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AndepoBckum YHuBepcutet (CI6AY PAH) N

s CaHkT-leTepbyprckmnin AkagemMmmnuyeckmm yHusepcutet PAH nm.
X.UN. AndepoBa

e OcHoBaH >KopecoM MBaHoBMuUeM AndpepoBbiM (Hobenesckaa npemma 2000 r.)

CI6AY PAH - KpynHbIN LLEHTP MO UCCceaoBaHMO NOAYNPOBOAHNKOBbBIX HAHO-
N reTepoCcTpyKTyp: coeanHeHmna A3B5, Si, Ge n ap. - 6 cuctem MIN3; cuctemsl
nnasamoxmmmyeckoro ocaxkgeHuna (PECVD) n tpaeneHuna (ICP-RIE)

 Xapaktepusauumsa - YOTONMOMUHECLEHLUMA (BUONMOE nsnydeHune...6nmxkHmnmn NK) /
CNeKkTpocKonma KOMOGMHaUMOHHOIo pacceAaHmaA // aTOMHO-CcUoBaa MUKPOCKOMKUA
(AFM) // ckaHupytroLlas anekTpoHHaa Mmkpockonua (SEM) // peHTreHoBckas
andpaktomeTpua (XRD) // cnekTtpockonua rnybokunx yposHen (DLTS)

JlTasepHble reTepoCTpyKTypHlI,
*  WN3rotoBneHue NnpnboOpPHbIX YCTPOMUCTB — Na3epHaa U KOHTakTHaA nutorpadun // CBETOAVMOAR!, COMHEYHbIC

anemeHTbl, POTOAETEKTOPI,
TPaH3UCTOPHbIE CTPYKTYPhI,

*  YucneHHoe MogenupoBaHue — AnekTpodusmnka - Silvaco // Ontnueckoe u (POTOHHbIE CXEMbI —
TennoBoe MoaenmposaHune - Comsol // anekTpoHHaA U KpucTannmyeckana CTpyktypa OMTOSMNEKTPOHWKA.
. HaHoGuoTexHonorum 2
N T.4.—ab initio pacyeTbl B paMkax Teopun ¢yHkumnoHana nnotHoctun (DFT)

oca)kaeHue 1 pacnblyieHne // MOKpoe N Cyxoe XMMNYeCcKoe TpaBleHumne



[TonynpoBOAHNKOBbIE FETEPOCTPYKTYPbI

I'Ionyn poOBOAHUKOBbIE MaTepPUasbl IVs
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YnpasneHune 30HHbIMU Auarpammamm 8 A3B5 reTepocTpyKTypax

CornacoBaHue dHepreTn4eCKunx soH

eeee )|
sess A ‘ W
P00®
Typelll

Type ll

Tunbl reTeponepexoaos

_______________

22.26
2 03 2.02

//////

37////////%

AN\
/////////m,
NN\ -1

EN\\\E4
AN\
MO\

298

lI-V compounds

3.34

_______________
© 1o < ™ o - o - oy

AIN GaN InN AIP GaP InP AlAs GaAs InAs AISb GaSb InSb

Mater



OrpaHun4eHue HocuTenem 3apaaoB N ONTUYECKOE OrpaHUYEHme
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KBaHTOBas HPopmMaTHMKa U TeIeKOMMYHUKaLUn N

UHTerpanbHaa ¢oToHHaAA cxema — on-chip onTuyeckas cxema, obecneymBatoLLas
reHepaumio, nepeaady n AeTekTMpoBaHUe 0ANHOYHbIX GOTOHOB.

(1) UHTerpMpoBaHHbIi (1) MUHTerpmMpoBaHHbI
MCTOYHWK OANHOYHbIX POTOHOB / NEeTEeKTOP OANHOYHbIX GOTOHOB

\

(1) MnaHapHble BOIHOBOAbI U
CXEeMbl



(1) OnTnyeckue BONMHOBOAbLI HA OCHOBE
aNnuUTakcuanbHbIX NNaHapHbIX cnoeB A3BS



A3B5 noaynpoBoagHUKKN ANnA HAHOPOTOHUKMU

e A3B5 WKMPOKO NpUMEHAIOTCA B 0621aCTU ONTO3/1EKTPOHUKMN

N

* BbIiCOKOe 3Ha4YeHue nokKasartens npenomineHunNAa — MatTepmasibHaAa nnaTd)opN\a anAa co3aaHumA

BO/IHOBOA0B

* Kpucrannuueckas CTpykTypa LMHKOBOU O6MaHKM

» OTCcyTCTBME LEHTPa CUMMETPUN — HEJIMHEMHbIE CBOMCTBA YETHbIX NOPSAAKOB

» (dasoBoe cornacosaHue 4BOMHOrO yyenpesomieHUA HEBO3SMOXKHO

> (da3oBoe corsacoBaHue 3a cYeT NepekpbITUA Moy, (w,, 2w,) B Pe30HAHCHbIX HAHOCTPYKTYpPaX

(d OnTunuyeckune pesoHaHCHble
A3B5 HaHOreTepoCTpPYyKTYpbI

— OT INNEKTPOHUKHN K

$GOTOHHbIM UHTErPabHbIM

cxXxemam

dg?,‘f) Transparency | Refractive Thermal
Material | [pm/V] at Range Index Conductivity | Birefringent
1.064 pm [wm)] at 1.5 um [W/mK]

GaP 70 0.5- 11 31 110 No
GaAs 170 0.9 -17 3.4 50 No
GalnP 110 > 0.68 3.1 5.3 No

Si 0 1.1-5 3.5 150 No
LiNbOs3 25 0.4-4.5 2.2 5) Yes
KTP 17 0.35-4.5 1.7 13 Yes

De Luca, E. Thesis (KTH Royal Institute of Technology, 2019)

“‘Nonlinear Properties of IlI-V Semiconductor Nanowaveguides”




Si n A3B5 nonynpoBoaHUKN B HAHOPOTOHUKE N

MnaHapHble cnon A3B5 0bbIvHO BbipallMBaloTCA Ha k S
BblICOKOMHAEKCcHbIX A3B5 (GaAs, InP), Si nan Ge noagnoKkax. S s S
OnTuyeckue NoTepu, cBA3aHHbIE C YTEeYKO BONHOBOAHOM MOAbl [ E:‘“’“"’m“”’““”
B MOAJ/I0XKKY ; L e

