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TOM TAT : Chiing t6i nghién citu dé tdi chudn héa khe ddi (BGR) ciia ddy giéng luong nt
(QWW) dugc kich thich quang hoc bao gém tuong tic Coulomb ciia dién nir-16 tréng va twong
tdc hat tdi véi phonon quang hoc doc (LO). Cdc két qua tinh s& cho ddy lugng tit GaAs trong
pham vi gdn diing gid tinh chimg t3 rang dnh hwdng cila tuong tdc hat tdi-phonon trén BGR
la nho .

1.Mé ddu

Duéi kich thich laser manh 18n céc hé b4n din, plasma dién tir-18 tr6ng d4m dic duge hinh
thanh, khi d6 do c4c hiéu iing tuong quan trao ddi va sy chén ctia tuong tdc Coulomb, nhiéu
tinh chit don hat bi t4i chudn héa, nhu d6 tdi chuén héa khe dai (band gap renormalization-
BGR). Du6i tdc dong cla hiéu ting ndy, din dén hiéu dng phi tuyén quang hoc, hay &nh
hudng 1én phé hip thu va phét xa quang hoc [1-3] . Vi th€ ma BGR giit vai trd quan trong
va duge nhiéu ngudi quan tam nghién citu . Dé tinh BGR chiing ta phéi xdc dinh th€ chén
V,(g,w). Trong hinh thitc luan ham dién moi, thé€ chén cho bdi : V,(q,w) = —‘%% , v6i V(q)
12 the tuong tdc Coulomb trén, £(g, w) 12 ham dién méi. Nhi€u m6 hinh gén ddng khéc nhau
duge sit dung dé khdo sit ham dién méi £(g,w). Gén ding pha ngiu nhién (random phase
approximation-RPA), hay gin ding cuc plasmon (plasmon pole approximation-PPA) da dugc
stt dung dé€ nghién ciru BGR cho céc hé b4n din ba chiéu (3D) va hai chiéu (2D) .

Gén day da c6 mot s6 cOng trinh nghién ciru BGR cho c4c QWW bdn dén [4-8]. Benner
va Haug [4] dd nghién cttu BGR trong PPA v6i gi6i han gin ding gid finh, khong tinh dén
tuong tac hat tdi-phonon, thudng dugce goi 1a gin ding gia finh £g. Hu va DasSarma [5] da
nghién cttu BGR cia QWW duéi anh hudng clia plasmon trong RPA, nhung lai bd qua sy
chin ciia 16 tr6ng. Nguyén Trung Dan va Bechstedt [6] da tinh BGR cia QWW trong PPA
véi gidi han gin ding gia finh, c6 tinh dén tuong téc hat tai-phonon LO va da tim thdy anh
hudng ctia phonon lam thu nhé gid tri tuyét d6i cha BGR. Giiven va Tanatar [7] da tinh BGR
cua QWW trong RPA v6i gidi han gén ding gia tinh. D.B. Tran Thoai va H.T. Cao [8] da
nghién ctru BGR trong gén ding dong hoc véi gidi han PPA. C4 hai bai bdo [7,8] déu tim
thdy anh hudng clia phonon lam téng gid tri tuyét d6i cia BGR .

Chiing t6i nhan thdy, cing su nghién ctu anh hudng ctia phonon 1én BGR, véi cdch ti€p
¢&n gin nhu nhau, déu xét pham vi gén ding gia finh clia cdc cong trinh [6] va [7], nhung lai
tim thdy két qua trdi ngugc nhau, chi c6 két qua cha [7] méi phit hgp véi cich ti€p can dong
hoc chia [8]. Trong bai bédo ndy chiing t6i nghién cttu do t4i chufn héa khe dai cho h¢ QWW
trong pham vi gdn ding PPA v6i gidi han gdn ding gid tinh, nhim trd 13i cau hdi dnh hudng
ctia phonon 1én BGR trong gén ding gia finh c6 phit hgp véi trong gén diing dong hoc khéng
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va vi sao két qua clia cong trinh [6] lai khéc biét véi [7] va [8] .

