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Research on high-k dielectric thin films for next
generation DRAM capacitor using atomic layer
deposition

Seung won Lee

Department of Electronic Material Engineering
Graduate School of Korea Maritime and Ocean University

Abstract

In this research, we conducted in two ways to improve the dielectric
characteristics for next generation DRAM capacitor using atomic layer deposition.
First, we researched HfZrO, thin films characteristics by Al doping. When the Al
concentration was doped at 2.4%, the permittivity of Al-doped HfZrO, thin film
increased about 2 times compared to undoped film. As revealed by the XRD result,
it was caused by phase transition from monoclinic phase with low dielectric
constant to tetragonal phase with high dielectric constant through Al doping. In
addition, the leakage current decreased more than 100 times compared with
undoped HfZrOs.

Second, we would like to introduce a 2-dimensional perovskite nanosheet. In
previous reports, 2D perovskite thin films formed by electrophoretic deposition
(EPD) or Langmuir-Blodgett method were reported that showed a remarkable
dielectric constant (~200) regardless their thickness. However, this wet-based
process does not suitable for application to device integration in CMOS industry.
Therefore, we investigated, for the first time, the structural and -electrical

properties of 2D perovskite oxide thin films deposited by atomic layer deposition.
KEY WORDS: Atomic layer deposition, film, permittivity, perovskite
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2.1 Atomic Layer Deposition (ALD)

DRAM £&:z}e] =717} Ix nm o2 33 A 7} JPEAEA Y 50
utubo] A4S 2438t 3% trench FxAA & &9 Z£34] (aspect ra
g 7T & Jde 7IEs FLE It AT FERHL 35 F2 93|
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Fig. 2.1 Reaction type with ALD process temperature
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2.1.2 Self limited reaction
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Fig. 2.2 Factors cause of saturation by self limited reaction

- 5 -
Collection @ kmou



2.1.3 Mechanism of atomic layer deposition process

ALD 71&& 3% AR gt=z FA" A4 (Precurson)2t ¥-3-& (Rea
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Fig. 2.3 Mechanism of one cycle of atomic layer deposition process
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2.2 High-k materials

2.2.1 HfOy, ZrO, thin films

HfOZ9Jr ZrO,= €98tz © 2 monoclinic, tetragonal, cubic 5 <& 7}A ZA
ZE zt=t. HfO,= ~1700 C7FA] monoclinic, 1700 C~2500 C tetragonal,
2500 C~ cubic7%E zt1 ZrO,= ~1175 € 7FA] monoclinic, 1175 C~2370 C
tetragonal 1&]al 2370 C~ cubic 7+%Z 7}ttt [6-7]. o]83 AAH FZE= A
2 02 §38&S zE=t HfO,= monoclinic ~16, tetragonal ~70, cubic ~29
ZrO2+= monoclinic ~20, tetragonal ~47, cubic ~37 [8-9]. HfO,¢} ZrO, &=
tetragonal T+ZoNA TS F4 AFE JPA AW, o]ES monoclinics <HY 3

T=
oz Zheth AHER Be £4 A4S

—r

-

£ ztE= tetragonal 48 TFdsH] ¢
& thekdt Ayt APHP A, 7P EZQ PHHOEE dopantg o] {3 =
Fol #3E AFolt) thEZ 2 dopantZ Si, Al, Y, Gd & TS AAZE RIAlE
Aar, A2oA tetragonal T cubic TEZ HAHolE FI A FFEE A
sttt [7-10]. £3], Zhao et al.&= DFT ©|&< vlg o 2 dopantd] 9=+ =7]l
e AA Tz H3lE YA [11-12] H o= HfO, ¥ato)] Zr S =
B3t A 54 dis) RauE o [13-14]1 webA] HfF Zrs 7|dte =2 g

2

2he High-k 24 81 FeRAM & o2 &ofel 283 + e 3t &4
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2.3 Two—-dimensional perovskite oxide

