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1. MO DAU

Trong cong trinh [1] céc tdc gid da nghién ciru dnh hurdug cda s6ng dién tir manh khéng bié
diéu lén su hdp thu séng dién tir yéu trong siéu mang. Anh hwéng cda séng dien tir manh bié
diéu theo bién dd 1én sy hip thu séng dién tir y€u ciing di dwoc mot trong céc tac gid trén nghié
cttu trong cong trinh 2] d6i véi ban dan ¢6 ving cim réng . Ciing can nhic lai ring, sé& di ph:
gidi quyét nhirng bai todn nhur viy 1d v} trong thwe t&€ viéc do tryc ti€p hip thu séng dién t
manh (bi€n diéu hay khéng bién diéu) gip nhieu khé khin va dodé trong thwe nghiem ngudsi t
thudng nghién ciru mét cich gidn ti€p dnh hudng cia séng dién tir manh 1én hat tai dién tir d
bing cich st dung séng dién tir yéu véi vai trd “phép chin dodn”. Trong céng trinh niy chin
téi phat trién két qui nghién ciru cda [1, 2] vio viéc xét dnh hwdng clda séng dién tir manh bié
diéu theo bién d6 1én sw hip thu séng dién tir yéu trong siéu mang.

Theo (2, 3| séng dién tir manh bi€n diéu theo bién d6 1a két qud hop nhit cda hai séng:

ﬁ(t)-“— F:l(t)+f2(l):F.ISi!lnlt+ﬁ)Sillﬂgt, (1
trong dé bién do va tan sd ciia ching thda man dieéu kién:
h. b 1
T
1 1
N~ ;Z-(Ql +0;); AQ= Eml ~ | <« 0,
trong dé 1, Af) twong @ng la tan 88 mang va tan s& bién diéu. Tan s3 2 thda man digu kién ca

tan {27 3 1 (r - thoi gian trung binh phuc hdi xung lrong cla dién tir).
Séng dién tir yéu véi tin s8 w ¢6 dang:

E(t) = %{Ee"‘“” + Eevt}, ”
wr > 1.

Mé& rong phrong phép (1, 2 va dp dung nhirng phép gin ding twong tw nhw trong (1, 2 ch
ban din siéu mang, duy chi khic & chd phd ning lwong cida dién ti la phi parabol dic trung ch
siéu mang (5
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- ] = .
ElP) = (B ) 5.8 Bz Pudy (3)

2m
rong d6 z la truc siéu mang; = = 0,1,2,...,: (s : <0 viang “mini") &, - nhirng mirc ning luong
rong hé thé ¢6 lip; A, - nita d6 réng “mini” ving; d - chu ky cida siéu mang. lru ¥ ring ciing
thw trong [1, 2] & diy chiing to1 gidi han xem xét nhirng trurng hop, trong dé séng dién tir manh
hi Anh hwdng 18n xdc sudt tan xa cda dién vk ma khong lam thay déi ndng d6 va nhiét do hiéu
lung cda clning.

Hamintonian cia hé can xem xét c6 dang:

H(t) = H(t) + U = H () + H .+ U, (4)

~diy H., (t) va H,. 1a todn ti ndng lwemg cda dién ok va phonon | U - todan ti ning lrong twong
ac gira chilng:

_— - € - A - <
Huly =) E(P- “A()ay" ay,
r.a
Ha=3" weblb,
i
Bl R : el (e B
(s 2_}_‘1:(/(, ss')all g b + b),

PR R

{
1

EE) . ) 0 . Y . S U (N . o ’ Y
mini"; b1 ova b tromg ding 13 todn ti sinh, hily phonon; we [a tin 58 cda phonon; Uhe véc to A(t)
in hé var =ong dien tdk manh theo hé thire:

2, 0. BT ) 7 s s . i P - >
ong dé a; , a; twong g la todn tik sinh, hiy dién td vai gid xung hrong P trong s - viing

- 1A
Flo = -2,
e ot
['(k, s, 2") 1a thanh phin ma trdn phu thudc co ché tdu xa dién ti - phonon va trong trudmg
yp tan xa dién 1 - phonon am ¢6 dang:

oo

i - . 4 i T — (e 7. 2ne
B{fesia') = f U, £l U (7, R) (7, o' = '_)dmtslk(m;) Pk - =),

reed

P(k.) = / Vi (2)e' 3 da, (5)

