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MQT SO YEU TO ANH HUONG PEN NANG LUQNG TRONG HE GIENG
LUQNG TU

Bui Trung Thanh, L&éKhic Binh
Truong Bai hoc Khoa hoc Ty nhién, PHQG-HCM

1.GIOl THIEU

Giéng luong tir dang dwoc quan tam nhiéu va dugc tng dung trong nhiéu linh vuc nhit 1a
quang dién tir nhu diode phét sang (LED), diode laser, quantum cascade laser... do phd ning
lwong cua giéng luong tur 1a gidn doan va co thé thay dbi duoc.

Trong bai "Nang lugng va ham song cua giéng luong tu", ~chlng toi sir dung phuong phap sai
phan hitu han (FD) dé tim nang lwong va ham sdng cua hé giéng lugng tu bang cach giai phuong
trinh Schrédinger trong d6 c6 tinh dén khéi lugng hiéu dung ciia hat dan thay doi khi di qua cac
vat liéu khéac nhau
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Trong bai nay, chung tai tim hiéu anh huong ciia nhirng yéu té nhu sb giéng, do rong rao, do
rong giéng, dién truong ngodi dén nang luong caa hé giéng lugng tir.
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Hjnh 1 Nang qung V{::l ham sdng cua electron Eey, 15
trong nang Ehhy, 16 trong nhe Elh; trong hé hai giéng
luong tur.

2. KET QUA VA NHAN XET

Chu trdc ciia h¢ giéng luong tir dugc xét dén la cau tric nhiéu giéng voi hai vat ligu (vat ligu
lam rao vavat liéu lam giéng). Trén Hinh 1 h¢ gom hai gleng, trong d6 alado rong giéng, b 1ado
rong rao, Eg, Eg, 1an luot 1a do rong ving cim caa giéng va rao, mic nang luong thir nhét Eey
ctia eectron ¢ ving dan, mirc nang lugng thir nhat Ehhy, Elhy ciald tréng nang vald tréng nhe o
vuing hoa tri. Trong bai ndy céc dir kién ding dé tinh toan duoc cho ¢ Bang 1 [1][3][4][5][9], do
rong giéng, rao duoc tinh bing nm, niang lwong dugc tinh bang eV .
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Tu phuong trinh (1) tanhan thiy khi thay dbi dién truong ngodi, do rong rdo, do rong giéng...
dugc thé hién quathay doi thé V, thay doi tong chiéu rong rao vagiéng [8] dan dén nang luong E
vaham séng y trong phuong trinh (1) s3 thay doi.

Bang 1. B rong vang cim, khéi luong hiéu dung vado dich viing dan caa mot sb vt liéu.

Vatliéu Eg (eV) m’; m;h mTh D Ec(ev)
GaAs 1.424 0.0637 0.5 0.087
AlGa.As | 1.424+1.247x | 0.0637+0.083x | 0.50+0.29x | 0.087+0.063x | 0.67DEg
(x<0.45)
1Ng53Gag47AS 0.044 0.52
INg50A I 048AS 0.076
GaN 34 0.19 0.6

m nhan véi my = 9.1 10%%kg.

Chuing t6i s& 1an luot xem xét dén nhitng yéu tb ké trén vabat dau tir viéc thay ddi sb giéng.

2.1 Sb giéng

Do h¢ giéng duoc xét 1ahg nhiéu giéng co ciu tric tuan hoan nén cac muc nang luong s2 tap
trung thanh cac dai nang lugng [8]. O day chung toi chi xét mirc nang lugng dudi clng ¢ ving
dén‘ muc Ee \(a muc trén cung ¢ vung hoa tri mac Ehhy, Elhy cua dai mot. Xét hé c6 cau trac
nhicu gieng tuan hoan 10/3/5/3/5.../ 10, phanin damlado rong gieng GaAs, in thuong 1ado
rong rao AIOAZGaO_sgAs, xem su thay déj cﬁ,acéc muc néngﬂlu:qng Ee., Ehhl, Elh; & vung danva o
vung héatri thay doi nhu thé nao khi s6 giéng duoc thay doi tir 1 cho dén 10.

