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Excit on locali zati on in Ga N / A lGaN quantu m w ell st ructures is stu died
by photolumin escence. A n anomalous temp erature behavior of the photolu -

minescence from the quantum w ell is observed. With increasi ng temp erature
the energy p ositio n of the excitonic emission line Ùrst decreases up to 20 K ,
then increases, reaching a maximum around 90 K , and then decreases again
in the higher temp erature range. T he observed behavior is discussed in terms

of lo cali zati on at the interf ace p otential Ûuctuations. I t is argued that the
temp erature activ ated migration and subsequent release of the excitons from
traps that occurs betw een 20 K and 90 K are resp onsibl e for the observed

S-li ke shape of the energy dep endence. T he obtained results allow a direct
characterization of the energy Ûuctuations present in GaN /A lGaN quantum
w ells grow n by di˜erent techniques.

PACS numb ers: 78.55.C r, 73. 20.{r, 73.21.{b, 74.40.+ k

1. I n t rod uct io n

The I I I{ ni tri de system s are now intensi vely studi ed due to thei r possible
appl icati ons in opti cal and electroni c devi ces such as UV LE Ds and HEMT tra n-
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sistors. In parti cul ar, due to i ts large energy gap and hi gh therm al stabi l ity , the
GaN/ Al GaN system is a prom ising candi date for the fabri cati on of high-power
devi ces. The opti cal qual i ty of GaN/ Al GaN quantum wells (QW s), as determ ined
from the emission e£ ci ency, is sti l l not as hi gh as tha t of GaN/ InG aN structures.
The photo lum inescence (PL) of two -dim ensional hetero systems can pro vi de im por-
ta nt inform ati on about the mechani sms inv olv ed in the recom binati on pro cessesas
wel l as indi cati ons about the energy distri buti on of carri ers. T emperature m odiÙes
contri buti ons to the emission from free and local ized exci to ns. One can exp ect
tha t at low tem peratures the exci to ns occupy lower, local ized, energy states in
the potenti al Ûuctua ti ons, whi ch contri bute signiÙcantl y to the lum inescence. At
hi gher temperatures emission due to the recom binatio n of free exci to ns dom inates
the spectra . Thus, the study of the tem perature dependent lum inescence spectra
can give quanti ta ti ve inf orm ati on about exci ton localizati on energy and character
of potenti al Ûuctua ti ons.

Opti cal investigati ons of local izati on m echani sms perf orm ed on ZnSe/ ZnS
[1, 2], InG a/ GaN [3] and InG aN/ Al GaN [4] low-dim ensional structures showed
sim i lar tem perature dependent behavi or. In these m ateri als interf ace roughness
and structura l di sorder pl ays a m ajor ro le leading to the form ati on of objects such
as quantum slabs and/ or quantum dots localizing the exci to ns.

In thi s paper the inÛuence of local izati on on the emission properti es of
GaN/ Al GaN QW is presented.

2. Ex p er i m ent al r esu l t s an d di scu ssion

The resul ts of two sampl esconta ining GaN/ Al GaN QW are presented. Sam -
pl e A was grown by low pressure metal -organic chemical vapor depositi on
(MOCVD ). The sapphi re substra te was covered by a 40 nm GaN bu˜er and a
3 ñ m GaN layer. Further on, the structure consists of a single 40 ¡A QW embed-
ded between 200 nm and 100 nm Al GaN barri ers wi th an alum inum content of
appro xi m atel y 9%. Sampl e B was grown by m olecular beam epi ta xy (MBE) on
a bul k GaN substra te. Fi rst, an 0 : 5 ñ m GaN layer, intenti onal ly n -typ e doped
(appro xi m atel y 5 È 1 0 1 7 cm À 3 ) wa s deposited. Further on, the structure consists
of a sing le 20 ¡A QW embedded between 500 ¡A Al GaN barri ers wi th an alum inum
content of appro xi m atel y 9%.

PL m easurements were perform ed at tem peratures from 4.2 K up to 220 K in
a conti nuous Ûow cryo stat. The sam ples were exci ted by the Ñ = 3 2 5 nm l ine of a
He{ Cd laser (wi th a power of appro xi matel y 2 m W ). The PL signal was di spersed
by a SPEX 500M singlegrati ng m onochrom ato r and detecte d by a ni tro gen cooled
photo m ul ti pli er coupl ed to a photo n counti ng system .

The PL spectra of the sampl es A and B measured at 4.2 K are shown in
Fi g. 1. The low energy region of the spectra is dominated by sharp emission l ines
whi ch ori ginate from the bul k GaN layer. The lines observed in sam ple B are
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Fig. 1. PL spectra of the sample A and B at 4.2 K .

better resolved, maki ng possible a disti ncti on between the emission due to recom-
bi nati on of 3D exci tons bound to neutra l donors (l ine D 0 X at 3.472 eV) and to
neutra l accepto rs (l ine A 0 X at 3.466 eV). Mo reover, in thi s sampl e the lum ines-
cence related to free excito ns (FE) associated wi th the A, B, and C valence bands
is observed. In contra st, the sam ple A exhi bi ts only the donor-bound- excito n l ine
(l ine D 0 X at 3.484 eV) shifted to wards higher energy due to stra in present in thi s
hetero epi ta xi al structure . A small feature due to the free A exci to n is also ob-
served. Em issions related to the recom binatio n of exci to ns in the QW appear at
3.546 eV and 3.533 eV in sampl es A and B, respecti vely. The discrepancy of the
QW recom binatio n energies observed in both sampl es is caused by the di ˜erence
in wel l wi dth, stra in, and bui ld- in electri c Ùeld. The ful l wi dth at hal f maxi mum
(FW HM) of both QW emissions is about 17 meV. Thi s value is simi lar to the re-
sul ts obta ined for analogous GaN/ Al GaN QW s grown by MBE, exhi bi ti ng FW HM
of 20{ 25 m eV [4, 5]. For the inv estigated structure s, one m onolayer step- l ike QW
wi dth Ûuctua ti ons wo uld resul t in an emission spli tti ng of about 15 m eV [6]. Such
behavi or is not observed in the lum inescence of both sam ples. Thus, we believe
tha t in the investigated structures we are deal ing wi th smal l size and high density
interf ace roughness and/ or com positi onal Ûuctuati ons in the barri er.