* [lepeHOC 3NUTAKCUANbHbIX C/10€B
> dnutakcnanbHbil lift off + cpawmBaHMe nognoXKek — BbICOKasi CTOMMOCTb
» KpemHuit Ha nsonaropa (KHMU, SOI) — asyxdoToHHOE nornouweHue B Si
* INUTAKCUA/IbHbIN POCT HA ONTUYECKN KOHTPACTHbIX C/I0AX
» AlGaAs-on-Oxide — okcugmpoBaHue kepTteeHHoro cnos B AlGaAs/AlAs/GaAs reTepocTpyKTypax
» PacnpepeneHHble 6parroBckue 3epkana (DBR) — orpaHMyeHHbIN AMana3oH onTUYECKMX YacToT
* Mpamou pocT Ha ONTUYECKN KOHTPACTHbIX NOAN0XKKAX
» 1lI-N Ha Al,O; — H13KaA HeNMHEMHOCTD
» HeanuTtakcuanbHbI POCT (ocaXKaeHne, MarHeTPOHHOE pacrnbl1eHUE) — HU3KOE ONTUYECKOe KavyecTBo

» Mpobnema paccornacosaHua M aCUMMETPUA PELLUETOK — MOXKET ObITb peLleHa 9



dochua rannma Kak matepman HaHOPOTOHUKHU

GaP

* HenpAamo30OHHaA CTPYKTYypa
O OKHO npo3payvyHocTh: 0.5— 11 mkm

O HWU3Koe ABYXPOTOHHOE NOrioLWeHne B
TeNEeKOMMYHUKaUMOHHOM AMarna3oHe

Bbicokaa HennHenHocTb: X¥=71 nm/B @ 1um

BbiCOKMW NOKa3aTenb npenomnenma: n=3.18 @ 1mkm

TennonposogHocTb: =1 Br/(cm:K)

8bICOKUU

)((2)

a

[Mepexon K npamo30HHOM cTpyTKype B GaPN pactBopax npu

Linear refractive index, n,

Bandgap (eV)

i0 54 3 20 1.6 1.4
e o owme - B T

4.0 o |
| |
e‘lo.wG?o.aaAS o
GaP ! .
35 GaAs
~ 1; -
| (]
o 0
3.0 | ® b ' o P
I nU.49G al].5'l llj
GaN . SIiC
25 Diamond o
¢ &
AIN :
o0 L :: SigN,

g
|

band
TPA
Gband |
TPA

(0]

|
| I
Hydex. ¢ ‘ || |||i |:
® I I

1.5

(=3

S0,

Violet
Blue
Green
Yellow
- Orange
Red

1.0

N

1.2 1.0 .
: — 107

Si
°

4107

—
o
=

4 107"

=

(,_M %w) Zu ‘xapul aaljoBIjal JBSaUIUON

10720

Cutoff wavelength (nm)
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Cnou GaP moryt 6biTb BbipalieHbl Ha Si uam GaAs noanoxKKax (npumeHeHue anAa 3apad

POTOHMKM C NOMOLLbIO 3INUTAKCUAZIbHOTO NepeHoca), 04HaKo...

GaP MOXHO 3NUTaKCMaNbHO BblpalLMBaTb HA ONTUUYECKU NPO3PaAYUYHDbIX CN0AX/NOANOMKKaX.

o 1969 — Alfred Cho, MI13 Ha CaF, (cornacoBaHHasa Kpuctannmyeckas peweTka c Si)
o 1969 - H.M. Manasevit, MOlI®3 Ha MgAl,O, (cornacoBaHue peweTtok 2 K 1) n Al,O, 10



INeKTpoonTnyeckme ceoncTea pochuga ranms

e He HyneBble 3N1eMeHTbl 9/1eKTPOONTUYECKOro TEH30pa A[ . ]
= — — | = o o o
Fg1 Tso =le3 "
o] o (o]
* [na632.8HM - n3r,,=36.3:107'°cm/B (Bbiwe KDP, HO Hu>e LNO) e
* Ha ocHoBe ¢pochduaa rannma MoryT BbiTb co3aaHbl 6bICTPbIE 3/1IEKTPOONTUYUECKUNE fy © O
MOJYNATOPSI. T
e GaP He Nony4un LWMPOKOro NpMMeHEHA 13-3a BbICOKONM MPOBOAVMOCTM o o &
41
006BbEMHbIX KPpUCTannoB !
*  MOXHO 0XXMAAaTb 3HaUNTENbHO 6olee HU3KMX MOTepPb B CPABHEHUMN C Gallium phosphide electrooptic light modulator

MoAaynATopaMuy B N1aHapHOM UCMNOMTHEHUM Ha ocHoBe GaAs

» [lbe3oanekTpuueckune ceorctea (e,,=-0.1 C * m2), onTomexaHnyeckmne

YCTPOMNCTBA
Optical Input
PHYSICAL REVIEW LETTERS 123, 163602 (2019)
—_—
Gallium Phosphide as a Piezoelectric Platform for Quantum Optomechanics Time
Robert Stockill,"" Moritz Forsch," Grégoire Beaudoin,” Konstantinos Pantzas,”
Isabelle Sagnes 2 Rémy Braive,™ and Simon Gréblacher®'
Article \ Open access \ Published: 19 April 2022
Microwave-to-optical conversion with a gallium
phosphide photonic crystal cavity Frequency

Simon Hénl, Youri Popoff, Daniele Caimi, Alberto Beccari, Tobias J. Kippenberg & Paul Seidler ™

Nature Communications 13, Article number: 2065 (2022) ‘ Cite this article

G. F. Glinskii, A. N. Pikhtin, and D. A. Yas’kov

(Submitted December 24, 1971; resubmitted January 17, 1973)
Kvantovaya Elekiron. (Moscow), No. 2(14), 116-118 (1973}

l’@ <1V Optical Output

L Amplitude Modulation
~@<1v LT
Frequency Comb
" J~ =]
Frequency Shifting

11



docohup rannma Kak matepman HAaHOPOTOHUKMU N

1726 J. Electrochem. Soc.: SOLID STATE SCIENCE December 1969 JOURNAL OF APPLIED PHYSICS VOLUME 41. N UK BER 2 i koary ren
The Use of Metal-Organics in the Preparation  Epitaxial Growth of Gallium Phosphide on Cleaved and Polished (111) Calcium Fluoride
of Semiconductor Materials A V. Cuo
I. Epitaxial Gallium-V Compounds Bl Telephone Lﬂbmf“::; ;’:Zf;rﬁuﬁf;;ﬂw, New Jersey 07974

H. M. Manasevit and W. I. Simpson
] . . . . The mechanism of growth of GaP on a cleaved CaF; (111) surface was studied 7 sifa in a high-energy
Autonetics Division of North American Rockwell Corporation, Anaheim, California reflection electron diffraction system. It was found that in the early stages of growth, GaP forms tetrahedral
nuclei with {111} faces. The three edges of the tetrahedron are parallel to the three (110) directions. These
microcrystals coalesce and form a smooth film after a mean thickness of more than 300 monolayers of GaP
ABSTRACT ) is deposited on the surface. Temperatures for epitaxial growth of a single crystal without twinning as a func-

) tion of the atom arrival rate were studied for GaP on a clean CaF: surface and on a GaP-covered CaF; surface.
groﬁggéi-(ggf\tglaﬁiagsﬁﬁg& %?%;;ﬁigfinzngugﬁ}agxggxthe dzc(k)!;‘{)%sli?ﬁgg It was fo_und that growing GaP withf)ut twinning on a bare cleaved CaF; surface requires a temperature
of alkyl-gallium compounds in the presence of arsine, phosphine, arsine-phos- ~65°C higher than on a surface that is covered WIE_h GaP. The structural characteristics of the GaP film as
phine, and arsine-stibine mixtures. Both triethylgallium and trimethylgallium a function of the substrate temperature are also discussed.
have been used successfully in the preparation of GaAs. This process makes
compound semiconductor film growth compatible with methods used for the
growth of elemental semiconductors and eliminates many of the difficulties
inherent in multitemperature-zone processes.

