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W e present m icr ol umi nescence investi gations of self- assemble d

C dTe/ ZnT e quantum dots . T he dots proprieties resulting from our studies
are : values of optical in-plane anisotrop y parameters (electron { heavy hole
exchange splittin g and orientation of anisotropy ) and value of e˜ective Lande
factor. Parameters giving inf ormation about in- plan e anisotropy p ossess ran-

dom distributi on of values w ith the exchange splittin g from 0 to 24 0 ñ eV .
T he e˜ective Lande factor values for our dots are around g

Ê

= À 3 : 2 w ith
a scatter of about 18%. Some PL lines exhibit sudden j umps of energetic
p osition , related to variation of the charge state in their neighb orho od .

PACS numb ers: 78.67.H c, 71.70.Ej

1. I n t rod uct io n

Qui ckl y developi ng Ùeld of quantum crypto graphy , as well as perspectives
of quantum com puti ng, created a dem and for sources of enta ngled photo n pai rs.
Semiconducto r quantum dots as potenti al sources of such pairs have the advantag e
of easy incorp orati on in electroni c or opto electronic integ rated ci rcui ts. Exp erim en-
ta l ẽ o rts underta ken m ainl y for I I I { V quantum dot systems, resulted so far in
obta ining photo n pai rs wi th correl ated polari zati on but no enta nglement. These
di £ cul ti es can be caused by anisotro py of indi vi dua l quantum dots. In thi s work
we present the resul ts of polari zati on resolved studi es of lum inescence l ines ori gi -
nated from single CdT e/ ZnT e quantum dots. Lum inescence was measured also as
a functi on of m agneti c Ùeld, tem perature, and ti me.
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2 . Sam p le an d exp er im ent

The investigated sampl e was grown by m olecular beam epi ta xy [1] in the
Insti tute of Physi cs of Pol ish Aca dem y of Sciences in W arsaw. A 1 ñ m ZdT e
bu˜er was deposited on (001) ori ented GaAs substra te. The CdT e self-assembled
quantum dots were pro duced by ALE depositi on of two monolayers of CdT e on the
bu˜er. The structure was com pleted by depositi on of a 0 : 0 5 ñ m ZnT e cap (i nset
in Fi g. 1).

Fig. 1. Microlumi nescence spectrum (f ull energy range) w ith sample structure and a

zoom of lines chosen for analysis.

W e used a m icrolum inescence setup sim i lar to tha t presented by Kudel ski et
al . [2]. The sampl ewa s mounted on a Ûat sector of a smal l -sized m irror objective [3]
and both were placed inside the cryostat of the sup erconduct ing magnet enabl ing
us to perform m easurements of lum inescence in Faraday conÙgurati on. The used
m icroscope has magni Ùcati on of 100 and num erical aperture 0.7. The spati al res-
oluti on wa s of the order of 1 ñ m . An overal l photo lum inescence spectrum of the
sam ple is shown in Fi g. 1. For studi es of indi vi dua l dot l ines, we selected sui t-
abl e f ragm ents of the spectrum , where the l ines were not to o cl ose to each other.
Mecha nical stabi l i ty of the experi menta l setup and the pro perti es of the m icroob-
jecti ve gave the possibi li t y to fol low the lum inescenceof indi vi dual quantum dots
duri ng m any hours of measurements. An argon laser l ine (488 nm ) was used for
exci ta ti on. A glass pl ate sent the beam into the m icroscope at a smal l angle to
the opti cal axi s. A circul ar analyzer pl aced in front of the spectrom eter was used
in Zeeman e˜ect measurements. For anisotro py m easurem ents an addi ti onal l inear
polari zer was placed in the lum inescence beam .

3. T h eor et i cal out l ine

Opti cal anisotro py of quantum dots is usual ly described in term s of electron À

hole exchange intera cti on, using fol lowing Ha mi lto nian [4]:
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H ex c han ge = À

X

i = x ;y ; z

(a i J h ; i S e; i + b i J 3
h ; i

S e; i ) ;

where a i ; b i are param eters and J h ; i ; S e ; i are m atri ces of angular m om entum for
heavy- hole and electron, respecti vely. In exci to nic base 1 ; 2 i t can be
wri tten as:

H =
1

2

£ £ 0 0

£ £ 0 0

0 0 £ £

0 0 £ £

;

where al l param eters (rel ated wi th a i ; bi from the previ ous form ula) determ ine
di rectl y exci to nic spli tti ngs. From opti cal m easurem ents of lum inescence, inv olvi ng
onl y the bri ght exci to n, nothi ng but £ can be obta ined. Param eter £ i s the value
of the exchange spli tti ng of the tw o bri ght exci to n states. Because of the relati on:
£ = 0 : 7 5 ( bx by ) , thi s term does not vanish in case, when perpendicul ar axes in
the sam pl e plane are not equiva lent. Two bri ght excito n states obta ined from the
di agonal izati on of the Ha m ilto nian, possess l inear polarizati ons perpendicul ar to
each other.