T o inv estigate the carri er localizati on at the GaN/ Al GaN QW interf ace we
studi ed the tem perature dependence of the QW emission. The PL spectra of sam -
pl es A and B were measured at di ˜erent tem peratures, seeFi g. 2. For both sampl es
an anom alous tem perature shi ft of the QW emission energy positi on was observed.
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Fig. 2. PL spectra measured at di˜erent temp eratures for the sample A (lef t part ) and

B (right part).

Fig. 3. Temp erature dependence of the Q W excitonic emission energy for the sample

A (lef t part) and B (right part). T he solid curves corresp ond to the best Ùt of Eq. (1).

The energy positi on corresp ondi ng to the emission m axi mum is plotted in Fi g. 3.
The energy of the QW emission decreases in the range of tem peratures between
4.2 K and 20 K and then increases, reaching a m axi mum around 90 K. Ab ove
thi s tem perature the emission energy decreases again. The sol id curves in Fi g. 3
correspond to the best Ùt obta ined at elevated temperatures using the form ula [7]:

E ( T ) = E 0 À Ñ=[exp( Ù=T ) À 1 ]; (1)

where Ñ; Ù , and E 0 (the tra nsiti on energy in the 0 K l imi t) are m ateri al dependent
constants and here are Ùtti ng param eters. The curves match the data very wel l in
the hi gh tem perature (T > 9 0 K) regim e. Thus, one can concl ude tha t starti ng
from a certa in characteri sti c temperature the energy shift of the QW emission
fol lows the changes of the QW m ateri al band gap, i .e. tha t of GaN. The values
of the Ùtted param eters are Ñ sam ple A = ( 0:4 Ï 0:1) eV ; Ùsa mple A = (670 Ï 55) K
and Ñ sample B = ( 0:4 Ï 0:2) eV ; Ùsample B = ( 670 Ï 110) K and are di ˜erent tha n
tho se reported for bul k GaN [7]: Ñ = (0 : 1 2 1 Ï 0 : 0 0 5 ) eV, Ù = (3 1 6 Ï 8 ) K. Such a
di ˜erence can resul t from the stra in present in a QW structure.
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Fig. 4. Schematic diagrams illustrati ng occupation of the exciton traps at di˜erent

temp eratures (see text).

The behavi or observed in the low temperature regim e (T < 9 0 K) can be ex-
pl ained in term s of the local izati on of the excito ns in the QW . At low tem perature
(T ¤ 4 : 2 K), the exci to ns are tra pped by random potenti al Ûuctua ti ons. These
local ized excito ns mainl y contri bute to the lum inescence since they do not have
enough therm al energy to be acti vated (Fi g. 4a). A slight increase in the tempera-
ture (up to 20 K) al lows the excito ns to m igrate. Thus, they can Ùnd local m inim a
of the Ûuctua ti ng potenti al (Fi g. 4b), whi ch leads to a decrease in the emission
energy. Further increase in the tem perature perm its the release of the excito ns
from these tra ps (Fi g. 4c). Thi s resul ts in an increase in the emission energy be-
tween 20 K and 90 K. Ab ove thi s temperature, the exci to ns are no longer local ized
(Fi g. 4d) and the emission from the QW fol lows the temperature dependence of
the GaN band gap.

The di ˜erence between the experim enta l ly determ ined PL energies and tho se
obta ined from the Ùt of Eq. (1) al lows to estim ate the exci to n local izati on energy.
It is found in thi s way tha t the deepest tra ps shoul d be up to 5{ 7 m eV below the
free excito n level for both sam ples.

The obta ined valuesof the characteri sti c tem perature and local izati on energy
seem to be independent of the growth m etho d. Since the sampl es were deposited
ei ther on bul k GaN or on sapphi re, i t can be speculated tha t the local izati on of ex-
ci tons canno t be attri buted to structura l defects. Thi s suggests tha t the observed
local izati on e˜ects ori ginate from the GaN/ Al GaN interf ace i tself . The observed
di sorder m ay be due to the materi al compositi on Ûuctua ti on and/ or smal l size
wel l wi dth Ûuctua ti ons. Al so, the residual stra in tha t induces an inhomogeneous
electri c Ùeld distri buti on in the structure can inÛuence the local izati on of excito ns.
It is believed tha t the local izati on of holes pl ays a m ajor ro le, since the spati al di s-
tri buti on of the electro n wa ve functi on is to o bro ad to penetra te smal l Ûuctuati ons
of the potenti al [6]. The electro n experiences an average potenti al orig inati ng f rom
the interf ace disorder whi le the hole can be easy local ized in potenti al tra ps due
to the smal l extent of its wa ve functi on.
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3 . Co n cl usion s

In summary , we have studi ed the localizati on of f ree exci tons in the
GaN/ Al GaN QW s. In the low tem perature regim e the carri ers are conÙned in
tra ps up to 5{ 7 meV deep. By increa sing the tem perature above 90 K, when k T

i s in the range of the local izati on energy, the exci to ns becom e delocal ized and the
lum inescence energy depends on tem perature sim i larly to the behavi or in bul k
GaN. The observed S-shaped dependence is most probably caused by roughness
and disorder of the GaN/ Al GaN interf ace.
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