N
7 SO0 0 i T G e Ly By
Ya(r, s) = —e v e "z - nd)

! L vfr\, )
=1
diy : ¢;(r, ¢) 12 him sdng cda dién td trong gin ding lién két manh, L - d6 dai chuin héa, N
© chu ky cia siéu mang, ¥.(2) - him séng cda dién ti trong ha thé ¢o lap ma s lip lai cida né
o thanh siéu mang, &; - hdng 6 thé bién dang, h = 1 va p - mit 46 tinh thé.

Twong tic cia hé (4) vdi séng dién tir yéu dwoc biéu didn bing hamintonian:

e R o (6)

a

diy r, 1a ban kinh véc to a - dién tich.
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Trong tinh todn ta sé gi4 thiét ring dién ti khong suy bién chi xudt hién & “mini” ving thij
nhit (s = 0;&, = €,;A, = A, = A) va qud trinh hdp thu séng dién tir y&u chi xdy ra bén trong
cla ving ndy. Bién d6 cia séng dién tir thda man didu kién E, F < (24 /ed), phonon ndm & trang
thdi can bing nhiét va ning lwong cda né nhé hon ning lwong trung binh cla dién ti rat nhiéu

2. THANH PHAN MAT DO DONG

Phwong trinh Liouville cho ma trin mat dé p(t) cia hé ¢é dang:

260 _ (a0 + B2 o0,

véi digu kién ban dau:

p(t = —o0) = p,, = exp{(llh. 5 H)/k-'T} = exp{(w,, T ”)A}’

)§
A= e

trong dé 4, 1a ndng lwong tw do ban dau; H = H(-o00); T - nhiét dé tinh thé.
Nghiém cda (7) ¢6 dang:

t

p(t) = p,(t) + Ap(t) = S(t,—00)p,S(—00,t) + % / de'S (¢, ¢')[H}, p()] S(E,t),

-0

& day

t
S(t,t') = Tyexp( -if H(t"dt"),
’

(T% - todn tir thir tir theo thoi gian).
Trong gin ding tuyén tinh theo H/! ta thu dwoc:

oo

fdt’[l{,‘.(t',t).p..(t)].

= 0oC

1
!

Ap(t) = p(t') — p(t) =

&-diy HM Y t) = S(¢e, EYHES{ 1)

(8

(9

(1C

Trong ghin ding A = (e"’F"’/mﬂs) < 1 thay p(t) — g, va st dung ddng thie Kubo ta ¢6 th

viét (10) tnanh dang sau:
2 ¢
Ap(t) = %i/dA' / dt'* M [H, HL (¢, 0)]e > H,

Y L ” . s » » \ ~ A I3 .
dwra vao biéu thirc ndy ta c6 the tinh cic thinh phin mét dé cida todn tik dong:

Ty = e 3 0P " A0)al"" o,
yioe

3 (P)

i}“(ﬁ) = ap 1
M

(= 1,2,3),
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xuit hién duwdi tdc dung cda séng dién tir yéu:

(AJult)) = Su(6p(t)J,) =
A oo
1 pursy 3 ; - -
e E/fu'[dt'e'”' AL =) Y R o B ¥k (12)

(3} )]

(6 — +0)

¥ diy {...)y = Sp(...p,). Deé thiy ring khi F, = F, = 0(F — 0) céng thirc (12) tré vé cong thirc
Kubo théng thudmg cho db dan dién. Thay H(t) — H.[(t) va H — H,(—o0) (gin ding bic 2 cda
swong tac dién ti¥ - phonon) vao (12) va chi xét dén gin diing bac 2 theo tham 86 nhéd (wr)™! <« 1
;rong chudi khai trien (12) ta thu dwoc:

A o0

1 1 fwt' = At
(AJ{t)) = e dX [dt'e i
it 0
LM B0, )P S (bt + ) [0, LS (1 O (0 Eve ™" s gie (13)
(6 — +0)

Khi ldy tich phan bidu thirc (13) theo t’ ¢ xudt hién bicu thie:

oo

M(t) = /dt'exp[" W (€~ G Fug + - w - 18)J,(@kcos AN(t = ")]‘ )

