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ABSTRACT

We calculate and investigate the influence of characteristic parameters of the
modulation doping real quantum well (AlGaAs/GaAs/AlGaAs) to the
distribution of the two-dimensional electron gas in the quantum well by the
variational method. The studying results recorded that there is significantly
change the distribution of electron gas in the well in the ground state and the
excited state by the doping profile of the modulation-doped system. Thence, we
evaluate the effects of the doping profile and the roughness profile parameters
to the absorption linewidth. We believe that the changes of the distributions
causes changes surface roughness scattering intensity, thus changing the
absorption linewidth by the optical transition phenomenon between the two
lowest subbands but this effect was little mentioned before.

TOM TAT

Chiing 6i tinh todn va khao sdt anh hwéng cia cac tham sé dic trung cia hé
giéng hrong tir thie AlGaAds/GaAs/AlGaAs pha tap diéu bién dén sw phin bo
khi dién tir hai chiéu trong giéng lwong tr bang phwong phap bién phdn. Két
qua tinh ghi nhan dwoc rang cé su thay doi dang ké su phan bé dién tir trong
gieng ¢ trang thai co ban va trang thai kich thich theo cau hinh tap cua h¢é pha
tap diéu bién. Tir do, ching téi danh gid anh hwéng ciia cac tham sé ddc trung
cho cdu hinh tap va cau hinh nham lén dé rong vach phé hap thu. Ching t6i
cho rang sw thay doi phan bé la nguyén nhan lam thay doi cuong do tan xa
nhém bé mat, vi thé lam thay doi do mo rong vach phé hdp thu boi hién tuong
chuyén doi quang giita hai viing con thap nhat nhung hiéu irng nay it dege dé
cdp truoc day.

1 GIOI THIEU

doi giita cac trang thai luong tir trong ving dan
hay vung hoa tri ctia cac hé thap chiéu. Sy chuyén

Céc céu trac lugng tir ban dan, chéng han nhu
giéng luong tir (quantum well), ddy luong tir
(quantum wire), cham lugng tir (quantum dot) hay
siéu mang (superlattices)... 1a nhiing chu dé
nghién ciru quan trong trong vat Iy ban dan trong
nhimng thap ky gan day [1]. N6 biéu hién nhiéu
hi€éu Uing co hoc lugng tir va dugc 4p dung cho
viéc phat trién céac linh kién dién tir va quang dién
tir. Trong d6, c6 mot 16p cac linh kién ban dan
dwa trén hién tuong hip thu quang boi sy chuyén
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doi nay cho nhleu déc tinh vat 1y quan trong trong
viéc phat trién linh kién nhu kha nang didu chinh
budc song hay diéu chinh thoi gian hdi phuc
(relaxation time) nhd k¥ thuat ving, su xuat hién
thoi gian séng hat tai siéu nhanh va cac hiéu tng
quang phi tuyén. Nhitng linh kién quan trong di
duoc hién thyc hoéa nhu may thu bic xa héng
ngoai dua trén giéng lwong tir (quantum well
infrared photodetector-QWIP) hay laser nhiéu
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tang lugng tr (quantum cascade laser — QC) véi
cac hé vat liéu InGaAs/InAlAs hay GaAs/AlGaAs
bang phuong phuong phap nudi epitaxy [2].

Su giam cam luong tir (quantum confinement)
1én céc hat tai dién boi thé mot chiéu (1am cho cac
hat tai dién c6 dic tinh gia hai chiéu) hinh thanh
trong cac 16p ban din mong (c& nano met - céu
trac nano) la dbi tugng vat 1y duoc goi la giéng
luong tir vira duge dé cép. Do sy giam cam lugng
tir 1én cac hat tai dién ton tai trong giéng lam cac
muc nang lugng bi Iugng tir hda doc theo hudng
nudi tinh thé trong cdc mau nudi din dén sy
chuyén doi quang (optical transitions) gitra cac
mirc ning lugng nay 1a c6 thé. Ta biét rang, sy
chuyén doi tir cac mirc nang luong trong ving hoa
tri dén cac muc ning luong trong ving dan dugc
goi 1a sy chuyén doi ngoai ving (interband
transitions), trai lai sy chuyén doi gitra cac mirc
nang luong bi tach ra do hi¢u Umg lugng tir vira dé
cap trong cing mdt ving dwoc goi 1a chuyén doi
gifta cac vung con (intersubband transitions). Su
tach cac muc ning luong trong giéng luong tur
phu thudc co ban vao do rong va do sdu cua
giéng, n6 anh huong co ban vao hiéu ing chuyen
doi. Tuy nhién, n6 con phu thude vao nhiéu yéu to
khac, tuy ting hé vat li¢u nghién ctu.

