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or MC s i3 j O tedzOY (5B tcOB ©IsEDijlsh. fs tieef 1 d PO dzg LFFtfils jste
~ddBdud MEtsd SMOYHJjdd] dL cOL o MDT & Pid UY Bt Jf SEHADC
f Otetso 3d sOzdzstec Odgd (J gk HE ¢ Aydzd ¥ I ig4f @zald Wiy CdzffAs.z v ©
SftejHj kv &OMm:! ¢O¢ ldtsh j dzdfg. Msfeslsdo dzj dzd2 4 teq

AdLduyjmEts] BMOYyHjddj dL cOL
[ O dz) Stots dgdzs j OMY © dzj dzq 4
sdff dhjde|P, |1 BHM&SY Uuow nf Ussydbd | Rao O BY dzd Is| Tyye| R MIs
0 Is dgts iy ¥ A tesyqeo |([ B/ Ca1 ) (8
1 v | VO, ds1 |1 sdeq S { 135 600 2,510F | 500 66 | [96]
Ar SiO, 24 0f0O 1969
Iy |V,Ar+0; | 200 |ulsj S dzf 400 Li s 8LL0* 10 50 | [108]
V:Oslsts {100 |& Of % d 4 83100 | 10° 2000
V205, Ho 100
Iv |V 50 |so Oty |450 14 ls H10° 10° 68 | [101]
Ar+0O; 1972
Iv [V 80 | Si(111) 580 14 s 3,510° | 3M0° 54 | [113]
Ar+0O; 2017
Iv [V 100 |[r-mOfF ¥ d 600 14 s 5LLCP 10° 66 | [114]
Ar+0O; 2013
Iy |V 150 | r-Of W d| 550 Li ks 1,310° | 210 65 | [L15]
Ar+0O; 2011
Iy |V & | cmOof ¥ d 550 i i 10° 74 | [79]
Ar+0; 2013
Iy |V dat | SiN, da - 47110 | 10° 60 | [L16]
Ar+0O; 2017
Iv [V dat | TiO; da - - - 68 | [72]
Ar+0O; 2019
DC |V 200 | Si 25 550 5110 Si 10°Si 65 [100]
Ar+0; glsj ¢ dzt 90 dz | 1,31Cu | 1Pflsj S d 2017
DC |V 100 | Si(100) | 650 L i s - - 75 | [117]
Ar+0; 2019
DC |V i |uOf % d{350 L5 ZIEN; 100 69 | [107]
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Ar+0O; 1991

DC |V 150 | SiO. 490 14 ks 310° 3110° 67 | [118]
Ar+0O; 2018

DC |V 150 | SiO» 490 14 ks 310° 3110° 67 | [65]
Ar+0; 2015

DC |V 150 | SiO» 490 14 ls 3L10° 3110° 67 | [67]
Ar+0; 2016

DC |V dai | SisNs o 450 10° 10° - [119]
Ar+0; 2018

DC |V d& | AlOs dm - - - - [120]
Ar+0; 2016

DC |V dai | SisNa o 450 103 103 [121]
Ar+0; 2019

DC |V 160 | Au 350 550 Q 10° 102 68 | [61]
Ar 3y0Mmo 2014

DC |V ds | VOJSIO2 | 500 14 ls 2110° 10 68 | [64]
Ar+0; 2019

DC | V.0s+V,0; | 2000 | ls j § dzt 300 oz - - 73 | [106]
1y | ArtO; 2016
1 [ |V 40 |[s 9 Otey |420 14 ls 100 410 55 | [122]
Ar+0, ¢ I ls| 30x30d3c3 2016

1§ |V dm e lsj € dzf 300 14 ks 3110 102 60 | [123]
Ar+0; 2018

1§ |V da | Si(001) 25 500 5110¢ 103 71 | [98]
Ar+0, 25x25d303 2P MO0 2021

[ sdzj C zaztygdes O L f JIsOC fiyd W
vdl) BHAESHL ¢ UYsodwnida Reo ¢ d3diz. L dimAe.|zdtEd @O Tyys| RMIS
Ao (a1 (t A