2.3.1 Definition of two-dimensional perovskite materials

AzHogtolER REAl, WA L =AY 54, BY ohge A=A
Holt B Fxolth AWHOE ABO; FEl= FAHW ©, 0, 0) Aol A
Fole, (1/2, 1/2, 1/2) 9ol B Fole 21 (1/2, 1/2, 0) Ao O Lol

A5te], BO;, Fele] BUAE FHI: AZ o] Foi7 A7t KuA ] FAH
Tzolt o|dd HEHaAlo|E TrE A 334Y T 23

=
) Y
A Fz2 E£RY 5 ok

3R HlmBE ATOlE F 2= ABXzY FHE 7HAIL o, A #RA
2 SrTiO; ¥ BaTiO; A5 At 18y SrTiO; A% 10 nm FA oA ¢F 100
Az & FAHE 7FAAT SITiO; 335ty 33U HZ B AF0E F 2=
e band gapol 98] ®& FA AR/ TAEG. o= AFY] Y& TIN A
ZH dskr7F & Ru-7]8ke] noble metal S & &3t AF= L o} [15-211
J% A5 8 nm o|stE vtEre] FAE TFAAZ|H Ao d3tH fHd &
e = A7 Ao A ZAE A £A3s S5 fslAe 2

EHXTPO|E Tl tigt f7F Basit

221 HZ2HE~7L0|E F2E A 7184 <1 Dion-Jacobson [AA,-1B.03,a] T
Zo| A oFo]Lo] s} AHd¥e Ruddlesden-Popper [AnaBiXn.al, 127F #i$) <Fo)
2 TE Ze AdAe O BEY A w9 dele FE Ze= B dAE 7A4E
Aurivillius [A;1B O3pn] 722 E/EY [21-23]. 239 HEH A710|E F29
7P 2 42 BOs 2AA FEVE 3-4% A= T2E 7HE 49 dangling
bond §lo] &Hd 3 Fo ¥t K 2 nm)e FAT 4 Ak o= High-k &4
214 ﬂiﬂiﬂolé T2 "o FA AR Qe Y EHE EAF
= R 3} Aok =3, HT AMALY) " S Langmuir-Blodgett W& A&
slo] 224 Jﬂiﬂiﬂol‘e TZ9 Atstee SRR 11 A3 7.5 nm 7
o4 200 ol frH& 2 107015k FA AF grol HuFH ATk [24-27]. 1
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3.1 Experiment

H L0
-

UL L W

()]
¢

AX =719 AW 2 A= BF]le] ALD GOV dl150, iSAC
Research)@¥] & o] &3l Ag3tth Rotary pump % Buster pumpeS AR-&-3}
of AW XFE FotEth F2d ¥vte] F7 & Ellipsometer, 242 X-ray
Photoelectron spectroscopy (XPS), Auger Electron Spectroscopy (AES) %
Rutherford backscattering spectrometry (RBS) Z1g]al 2% %% 2-Theta %
2] S o] g3te] X-ray diffraction (XRD)2 ©]-&3te] 43ttt A7) EAS
24317 98] Metal-Insulator-Metal %2 A5 ATt AR Aoz WIS
A835FR a3l E-beam evaporation® 2 100um =7]¢] ¥3¥ =] shadow mask
g ol&std FARSAT. A= FF $F, semiconductor parameter analyzer