Dingle va cong su [3] lan ddu tién vao nam
1974 da quan sat duoc cac trang thai lugng tu
trong giéng luong tr ban dan. Giéng luong tir cta
Dingle nghién ctru 1a mot 16p GaAs (cdu tric gia
k&m) mong kep gitra hai 16p AliGaixAs ¢6 vai tro
nhu rao (cau trac cu thé 1a AlLGa, ~As/GaAs/Al-
«GaixAs). Cu tric nay con goi 1a giéng luong tir
hinh thanh boi boi tiép giap di chat (double
heterostructure). Tiép theo, lan dau tién vao nim
1985, West va Eglash [4] da thuc hién thi nghiém
quan sat dugc sy chuyén doi gilta cac vung con
trong vung dan cta giéng luong tr GaAs/AlGa,.
(As (giéng nay goi 1a giéng luong tir cdu tric di
chat don (single heterostructure) hinh thanh boi
mot tiép giap di chat) véi bude song thu duoc &
khoang 10 um , va d6 rong vach phd hep khoang
10 meV. Két qua nay da khing dinh va xac nhén
cho mot s6 1y thuyét da tién doan trudc day vé
kha nang cé thé do dugc birc xa hong ngoai tren
co s& chuyén doi gitra cac vung con trong giéng
luong tir [5]. Sau d6 co nhiéu két qua thi nghiém
lan 1y thuyét khao sat sy chuyén doi giira cac
vung con trén cac hé vat li¢u khac nhau, chang
han nhu InGaAs/AlGaAs hay AlGaN/GaN (ciu
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trac Il-nitrite) va cac giéng lwong tir dya trén cac
nguyén t6 nhom IV nhu Si, SiGe (ciu trac lap
phuong). Nhiéu ung dung linh kién dua trén sy
hap thu quang giira cdc ving con (intersubband
optical absorption) trong cac vat liéu ban dan da
dugc danh gia va da dugc hién thuc hoa [6].

Tuy nhién, dé t6i wu cac linh kién quang dién
tr dua trén sy hép thu quang gifra cdc vung con
trong cac cau trac nano ban dan hai chiéu nay van
con nhiéu vin d& can phai lam r3. Vi day 1a cau
tric rat tinh t& nén mot su bién d6i nhod cua cac
tham sd cAu tric chéng han nhu ¢6 ton tai cac thé
giam cdm b sung hay cac thé tan xa bd sung
cling c¢6 anh huéng 16n dén hoat dong linh kién
hay cu thé hon 1 anh huéng dén phd hap thu do
su chuyén doi quang hoc giita cac ving con ton
tai trong hé. Chung ta thdy riang, c6 hai nhan t6
chinh anh huéng dén hién twong hép thu quang
gilta c4c vung con trong cic cu trac nano ban
dén hai chiéu d6 la:

— Céc ngudn thé gy ra giam cam luong tir

— Céc ngudn gay ra sy tan xa hat tai dién

Vi thé, viéc 1am 15 vai tro cua hai nhan té nay
anh huong nhu thé nao dén hién twong hip thu
quang giita cac viing con cin dugc nghién ciru co
hé théng. Ching ta ciing biét rang, pho hap thu
boi sy chuyén doi giita cac ving con trong cac
giéng luogng tir 1a mot dic trung vat 1y quan trong,
ba dic trung dé xac dinh phd 1a: vi tri dinh phd
(budc song xay ra su hip thu cuc dai), cuong do
va d6 rong vach phd (linewidth). Viéc nghién ctru
hién tuong hip thu quang giita cac ving con la
nghién ciru x4c dinh cic nhéan t6 anh hudng dén
ba ddc trung nay. Hai nhan t6 dau 1a vi tri dinh
phd va cuong do noi chung it bi anh huéng boi
cac yéu t6 vat 1y bd sung ma chu yéu anh huong
nhiéu béi cac yéu té vat Iy co ban va nhan t6 ky
thuat, ma k¥ thuat nudi epitaxy la k¥ thuat nudi
chu yéu dé thuc hoa cac hé nay ngay nay 1a twong
d6i thuan thyc. Nhan t6 thir ba 1a do rong vach
phé 12 nhan t6 bi anh hudng nhiéu boi cac yéu td
vat Iy co ban va bd sung, nd quyét dinh dén chét
luong va do on dinh cua linh kién, can phai duoc
nghién ctru c6 hé théng va nghién ciru dinh luong.
Ciing can nhin manh thém ring, phéin nhiéu céac
nghién ctu trude day quan tim dén anh huong
clia cac ngudn gdy ra tan xa hat tai 1én phé hip
thy boi sy chuyén doi gilta cac vung con [7, 8] ma
chua quan tam nhleu dén vai trd anh huong cua
cac ngudn giam cam hat tai dién. Cac nghién ctru
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nay da x4c nhan ring, dong gop chinh anh huéng  boi tan xa nham, phan thi ba la cac két qua tinh
dén do rong vach phé 12 tin xa nham bé mit. s6 va thao luan. Cudi cung la ph?m két luan.
Trong nghién ctru trude day [9], ching t6i ciing 2 MO HINH VAT LY CUA HE NGHIEN CU'U
da dua ra dugc phuong phap hi€u qua dé danh gia )
cac tham s6 nham tir dir liéu do rong vach pho. Mb hinh vat ly coa hé nghién ciru 1a giéng
Tuy nhién, cac nghién ctru nay khi tinh dong gop ~ lwong tur hinh thanh trén mau vat liéu thuc la
clia tan xa nham bé mat vao bé rong vach phé thi AlGaAs/GaAs/AlGaAs. Trong thuc nghi¢m, mau
chua xét vai tro cia udn cong ving hay sy thay  ndy dugc nudi bang phwong phap epitaxi chim
d6i dang cua ham song & trang thai co ban va  phén t [8, 10]. Vai phuong phép nudi epitaxi
trang thi kich thich boi tap pha didu bién. Trong  chim phan tir, nguoi ta c6 thé pha tap voi nong do
nghién ctru nay, ching t6i khao sat anh huong cia  theo y muon va tap dugc pha vao vung mong
cau hinh tap pha diéu bién vao ham song & trang muon, thuong goi 1a pha tap diéu bién, tap dugc
thai co ban va trang thai kich thich. Tir do, khdo ~ pha nam cach bi€t v6i h¢ dién tur hinh thanh trong
sat anh hudéng cia cdu hinh tap pha diéu bién vao  giéng mét khoang cach la L. Giéng c¢6 do rong la
bé rong vach phd tuong g boi tan xa nham. L va kich thudc phan bo tap 1a Lq. D€ han ché vai
trd cla tan xa phonon, trong céc nghién ciru ngudi
ta thuong thuc hién ¢ nhiét do thép dé thu duoc
két qua toi wu. Nghién ctru ndy ciing xem xét hé
ton tai ¢ nhiét do thap. Mo hinh hé nghién ctu
dugc minh hoa ¢ Hinh 1.

Bai bao gdm ba phan chinh, phan thir nhét 1a
phét biéu mo hinh vat ly cua h¢ nghién ctru, phin
hai trinh bay céc biéu thirc toan hoc tinh duoc lién
quan dén phan bd khi dién tir trong giéng va cac
biéu thirc toan hoc xac dinh d6 mo rong vach phd

¢,(2)
L ]
Hinh 1: Mb hinh giéng lwgng tir tao
béi cau truc di chat béi
Trong do L la do rong giéng, Ly la khodng So ( :)
cach tir viing phdn bo tap tdi rao, La la do GaAs
rong cua phan bo tap
Ld Ls L
0) - Z
3 CAC BIEU THUC TOAN HQC 0, |< L
D9 rong vach pho hap thu bi chi phoi boi hai V.(z)= 2 1)
nhan t0 chinh 1a phan bd cua khi dién tu trong v S L
giéng va cac co ché tan xa. Sau day la cac bi€u 0 |Z| =5
thirc todn hoc déc ta cac phan bo va cac thua so6
dang dac trung cho co ché tan xa nham bé mat v6i V, 1a @6 cao rao thé.
chiém uu thé ma chung t6i tinh dugc cho hé .
nghién ciru nay. Vi rao thé co ban cé dang chlt nhat nhu vira

3.1 Cic thé siam siil dé cép thi h¢ khi dién tir hai chiéu & ving con
ac the glam giw thap nhat c6 thé dugc mo6 ta bdi ham soéng