0; | TiO; 6 200 1,510 | 103 15 20 13 | [57]
2014

- TiO, 10 | d# 1110° 10° - - 43 | [109]
2013

Iy MmOt % d|100 |550 1110° 10° 10 30 72 | [110]
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50 33 2013
Os TiO2 15 250 104 107 4 40 37 [111]
2015
RF | Quartz 60 | & 10 400 6 70 55 | [112]
20x20d5d3 2017
O: | MgF 30 | 400 a0t | 1C° 12 60 67 | [124]
2021
RNG Otey dzd § | dzj C S dede & § £Zys &
sdtf dhjde|P, |} SH WS Suow n) Ussy ¢hb | Rao O BY dzd Is| Tyyas| R MIs
0 Is d3ts iy ¥ A tssyqeo | B/ Cd41 1 [ (toA
Y, 260 |r-mO4f % d 500 L 48910 | 10° 68 | [93]
1 dzO LO3Q 1999
RF |V 50 |cmOf % d 500 Ld s 9,510° | 2110° 73 | [90]
0, 20x20d5 3 2012
V (07:7] SiO)/Si 500 550 G 10° 5110 72 [91]
0, ot W d 158d dz 2017
VO, da | Sinlsd 4§ q d 450 Q - - 72 [92]
157 903 q 2013
RABY zdz' Mdetsj dzOL jtedets] BMOYHJ ded
sdff dhjde|) SHAiEY SO |Usoan Ussyqhb | Rao O BY dzd Is| Tyyas| R MIs
0 Is d3ts iy ¥ A tssyqso | B/ Cd41 1 [ (to| A
V205 MOf W dt |630 1L s 710 10 65 | [94]
chof ¥ dt 2L10P 5L10¢ 55 | 1994
V 6H-SIC 500 500 100 100 70 [125]
0, 5X5 o5 3 20 &q 2019
V:0s TiO; 470 L 5110° 30 32 | [54]
)] 2002
V20s SiO, dH i 310 310 67 | [118]
)] 2018
Y; chOf ¥ qte  |500 |14 5L10° 10° 69 | [689]
0 Al>03 2007
Y, chof % dts | 500 Li s 10° 10 68 | [69]
O, 2010
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V:0s SiO, 400 475 310 10° 70  [[126]
10 min 2018

\Y, chof W dte 550 141l 3110° 400 65 [127]
Oz 50 33 2015

dmi 4O W dte da dai - - 70 [128]
2018

dm dOf Wdte da dm - - 68 [129]
5033 2017

v Si 470 470 - - - [73]
Oz 5033 30 min 2016

\Y r-mof ¥ dte 580 580 - 51104 - [70]
02 1yOofm 2018

md B3d U JEEasidH § dad J
md &3d U JEfkOsijH ¢ dz@ | tveGs
vdtf) toj Clztgdt dzdz ) tSH dztS Y Vo ] Usisy b | Rao b B dzd Is| Tyya| R Myls
Ols di3ts MW As tssyqco | ([ dEP [V ) [(teQL | A

LP | VO(hfa) 150 |r-mOfq % d 600 600Ar 3110 6,6:10" 59 | [85]
MO |Ar+f Ots 2015
LP |VO(acac) |2000 |wlsj € dzf 420 550 Ar 810" 10° 68 | [130]
MO | Ar+O+f Ot 25710 2002

LP | VO(thd). 450 [r-lOY ¥ d 450 1 4 ls - 10° - [70]
MO |Ar+f Ots 2018
LP | VO(acac) SiO, 25 400 - 700 - [131]
MO | Ar + O, 45i=d dzkz 2020

dlstsdgasts j o 5] t5MOXHJ ded §
vdt) toj Clztgt dzdy ) tSH dztS Y Uodz ] Usisy ¢b | Rao O BY dzd Is| Tyy | R M s
Ols dzts W Ad tssyqeo |([ B/ S41 1 [ (oA

