T2: INL (M. Gendry)
T3: LPN (JC. Harmand)
T4: LTM (B. Salem)

T5: Foton (JM. Jancu)

T6: CEA (B. Ben Bakir)

Réunion lancement INSCOOP — 4 Novembre 2011



Task 2: NWs nucleation and orientation \@!

T2.1: Alternative to Au-catalyst (INL, LTM)
The person in charge of T2.1 will be H. Dumont from INL.

% To avoid Au contamination in silicon process lines using
alternative catalyst or self-catalyzed growth

T2.2: Vertically standing NWs on Si(001) (INL)
The person in charge of T2.2 will be G. Saint-Girons from INL.

% To promote vertically-standing NWs on Si(001) orientation with

the use of a thin oxide (SrTiO3) template layer

% To avoid the formation a 2D layer between the NWs by appropriate
growth conditions and substrate masking
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Acquis INL: croissance VLS-MBE de NWs IlI-V/Si

These de K. Naji, 2007-2010, Stages CMCU de H. Khmissi (U. Monastir) en 2010 et 2011
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VLS-MBE growth

In, P,
beams
B¢ ® o
® o o o S¢)
» o & °
S » ©
Catalyst droplets ® °. %
@
(Au or Au-In) & % o P

(In-P pair sursaturation)
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VLS-MBE growth mechanisms inl

Modeles de V. Dubrovskii et al, 2004-2005, + JC Hend, 2006

Modeles de V. Dubrovskii et al + JC Harmand, 2006

F. Glas, J. C. Harmand, and G. Patriarche, Phys.\Réett. 99, 146101 (2007)

V. Dubrovskii, N. V. Sibirev, J. C. Harmand and Klas, Phys Rev B, 78 , 235301 (2008)

V,
rijJ VLS-MBE:

La sursaturation de la goutte
en paires IlI-V est induite par la
diffusion de surface des adatomes

Island | 5 . '.rh[ |
He e e « Diffusion-induced growth »
Substrate
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I11-V NWs / Si growth: specificity (1) @

Critical NW diameter D, due to lattice mismatch

D, 5-60 nm Dy <33 Nm
1011 cm-=2 102 NWs/cm-2

2/18/2008 HY mag WD | spot 2 111 | —
11:44:40 AM | 30.00 kV |51 086 x |34.1 mm| 3.0 ep2662 001
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Lattice mismatch (%)

11I-V NWs / SiI growth: specificity (1)

@n!

LP-MOCVD
D. =36 nm
_ <= Epitaxial NWs
. = Non-epitaxial NWs
I InAs on Si Experimental CD
------ Theoratical COwuor
I InP on Si
InP on GaAs
0 50 100 150 200

NW CD (nm)

L. C. Chuang et al, Appl. Phys. Lett., 90, 04311902)
E. Ertekin et al, J. Appl. Phys., 97, 114325 (2005)

Critical NW diameter D, due to lattice mismatch

InP NWs / InP(111)
Dy = 10 — 200 nm
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111-V NWs / Si growth: specificity (2) @I’

INnP NWs /Si(001) [§

Rough InP 2D layer

e ~ 100 nm
InP NWs /Si(111)

SEM images
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dL/dt (um/h)

Axial and radial growth rates inl

12

O
1

(@))
1

Axial growth rate Radial growth rate

dD/dt (nm/mn)
D

320 360 400 440 480 320 360 400 440 480
Growth temperature (T) Tg (T)

Réunion lancement INSCOOP — 4 Novembre 2011

520



Tapered NWs: specificity (3)

Strong tapering effect

Sy

ooy,
e

e
o

dD/dt (nm/mn)

N
1

320 360 400 440
Tg (T)

480 520
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INAS/INP NWs / Si @l

INAs QRods / InP NWs on Si

As done on IlI-V substrates InP NWs

L. Samuelson et al, Physisca E, 21, 560 (2004)

P. Mohan et al, InNAs QRS

Appl. Phys. Lett., 88, 133105 (2006)