H¢ nghién ciru la hé pha tap didu bién (tap

khong nam trong giéng). Rao thé co ban Vi(z) dat B \/E coS nz oG/l Z| < £
& mat phing z = -L/2 va z = L/2 do ¢6 su chénh e LR )
léch ddy ving din gitta hai 16p vt licu AlGaas ~ S0(%) I )
va GaAs khi ghép chiing lai véi nhau. 0, |2| > >
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v6i By 1a hé s6 chuan héa, Cyla tham s khong
thir nguyén dic trung cho muc d6 udng cong cia
ham bao co ban. Ham song ¢ trang thai kich thich
tht nhét ¢6 thé duge mo ta boi

B, /% sin Z%e_c‘“, z| S%
ci(2)= €)
L
0, |Z >—,
2

v6i B; 12 hé s6 chuan hoa, C; 13 tham sé khong
thir nguyén dac trung cho mirc 46 udng cong cua
ham bao kich thich.

Hai ham soéng trén s€ duoc xac dinh khi cuc
tiéu hoa ning luong tmg véi mot hat dé xac dinh
cac tham sb (By, Cp, By, C;) va duoc xac dinh boi
Hamilton

H=T+Vi(z). 4

O day T la dong ning va Viu(z) 1a thé ning
giam gitr hiéu dung theo phuong z. Thé nang hi¢u
dung nay bao gom thé rao (Vu(z)), thé Hartree
(Vu(z)) tao boi cac ion donor, va tao boi cac hat
tai dién:

Vioi(2) = Vu(z) + Vu(2). 5)

Trong vung dién tich khong gian, thé Hartree
duogc xac dinh theo phuong trinh Poisson:

d’ dre’

P —= V()=

[N, (2) =N, (2)], (6)

a

trong d6, Ni(z) 1a ndng d6 ion tap ba chiéu hay
1a phan b ciia cac ion tap theo phwong nudi mau,
Ni(z) 12 ndng do6 dién tir ba chiéu, ciing 1a phan bd
ciia cac dién tir theo phwong nudi mau va &, la
héng sb dién moi trung binh cua hé vat li¢u
nghién ctru.

Nong do dién tir phan bd trong giéng GaAs
duoc xac dinh theo ham séng (2) va (3) boi
phuong trinh sau:

N (z)=n,

()

trong d6, ny 1a mat do dién tu mat. Ta giai
phuong trinh Poisson (6) véi cac dieu kién bién
phu hop ta dugc Vu(z).
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3.2 Cuc tiél} hoéa ning luwgng theo phwong
phap bién phan

Theo phuong phap bién phan, dé xac dmh ham
song, chung ta can xac dinh cac tham sé bién
phan béi cuc tiéu hoa nang luong.

Nang luqng ung voi mot dién tir ¢ trang thai
co ban s€ 1a tong cac trung binh co hoc lugng tu
ung voi trang thai co ban d6 nhu sau:

Eo(Bo,Co) = <T>p + <Vp>p + <Vp>y. ()

Chung t6i tinh dwoc chung véi cac két qua
sau :

0 2mzL2 7Z'Bg

+”C0V/2(Co)j| )

voi w,(C,)= 1 LJ/‘Z sin 27z o267/ g
¥, 17 L .

-L/2
{#,), =0 (10)
4%4 nILTBY ( 8g0(Co) . 0gn(Cp)) NIL
Vo= E“L o e - (1D
1 L/2
vGi (/)O(C)=z I e 'tdz va

-L/2
152 (27[2) 2Co/L
C)=— cos e “'dz.
»,(C) I J/z I

Tuong tu, nang lugng tng véi mot dién ta &
trang thai kich thich thir nhat s€ 1a

E](B], C1)=<T>1+<Vb>1+<VH>1. (12)

Chung t6i tinh dwgc cac s6 hang nay voi cac
két qua nhu sau

7h*B* | 4x° - C?
T) =— 1 L 27Cw,(C 13
(7), ML{ — Wl )}( )

1

o 1 L . (4rz 202/ L
vGi 1/14(C1)=z I sin N e dz.

