuan hoa.
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P = — £ )
22% [ [(&+n7) 35" (<ih,ig)SE" (<ih,n) I (ih,ig)S® (<ih,p)d&dy

trong do ti sO cac ban truc cua é-lip x va tam sai e ctia é-lip lan lwgt dwoc ki hiéu

<
"
e=+1- 1>

Trong phép gan ding ham bao khéi luong hiéu dung, ham séng toan phan cua

£ 3)

dién t (16 trong) trong chdm lwong tk phong cau dang det véi thé vo han c6 dang
Agin (7) = e, (F) ¥5in (7)., 4)
& day, T =(&m,¢) va u,, (F) la cdc ham séng Bloch trong viing dan va ving hda tri.

Chon goc tinh nang lwong tai dinh vung hoa tri, biéu thitc nang luong cua dién tix va 16
trong lan lwgt duoc xac dinh nhu sau

2
Eim = B, + hzknlm '
) )
h — hzknlm
nim 2m: '

voi Eg la d0 rong vung cdm cua cht ban dan; m;, 1a khdi luong hiéu dung cta dién tir

(16 tréng) va

Ky = = - ©6)

Cac gid tri caa h duoc xac dinh tir diéu kién bién

IW (<ih,i&) =0, 7)
trong do
__ z zl
¢ = T e
8)
cC C-¢€
f===—=a-¢e
S x
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Az E.A_ [hiw
i " Mo,
E 41— x
éh(u!
L,
Hinh 1. Minh hoa cham luong t&t hinh é- Hinh 2. M6 hinh hé ba mtic cua dién tix va 16
lip dang det [18]. tréng, hw, 1a nang luwong cua laser do; /e, 1a nang

lugng laser bom va AiA® la do léch cong hudng.

Ta ¢ Hamiltonian mo ta teong tac cuia dién tit voi truong dién tir duoc viét dudi dang
[19]:

b

int n-

0 wa

. e—i(uxt B
iy =LA , 9)

trong d6 q, i, p, A , va o, tuong tng la dién tich cua dién tit, vecto phan cuec,
vecto xung luong, cuong dd cua laser va tan s6 cta laser; ki hiéu x d€ chi laser do hodc

laser bom. Khi c6 tadc dung cta laser bom, dién tit nam trong trang théi dwoc mo ta boi
ham séng tai chuan hoéa cé dang nhu sau

_ 1 e e .V et e ~
e (Tot)= >0 [ale Y ra,e j‘{’foo(r)—m”h[e W g h j‘{’fw(r), (10)
R R
trong do
Ejoo = Efpe — 111, o = Bl — ha, (11)
Ejoo = Efoo + 111, Ejo = Ef +ha,,
Ao
-0, -2
(24} R 2 X . ’\/ ‘2 12
Aw Q. = (—“’j+ al | (12)
a, :QR +7| 2 h

hey, =Ef, — By, A0 =0, =0y,
va V,, la yéu t6 ma tran chuyén doi cung vung gitta cac mtc cua dién t&x E; va E, va
dwoc xac dinh nhu sau

A, m, . o
- moi;)p i_hAﬂOAlOO(EllO - Emo)Zﬁf 4%

21

i (13)
i€ 41

x j jgn(gz +7°) 35" (<ih,ig)SE" (<ih,n) 35 (<ih,i&) S (-ih,n)d &dn,

trong d6 A, va @, lan luot la ceong d6 va tan sd cua laser bom.
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2.2. Ham song va cac mirc nang luong cua exciton

Trong cong trinh nay chiing to6i nghién cttu phach luong titr cia exciton trong
mot hé ba mute. Vi vay trudce hét ching toi phai ap dung mot gian d6 nang lugong ba
mtic clia dién ti va 15 tréng, trong d6 E, 1a mtc ning lwong lwong tir hda thdp nhat
ctia 16 tréng, con E, va E, 1a cac mitc luong tr héa dau tién cta dién ti trong cham
luong tx nay (Hinh vé 2). Ba mttc nang luong va cac ham song khong phu thudc thoi
gian teong tng cua cac hat duoc xac dinh nhu sau

EO = ElhOO’ HU(F)EA?oo(r)v 14
BBl IL(F)= A (7). 9
Ez = Elelox HZ(F)EA;O(F).