2. Ly thuyét

Chiing t6i sit dung m6 hinh QWW xudt phét tir mot gi€ng lugng tit (QW) 2D, trong d6
céc dién tir va 16 tréng duge giam nhét trong thé bén parabol theo hudng x véi tdng clia bé
rong dai con toan phin Q. Ching t6i chi xét trudng hop hat tai dinh x& trong di con thdp
nhat. Theo huéng truc ddy QWW c6 chiéu dai L (truc z) hat tai s& chuyén dong ty do .

 Giai phuong trinh Schrédinger cho dao dong tir diéu hda,ta c6 duge ham séng cta hat tai
va bién déi Fourier theo hudng z clia thé tuong tdc Coulomb trin gifta c4c hat tai :

1 : Q % 1,2

47 = oo ] e B o) 0
2 2 2

V()= = Leﬁ’ﬂ%(ﬁﬁ) (h=1) , @

trong d6 p 12 kh6i lugng thu gon clia cap dién ti-16 tréng, K, 12 ham Bessel bi€n dang béc
0 vA £ 12 hing s6 dién moi & tdn 6 cao .

Thé chén V,(g,w) trong hé bén dfn c6 cuc duge x4c dinh bdi twong tdc hat tdi-hat tai va

hat tdi-phonon LO . Trong pham vi gdn ding RPA, th€ chén duge x4c dinh tir phuong trinh
Dyson [1-3]:

Hinh 1: L2 gidn d6 ca th€ tvong tdc bi chdn bdi hat tdi-phonon.

Dy(g,w) 12 ham truyén phonon :

Dy(q,w) =V (q) (1 - Eﬁ)

€0

wi

2 _ 2
w? —wi

Py(g,w) 1a ham phén cuc dugc xédc dinh tir cong thitc Lindhard :

B fitk —q) — fi(k)
Po(k,Q:w) - kz h(w +1id + Ei(k = Q) - Et(k)) ’

Ji=eh
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trong d6 g 12 hing s6 dién moi & tin s6 thép, w;, ia tin s phonon LO khéi clia chét bén din
dang xét, hie'(k) va f‘(k) tucng ling ia néng hegng tu do vA ham phan bd Fermi-Dirac clia

dién tlr, 16 tréng. Tt gidn d6 ciia phuong trinh Dyson (hinh 1), ta nhin duge tric ti€p mot
phuong trinh dai s§ :

_ V(q) + DO(Q:“J)
Valgi) =g [V(g) + Do(q, )] Pe(g, w) =

Thay th€ Dy va P vao (3) ta thu dugc két qua :

ng(Q) V(Q) (4)
500+HL( )+ "ei(Q3w) (Q: (’J) ’

Vilg,w) =

trong d6 I1;(w) 12 ham phéan cyc mang cho bdi :

; €9 — € 2 Ex 9
Hp{w) = s (wr = W)
Wi 0

112, (g, w) 12 ham phén cye dién, duge xdc dinh cong thic Lindhard :

G i 'k~ g) — fi(%)
Hei(@iw)_ €V Q)k%h w+z§+r~"(k q)_ei(k)) ®)

va ¢6 thé Iam don gidn bdi gdn diing cyc plasmon don (SPPA).Lic d6 ta thu dugc :

- 2
7y
11%,(g,w) = —€0o ¥ (q) Po(g, w) = ~ a :
e!(Q7 ‘-‘J) € (Q) U(q w) €oo (w 3 25)2 +w;2:l _ wg

©)

Vi wy t4n s§ plasma mot chiéu, xdc dinh & cong thitc Lindhard trong gi6i han buéc séng

dai va w, cho bdi :

wg — ¢ V(g ; u2‘—wl+ﬂ-+i
T P oy 4p?

x 1& tham s6 chén :