O BblICOKan wepoxoeatoCtb, nMpm 3TOM
AMNTAKCUAJ/IbHAA OPUEeHTaLunUAa cnoes 12



MonekynapHo-nyuykoBasa anutakcua (MIN9) @

1968 - John Arthur / Alfred Y. Cho (Bell

Vacuum pump
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SNUTaKCUaNbHbIA POCT

eat adsorption = "« TemnepaTypa NOANOKKN - Tyrouen |77 . Nuckaton
oA incorporation desorption [ oo anaer MOBY3MOHHYIO o
,’f\ \ diffusion PEeL, 4, y Y .
——) ‘ 4’ ONMHY afaTOMOB : .
diffuio ‘ﬂ’f CKOpOCTb pocTa) onpesenset
4
"; NPOLECC HyKaeaLmm
’ Degree of supersaturation
* PocTt yepes fomoanuTakcma GaAs, ACM n3obparkeHua:

* [locnouHbIN pocCT

MOHOAQTOMHbIEe CTYNeHU




Lattice stress in heteroepitaxy

i1 <Asubstrate 51> s ubstrate v o Stress relaxgtion v?a defect formation
d. (threading dislocations)
- - 4 « Threading dislocations can act as a
recombination center

§

o If &5 =8gypsirate — 1SOPEriodic growth
« Otherwise pseudomorphic growth

//////

e Film is uniformly stressed Cross-sectional view on the GaAs/Si heterointerface
Transmission-Electron Microscopy

« Stress is accumulated till critical thickness
d. is reached (d. can be less than 1 ML) 15



Problems of heteroepitaxy

Heteroepitaxy problems:

» Lattice matching

» Surface energy mismatch - non-wetting; island

growth; faceting

<
Vsubstrate surface § Vheterointerface + Vfilm surface

» Chemical stability of heterointerface
interdiffusion

» Mismatch in crystal symmetries between substrate and
film = antiphase domain formation

» Difference in thermal expansion between substrate and/
film = cracking

|. Lucci et. al. Phys. Rev. Materials 2, 060401

Defect

special growth
techniques,
nucleation or
buffer layers
are commonly

needed
16



Alternative lattice matching in epitaxy @

> Lattice tilt ®QinZn0 | o eCe o
_ o | °©0INALD; | Q o &
Family of planes with different indexes can be 0
matched > ¢ o o
* (111) in plane 30° rotation — a,/a, ~ V3/2 : Oe
« (001) in plane 45 ° rotation — a,/a, ~ 1/N2 0. [1010]20 @ o
ZnO or AIN on Al,O4 = Yo T8 -
[1120) 0, © ege e [2110a0
: . : 1010
» Domain matching epitaxy ¥ £
. : Hfo 5Z20050,(111)
* In-plane lattice parameters of the film and
substrate match not 1:1 but in some other ratio o Coincidence lathce
of integers such as 5:4 ( for 20% mismatch) o e /
4/3 for MgO (a=4.216 A) or 5/4 for TiN (a=4.24 A) ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘Epilajrer
on Si (001) (a=5.43 A)
L_'l ‘ ‘ ‘ ‘ ‘ mubstrate | |
» Coherent nucleation is crucial 'E’
La2,3Sr1,3I\/InO3(001)

 Critical layer thickness should be lessfthan 1 ML o . . o
. , J. Narayan Domain epitaxy: A unified paradigm for thin film gr%g
« Layer should “wet” substrate surface (3D) Journal of Applied Physics 93, 278 (2003); https://doi.org/10.1063/1.15283C



https://aip.scitation.org/author/Narayan,+J
https://doi.org/10.1063/1.1528301

TOHKONMIEHOYHAA TEXHOOINA N

MonekynapHo-ny4ykoBaa anutakcusa c ni1asMeHHoOu
aKTuBaLumenm asorta

* |lll-rpynna, Bi — a¢pPpy3noHHbIE AYENKHN

* P,/As,-Kpekepbl

* AKTMBaUMA a30Ta WMHAOYKTUBHO-CBA3aHHOW pagmMo4yacTOTHOMU
(13.56 MI'u) nnaama : N,y N¥, N,*, N*

NnasMoxmMmmnyeckKkoe aToMHO-C/10€BO€E oca)kaeHue

* HunakoTeMnepaTypHoe (oo 400°C) MOHHO-CTUMY/TMPOBAHHOE
ocaXxgeHue  OMANeKTpukKoB U nonynposogHukos -  Ga(B)P,
a-Si:H, SiO,, SiN,  Ap. ¢ KOHTPONMPYEMOUN CTEXMOMETPUEMN.

*  AMOpP®HbIE N MUKPOKPUCTaNIn4eckme KOHPOPMHbIE C/10U

k Plasmalabsyster | 00



MonekynapHo-nyykosasa snutakcua (MMN3) GaP N

NMopanoXxXKu.:
* CaF, — CNOXKHOCTb NPUrOTOBAEHMA INUTAKCMANBbHOM NOBEPXHOCTU (CKON),

TONbKO opueHTauma (111)
* bydepHble cnomn CaF, Ha Si —TonwmHa A.6. 6onee 500 Hm (yTeyka onTUYECKOM MOAbI)
* MgAl,O, — He pacnpocTpaHeHbl W )
* Al,0,(0001) — neweBble M PacNPOCTPAHEHHbIE NOAJ/I0XKKM

PocTtoBble TEXHUKMU:
* M3 n3 TBEpAOTENbHbIX NCTOYHUKOB: Ga + P,

* Nna yAyyLLIeHUA KPUCTaNNN4YecKoro KayecTBa
MCNONb3YIOTCA TakMe noaxodbl, Kak migration-enhanced
(MEE) or metal-modulated (MME) anutakcuu

. ACM+COIM
* In-situ KOHTPONb CTPYKTYPHbIX M MOPPONOTrNYECKUX
XapaKTEPUCTUK C nNomouwbio Andppakumm  HObICTPbIX XRD
OnTtuyeckasn

3N1eKTPOHOB Ha oTparkeHne (RHEED)