systeme ©|&3}le] Capacitance-Voltage % Leakage currentE =43}t

3.1.1 Modulation of crystal and electrical properties of Al-doped HfZrQO, thin
films

Al-doped HfZrO, vtete wkg-E 2 plasmas AF&3++= Plasma-enhanced ALD
< o]l &3t FFSIATE HIZrOy& S2str] 913l tetrakis(ethylmethylamino)h-
afnium [TEMAHf]3} tetrakis(ethylmethylamino)zirconium [TEMAZr]S 60:409]
AH 2 £33 AFAS AT Al EHEZE trimethylauminum [TMA]S
H-3E=Z O, Plasma 200W)< AF&3tATh 348 25+ 250 C, &5 1 Torr
= FAEAA At A2 =33H7] 98] modified super-cycle #4S =
Qs tt Fig. 3.1 guld o g AL8E+= ALD FA W4 ¢l super-cycle [SCI#
<271 7Hergk modified super-cycle ¥4 [MSC1Y] /HZF=ES e AT super
-cycle W4l m ®WHe] HfZrO,¢] sub-cycled} 1 ¥He] Al,Os3 sub-cycleZ A%
t}. 1o ¥FH modified super-cycle W22 m-1 He] HfZrO,2] sub-cycled} 1
o] Al-doped HfZrO, sub-cycleZ2 FAET. F W 25 me 3+E 7HA |1

_']D_
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Al®] A& Aottt MSC W2 SC %4y &8 AlS =3 u [TEMAHZ
9] - [Purge] - [TMA %] - [Purge] - [O, plasma] - [Purge] 6 ©AZ +
dEth o] Ao =2 TMAE= TEMAHZ A+A7F &2 | dolde §32 99
o 3stx F2& 3ok 2 BEE SC ARG 49s] 2 &Fo TMAZE &3
FJog ~gow AlY 55 24AY F ¢ E‘r. :ijl:’—i MSC %2]& o] &3}

=

HfZrO, sub-cycle & Z4A3}o AlS

HfZrO, sub-cycle AlLO; sub-cycle
)] m cycle i) 1 eycle
5 5
Super-cycle 73 7
a2 © © o o @
A0 e 2|1 E|ETIS e 21| & E| &
o 3 | E g | 2 o s | B g | g
HIZIO, =a 0N el 3 l8|3
3 o < o
cl2]laelz Elz | 8=
-
= = Q
Time Time
HfZrO, sub-cycle Al-doped HZrO; sub-cycle
. )
Modified super-cycle g [FIce o 1 eycle
=
& @
Al dopant
8 2 Lol e B 2 ol2lal 2le
Hfzro, E = 2 7] 2 i = o | 2 e 2
a 3 9l 3 a 5 =i | = 8|5
- =% o =% - a (=% o o
R E ST Sl 25l )2
I ) I = ©
Time Time

Fig. 3.1 Schematics of super-cycle (SC) and modified super-cycle (MSC) for
deposition of Al-doped HfZrO, films
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3.1.2 SrlNbi Oy thin films with two-dimentional perovskite

SrNbiOy 8BS ALDS o] 834 super-cycle W&oz F2H31th NbOs
9} SrO #tutel AAE 247 (CyclopentadienyDniobium [CpNbl, bis(tri-isoprop
ylcyclopentadienyl)-strontium [Sr(PriCp)s]& AH&3la #8220 (250 g/m®)<
AFESE T B 25+ 280 C, ¥He 22 E WH (throttle valve)S €7 3]
dolF AEjoll A Y3} carrier gas ¥ purge gas® ZIEE Ars ALE
skt &4 A S Fig. 3.29] ZTHAH m W Nb,Os¢k n el SrOE 3 +
71¢] super-cycle®z T3t ettt m3t no £AE WA sk Hhere] =
A 2A3Fa, wrete] FA= k MO super-cycle 2 =d3AY. 2H

32 A717] 98 DATE 550~750 T7HA N, == 0, B97]2 A=s ¢
R, Y AFS FH F AN A3 wwe PRPS FAI] 9

450 C= I g 3A
1 super-cycle

Nb,Os SrO
m-cycle n-cycle

~ —, P ] N

Sr-Source Purge Ozone  Purge

Nb-Source Purge  Ozone  Purge

Thickness
SrO n-cycle k super-cycle
Nb,Os m-cycle

Substrate ‘

1 super-cycle

Composition

Fig. 3.2 Schematic for deposition of SryNb; Oy thin films with two

dimensional perovskite structure
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Fig. 3.3 Principle of X-ray photoelectron spectroscopy
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3.2.3 Rutherford backscattering spectrometry (NEC, KIST)