Biéu thitc thé chin (4) c6 thé viét :

f A12 A?l
= )
Ve =V o t e — el @,

trong d6 w; va A;; duge xdc dinh:

w? —w?)? ,
( 9 q) + w_gl(w% - w'f") ) (8)
\
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A wf {wh + wi — w}) — (wiws — wiwl + 2wl — wiw?)

i§(i=12i#1) = w? — w? ' @
§ =g

Chiing ta tinh nang luong riéng cia hat ti trong gin ding th€ chén (shielded potential

approximation): '

Sk _--Zv 4,7 —gqz-7), (10)
qz’
véi :
Gtk 2)= . .,
ol ,Z)_ T he ) an

1 12 thé héa clia dién t, 16 trong.

Trong gin ding gia tinh ta b qua nang lugng giat i (he'(k) - he'(k — ) = 0) ta thu
dugce :

Bk k) = B + B li=eh) (12)

véi : P
5 v (1-2) rie-o) )

a,5!(3#1) ' i

A
.= -;— > {V(CI) ( = ;%5) —V(q)} - ' (14)

g,jl(551) J

Ning lugng riéng trong gdn déng gi finh con cd thé viét :
ik, &' (k) ZV 0,0 f (k-9 +3 Z +(¢,0) = V(9)) - (15)

Do t4i chuén héa khe dai theo dinh nghia :
AE, = ¥2(k = 0,£5(0)) + T*(k = 0,£"(0)) .

Lic d6 ca hai trudng hop gin diing gia tinh c6 tinh dén twong téc hat tai-phonon va gdn ding
gi tinh gy déu cho ta bidu thic

=- Y Vi(g,0)f(q) +ZV 2,0) = V()] . | (16)

g,i=e,h

Thé chén V,(g,0) trong gin ding gia tinh c6 tinh dén tuong tdc hat tai-phonon cho bdl biéu
thic (7) va V(q) cho bdi (2), con.thé chin V,(g,0) trong gén ding gié tinh £o cho boi :

w? .
Vilg,w) = V(q) (1 + (w+ 26;; _ wz) ’
g
trong d6 V(q) duge x4c dinh tit (2) nhung thay €., bdi &g .
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3. Két g4 tinh s& va thao ludn céc két qua

Trong phén ndy chiing t6i tinh todn bing s¢ BGR cho trudng hgp QWW GaAs trong céc
gdn ding gid (inh £¢ va gén diing gia tinh ¢6 tinh dén twong tc hat tai- phonon v@i cdc tham
sd duge st dung 1a : m, = 0. 067mg, my, = 0.45my ( Mo 1a kh6i lugng cta dién tir tv do

) = 0.058my; gg = 13.1 ; = 11.1; g4 = 120 A (ap ban kinh Bohr hi¢u dung ba
chiéu); Ey = 4.6meV ( Ey la néng lugng exciton Rydberg ba chiéu); wy, = 36meV. Trong
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Hinh 2: D¢ tdi chuéin héa khe dai theo néng d¢ hat tai

hinh 2 1a d¢ t4i chufn héa khe dai (BGR) theo néng d¢ hat tii, tai nhiét d6 T = 300K vA
Q! = 10Ey. Dudng lién nét trong (ng v6i ning lugng riéng ciia hat t4i du6i anh hudng ctia lién
két plasmon-phonon trong trudng hop gdn diing gia finh ¢6 tinh dén trong t4c hat té-phonon

» dudng chdm tuong ng véi ning lugng riéng cho hat tdi dudi nh hudng chia plasmon trong
gén ding gid tinh £y ma Benner va Haug da nghién cttu [4].