-L/2

(V,),=0. (14)

4 LB} (
_dze”| N o90(C1) d¢4(C1) | NiLs
V)= . L 4 o aq ] (15)
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voi ¢,(C) = 1 sz cos i e dz
4 L L '

-L/2

3.3 Do mé rong vach phd béi tin xa nham
bé mit

Ly thuyét téng quat vé d6 mo rong vach phd
hép thu boi chuyén doi gitra cac ving con do tan
xa dan hdi trong hé hai chidu dugc xac dinh boi
Ando [11]. Theo 1y thuyét Ando, phé hip thu kich
thich don hat gitra hai ving con thap nhat dugc
xac dinh bdi

2 * Loy (E
Reoz (@)= ap " (py—— 2
om zh (ha~E10)*+T gp (E)

,(16)

voi tat ca cac dién tr ban dau & trang thai co
ban. Trong do, e la dién tich cua dién tir, m" la
khdi lugng hiéu dung dién tir, f9 1a cuong d6 dao
dong, E;0 = E; - Ep 1a d0 tach mirc nang lugng
giita hai ving con, f{E) 1a ham phan b6 Fermi
¢ nhiét do T, T', (E)1a d6 rong phd dugce xac

dinh boi
1—‘op (E) - A [rmtra (E) + 1—‘intelr (E)] (17)

Véi ViC?c xem xg’:t tan xa nham bé mat va
st dung cau hinh bé mat nham dang Gauss [8],
biéu thic T (E)=T, (E)+I; (E) dic
tru‘ng cho tan xa gilta cac vung con va

[ (E)=T (E)+T . (E) dic trung cho tan

xa ndi vung con c6 dang nhu sau:

inter inter inter

intra intra

_ 2
2.2 FT 2
¥ (=" i A jd@[ 00 Fﬁ -q2A2 4 (18)

o |S@n M

L2
voi q° =

m A*A* (

[ (B) === (F) [doe™™ ", (19)
0

voi G = 4;” [E+ ) 4/E(E+E10)cosﬁ]

Trong do, O 1a goc tan xa trong mat phéng.’Trong
cac nghién ctu trudc [9, 10], cac thua so6 dang
F} duge xéac dinh boi
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Fi =V,&, (FL/2)E,(FL/2). (20)

Thira s6 dang tinh boi biéu thirc ndy mang tinh
dia phuong, chung t6i dé xuat mdt thira s6 dang
mang tinh toan cuc hon [12] c6 dang sau:

2
T I
A R O M CALHER B AEREACY
(21
zZj / zj /
E | & (¢ )+ | & (S, (2 (2),
+ Foo

v6i 7 12 toa d6 ctia mot vi tri bat ky dwoc chon
bén trong giéng.

Cuoi cung, ching ta can xac dinh gia tri hi¢u
dung cua do mé rong vach pho la

Ep
y=2T, = EL j r,,(E)dE. 22)
F 0

4 KET QUA VA THAO LUAN

Véi cac két qua giai tich ¢ trén, ching t6i viét
chwong trinh may tinh d&é mé phong phan bé dién
tir trong giéng O trang thai co ban va trang thai
kich thich thir nhat. Sau d6 khao sat sy thay ddi
d6 rong vach phé theo céac tham sb dic trung cho
hé nghién ctru. Ching t6i sir dung cac tham sb
nhdp vao co ban nhu sau:

Bang 1 : Cac thong sé nhép vao [13]

Khdi lrong hiéu dung (m*) 0.067 me
Héng sd dién moi trung binh (&) 12.4

D0 cao rao thé (V) 0.31 eV
Str dung di€u kién trung hoa dién tich ~ n;=n,

me la khoi lwong dién tit tir do
4.1 Do thi biéu dién phan bd dién tir trong giéng

Dwa vao cic mau thyc nghiém véi mot sb
tham sb vat ly da duoc xac dinh, chung t6i khao
sat su phan bd khi dién tir trong giéng va be rong
vach phd theo su thay d6i ciia mot tham s6 va cd
dinh cac tham sb kia mg véi cac khoang gia tri
thuc nghiém da do duoc ciia cadc mau co cac cAu
hinh tap pha diéu bién [6, 8, 13].

Phén bd dién tir trong giéng dugc xac dinh
theo biéu thirc (7), voi viée cuc tiéu hoa nang
lugng dé xac dinh cac tham sd bién phan, toi lan
luot v& cac phan b dién tir ¢ trang thai co ban va
trang thai kich thich thtr nhat.
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Dau tién, chung to6i G phén bd trong truong
hop c¢b dinh cac tham sé: chidu rong giéng L =
80 A, bé rong ving tap Ly = 50 A va khoang cach
tir ving tap dén rao thé 1a L, = 60 A nhung thay
d6i ndng do tap Ny nhu trén Hinh 2.

