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TOM TAT

Trong bai bao nay chung t6i nghién cttu phd hap thu cdng huong ctia exciton trong
giéng luong tir vudng goc sau vo han bing phuong phap ham séng tai chuan hoa.
Chung t6i khao sat sw phu thudc cua phd hap thu cdng huong cta exciton vao bé
rong ctia giéng va do léch tan s§ cong huong cta laser bom. Két qua cho thay rang
khi laser bom cong hwong véi hiéu hai mitc nang luong leong ti hda cta dién tik
thi trong pho hdp thu cta exciton xudt hién hai dinh hap thu méi. B cao cua hai
dinh hép thu nay phu thudc rat nhay vao d¢ 1éch cong huwong va bé rong ctia
giéng.

Tw khoa: giéng luong tt, ph6 hap thu cong hudng cua exciton,hinh thitc ludn ham

song tai chuan hoda.

1. MO PAU

Cac ban dan c6 ciu tric na-nd-mét 1a mot trong nhitng d6i twong nghién ctiru
duoc quan tdm nhiéu hién nay [2, 3]. Nho nhitng tinh chat wu viét nén cac ban dan cé
cdu truc na-n6-mét duoc tng dung dé lam linh kién cho cac thiét bi quang dién ti, lam
tang toc do cua cac linh kién va tao ra cac linh kién ban dan c¢6 hiéu suét cao [3, 5].
Ngoai ra cac cau trc na-nd ban dan con cé tiém nang tng dung trong cac linh vuc
cong nghiép, moi treong va nhiéu linh vyce khac [6, 7].

Trong s8 cic ciu triic na-nd ban dan thi cac cdu tric thdp chiéu la mot trong
nhitng d6i twong nghién cttu mang tinh thoi sy, thu hut su quan tdm ctia nhiéu nha vat
ly ly thuyét va thuc nghiém [2, 3, 5]. Viéc nghién cttu tinh chat ctia cac cau thdp chiéu
da duoc tién hanh tir hang chuc nam truede day va da thu dwgc cac két qua vuot troi,
tng dung vao moi mat ctia doi song [1, 3]. Cau trac thap chiéu dugc hinh thanh khi ta
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giam kich thwdc ctia cau tric na-nd xudéng xap xi quang duong chuyén dong tw do
trung binh ctia hat vi mé. Khi kich thwdc ctia vat rén giam xudng mot cach dang k&
theo mét chiéu, hai chiéu hodc ba chiéu thi tinh chat vat ly c6 thé thay d6i mot cach dot
ngot. Cac cdu tric thap chiéu bao gom hé hai chiéu-giéng luong tit, hé mot chiéu-day
luong ttr va hé khong chiéu-cham luong tw [8].

Giéng luong tir 1a mdt trong nhitng cau trac thap chiéu nhan dwoc nhiéu sy
quan tam nghién cttu do nd c6 nhiéu tng dung dua trén nhitng tinh chat noi bat cta
no, dac biét la tinh chdt quang. Phd hap thu cong hudng cua exciton trong giéng luong
ter da duoc nghién ctru tir nam 1986 cho dén nay [1, 4]. Trong cac cdng trinh nay, cac
tac gia da tinh phd hap thu cta exciton bang hinh thiec luan ham dd cam phi tuyén bac
ba hay hinh thttc ludn ham song tai chudn hoéa. Tuy nhién cac cong trinh nghién ctru d6
chwa giai thich r6 rang co ché tach vach quang pho trong pho hdp thu cua exciton va
chua khao sat chi tiét anh huong cta hiéu tng kich thudc 1én pho hdp thu cua exciton
trong cac cau trtc do.