Béang 2 Su thay ddi cac mirc niang luong khi thay ddi sb giéng.

Sb giéng 1 2 3 4 5 7 10
Ee, (eV) | 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 | 16155 | 1.6154
(eV)
Ee, Ihy(eV) | 1.6651 | 1.6585 | 1.6559 | 1.6547 | 1.6540 | 1.6533 | 1.6530

Két qua dugc thé hién trén Hinh 2 vatir Bang 2 cho thay, d6 chénh léch ciia mirc nang lugng
ciia electron ¢ viing dan trong truong hop 1 giéng va 10 giéng la DEe = Eey(1) - Eey(10) =
0.0041eV. Tuong tu cho nang lwong dich chuyén ving ving ¢ mirc 1-1 cua electron - 15 tréng
ning, electron - 15 tréng nhe D Ee hh = Ee,_hhy(1) - Eel_hhl(lo) = 0.0043eV, DEelh= Ee,.

_Ihy(2) - Ee;_I(10)= 0.0121eV. Nhu vay viéc thay ddi sb giéng khong |am anh huéng dang ké
dén mirc nang lwong Eey;, Ehhy, Elh, trong viing dan va trong vung hoa tri. Do cac muc nang
lugng tap trung thanh cac dai va cac muc trong mdi dai gan nhu tring nhau (Hinh 6a) (8], nén
thay doi so giéng khdng 1am thay doi dang ké cac mirc nang luong trong dai mot & viing dan va o
vung hoartri.
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Hinh 2. Sy phu thudc caa nang luong vao sd giéng. (a) Mirc nang luong thir nhét caa electron &
vuing dan (Eey). (b) Ning luong dich chuyén ving vung & mirc 1-1 caaelectron - 13 tréng niang
(Eer.hhy) va caaelectron - I8 tréng nhe (Ee.lhy).

22Porongrao

Khi h¢ 1a nhiéu giéng thi phai xét dén khoang c&ch giita cac giéng va goi khoang cach dy l1a
do rong cua rao. B rong rao lam tang hodc giam kha nang xuyén ham gitra cac gieng. Trong
phan nay tim hiéu anh huéng caa s thay doi do rong rao dén cac mirc nang luong.

Co hoc lugng tir d& dan duoc biéu thirc gin ding caa hé sb truyén qua[2]

: o
T» T, exp%- F,/Zm(vo- E)E 2

trong d6 T 1a hé sb truyén qua, d d6 rong rdo, V, do sau giéng, E nang luong téi. Cong thirc
(2) cho thiy hé sb truyén qua T giam rat nhanh theo quy luat ham sé mii khi d tiang.

Vi vay néu do rong rao 16n kha nang xuyén ham gitta cac giéng la rat bé va céc giéng duogc
xem nhu doc |ap véi nhau [3][6], nhung khi do rong rao di nho thi co sy xuyén ham giita cac
giéng va co sy tuong téc nang luong gitra cac mic dinh xi bén trong giéng [4].

