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- High-k gusaexrpukn (Si(111) and GaN-110JI0KKH,
IBOMHBIE OKCUAHBIE cucTeMbl Ln-Sc-O, Hf-Sc-O u ap. k>21.)



MeToa aTOMHO-CJ/I0€BOro oca*aeHus
(MoNeKynapHoe Hac/slauBaHMe, XMMUYECKaa c6opKa)

Naeanmn3upoBaHHBIN
ACO-niponecc

IToBepxHOCTHBIE
peaknun:
- pa3gesieHHbIE;
- YepeaywImecs;
- CAMOJIMMUTHUPYIOIIHE

OcHosHbIe npeumymiecrsa ACO:
- BBICOKAsl OTHOPO/THOCTh OKPBITHH
- KOH(POPMHOCTb, OJTN3KasA K 100%
- CPABHHUTEJILHO HU3KHE TEMIIEPATypPhI IpoIecca
- BBICOKasA BOCIPOU3BOIUMOCTD
- KOHTPOJIb TOJIIIHNHBI HA MOJIEKYJISIPHOM YPOBHE
M T.J.

@ Deposited material
@ High aspect ratio substrate

Sputter deposition CVD ALD

Fig. 1. Ilustration of typical coverage for sputter deposition, chemical
vapour deposition (CVD), and atomic layer deposition (ALD) on a substrate
with a deep surface feature.

A. Kurek, P.G. Gordon, S. Karle, A. Devi,
and S.T. Barry // Aust. J. Chem, V. 67(2014) 989-996

2 pum EHT = 6.00kV Signal A = SE2 15 May 2012
— Mag= 10.00 K X WD = 50mm Photo No. = 71
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Bbi6op U cMHTE3 NpejllecTBEeHHUKaA

||O—H + Se(MeCp), (g9) — [|O-Sc(MeCp), + HMeCp (g)
2||0O-H + Se(MeCp),(g9) — (||0-),ScMeCp + 2HMeCp (g)

||O—Sc(MeCp), + 2H,0 (g) — || O—Sc(— OH), + 2HMeCp (g)
2(]|0-), ScMeCp + H,O (g) — 2(]| O-),Sc—OH + 2HMeCp (g)

L. Nyns, J.G. Lisoni, G. van den Bosch, S. van Elshocht, and J. van Houdt // Phys. Status Solidi A, V.211 (2014) P. 409-415
J.H. Han, L.Nyns, A. Delable, A. Franquet, S. van Elshocht, and C. Adelmann // Chem. Mater., V. 26, 1404-1412 (2014)

CH,

Et,0, 34°C

? CH,
\
<10 mbar, 110°C
ScCly + KMeCp ———— Sc(MeCp)ye Ety0 —— 0~ 3= R} Scﬁ
KCl Q‘/
CH,

R. Blom, A. Hammel, A. Haaland, J. Weidlein, T.V. Timofeeva, and Yu.T. Struchkov // J. Organomet. Chem. V.462 (1993) P.131-139




Process details
ALD-tool

hot-wall Picosun Oy Sunale R-200

ALD reactor (Finland) T. =200-400°C |
dep™ B

T.. =110°C

evap

80.6nm
SEI 15.0kV X200,000 100nm WD 6.0mm

N, purge (10.0 s) N, purge (10.0 s)

Sc(MeCp), pulse H,Opulse
(8.0s) (0.59)

|
Pulse sequence




XapaKTepUCTUKH poCTa
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® J.H.Han, L.Nyns, A. Delable, A. Franquet, S. van Elshocht, and C. Adelmann // Chem. Mater., V. 26, 1404-1412 (2014)



N
Xummnuyeckumn coctas (POIC)

_ ° Sc2p
.
. f ] Sc3* B Sc,0,
_ sc 38 | .
. O 62 .

T T T T T T T T T T T T T
408 405 402 399 396

JHepru:a cBA3u, 3B

w0 sw 60 400 N 0

dHeprud cBaA3U, 3B
ITocsie TpaBsieHusa nonamu Ar+ Ols
B TeueHue 3 MUH

C.D. Wagner, A.V. Naumkin, A. Kraut-Vass, J.W. Allison, C.J.
Powell, J.R. Rumble Jr., NIST Standard Reference Database 20,
Version 3.4 (web version) (http://srdata.nist.gov/xps/), 2003.

L B e e SN S S B S e S S B S S S e B s e e S L B s e e E e e
534 533 532 531 530 529 528 527 526

M.C. Biesingera, L.W.M. Lau, A.R. Gerson, R.St.C. Smart // Applied
Surface Science, 257, 887-898, 2010. 9HepI‘I/I}I CBA3U, 3B



vu\l' ]
NONE SEI 5.0kV 50KV X50000 100nm 6.0mm
NONE SEI 50kVY  X50000 100nm WD 3.0mm
NONE SEl 50kV  X50,000 100nm WD 6.0mm NONE SEl 50KV  X50000 100nm WD 6.0mm



Mopdo10rma noBepxXHOCTU

3aBUCUMMOCTb OT TOJILUMHDI

NONE SEI 5, ; Al

NONE SEI 50kV  X50000 100nm WD 6.0mm
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UK-cneKTpocKkonus

i 390 cm™ i
m 420 cm™~C-SC, 0, cn

=2 -1 =
S |200°C 630 cm =
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| 400°c .

