TAP CHI RHOA HOQC, DAl HOC TONG HO'P HA NOI, s6 2, 1989

m HO’P PHAT QUANG CUA EXCTION TRONG
BAN DAN LOAln
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1. Mé dau

& trang thai khich thich cao, ngoai diy P ra, ngudi fa eon quan sat thiy
mot déi huynb quang méi nira duge goi 14 dai H. Dai nay 1An dAu tién quansat
duoc trong GaAs [1] khi tinh thé nay duoe khich thieh bing laser argon & nhigt
a8 300°K ; Sam 46 dai H efing dwgc quan sat trong h?mglo;r cc chift khac nhan
nhu CdS [2], GaSe [3], CuCl, CuBr, Cul,... Cac tac gid ctia [I — 1] cho riing dai H
14 do két qud clia qué trinh tuong tac giira excilon va dién tir iy do hodc dién
tir donor; V& mit 1y thuyét, trong trich din du tién clia [2] 45 tinh duge bitu
thire cho dang di¢u ctia H troog d6 co ch& twong lée 1a twong tac Coulomb gira
céc hat mang dién va tuong thc cla 4nb sdng va hé hat tdi. Qua trinh duge xét
trong gin diing bc clia 2 Iy thuyéi nhifu logn. Cic tac gié cha [5]ciing xétehinh
vin d& pdy nhung trong gin dung bge mot ciia ly thuyét nhiéu loan (chua cdn
chi § 16i tuong tac Coulomb). 86 di cAc tinh toin c6 thé tién baph & giin ding
bic mdt clia Iy thuyét nhifu loan 12'vi cic the gia da chu y t6i nguyén Iy Pauh
d5i véi dién tir frong excitonva dién tit & ngoai. Nguy én lyPauli ciing cho phép \inh
qué trinh nguoe lai—qué trinh hip thy trong bie mot clia 1y thuyét nhidm loan [6}

Bai nay xét gua (vinh tai hop phat quan’g cfia exeiton trong ban déin phatap
login, & motnhiét @3 T nb&t dinh (k,T < Eg. E, 12 @0 rOng ving cfim, k, 12 hing
50 Boltzmann) trong d6 cécbén din loai n s& cing tdn tai ck cic dién tir ty do
& ving dan va cle dign tir lién két tai cic tim donor. Vi viy, khong chi caedién
tir tir do gay &nh hicng 18n qua 'nh huynh quang ma cac dién tirlién kétcing
cho dong gop. Theo céc lac gid, ngodi co ché dnh hudng da xét trong [5] con cé
nhitng co ch& khdc ma trong dé vai tro etia dién tr tu do vi dién tir lién két duge
the hi¢n mot cach théng nhit. Muc dich efia bai nay 18 xét tit i cac co ché kbi
di va so sanh ching véinhau dé tir d6 xét xem: trong nhitng didu kién nao, cor
ché nio clio dong gop chl y8u. Dudi goe dd twong 1y, bai toan hdp thu mot
pheton sinh excition di duge xét ¢ [7] 3

1i. Cée vecto trgng thai va Hamiltonian twong tac.

X6l chdt bén din haiviing don gidn: Vingdin C va ving héa tri V dﬁy\'\‘nis_
din c va dinh vang v roi vao diém d8ixing I elia vang Brillouin ; & day bo qua
trong tac spin — quy dao.
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Trong bidu di¥n lirong tir héa lin thé 2, chc vectw tmng thai clia dién tir
tir do va dién tirly donor dwoe xde dinh Phu sau:

ke> =cb, 10> (65)
kp
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I> =——Ze,(@el, 10> @
R 4 pp $

trong 46 e, 14 toAn tisinh dién tir ¢6 chulin xung lugng K , hinh chi€u spin js;
kp
)
©a (p)la bdm dang hydrogen.
L2 t5 hop clia dién ti& va 15 réng, exciton c6 th c6 hai loai véi spin toan

phiin bing 0 va biing 1. Trong bai nay chi xét cic exeiton thuge loai thir
nhiit. Vecto trang thai clia n6 ¢6 thd viét nhu sau:

[\1\>_—-i2 £,(0 - B8 Sew’ X, L, bk 10> 3

.’IVPI‘H K-p. p p ey

il R
el }l.—j‘ T paeir ik b

f, 14 ham dang H)dmgen md th chuyén dong twong d8i cta dién tir va 16 lrSDg
trong exciton ndm & trang Lhéiv.
Trong che cong thire trén, V la the tich chulin héa clatihh the, g = .EM"_

M=m +m
(m, va m, 12 khéi lwgng hiéu dung clia dién (& va 10 lrﬁng)
Ky hiéa cf, la tofin (i sinh photon véi xung lwgng q, ta c6 veeto trang ‘(hﬁl

ml photon:
=K + ~
g2 mel, | 0> ' S
? q :
Hamillonian twong tae chinh la Hamiitonian twong t4c ciia trirdng séng dnh
sng ghy ra nhitng chuy@n mirc viing-ving:
W.re 1 ar PR e Ty
YV omn o Ve se q
qxp q § >
trong d6 e va m la dign tich va kuén lwgngcda dign Ui tr do; c va m_, 1a

Hyp =

q
vecto phAn ere don vivd tin 88 clia photon;ela hiing s6 di¢n méi cﬁl mAl
trudng; Pe‘, la yéu (8 matrin chuy®n ving clia lon tir xung lwong.
1L Xae sudt tai hgp phat quang.

Xét mét chit ban din pha tap domor v6i ndng @6 n,. O'mét nhiét d¢ xde
dinh ndo d6 0 < k,T < ; s& c6 mot phin hoje todn by céc doner trung hoa
bj ion hoa.
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Néu bd qua sy ¢6 mat clia cde 15i ion dwong chia cdc tam donor bi ion hoa
1hi dnh hudng ciia cde dign 1 ty do trong ving ¢ 1én qua trinb t4i hop phat
quang clia exciton s& theo co ché sau [5]:

Exciton + dién tir ty do — Photon + dién-1&r ty do (7).

Nguwge lai, néubd qua s c6 mit cia cie dién tir ty do & vung ¢ thi qué
Arinh c6 thé xdy ra theo co ché suu: 3

Exciton -+ dién tir lién két — photon 4 di¢n tir licn két (8

V& mit vat 1y, co th® hidu (8) nhir sau : sau khi bi ion hoa mot phiin, & phia duoi
day vingdan c con lai mot sd donor (rong hoa va céc 161ion dirong, Theo quan
dim digs 1, thicic 161 ion dwong ¢6 thd coi Ia che chd tréng ma cac di¢n tir Iién
kétdang & trong cac donor trunghoa.Nhurvay,mot dién tir donor tai hopvoi 16 tréng
trong exciton dé phat ra mét photon, con dién t& ctia exciton lai nbdy vao lp
chd tr6ng mai xuft hién 48 tao thanh mot donor trung hoa khéc.

Nhung ty nhién hon va hién thuce hon la xét nh hudng ddng thoi cla hai

. loai di¢n tir: dién tir trr do va dién tif donor. Trong trudng hop nay, dién
tit ¢6 thd gay inh hudng bing cheh nhiiy tireac mire donor & phia dwéi day vung
diin ¢ lén ving nay hodc ngwoe lai. C6 hai khd ning nhu vay:

Exciton + dfén tir donor —» photon - dién tir tir do (9)

' Exeiton + dién tir tir do —» photon 4 dién tir donor (10)

‘Xde sufit tai bop phat quang phu thugc vio trang thai ban diu clia exciton

Véiv =1s, ta co ;

By al?

aox

fo (@

an
(1 a3, B! ; .

véi a,, 1d ban kinh Bohr clia exciton. B4 qua xung lugng cita photon so véi ehuiin

Xung lugng cia dién tw va cxciton; coi dién (& va exciton nim trong trang thai

cAn bing nhi¢t voi eing mot nhidt d¢ T va phdn bi theo Maxwell, ta tinh duge

xéc suft tai hop phal quang trong trudng hop chuyén mire cho phép d8i voi ca
4 co chE, duéi dang.