Rutherford backscattering spectrometrye u}e Ujo] A& AFH oz B4
st AHlolr AEStE 2AS BA4ste AHl FoA M Agd =4HE
AL F Utk woluA 2] He*ol&S EASIE Alg 229 Az sBAdF
EE U3 o] FTuHgto] dojdnt. 9 AtdE FF ol FTEE S
U7} @kt 1 &, )k AbgkE o] 28 detectorol] 2Js] WslHE oy A
A71¢F T AgE o] FE B4t AR dAE AFHoE BTG

ATH B =FoAE NbOset SrOC 2 =24 SrNb, Oy o|AAEA 23159

X-4 8@ BAMe wute AR PFolu TEE B Aulolth Fig
339 29HY Ao 2 X-He zAEA AR W A%
shebEl XAl

of o3 ddd. 4 o ggel FeujuiE g ENs Yojun o=
Aoz} A=} olEA IHH X-ALS Bragg’ s Lawel nA = 2dsin 4
[n: A4, d: EA9 Ax 48 ZAE 224 I 0 d=s X-A9 ¢

ARZEE omlEtH detector= 260 9] A4S AEITh wekA] Ax A4 3
A7Zre] #AE 7FAar JCPDF  (Joint Committee on Powder Diffraction
standards) 7}=& 7IWte = whute] AR Fx, Wt A L AH UIFS 2A
gt 2 =wolAe o] 15405 A9 Cu Ke X-4& o]&ste] 2Theta W
o8 AR vtete] AAFF2E EAsih
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Fig. 3.4 Illustration of Bragg's Law of X-ray diffraction
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4.1 Modulation of crystal and electrical properties of Al-doped HfZrO, thin films

ol = Z71o]y} dopingell 23l tetragonal
cubic, monoclinic 52 24 F2& T3 4 Atk 3, tetragonale] +=x
HRE AT, 2 AR Fx9 2 Had 22 fFAEAS ety g A
Aot Bk oyt AdiF oz Y2 bandgap¥ Si integration 7]&3d wHoldt
33 o= Qs A deviceo] BLE = high-k AAolth =3 HZ
+ HfZrO, Bfetoll A Zre] x4 U'Jr?/‘r A 54E HolH, o8 AHAd4
Aol &8st sl B ATt ot} 9, ZrO, EE= HfO, Hato
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modified super-cycle [MSC] ¥4l 02 AlS =333t ALOs 54 A& A
TAE 05%, purgeE 5x2 FAIQPT. =3I, HAZHA TA cycdeFE
HfZrO,2] sub-cycle <& 100 cycle2 7]=o =2 39T, Fig. 4.2+ AlLO;9
cycle Slsrol WE ¥to]l FAE Ykt 19 y = ax + b FEjo] A
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Fig. 4.1 Growth per cycle of HfZrO, thin films as function of precursor and

reactant (O, plasma) injection time
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Fig. 4.2 Film thickness as a function of number of Al doping cycles with fixed

number of HfZrO, sub-cycles using SC and MSC
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4.1.1 Film concentration

XPS 4= T AlY dFs AT =8 == FA HIZO,

(¢}
sub-cycle =& 100 cycleZ 1A%+ o Al-HfZrO, sub-cycle +2 Z4d3}3th

(Table 4.1). Fig. 4.3& Al-HfZrO, sub-cycle ol & Ale] =5 Yeld A
olt}. sub-cycle 7} S7tel weh Ale] =% APHoz JFrlstes AS &
A& 5 vy =, HZr0,o Hfd Zre] w&e Al =3 Hx9 #Agl0]
AT #Ae VS & F Idoh B, =39 9 4 g4 e SASHA
o). E9 sputtering el 284.4 eVellA C-C AF =} 286.0 eVellAl C-O Aol
gt 18 X9 W sputtering ¥ XPS7F AES £ A= FF o=
AaEo] AZEHA EUth oW AAE viEoE FHO| vBAE T FTAH $F
BA5Y AZo] LAXNHEA 7] = w39 93] Iy HATH
HfZro, : Al,0, HfZro, Al-HfZro, a | Total HfZrO,
cycle ratio sub-cycle sub-cycle ™ sub-cycle
100:0 100 0 1 100
‘ 100
15:1 15 1 6 (90+10 HZO sub-cycle)
10:1 10 1 10 100
5:1 20 1 5 100
1:1 1 1 100 100