Ca hai gdn ding déu cho két qua gén nhw déng nhét v6i nhau. Hinh v& khuéch dai trong
gde cta hinh 2 cho thdy dnh hudng clia phonon trong gin ding gi tinh 1am ting gi4 tri tuyét
d6i clha d¢ ti chudn héa khe dai (BGR) va do gia tang ndy, tang lén mot it (so v&i gdn diing
gia tinh gg) khi mat d6 ting lén . K&t qua caa chiing t6i thu dugc khd phd hop véi céc két
qua tinh todn gin ding déng hoc clia cdc tic gia D.B.Tran Thoai, H.T.Cao trong cic cOng
trinh [8] va két qua tinh todn trong gdn ding RPA véi gidi han gin diing gia tinh cla céc
tdc gia Giiven va Tanatar trong cong trinh [7] . Trong khi d6 két qua tinh to4n ciia cdc tic
gid Nguyen Trung Dan va Bechstedt trong cong trinh [6] thi cho trii nguogc lai, nghia 13 dnh
hudng ctia phonon LO khéi 1am gidm kh4 nhiéu gié tri tuyét d6i clia do tdi chuén héa khe
dai (BGR) so vdi trudng hop chi ¢6 anh hudng clia plasmon . S& di ¢6 céc két qua trdi nguoc
trén, theo sy nhén dinh cha chiing t6i 12 do c6 s nhdm 14n trén hinh thic luin caa biéu thic
thé chin va ket qué cia biéu thitc ham dién moi ma céc tic gi4 trong cOng trinh [6] da sit
dung. Trudc hét trong trong biéu thic (2) clia thé Coulomb trin cong trinh [6] d3 dua vio g
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thay vi €4 :

o2 ¢ ¢
Vig=Z K, .
0= Zemn | L] ko (15)
Mat khéc thé chédn trong cong trinh [6] c6 dang :

W,(q,w) = V(g) + Vonlg,w)

17)
e(g,w) (
véi : "
2w} 2w
_ v [ 2¥Lo LO e
Vil ) = (re) (212 Vi) =), ()

trong d6 o 12 hing s6 két cép Frohlich [1,2,9], wyo la t4n s6 cda pionon LO.

Bidu thitc (17) khéc biét qué nhiéu véi biéu thic chudn (4) trong céc cong trinh [1-3] .
Vi su nhim 1dn ndy nén c6ng trinh [6] din dén keét qua tinh s6 trdi nguge nhu chiing t6i da
néu trén .

Vai két qué tfnh toéin cho hiéu s6 do t4i chudn héa trong gén diing gié tinh (AEy) va ghn
diing gié finh g9 (AE°) '

AEg - AEP = 8.1073Fy ~ 0.037meV tai nay = 4.80 ,

=18.10~3E; ~ 0.083meV tai nag = 5.00.
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Hinh 3: Do t4i chudn héa khe dai theo nhiét do

Trong hinh 3 , chiing t6i biéu dién do téi chuén héa khe dai trong hai gin diing gia finh
£o (chi c6 plasmon) va gin diing gi tinh c6 tinh dén twong téc hat tai-phonon theo nhi¢t do.
Ta thdly anh hudng ciia phonon 1am ting gid tri tuyét d6i clia o téi chuén héa.
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3. Két luan :

Keét qué tinh todn trong gdn ddng gid finh c6 tinh dén tuong tdc hat tai-phonon clia chiing
t6i trong pham vi PPA phit hgp v6i két qué cia cong trinh [8] va phit hgp véi két qua gia tinh
trong pham vi RPA clia cong trinh [7] . Chi c6 cong trinh [6] 12 cho két qua tréi nguge véi
cdc coOng trinh con lai .

DY co cha khe dai dudi dnh hudng clia plasmon hay plasmon lién k&t phonon da gii thich
dugc bén chét dich chuyén vé viing do clia phé quang hoc cho hé bén din.

THE BAND - GAP RENORMALIZATION OF PHOTOEXCITED QUANTUM -
' WELL WIRES
Dae Van Cu
ABSTRACT :We study the band-gap renormalization (BGR) of phtoexcited quantum-well
wires (QWWs) including the Coulomb interaction and carrier-LO phonon interaction. Nu-

merial results for GaAs QWW within the quasi static show that the infuence of the carrier-
phonon interaction on the BGR is rather small .
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