(1]

rdiy @ = eF/m0?, J(...) - hAm Bessed d&i s& thwc. Ta giéi han trong trwdng hop gin ding: a)
6ng dien tir (1) khong that 1on 1im sao cho |(a. lc)l 1 d¢ khi phan tich ham Bessed theo d8i s8
a chi giir lai trong hé s8 hap thu nhirng s3 hang ty 16 véi (k)X véi L < 2; b) Aw < & (£ - ning
wong trung binh cda dién tid), tir biéu thirc (14) thu duec:

M (t) ~ J,(@k cos Awt)[i({ ~ & Fwp+ Ul —w - tb)] (15)

na phin thwe cda né blng:

wJe( @k cos 6ﬂt)6({ﬁ+g ~ € Fwp + w — w).
Sau khi ldy tich phan theo t’ va A’ tir (13) ta thu dwoc:

(6J.(t)(= ,,(cod) Y. ) = i ]U(k\,s)'l\m(l’ + k.)d - sin P.d)°.

k fin=-o00
(2Ng + Yng (1 - n,T)J,(d'E cos 60)Jy— (ak cos AU)S (&, 5 — € + €0 - w).
B ittt e S (16)

LEPL Y

i kotn=~00
(2N + )n (1~ n,,)J,(aEcosmt)J,_,,(aiécosam)é(qm; - &+ 00 - W)E,.
.c|(nﬂ omegalt +c.c (17)
diy njs Ng 1a ham phdn b8 cin bing cda dién tir va phonon.

A(..:—Iﬂ) e

(AJ:(t)) = (A, (t)(= (AJL(t) = ——— U (k, s a')j k2.
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3. HE SO HAP THU |
Hé 36 hip thu a(w) dién t4 theo cong thirc:

4r
Cy/Xoo

& day 9 1a géc gira E vA truc siéu mang 0., va 0,, - cdc thanh phin tenxo dé din dién. Tir (1€
va (17) ta cé:

alw) =

{a"(w)coszﬁ+a,,(w)sin29}, (12

pAw—r) _
o:a(w) = 2(elS.«:)QE: z |£ (k, s, )] [sin(P—z«&-k,)d»sinP —zd|”

fk fn=-000

(2Ng + ng (1 - nﬁ)[J;"(EEcos AQt) + J,(dk cos AQL)J,- oy Gk cos AQL).

.b(..,7+k—c‘.',;+£ﬂ—w), ‘ “'
oe eAMw— (490
xile - 1
0z (@) = —(~) Z Z o \U(E, 8 ) PRE2NE # Dl ).
pk
[J3(3k cos AO) + J,(dk cos AQe)J,_ oy (dk cos AQNt)syy, ujﬁ(f‘hg — &5 + €01 - W), (2
trong dé: f = 1,2,3,..., nhirng bdi 36 ctia cda (1 va w. Vitrong (19) va (20) ¢ 56 hang ty 16 v¢

8ri1w nén & nhirng di€m w; = fQ ¢6 dinh cdng hwdng photon-photon. Digu lwu y & diy la due

duh hudng cda séng dién tir manh bién diéu theo bién dé hé 56 hidp thu séng dién tir yéu trdr than

ham s3 phu thudc vao thoi gian. Khi 2, = ; (AN = 0) cong thirc (19) vi (20) quay trd vé con

thirc twong ing trong [1] d&i véi trwdng hop séng dién tir manh khong bién diéu (F(t) = F sin (it
Thay ham phan bd n; dang:

2xdn, £alK 2mdn 2 5
= — -E5/KaT _ i ~P] [imk,t i = ;
g mKu.TL,(d,/K“’I‘)c mKnTlu(A/KOT)e Z anln(A/KoT) cosnP.d,

n=>0

(&day : a, =2-6,, va [,(...) - hAm Bessed déi s§ 30) vao (19) va (20). Két qud ta cé:

a(w,t) = a, (w, t)sin*4 + a,, (w,t) cos® 8, (21
véi:
- 2K\T, (1+2cos®¢)Bcos® Aflt 1 6K, T
aJ_(w,t) = ru(.d){[(l"*' o ) PRy (1 Eot]w)(1+—"“‘)—“‘+

Rallve ) . 2cos? @) B cos® 82t 6K,T KoT |2

12 . :

i o AR )} 8(1 — e~w/KiT)q [(1 )(1+ +ﬂ+12(w+n) )
6K,T KoT |2 .