5 -

N,=3.3x10"m”
. N,=32x10"em”

n
T

N {;)(1013cm'3)

2(A)

Hinh 2: Phan bo dién tir trong giéng & hai
trang thai co ban (GSS) va trang thai kich thich thir
nhit (18 ESS) véi cac tham s6: L, Lq, Ls ¢6 dinh
nhung thay ddi Ni

Tir d6 thi Hinh 2, ta thdy rang phan bd dién tur
bi dich chuyén vé phia tap. Vi nong d¢ tap cang
16n thi sy dich chuyén phan bd cang manh. Hiéu
mg nay thé hién gidng nhau & ca trang thai co
ban va trang thai kich thich.

Tiép theo, chung t6i ciing v& phan bd dién
tor v6i viéc ¢b dinh cac tham sb: néng do tap
Nr=2.10'8 cm?, chiéu rong giéng L = 80 A, va

khoang cach tir viing tap dén rao thé 1a L, = 60 A
nhung thay d6i bé rdng vung tap Ls(nhu Hinh 3).

8

20

-
n

=
[=]

N0 e

N_‘,(:)(lolgch)
8

o
n

0.0

Hinh 3: Phin bo dién tir trong giéng & hai trang
thai co ban (GSS) va trang thai kich thich thi nhat
(1 ESS) véi cac tham s6: Ny, L, Ly ¢6 dinh nhung
thay dbi La

Tir d thi ta ciing ghi nhan dwoc ring, L cang
tang tirc ving phéan b tap -cang rong thi khi dién

tr ciing c¢6 sy dich chuyén vé phia tap. Trong
Hinh 4, chung t6i ciing v& phan bd dién tir véi
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viéc ¢b dinh cac tham sb: néng do tap N =
2.10" cm?, chidu rong giéng L = 80 A, va bé rong
ving tap Ly = 50 A nhung thay déi khoang cach
tir bién ving tap dén rao L, (cac tham sb Ls nhu
trén hinh). Chiing t6i ghi nhan rang khéng cé su
thay ddi phan bd déng ké khi thay doi Ls.

6 N
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NS(:)UOI lcm-B)

z(A)

Hinh 4: Phén b6 dién tir trong giéng & hai trang
thai co ban (GSS) va trang thai kich thich thir nhat
(1 ESS) véi cac tham sb: L, Ny, Lq ¢b dinh nhung
thay ddi L

Cubi cung, chung t6i v& phén bd khi dién tur
trong giéng v4i cau hinh tap khong d6i: nong do
tap N/=2.10"8 cm™, bé rong vang tap Lq =50 A va
khoang cach tir ving tap dén rao thé 1a L, = 80 A
nhung thay ddi d6 rong giéng L (nhu Hinh 5). Véi
céu hinh tap khong d6i nén phan bd it bi thay doi
vé phia ving tap, no chi thay dbi theo hudng tang
1én hay giam xubng theo cac hiéu ung thuan tiy

lugng tir.
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Hinh 5: Phan b6 dién tir trong giéng & hai trang
thai co ban (GSS) va trang thai kich thich th nhat
(1’ ESS) véi cac tham so: Np, La, Ls ¢0 dinh nhung
thay déi L
4.2 Do thi biéu dién d rong vach phd hép thu
Nhu da dé cap ¢ trén, chung t6i khao sat hé ¢
nhiét d thap, trong cac tinh toan sau, chung to6i
chon =5 K.
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Trudc tién, ching toi khao sat sy thay dbi ctia
d6 rong vach phd theo chidu rong giéng L véi
viéc thay dbi nong do tap nhung cb dinh cac tham
s6 khac (nhu trén Hinh 6).

0.5 | AlGaAs/GaAs QW

[ T=5K, ¥, =310 meV
A=3A,A=50A
L=60A,L,=50A

r N,=3.1x10"em”
0.4

o 03f N,=3.2x10""em” ]

o - 4

g [ ]

= [ ]
02 [ N,=3.3x10"em” ]
0.1 i
0.0l L

76 82

L (A)

84 86 88

Hinh 6: Sy thay doi d9 rong vach pho theo chiéu
rong giéng L véi viéc thay doi nong do tap nhung cd
dinh cac tham so khac