XapaKTepusaums 19



dnuUtakcmanbHbIN poct GaP

N

* Poct cnoes GaP tonwmHon 150-200 HM Npu HU3KMX N BbICOKUX TeMnepaTypax
* BAKn3KMe K cTexnomeTpuyeckMm rnoTokam (npesbiweHmne Ha 30%)
* BauAaHue npenBapuTesIbHONro SKCNOHMPOBAHMA NO4 NOTOKOM P

Bbicokasi Temnepartypa pocrta: T, = 600 °C

100 nm

«R‘—”I? nm!

v KoHTpactHaa RHEED kapTtuHa
O BbICOKasA WepoxoBaToCTb

COM (ckon): ¢

Hu3kas TelvlnepaTypa pocta: T, =400 °C

[ T20nm

ACM:

18

16

14

O Pa3Mb|Taﬂ RHEED Kapma
v’ [nagKas noBepPXHOCTb 50



ABYyXCTaAUUHbIN 3NUTAKCUA/ZIbHbIU POCT N

 HuskoTemnepaTypHbI POCT 3aTPaBOYHOro CAOA AN AOCTUXKEHUA PaBHOMEPHOWM
HyK/1eauuun no aHanorum ¢ GaP/Si(001) reteposnutakcmei

OBYXCTaguWHbIN pocT (BapuaHT #A) O ByXCTaaniHbI pocT (BapuaHT #B)
1. 3 HM 3aTpaBo4HbIn crnon npu T, =400 °C 1. 45 Hm cnou npu T, = 400 °C
2. TNocnepytowmm poct npu Ty, = 600 °C 2. TNocnepytowmm poct npu Ty, = 500 °C
L - [ [50nm - [l

45 18

20 nm
ACM: &,

40 16

14

35

> CIOM (ckon):

[ABYXCTaaUMNHbDbINA POCT yAy4llaeT OA4HOPOAHOCTb U KPUCTANZIMUECKOe KauecTBO C/10A 21



BbicoKOoTemnepaTypHbIN OTXKUT

[111] RHEED kaptuHa

c)]| CoM (sua caepxy)

-1 -4

e BbicokoTemnepaTypHbIr oTXKUr Npmn 650 °C  * [MoBepPXHOCTHAA PEKOHCTPYKUMA (2X2)
(10 mnH) B noTOKe P,: pocToBoun obpasel, doi: 10.1103/PhysRevB.32.8473.
(#A)
 dopmupoBaHme 6ONbLINX NUTOB,
yXyAlarouwmnx ontmyeckme ceomcrea GaP .

cnoA{



Kpucrannnueckana CTpyKTypa U anNMTaKcuaibHOE OTHOLLEHue N

Bua 060Ky'} Bug ceepxy:

O: :t\} \,’LT T ‘T ‘T ‘T‘ ‘T O can be
o] /
/ substituted
9 o 8

© = [1 1 lap [IlOO Al,O4

= {-1-12} meXXnnocKkocTHoe paccToaHMe GaP cooTBeTCcTBYET MEMKMNIOCKOCTHOMY PACCTOAHUIO
{-1100} m-nnockocteit Al,O, B cooTHOLWeEHWUM 5/4 c TouHOoCTbIO (Aa“/a”) Ha ypoBHe 1%

" JnuTaKkcuManbHoe cornacosaHue aomeHos — 5 K 4 ana GaP-Al, O,
" BO3HWKHOBEHWE ANCNOKALUUN B BUOY HEKOrEPEHTHOM HYKAeaL MM OCTPOBKOB

J. Narayan Domain epitaxy: A unified paradigm for thin film growth Journal of Applied Physics 93, 278 (2003); https:/doi.org/10.1063/1.1528301 23
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OnTuyecKasa xapaKkrepusauua — KoOmbMHauMOHHOe pacceaHUe cBeTa

" ACCMMETPUYHbIE U CMeELLEeHHble (B

KPacHYIo obnactb) GaP
BUOpAUMOHHbIE MOAbl — Ma/bl
pasmep KPUCTAaNNNTOB ana

HU3KOTEeMMnepaTypHbIX CNOEB

" OnTUYeCKMe U aKyCTUYECKNE MOAbI,
CBAA3aHHbIE C HapyLUEeHNEeM NopsaKa
peweTkn (Disorder-activated DATO,
DALO, DATA n DALA)

= KPC cnekKTpbl, cooOTBeTCTBYlOUME
obbemHoOMy GaP ANs
BbICOKOTEMMNEpPATYPHbIX TONCTbIX
N/IEHOK, BblpalleHHbIX no
ONTUMU3NPOBAHHOMY peLenTy

» [IByXCTaAMMHbIA POCT YyAaydllaeT
KPUCTaNIMYECKOe KavyecTBO C/10€B

o\ 4

KPC cnektpbl npu 300K 1 B0o36yXaeHnn 532 Hm nasepa:

- | Two-step #B
T % TO(I)

} LO(I)

GaP o
o ”

AR

RS intensity (arb. units)

340 360 380 400 420 \ } 2V3
."__—--‘N-‘—\_ TWO'Step #B \ !.(. A

2TA(X) DALA

150

— T T LI — 1 T L |
300 350 400 450

Raman shift (cm™)

—— ——
200 250
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OnTuyeckan xapaKkrepusauusa — cneKkTpasibHasa 3//IMNcoMeTpusa

Refractive index (n)

o
U

o
o

Real part Re(n)
B
(9]

B
o

w
U

N
U

=
u

[EY

Imaginary part Im(n)
o

o
o

CHEKTpaJibHas ITUIICOMETPHS ¢ BbIOOpoM yria — 235..1700 um

g
o

] a) --------------- G. E Jellison / Opt. Mat. (1992)
] Hi- T
j Low-Tgr TonwmHa NaeHoK
180-200 HMm
] —— Two-step #A :
Two-step #B ]
rough film - low Re(n
b) /\,Md”TM .
PaccesaHue Ha _
LLIEepOoX0oBaATOCTAX ]
300 400 500 600 700

Wavelength (nm)

= [ToTepwu
obpasuax

1" Huskasn

N

Ha paccedHne B LWepoXoBaTbiX

KPUCTANNJTUHHOCTb HU3KaA

onTmnyecCkand NJI0OTHOCTb

" OnTUYyeckan NJIOTHOCTb BblpalLLeHHbIX NJIEHOK
conocTaBMMa C JAaHHbIM NapameTpom A/s
O6'b€MHbIX obpas3uoB
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OnTuyecKasa XxapaKrepusauua — CeKTpaabHasa 311MNcoMeTpus

CHEeKTpabHas JUIUIICOMETPHs ¢ BbIOOpom yria — 235..1700 am

1 C) ----------- G. E. Jellison / Opt. Mat. (1992)
10° 4 —Hi-Tglr

a ] Low-T,,

g Two-step #A

- Two-step #B

-

QL

O 10°-

t -

m -

e 1 PacceaHue Ha

: | wepoxosaTocTax

s |

=

2 :

o 10" 4 i MNornouieHne Ha

O : Aedekrax?