Xét h¢ giéng luong tir c6 cau trlic bon giéng tuan hoan 10nmGaN / 2/ .../ 2/ 10nmGaN, d6
rong g|eng INo.15Ga0esN khong d6i vabang 2nm, thay dbi do rong caardo GaN (khodang cach gitra
hai giéng) tir Inm dén 10nm. Két qua tinh dugc thé hién & Hinh 3 va Bang 3. Két qua cho thy
Vvéi vat liéu da chon khi do rong rao trong khoang tir Inm dén 5nm céc mic ning luong twong
{rng véi d6 rong rao ay khéac nhau dang ké. V6i nang lugng cua electron ¢ ving dan (Hinh 3a) do
chénh léch gitra mirc thir nhat va mac thir bdn khi rao rong 1nm 1a DEe = Eey(1) - Eey(1) =
0.1047eV, vakhi rao rong 5nm la D Ee = Eey(5) - Ee(5) = 0.001eV. Tuong tu, do chénh léch
niang luogng dich chuyén ving viing & mirc 1-1 va mirc 3-3 (Hinh 3b) @ng véi d6 rong réo 1nm va
5nm lan luot 14 0.0816eV va 0.0008eV. Néu nhur d6 rong rao 16n hon 5nm cac mic nang luong
gan nhur triing nhau vakhi do rong rao bé hon 5nm cac mirc nang lugng trong giéng thay doi dang
ké.
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Hinh 3. Sy thay d6i cac mirc nang lugng khi do rong rao thay doi, cac mic tach ra khi d6 rong rao nho
hon 5nm. (a) Cac mirc nang luong cia electron ¢ ving dan. (b) Ning lugng dich chuyén vang ving caa

electron - 15 tréng nang & mirc 1-1 va mic 3-3 (Ee,_hh; vaEe;_hhy).

Biang 3. Sy phu thudc nang lugng ving dan va ning luong dich chuyén viing ving vao do rong

rao.
Do rong rao 1 2 3 4 5 6 8 10
(hm)
Ee; (eV) 15053 | 1.5346 | 1.5445 | 1.5479 | 1.5490 | 1.5493 | 1.5495 | 1.5495
Ee, (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
Ee; _hhg(eV) 3.0225 | 3.0042 | 2.9990 | 2.9974 | 29970 | 2.9968 | 2.9967 | 2.9967
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Vi vay thay dbi d6 rong rao la mot trong nhitng cach |am thay ddi cac muc nang lugng trong
hé gieng luong tir vadac biét 1a cd thé lam cho cac mirc nang luong tré thanh gian doan hoac tao
thanh dai nang lugng.

2.3Pj rong giéng

Co hoc lugng tir ¢4 suy dugc cong thirc tinh cac mic nang luong trong giéng chir nhat sau vo
han [2]

2 PN *h?
2m a’

E =n

n

n=123,... (3) trong @6 ala

d6 rong giéng.

Vay do| véi giéng chit nhat sau vé han, nang lugng trong g|eng ti 1é nghich vai binh phuong
do6 rong gleng Tuy cdng thirc ndy khong con chinh xé&c di vai gieng chir nhat sau hitu han nhung
ciing cho thay s phu thudc caa cac mic nang Iuong vao do rong gieng.

X ét hé giéng luong tu co ciu trdc nam giéng tudn hoan, do rong réo GaN duoc gitr khong doi
va bang 5nm, do rong g|eng Ino, 1563085N thay ddi tor 1nm dén 20nm. Két gua cho ¢ Hinh 4 va

Bang 4, trong Hinh 4a murc nang luong dau tién caa badai ¢ vung dan, trong Hinh 4b niang luong
dich chuyén viing viing & mic 1-1 cia electron - 16 trong nang.
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a b
Hinh 4. Sy anh huéng cfza d6 rong giéng |én cac mirc nang luong. (a) Mirc nér)19 lugng dau tién caa ba dai

& vung dan. (b) Nang luong dich chuyén ving viing & mirc 1-1 caa electron - 15 tréng nang (e,_hhy).

Két qua tinh & Bang 4 cho thiy c&c mirc nang lugng thay doi dang ké khi thay doi do rong
giéng. Sur chénh léch mirc nang luong dau tién cua dai mot ¢ vang dan trong truong hop gleng
rong 1nm va15nmla D Ee = Ee (1) - Eey(15) = 0.2789eV, tuong tu véi niang lwong dich chuyén
viing ving & mirc 1-1 cua electron - 15 tréng nang 1a DEe hh = Ee;_hhy(1) - Ee,_hhy(15) =
0.394eV. Véi vat lieu nay nang lugng thay ddi dang ké nhét trong khoang thay déi caa do rong
giéng tir 1nm dén Snm. Khi do rong gieng 16n cac mic nang lugng sit lai va tao thanh cac mic
lién tuc. DY rong giéng giam lam cac mirc nang luong tang. Nhu vay do rong gleng |am thay doi
rat manh dén cac muc nang lugng trong gieng va né la mot yéu té chinh dé diéu chinh cac mic
nang lugng trong h¢ gieng luong tur.

