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TOM TAT: Giai phwong trinh Schrodinger cho mgt vai hé giéng heong tir bing phuong
phdp sai phan hitu han (finite difference) trong do cé tinh dén khéi heong hiéu dung cia hat
ddn trong I6p giéng khdc véi khéi legng hi¢u dung cua hat dén trong 16p rao. Phuong phdp
nay digc dimg dé nghién ciru su anh huwong cia cdc yéu t6 nhu sé giéng, dé rong rao, do rong
giéng, dién truong ngoai dén ndng heong trong hé giéng heong .

1.GIGI THIEU

Giéng luong tir dang duge quan tim nhidu va dugc tmg dung trong nhidu linh vire nhat 1a
quang dién tir nhu diode phat séng (LED), diode laser, quantum cascade laser... do phd ning -
lugng ctia giéng lwong tir 14 gian doan va c6 thé thay déi duoc.

Trong bai "Nang luong va ham séng cua giéng luong tir", chung téi sir dung phuong phap
sai phdn hitu han (FD) dé tim ning lugng va him séng cua hé gieng luong tr bang cach giai
phuong trinh Schrédinger trong d6 c6 tinh dén khdi lrong hiéu dung ciia hat din thay déi khi
di qua céc vat liéu khac nhau
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Trong bai nay, ching t6i tim hiéu anh huéng ciia nhitg yéu té nhu sé giéng, do rong rao,
do rong giéng, dién trudng ngoai dén niing luong ciia hé giéng luong tir.
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Hinh 1 Nang lugng va ham song cia electron Ee,, 15
trong néng Ehh,, 16 trong nhe Elh, trong hé hai giéng
luong tir.
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2. KET QUA VA NHAN XET

CAu tric ctia hé giéng Iucmg tir dugc xét dén la cau tric nhleu giéng v6i hai vat lidu (vét
liéu lam rao va vt liéu lam gteng) Trén Hinh 1 hé gom hai gleng, trong d6 a la d§ rong giéng,
b 1a do rong rdo, Eg,, Egy lan luot 1a do rong vang cam cua giéng va rao, mirc ndng lugng thir
nhat Ee, cua electron & viing dan, mirc nang lugng thir nhat Ehh,, Elh, cua 16 tréng nang va 16
trong nhe & ving héa tri. ‘Trong bai nay cac dir kién dung dé tinh toan dugc cho & Bang 1
[1]1[3][4][5][%], d6 rong giéng, rao dugc tinh bang nm, ning lugng dugc tinh bing eV. ‘

Tir phuong trinh (1) ta nhan thay khi thay d6i dién trudng ngoai, d6 rong rao, d6 rong
giéng... duge thé hién qua thay ddi thé V, thay dbi tdng chiéu rong rao va giéng [8] din dén
ning lugng E va ham song 1 trong phuong trinh (1) s€ thay doi.

Bing 1. D6 rong ving cAm, khdi lrgng hiéu dung va do dich viing dan clia mét s vét ligu.

Vit liéu Eg (eV) m: m;h ml'h AEc (eV)
GaAs 1.424 0.0637 0.5 0.087
AlLGaAs | 1.424+1.247x | 0.0637+0.083x | 0.50+0.29x | 0.087+0.063x | 0.67 AEg
(x<0.45)
Ino_53Gao‘47AS 0.044 0.52
Il‘lo.szAloABAS 0.076
Ing15Gag ssN 2.767 0.178 0.172 0.4256
GaN 34 0.19 0.6

m’ nhan véimg = 9.1 107 kg.

_ Ching tbi s& lan lugt xem xét dén nhimg yéu t5 ké trén va bat dau tir viéc thay doi so

giéng.

2.1S6 gleng

Do hé giéng dugc xét 1a hé nhiéu gieng ¢6 chu triic tuan hoan nén cic mirc ning lugng s&
tap trung thanh cdc dai ning lu'orng [8] O déy chung t6i chi xét mirc nang lugng dudi cung &
vung dan muc Ee, va mirc trén cung & vung hoa tri murc Ehhg, Elh; cta dai mot. Xct hé co cau
trac nhiéu g1eng tudn hoan 10 /3 /5/3/5.../ 10, phdn in dam 1a do rong giéng GaAs, in
thuong 1a do rong rao Alp4,GagssAs, xem sy thay déi cua cac mirc nang Im;mg Ee,, Ehhi, Elh,
& viing dan va & ving hoa tri thay dbi nhu thé nao khi sé giéng duoc thay doi tir 1 cho dén 10.