< el

10° ++—r——1r———"rt—r—r"1rr—rr————r——————————
1.0 15 20 25 3.0 35 40 45 5.0

Energy (eV)

= [loTepn Ha
obpa3uax

nornoweHune

paccesHue

o\ 4

LLIePOXOBAaTbIX

=" Hu3KaA KPUCTAaNTUHHOCTb = AONO/NIHUTE/IbHOE

= [IByXCTaAUMHbLIA pPeXnum pocTta YyAayduwaer
ONTUYECKME CBOMUCTBA NIEHOK

OnpepgeneHne onTUYECKUX notepb —

mMmeTod NpuameHHoOro seBoaa n3ssiy4eHumA

OcHoBHaa moaa

TonwwHa (n=3.178), [Od. MMM
MKM nb/cm
0,3688 2,8541 0,38
Bropas mopa
TonwwHa (n=3.178), [Od. MMM [MoTepw,
MKM nb/cm
0,1274 2,1754 2,13
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HaHoCTpyKTYpUpoBaHue. INeKTpoHHaA antorpadpus

GaP-on-sapphire Il.
eplta)“al grOWth a) E-beam patterning

&> » &> @>»

Nanopatterning
b) Metal deposition

L < »
Au-layer

c) Lift-off
L I B )
| N ol o

» MunHnmanbHbI AnameTp nopagka 50 Hm

N

NA = 0.42

Ga \ / P2 EB(L;;?Dsist ‘“M'A‘%?H‘
AlL,O,
CalP ((ﬂﬂﬂ)) d) GaP ICP etch e) Au-mask removal
— BCI3/CI2 (optional)
L AIL©((0001) o | Il } 4 l ' s'| ) ! n
backside Ti-coating e ) f\ f A
| \ '
aP sim JW| /f WA [,7"\ EWAAYA
S\ b\\(\ l“\/ \ o A\
b) /AU : 'xlh /\ / \ | \ /M Z
20 nmipy GaP (111) ANE N \/ \/” ‘
| 500 600 700 800

Wavelength (nm)

1
\ Al,O, (0001)

150-500 nm
—

\&80-500 Lm

V. Fedorov et. al. ACS Applied Nano Materials, 5(7), 8846-8858 (2022)

» BblcOKOg0b6pPOTHbIE ONTUYECKME
pe30HaHCbl Mu cTapLnx NnopAaKOB.

» Ha nopsaaok 6onee BblCOKas
A0B6POTHOCTb PE30HAHCOB B
CpaBHeHun c Si

200 nm
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OCHOBHbIe cTaauu AutTorpaduyeckoro npoecca

Semiconductor

manufacturin
Drocesses

10 yum — 1971
3 um — 1975
*1.5 ym — 1982
]l um — 1985
*800 nm — 1989
*600 nm — 1994
*350 nm — 1995
250 nm — 1997
*180 nm — 1999
*130 nm — 2002
90 nm — 2004
*65 nm — 2006
*45 nm — 2008
*32 nm — 2010
22 nm — 2012
14 nm — 2014
*10 nm — 2018
7 nm— 2020
*5nm — 2022
*3nm— 2024
*2nm — 2025


http://en.wikipedia.org/wiki/Semiconductor_device_fabrication
http://en.wikipedia.org/wiki/Semiconductor_device_fabrication
http://en.wikipedia.org/wiki/Semiconductor_device_fabrication
http://en.wikipedia.org/wiki/10_%C2%B5m_process
http://en.wikipedia.org/wiki/3_%C2%B5m_process
http://en.wikipedia.org/wiki/1.5_%C2%B5m_process
http://en.wikipedia.org/wiki/1_%C2%B5m_process
http://en.wikipedia.org/wiki/800_nanometer
http://en.wikipedia.org/wiki/600_nanometer
http://en.wikipedia.org/wiki/350_nanometer
http://en.wikipedia.org/wiki/250_nanometer
http://en.wikipedia.org/wiki/180_nanometer
http://en.wikipedia.org/wiki/130_nanometer
http://en.wikipedia.org/wiki/65_nanometer
http://en.wikipedia.org/wiki/45_nanometer
http://en.wikipedia.org/wiki/32_nanometer
http://en.wikipedia.org/wiki/22_nanometer
http://en.wikipedia.org/wiki/14_nanometer
http://en.wikipedia.org/wiki/10_nanometer
http://en.wikipedia.org/wiki/7_nanometer
http://en.wikipedia.org/wiki/5_nanometer
http://en.wikipedia.org/wiki/5_nanometer
http://en.wikipedia.org/wiki/5_nanometer

OCHOBHble meToabl ONTU4YECKoU antorpaduu
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dopmMmUpoBaHME MUKPOCTPYKTYP N

Lift off

TpaBneHune
Au evaporation
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HaHoCTpyKTYpUpoBaHue. INeKTpoHHaA antorpadpus

GaP-on-sapphire Il.
eplta)“al grOWth a) E-beam patterning

&> » &> @>»

Nanopatterning
b) Metal deposition

L < »
Au-layer

c) Lift-off
L I B )
| N ol o

» MunHnmanbHbI AnameTp nopagka 50 Hm

N

NA = 0.42

Ga \ / P2 EB(L;;?Dsist ‘“M'A‘%?H‘
AlL,O,
CalP ((ﬂﬂﬂ)) d) GaP ICP etch e) Au-mask removal
— BCI3/CI2 (optional)
L AIL©((0001) o | Il } 4 l ' s'| ) ! n
backside Ti-coating e ) f\ f A
| \ '
aP sim JW| /f WA [,7"\ EWAAYA
S\ b\\(\ l“\/ \ o A\
b) /AU : 'xlh /\ / \ | \ /M Z
20 nmipy GaP (111) ANE N \/ \/” ‘
| 500 600 700 800

Wavelength (nm)

1
\ Al,O, (0001)

150-500 nm
—

\&80-500 Lm

V. Fedorov et. al. ACS Applied Nano Materials, 5(7), 8846-8858 (2022)

» BblcOKOg0b6pPOTHbIE ONTUYECKME
pe30HaHCbl Mu cTapLnx NnopAaKOB.

» Ha nopsaaok 6onee BblCOKas
A0B6POTHOCTb PE30HAHCOB B
CpaBHeHun c Si

200 nm
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dNeKTpoHHaA autorpadpuma / PoKycupoBaHHbIA MOHHDbIW NYYOK N

A7 @2 monnoexika

" J/1eKTPOHHaA nuTorpadmA " TpasneHne @OKYCMPOBaAHHbBIM
MOHHbIM ny4ykom (FIB)

> FIB obecneuuBaetr 60nee rnaakyio M BepTUKaZIbHYIO OGOKOBYIO CTEHKY npwu
COXpPaHEeHUn paspelueHus

> FIB 6onee npepgnoututeneH ANna TONACTbIX NNEHOK 34



HaHoCTpyKTYpUpoBaHue. INeKTpoHHaA antorpadpus

Ocaxnenne AU MacKku loffe
DneKkTpoHHas auTorpadus 1/ lift-off ICP tpaBneHue BB nstitute VY nanenue Au Macku

b

» MuHumanbHbIl pasmep meHee 100 Hm

" [eHepauusa BTOPOM TFAPMOHUKMU, yCUNeHHaa KBa3u-BIC
pesoHaHcom (834 Hm) B GaP/Al, O METanoBEPXHOCTH

[HI1Hol
300 10F

. .
.......