Table. 4.1 Configuration of HZO and Al-HZO sub-cycle for controlling Al

doping concentration
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Fig. 4.3 Al atomic concentration (red circles) and Hf/(Hf+Zr) ratio (blue circles)
in Al-HfZrO, thin flms deposited using MSC as function of TMA/TEMAHZ
cycle ratio. The inset shows the carbon impurities detected before and after

surface sputtering

_22_

Collection @ kmou



4.1.3 Film crystal structure

Al =9 F=d @2 ZAA Fxo WstE olsfsty] 93] TiN sk d= ol
10 nm FAZ F2E Al-HZO 8-S RTAE o]&3she] 700 €, 108 Ex& s
% XRD #4& g A#AE Fig. 459 Yepfiddth. =3o] H=A ¢k HIZro,

e A A" monoclinic 43} tetragonal “o] YERSTE HfO,

o} 7ZrO, vt dostx o7 Q43 monoclinic A4S WeERATH 18A)4 ]
2 A dUAE 7o w ZrO,= B T, EAE &&= W3kl 47
Aol 7t dojubAINE, HfO, Bh& 2 nm o]3te] F7 of A
A7 dojur] wiwoll A o7l Aoy =t
AL 10 nm=z FHAIZA7] W&ol =o] HA &

& HZO ¥etol 4] monoclinic 2 tetragonal T-%2] Aol F Ao HAZ=HUoh
HZO wvretef] AlS 2.4 %7FA] =335 o), monoclinic A9 A=+ ZHAsta
tetragonal 49 A =7t 7S & F UTh olv =Xl 93] dHolrt =
H AoZ oldd 4 Aok 18 AWk HZO Hhute] tetragonal %<9} cubic
z9] peak #A|7} FrAkske] FEst7] o Hoh SRAINE "= S o] & (Density
Functional Theory) ©]&¢] w2w Hfo|u} Zrxtoh 942 =7|7F 2 Al 97}
=3HA, AI-O 2% Zol7l Hf-O 2 dolitt & =75 27| wj&el ol
x|z oz o433 tetragonal +XE zte Ao RyFHAY. wetd =3&
53l cubice] obd tetragonal S AT 4 ok v U Al 3=7F 4.2 %0]
d F7FetH AR Aol HIlEo HAEAR ¥ste AS At olHd &

Hste 7 S & IS v Aol oddn

—r
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Fig. 4.4 XRD patterns of HfZrO, thin films doped with various amounts of Al
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4.1.4 Electrical properties

%A 4139 AH Tz W] B A71H B4 AT $4 SR
A=5S TINS ARSI AL, 35 A5 Wlg POS ARt TIN A= 9ol
10 nm AI-HZO ¥ehe Z2e o8 d4e)3tal E-beam evaporationg ©]-&3}
¢} Pt& 40 nm FEstEth =3, Ptek fAAC HAHS FYAAI 99
450 €2 dxgE 33 F semiconductor parameter analyzer systemO =
C-V ¥ [-VE EX39th Fig. 45 (@= C-V 4L 3 3 A5 Axtst
Atk FA A4 ()& Capacitance 218 o]83o] [ Capacitance (ZHZH x
Film thickness (F+2 A2l F7) ] | [ FF o] fH& (eo = 886 * 107 x
A= w\3 (XF 100 um ¥ dot) ] o2 Ak =4 HZO vhete of 279
FAES 7T AlS 24 %7HA =B3PS o], AL FAd] FUIEA L oF
479 FAE&S 7Y ol @Y HfO, (~16)4 ZrO, (~24) ¥4t olyg} #A X7}

