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A w ett i ng l ayer is a narr ow , highly straine d quantu m w ell, w hich accom -

panies quantum dots grow n in Strans ki { K rastan ow mo de. I ts imp ortance for
a full descripti on of the quantum dots prop erties has recently been pointed
out. I t has been show n for example that excitons can be locali zed by poten-
tial Ûuctuation s in the w etting layer. This is equi valent to the formation of

\natural " quantum dots in the W L. Excitonic emission from the single dots
formed in the wetting layer accompanying the InA s/ GaA s self- assembled
quantum dots has been investigated in a high magnetic Ùeld (up to 23 T ).

Quadruplet splittin g of the investigated emission line has been observed. T he
attribution of the emission line to the recombination of negatively charged
exciton is discussed.

PACS numb ers: 71.35.Pq, 71.35.J i, 71.70.Ej

1. I n t rod uct io n

Semiconducto r quantum dots (QD s) have attra cted considerabl e attenti on
am ong researchers [1], thi s interest being dri ven by both the funda m enta l physi cs
and potenti al for appl icati ons. The QD s are som eti mes cal led \ arti Ùcial ato ms" [2],
whi ch suggests tha t the conÙned states in QD s do not intera ct wi th surro undi ng
m edia. Such a pi cture, however, has recentl y been questioned, as experim enta l evi-
dence f or intera cti on between the self-assembl ed QD s and the surro undi ng wetti ng
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layer (W L) has been presented. The W L is a narro w, hi ghly stra ined quantum well
(QW ), whi ch accompanies the QD s grown in Stra nski { Kra stanow m ode [3]. It has
been shown tha t the latera l coupl ing between the neighb oring QD s is m ediated
by potenti al Ûuctuati ons in the W L [4]. The existence of several resonances in
the photo lum inescence (PL) exci ta ti on of a single QD has also been attri buted
to \ mixed" opti cal tra nsiti ons invol ving carri ers from the W L and the QD [5].
Hybri di zati on of the tri ply- charged exci to ns in the QD s wi th La ndau- like levels
associ ated wi th the two -dim ensional density of sta tes in the W L has also been
observed in m agneti c Ùeld [6]. These observati ons point out the importa nce of the
W L for the ful l descripti on of the QD s physi cs.

In thi s com muni cati on we report on magneto lumi nescence study of the ex-
ci ton local izati on in the W L, accom panying the self -assembled In As / GaAs QD s.
W e discuss the Ùeld- induced spl i tti ng of sharp emission l ines and we expl ain the
behavi or in term s of recom binati on of negati vely charged exci to n.

2. E x per i m ent a l t ech niqu e

A sam ple wi th a single layer of InAs QD s was grown on n -doped GaAs
substra te by molecular beam epi ta xy. The indi um Ûush techni que [7] has been
appl ied to l im i t the height of the dots to 5 nm . Investi gated size of the sam ple was
l im ited using m esa-patterni ng. The PL measurements were perform ed at l iqui d
hel ium tem perature in m agneti c Ùeld up to 23 T (F araday conÙgura ti on) suppl ied
by a resisti ve m agnet at the Grenoble Hi gh Ma gneti c Fi eld Laboratory . La ser
exci ta ti on (Ar + laser, Ñ = 5 1 4 : 5 nm ) was del ivered usi ng a single-mode Ùber and
focused onto the sam ple wi th two m icro lenses. An estimated laser spot size was
20 ñ m and i ts positi on over the sam ple was contro lled by Atto cube pi ezo-stages.
The PL wa s col lected using a 600 ñ m core di ameter m ul tim ode Ùber pl aced above
the m esa. The PL spectra were di spersed by a 1 m doubl e grati ng m onochro m ator
and focused onto a CCD .

3. R esul t s

It has been found tha t the l ineshape of a W L-rel ated PL strongly depends
on the size of investigated m esa. A featurel ess PL peak due to recombi natio n of
carri ers in the W L can be seen from m esas larger tha n 10 ñ m , whereas sharp
emission l ines can be observed from the sub-m icron size m esas (see Fi g. 1). In thi s
comm unica ti on we focus our attenti on on the spectrum shown in the lowermost
panel of Fi g. 1, however our conclusi ons can also be appl ied to other observed
features. It has been f ound tha t the emission l ine m ark ed in Fi g. 1 wi th an arro w
spl its in perpendicul ar magneti c Ùeld into f our com ponents (see Fi g. 2). Mo reover
an addi ti onal pai r of emission l ines emerges at higher energy wi th increasing m ag-
neti c Ùeld. The energy of observed emission l ines relati ve to thei r center of gra vi ty
is shown in Fi g. 3. It has been found tha t the exci toni c e˜ecti ve g Ê - factor of tho se
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Fig. 1. Photolumines cence spectra from the w etting layer accompanying InA s/GaA s

self-assembled quantum dots measured on submicron- siz e mesas at T = 4 : 2 K in zero

magnetic Ùeld. T he emission line marked w ith an arrow in the low ermost panel has b een

investigated in magnetic Ùeld.

three l ines is wi thi n experi menta l error the same and equals 1.39 (see the inset to
Fi g. 3).