R rang, tir Hinh 6, ta thdy ring d rong vach
phé giam khi ting L, diéu nay phu hop véi cac két
qua nghién ctu trude day [6, 8]. Mot didu moi
duogc ghi nhan 1a d6 rong vach phd thay d6i dang
ké khi thay d6i ndng do tap. Piéu nay duoc ching
t6i giai thich rang c6 sy thay d6i dang ké phan bd
khi thay d6i nong do tap dan dén sy thay doi tan
xa bdi nham va s€ lam thay ddi do rong vach phé
hap thu. Dé 1am 16 hon diéu nay, ching toi ciing
khao sat do rong vach phé thay ddi theo do dai
tuong quan nham A véi viée thay ddi khoang cach
tir ving tap dén rao thé nhung c6 dinh cac tham sb
khéc nhu trong Hinh 7.

T T T
0.4

AlGaAs/GaAs QW
T =5K, ¥, =310 meV
A=3A A=50A

03 L, =50 A, N, = 3x10"cm”

0.2

y(meV)

L =55:60;65A

88
L (A)
Hinh 7: Sy thay déi dd rong vach ppé theo d¢ dai
twong quan nham A véi viéc thay doi Ls nhung co
dinh cac tham so khac

Chung t6i, cling ghi nhan duoc ring do rong
vach phé cang tang khi tang chiéu dai twong quan

101

Phén A: Khoa hoc Ty nhién, Cong nghé va Moéi trieong: 27 (2013): 95-102

nham A, vy né ciing phu hop véi cac két qua cua
cac nghién cuu trudce [6, 8], tuy nhién chung t6i
ciing ghi nhan dugc rang do rong vach phd hép
thu khong thay d6i khi thay d6i Ls (n6 phu hop
vGi co s6 giai thich cua ching t6i tir Hinh 3 rang
phan b khi dién tir khong thay d6i khi thay ddi
Ls). Dé kiém tra lai két qua tinh, chung t6i ciing
khao sat d6 rong vach phd boi thay ddi bién do
nham A (nhu Hinh 8). RO rang A cang lon, tan xa
bdi nham cang manh lam ting do rong vach phd.

AlGaAs/GaAs QW
T=5K, ¥, =310 meV
A=50A,L =60A
L,=50A, N,=3x10""em™

0.6

y(meV)

L (A)
Hinh 8: Su thay dbi do rong vach phd theo dd rong
gieng L véi viéc thay doi bién do nham A nhung co
dinh cdc tham s6 khac

Tir cac két qua trén ta co thé két luan rang, vai
trd clia tan xa nham lam thay ddi quan trong do
rong vach phé, dé minh hoa thém, chung t6i cling
v& dd thi dé so sanh hai vai trd cua tan xa lam
chuyén trang thai giita hai ving con (inter) va tan
xa ndi ving con (intra), ching toi ghi nhan ring
vai tro cia tan xa ndi vung con la dong gop dang
ké cho su m& rong vach phé hép thu & nhiét do
thap (Hinh 9).

0.5 AlGaAs/GaAs QW

T=5K,¥,=310 meV
A=3A A=50A

0.4

0.3 -

0.2 -

Energy Broadening (meV)

N =3.1x10"cm”
01| !

Eoil_ N, =3.2x10""em™
SE==smedygh
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Hinh 9: Su thay dbi d rong vach phé theo do rong
giéng L véi vige thay doi N1 nhung ¢6 dinh cac tham
s6 con lai va chon E=0.5 eV, ¢6 minh hoa kém vai
tro cia tan xa ndi vung con va tan xa giira cac
vung con
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5 KET LUAN

Chung t6i da thiét 1ap dwoc mo hinh giam giit
lwong tir cho hé dién tir trong giéng luong tir tao
boi cau trac di chit boi AlGaAs/GaAs/AlGaAs
theo phuwong phap bién phan. Tir d6, chung toi
khao sat, so sanh anh hudng cua cac tham s6 dic
trung cho ciu hinh tap pha diéu bién va cdu hinh
nham 1én d§ mo rong vach phé. Do mo rong vach
phé bi anh hudng dang ké bai cau hinh tap do cu
hinh tap 1am thay d6i phan bd. Nhiing két qua nay
s€ c6 y nghia quan trong trong viéc giai thich sy
thay d6i do rong vach phd theo cac tham sé cua
cu hinh tap pha diéu bién cua cac miu vat lidu.
Tt @6, chung ta xac dinh duogc phém chét cta ciu
trac dé t6i uu cho viéc phat trién cac linh kién
quang dién tu.
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