Trong bai bao nay chtng tdi sé nghién ctru anh hwong cta laser bom 1én phd
hap thu cong huong cta exciton trong giéng luwong tit ban dan InN/GaN bang phuong
phdp ham séng tai chudn héa. Chang t6i xét bai toan cd hai séng laser bién doi theo
thoi gian. Chang t6i xét mo6 hinh hé ba muic nang luwong duoc chiéu bdi mot laser bom
manh cdng hwong voi hiéu hai mic nang luong luong tie hda ctia dién ti. Pho hdp thu
exciton dwgc xac dinh boi mot laser do ¢6 ceong do yéu. Noi dung cta bai bao bao
gom: muc 1 trinh bay vé méd dau, muc 2 trinh bay vé mo hinh va ly thuyét, muc 3 trinh
bay vé két qua tinh s6 va thao luan va muc cudi cung la két luan.

2. MO HINH VA LY THUYET
2.1. M6 hinh

Chuang toi xét giéng lwong ti hinh chit nhat c6 bé rong d véi hang rao thé cao
v0 han doc theo truc Oz. Ham séng cta electron va 16 trong trong hé nay co thé duoc
viét dudi dang [9]:

Y (F)=ugy (p)we" (2), (1)

2
wn(z):\/gsm[%j, @)

va ,02 =x*+vy?%; Ug., ( p) la cac ham song Bloch hai chiéu cua electron va 15 trong, ki

trong do

hiéu ¢, v chi phan ham séng Bloch nam trong vung dan va vung hoa tri.
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Chon g6c tinh nang luong tai dinh ving hda tri, ta ¢6 nang lwong cta electron
va 16 trong trong giéng lwong tir dwoc xac dinh nhuw sau:

(K k) nte
J’_
2m 2md’

E: = Eg + , 3)

e (K +K) X n;zh | “
2m, 2m d

trong d6 E, la d rong ving cdm cua chat ban dan; m,, m, Ian luot 1a khdi luong hiéu
dung cua electron va 16 tréng trong ban dan khdi; k,,k, Tan luot 1a cdc do 16n cua
vecto song doc theo cac truc Ox va Oy.

Ta ¢ Hamiltonian mo ta twong tac cua dién t v6i truong dién tir dwgc viét
dwdi dang [10]:

. e e—ia)xt R
ot A
m, io,

) ()

o>

trong do n , f) , A, o, tuong tng la vecto phan cuc, vecto xung lugng cua electron,
cuong do va tan so cua song laser; ki hiéu X dé chi song do hodc song bom.
Khi d6 biéu thtec yéu td ma tran cho chuyén doi quang tir trang thai dau |I>
dén trang thai cudi | f > duoc xac dinh nhw sau:
Tfi=<f|Hint|i>’ (6)
trong do
; h
i) =u (p)y" (2)

[f)=u, (p)vi"(2)

2.2. Yéu t6 ma trin cho chuyén doi quang giita hai mic ning luwgng lugng tix hda cua

)

dién ta

Chuang toi xét mo6 hinh hé ba muc, trong d6 mic thap nhat |O> c6 nang luong
E, = E/ tuong ting trang thai luong tix hoa dau tién ctia 13 tréng trong ving héa tri, hai
mtc con lai |1) 6 nang luong E, = E} va |2) c6 ning luong E, = E; tuong ting véi hai

trang thai lwong t&r hoa thap nhat ctia dién t& trong viing dan nhu dugc minh hoa
trong hinh 1.
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D— P
@ =
? .
) —— ) —
@,
() — 0)
a) b)

Hinh 1. M6 hinh hé ba mttc: E, 1a mtic ctia 16 tréng, E, va E, 1a cic mtic ctia dién ti. a) Chuyén
doi quang gitta hai mttc néng luong ctia dién tir dudi tdc dung cua laser bom ¢6 tan s6 @, duoc
ki hiéu bdi duong miii tén nét duit. b) Chuyén doi quang gitra hai mitc|0) va|1) dwdi tac dung
cua laser do ¢6 tan s6 @, duoc ki hiéu boi duong mii tén chdm cham.

