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W e repor t on t he opt ical exp eriment s per forme d on low densit y
Ga N / A lGaN quantum dots grow n on sapphire substrate using SiN during the

grow th pro cess. The existence of quantum dots in the in vestigated structures
w as conÙrmed by atomic force microscopy . A lthough macro -luminesce nce of
the investigated structures consist of broad emission lines the micro- photo-

luminescen ce experiments performed with the spatial resolution of 0.25 ñ m
revealed sharp emission lines from the indiv idual quantum dot in the energy
range of 3.20{3. 55 eV . I t is show n that the magnetic Ùelds up to 7 T do not
in Ûuence signiÙca ntly the electronic states of the dots.

PACS numb ers: 78.55.C r, 78.66.Fd, 78.67.H c, 75.75.+ a, 68.65.H b

1. I n t rod uct io n

The inv estigati on of quantum dots (QD s) grown on wi de band-gap m ateri -
als has attra cted m uch attenti on dri ven by appl icati ons in opto electro nic devi ces
wo rki ng in UV. Mo reover, the reduced dim ensional i ty of the novel semiconduc-
to r structure s leads to the observati on of new and intri gui ng phenom ena. The dot
structures based on GaN have been successful ly fabri cated using Si as a surfactant
[1, 2] or di rectl y on 6H { SiC substra tes [3, 4]. Here we report on the new m ethod of
fabri cati on of low density GaN / Al GaN QD s using SiN duri ng the growth pro cess
by metalorgani c chemical vapour depositi on (M OCVD ). Mi cro-pho tolum inescence
(ñ -PL) experim ents al lowed us to select emission from singleQD s. Spati al distri bu-
ti on of the ñ -PL correl ates wi th the result obta ined using ato mic force microscopy
(A FM).
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2 . E x per i m ent a l d et ai ls

The investigated structure was grown by MOCVD techni que using sapphi re
as a substra te. Af ter growi ng of Al GaN bu˜er layer the growth process was inter-
rupted and intentio nal ly SiN layer was deposited using silane and am monia as gas
sources. It was found tha t the GaN epi layers grown on the GaN/ SiN bu˜er showed
som e im provement in structura l and opti cal properti es [5, 6]. In the case of the
pro cessdescribed here, as a resul t of the SiN trea tm ent, GaN layer deposited after-
wa rds does not settl e as a two -dim ensional layer, but grows in a three- dim ensional
m ode, form ing smal l islands. Then GaN structure was covered by Al GaN bar-
ri er. Thi s m etho d gives the possibi l i ty to create GaN islands of di ˜erent size wi th
ta i lored electro nic properti es.

Mi cro-photo lum inescence experim ents were perform ed using a special ly de-
signed [7] m icro scope objecti ve. The sampl e was im mersed in super-Ûuid hel ium
(T = 1 : 6 K) in the cryo stat of a superconduct ing m agnet worki ng up to 7 T.
PL mappi ng of a 5 È 5 ñ m2 area was accom pl ished by rota ti ng a pl ate pl aced be-
tween the sam ple and the Ùrst lens of the opti cal system around tw o perpendi cular
axes [8]. The exci ti ng laser beam was intro duced in a wa y assuring a focal isati on
to a spot smal ler tha n 0.3 ñ m in diam eter. In both m acro- and micro- lumi nescence
exp eriments 325 nm line of He{ Cd laser was employed as an exci ta ti on source.

3. R esul t s an d d iscu ssio n

R epresentati ve, low tem perature m acro- and ñ -PL spectra ta ken at zero m ag-
neti c Ùelds are shown in Fi g. 1. The m acro-PL spectrum is composed of broad band
in the vi cini ty of the GaN band gap energy. In contra ry , ñ -PL shows well -resolved
sharp emission l ines in the energy range of 3.18{ 3.52 eV. W e associate them as
coming from indi vi dual GaN islands embedded by Al GaN barri ers. Usual ly the
bro ad PL emission of ensembl es of QD s was observed [1, 4]. Here, typi cal ful l
wi dth at hal f m axi mum (FW HM) of indi vi dual l ine is ¿ 2 meV. ñ -PL spectra of

Fig. 1. Macro- and micro- photolu min escence spectra of GaN /A lGaN QDs.
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Fig. 2. Micro- PL spectra of GaN /A lGaN QDs collected at various places on the sample.