Bang 2 Su thay déi cac mirc ning lugng khi thay déi s6 giéng.

Sb giéng 1 2 3 4 5 7 10
Ee, (V) | 0.8596 | 0.8574 | 0.8565 | 0.8560 | 0.8558 | 0.8556 | 0.8555
Ee,_hh, | 1.6197 | 1.6174 | 1.6165 | 1.6160 | 1.6158 | 1.6155 | 1.6154
(eV)
Ee; Ih, (eV) | 1.6651 | 1.6585 | 1.6559 | 1.6547 | 1.6540 | 1.6533 | 1.6530

Két qua dugc thé hién trén Hinh 2 va tir Bang 2 cho thay, do chenh léch cuia mirc ndng
lugng cua electron & ving dan trong trudng hop 1 gleng va 10 giéng 1a AEe = Ee((1) -
Ee.(lO) 0.0041eV. Tuong tr cho niang lugng dich chuyén viing viing & mirc 1-1 ciia electron
- 15 tréng ning, electron - 16 trng nhe AEe hh= Ee,_hh(1) -

AEB‘]h = Ee._lh

Ee;_

(10) = 0.0043¢Y,
(1) - Ee;_lhy(10)= 0.0121eV. Nhu véy viéc thay ddi s6 giéng khong 1am anh
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hudng dang ké dén mirc ning lugng Ee,, Ehh,, Elh, trong vung dan va trong vung héa tri. Do
cac mirc nang luong tdp trung thanh cic dai va cic mic trong mdi dai gan nhu tring nhau
(Hinh 6a) [8], nén thay ddi sé giéng khong lam thay déi dang ké cac mirc nang lugng trong dai
mdt & vang dan va & viing hoéa tri.
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Hinh 2. Su phu thuc ciia ning luong vio sé giéng. (a) Miic ning luo’ng thtr nhét cia electron &
ving dén (Ee,). (b) Nang lugng dich chuyén viing ving & mire 1-1 ciia electron - 16 trng ning
(Ee,.hh,;) va cuia electron - 18 tréng nhe (Ee, lh,).

2.2 Do rong rao

Khi hé 14 nhiéu giéng thi phai xét dén khoang cach giifa cic giéng va goi khoang cach a by
12 d6 rong cua rao. D rong rao lam ting hodc giam kha nang xuyen ham gilra cac gleng
Trong phan nay tim hiéu anh hudng cua sy thay doi do rong rao dén cac mirc ning luong.

Co hoc lrong tir da dan dugc biéu thirc gan ding ciia hé sb truyén qua [2]

TaT, exp{—%q,bm(vo —E)] )

trong do T 1a hé so truyen qua, d d¢ rong rao, V, do séu giéng, E ‘nang lugng téi. Cong
thirc (2) cho thay hé s6 truyén qua T giam rat nhanh theo quy luat ham sé mii khi d tang

Vi vy néu do rong rao 16n kha nang xuyén ham gitra cac giéng 1 rit bé va céc g1eng dugc
xem nhu dc Iap voi nhau [3][6], nhu-ng khi d6 rong rao du nho thi co sw xuyén him giira céc
giéng va c6 sur tuong tdc nang luqng gura céc mirc dinh xir bén trong giéng [4].

Xét hé gleng lugng tir ¢6 céu triic bén gleng tuan hoan 10nmGaN /2 / .../ 2 / 10nmGaN,
do rong giéng Ing;sGaossN khong doi va bang 2nm, thay d6i do rong cua rao GaN (khoang
cach giita hai giéng) tir Inm dén 10nm. Két qua tinh dugc thé hién & Hinh 3 va Bang 3. Két
qua cho thdy véi vat liéu di chon khi d§ rdng rao trong khoang tir Inm dén 5nm cac mirc nang
lugng twong (g véi d6 rong rao iy khac nhau dang ké. Véi nang lugng cua electron & viing

dan (Hinh 3a) d6 chénh léch giita mirc thir nhét va mirc thir bén khi rio rong 1nm 1a AEe =
Eey(1) - Ee|(1) =0.1047eV, va khi rao rong 5nm 1a AEe = Eey(5) - Ee,(5) = 0.001eV. Tuong

