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[lman BRICTYIUIEHUA
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Metoasbl sartuTakcuu 11-HuTpruaHbBIX

IFCTCPOCTPYKTYP
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MostekynsipHO-1ydYeBas IMUTAKCUS
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[octonHcTBa MJ13 TEXHO/IOrMun:

[0 Hu3kaa ckopoctb pocTta cnoeB (1 MKM/4ac = 1 HM/cek),
[ 6bicTpas CKOpPOCTb ynpaB/ieHUS MOTOKAMU UCXOAHOrO BELLecTBa,
[in situ KOHTPOJZIb POCTOBOIrO NpoLecca.
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[Ipoonembr MJID GaNAIGaN retpocTpyKTyp

SN S K

v OTcyrcTBue GaN noanoXxku

TexHonorua HavyaJsia pocra: noJsispHoOCTb U
Mopdonorus.

YnpasneHue ynpyrumm Harnpsi>keHUsiMum B
reTpoCcTpykKType.

YMeHbLlIeHue KOHLUeHTpauun aedeKToB U npuMecem.
NMonyuyeHne Tpebyemon Mopcdhon0rum noBepxHoCTu u
rpaHvuy pa3aena.
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BCTpOEHHOE 3JIEKTPUUYECKOE MOJIE B
BIOpUMTHBIX GaN/AIN KT

Optical properties of wurtzite GaN/AIN QDs are
significantly affected by the presence of a strong built-in
electric field

e Qrigin of electric field: spontaneous polarization at the GaN/AIN
interfaces and piezoelectric polarization of strained GaN

e Resulting electric field value: a few MV/cm
e Direction of electric field: vertical - along the (0001) growth axis
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(P (HEKTHI BCTPOCHHOT'O AJICKTPUUECCKOTO
nmoJist B GaN/AIN KT

Presence of a strong built-in electric field in GaN/AIN QDs
results in:

e Quantum-confined Stark effect
e Exponential dependence of PL decay times on the QDs size

e Strong dependence of the PL peak energy on the excitation
power as a consequence of the screening of electric field?
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Ouepreruueckas guarpamma GaN/AIN KT
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A.D. Andreev and E.P. O'Reilly, Appl. Phys. Lett., 79, 521 (2001)
9



KBAHTOBBIX TOYCK

JIndpaxkiys OBICTPBIX AJICKTPOHOB HA
OTPaXKCHUE
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JIB20: 2D u 3D nudgpakumoHHEIC KAPTHUHEI
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J1b20 mccnenoBanus

Bragg’s spots Bragg's spot intensity, a.u.
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Anxamm3 pocra KT ¢ nomomisro JIb20

Reflexes intensity evolution Spot’s shape (Gauss tunction):

2 2
108), R— / (.X' ) — Z] 0 e_G. (%)

=) 0 1,(t) — GaN islands density

N [ o(t) — effective average
- dimension of GaN islands

time, sec ST ' x a, [ x,(t) — reflex position, strain
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MexaHu3MBbI AIUTAKCUATILHOTO POCTAa

> - Frank—van der Merwe (FV)
E +E +E <E
/ layer in el sub
Frank— van der Merwe - Volmer-Weber (VW) _—
— +E +E_ > E
in el sub

- Stranski- Krastanov (SK)

layer u Ein u Eel< Esub d< dc
Volmer-Weber (VW) y
_+E_ +E,>E_ d>d
ayer in el sub c
layer > *in Esub - surface
energies

Stranski-Krastanov (SK)

E  — elastic energy



KBAHTOBBIX TOYCK

KT, BeIpallieHHBIE IO METOLY
CrtpaHckoro-Kpacranona

GaN islands (self-organized
quantum dots)
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GaN wetting layer
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15



KBAHTOBBIX TOYCK

JIb2O KOHTpOJIb MOJBI POCTA
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Kunernka pocrta GalN oCTpOBKOB Ha
moBepxHOCTH AIN
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YcinoBus pocTa CTPYKTYp ¢ KBAaHTOBBIMU
toukaMu GaN B AIN

Ne Temneparypa | HomunaabHoe | DxkBuBaJieH | JxkBuBaJieH | Koanuyecrs

oopasua | pocra GaN, KOJIM4Y€eCTBO THOE THOE o ciioeB KT
oC OCAKICHHOI0 | JAAaBJICHHE JAaBJICHHUE
GaN, MOTOKA nmoroka Ga,
MOHOCJI0€B NH,, Topp Topp

149 900 7.5 6.5:10°° 1.3-10° 10

280 500 S5 2-10°° 9-107 15

391 610 S5 10 5.4-1077 1

415 540 4 10 5.4-107 1

416 540 2 10 5.4:107 1
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DJIeKTpOHHAss MUKpOCKoMs KT
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0 Typical QDs density was in a range of 101~ 10! cm™.

