CONG HUGNG TU - PHONON TRONG GIENG LUQGNG TU THE
HYPERBOL

LE DINH - TRAN NHU BOI NGOC
Truong Dai hoc Su pham, Dai hoc Hué

Tém tat: Hieu ting cong hudng tit - phonon va st do tim cong hudng tit - phonon
bing quang hoc trong giéng lugng tit thé hyperbol dudc khio sat bang cach st
dung phuong phap toan ti chiéu co lap. Sy phu thuoc cong suat hap thu vao
ning lugng photon duge tinh s6 va vé do thi. T do thi clia cong suat hap thu
nhu 14 ham ctia nang lugng photon, ching t6i thu duge do rong vach phd ciia
dinh cong huéng bang phuong phap Profile. Két qua thu duge cho thay sy xuat
hién cac dinh cong huéng théa man dinh luat béo toan nang lugng va do rong
vach phd ciia dinh cong hudng thay déi theo nhiét do va cuong do tir truong.
T khéa: cong hudng tir - phonon, giéng lugng t1, thé hyperbol, cong suat hap
thy, do rong phd

1. MO DAU

Hién tugng cong hudng tit - phonon (MPR) duge Gurevich va Firsov tien dodn bang
Iy thuyét 1an dau tien vao nam 1961 [1], duge Puri, Geballe va dong nghiép quan sat
bang thyc nghiém vao nam 1963 [2]. Nguon goc ctia cac higu ting MPR 1a sy tan xa
cong hudng dién t1t gay ra béi sy hap thu va phat xa cac phonon khi khodng cach
gitta hai miic Landau bang nang lugng ctia phonon quang doc (LO). Cho dén nay da
c6 rat nhiéu cong trinh nghién cttu vé hién tuong nay trong ban dan thap chiéu véi
cac loai thé giam gitt khac nhau [3, 4, 5, 6, 7]. Tuy nhién, chua c6 cong trinh nghien
cttu hién tuong nay trong giéng luong tit thé hyperbol.

Trong bai bao nay, ching t6i nghién citu vé hiéu tng cong hudng tit - phonon trong
giéng lugng tit thé hyperbol, 1am 16 ban chat clia hiéu tng do tim cong hudng tir -
phonon bing quang hoc (ODMPR). Sy phu thudc do rong phd ciia dinh ODMPR
vao nhiét do va cuong do tit truong ciing dude khao siat bang phuong phap Profile
nhd phan mém Mathematica.

2. BIEU THUC HAM SUY GIAM, CONG SUAT HAP THU CUA GIENG LUONG
TU THE HYPERBOL

Xét giéng lugng tit véi thé giam gitt dang [8]:

V(z) = D[1 — o coth(az)]?, (1)
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trong d6 D, o va o 1a ba thong s6 biéu dién tinh chét ciia thé.

Ning luogng va ham séng ciia electron trong giéng khi tit truong dude dat theo truc
z v6i chuan Landau A = (0, Bz, 0) c¢6 dang [9]:

Ea = ENa + E”a? (2)

trong dé
1
En, = (N, + é)hwc, N,=0,1,2... (3)

*TT2 2 2
E, = D(1+0% - m*U; 2+h(0+naa)
212 (C + nya) 2m*

[e3

, (4)

v6i Uy = 2Do, C = %(1 +4/1+ 8WUO), m* 1a khéi lugng hiéu dung ctia electron.

a?h?

Dé don gian ta ky hieu n, = n, Ny = N, kay = k, Vi ng =n', Ng = N’ kg, = k,, tu
d6 ham song tuong tng la

@) = |N,n, k) = |N, ky)|n), %)
trong do
In) = Yn(2) = M(1 — e720%)0 1 gm208z ; (=n)n[n +<;é(5:£n—;!l)]ne_ O‘”Zj ©)
b %L‘exp“kyym < ! 7:) ()
VOl
— = ; exp | — M x—X
o (z X)—W p[ o :|HN( - ) (8)

O day w, = eB/m* la tan s6 cyclotron ¢6 tam tai X = —k,/(m*w,); ro = (h/eB)"/?;
Hy(z) la da thitc Hermite bac thi N.