T S Yepdth HT A9 vlE HfZrO, 4
ubol A} Hfe] Hl&o] =& u), F/F2A (ferro-electricity)S 7FH T R %]
ot  I¥X Yk capacitore < SRAZR  ZE3r]  YAAME FeAA
(Para-electricity)& 7} okst7] wjio] 5 54 (Polarization)& #43t5ith.

dH Ardde ey =S Fall A
15t T wiAEte 2 A AR e Rl

MV/cme] %2 Fig. 45 (b) 18

+1 M
+1 MV/cm Zre]l -1 MV/cm FrET 25 =& AP S Hol=dH 1 o]lfE A

2

LS zh= 24 %9 Al &F&
Alcm?e] Yre =M AE EAS BPnh walA Ale] =3 % HfZrO2 whuke &k

% ZAYl DRAM AT A E| FE3] 282 Zolgk 7udh
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Fig. 4.5 Variation in (a) dielectric constant and (b) leakage current
(measured at +1 MV/cm) of Al-doped HfZrO, thin films with Al doping
concentration. The inset of (a) shows the effect of Al doping on the

polarization properties of HfZrO, thin films
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4.2 SrNb,Oy thin films with two-dimensional perovskite

ALE wet FAL 7NoEN Bug 239 FEH ~7lo]E vhuke ALD
= =245 AN=3A T} Super-cycle W] o2 SrO ¥ Nb,Os vhet

|=]
2 ZA51 BFP 9Ae 25 L JBL olgstel W S4e

153

Oll

29
=

o
[‘-{E

4.2.1 Nb,Os thin films characteristics

(1) Atomic Layer Deposition characteristic

Nby,Qs Brete] FA =748 HA3IA7]7] Y3l Precursor @ Ozone F¢ Al7F
of W =2ES Fig. 4.69] YEAT AFA F4 A 5, 10, 12, 15, 18%

2 AYPHI 122 o|F %3 FAo] doju I o) THEL 05 Alcyced]

s Ak a8la Ozone ¢ A= 3, 6, 922 Z7IAAHLS o, 3% o=

ZHEL ATA FY AT FUsA dehgnh o) ez H

Aol F4 =1 [15-30-6-151& HASAI 620X Si fllo]x 9ol 300 cycle=
o

a5k & Ellipsometer< AH8-3te] 48-point-mapping W4 o=

Z,
g
&
)
=
i

olN

7oA 00219 1 sigma #& AU ol WG wUsA FHH
& 4= ok ¥ 1 sigmat: 48-point ST T HF 2 FFAA

t} (Isigma = STDEV/Average)l.

ult
-
)
4 n
32,

229 HZBA7l0lE wtubg FH3r] sl SrOSt Nb,Os 53¢
A =71 EA8oF Aty wgbq Nb,Os BEe] 34 2% WHHE

Fig. 4.7¢1 Yebdith. 2 A3} 180 €~300 CT7HA G flo] g4t
Holm o]l NbOs #hehe] ALD windowsls & & St ®=3, dii-E SrO &=
70 T7A B4 et BRuEgi o8 sute s she]l AAH<
FAH L= 280 CE AAsI] AFS WP

Fi
g3
X
w

slete] EAE Alofslr] I8l cyde £ FAAAWA HUF ANE Fig
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489014 ReJFEL cycle 7 F71ESE vt FAR AFgHoz FU)

a1 gae] FEE Hob wheke] ZAEL 0.05 nm/cycled &

489 A%E MO NbO; Hhuke] FAE AT 4+ Ytk
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Fig. 4.6 Deposition rate as function of (a) Precursor pulse and (b) Ozone pulse

time. The inset shows uniformity of Nb,Os thin films in 6-inch wafer
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Fig. 4.7 ALD process window of Nb,Os thin films
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(2) NbyOs thin films analysis

Fig. 4.8 Nb,Os ¥rete] qualityE &<1sl7] 918 E9 sputtering Z, & XPS
BAE B3 ©A49 S vustyth WA, EW sputtering Mol 7AgH
C-C A&o] &5ty 18 A1t sputtering & XPS A% %A o] & Carbon
o] AT o] Ade 4 41.29 Aol FASHH 3
el e &7 AAAA vt o] tir]d ==HUY] o