Céc ham séng phu thudc thoi gian cta cac hat duwge xac dinh nhw sau

(15)

—0) | o,

(a) (b)
Hinh 3. M6 hinh ba mttc ctia exciton: a) Khi khong 6 tac dung cua laser bom; b) Khi c6 tac
dung ctia laser bom.

Tiép theo chung t6i khao sat mé hinh hé ba mtc exciton trong chdm luong tk
hinh é-lip dang det vdi gian d6 nang luong cua exciton nhu Hinh 3. Mutic dau tién la
muc Q cua trang thai co ban |0), hai mutc exciton Q) va Q,, twong tng vdi trang thai
kich thich thit nhat va thi hai ctia exciton dwoc ki hiéu Ian luot 1a |1> va |2> . Khi khong
o tac dung cua laser bom, cac ham song ctia exciton trong trang thai dirng c6 dang

{@fs (F)=11,(F).01,(F), (16)
D3 (F) =11, (F)'Ho (F)
Céc mtec exciton trong trang thai ditng duoc xac dinh boi

0 = By + B

Céc ham séng trang thai dirng phu thudc thoi gian cta cac exciton dugc xac dinh boi

19



Nghién civu phdch liong tir cua exciton trong cham long tir hinh é-lip dang det

X (= X (& _iglol
D (Ft)=dg (Fle ", (18)
O (F,t)=0% (F)e ™.
Khi c6 tdc dung cua laser bom cong huwdong manh, ham soéng ctia mot exciton trong
trang thai khong ding bao gom mét dién tw nam trong trang thai o Pt. (10) va mot 16
tréng ndm trong trang théi I1,(F,t) & Pt. (15)

q)EX

m (F ) =T17, (F,t) 1, (F t). (19)

mix

Ham song exciton khong ding dwoc viét lai nhw sau

1 oot ot V. Lot Lo
OF (F)=——| ae " wae " |OF(T)——2—| e " —e 1" @8 (F), (20)
i (F.1) ZQR[ ) 2 ] i (F) thR( ] 2 (")
trong do
{Qfo =0 +ha, {QZO =0y +hay, (21)
Q) =0 —hay,, Q0 =y — N1,

Phuong trinh (21) ¢6 thé dwgc viét lai nhw sau

Qg =y +hevy, [ O~y = 200, (22)
Q= +ha,, | Qg —Qy =200

2.3. Cuong do hap thu exciton khi khéng c6 laser bom

Trong cong trinh nay chung t6i nghién ctru phach lugng tix ctia exciton thong
qua pho cuong d6 hédp thu ctua exciton. Vi vay, dau tién chung toi tim cong thiec cho
cuong dd hap thu khi khong c6 mit laser bom cdong hudng bang viée tinh todn yéu t&
ma tran d6i voi chuyén doi ludng cuc gitta trang thai co ban |O> va cac trang thai dirng
clia exciton ma dwoc md ta trong phuong trinh (18). Theo quy tac loc lwa, cac chuyén
doi quang chi ¢ thé xay ra gitra hai trang thai |0) va [1). Yéu t& ma trn chuyén doi
dwoc xac dinh nhw sau

T = H [0). (23)

Thuec hién mot sd phép bién d6i trung gian, ta co

. EAD, @ o .
Tt == AP o ey (7)|0), 24)
My,

trong d6 A va @, la cuong do va tan s6 song do; p,, duoc goi la yéu t6 ma tran phan

cuc gitta viing dan va vung héa tri
o, = (U, (F) 7By, (F)) - (25)

Cuong dd hap thu cua exciton ti 1€ véi binh phuong mddun cua yéu t6 ma tran
chuyén doi gitta cac mic exciton, nghia la
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1" (t) o ‘Tuf_x

2
: :(eﬁ\ pcvj exp(-71). (26)
My,
Thuc t& thi c4c trang théi ctia exciton trén cdc mitc kich thich tat dan theo thoi gian. D&
k€ dén sy tit dan trong 15 (t), ching toi da dua vao Pt. (26) mot cach hién tuong luan
tham s8 tat dan y =1/T,, véi T, 1a thoi gian s6ng cua exciton trén mttc nang luong
Q.
2.4. Phach luong ttr cia exciton