J.C. Harmand et al,
Images de la physique, 2007
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INAs/InP NWs / Si @Ez
For 10 s InAs growth

QRS

+

Radial QW (rQW)
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INAs/INP NWs / Si inl
InAs growth time (10 to 60 s)

D,=7-12 nm
T T T T T T T T T T T T T 8
—~ 240} .
e g =
£ 200t £ 6f ] PR
%) 160 L //,,’ I g . m
T 120| " c 4 - "]
: I . (X_) o n
- 80 I~ /.’, E u ,,// u |
1 r | 4+ 2 . et . . 7]
E 40— ’I// —_— .,,’,’ | "
O X ] \ ] \ ! \ ! \ ! . 1 . 0 - n \ ] \ ] \ ] , 1 . 1 .
N 0O 10 20 30 40 50 60 70 0O 10 20 30 40 50 60 70
InAs growth time (s) InAs growth time (S)
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Optical properties

-
=
AN
o)

o
ane @ e ©

o

PL Intensity (a.u.)

Chand [ /TN
Uband . .. [ ik ]

T
O-band
'E-band
L S-band

1

1500 1700

Normalized PL intensity (a.u.)

0.6

0.8

= 1100 1300
1.0 1.2 1.4
Wavelength (nm)

Energy (eV)

- Emission due to the rQWs

M.H. Hadj Alouane et al, Nanotechnol., 22, 405702011)

1900

Réunion lancement INSCOOP — 4 Novembre 2011



InP NWs on Si(001) @I’

Long NWs with Si <111> directions

Si(001) ><90 C\L‘é&so

<111> directions of the Si substrate

Mag= 84.73 K X 200 nm = 4mm EHT = 10.00 kV Signal A = InLens Date :4 Sep 2008 Time :10:56:45
f ULTRA 55-26-16

Noise Reductigt = Pixel Avg.

\/
Short NWs less inclined
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INP NWs on Si(001) @Ez

Needle like Pencil like

Dy <15 nm Dy >15nm (<33 nm)

Axial V 5 = 150-200 nm/mn Axial V 5 = 50 nm/mn
_ R~ 30 _ R~12
Radial V 5 = 6 nm/mn Radial V 5 =4 nm/mn
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InP NWs on Si(001) @E!

X-Ray pole figure
INP 0004 2@ = 54,08°

Rigaku with rotating anode
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InP NWs on Si(001) l

K. Naji et al, to be submitted
E. Uccelli et al, Nanoletters, 2011
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InP NWs on Si(001)

-

[115]Si -1;,:{_%1 -
;f:% ,iTwined [111] = [115] Si
\Z

/}%‘ —— Twin

(001)

£ it R
SRR Lets] “rk{i‘-‘« f Feberss ﬂj‘_. L i

4‘? i i /;‘: i i i i

174 - — i 7 4 i '

)

i /i i f{”’; :'.I'fi-r. 1 _ i e
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InP NWs on Si(001)

! (@) b

Needle Pencil
] £
o0 Catalyst c:\|i Catalyst
< diameter & diameter
’ 5-15 nm z 15-30 nm

/

Ha
;z,«
’j’f 7
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InP NWs on Si(001) fj/

201

For needle and pencil NWs:

Waurtzite structure with [0001] growth axis
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Wz or ZB phase Iin IlI-V NWs @E!

F. Glas et al, Phys. Rev. Letters, 99, 146101 (2007)

* Nucleation (a) v (b)
With droplet sursaturation j ..
" X
\\
LV

e
AG=-AMAu+ Ply, + AV Vst Vsw

* Wz phase is favored because nucleation takes place
preferentially at the triple phase line

- If sursaturation superior to critical supersaturation

AU > A
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ZB segment density = 1 (T) @
V/III BEP ratio = 19 Au-In catalyst

600

320 360 400 440 480 520
' T.(T)
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ZB segment density = f (T) jﬂ!