T L T T T T T T T T T T T 1 T T T T T T T T T T T T T \
350 400 450 500 550 600 630 70 350 400 450 500 550 600 650 700

N -1
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J.-G. Li, T. Ikegami, T. Mori // J. Am. Ceram. Soc., V. 88 (2005), P. 817-821

P.S. Feijoo, A. del Prado, M. Toledano-Luque, E. San Andres, and M.L. Lucia // J. Appl. Phys., V.107 (2010), 084505
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CneKTpocKonMa KOMO6MHaLMOHHOIo
pacceAHusa cBeTa
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N.D. Todorov, M.V. Abrashev, V. Marinova, M. Kadiyski, L. Dimowa, and E. Faulques // Phys. Rev. B V.87 (2013) 104301
J.Yu, L. Cui, H. He, Sh. Yan, Y. Hu, and H. Wu // J. Rare Earth, V. 32 (2014) P.1







PeHTreHoBCKas

Intensity, arb. units

ANdpaKkumA
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O 1 M HECK M € CBO l\;‘ CTBa 3aBHCHUMOCTD OT TEMIIEpPaTyPhI

- 200°C
- 230°C
- 260°C
- 300°C
- 340°C
- 370°C
- 400°C

ChnexTpasibHasA 3JUIMIICOMETPUA 231

2.2

JucnepcronHas ¢gopmysa Komm d=42+2 nm

b

ITokazaTesib IIpeIoMJIeHUA

1,9 1 | L | 1 | 1 |
200 400 600 800 1000

JIJITMHA BOJIHBI, HM

Tup't | 200 | 20 | 260 | 30 | 30 | 70 | a0

n(A) at 1.920 1.954 1.958 1.962 1.949 1.959 1.980
A=632.8 nm
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OnTu4yeckue CBOMUCTBA

3aBHCHUMOCTD OT TOJINIWHBI BiusHue omkura
T T T ' T ' T ' ' T ¥ T ¥
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: - — o —— 230°C
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dom |24 & |e7 |30 JTec 200 [230 |30
n(A) npn A=632.8 1.937 1.962 1.970 1.978 n(A) npn A=632.8 nm 1.920 1.954 1.959

nm
n(A) npn A=632.8 nm ana 1.936 1.957 1.961

OTOXMKEHHDbIX 06pa3LI|OB



N 1)
SAK/TOHEHME

- ToHKHME IJIEHKU OKCHJA CKaHJMNA ObLIM IOJydeHbl METOJIOM aTOMHO-CJIOEBOTO
ocakzienusi u3 mapos Sc(MeCp), u BOzIbI

» ACO-okHO Habmo@10ch B Iuanasone remmneparyp Tdep=230-370°C. Ilpupocrt
TOJIIIIUHBI 32 1 pEaKIIMOHHBIN ITUKJI COCTaBJIsII 0,80-0,84 A/1uKa

 Yryepoja B IJIEeHKaX He 00HAPY:KEHO. S¢c HaXOAUTCA B COCTOSHUU Sc3*

o IlneHku ABISIOTCA MOJUKPUCTAIINUeCKUMU. KprcTa/mnaHoCTh 60jiee 3aMeTHa
JUIs IJIEHOK, OCaKJAeHHBIX IMpH 0oJiee BBHICOKUX TeMIlepaTypax. Pa3zmep 3epeH
YBEJINUUBAETCS C YBEJIMUEHUEM TOJIIIHHBI.

- @asza Kybuyeckoro Sc,0, bputa 3adukcupoBana merogamu MK-crekrpockonuy,
criektpockonuu KPC U peHTI‘eHOBCKOI/I nTupakInumu

- Ilmenka Sc,0, XOpOIIO OMNKCBHIBAETCS B  PaMKaxX MOJAEH OJTHOCJIOMTHOU
HenorJIomnaolien mieHku. OnTuyeckre CBONCTBA He U3MEHAIOTCS ISl IJIEHOK,
nosydyeHHblx B auanaszoHe ACO-okHa. Ilokazaresp mnpesoMJIEHUS 3aMETHO
YBEJINUUBAETCS C YBEJIMUEHUEM TOJIIIHHBI.

- He obnapy»xeHo 3amerHoro BiausHusA otura (T,,,=700°C) Ha MUKPOCTPYKTYPY

1 OINTHYECKHE CBOMCTBA IJIEHOK, IOJYYEHHBIX B TeMIIEPAaTypPHOM JHala30He
ACO-okHa
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