Aol o},

b

f

mlm

o] &, Si flelH el 300 cycle & ¥ A2 &%=F 550 CHH 50 C 3+4
o8 FUMAZIMAA AT Fig. 4.99 AFAH 550 ColA+= vHiAZd= 2
A7l HA ZFATE 600 Colde 2%0A+= orthorhombic &= AA3|7}

AqYge S,

#
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Fig. 4.9 Carbon contents before and after surface sputtering with XPS
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Fig. 4.10 XRD patterns of Nb,Os thin films with annealing temperature
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4.2.2 SrO thin films characteristics
(1) Atomic Layer Deposition characteristic

421483 o] SrO wviute]l FA AL FHZAHFA|Z|7] $3] Precursor %

Ozone FAzke] we F28< Fig. 4.110] YERAATH ALD 540 23

Z o]F, Ozone F¢ Azt 3% o|F =3} dAo

dojtth o] & 7|Hte g HHH SrO Bt ¥4 Z1-& [6-15-6-15]1=2 A
skl

upute] T8 Aolstr] A8 cycde 8 F7HA71WA T WSS Fg.

4
of Yetl ATt cycle <ol ®lE|stA FA7F S7tstH, SrO Hiebel S2HE2
0.063 nm/cycley) = 213}t
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Fig. 4.11 Deposition rate as function of (a) Precursor pulse time and (b)

Ozone pulse time
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Fig. 4.12 SrO thin films thickness as function of ALD cycle number
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(2) SrO thin films analysis

SrO Htef off carbon &&Fe &1str] 98l Si 719 flo S & XPS £4 =
SR o). Fig. 4.132 Sr3d peak 7|22 peak #&3lch £ sputtermg ol
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Fig. 4.13 Carbon concentration before and after surface sputtering in SrO thin

films
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Fig. 4.14 XRD patterns of SrO with annealing temperature

_40_

Collection @ kmou



4.2.3 StNb1- Oy thin films characteristics
(1D Films composition with RBS, AES analysis

4213 4.22.9 AF}E v OE super-cycle W2AlS AREste]  SrNbi,Oy
(SINDO) BHeh-& Z2Fshgith. Fig. 415+ RBS #41& &3 Sr cycle ratioo] &
Sr ¥xke] F=E YeRdTh Srocycle ratiod] wel A¥Ho=Z Sro FEIF F
Hhe & ¢ e, olF Wtem "t 2A4e A AT Ao =
&, Sr cycle ratio7} 0.29~0.33= 7F& w (Nb-rich), =&ollA Hid 23 o
ZH27to|E uhute] ZAH] (Sr : Nb = 2 : )& AUtk 2FAT, dA7HA
25 SAYPeR FFE SINDO Hete] 545 A3 =2°] gleEz &
=Sr:Nb=2:3 9% 244 99 o= =AH =
of tis A& AsAt.
wtek ) carbon, Sr, Nb $ekg 91817 9Jal AES depth profile #2418 %

kAL Fig. 4.1691 Yetdth (@¢} (b= Nb ¥Ake] 24gH|7}F St a2

Hhabol 4= carbon®| o] A HEHA FU ol 27| 3A TA A
713 1o Nb,Os viuto] HA F23to 2 Qs Nb-O-Sre 7A3gk 23S JA435
o olEg AL SrOF NbOs Abole] FPA8S WA ste] Sr AFA A
ligande] EHE Z#stA &7] W&ol carbono] §l= SrO #h4+e JAHE
ATk 2E AT (0, (d Bl A= NbOs ¥reta}t Nb-O-Sr Ads B AdshAqL,
ek ) Nb &bl Wlsl Sr fA7F Aujd o2 @] wjZo Fig. 412 (e 2

f
< o]+ E carboneo] FAHE AoE FSHHAT
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Fig. 4.15 Sr atomic concentration in SrNb;Oy as function of Sr cycle ratio

[Sr cycle number / Nb,Os + SrO cycle number]