V/IIl BEP ratio = 19 Au-In catalyst

12

dL/dt (um/h)

o
1

600

(@)
1

NN
o
e

Cubic segment (um ™)
N
o
o o

320 360 400 440 480 520

320 360 400 440 480 T_(T)
Growth temperature ()

Cubic segments ™~ when axial growth rate 7
when In-P pair sursaturation 7

Réunion lancement INSCOOP — 4 Novembre 2011



ZB segment density = f (V/III) @l
TG =380 C Au-In catalyst

/=6

' V=10
: 300

N

o

o
1

V=14 |

V/111=19

o
1

Cubic segment (/um)
H
o
@

T T T T T

7 14 21
V/III BEP ratio

S. Paiman et al, Nanotechnology, 20, 225606 (2009)
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dL/dt (um/h)

/B segment density = f (V/III) /jﬂ!

TG =380 C Au-In catalyst
300
12-
g 2004
o 5
£ 100
(¢D]
(V)]
Q
S ol
4] O
5 10 15 20 7 14 21
V/IIl BEP ratio V/III BEP ratio

Cubic segments ™~ when axial growth rate 7
when Phosphorus sursaturation 7
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Optical properties of InP NWs / Si /jﬂf

Wz
Cubic segments? Wz Cubic segments? |
g )00 mW\ \J\ S$340 - e
2 [5mw /\/\ S340
= [smw /\A S380 R10
E 5 mW J\ S420 R14
T |5mW S460
S low TN ssoo ) Gl
< 13 1.46 154 1,3 1,4 15 16 1,7
Energy (eV) Energy (eV)

Type Il alignment: ZB segments “superlattice” in Wz structure
N. Chauvin et al, submitted to Appl. Phys. Lett.
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= To avold Au contamination

T2.1: Alternative to Au-catalyst (INL, LTM)
The person in charge of T2.1 will be H. Dumont from INL.

< self-catalyst (INL + LTM)
< catalyst-free (INL + LTM)

< Pt-In catalyst (LTM)
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Etat de l'art: self-catalyst l

APPLIED PHYSICS LETTERS 89, 063119 (2006)

Catalyst-free growth of In(As)P nanowires on silicon

M. Mattila,® T. Hakkarainen, and H. Lipsanen
Optoelectronics Laboratory, Micronova, Helsinki University of Technology, PO, Box 3500,
FIN-02015 TKK, Finland

H. Jiang and E. I. Kauppinen®
VTT Technical Research Center of Finland, P.O. Box 1000, FIN-02044 VIT, Finland

(Received 30 May 2006; accepted 26 June 2006; published online 10 August 2006)

Native Oxide / Si
+

In droplets
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Etat de l'art: catalyst-free

Availzble online at www sciencadiract com
-a - . .
*.” ScienceDirect s SR ETAL
IELSEVIER Joumal of Crystsl Growih 295 (3007) §16-619 ——

www ehevier com oo e oy se o

Mechanism of catalyst-free growth of GaAs nanowires
by selective area MOVPE

Keitaro Ikejiri, Jinichiro Noborisaka, Shinjiroh Hara®, Junichi Motohisa, Takashi Fukui

SiO2 mask on GaAs | ‘ \

|\ h
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Essal INL: self-catalyst avec gouttelettes d’In

Gouttelettes d’In sur SiO2(ozone)/Si(001) et Si(111)
IMC d’In

2/20/2009 Hv mag WD |spot 500 nm 2/20/2009 HV mag WD | spot

9:29:44 AM | 5.00 kV | 233 896 x | 7.6 mm | 2.0 ep3108 10:36:10 AM | 5.00 k‘-..-" 249991 x|7.9mm| 2.0

T=280C T=350C

Réunion lancement INSCOOP — 4 Novembre 2011



EP2787:InP NWs/ Ing /Si(001) et Si(111) l
Lancement du P 10s avant I'ln

Pp:1x10°Torr, P;,:7.5x10"Torr, Vc: 1um/h, t,: 10min Tc:380T (T 4o0x250T)

Réunion lancement INSCOOP — 4 Novembre 2011



EP3040:croissance avec billes d’'In sur :
Si02/Si(001) et Si0O2/Si(111) gravé HF10s sur la moitié de I’échantillon