Chung t6i quan tam dén truong hop khi cham luong tie duoc chi€u sang boi mot
laser do khi c6 mat mot laser bom cong hirong ma nang lwong photon cua né 7w, gan
bang véi d6 chénh ning luwong gitta hai mic exciton ban dau Q,, va Q,; (Hinh 3b).
Bay gio chiing t6i tinh toan yéu t6 ma tran d6i véi chuyén doi ludng cuc gitra trang
thai co ban |0> va trang thai exciton khong ding OF; (F,t) dwdi tdc dung cua mot

mix

laser do véi nang luwgng photon 7i@,. Yéu t6 ma tran dugc xac dinh nhu sau

TmEli = <(DrE1)|<x (F,t)‘ I:|int ‘0> : (27)

Thé Pt. (20) vao Pt. (27) va thuc hién mdt s6 phép bién ddi trung gian ta thu dwoc

T Bx _ _% 1 [al*leh(ﬂwfmh)t + a;eh(ﬂwlm&)tjx <‘¥;00(r)\{’?00(|?)‘0> (28)

mix -
myia, 2Q

Tt d6, ceong do hdp thu cua exciton khi ¢ tac dung caa laser bom manh cé dang nhu

2 :(E’A P ]2 {[0‘1]2 +[ ) Jz I cos[q’ —% ]t} (29)
Mm@, 20, 20, 20, 20, h '

Ta viét lai Pt. (29) dudi dang

sau

Lo (£) o [T

mix

12 (1) oc [T —[er?g;vj [(2 + 52 )exp (1) + 2,8, exp(~t)cos(202,t) |, (30)
trong do
*%
/=20, (31)
_ %
b= aa

Thuc t& thi trang thai chong chat két hop trong phuong trinh (20) tat dan theo thoi
gian. D& k& dén sy tat dan trong 15 (t), ching toi dwa vao mot cach hién tuong luan
céc tham s8 tat dan y =1/T, va z =1/T, trong biéu thiic ctia cudong d6 hdp thu cta

exciton khi c6 mat laser bom dwgc xac dinh o Pt. (30).
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3. KET QUA TiNH SO VA THAO LUAN

Trong muc nay chung toi nghién cttu phach lwong tir ctia exciton trong cac
cham luong t& hinh é-lip dang det ché tao tir cac vat liéu InN/GaN. Cac tham sd cta
vat liéu dwgc cho nhu sau [20]: khéi luwong hiéu dung cta dién ti va 16 trong trong vat
liéu chdm InN & nhiét d6 300 K la m, =0,11m, va m, =0,50m,; d rdng vung cdm cta
vat liéu cham la E, =700meV; bién do cua laser bom la A, =4x10*V/ecm va dd rong
pho 1a I'=0,1meV. D€ thuc hién tinh s6, chung t6i da chon d¢ dai ban truc nho la
c=10A; con d6 dai ban truc 16n sé tuy thudc vao viéc chon gia tri ctia y (a=c/a).

D€ tim hiéu vé su ton tai cua phach lwong tir cuia exciton, dau tién chung toi vé
pho phu thudc thoi gian cia cuong do hap thu cta exciton ¢ Hinh 4 trong treong hop
x=0,25 va d¢ léch cdng hudng cta truong bom 7#A @ = 0meV. Khi khong c6 laser bom
(duong duat nét), chiing t6i quan sat thdy mot duong cong tron ctia ceong do hap thuy,
diéu d6 ham y rang khong ton tai phach lwong tir ctia exciton. Tuy nhién, khi c6 mot
laser bom manh cong huwdéng véi hai mie kich thich ctia exciton (dwong lién nét), trén
duong cong ctia cuong d6 hap thu chiang toi quan sat thdy moét dao dong co tan s6
bang hai [4n tan s& Rabi ctia dién tir. Dao dong d6 xuat hién nhuw 1a bang ching ctia sy
ton tai ciia phach luong tit ctia exciton trong cdu tric cham luong tir nay.

r
n

“ ——= Khi khaing ct laser bom

in

Khi co laser bom

r
o
e

o

X =025 PAw = 0 meV

&

o

Cuwéng dd hip thy [dvbk]
=

wéng 48 hip thy [dvbk]

e

o
[+
]

e
=

0 10 20 30 40 50 6 70 P 0

Théi gian [ps) Théi gian [ps]

Hinh 4. Cuong d6 hap thu phu thudc thoi gian ~ Hinh 5. Sy phu thudc cta ceong dd hap thu
vdi ti s6 gitta cac ban truc y =0,25va d6 léch vao thoi gian véi cac d¢ 1éch cong huong

cong huong A @ =0 meV. khac nhau trong truong hop y =0, 25.