St dung phuong phép toan tit chiéu o lap, ta tinh dude biéu thitc do dan tit c6 dang:

_ 1 . * J+ «
o+-(@) =  hw, %:(j;) (@ — we <— Al) + Yalw)’ ®)

trong dé
Ao = (L1 T D)o/ (T e VA Yo(w) = —i(L1Go(@)A L1 T ) /(T ). (10)

Trong giéi han luong tit véi gid thiét tan xa phonon yéu, s6 hang A, c6 thé bd qua
khi so sanh v6i w,. Biéu thiic 7,(w) duge tinh trong trudng hgp tuong tac electron -
phonon quang nhu sau:
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ifya(w) =
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(11)

trong do

N' / ’_ ’_ )
KN v ) _th ’N)e*tL%V N) (t)L%VH N+1)(t> ey N s N
AV = N

N 1')t(N—N/+1)€—tL§\J[\/7—N')(t)Lg\J[\/f—N/—f—l)(t) néu N’ < N,

véi L™ 1a da thic Laguerre lién két,

L (t) = (n!)_lett_md—

—tym+4n
t .

S|EF (N, N' N, N")| = §{h[w + (N — N')w. + (Ex — Ex)/h % w,)},

S[ES (N, N' N, N")| = §{h[w + (N = N — Dw. + (Ex — Ex)/h £ w,]}. (12)
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1 [®7K(N,N'; 1 [ 72t —1)e "
/ TK(N,NV7) 5 7T)dT —/ (r—1e dr.
o (T+4qir5/2)? 2 Jo

o0 2
q7 /
B:/ ———=—K(N,N;71)dq, = = = —_—
o (2 +qd)° 2 (7 +q3r3/2)?
(14)

Cac ham Delta trong (12) ¢6 thé viét lai nhu sau:
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> 6{hlw — we + (Ey — Bw)/h — w,]}
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+00 . En_En’
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ng L n n

— 3 . ?
Khi séng dién tit bién thién theo thoi gian E(t) = > Eg.e ™'e, dat vao he thi bieu
k=1

thitc clia cong suat hap thu tuyén tinh trong mat phang (z,y) c6 dang

P(w) = %EgRe[UJr— (w)] = 2E_hzj ; ’J;|2(ga__w{;;if%(&))’ o

J& = =ie[2(Na + Dhwe/m" ]V hay [jF]” = 2¢*(No + 1) hwe/m".

Biéu thtc giai tich ctia cong suat hap thu duge viét lai thanh

P(w)

_ PE} 5 (Na + 1) (fa = far1)ra(w) (20)

m L (W we) W)

Thay (11) vao (20), ta dugc biéu thiic tusng minh clia cong suat hap thu.
3. CONG HUONG TU - PHONON TRONG GIENG LUONG TU THE HYPERBOL
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Diéu kién do tim cong hudng tir -phonon bang quang hoc c6 dang
(N' = N)hw, = hw + (E,y — E,,) &+ hwio. (21)

Khi diéu kién nay dugc thda mén, electron thurc thien dich chuyén gitta 2 mitc Landau
N, N’ va 2 mic & viing con n, n’ bang cach hap thu hay phat xa mot photon c6
nang luong hw kem theo hap thu hosic phat xa mot phonon quang doc ¢6 nang luong
hwro. Khi khong c6 sy dich chuyén lien viing con thi diéu kién cong hudng ti -
phonon do tim bang quang hoc tré thanh:

(N"— N)hw, = hw + hwio. (22)
Khi khong c6 truong do va khong c6 su dich chuyén lien ving con thi
(N' — N)hw, = +hwro. (23)

Day la diéu kién cong hudng ti - phonon (MPR) dugc chi ra bdéi P. Vasilopoulos va
cong su [10].

Dé tién hanh tinh s6 v& vé do thi d6i véi cong suat hap thy tuyén tinh P(w) cho giéng
lugng tt thé hyperbol, ching t6i sit dung cac thong s6 sau [11]: dién tich e = 1.6 x
1071 C; khoi lugng hieu dung cta dién tit m? = 0.067my = 6.097 x 10732 kg; hang
s6 Planck i = 6.625 x 1073 /27 Js; hing s6 Boltzmann kg = 1.38066 x 1072 J/K;
hing s6 dién moi e = 13.5; do tham dién mai cao tan Yoo = 10.9; do tham dién moi
tinh x¢ = 12.9; nang lugng mic Fermi Fr = 50 meV; nang lugng phonon quang doc
hwro = 36.25 meV; bien do dién truong ngoai £y = 10° V/m, N/ — N = 1.
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Hinh 1: Su phu thuoc ciia cong sudt hap thu vao ndng liong photon ting véi T=300 K,
B=15T.