Conditions de depot de billes d'In: Tyeqoy 550C , T gepor 350T, p(In 5) 1.3x10"Torr, t 5s
Conditions de croissance: Pp:1x10Torr, P;,:7.5x10""Torr, Vc: 1um/h, t;: 10min Tc:380C
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Essail INL: catalyst-free @I'

# To avoid Au contamination \Voir tiche T4
< To avoid the formation of a 2D layer ?

[001]

Croissance sélective avec masque de silice ?
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Essail INL: catalyst-free @I'

# To avoid Au contamination \Voir tiche T4
< To avoid the formation of a 2D layer ?

Metal catalyst

-

[001]

SI02~,

Croissance sélective avec masque de silice ?
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Proéess

Avec catalyseur :
OQuverture des
sites de croissance
par voie chimique,
puis lift-off de
meétal

Sans catalyseur :
Ouverture des
sites de croissance
par RIE

P Rojo Romeo — !NS{E:GDE 4 novembre 2011 5



Réseaux de trous de 50 nma 300 nm

a) )
50nm array 200nm array
b) gd)
100nm array - 250nm array

Probleme : ouverture résine et
silice pour les plus petits
diameétres (50nm) non résolue

§COOP, 4 novembre 2011 6



AFM

Si <100> 30nm Si02 (PMMA mné'locou_che, gravure Silice RIE 3).

P Rojo Romeo— INSCOOP, 4 novembre 2011 7



Croissance MBE (premiers essais)

100nm array | 200nm array

Si <100=30nm Si02,
RIES’

Epitaxie : ; ~ = T T

In (17)/In + P (107), 250nm array 300nm array
450°C.
RapportV/III: 10

P. Rojo Romeo— INSCOOP 4 novembre 2011 9



B2 JUNA11

- caractérisation des profils des siteés de croissance difficile
* RIE (profondeur suffisante) / QOE (élargissement des trous)

* Localisation de la croissance d’InPé mais pas de nanofils

« conditions de lithographie / dépot a optimiser
* conditions de croissance a optimiser

P Rojo Romeo - INSCS:DDE 4 novembre 2011 10



3ELTM LS

LABORATOIRE DES TECHNOLOGIES
DE LA MICROELECTROMIIUE

P1Si catalyzed Si NW

J Introduction of HCI: variationé

i—

HCI introduction reduc::—:és 2D uncatalvzed growth




5 LTM

DE LA H|CRDELECTWNM1UE

NiSi & PdZS catalyzed Sl NW

J NISI:

TEMB%M Cen Hertog & J-L. Rouviére

Pd and N| §JJJQAQ§§ are also efficient catalyst for Si NWs




EIE Lr- i C IDELEC ROMPOLUE

mformmmm

b Sl Pt T° =650°C, @, =45 m D,y =4.5sccm, P=45 Torr

-
| without HCI

A

PdSi NiSi PtS|

U Pd, Pt, Ni sillicides are
efficient catalyst for

: S1Ge NWs growth
, = PdSiPtsiisi O Single crystalline NWs
R 0 Ge content modulation




% To promote vertically-standing NWs on Si(001)

T2.2: Vertically standing NWs on Si(001) (INL)
The person in charge of T2.2 will be G. Saint-Girons from INL.

» Use a thin crystalline oxide SrTiO3 (STO) as buffer  layer
on Si(001)

«——qques nm
SrTiO3

Si(001)

[001] (Si)

Si(001)
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Why STO ?

Work at INL on InP QDs grown on SrTiO3/Si

J. Cheng et al , J. of Cryst. Growth, 311, 1042 020
G. Saint-Girons et al, Phys. Rev. B, 80, 155308020

InP QDs can be (111) oriented on STO(001)
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Why STO ? (inl

(0001) Wz InP

-2 (111) ZB InP

(001) STO

(001) Si
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Au dewetting 800C

15%
1nm Au Vertical
Au-In dewetting 770C
1nm Au Aug, B 0%
: B
ﬁ ;“‘J ,,
Ty, ,
L/ 424 108 cm2

Dewetting 770C under In flux

© o e e © 80%
© e ®0 09°°, o Vertical
1nm Au +
e
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Vertical NWs on STO(001)

X-Ray diffraction:

Pole figure with Wz reflections is not helpful due to the low density of NWs

Azimuthal scan performed at grazing incidence and

at a Bragg angle corresponding to (10-10) InP Wz reflection

Intensity (A. U.)