Trong muc nay chung t6i tinh yéu t6 ma tran cho chuyén doi quang gitta hai
mutc nang lwong cua dién tir |1) va|2) dwdi tic dung cta laser bom. Ta c6 hai trang thai

luong ttr hoa cua dién tix lan luot dwgc mo ta nhu sau:

D =u.(p)y; (2)

e ®)
[2)=u.(p)v2(2)
Tt phuong trinh (5) ta co:
R A loyt .
Hint=_i p-e n-p, ©)
m, o,

trong d6 A, va @, Tan luot la cuong do va tan s6 cua laser bom. Ta c6 yéu t6 ma tran
chuyén doi lién vung con gitta hai mirc ndng luwgng lwgng tir hda caa dién tir duoc xac
dinh nhuw sau:

Vo = (21 Hi 12) = (2|V |1)e ™" =V, e ™", (10)
Chon vecto phan cuc anh sang doc theo truc z ta thu dwgc biéu thire cua V,, cd dang:

16d eAm,
V,, = iR
7o My, h

(E,—E) . (11)

Tinh toan twong tu ta thu duoc két qua sau:

{Vlz :V2*1 (12)
V11 :sz =0

trong &6 V,, 1a lién hop phtic ctia V.

2. 3. Hap thu exciton khi khong c6 laser bom
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Bay gio ta sé tinh yéu t6 ma tran cho chuyén doi gitta hai mttc thdp nhat cta 16
tr6ng|0> va dién tt’r|1> khi khong c6 laser bom duoc mo ta boi duwong chdm cham trong

hinh 1b. Day la s chuyén doi lién vung vdi trang thai dau va trang thai cudi duoc xac
dinh nhuw sau:

(13)

{|0>=Uv(p)%“ (2)
D =u.(p)y; (2)

Dudéi tac dung cua laser do yéu t6 ma tran cua chuyén doi gitta hai mutc luong
te hda cua 10 trong va dién ti dugc xac dinh nhu sau:

To=(11Hy0), (14)
trong do H i €O biéu thitc dugc xac dinh tir phwong trinh (5) nhw sau:
R e e’i“’tt A
H —- A g5, (15)
m, o

Thay biéu thitc (15) vao biéu thuc (14) va st dung tinh chat truc chuan cta cac ham
song Bloch U, ( p) va cta cac ham y°" (Z) ta thu duoc biéu thitc yéu t6 ma tran

chuyén doi T, c6 dang:

eA P i(Eon*M’t)t
Ty = L0t g , 16
= g € (16)
trong do
b, =(u.(p)IMBu, (p)) 17)

la yéu t6 ma trdn phan cyc gitta vung dan va vung hoa tri.

Ttr d6 biéu thirc téc do chuyén doi (hay xac xudt hap thu trong mot don vi thoi
gian) duoi tdc dung ctia laser do c6 dang;:

2
W0=7”|

2
To| 6(E —E,—1,). (18)
Ap dung cong thirc ham dang Lorentz:
1 I

5(x)=;-xz+r2. (19)

Ta viét lai biéu thirc t6c d0 chuyén doi (18) dudi dang gan diing nhu sau:

2 i r
WOZE[eApcv] ( (20)

My, ) (E,~E,—he,) +T?’
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véi I' = 0la d6 rong vach pho hdp thu duoc dwa vao mét cach hién twong luan.

Ta dat
2 2
B=Z<. €A Py , 1)
h{ ma,
va
E; =E -E,. (22)
Tt d6 ta viét lai biéu thic cua t6c do chuyén doi nhu sau:
I
W, =B- . (23)

(EX' —ha,) +T°

2.4. Hap thu exciton trong trudng hop co laser bom

Trong muc nay ta tim phd hdp thu ctia exciton khi hé duoc chi€u bai laser do
trong trieong hop c6 mit ctia laser bom véi tan s& gan bang khoang cach hai mttc nang
lwong cta electron. Khi c6 song bom cong hwedng vdi khoang cach hai mirc nang lwong
luwong ti hoa cta dién tir thi ham song cta dién ti bi tai chuan hda dwdi tac dung cta
song bom, ham séng tai chuan hda bay gio c6 dang:

I, (70 =Y ¢ (e |11, (F)), =
j=1

trong d6 I1, (F) voi n=1,21a ham séng cua electron ¢ trang thai ding twong tng véi
cac mutc nang luong E; khi chura 6 tac dung cua laser bom. Cac hé sd ¢, (t) duoc xac

dinh t&r phuwong trinh Schodinger phu thudc thoi gian va c6 biéu thiee dugce xac dinh

nhw sau:
c,(t)= _2512 (a'lei"’2t +a,e )
f/ , (25)
C t - _ 21 eiaflt _e*iazt
0 =5 o ( )
trong do
, (26)
o, =0 +%
2 R 2
voi
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_ [[Aw@ i |V12|2
= (7) o @)

Aw =0, -0y

va
hwy, =E,-E =E;-E, (28)

16d eAp m,
V21 = ? L
5 Mmyw,h

(E,—E). (29)

Thay cdc hé s6 ¢; (t)& phuong trinh (25) vao phuong trinh (24) ta ¢6 bi€u thirc ham

song cua electron tai chuan hoa dudi tdc dung ctia song bom c6 dang:

I, (F.t)= %(ozle‘“zt +a,e )e_EE“Hl (f)—%(e‘“ﬂ —g ! )e'?EZ‘H2 (F). (30)
R R

naﬂk%{a@f‘E”’”%zeﬁ(E“"‘“’t]nm

R

Vy e—%(Ez—hal)t_e—%(Eﬁnaz)t Hz(l"')
2Q:h

Tt biéu thuc (31) ta suy ra pho nang luong twong tng véi ham séng (31) gom bon mc

(31)

nhu sau:
E =E -fhaq, (32)
E' =E +he,

va
E,=E,-he, 33)
E, =E, +hq,

Tt (32) va (33) ta c6 thé viét lai ham song cua dién tr tai chuan hoéa dwdi tac dung cta
song bom & biéu thirc (31) duwdi dang;:

IS, (F.1)= %(%e‘*“ : aze‘hE“)Hl (f')—%{e‘f“ —e‘hEg‘]Hz (F). @
R R™

Ttr d6 ta thu duoc biéu thic ctia yéu t6 ma tran cho chuyén doi quang gitta trang thai
cua 16 trong va trang thdi tai chuan hda cua dién t& dudi tac dung cua laser do duoc
xac dinh nhu sau
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e 1 - N
Toixo = _—A_pcv — (ale'“zt +a,e” ) x el
’ myia, | 2Q4

(E\g/vell —hay )t

(35)

Tinh todn twong tue nhu treong hop khong co tac dung ctia laser bom ta thu
duoc biéu thirc téc do chuyén doi (hay xac suat hap thu trong mot don vi thoi gian)
duwdi tac dung cua laser do trong treong hop c6 song bom duroc xac dinh nhw sau

2 2
W:B.[alj r +( “Zj e )
2Qq (E;’e"—ha)t—haz) +12 (2 (Egve"—ha)t +ha1) +T7?

trong d6 B cd biéu thirc duoc xac dinh 6 (21).

3. KET QUA TINH SO VA THAO LUAN

Trong muc nay ching toi thuc hién tinh s6 ddi véi pho hdp thu cong hudng cta
exciton trong trueong hop khoéng c6 va cd tac dung cua laser bom trong giéng luong twr
InN/GaN. Cac thong s6 duoc sit dung dé tinh sd 1a: khdi luong hiéu dung cta dién tw
va 10 trong trong vat liéu giéng InN ¢ nhiét d6 300 K la m,=0,11m, va
m, =0,50m, (v6i m, la khoi lwgng caa dién t ty do); do rong vung cdm cua vat liéu
giéng la E; =700 meV; cwong do cta laser bom la A = 4x10* V/em va dd rong pho la
I'=0,1meV.