Bang 4.Sy thay doi cac mirc nang luong khi thay doi do rong giéng.

Do rong giéng (nm) 1 2 3 5 8 10 15
Maclodai 1(eV) | 1.6702 | 15483 | 1.4862 | 1.4335 | 14070 | 1.3995 | 1.3913
Muac 16 dai 2(eV) | 1.8281° | 1.8213° | 1.7404 | 1577 | 14766 | 1.4473 | 1.4146

Ee, hh; (eV) 31748 | 3.0047 | 29194 | 2845 | 2.8057 | 2.7942 | 2.7808

(*) Electron virot ra khai giéng.

2.4 S6 giéng, @6 réng rao va dd rong giéng
O nhitng phan trén da xét dén cu triic giéng 1a tuan hoan va lan luet khao sét ting yéu té s

gleng d6 rong rao, do rong g|eng Trong phan nay ching tdi s3 thay ddi ddng thoi ca bayéu tb sb
gieng, do rong réo va do rong giéng trong cau tric khdng tuan hoan.

S6 giéng khong lam thay doi dang ké cac mitrc niang lugng trong hé giéng c6 cu tric tuan
hoan nhung no c6 vai tro quan trong trong viec diéu chinh cac mac nang lugng trong hé giéng
khéng tudn hoan. Tir cong thuc (3) cho thdy néu hé 1a mot gleng chir nhat va do rong g|eng du
nho thi khoang cach gitta cac mac nang luong khong thé bang nhau. Khi hé 1a nhiéu giéng véi
cau trdc tuan hoan cac mirc ¢ tap trung thanh dai nang lugng (Hinh 6a) [8], nhung trong truong
hop h¢ co ciu tric khong tuin hoan céc mirc s3 tach ra. Bang cach chon d6 rong giéng, do rong
réo, sb giéng co thé diéu chinh dugc khoang céch gitra c&c mirc nang luong. O day ching téi chon
do rong giéng, do rong rao, sd giéng (Bang 5) dé khoang cach giita ba mirc nang luong E;, Es, Es
| bang nhau (E, - E;» Es - Eo). Két qua tinh duoc trinh bay ¢ Hinh 5. T két qua nay cho thay
viéc thay d6i do rong giéng, do rong reo, sb g|eng d& co thé diéu chinh duoc khoang céch gitta
cé&c mirc nang luong trong giéng nhur mong mudn.
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Hinh 5. He bagiéng co cu tric khong tuan hoan, phan in dam1ado rong giéng. Chon dé rong giéng,
d6 rong rao, so giéng dé khoang céch gittaba muc E;, E,, Ez lanhu nhau. (a) Vit I[éu Al gl NosAS (rao)
[ Ing53Gag 47AS (gieng). (b) Vat liéu AlgsGag7As (rao) / GaAs (giéng).

Béng 5. Thay doi d¢ rong giéng, dé rong rao vasd giéng dé khoang cach giira cac mirc niang
lwong la bang nhau.

Néng IlIQ'ng (eV) E: E, Es E-E E;-E
Hinh 5a 0.088036 0.15218 0.21579 0.0641 0.0636
Hinh 5b 0.05066 0.126 0.20188 0.0753 0.0759

2.5Pién trwong ngoai

Trong mot hé giéng voi ciu trac nhiéu giéng tuan hoan, khi chua co dién truong ngodi cac
muc nang luong tao thanh céc dai nang lugng, khi ¢ dién truong ngoai N6 lam mo rong cac dai
nang lugng va khi dién treong dt manh ca&c mic nang lugng trong dai dugc tach thanh cac mirc
riéng biét, khi 4y muc tha nhit cua giéng ndy c6 thé s3 tring voi mie thir hai caa giéng ké can va
diéu nay tao nén su cong husng.