5 . S !
¥ Sr cycle ratio = g 3 cycle numbens
Totalcycle number

Sr cycle ratio Sr atomic
(Nb : Sr) concentration

029(5:2)| 040%
033(4:2)| 041%
033(2:1)| 043%
040(3:2)| 050%
050(1:1)| 059%
060(2:3)| 067%
067(1:2)| 071%

Table. 4.2 Comparison of Sr atomic concentration with SrO cycle ratio [SrO

cycle number / Nb,Os+SrO cycle number]
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Fig. 4.16 AES depth profile of (a), (b) Nb-rich and (c), (d) Sr-rich SryNb;Oy

thin films
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(2) Crystallinity of Sry\Nb;Oy thin films on TiN substrate

Hako]l AAAdS dotry] Y8 TIN A5 9ol 20 nm 742 Sr,Nb,,Oy B}
oS S5, &5 AP E B Z2ASE AE=3AT Figo 4172 XRDS
g3t Ny 2971914 650 C, 10% d- 8 ¥4&ES £4% AFo|th. ¢4,
E dbetollA 37, 42 oA TiN 713 peako] HAEH AT $+H, Nb-richdh

|3 peak 9ol o}FAE AESHA ZUrh Fig. 4.18 (1) TEM &

1=
o 2
2
X
[
N

T AA JAPHA GFes FAEAT olF, A 2EE
<9 & TEM £4& 21338 A3, 650 Coll nis) &3] 2AH37}
5 Fig. 419 ©F &8 ¢ 4 Aok =3 0392 nme] W3 AZE 71X
o ol Ar] dFHoZ AZHE SINbO Hhube] wzh A el X3} 1A
Tow=2 AR 22X o st AFo] dtEo F2 x7]F AL A

| Sr-rich 3 FFolAE= 650 ColA ZAAHZI o] FojHS
XRD ¥ TEM ZA#z2 & = doh Be =Fo|A Sr-richd+ 3D HZBEA7}0|E

2 ©
(o3

1

dhutoll A Ruddlesden-Popper (RP) 402 ZAAstd i B 1wt} weks RP
ol osl 713 AA F2=E ol g F Utk

_44_

Collection @ kmou



Wy I Sr-rich SNOTIN TiN
-1 |
§ i \\—-‘L—srh.ﬁ_ﬂ_‘ﬁ
'E. , Sr=|0.71 %
o B T SRS
2 g Sr=/0.50 %
.é‘ 1\‘.\-‘"‘\__"
g e =
QL Sr=|0.41%
E "\‘M..
— L e e
Sr=10.40 %
10 20 30 40 50
2Theta [degree]

Fig. 4.17 XRD patterns of Sr\Nb; Oy thin films with Sr atomic concentration
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Fig. 4.18 Cross-sectional TEM image of (a) Nb-rich SrNbO at 650 C
annealing, (b) Sr-rich SrNbO at 650 ‘C annealing (c) Nb-rich SrNbO at 750 C

annealing on TiN substrate
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(3) Electrical properties of SryNb;Oy thin films on TiN substrate
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Fig. 4.19 Variation in (a) dielectric constant and (b) leakage current density
(measured at -0.7 V) of 20 nm Sr,Nb;Oy thin films deposited on TiN
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Fig. 4.20 Variation in (a) dielectric constant and (b) leakage current density
(measured at 0.7 V) of 10 nm Sr,Nb,Oy thin films deposited on TiN
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(4) Crystal structure of SryNb;<Oy, thin films on Ru-based on noble metal
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Fig. 4.21 XRD patterns of (a), (b) Nb-rich SNO thin films and (c), (d) Sr-rich

SNO thin films on Ru-based on noble metal
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10 nm

Nb-rich

Fig. 4.22 Cross-sectional TEM image of (a) Nb-rich and (b) Sr-rich on SrRuO;

bottom electrode
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Fig. 4.23 Cross-sectional TEM image of Nb-rich SNO thin films. The inset
shows FE-SEM image of SrRuOs; surface
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