Tiép theo chung t6i vé si phu thudc cua cuong do hdp thu theo thoi gian trong
treong hop cé song bom véi cac gia tri do léch cong hudng khac nhau khi y=0,25
(Hinh 5). Ta thay rang khi d9 1éch cong hudong tang thi ca bién do dao dong va chu ky
ctua phach déu giam. Bén canh d6, khi d¢ léch cong huong qua 16n (7A@ =15 meV) thi
dang dao dong tuan hoan tat dan ctia cuong dd hap thu theo thoi gian khong duoc
quan sat thdy, nghia la hién twong phach luong tir ctia exciton khong xudt hién.
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Chu ky [
-2
\ - ;
Chu ky [ps]

- hAw= 0.1 meV
—— hAw=03meV 2

—— hAw=0.5meV

02 03 04 05 06 07 08 09 0.0 0.5 1.0 15 2.0
¥ =cla hAw [meV]

Hinh 6. Su phu thudc cta chu ky cta phach Hinh 7. Su phu thudc cua chu ky ctia phach
luong tir vao gia tri cua ti s6 cac ban truc y luong tir vao do léch cong huong cua séng

véi cac do léch cong hudong khac nhau. bom tng véi cac gia tri y khac nhau.

DPé nghién cttu rd hon ddc trung ctia chu ky phach lwong ttt, trén Hinh 6 ching
toi v€ su phu thudc cua chu ky phach luong t&r vao gia tri y cta chdm luong tir ing
véi cac truong hop d6 léch cong hudng khac nhau. Ta thdy rang trong ca ba truong
hop khi tang gid tri y ctia chdm luong tr thi chu ky cua phach luong tir déu tang. Bén
canh d¢, tit Hinh 6 cho thdy ting v6i cung mot gia tri  y khi tang do 1éch cong huong

thi chu ky ctia phach lwong tie giam twong ting, diéu nay sé duoc thay ro ¢ Hinh 7.

Hinh 7 vé sy phu thudc cua chu ky phdach leong tit vao do 1éch cong huong
séng bom. Tt Hinh 7 va Hinh 5 ta thdy rang khi d6 léch cong hudong ting thi ca chu ky
va bién d¢ ctia phach déu giam. R6 rang la khi do léch cdng hwong cang tang thi kha
nang két cip ctia hai mic nang legng ctia dién tir cang thdp dan dén kha nang tach
muc ndng luong ctuia dién tir cling nhu x4c sudt tao ra hai exciton c6 nang luong gan
nhau giam theo. Két qua d6 dan dén viéc xac suat tao thanh phach lwong tir gidm theo,
cudi cing dan dén bién d6 ctia phach luong tir cang nho (Hinh 5). Bén canh d6, do tan
s0 dao dong cua phach ti 1¢ thuan véi do 1éch cong hudng (Pt. (12)) nén khi do 1éch
cong huong tang thi tan s6 dao dong cua phach tang theo, hay chu ky dao dong cua
phach giam.

4. KET LUAN

Trong bai bdo nay chung t6i da nghién ctru phach lwong ti ctia exciton trong
mot hé ba muirc trong chdm luong ti hinh é-lip dang det InN/GaN. Chung t6i da st
dung phuong phap ham séng tai chudn hda dé tim ham séng cua cac exciton khi ¢6
mot song bom cong huong va sau d6 tinh toan cuwong do hap thu exciton. Khi séng
bom dugc bat 1én thi két qua xudt hién mot dao dong cd tan s6 bz?mg hai lan tan sO Rabi
cua dién ti trong phd phu thudc thoi gian cta ceong dd hap thu, dao dong nay dwoc
cho la hanh vi ctia phéach lugng t. Bén canh d6, chu ky ctia phach leong tr ctia exciton
phu thudc rat nhay vao do léch cong hudng cua song bom cing nhu gia tri y cua

cham luong tu.
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A STUDY ON QUANTUM BEAT OF EXCITON
IN THE OBLATE ELLIPSOIDAL QUANTUM DOTS
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ABSTRACT

In this paper, the quantum beat of excitons in the oblate ellipsoidal is studied by
the renormalized wavefunction theory. We apply a three-level model consisting of
a ground state and two excited states of exciton linked by a strong resonant pump
laser. Under the effect of the pump laser, we observe the existence of the excitonic
quantum beats through the appearance of periodic oscillations in the absorption
intensity. In addition, the strong influence of the ellipsoid aspect ratio and the
pump wave detuning on the characteristics of quantum beat is also investigated in
detail.