1 Fl 1
< Slope = 2
[o
[
2
w
€L
»n o
00

50 100,
Fluence (uJ/em”)

SH signal (a.u.)
o

1
125
1 H
0.0 1 1 1 1
390 400 410 420 430

D. Khmelevskaia et. al. Appl. Phys. Lett. 118, 201101 (2021); doi: 10.1063/5.0048969 Wavelength (nm) 35




Advanced photonic structure based on
flexible NW-embedded membranes.
Flexible transparent IR visualizer

ANANO

Article

Subscribar acceas provided by CARLETOMN UMIVERSITY

Gallium Phosphide Nanowires in a Free-Standing,
Flexible, and Semitransparent Membrane for
Large-Scale Infrared-to-Visible Light Conversion

Viadimir V. Fedorov, Alexey Bolshakov, Olga Sergaeva, Viadimir Neplokh, Daria Markina, Stephanie Bruyére,
Gregoire Saerens, Mihail | Petrov, Rachel Grange, Maria Timofeeva, Sergey V. Makarov, and lvan 5. Mukhin

ACS Nano, Just Accepted Manuscript « DOl 10,1021 /acsnano 0c04872 « Publication Date (Web): 06 Aug 2020
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MoaenupoBaHune BonHosogos GaP

MporpammHoe obecneveHne Comsol Multiphysics

24 @ h=190
4=1550 nm | || = .
GaP h @ ool R - b
" ]
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i : a a a a a : . a
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X / 1 e 22} O °
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5 24 s $ 2 < °
tDI g s ° b s * ° *
c o . ° 2.0
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[1ns1 BONHOBOAOB C Manoun TOSWLMHON BO3MOXEH BONbLUOW Ananas3oH LWUMPUH, OS5 KOTOPbIX NOAAEPXKMBAETCA pacnpocTpaHeHNS
TONbKO OCHOBHOM MOAbI
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YrcneHHbIN pacyeT NoTePb B M30MHYTbIX BO/THOBOAAX N

MporpammHoe obecnedeHne Comsol multiphysics

- l — Q-factor

200000 -
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Q
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Eigenfrequency=191.02+0.24241i THz  Surface: Electric field norm (V/m) . | {
e
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. ————r—— . . .
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[na paguycoB 3akpyrreHns 6onee 5 Mkm HabnogaeTcs BbicOKas flokanusaums Mogbl B
BOSTHOBOAE M BbICOKME AOOPOTHOCTM KOSbLEBLIX PE30HATOPOB — Marible ONTUYeCKne noTepu
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CBeTounanyvaroLime reTepocTpykTypbl Ha ocHoBe ¢ochduaa ranna (GaP) N
e G imum: T A — ]
23 “”3-‘-‘;::; ................. X(orA) @ =eeeee- 7]
A3oTcoaepyxawime TBepablie pacTBOpPbI R S—— . ;
2.0 / : =

» [ina teepaoro pacteopa GaPN HabniofaeTca nepexon k3 JaPN
NPAMO30OHHON  3HEPreTMYeckom  CTPYKType  npw 8 F™ i _ GaAsPN .
conepykaHum azoTa > 0.3-0.4% B of P )

* CyxeHue 3anpeweHHON 30Hbl (Eg) npw nobapneHnu 0_55_ !’_,,é;‘;s
azota (~100 maB/%) conpoBo>XgaeTca YMEHbLUEHUEM ;«-gﬂsoglNO_w DO 10.1063/1.2736618 1
NOCTOAHHOW PELLETKMN. e — A"g!g """" T 11!7' """" S e

Lattice constant /

* YeTBEpPHbIE TBEPAbIE pacTBOpPbLI NO3BONAOT - e
BapbMPOBATb 3HEPr10  3anpeLléHHoi  30Hbl  (Ey), 251 P=100% N°°"§It:'
coxpaHaa napaMeTp PeLlETKN HEM3MEHHbIM. 301 g; .

> GaAsPN R SO Ndevel NNTUTN ]
> InGaPN S o ] '_
> GaPNBi 5 “°f -]
W 50 [~ FS
5.5; e
DOI:10.1038/s41598- ol == ]

017-15933-1




CeeTtounsny4yatome n potoanoaHsie ctpyktypbl GaAsPN Ha Si (001) N

CeeT0- U poTtoauon GaAsPN-Ha-Si f'mékum CUA Ha ocHoBe GaAsPN

5 : 1,51
o dark / light 40
NE 44 | eesass — 111
Q 31 | eeees — 142
< — .

i | essss — 13 ) ] < L 3

§, ? i X 0 E.m s
) E o o e =
:.l.;ﬂl 0 P (11] E %
= T 20 v =
g -11 w T T T ; 0,5 %
£ 2] #1 1.8 19 20 o =

. _—_____.-_"'
g 10 —#2
34— — N EERN

5l . B0 16 32 48 64 80 1 A N i S

04 02 00 02 04 06 08 10 2.0 25 3.0 35 Voltage, [V] 500 600 700 800 900
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Fedorov et.al.
MSSP 2023, 168 107867



BO3MO>XHOCTWM NOCT-NPOLECCUHTa

gl

GaP/GaAsPN/GaP

| iy

)\HaKablKVI = 920 nm

= Cnon AlBY n Si
no3sondaer
CTPYKTYPbl

MO>XXHO TpaBUTb CeE/NNEKTUBHO,

co3aaBaThb YaCTUYHO
FeHepauua BTopou

rapMoHuku (I'BIN)
2-x$poToHHaa DJ1

yTo
“noaBeLLeHHble”

CenekTuBHOE yaaneHue Matepuana PoOCTOBOW MOANOXKKU
NO3BOMAET CHU3NTb ONTUYECKMNE NOTEPU
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CenektnBHaa anuntakcna GaP(N,As) HAHOCTPYKTYp N
- Mieroephre 1. Si wafer pattering 2. PA-MBE growth = Onpeaenexsi YCNIOBUA  CENeKTUBHOrO
photolithography b/ iE Sjox etch  ©) Inverted dopmuposaHua GaP Ha S
« CF4 gas micro-pyramid ﬁ J W u MeTo,u, CeneKTUBHOM 3anmTakcumn no3Bondaer
KGbwereeh As, dopMMpoBaTb YNoOpPAAOYEHHbIE MAaCCUBbI
Leloam (M) fageted pits inSi popacimnturs HaHocTpykTyp GaP(N,As) wnnm ToHKkue