Hinh 2 m6 ta phd hap thu cua exciton trong giéng luwong tir véi bé rong cua
giéng luong tir d =60 A trong hai treong hop: khi khong c6 laser bom (duong diet nét)
va khi c6 laser bom (duwong lién nét). Ttr d6 thi ta thdy, khi khong c6 laser bom thi chi
xuat hién moét dinh hdp thu cta exciton. Tuy nhién khi chiéu mot laser bom cong
hudng véi hiéu hai miic nang luong luong tir hda ctia dién tir thi trong d6 thi ta thay
xuét hién hai dinh hap thu ctia exciton. Hai dinh hap thu nay nam ddi xting hai bén véi
dinh goc (la dinh xuat hién trong phd hap thu khi chwa cé tac dung ctia laser bom).
Diéu nay c6 thé duwoc giai thich bdi quy tac loc lwa d6i véi chuyén doi quang lién viing
trong giéng luong ti nhw trong hinh vé 3. Khi ¢ séng bom laser cong huong véi hiéu
hai mttc nang lwong luong tt hda ctia dién tt, moi mte nang lwong cta dién tir duoc
tach thanh hai mtrc con. Khi do phd hap thu ta sé€ quan sat duoc hai chuyén doi tir muc
nang luong ctia 16 tréng 1én hai mitc con bj tach [1+) va |1-) cia mtkc ning leong thit
nhat caa dién ttr.

Hinh 4a mo6 ta phd hap thu cua exciton trong giéng luong tir voi bé rong cta
giéng luong tir d = 60 A trong truong hop khong cé tac dung ctia laser bom (duong lién
nét) va co tadc dung cua laser bom véi cac d¢ léch cong hwedng khac nhau Aw = 0,3 meV
(duong dit nét) va Aw = 0,8 meV (duong cham chdm). Tir @6 thi hinh 4a ta thay rang

56



TAP CHI KHOA HOC VA CONG NGHE, Truong Pai hoc Khoa hoc, DH Hué Tap 14, S6 1 (2019)

khi tang d6 léch cong huong thi d6 cao cta hai dinh hdp thu ciing bi thay ddi theo.
Cang tang do 1éch cong huong thi mot dinh hdp thu cd xu hudng tién vé vi tri dinh gdc
(lac chua cd tac dung cua laser bom), dinh con lai thi tién xa vi tri dinh goc. Két qua
nay chiing t6 do cao ctia hai dinh hdp thu cua exciton phu thudc vao do léch cong

huong.
L T \ Al
10 . _ Knikhong o laser bom 'r‘ 260 A; Aw =0 meV 1 I_ $ Ao ) : bAw
—  Khicolaserbom ) X o, to, ’ — 1
8 P 1) 1) .
! 2 19
6 r
= r 1
I
g ! |\ a, @, >K @, @,
= 4 [ ) 10 0
\
20 /’ \ ] a) )
\
/ \ /
of- — -7 T . Hinh 3. a) Chuyén doi tir mitc ndng luong
814.5 815.0 815.5 816.0 816.5 817.0 817.5 N X ~ ~ , o “ A
huw, [meV] cta 16 trong lén mitc ndng lwong dau tién

Hinh 2. Pho hép thu ctia exciton trong giéng cua di¢n tir khi khong c6 séng bom laser. b)
luong tir c6 bé rong d = 60 A khi c6 séng bom Khi c6 song bom laser cong hiedng voi hai
va khi khong c6 séng bom trong trieong hop Aw m}rc nang luong luong tir hoa cua dien ta,
moi mitc nang lugng cua dién tie dwoc tach

=0 meV.
thanh hai mtc con; ton tai chuyén doi tir
mttc nang luong cua 16 trong l1én hai mitc
con ctia mtrc ndng leong tht nhat caa dién
t [1+) va |1-), tuan theo quy tac loc lua.
10 K hi khoag codaser bém 10 K hi khoag coliaser bom dea0A
d=60A
= = = Aw=03meV — — = Aw=03meV
8 Aw=0.8meV 8 Aw=0.8meV
g z 6
3 3
; 4 2 a4
2 2
0 0
8145 815.0 8155 816.0 816.5 817.0 8175 959 960 961 962
hwt [meV] hwt [meV]
(a) (b)

Hinh 4. Su phu thu{c ctia x4c suat hap thu vao tan sd khi khong c6 song bom (dwong lién nét)
va khi cé séng bom véi cac d¢ léch cong hudng Aw = 0,3 meV (duong dirt nét) va Aw = 0,8 meV
(dwong chdm chdm) trong hai treong hop d =60 A ¢ hinh (a) va d =40 A 6 hinh (b).