T et 17 o 0 I e s il O P £ 9 i — o= |lw=0}/K.\T Y
b B J R 1‘(1+__|u—n| u(iw—ﬂl) )J(1-e )} (22
._)3:12m)\1 Aal2(A/ K, T) A cos? 6§t L.

G L el e (1+ Allu(A/K..T)){[l =g g )
2KoT 3 cos? AN 2KoT | 1 —¢ - (w+Q}/KoT
e 2]
( " w ) 4y (1+u+n) 1 — e~w/KoT +
B cos? AQt 2KoT | 1 — e~ lw—0l/KoT
+ av (1 "50‘\#)(1"' 'w_nl)—I —c-_w/ﬁ_.}’ (23
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rong 46 : v = N/w, ¥ 12 géc giira F va truc o7, 2,{w) dise xbe dinh béri cdng thire:

dr 2KoT&in ),

apfw) = C\/fm b g I —¢ *).  (v.—van téc im),
1/2 1/2
Arf &= / dzd(z); A = / dzg(z)(1 - cos 2mz);
-1/2 ~1/2
1/2
Ay = f dzd(z){cos 27z — cos’ 27z),
—-1/2
& ¢(z) = i P%(2%(z + n)) - 12 him s6 phu thuéc vio tham s8 cda siéu mang [5].

n=—oo
Két qui tinh ¢8 Ay, A;, A2 phu thudc vio tham 3 b = 2mUyzd? (Up 12 d6 siu cda hd thé)
woe trinh by & bang dwéi day:

b
5 2 10 20 30 10 50
Xi 035 080 097 1,05 1,10 1,14
X 0,14 0,69 092 102 1,09 12
X 003 -029 -043 -049 -0,54 -0,55

2. KET LUAN

Trong phan két luan ching t6i mudn lru y ring:

a) Khi AQ? = 0 cic cong thire (21) + (23) cda hé 5 hidp thu séng dién tir y&u sé chuyén veé
ic cong thirc twong img trong [1] cho siéu mang khi ¢6 mit séng dién tir manh khong bién diéu.

b) Khiw = fQ (f =1,2,3,...,) sé xudt hién céc dinh cong hudng photon-photon trong him
(w,t) ma theo ching t6i trong thuc nghiém c¢é thé quan sit dwgc dé dang.

¢) Sr phu thudc vio th¥i gian cda hé s8 hip thu a(w,t) trong siéu mang cé thé ¢ng dung
m ting d6 sdu xAm nhip cda séng dién tir manh vio siu trong siéu mang. Ciing can nhin manh
ng sw phu thudc cda hé s8 hidp thu a(w,t) vio tin s6 w cda séng dién tir yéu, nhiét 43, bién a6
vi tan 88 {1 clda séng dién tir manh va tham 6 cida siéu mang khdc véi hé 88 hip thy séng dién
r yéu trong bin din & cd hai thanh phin vuéng géc va song song.

Cudi cing ching t6i chan thinh cdm on nhém vat Jy 1y thuyét chit rin khoa vit 1y Trwdng
i hoc Téng hop Ha N&i, cac ban ddng nghiép trong hoi nghi vit 1y 1y thuy&t toan quéc 18n thé
i (DB son 1990) da gép nhiéu y kién qui biu.
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INFLUENCE OF LASER RADIATION MODULATED
BY AMPLITUDE ON THE ABSORPTION OF WEAK
ELECTROMAGNETIC WAVE (EMW)

IN SEMICONDUCTOR SUPERLATTICE.

The absorption of weak EMW by free eletrons of semiconductor superlattice with non-parabalic
energy law in the presence of Laser Radiation modulated by Amplitude is studied. With the suppositi
that modulation frenquency Al considerated to be very small in comparison carrier frenquency (2 ({2
Sw) the absorption coefficient a(w, t) will depend on the time (so it allows to rice the deep penetration
EMW in semiconductor superlattice).
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