4 . D iscu ssio n

The local izati on of excito ns in thi n QW s has been studi ed in several system s
i .e. GaAs/ Al GaAs [8] or CdT e/ CdMg T e [9]. It has also been observed in the W L
accom panying the InAl As/ Al GaAs QD s [4]. It is believed tha t the local izati on of
exci to ns can be due to monoato mic interf ace Ûuctua ti ons. Charged excito ns may
also be local ized by potenti al Ûuctua ti ons due to residual charged im puri ties in the
barri ers [10]. Fi na lly the 2{ 3 ML thi ck bi -dim ensional platel ets, whi ch form on to p
of the W L at the early stage of the Stra nski { Kra stanow tra nsform ati on m ay also
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Fig. 2. Evolution of the emission line due to recombination of exciton localized in the

w etting layer in magnetic Ùeld ( T = 4: 2 K ). Quadruplet splittin g and the emerging

split- o˜ doublet can be seen.

be responsible for excito n local izati on [11]. Al tho ugh no Ùnal statem ent can yet
be m ade on the origin of the investigated local izati on, the properti es of local ized
exci to ns can be analyzed.

In the fol lowi ng we focus on the emission l ine m arked wi th an arro w in
Fi g. 1. W e pro pose to expl ain i ts behavi or in m agneti c Ùeld wi thi n the fol low-
ing model. Fi rstl y i t shoul d be pointed out tha t al l four spl i t- o˜ l ines and very
l ikel y the higher-energy doubl et appeari ng at higher magneti c Ùelds have the same
exci to nic g Ê -factor. It has been found tha t the g Ê - factors of emission l ines f rom
other m esas Ûuctua te considerably between 1.1 and 1.6. In our opi nion thi s re-
Ûects a com pl icated character of the valence band in the W L, whi ch m ust be
very sensiti ve to stra in Ûuctuati ons. The same values of the g Ê - factor observed for
emission l ines f rom one submicron-size m esa (see the inset to Fi g. 3) strongly sug-
gests thei r attri buti on to the same \ natura l " dot. Our expl anati on of the observed
quadrupl et spl i tti ng involv es a negati vely charged exci to n in the dot, in whi ch
the excess carri er density blocks spi n relaxati on. Such m odel has been proposed
to expl ain the quadrupl et spl i tti ng of emission l ines from a single InAs/ Al GaAs
QD [12] wi th a zero-Ùeld doubl et spli tti ng. If the dot is popul ated by a hole and
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Fig. 3. Recombination energies for the exciton localized in the w etting layer plotted

against magnetic Ùeld. Diamagnetic shif t has been remo ved for more clarity . T he Zeeman

splitti ng of the three pairs of lines is show n in the inset.

two electro ns of opposite spi n, al l carri ers can relax to thei r ground states before
recombi nati on. Theref ore the recombi natio n of such negati vel y charged exci to n
leaves an extra electron in i ts ground state. Ho wever, i f the two electrons have
the sam e spins and the spin relaxa ti on is blocked by excess carri ers, the exci to n
recombi nati on ta kes place leavi ng the extra electron in the exci ted state. Al tho ugh
in both cases the exci to ns recom bine from the ground state, thei r energy di ˜ers
due to a di ˜erence in Coul omb intera cti on between carri ers in tho se conÙgura-
ti ons. In the inv estigated case the spectra l wi dth of the emission l ine (300 ñ eV) at
B = 0 T prevents the observati on of i ts Ùne structure Ê . Ho wever, the interp ola-
ti on of the energies of the quadrupl et-spl it l ines suggests thei r zero-Ùeld spli tti ng
of 400 ñ eV (see the inset to Fi g. 3), whi ch is simi lar to the value observed for
the self-assembl ed InAs/ Al GaAs QD [12]. Fi na l ly the ori gin of the spi l t- o˜ dou-
bl et observed at hi gher energy (see Fi g. 3) can be addressed. In our opini on thi s
m ust be due to the recombi nati on of a neutra l exci ton in the same \ natura l " dot.
No n-resonant exci ta ti on and relati vely long col lection ti m e (usua l ly 2 minutes)
m ay favor subsequent charg ing-discharg ing processeswhi ch shoul d be reÛected in
the simul ta neous observati on of both the neutra l and the charged exci to n. Thi s
has previ ously been observed in self-assembl ed QD s [13] and quantum ri ngs [14].

Ê Th e e˜ ect of t h e em issi on -lin e b ro ad enin g h as b een o bserved i n t he sin gle-d ot spect r oscop y

o f self -assembl ed Q Ds in m esa-p at t ern ed sam pl es. I t i s very li kely t h at cha rge Ûuct ua t i ons on
l at er al sur fa ces o f m esa-st ru ctu res in Ûuen ce r eco mb i na t io n en ergy o f ex cit ons in QDs t h rou g h t h e
St a rk ẽ ect . Th erefo re an em issio n b a nd ra t h er t h a n a h om og eneou sl y b roa dene d l in e is ob served

d u ri ng t he CCD m ea surem ent (see Re f . [12 ]).
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5 . Co n cl usion s

Exci to ni c emission from the sing le \ natura l " dots form ed in the W L accom -
panyi ng the InAs/ GaAs self-assembl ed QD s has been inv estigated in m agneti c
Ùeld. Quadrupl et spl i tti ng of the inv estigated emission l ine has been observed.
The attri buti on of the emission l ine to the recom bi nati on of negati vely charged
exci to n has been di scussed.
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