0 Height of QDs was in a range of 2.0-5.0 nm.
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3aBUCUMOCTb DHEPIUX aKTHUBALIUU
Ttymenusa OJ1 ot cpeanen BoicoThl KT
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B03MOXHBIE MEXaHU3MBI TEMITEPATYPHOTO
TymeHus OJI KT
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Tepmuyecku akTUBUPYEMBIN 3aXBaT HA YPOBHU
ne(hEeKTOB, JIOKaIN30BaHHBIX B OKpecTHOCTH KT
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MukpodoromomuaecneHns GaN/AIN KT
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Fourth harmonic of a cw Nd:Vanadate laser, A = 266 nm (o =4.66 eV).
The laser spot was about 1.5 um in diameter . 75
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Mukpo-®@JT GaN/AIN KT mpu
PA3JIMYHOM MOIIIHOCTH BO30YKICHMS
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3aBucuMOCTh HHTeCUBHOCTH DJIO ot
MOIITHOCTH BO30Y:KJICHUS
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3aBHCHMOCTh DHEPIrUH MaKCUMyMa
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[ [pyurHBI HE3aBUCUMOCTH I1OJIOKCHHUS
1070¢ DJI 0T MOITHOCTH BO30YKICHHUS

v’ Small number of carriers in single QD: <1 e-h pair.

v The internal electric field in the explored structures is
small in comparison with the value deduced from the
piezoelectric constants and the spontaneous polarization.

v Small shift of particular PL bands can be due to
recharging of defects located at distance of a few nm

from QD.
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3meHneHune napameTpoB pemeTkn GaN
KT no nanaeim JIbOO
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JHeprua MakCMMyMma nosocbl ®Ji

KBAHTOBBIX TOYCK
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IlepeHOpMHpPOBKA 3aIIPEIICHHON 30HbI
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Hecranunonapuas ®@JI KT GaN/AIN
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3amnoJHEHUE SHEPIETUYCCKUX COCTOSHUU
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ToHkas cTpyKTypa S3KCUTOHOB B KT

Momentum conservation law Energy scheme of exciton

The total angular momentum of D.. /G, G
heavy-hole excitons in QDs M=s+j, s=+ V5| E4 xx L !

(the electron spin), j=+3/2 (the heavy-hole ‘
angular momentum). | ot-

Four degenerate states: i " s R
M==1(bright states), M=+2(dark states). Lo i
Emission of pure states is circular A <, JFSS
polarized. (I1+1))

o=/+

1. Electron- hole exchange interaction: N\ T,

- causes a dark-bright splitting, ) e
- mixes the dark states, 0 ' !
-- lifts their degeneracy.

2. Lower symmetry of QDs: R. Seguin et al. PRL, 95, 257402
-produces a nondegenerate bright doublet, (2005).

-- mixes the bright states.

The mixed states usually produce lines showing linear polarization.
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JInHEenHO moJIApHU30BaHHOE U3ydeHue KT

Micro-PL spectra of QDs Electron-hole eéthange energy
in_QDs
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IIIIIIIIIII
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InGaAs/AlGaAs QDs

300 +
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exchange energy A, [ueV]

o} T
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Energy (eV) dot diameter [nm)]
D. Gammon et al. PRL, 76, 3005 (1996). M. Bayer et al. PRB, 65, 195315 (2002).

0 Neutral exciton spectrum of single-QDs exhibits a doublet of lines that are
linearly polarized along two perpendicular directions.

[l Light-hole-to-heavy-hole valence band mixing modulates the oscillator
strengths of the different components, in case of anisotropic confinement.
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JIHHEHRHO nojisipu3oBanHas OJI GaN/AIN KT

Micro-PL of QDs Polarized micro-PL of QDs
with different density and size
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OPolarization degree depends on density of QDs, it varies from 2% to 15%.
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Micro-PL of QDs
with different density
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KBAHTOBBIX TOYCK

- GaN QDs are tend to be formed at
elastic potential minima on AIN surface
close to defects such as threading edge
dislocations.

- This leads to anisotropy of strain and
shape of a QD and linear polarization of
PL emission of single QD.

- If the density of QDs is higher than
density of dislocations one part of QDs
will be formed close to dislocations and
exhibit linearly polarized emission while
other QDs will be dislocation free and
exhibit unpolarized emission.

The higher degree of PL polarization of sample with lower QD. density can
be attributed to the larger part of QDs, which are located at vicinity of

dislocations
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/ B NOIT CO PAH passuta MJI3 TexHonorms GaN
KBAHTOBbIX TOYEK B MaTpULE.

/ Begytca uccnegoBaHMa  MEXaHUM3MOB  POCTQ,

CTPYKTYPHbIX U JIOMUHECLIEHTHbIX CBOUCTB CTPYKTYP C
KBAQHTOBbIMW TOYKaMM
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e N.AnekcaHapos, A.M.TMANHCKNN, (POTO/IIOMUHECLIEHLINS).

e N®I1 CO PAH, HoBocnbupck

e Ph. Vennegues (Microscopy)
Centre de Recherche sur I'Hetero-Epitaxie et ses Applications, Valbonne,
France

e P. P. Paskov, P.O.Holtz (micro-Photoluminescence)
Linképing University, Link6ping, Sweden
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Cracu6o 3a saumManue !
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