1 -GGy
Wi = A Bje I, (4, bys ey, d;) ; (12)
voil=1-=-4 twong ang véi cac co chi (7) -+ (10) theo thir Ly da cho; con:
e po ;
R p:“,l = Const (13)
&m 4
2 2
T J' xe "™ Sh(bx (Vo T Ak ) g (c; + din®) dx (14)

.& day 0.(x) 1a him bude: 0 (x) = O néux < Ovdg(x)=1nfux>0
V6i i = L tie 12 vaico ché (7). ta c6:
B 27 ;a0 0, B

(WM (&,T) (UG +E, — Tis )

3 it it} D
b ex o+l — B
C=(a+ B G = e (15)
E,T P



b, =

Py 1, =BGy ; dy = p*
Chc k& quit efia ¢ ch (7) tring kit véi k&t

(16)
86 s6. Nguyén nhin cia s khic biét 1a do &

Ga [3] v&i sie sai khée mdt h¢
0 y sirdung h¢ donvi h="c = 1
trong do e*/dx = 1/137, cdn trong [5] thie® = 1/137.

V6i i =2, the 14 v6i co ch& (8), ta co:
2
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Vaii=3, ticld vii co ché (9), ta ed:
2192 1% n,
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VA: ag=4 (1 + @) (a+p) + o 3 by = —B(a+p)
MBIl < Ep o4 1l B
R O S e — 3 dg= a (20)
b p;h 4
Vi cubledng véi i = 4, tire 14 voi co ché (10), ta c6. 2
: a2 a? 0l n, 0,
B = :
(TP w2 MO (L ) (BI Gy + B4 17 = 12
% ‘l' - 5
g - 5 1 %
A e 6=~ en
Vaiag = WP+ B —a); b, = 8p(1+ B)
'c,=c.=a,_7‘;_ TR A @
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Trong chc cong thire tir (15) dén (22) ta da dung cde ky hi¢n sau:
m, %

M

Us 1: 14 niing lrong lién k&t chia exciton (donor)

a=1=pg=

n,, N la ndng d¢ cia di¢n tir ty do va exciton

By n% la nong do chia donor di va chua bj ion héa

Chc ¢o ch® dnh hudng (7). (8), (9), (10) vira trinh bay & trén cho déng gép-
riéng biét vao qua trinh tai hop exciton, nhung trén thue té ching xhy ra dong
theéi va c6 lién bé mat thiét voi nhau.

IV. Danh gié biing 86 va thio lugn

Véi muce dich dinh gia mot cich dinh lwong, cae tinh toan bing 86 duge
thire hién cho CdS véi cac thong so sau:

m, = 0,25m; m, = 0,65m; E, =258 ev; g= 91
; k,T=0,5 l:;; 0,8 1% val1ns
ng = 108 = 10%cm-—9; n,, = 10" em-3
trén may tinh PKD—82 tai treong DPHTH Hué.
Tir k&t qué tinh 6, ta rit ra miy két luan sau:-

1. Pudng cong phy thude clia xac suit chuy®n d&i vae G, cho cée qua trinh,
khin, = 10% cm—? va k,T = 0,5 I} ¢6 dang nhw & hinh 1

2. Sy phu thude vio nhigt @) clia cde qua trinh la rét phirc tap. Viée tinh
bigu thirc gidi tich cho sy phy thudc d6, trong trwong hop ehung, la khong thé
duge, nhirng ¢6 thd tim dwge cde bitu thire niy cho trwéong hop gisi ham khi
T—0:

1§ /2k,T
W e Sy <

(k1))
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— Tl gy s
Wi~ ix“ T ART o 718 [k, T
T0 ki
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Wi Gk 23
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P AR R
s (kT2
T—0
trong d6 c,, ¢z, 3, ¢, 14 cho hiing 88 khong phu thadc nhiét do.
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Tu (23) thiy r6 rding khi T— 0 cie co ch¥ (7), (8), (10) khong cho déng gbp,
chi eon co ehé (9 cho déng gop:

W= W= Wy=0, Wy 0khiT -0 (24)
3. Tir hinh 1 ta thiy réing cic qua trinh (8) va (10) c6 tinh chft ngudng tai ,
G, va Gy Khi Gy (Gg) << 0 qua trinh (8) ((10)) bi cim. ‘

4. Xic sufit tdi hop exciton trong mdi mot co ché inh hudng phu thufe vio
ndng d¢ lap chit pha vao. C6 thé thu duge bing cic cdng thire sau:

Wi ~ V¥,
W" ~ 1, (C5 + Cg Vip

WP ~ Csny + Cq ¥y (25)
Wi ~n,
trong 46 C;, C,. Cy, Cg 14 edc hiing s6 khong phu thudc ndng do.
Hon nira, ndng @0 'tap chit ting lAm thay ddi dang k& déng gép tuong 46
gitta cic co ché &nh hudng khac nhau.
V. Cém on.
Céc tde gid ehan thanh cdm on d/c Lé Manh Thanh, TS méy tinh trudng
OHTH Hué da ¢6 nhida ddng gop trong qué trinh tinh s lrén mAy tinh.
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Nguyéa Khang Cuwong, Hoing Lam T# Bianh i ;

" MEASURING THE FAST VARIATION OF THE WEAK MAGNETIC

FIELD BY USING THE HIGH FREQUENCY ANISOTROPIC THIN
FERROMAGNETIC FILMS

Va}ialing magnetometcr using thin ferromagnetic [ilms can measyre conti-

nuously the variation of weak magnetic field. This variation is changed into the

variation of frequency, then mlu the variable voltuge. The measurement range

sof the magaelic fxdd \nnahon is 3:20.000 gamma, The sensitivity is 0, 1—7—- =

§ Y Ve
The precision'is 1079 10-%, The inertia of 'divice is r ~ 70ms. The value
of 7 can be changed by varying the RC filter of feed back loop.

B0 mon Vat 1y V6 luyén Nhén bai
Kboa Vit 19, Truong DHTH Ha Noi. « Ngiy 8.9.1988

(Tiép theo trang 25) :
TAL LIEU THAM XKHAO % .
1. R. C. G, Leite, J.Shacl, J.D.Gordon: Phys. Rev. Lett. 23,1332 (1969)
2. C.Benoil & la Guillaume, 1. M. Debever, F.Salvan: Phys.Rev. 177,567(1969_

3. R.C.C. Leite, E. A, Meneses, NJanuzzi, J. G.Ramos: Sol. St. Commun
11,1741 (1972)

4.CL Yu. J. Goto. M.Ueta: J.Phys. Soc. Jp 34,639 (1973)

5. P.I.Khadzi, S. A.Moskalenko, A.S.Russu : Fiz. Tekb.Poluprov. 8, 1302, (1974

6. P.P. Khadzi: Fiz. Tekh. Poluprov. 9, 2156 (1975)

7. N. B. An, B.Nam,L.Q.Thong : Tap ehi val Iy, tap X—s8 2, 25 (1985)
Nguyen Ba An, Do Nam, Le Qui Thong.

RADIATIVE RECOMBINATION OF EXCITION IN n -'l YPE
SEMICONDUCTORS

The radiative recombination of excitons in n—type semiconductors under the
influence of both free and donor electrons is idered, Besides the meehanism
of influence of free electrons treated in [5], there mly be three other ones. The
numeral caleulation is made for CdS.
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