NAEHKN C TEKCTYPOU 3a4aHHOW TOMONOMMn

= B kauecTBe Macku BbICTynaetr criou
avnanekTpuka - Sio,

a) — S2 GaPAs/GaP (x10) T =300 K

== S3 GaPAs/GaP As-rich (x10 Aex =457 nm |
= 54 GaPN/GaP Pox =2 mW

80000 4

60000 4

y (cnts)

40000 4

PL intensit
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20000 A

E, (T—X) 2.06 eV

I
T II I T T T — -
00 550 600 650 700 750 800 [

Wavelenght (nm)

E,(F—T)1.92eV
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111-\V Nanowires

Nanowires-based heterostructures

« can be synthesized on lattice mismatched
substrates

* high crystal quality

« Bandgap and doping profile engineering

« excellent waveguide properties

« excellent mechanical properties

« Compatible with Si technology

SEM and TEM images of NWs
2.6 nm QWs

(e) (f) (8)

GaN/AlGaN

High aspect ratio
Radial and axial p-i-n

10 MQws

|
GaN core !

200 nm

structures
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Ceetogumoabl Ha ocHoBe GaP(N,As) HUTeBUAHbIX HAHOKPUCTAaN/I0B N

p-GaP

GaPNAs
n-GaP SiOx

I |_GaPD.QBNU.D1 GaAs, 5Py GaPy ggNg 52ASy 4
600 700 800 900
A, Nm

T T
vacuum

I)>
Tw

3a cyeT manon nnoLwaan KoOHTakTa ¢ NOANIOXKON — POCT Ha paccornacoBaHHbIX NOAOXKaX.
AkcnanbHble n paguarnbHble reTepocTpykTypupoBaHHble HHK
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NW-based flexible LEDs

Due to a small NW footprint and outstanding
mechanical properties, NW arrays can be
encapsulated into a polymer matrix and then this
membrane can be released from the rigid substrate.

Metal

PDM

Currently, Blue and Green NW-based flexible LEDs are
realized on the base of InGaN (M. Tchernycheva group,
C2N) or ZnO (Y. J. Hong group, Sejong University).

-
-~

To achieve RGB displays efficient Red LEDs are
required.
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LED fabrication workflow

2) Encapsulation into polymer

1) NWs growth
3) Release from the substrate

=

Polymer
membrane

Epitaxial substrate
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Flexible transparent contacts based on
SWCNTSs

Single walled carbon nanotubes (SWCNTSs) are excellent
candidates for flexible transparent contacts (p-, n- types)

Synthesis Deposition
SWCNTs in the
reactor gas
m — Densification (isopropyl alcohol)
— d doping (gold chlorid
and doping (gold chloride)
Control of SWCNT Patterned/non-

properties patterned

Energy Sci Eng., 2020,
8:2938

ACS Appl. Mat.Inter.,

200 um

— 2020, 12(49)

Prof. Albert
Nasibulin

Dr. Dmitry Mitin
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GaPAs/GaP NWs with axial p-I-n structure

g (©) GaP:Be
GaPAs and GaPNAs |
Eg=1.7-2.05eV
MBE growth

p-GaP GaPNAs

GaP:Si

i-GaPAs

n-GaP

Si (111) substrate

_ Dr. Vladimir
Molecular beam epitaxy Fedorov

70 4

60 - TEM image
GaASOS 05 g
T 1 S N
o .
<(/()' i L] INs As/P= |
= = 3ins As/P=
v 6ins As/P= '
® 7ins As/P=
© NS AS
/ L J

PSS RRL, 2019,
13, 1900350

IIIIIIIIIIIII
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Characterization and results (;\

4

-
1(V), EBIC and EL measurements W\ )
0.20 Dr. Vladimir NGplOkh
o Dr. Fedor Kochetkov

0 1 1 1 1 1
75 50 -25 00 25 5
Voltage, V

(V) curve

SEM image and EBIC map of NWs connected by SWCNT (red Nanomaterials, 2021
circles) 11(10), 2549.
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(1) UcTouHMKKM 0AUHOYUHDBbIX POoTOHOB Ha ocHoBe HHK ¢ KT N

(1) MnaHapHbIN AeTEKTOP

I1) MhaHapHbIN MCTOYHUK
(1) MnaHapHbIM UcTo OANHOYHbIX POTOHOB

OANHOYHbIX POTOHOB

(111) MnaHapHbIE BONHOBOAPDI

Optical pump Integrating a Nanowire Laser in an on-Chip Photonic Waveguide

Ruixuan Yi, Xutao Zhang, Fanlu Zhang, Linpeng Gu, Qiao Zhang, Liang Fang, Jianlin Zhao, Lan Fu, Hark Hoe Tan, Chennupati Jagadish, and Xuetao Gan*
In-plane propagation

@ cite this: Nano Lett. 2022,22, 24, 9920-9927 Article Views Altmetric Citations Share
Publication Date: December 14, 2022 ~ 82 5
hitps://doi.org/10.1021/acs.nanclett.2c03364 <
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Superconducting nanowire single-photon detectors for quantum information
Lixing You &

From the journal Nanophotonics 5 O
https://doi.org/10.1515/nanoph-2020-0186




NMoyemy HUTEBUAHbIE HAHOKPUCTANANDI? N

YHuKaAJIbHA KOMOUHAIIMA CBOWCTB:

Bo3M0kHOCTB CO03/1aBaTh OOBEKTHI epeMeHHOM pazMepHocTy B Tesie HHK

CuHTe3 MOHOKpUCTAINTHYECKUX rerepocTpykrypHbix HHK Ha

ACMEBBIX MOJJIOKKAX (Harpumep, Si)
HHK — 3To HaHOpa3mMepHble KpucTanmyeckme

TBepAble Tena, no3songdwmne ynopagoy4eHHo JleiieBie B CPAaBHCHUH C TPAAUIMOHHBIMU TEXHOIOTUSMA
hOpPMNPOBATHL KBAHTOBBIE TOYKM C MOHOATOMHBIM
KOHTPOMEM reTeporpaHuL, pasmepa 1 pacnoroxeHns

pOCTa IIIAHAPHBIX TETEPOCTPYKTYP
OnTuueckas u anekTpudeckas Hakayka ogqaoro HHK ¢ KT
Nznydenne «mo 3ampocy» («on-demand operationy)
IlepeHoc Ha 3aJaHHBbIE OBEPXHOCTH 0€3 U3MEHEHHUH CBOWCTB
YupasiieHUe HANIPABJIEHHOCTHIO U3JIyYeHUS

CoBMeCTHMBI C HHTCI'pajJbHbIMH (l)OTOHHI)IMI/I cxeMaMu -



NUCTOYHMKN OAUNHOUHDbIX GOTOHOB

o\ 4

HuTteBuIHbIE HAHOKPHUCTAJIBI C KBAHTOBBIMHM TOYKAMH
(rpynna I'.9. Ilpipjnna)