Keywords: quantum dot, the intensity of absorption, exciton, oblate ellipsoidal

quantum dot.

26



TAP CHI KHOA HOC VA CONG NGHE, Truong Pai hoc Khoa hoc, DH Hué Tap 21, S8 1 (2022)

Lé Thi Ngoc Bao sinh ngay 31/10/1983 tai Hué. Nam 2006, ba t6t nghiép
Ctt nhan khoa hoc nganh Vat ly tai Treong Pai hoc Khoa hoc, Pai hoc
Hué. Nam 2009, ba t6t nghiép Thac si chuyén nganh Vat ly ly thuyét va
Vat 1y toan tai treong DPai hoc Su pham, Dai hoc Hué. Nam 2020, ba nhan
bang Tién si chuyén nganh Vat 1y ly thuyét va Vat ly toan tai Trwong Dai
hoc Su pham, Pai hoc Hué. Ttr ndm 2006 dén nay, ba la giang vién cua
Khoa Vat ly, nay la Khoa Dién, Dién tit va Cong nghé vat liéu, Truong
Pai hoc Khoa hoc, Dai hoc Hué.

Linh vwec nghién civu: Vit Iy Iy thuyét va vit Iy todn.

Lé Ngoc Minh sinh nam 1963. Nam 1981, 6ng t6t nghiép Ck nhan
chuyén nganh Vat ly ly thuyét tai Treong Pai hoc Tong hop Hué (nay 1a
Truong Pai hoc Khoa hoc, Pai hoc Hué). Nam 1999, 6ng t6t nghiép Thac
si chuyén nganh Vat ly Chat ran tai Treong Dai hoc Khoa hoc, Pai hoc
Hué. Ong hién dang la cdn bo giang day tai Khoa Dién, Dién tr va Cong
nghé vat liéu, Treong Dai hoc Khoa hoc, Dai hoc Hué.

Linh vwc nghién cieu: Vit ly ly thuyét va vdt 1y todn.

Pinh Nhu Thao sinh ngay 17/02/1975 tai thanh phé Hai Duong. Nam
1997, 6ng tot nghiép C nhan khoa hoc nganh Vit ly tai Trueong Pai hoc
Khoa hoc, Dai hoc Hué. Nam 1999, éng tot nghiép Thac si chuyén nganh
Vat ly ly thuyét va Vat ly toan tai Vién Vat ly, Vién Han lam Khoa hoc va
Cong nghé Viét Nam. Nam 2004, 6ng t6t nghiép Tién si chuyén nganh
Khoa hoc vat liéu tai Vién Khoa hoc va Cong nghé Tién tién Nhat Ban
(JAIST). Nam 2013, 6ng duwoc bd nhiém chitc danh PGS. Ttr nam 2005 dén
nay ong giang day tai Truong Pai hoc Su pham, Pai hoc Hué.

Linh vic nghién cieu: Vit 1y ly thuyét va vit 1y todn.

27



Nghién civu phdch liong tir cia exciton trong chiam livong tir hinh é-lip dang det

Lé Phudc Pinh sinh ngay 15/10/1991 tai Thanh phé Hué. Nam 2014, 6ng
t6t nghiép ct nhan nganh Vat 1y Chat ran tai treong Dai hoc Khoa
hoc,Dai hoc Hué. Nam 2017, 6ng t6t nghiép Thac si chuyén nganh Vat ly

Chat rin va hién nay cong tac tai treong Dai hoc Khoa hoc, Dai hoc Hué.

Linh viec nghién ciru: vdt ly chat rin, kij thudt siéu dm, mo phong...

Nguyén Minh Tao sinh ngay 27 thang 02 ndm 1981 tai Phd Yén. Nam
2003, 6ng tot nghiép cr nhan nganh Vat ly tai truong Dai hoc Su Pham
Quy Nhon. Nam 2020 éng hoc Thac sy nganh Vat ly chét ran tai truong
Dai hoc Khoa hoc, Dai hoc Hué. Hién nay, 6ng dang giang day tai truong
THPT Tran Suyén, huyén Phu Hoa, Tinh Pha Yén.

Linh vyc nghién cieu: V4t Iy chat rin.

28