Fig. 3. Micro- PL intensity maps for the emission energies as mar ked in the Ùgure.
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di ˜erent sam ple spots are shown in Fi g. 2. Fi gure 3a{ f il lustra tes the 5 È 5 ñ m2

PL intensi ty m aps for the emission energies as m ark ed in Fi g. 2. From the intensi ty
m aps i t can be di rectl y seen tha t lum inescence detected at speciÙed energy is
l im ited to the stri ctl y deÙned sam ple region, di ˜erent for diverse energies. On the
basis of intensi ty changes (Fi g. 3) the diam eter of the smal lest obj ects can be
evaluated to be smal ler tha n exp erimenta l resoluti on, 0.25 ñ m.

The wi de spectra l range of the emission energy is pro babl y caused by vari -
ati on in the size of the dots and changes in the local izing potenti al . Mo reover,
in GaN/ Al GaN structures the energy varia ti on is enhanced by the exi stence of
stro ng bui ld- in electri c Ùelds, whi ch lead to spati al separati on and substa nti al
energy shif ts of the correspondi ng levels of electro ns and holes in the QD s.

The results obta ined from ñ -PL can by com pared wi th tho se obta ined by
AFM. Fi gure 4a and b i l lustra tes the typi cal AFM im ages of 5 È 5 ñ m 2 sampl e
surf ace. The extra cted avera ge island height is appro x. 200 nm and the di ameter
up to appro x. 500 nm . It is supp osed tha t the actua l di mensions of the dots are
smal ler, since the 150 nm Al GaN cap layer coveri ng dots inÛuences the pi cture
observed in AFM e˜ecti vel y enlarg ing the underl yi ng dot structures. The obta ined
di mensions are sim i lar to tha t obta ined from ñ -PL exp eriments. The dot density
in the sampl e is appro x. 2 È 1 0 8 cm À 2 , whi ch is a rather smal l value for GaN QD s
[1, 2, 6, 9].

Fig. 4. A FM images of the 5 ñ m 2 GaN /A lGaN QDs surf ace morphology , (a) bird ' s eye

view , (b) plan view and cross- section.

T o inv estigate the quantum e£ ciency from the QD s the excita ti on power
dependence on ñ -PL was studi ed. The obta ined micro-PL spectra are shown in
Fi g. 5. Under low exci ta ti on well - resolved sharp emission l ines are observed. W ith
the increase in laser power intensi ty the ñ -PL spectrum changes into bro ad band.
In the exp eriment no increase in the lum inescence intensi ty of sharp line was
observed, so we thi nk tha t the increased generati on of carri ers, since they Ùlled up
the al lowed states, does not inÛuence the sing le dot any more. We supp ose tha t
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rather further dots are exci ted and the lum inescence from adj acent dots and/ or
deeper layers is observed. It can be predi cted tha t the energy shift | blue |
because of states Ùlling and electri c Ùeld screening, or red | caused by the band
gap renorm al izati on e˜ect, should be vi sibl e. In the appl ied exci ta ti on power no
signiÙcant changes in the emission energy from the QD s wa s observed.

Fig. 5. Micro- photolumi nescence spectra of GaN /A lGaN QDs measured w ith di˜erent

excitation pow ers.

Fig. 6. Micro- magneto- photo lumin escence of GaN /A lGaN QDs collected at di˜erent

sample spots, (a) spectra up to 7 T , (b) spectra up to 7 T in tw o circular polari zati ons.

In order to inv estigate the m agneti c pro perti es of the QD s and Ùnd the
orbi tal sym m etry of the energy levels we carri ed out the m agneti c Ùeld dependent
ñ -PL measurements. The m agneti c Ùeld evoluti on of the spectra is show in Fi g. 6a
up to 7 T and Fi g. 6b up to 7 T for two ci rcul ar polarizati ons. It appeared tha t
up to 7 T, the m agneti c Ùeld does not have a great inÛuence on the measured
spectra. Even in the polari zati on resolved experim ent no signi Ùcant shif ts of the
emission energy is observed and the e˜ects are polarizati on independent. It thus



522 B. Chwal isz et al .

can be concl uded tha t the accessible m agneti c Ùelds are not su£ cient to inÛuence
the electroni c states and to observe any changes in the exp eriment.

4 . Su m m ar y

W e have presented a new possibi l i ty to grow low densi ty GaN/ Al GaN quan-
tum dots identi Ùed by AFM. For such structures we observed the sharp emission
l ines in the m icro-photo lumi nescenceexperim ents. T o the best autho rs' kno wl edge
such emission tha t can be attri buted to the lum inescencefrom indi vi dual quantum
dots in ni tri de based structure s is reported for the Ùrst ti m e. The obta ined resul ts
can serve as a background f or further studi es of electro nic structure of indi vi dual
QD s in GaN/ Al GaN system.
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