0 20 40 60 80 100 120 140 160 180
¢ (9

STO(001) surface promotes vertical InP NWs
K. Naji et al, to be published in J. Cryst. Growtl® 21

[100]

Wi SITIO,
[010]

[10-10] (b)

[01-10] &

[10-10]
[01-10]
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Optical properties jﬂ!

Te = 380%, Spectroscopy of

P(P,) = 1x105torr (R, =19) single NWs at 4 K
M. Hocevar and V. Zwiller, KIN, Univ. Delft (NL)

InP nanowire grown on SrTiO3
Transferred on SiO
TQD =4 5K, Laser: cw-532nm

1400 F'
1200 | 215]x1
1000 -
800 -
800 -

400 -

PL Intensity (counts/sec)

200

0 is it =T il
125 13 135

michcl P S pRE 1 ES

14 145 15 155 16
L Wavelength (eV) 7 -t
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Vertical NWs on STO/SI(001) @l

Substrat Si(001) puis SOI(001)

«——qques nm
SrTiO3

Si(001)

[001] (Si)

Si(001)
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Croissance de STO/Si(001) @E!

STO 110 (in-plane)
600 — T T
500

400

T

PO, forte . 10 MC —

T

T

300 |
2R ARG : ; S 200
Croissance biphasée : 1 phase 1001
lacunaire en oxygene 120 F -

100L PO, intermédiaire i
L [ ] l. .' -".. . ]

22 MC

1x10° |

Intensity (cps, log. scale)
&
'SH

/\ | 0 = o ==

047 046 048 050 052 o054 os6 0.345 0.350 0.355 0.360 0.365 0.370 0.375
VA RN -1
q, (A7)
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InP/STO : accommmodation et orientationdﬂ

STO (1x1) TiO

500

Mélangé
111 a dominante 111

Température (°C)
L
o
o

5 10 15 20 25 30 35 40 45 50

V/III
STO (2x1) Ti,0,

InP relaxé des le début de
la croissance

o

o 475

@Q 450
InP(111) relaxé/STO(001) 35 a2

y y
Mélangé

possible = NF verticaux sur \g 400
Si(001)? 2 Z:
2 325}

) e S————— -
Réunion lancement INSCOOP — 4 Novetfbré202f 2\5,/13]‘:’1 35 40 45 50



Schémas d’accroche simples : InP/STO(001) éﬂ!

S

N

o5 <110>InP(111)//<100>STO(001)
1 patte 53 <211>InP(111)//<100>STO(001)
5V = Aa/a = 6.5% x (-7.9)%
V N -2 .7 \ -
—0—0—0—0 0.064 A2 0 non liés a l'interface
<211>In; <110>InP//<100>STO"
//<010>STO
El
2 pattes g A <100>InP(001)//<100>STO(001)
direct S Aa/a = 50.3% x 50.3%
VAN 0000 0 cm=2 0 non liés a l'interface
<1- 10>I,,("P <110>InP//<100>STO"
//<010>STO
El
(")
2 pattes 53 <110>InP(001)//<100>STO(001)
45° §¥ Na/a = 6.5% x 6.5%
VS 0—.—.—.—. 0.073 A2 O non liés a l'interface

.
<010>InP <100>InP//<100>STO
//<010>STO
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Nouveau réacteur oxyde @l

Riber C21

Objectif : croissance « en recettes » de STO/Si
1léres manip dans [2 semaines
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% To promote vertically-standing NWs on Si(001) @E!

STO/SIi(001) template for vertical InP NWs

Pencil like InP NWs / Si(001) with a Si [115] growth
direction for droplet diameter higher than 15 nm (< 30
nm)
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