A3B5 HM3Kopa3mMepHble CTPYKTYpbI
Ha OCHOBE HUTEBUAHbIX
HaHokpucTtannoB (HHK) c
KBaHTOBbIMM TouKamu (KT)

m Quantumdot | Emission range, nm

AlGaN

AlGaAs

AlGaAs

InP

InGaN

GaAs

InGaAs

InAsP

500-700

700-800

900-1300

1300-1600
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(Al)GaAs HHK c KT: TexHonornuyeckuu 3aapen A

KT GaAs B AlGaAs HHK

AlGaAs HHK

FeomeTpuyeckume napameTtpbl HHK:

TunmyHasa BbicoTa A0 10 MKM.
3a0aéM BpeMeHeM pocTa

TUNMYHbIN gMamMeTp OT 10 A0 200 HM.
3a0aéM pasMepoM MpeaBapUTEbHO OCaXXAEHHbIX
Kanersb, N3 KOTopbIX pacTeT HHK

MnotHocTb HHK ~108 — 101° cm2
3a0aéM MNIOTHOCTbIO OCaXXAEeHHbIX Kareb

AlGaAs

onm
Cxemarnyeckoe M3M unsobpaxeHus AlGaAs H
n3ob6paxeHue GaAs KT
GaAs KT B AlGaAs
HHK

KT InGaAs B (A)GaAs HHK

/rQl)
5 e
L QW
™ -~
|
I 200 nm
]

CxemaTunyeckoe
nsobpaxeHue AlGaAs
HHK ¢ InGaAs KT

M3M nsobpaxkeHue
AlGaAs HHK ¢ InGaAs KT
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Research Article

Molecular-Beam Epitaxy Growth and Properties of AlGaAs
Nanowires with InGaAs Nanostructures

r V. lkiv, Kon:

Vera V. Lendyashova, Evgenii V. U

Rodion R. Reznik i ntin P. Kotlyar, Viadislav O. Gridchin, Dariya N. Bondarenko,

. See all authors

k. Anna S. Dragul

08 April 2022 | https://doi.org/10.1002/pssr.202200056

semiconductorTobAy

COMPOUNDS @ ADVANCED SILICON

News: Optoelecironics

12 May 2022

InGaAs/AlGaAS nanowires on silicon

Researchers based in Russia report on molecular beam epitaxy (MBE) of indium gallium arsenide (InGaAs)
quantum dots/wires (QDs/QWs) in aluminium gallium arsenide (AlGaAs) nanowires (NWs) on silicon (Si) “for the
first time” [Rodion R. Reznik et al, Phys. Status Solidi RRL, p2200056, 2022].

Direct Band Gap AlGaAs Wurtzite Nanowires
Daniele Barettin*, Igor V. Shtrom, Rodion R. Reznik, Sergey V. Mikushev, George E. Cirlin, Matthias Auf der Maur, and Nika Akopian
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Nanowire Quantum Dots Tuned to Atomic Resonances
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AlGaAs HHK ¢ KT — UICTOYHUKMK O0ANHOUYHbIX POTOHOB N
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Nanowire quantum dots tuned to atomic resonances
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Resonant excitation of nanowire quantum dots

Lorenzo Leandro, Christine Pepke Gunnarsson, Rodion Reznik, Klaus Dieter Jons, Igor V. Lorenzo Leandro, Jacob Hastrup, Rodion Reznik, George Cirlin & Nika Akopian &3
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Bragg Mirror Reflection (Bragg Mirror Wavelength) B2 A
Hangkal Fan, Andrey Bogdanov

Mame Expression Value Description
Bragg Mirror wavelength in 700nm ho 250[nm] 2.5E-Tm Diameter
h1 0.8[um] 8E-7 m
wil 1.4[um] 1.4E-8 m
prl 200[nm] 2E-Tm
Ida_B T00[nm] TE-7m Bragg Wavelength
d1 Ida_B/4/neff_GaPAs[nm] 60.076 GaPAs )
d2 \da_B/4/neff_GaP[nm] 67.988 GaP (s [y )2” —n,
d dl+d2 12806 period R, = N
(nH /nL) +n,
0.95} x ®*
*
0.9} %
0.85¢ *
10° - *
X c 0.8 oal
e 0.75}f * 055
] 0.5}
O L 0.45
$ 07 = s %
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0.6  x 5 02
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dopmupoBaHme KOHTaKTOB K oguHo4yHbiM HHK: 3apen
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Hanpsxenue (B)

C3OM un300pakeHns omoaHon/TpaH3nCTOPHON
CTPYKTYpbl Ha ocHoBe oanHo4yHoro HHK

OmMunyeckmne KoHTakTbl K oanHOYHbIM GaAs n GaN
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MaHunynmposaHue oguHouyHbimu HHK ¢ nomolybio
30HAa ACM




MukpodntongHole unnol gna maHmnyamposaHma HHK
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YV V VY

YV VY

3aKkn4yeHue N

GaP cnou c wepoxoBaToCTbl0 MeHee 3 HM 3MUTaKCManbHO BblpaleHbl Ha Al,O; (0001)
NOANO0XKAaX ANAaMETPOM 2 AOMMA

Peannsyetca pexxmm pocTa C aNUTAKCUANIbHbIM COr1acoOBaHUEM AOMEHOB
[ToKa3aTenb npenomneHma naeHok 6an3ok K oovemHomy GaP An=-0.05

MneHkn TonwmHoM oOT 500 HM XapaKTepusyloTcA CNeKTPasbHbIMM  ONTUYECKUMMU
CBOMUCTBAMU BIN3KUMU K OB bEeMHbIM

INEeKTPOHHaA nuntorpaduna u TpaBaeHne GOKYCMPOBAHHbIM MOHHLIM MYYKOM MO3BOAIOT
CO34aBaTb MMKPO- U HAHOCTPYKTYPbl, BOIHOBObl

Bbicokne HennHenHble ceonctea GaP Ha Al,O,

MHTerpaLI,MFI C UCTOYHUKaMKN OAUNHOYHDbIX (I)OTOHOB Ha OCHOBE€ KBaAHTOBbIX TOYE€K B
HUTEBUAHbLIX HAHOKPUCTA/1/1aX

» [naHapHbie cnon GaP u HHK A3B5 - maTepuanbHasa nanatdopma Ana co3gaHmna GOTOHHbIX

MHTErpanbHbIX CXeM 23
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RHEED

Al,O4 substrate prior to the growth

[0001] ALO,
| [1010]

(181) (000) (107)

Low-T growth

[112].p ZONe axis pattern

[110]s,p ZONe axis pattern

[0001] AlL,0,
‘ [Iﬂo_]_i

[110]c,p ZONe axis pattern

High-T growth

[112]s.p ZONeE axis pattern
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