Twong tu ta cling c6 thé khao sat ph6 hap thu cua exciton trong giéng luong ti
trong treong hop bé rong ctia giéng luong tir d =40 A dugc thé hién trong hinh 4b. Tir
cac hinh vé 4a va 4b ta thay rang véi cing mot do 1éch cong hwong Aw = 0,8 meV, do
cao cua dinh hdp thu thdp ctia exciton thay d6i theo bé rong ctia giéng luong tir. Pinh
h&p thu thdp van con ton tai khi bé rong cta giéng luong tir 1a d = 60 A (hinh 4a) nhung
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gan nhu bién mat khi bé rong ctia giéng 1a d = 40 A. Dong thoi, khi bé rong cta giéng
luwong twr giam, dinh hap thu cta exciton dich chuyén dan vé vung ning luong cao theo
quy luat nang luwong ti 1€ nghich vdi binh phuwong ctia bé rdng giéng. Diéu nay ching
to sw anh huwong rd rét cua hiéu ting giam git lwong tir trong cau tric giéng luong tw.
Hon ntta, ttr hinh vé 4b ta thay khi d6 1éch cong huong thay doi thi vi tri caa cac dinh
hap thu cta exciton ciing thay doi theo. Khi d6 1éch cdng hudng tang thi mot dinh c6
xu hudng tién dén khong trong khi dinh con lai tang dan dan. Cac két qua nay mét lan
nita khang dinh d6 cao ctia hai dinh hap thu phu thudc rdt nhay vao d6 1éch cong
huong va bé rong cua giéng luong tu.

4. KET LUAN

Trong bai bao nay chung tdi trinh bay nghién cttu vé pho hap thu cong huong
cua exciton trong giéng luwong tir InN/GaN dudi tic dung ctia séng bom laser cdng
huong véi hiéu hai mic ndng lugng lwong tir héa cta dién tir bang phuong phap ham
séng tai chudn héa. Két qua cho thay rang khi c6 séng bom cong huwdong véi hiéu hai
mtc nang lwong lwong tir hda ctia dién tir thi trong pho hdp thu cua exciton xuat hién
hai dinh hdp thu mdi. Bién do va vi tri ctia hai dinh hap thu nay phu thudc rat nhay
vao d6 léch tan s6 cong huong ctia song bom va bé rong cua giéng. Khi dd léch cong
hudng tang thi mot dinh ¢ xu hudng tién dén khong trong khi dinh con lai ting dan
dan. Dong thoi, khi bé rdng ctia giéng luwong tir giam, cac dinh hap thu cua exciton dich
chuyén vé vung nang luong cao theo quy luat nang luwong ti 1€ nghich véi binh phuong
cua bé rong giéng. Diéu nay ching to anh huong ro rét cua hiéu tng giam git luong
tw trong cdu truc giéng lugng ti.
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ABSTRACT

In this paper, we study the resonant absorption spectrum of excitons in the
InN/GaN infinite quantum wells by wusing renormalization wavefunction
formulation. We also investigated the dependence of resonant absorption spectrum
of excitons on the width of quantum well and the detuning of a strong pump laser
resonant with two electron quantized levels. The results showed that in the
presence of a resonant strong pump laser with two quantized levels of electrons,
two new absorption peaks of excitons appear in the absorption spectrum of
excitons. The results also showed that the height of absorption peaks of excitons

depends sensitively on the detuning and the width of quantum wells.
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