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A7Nell 71we] el wheh AL olelA ki, @A 10 nm the
D/R (Design rule)d =74 o]23t}. 181} Scaling down©]
oloH WA o WE FH o= U F&o| Fadt Egd 549
29 e =3 Shsksih
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space group : Fm3m), tetragonal A+ (t—phase, space group
Pdy/nme) ol M= 479 #d AE e Aoz dyA (1]
et w2 A ATE 47 HEAE Zro.E e A t-
phase® ZAA3AN7|= Zlo] Aot Yy AA TFolA =
Abol o] B A AlOsE QI A ZrOp 5& d77do] "WojAm A4F
ZrOz 59 AAsE Q&M F7HAQD dAel F4o] dQstth o]
&0 scaling downel W&l FHdHe FAE AL F57] W&ol
A7sle] a3 FHA FA (Critical thickness) S Zo]& 7 &3t
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ZrO29 twin oxideQl HfOp H3H o] we} v {6 AFE
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cubic AoldE= 30-40 Alol9l =& FAHEES 7HAU[2] HO.&=

AdEs 7H BRE ofYeEt Sivk £2 compatibility, < €4
Szt gl EJMAAE AlE  AbstH, A RS}

W 2 2] (Resistive Random Access Memory) s°l| AFEEo] $fow
Lol = doped HfO27} ferroelectricity S 1o
FeRAM (Ferroelectric Random Access Memory),
FeFET (Ferroelectric Field Effect Transistor)d #d EA=
A 3 91t [3] Doped HfO29] % 10 nm ©]3te] gk FAA =
ferroelectricity A& Ho 7]E9 ferroelectric =&l Bl

AAS Y9 E3] HZO (HfZri-«09) 2 A Zry HfO H] S
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w2} ferroelectricdt 54 vk oy} antiferroelectricdt E4]
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antiferroelectric?t hysteresis curve® 18] A ©t}.[4] o]2st AFE-

likedt HZOS 54 AA7F 7FeiRs w s F=o st 74
Aol F71HE o] €8] DRAMS f-duwto gz AHEAZA 5 Qe 7Fe’dol
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71Eell= Zr029F Hf029] ALD ZF&e|  Alkylamide #A49
TEMAZr (Tetrakis (ethylmethylamino) Zriconium) ¥} TEMAH(f
(Tetrakis (ethylmethylamino) Hafnium) #A7-#E o] A}&35F3T)

ALD ¥4° 54 & v ALD F&°] 7bsdt 2% w9
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J7d (thermal stability)©] FHolv} 12 FHo] 753t
ATAZE  Cpleyclopentadienyl) Al AGA9F  halide AF9
A7A7F Atk Halide Al A4S ZHOoRE vl 2 2EAAAME
ALD ¥Ao] 7bedtal &a, FaE EFsta A 7] wiiel was)

o] AA Zolete Aolvh. 1y ZEA AL dx9
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0] 7hssithes AHol Stk ®EdE 7)Eo] AlEHW Cp AY
A9 d9 Alkylamide A9 A5-A oiv] @2 GPC(Growth per
cycle) & Ztete 4ol oy (RCp)Zr(NMeg)s FEHI S AF-A+=

=2 d9A kA HaE olyEt alkylamide A9 AFA} B

mebsd 2 AgelA s Cp A9 AFAIQl Z03/HO3 A&
ol-&3t3itt. 300 T o)/de zolx FHF ZrOo/HfO, ¥hete] uhd gl
ARA EA dal 71£9 TEMAZr/TEMAHf AFAES Abgalo]
S8 ZrOo/HfO, vty wlmw 2Ass dA4E Adgslon &%

AL T2 ZrOo/HIO, ¥iere] &g wete] diel =ofsk3itt.



2. €9 47

2.1. 92 S&Y (Atomic Layer Deposition, ALD)

ALD (Atomic Layer Deposition) &= % WS o] &3t 7|1 53
HHH (Chemical Vapor Deposition, CVD) = 3tz AHkA <l CVDel=
WA= g2A AAel whgEe] ARF Ee 3ibe i wE o
THE= wAe Fz Woltt. AHFell= ALE(Atomic Layer

Epitaxy) 2h= 522 =9 epitaxy T F2fell ARGH AN

4712 @AZE syl AfolEE /o] wWhEHETE sy Alo]E
A E ATA 549 (precursor feeding) — Z7A 3 A (precursor
purge) - RWFEE F9(reactant feeding) - RHFEE 3 X (reactant

purge) 2] ©AIZE o]Foix it}
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ALD reaction cycle

¥ ReactantA & ReactantB © By-product
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2.2.