D06 thi trong hinh 1 mo6 ta st phu thuoc clia cong suat hap thu vao nang lugng photon
tai nhiet do T=300 K, tu truong B=15 T. Tt hinh 1 ta thay do thi ¢6 3 dinh cong
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hudng tuong tng véi cac dicu kién cong hudng sau:

+ Dinh 1 6 vi tri hw = 38.9298 meV théa man dieu kien hw = hw.— (E,,—E,)+hwio,
mo ta cong hudng tit - phonon do tim bang quang hoc c6 sy dich chuyén lién viing con.
+ Dinh 2 6 vi tri hw = 53.4589 meV théa man dicu kien Aw = hw, + hwro, mo ta
cong hudng tit - phonon do tim bang quang hoc ¢6 sy dich chuyén noi ving (n = n').
+ Dinh 3 & vi trf Aw = 30.2153 meV théa man diéu kien hw = hw,., mo ta cong
hudng cyclotron.

Dé khéo sat sy phu thuoc clia do rong vach phd theo nhiét do va tit trudng, ta
chon dinh tht 3 & vi trf 53.4589 meV ting vdi cong hudng tir - phonon do tim bang
quang hoc.
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Hinh 2: Su phu thuéc cia do rong vach pho Hinh 3: Su phu thuéc cia do rong vach pho
cta dinh ODMPR vao nhiét do. cta dinh ODMPR vao tw truong.

Hinh 2 mo t& sy phu thudc do rong vach phd theo nhiét do tng véi gia tri clia tir
truong 1a 15 T. Tit do thi hinh 2 ta thay ring do rong pho tang theo nhiét do. Didu
nay dugc giai thich 1a vi do rong phd cé lien quan mat thiét t6i téc do hdi phuc,
chiing phu thuoc vao tinh chat cu thé ctia co ché tan xa. Do d6, khi nhiét do ting
thi x4c suat tan xa electron - phonon ting, dan dén do rong pho tang theo nhiét do.

Hinh 3 mo ta su phu thudc do rong vach pho theo tit truong tng véi gia tri ciia nhiet
do 14 200 K. Tt dd thi ¢ hinh nay ta thay ring do rong vach phd ciia dinh ODMPR
tang khi tit truong tang. Didu nay c6 thé giai thich 1a khi tit truong tang thi ban
kinh cyclotron gidm, do d6 su giam gitt electron tang lén, xac suat tan xa electron -
phonon quang ting lén. Vi vay, do rong vach pho tang len.

4. KET LUAN

Trong bai bao nay, ching toi da nghién citu cong suat hap thu trong giéng lugng ti
thé hyperbol, khao sat hieu tng ODMPR va do rong vach phd ctia dinh cong hudng
nay. Két qua tinh s6 va vé do thi cho thiy duéi tac dung clia truong ngoai, qua trinh
tuong tac clia electron - phonon gay ra sut chuyén mic nang lugng ciia electron thoa
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méan dinh luat bdo toan nang lugng. Tt do thi mo ta sy phu thuoc clia cong suat hap
thu vao niang lugng photon khi thay ddi gia tri ctia cuong do tit truong va nhiet do
chiing toi thu dugc do thi mo ta sy phu thude do rong vach phd ciia dinh ODMPR
vao cuong do tit trusng va nhiet do. Do thi cho thay do rong pho tang khi tit truong
va nhiét do tang.
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Title: MAGNETOPHONON RESONANCE IN QUANTUM WELLS WITH HYPER-
BOLIC POTENTIALS

Abstract: Effect of magnetophonon resonance and optically detected magnetophonon
resonance in quantum wells with hyperbolic potentials is considered using the isolation
operator projection technique. The dependence of absorption power on the photon energy
is numerically calculated and graphically plotted. From curves on graphs of the absorption
power as a function of photon energy, we obtained resonant peak line-widths as profiles of
curves. Computational and plotted results show that the resonant peaks occurred on the
curves satisfy the law of energy conservation and the line-widths changes with magnetic
field and temperature.

Keywords: magnetophonon resonance, quantum wells, hyperbolic potentials.