tu, d§ chénh léch nang luong dich chuyén viing vung ¢ mic 1-1 va mirc 3-3 (Hinh 3b) tmg vai
dd rong rao Inm va Snm 1an luot 12 0.0816eV va 0.0008¢V. Néu nhur do rong rao 16n hon 5nm
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céc mirc nang lugng gin nhu tring nhau va khi d9 rng rao bé hon 5nm cic mirc nang luong
trong giéng thay doi dang ké.
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Hinh 3. Su thay déi cac mirc nang lwrong khi dd réng rao thay ddi, céc mirc tach ra khi d6 rong rao nhod
hon 5nm. (a) Cac mic ning luong cua electron ¢ ving dan. (b) Nang luong dich chuyén ving ving cuia
electron - 16 trong ndng & mirc 1-1 va mirc 3-3 (Ee,_hh, va Ee;_hhj).

Bang 3. Su phu thudc ning lugng viing din va nang luong dich chuyén vung ving vao do
rdng rao.

DJ rong rao 1 2 3 4 5 6 8 10
(nm)

Ee, (eV) 1.5053 | 1.5346 | 1.5445 | 1.5479 | 1.5490 | 1.5493 | 1.5495 | 1.5495

Ee4 (eV) 1.6100 | 1.5671 | 1.5549 | 1.5512 | 1.5500 | 1.5497 | 1.5495 | 1.5495

Ee;_hh; (eV) | 2.9409 | 2.9789 | 2.9911 | 2.9950 | 2.9962 | 2.9966 | 2.9967 | 2.9967

Ees_hhs(eV) | 3.0225 | 3.0042 | 2.9990 | 2.9974 | 2.9970 | 2.9968 | 2.9967 | 2.9967

Vi vay thay doi do rong rao la mot trong nhirng cdch lam thay ddi cac mirc nang lugng
trong hé giéng lugng tir va dic biét 1a ¢6 thé lam cho céc mirc nédng luong trd thanh gian doan
hoéc tao thanh dai ning lugng.

2.3 D) rong giéng

Co hoc lugng tir da suy dugc cong thirc tinh cac mirc ning lugng trong giéng chir nhét siu
v0 han [2]

232
~°h°
E =n*—— 1= 1,2,3, . (3) trong do
) 2ma”
a la d6 rong giéng.

Vay dbi voi gleng chir nhat sau vo han, nang lugng trong g:eng ti 1€ nghich véi binh
phuong do rong gieng. Tuy cong thirc nay khong con chinh xac déi voi gleng chir nhat sau hitu
han nhung cung cho thay sur phu thudc cua cac mirc nang luong vao d6 rong giéng.

Xét hé giéng lLrO'ng tir co cdu tric nim giéng tudn hoan, do 1ong rao GaN dugce giir khong
déi va bang Snm, d6 rong giéng IngsGao, ssN thay déi tir Inm dén 20nm. Két qua cho ¢ Hinh 4
va Bang 4, trong Hinh 4a mirc nang lugng d4u tién cia ba dai ¢ ving dan, trong Hinh 4b ning
lwong dich chuyén ving viing & mirc 1-1 ciia electron - 13 tréng nang.

Trang 45




Nang luong (cV)

-
w

) ~
=]

S

acience & Technology Development, Vol 11, No.02- 2008

| Eetnt |

| —
= 4

Muctcuadait| | 36!
\ —MmIcmdaZ 1 |
4 Muc1cmdai3‘ |

'i ; ——Ec I =

f

Nang luong (cV)
w
=

I

15} . b ] |

w

0 0 2 4 6 8 10 12 M B 2

Do rong gieng (nm) Do rong gieng (nm)
: e i Dy b)
I-[mh 4 Su anh huéng cia dg rong gieng lén cic mirc ndng lugng. (a) Mirc ning lugng dAu tién cua ba
dai ¢ ving dan. (b) Néng lugng dich chuyén ving ving & mic 1-1 ciia electron - 13 tréng ning (e, _hh,).