LP [ V(NEtMe), |40 [SiO, 150 450 Ar 7110° 10 70 | [88]
O3 2011

RF | V(NEtMe)s | 50 Si (100) 150 480 N 3ot 1¢° 71 [89]
H. | Ar+H-0 1y O fy 2017

VCl, 30 Si (100) 350 1d1ls 2100 17 63 [87]
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Ar+H,0 2018
mdaidud M sy BMOYH]jddicdd NfleegmMEOL |
vdi) toj Sktgtdzdg) BH Az Swodj nj Ussy ¢bb | Rao O i3 dzd Is| Tyye| R M s
A tssydco a3/ S411 [ (teh
14 [t ot &g - ulsj C dzf 1100 500H; 5110P 10° 68 | [83]
V:0s9 9t 20R 10 &0 &z 90y Ofts 1996
V20s
{ VOCI; 100 |wlsj S dzf 60 600N, - - 85 |[81]
PEG fzh ¢|3yOMmo 2009
{ V205 - udz¢ H O] 110 500 N2 - - 72 |[82]
C4H100 fizh ¢ |30d3q dz 2013
{ VO(OG:H7): | 100 |4 OF W d { 250 4100; 2110° 10* 68 | [132]
fizh ¢ |30d3q dz 2006

16 Oc dzj stetsdzdzts j tOMY ™ dzj dzd

16. 1 1ty mmr d&O &dh jdd d o o90¢C Lkl

dzv btsets, yYlstse' dz02Isd sflsdBtOd dzr |
eOMYy " dzj dzgdw, dzjtsBAtSHdBE § sdadBOL: WdLdCk
fdzy desC OCdds Mfsmtsetsd. 1 tsHictsE dzOf h @< j@HC
RMlstsydzd ¢ MmMmr dz¢ d dzgj dzO2H J dz.

t Oy r dzj dedd RO tcd QIO Bfistelds O HEHedfsl® € d L j
o' MsC sl dgj e Isqd ydz" di3d d tsdzOdzdr f tsiBdzjueizsy JORO) §~t
L], [ Oddz 2 HJOYOLBd {djtcd?2 wodvwjlsfw
Ldzj e dv R fesdmMisHdls SleOy | ddj 1dfkifno duske
ddetse o dB3d" j dz¢ [B8J]L tedoB@ bz drfptwiz] Wicj 3 J d&3d , o
OtsBOB] ddh jdd, disdr o7 L' 90l COMSOHT
fsojwidsmisd, §odkzuydehdj ftd {lssd { djtecd
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"O0h— 6 v“—AT &
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Ldzj Stedyuj MSsd3 fsdzj odzzlsted SO ter . | dzw
By dzs MY sdz L 59 Ols!  3d 1By WAdnife gddss ¢ tsdz | fifx
BB h j dzj 2 fsH di85)d fzdgj dedztB Oo dIs! o § Oddj dedzl)te j Of
Cslstste’ d3 twOMmY r dzj dadz | Ols §185]. Bz H ls W e O dnd
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sjteBOd&dL OdajdecdY twWOMY " dzj dzdzr = yOfMmsdy d -
L dgj dgvIst fqw , ylsts fMdzjHizjls Eydlsr o Ols: [1§9%d
1l smdzijHdzd 2 MY sigF©OC @b 'd &I B! fsdaz M ded i dy! dzts
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disdz Owkcetsdz® (ddzd fdsjMd cOLso) BEdE OtcH d to
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COLBYHO. wbkhjmokjl &oEH@yHEEOQgs] | BOHE"
Bsh ZcHIBIMS) ([ §sLosdYsh OV ko jddyudls dHjifdg
30% d BBdzid, f§odkzuyde Isj d3[1#0D d3"[df deiftOdtgdg” 24 d
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B jded MisOdzj ss=tcOMYy Jdndef | Yy CcOlsqdismw.
Hdl dzj ClstedStse 2@ gdh jdz@ §sHOsls fjtej BB dac
ZOL " 9 ®] BRI S YOMistsisdz o3 ([U35].) ugjOdk) fdzjdzjdggdozidy |
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L Odgv s+ dzj MA3Sdz S5 H dzj 2
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fidtef jdzHdSCEdvtcdzseats L dz SIstedud MEtsdiz, o ¢ tets
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Olstsdzste ¢cOL O (fsmMitd Sk f d&zOL B30 dL 1 dzj CIlste
fsdzv s $PBHZESYSC ), yYyltt, o Moty yjtejH! ,
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fodzoy jddjd3 f dzOL 3" © COdBjtej. wBLHOd,] to