R

2 %% Zr02/HfOx/HZO ALD Etete] &7

ALD #74° 54 4 F& &%+ ALD window? W9 W=
Attt webA gl WHelelM SF 2] W] mE vhup 549

Hels AuRr] dalde 4 % 73S ALD windows Ze
?_

o

Aot WhgE ZFE A AuHotof gtt 53] vt Y EvE
TR 74 2% ol AFe Tt=(ligand) o Tl wEk AH Y]
o S 2% Qe AFAY s n
s tejof gt
AntH oz 7r0,9t HfO, ALDel AtgEH+: AFAE A4
alkylamide A€ 3} alkylamide A3 2|7t= & LF7F Cp ringl =
g9 Cp AY AFA, 283 halide ALY AFH= Ak 2
Adnitt o2 FH AFAZE ot At o alkylamide AlE
A7A7F ALD window7} Y= % F-3ko] 7HE wtal Cp A9
halide Al A4A €27 £ &% ALD window”} WERATH
2020 Monica M. at al=> o8] Ag-A el W& HO»/ZrOz/HfZr -

0 wekel 54S 2AS FH L5 7kl meh HO, et

MR BeE SR 59 o 54 AHE 37 olF A4S B4
A7) o e Aow 1 ATAZ olgF ne A WeAL & &
At [11]

2007d K. Kuklixz= Cp A AF#AE (CpMe)ZrMes,

(CpMe) 2Zr (OMe) Me, (CpMe) Hf (OMe)Me ©]&3}o] Zr0.9F HfO.E

Z}7} 300 T o]/Fe] arolA Fzstglnt. ald AF-elA GIXRD 54
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A3} HfO:x= as dep AEIQ 2k 8 nm 712 9F2 vleho A m—phase
wrk obyet AAstET] oJ# t—phase FoELE AYIETH
Zr028] 74§ t-phase®Z ZAAZEHIoH FAZE FALAH m-—
phase?| peak®™ WEF7] Al2HFITH [12]

53] # AeA AMES Z03(Zr(NMey)z) A9k &S
HESER ARESte] SioZ1F $lell ZrO.E FES A& A7k Atk
20159 Jung J.S. ar al& 703 AFA9F CpZr(NMez), HAFAE
Hl Wkt g AollA TGASF DSC 545 w8l 728 Ad4-A19 €4
IS M Z03 HAFAZE o n2eAd EaHE RS
selatadrt. ®=g ALDS AZATA kg W ALD window &
71841 ALD B4 =g Z03 ATA7E © stk Eg Z03
ATAZE 6 WS W99 ALD windows 7FR7] wlie] T3 2EE
300 C ooz F7HAZE + Slsla 537 257F S7MeeS Sio 7|
AelA t—phase® peak A7I7F F7tstel Aol AsEE RS
gRlsk 4 Ql%lth. Figure 2.9% slld &=FolAl &ulet Z03 A+-A2
#2H Hkg Aot # =EeAMe= o] =& "EA TIN 7|Ee
AREElal FUtE 'Y TR =% ol=%F Hfe=® HR HO3
ATAE AREs HIO, where] m2 ALD S wure] 5474
ZAba Bektt. [8]

300 T o]de] 2ol F&< stA ™ 53] HfO:9] 4% as—
dep Z71o|A W7l m—phase® A 3tE7] el o] A& F3l
t—phase -+ o-phaseds 9& F ¢t olv] dguUx|F oz Hgst
AR olF Q7] witel tE dorl Holrl o]H7] wEolth
ojglgh o]fE 1§k HZO ¥ 300 T w|whex]  Alkylamide

ALY AFAE olgste]l nAFA "t AT T AAYE S

.__;rxﬁ-! ":':|- 1_'l|



At A4S Aok 28y 20219 Kim H.BE HI[Cp(NMe) sl s,
Zr[Cp(NMe)2]3¢ 35:65 Wl&e &3 ATAE AMgste] o5 255
uHrelZhe HZOE &8stk o dellM 300 T ol/delr 2%