For the sam pl echaracteri zati on three sorts of exp eriments were done. Polar-
izati on resolved m easurem ents were m ade to determ ine the value of the exchange
spl itti ng, from Zeeman e˜ect studi es the value of e˜ecti ve Lande f actor was cal-
cul ated. W e also investigated tem poral evoluti on of the spectra to di stinguish the
ori gin of the l ines.

W e measured the ani sotro py of QD s as a vari ati on of the spectra wi th the
polari zati on angle. The result of such an experim ent is shown in Fi g. 2a. From the-
oreti cal considerati on we exp ected to have two l ines spli t by exchange intera cti on,
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but because of smal l value of the spli tti ng com pared to l ines wi dths, onl y one l ine
wa s observed. Fortuna tel y we kno w addi ti onal ly tha t these two com ponents of the
l ine shoul d possessopposite polarizati ons. Theref ore in polari zati on resolved stud-
ies the exchange intera cti on m ani f ests i tself in periodic m ovements of thi s sing le
l ine positi on. For one chosen l ine i t is clearl y seen in Fi g. 2a. From the Ùtti ng of
the l ine positi on vs. polari zati on angle (see Fi g. 2b) two param eters of ani sotro py
can be obta ined. The Ùrst | a di stance between minimum and maxi mum of Ùtted
cosine equal to the value of exchange spli tti ng. The second | the phase of the
cosine whi ch describes ori entati on of the anisotro py. Com paring results obta ined
for several QD s we observed random di stri buti on of both ani sotro py param eters
(Fi g. 3). The ori entati on of the ani sotro py change from dot to dot in the who le
range and the exchange spli tti ng changes from zero to 2 4 0 ñ eV.

Fig. 3. A nisotropy parameters for investigated dots: values of exchange splitti ng £1

(circles) and of orientation of anisotropy ' (squares) vs. energy positio ns of lines.

Pho tolum inescencem easurem ents in m agneti c Ùeld gave us the possibi l i ty to
obta in values of Zeeman spli tti ng for indi vi dua l quantum dots. A m ap showi ng vari -
ati on of the PL spectrum of a chosen l ine is shown in Fi g. 4a. W eobta ined e˜ecti ve
La nde factor g Ê values f rom Ùts of the l ine positi on as a f uncti on of m agneti c Ùeld
(Fi g. 4b). The determ ined values vary around g Ê = À 3 : 2 wi th a scatter of about
18%. These values are system ati cal ly greater tha n tho se reported by Besombes et
al . [5] for a CdT e/ ZnT e self-assembl ed QD system grown in Stra nsky{ Kra stanov
m ode.

Some indi vi dual dot l ines in self-assembled QD system are kno wn to expe-
ri ence sudden jum ps of thei r energy positi on. Thi s e˜ect, Ùrst observed for the
CdT e/ ZnT e system by Besombes et al . [6], is usual ly expl ained by changes in the
charge state of som e centers lyi ng close to the observed dot. We observed such
shi fts of the PL l ines in our exp eriments as shown in Fi g. 5. The analysis of such
jum ps m ay help in identi fyi ng l ines com ing from the same quantum dots since
they are exp ected to shif t synchro nousl y.
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Fig. 4. Zeeman e˜ect map for chosen line: points | Ùtted line p osition, solid line |

Zeeman e˜ect Ùt (a). V alues of e˜ective Lande factor vs. line energy (b).

Fig. 5. Temp oral evolution of spectrum.

5. Co n cl usion s

A characteri zati on study of a CdT e/ ZnT e self-assembled quantum dot sys-
tem was perf orm ed. Ani sotro pic exchange spli tti ngs up to 240 ñ eV were measured
for indi vi dual quantum dot l ines, as well as Zeeman spli tti ngs in Faraday conÙg-
ura ti on. E˜ecti ve g -facto r values around g Ê = À 3 : 2 wi th a scatter of about 18%
were determ ined. No correl ati on between the determ ined parameter values was
found. Some PL l ines exhi bi t sudden jum ps of energeti c positi on.
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