HefMisde0j sMY  § k& Is vedzdedmsd®)deigads o €  1d0
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Moanoxka I | Noanoxka | l : Moanoxka
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MuweHn Muwensb Muwenb ‘
N [s] [n N [s] [N N [s] [n]
C6anancHMpoBaHHbIIf HecbGanaHcHpoBaHHBbIii HecbanancupoBaHHbIif

MarHeTpoH marverpon (Tun 1) marHerpon (Tun 2)

t Mz dzsS SL.dgsd dz j IS’ B OkOHAIY tctso d Ody®ciap st
BOGdzj stetsdzjy Bsh dzsfls! yj destcOdz! detsets BOGdzdls O
dzj B OO dzdtetso Odzdzs i3 s h dgsfls: yj desteOdz dgsE s BOE
Bide Mi (Isdf 2) d&sh das.iisrffptsk'sot &0 dgPic disdstflsO 2
oLOdEEHj2Misodj § &OL & ) OlsBOdd dzo

I LOd®dzs ) t©OmYsdsy jddj §dOLd d §H dt
MO HJ dedz" R ZO foHAEZsYCE Oltdtss ( OH Ols s ¢
BOCdzj stesdz (s @% B) st geled |p jld' dezé 1 dzgj G jls
Wsteddtelzs M j 2 MW [ldA) fresfdesdyd@dils § dzt dzts L &34 dav Is
f ZOL 57 d §sHAEsYCd KBsyds, HodeOw MOdBEz ft
Bj Y HE 3 M 4 dzt ¢ d f SH Ay ¢ 52 dzj 5B - tsH d di3ts
COMY " dzj dgdzr ° Obtskse, {djtecd™w Cshtkieh B
o § dZ@42[Bj 1 dzd dzO Is j @Oy O ysflsf H Oo dzj dzdv d
B’ Ydats Misfls O dnddgsls] dzjpfidfdrtmiptsf( 1. 12
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12,0

10,0 }\ {Ta in ArfO, - 31 I—
7.5

~ 50
25 \\‘__ —_— —t

2,5 5,0 7.5 10
P (Pa)

{ f HzHARSY dzd dzO@ s j ted3Odzd L Oydd Okt eRtizs Bls Qs @z t
wOMmy " dzj dzd Ar/Op[148) d3d M d

sO0Cdds tsBLOL 503, tcPigmiztsy 2PJ IS H J dz'f tsL ¢
1 dzj e dg 2 sMOYHO ] d3' = Olstsdits o . s tots d3j Ists G
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1 dzgj ceds OHOItRss By dts wjekzdzdtese Ols i
fzlsj 3 fsHOUYd + dzj Clsted ud M B4 dhgf d3jfrf J oftdgitfts etz
Hisf sdzdzd Isj dz detse s dtsdzdzs e 5 d fls fl4edzd SRGAN {f (Sobls dzc
o MoC st dgjtecg jlsdyder = dtsdese HdzW HEY tsdzded Is j
fjtejtcOmMYyr dzj ded®¥ Olstsdzgseo M § sH dzsY ¢ (.

16. 2 1 tetsyj Mmr dz0@ 4§ tsHdztsy € j

[ dzw i tsded &3O dzd v 9 Oy dzesfils d 4 tcOo dzj dad W
tOmMmisistej Is! fistsdipdtn wh djf sd@zsy ®H dztg ok jis
1 dzj d3j dals Ot dz' (i & tf dzts §f jMidne 8§ O ! RMissyded & fyMmr
l.1tedB"Isd] OHOILtdBEY ;

2 RMf Ot dzdj OHOIstsd3tso ;
.rdW¥WkzLrdYy OHOLtd@te s §tsHAsYC ] ;
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otsL By desmlswdz Ctsdzlstetsdzy  Isj o3 4 to Ols AHD]. dz® ¢ «
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recrystallized grain structure

zone 3

fine-grained,

regionnot A t* zonet’ 05 nanocrystalline,
accessible with.prefe'rred
orientation
0.1
~

porous,

tapered crystallites

separated by voids, 1

tensile stress | 4eNsly packed

fibrous grains

transition from tensile (low E*) to

compressive stress (high E*) line separating

net deposition

region of possible region not E* and net etching

|OW'tempenUre accessible
low-energy ion-assisted

epitaxial growth dense film,

reduction of deposition by sputtering
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f sdzlz yJd ded v
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MsteczCskztclz.
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