Két qua tinh & Bang 4 cho thiy céc mirc ning lrgng thay dbi dang ké khi thay doi d6 rong
giéng. Su chénh 1éch mirc ning lwong dau tién cta dai mét & ving dan trong trudng hop giéng
rong 'lnm va 15nm la AEe = Ee((1) - Eey(15) = 0.2789¢V, tuong tw véi ning lugng dich
chuyén ving ving & mirc 1-1 cla electron - 16 tréng ning 1a AEe hh = Ee, hh(l) -
Ee,_hhy(15) = 0.394eV. Vi vit liéu nay ning lugng thay dbi dang ké nhét trong khoang thay

dbi cua do rong Qlem-z tir Inm dén 5nm. Khi do6 rong meno 16m cac mire niang 1|rrrpa sit lai va

tao thanh cac mirc hen tuc. BJ rong g1eng giam iam cac mic ning lu'qng tang Nhu vay do
rong gleng lam thay d6i rit manh dén cac muc nang lugng trong giéng va né la mot yéu t6
chinh dé diéu chinh cac mirc ning luong trong h¢ gi€ng lugng tir.

4 6 g 10 12 4

=1
X1

16

Bing 4.Sy thay ddi cac mirc nang lugng khi thay ddi do rong gieng.

Do rong giéng (nm) 1 2 3 5 8 - 10 15
Mirc 1 & dai 1(eV) | 1.6702 | 1.5483 | 1.4862 | 1.4335 | 14070 | 1.3995 | 1.3913
Mirc 1 & dai 2(eV) | 1.8281° | 1.8213° | 1.7404 | 1.577 | 1.4766 | 14473 | 14146

Ee; hh, (eV) 3.1748 | 3.0047 | 29194 | 2.845 | 2.8057 | 2.7942 | 2.7808

(*) Electron vuegt ra khoi giéng.

2.4 S6 giéng, 9 réng rao va d@ rong gieng
O nhitmg phan trén da xét den céu tric g1eng 1a tudn hoan va lan luot khao sat timg yéu to

so gleng, do rong rao, do rong giéng. Trong phan nay ching t6i s€ thay d6i dong thoi ca ba yéu
t6 s6 gleng, d rong rao va do rqmg gieng trong céu tric khong tuan hoan.

S6 giéng khong lam thay déi dang ké cac mirc ning 1u'orng trong hé giéng c6 cdu tric tuan
hoan nhung né c6 vai tro quan trong trong viéc diéu chinh cac mirc nang 1u'Q'ng trong hé gleng
khong tuan hoan. Tir cong thire (3) cho thay néu hé 1a mot gleng chir nhat va do rong gleng du
nho thi khoang céch gifra cac mirc nang lugng khong thé bang nhau. Khi hé 1a nhiéu giéng véi
céu tric tuan hoan cac muc s& tap trung thanh dai ndng luong (Hinh 6a) [8], nhung trong
trudng hop hé co cau trac khong tudn hoan cac mirc sé tach ra. Bang cach chon d¢ rong gieng,
do rong rao, sb giéng c6 the dieu chinh dugc khoang cich gilra cac mirc nang luqng O day
ching t6i chon dd rong giéng, d6 rong rao, sb giéng (Bang 5) dé khoang céch giira ba mirc
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nang luqng Ei, E;, E; 1 baug nhau (Eg -E =E;- Ez) Két qua tinh du'orc trmh bay ¢ Hinh 5.
Tir két qua nay cho thdy viéc thay ddi do rong giéng, do rong rao, s6 gleng da co thé diéu
chinh dugc khoang cach giira cdc mirc nang lugng trong gleng nhu mong mudn.
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Hinh 5. Hé ba gleng ¢6 céu tric khéng tudn hoan, phén in d4m 13 d6 rong giéng. Chon dd rong giéng,
do rong rao, sb giéng dé khoéang cich gilra ba mirc E,, E,, E; 12 nhu nhau. (a) Vit liéu Al 43Ing 5As (réo)
/ Ing 53Gag 47As (g:eng) (b) Vit liu Aly3Gay;As (rao) / GaAs (giéng).

Bang 5. Thay d6i do rong giéng, do rong rao va s6 giéng dé khoang cach giira cac miic nang
luong 12 bang nhau.

Néng lm,mg (CV) E[ Ez E3 Ez - E| E3 - Ez
Hinh 5a 0.088036 0.15218 0.21579 0.0641 0.0636
Hinh 5b 0.05066 0.126 0.20188 0.0753 0.0759

2.5 Pién tru'(’mg ngoai

Trong mot hé giéng véi cAu tric nhiéu giéng tudn hoan, khi chua cé dién trudong ngodi céc
mitc ning luong tao thanh cac dai ning lugng, khi ¢ dién truong ngoai né lam mé rong cac
dai nang luong va khi dién truong du manh cic mirc ning lwong trong dai dugc tach thanh cac
murc riéng blet khi 4y mirc thir nhat cia giéng ndy c6 thé s& tring v6i mire thir hai cia giéng
ké can va diéu nay tao nén su cong hudng.