Xé mot hé gdm nam giéng véi cAu tric tuan hoan 20/ 9.4/ 10/ 9.4/ 10... / 20, phan in dam
lado rong giéng GaAs, in thuong 1ado rong rao Al0.38Ga0.62As. Pién truong F = 55KV/cm sé
tao nén cong huong gitta mirc thir nhat caa giéng ndy véi mirc thir hai ciia giéng ké can. Trong

DE, _

Hinh 6a mdi dai gdbm nam muc, do rong dai tha nhat, the hai 1an luot & = 0.00001eV,

DE,_ 0.00018ev, & Hinh 6b tir bén phai qua, mac th hai caa giéng thir nhét E12 = -

0.42167eV, mirc thir nhat caa giéng thir hai E21 = - 0.42145eV, hai mirc ndy dugc xem nhu
tring nhau va gy nén sy cong huong. Tuong ty cho mirc thir hai cua giéng tha hai E22 = -
0.31497eV tring véi mic thir nhit cua giéng thir ba E31 = - 0.31475€V ... Néu nhu c6 s chuyén
doi electron tir mirc thir hai vé mirc thir nhat va phéat ra mot photon mang niang luong E2 - E1 =
0.1065eV, electron ndy lai xuyén ham qua giéng ké can, qua trinh ndy duoc lap lai nhiéu lan va
nhu vay mot electron c6 thé phét ra nhiéu photon c6 ciing mét nang lwong. Pay 1a nguyén |y co
ban cia Quantum Cascade Laser.

Qua két qua tinh todn cho thiy, néu git F = 55KV/cm vathay ddi d6 rong caa hé gleng trén
thi khéng con cong huong. Bé ¢ cong hudng, dién truong phai da lén vado rong réo, giéng phai
thich hop vai dién truong do.
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a) b)

Hinh 6. (a) Xuyén ham giira céc giéng trén cling mot dai nang lugng. (b) Bién truong manh c6 thé gay ra
cong huong gitra mac nang lugng caa giéng ndy véi mirc nang luong caa giéng ké can.

3. KET LUAN

Chiing t6i d& sir dung hé giéng luong tir co cau triic nhiéu giéng véi nhirng cap vat ligu khac
nhau va dung phuong phap FD de khao sét c&c yéu té anh huong dén cac mirc nang luong trong
hé gleng luong tir nhu : 5 giéng, do rong rdo, do rong giéng, dién truong ngodi va rat dugc
nhitng két luan sau

+) Trong sb cac yeu t6 lam thay dbi cac mirc cac muc nang luong trong hé giéng thi yeu t6 do
rong g|eng |am thay ddi nhiéu nhét. Tuy nhién, nhirng yéu t6 con lai cing gitr mot vai tro rat quan
trong. Néu do rong rao nho thi kha nang xuyén ham giira céc giéng s8 lon cac mic nang luong
trong hé giéng thay déi dang ké. Bién truong ngodi 1am mé rong céc dai nang lugng va co thé
|am cho mirc nang lueng cua giéng ndy tring véi mirc nang luong caa giéng ké can vatao nén sy
cong huong.

+) Néu muén thu dugc dai nang lugng c6 n mirc gan nhu tring nhau thi sir dung hé n giéng
VGi cau trdc tuan hoan.

+) Hé nhiéu giéng luong tir c6 cau tric khéng tuan hoan cho ta phd nang luong gian doan va
c6 thé diéu chinh dugc cac mirc nang lugng.

Nhu vay tiy theo muc dich khéc nhau ma ngudi sir dung co thé didu chinh cac yéu té néu trén
dé c6 duoc cac mirc nang luong nhu mong mubn ddi vai loai vat liéu mangudi sir dung d chon.
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