Xét mot hé gam nim giéng voi cAu tric tudn hoan 20/ 9.4 / 10 /9.4 / 10... / 20, phan in
dam 1a do rong giéng GaAs, in thudng la do féng rao AlO 38Ga0.62As. Dién truong F =
55KV/cm sé€ tao nén cong huo*ng giita mirc thir nhat cua giéng nay v6i mire thir hai cia giéng

ké can. Trong Hinh 6a méi dai gom nim murc, do rong dai thir nhét, thtr hai lan luot 1a AE,=
0.00001eV, AE,= 0.00018¢V, & Hinh 6b tir bén phai qua, mirc thir hai ciia giéng thir nhat
E12 = -0.42167eV, mirc thir nhat cua giéng thir hai E21 = - 0.42145eV, hai mirc nay duoc
xem nhu tring nhau va géy nén sy cong hudng. Tuong tu cho muc tha hai cua gleng thir hai
E22 =- O 31497eV trung véi mic thir nhat cua giéng thir ba E31 = - 0.31475¢eV... Néu nhu ¢6
su chuyén doi electron tir muc thir hai vé mirc thir nhat va phat ra mét photon mang nang
luong E2 - E1 = 0.1065¢V, electron nay lai xuyén ham qua giéng ké can, qua trinh ndy duoc
13p lai nhiéu 1an va nhu vy mét electron c6 thé phat ra nhiéu photon cé ciing mét nang lugng.
Day 1a nguyén ly co ban cia Quantum Cascade Laser.
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Qua két qua tinh to4n cho thay, néu giit F = 55KV/cm va thay déi do rong ctia hé giéng
trén thi khéng con cong huong. Dé c6 cong hudng, dién trwong phai du 16n va do rong rao,
giéng phai thich hop véi dién truong do.
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Hinh 6. (a) Xuyén hdm gii¥a cic giéng trén cling mt dai nang lugng. (b) Dién truong manh c6 thé gy
ra cong hudéng giita mirc ning luong cia giéng nay véi mirc ning luong ciia giéng ké can.

3. KET LUAN

Chung t5i da str dung hé giéng luong tir co céu tric, nhleu giéng voi nhirng c@p vat liéu
khac nhau va dung phuong phép FD de khao sat cac yéu to anh huong dén cic mic nang
luong trong hé giéng luong tir nhu : ) gleng, do rong rao, do rong giéng, dién truong ngoai va
rut dugc nerng két luan sau

+) Trong sb cac yéu té lam thay dbi cac mirc cac mirc nang luqng trong hé g:eng thi yeu t6
do rong giéng lam thay d6i nhiéu nhat. Tuy nhién, nhimg yéu t6 con lai cung gitr mot vai tro
rt quan trong. Néu do rong rao nho thi kha néng xuyén ham gu.ra céc giéng s€ 16n cac mirc
nang luong trong hé gieng thay d6i dang ké. bién truo*ng ngoai lam m¢ réng céc dai ning
luqng va c6 thé 1am cho mirc nang luong cia giéng nay tring véi mirc ning luong cua giéng
ké cén va tao nén su cong hudng.

+) Neu mudn thu duogc dai nang lugng cé n mirc gan nhu tring nhau thi sir dung hé n
giéng véi cdu tric tuan hoan,

+) Hé nhiéu giéng luong tir cd cau tric khéng tudn hoan cho ta phd ning luong gidn doan
va c6 thé diéu chinh dugc cic mirc ning lugng.

Nhu vay tiy theo muc dich khéc nhau ma ngudi sir dung cé thé diéu chinh cac yéu t6 néu
trén dé c6 dugc cac mirc nang lugng nhu mong mudn ddi véi loai vat liéu ma nguoi st dung
da chon.
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THE EFFECT OF SOME CONSTITUENT
ON THE ENERGIES IN QUANTUM WELL SYSTEMS

Bui Trung Thanh, Le Khac Binh
University of Natural Sciences, VNU-HCM

ABSTRACT: By finite difference method, the Schrodinger equation with different
effective masses in different layers of some quantum well systems is solved. From this, the
effect of number of wells, barrier width, well width, electric field on energies in quantum well
systems are investigated. -
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