HZO ¥rehe GIXRD Ao % ferroelectricdt AZAS Ko

rir
=
o
[

symmetric orthorhombic % (o—phase, space group : Pca21) ¢ peak”’}
vebskow 53] 320 TellA S2st HZO &> P-E =4 A¥

ferroelectric hysteresis curve® B 47.6 ¢C cm™? ¢ =& 2P,

—

e YERETE REE 300 T oldte] 2XZolA TR whuke
HA A2 S ferroelectricst hysteresis curve HE$ YERA]
eFokth.[13]

300 T w¥ke] XA HZOE F#stol dAz #Fs &3l
AN = A 229 dAE HAA EWAXLE GO LA
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o
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" Hf[;\I(CZI-I|5)(CI'-13)]4-lI- Zr['l\l(CZFIIS)(CI'-g)]4 ][47] I
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OH OH OH / \
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2.3. ZrOy/HfOo/HZO2] AA3 A%

Zr0:8} HfOp= B %o wel FYsh Aol wWekes t3d A
Z2olt}h ZrOox= 1170 C ol ol monoclinic, 1170 — 2370 Tl A
tetragonal, 2370 T ©o]A9] LA+ cubic o] SHgstH Adol=

°F 1200 T 2375 TelA dojdr.[18] Hf029] A% 2050 K
olgf ol monoclinic, 2050 - 2803 K7}A] tetragonal, 2803 K

wpebq QdRbAQl ALD $F &% el ZrO.9 HIO, B
monoclinic 4ol <bgsht weke] Ae AR =Z7)7h w247

o QA Aol A BH/AYE ol g mart A 7] wEe

2 AAYF A7) elAE ZU/AE oAUX7F o W2 tetragonal A<
Y= 7 Stk Tetragonal & €71 913 oA 247 A7]= Vegard
HAS w2 = interpolation methodE Ea] 9L ¢ d=d Zr0.9
A% ~32 nm, HfO29] 4% ~4 nmeo]|t}.[14]

Zr029 A5 A ™ A717F oF 32 nmE A7) wEel ok
il Al & FAES ZE tetragonal e 9L AEZE @t

auy HiOxx= A A8™ 2719 A717F 4 nm=E w5 7] wZe

—_

oA o 7= gkS ululo A= m—phase® ZAA3tHo] nHAE AQ

.

t—phase T+ o—phaseE 97] o]&Ht}. D.Y. Cho? oA+ HfO,
ALD®E] AtshAl 2 ARRshe= @F°9 Fkel wWE HI0.9 A=
sk, ©F TR 0 g/m’, & AaT Fadtdle W dAg
o9 HfO.7} t—phase® ZAAQZEArt. o= Atawt F{lske= A4

grr=gl whgAo]l Wolx @ A EeEo] vy Yo @A Ha
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dxg  AAeA  HIO0.9 AAY AFES oA  t—phase’}

Hgatgly] WEeIth[15] et wu ) ¥ WA REEL
wpube] whAe slx7] wEel t—phasex @A Wt s
Aste BYL 2717} o3l

HZ0S A% Hiw zrel 24e] mel A34e] 2ot Aoz
eiA ek =4 W ohiet wwre %A, AW A7lel A%
RGPS WAW YA HZO W AFRAZE P 300 T

nRke] oA Bl ARE FEE F AN d5S FEE] dAYE
F3 AAstE A7l WA E 10nm A% FAG v He HE
Hf : Zr ~ 0.5 : 0.5 H]&°| A= ferroelectricity® YER+E o—phase®
ARstEa I ol Zre wl&o]l =our] AASHH  t—phase®
A% st

Materlik et al< 0.5 : 0.5 ZA¢ HZONA o-phasez®
ARt = ol E 4984 xW YA aHE T AWt vk

o—phase?] bulk A+ oY A 2} ™ o HYXA]7} m—phase®} t—phase

Jo

Afolol7] wiEel 54 T, 54 AAY A7]AE o—phaseE
sty How Mgtk [14] 18y < Batra er al®l ol&
A Aol wEw o]y gk Materlike] A oyxle] st

Yrro 2 0.5 ¢ 0.5 A HZO 9Ere] o-phase’t A3 E =
22 At ol H At [16]

ol M. H. Park er al @48t2 o]&<] Y3 &2 Ed(kinetic
modeD) & 7 #HSte] HZO B8] o—phase A= Akl
71£el ®d/AA/AdH A o9 A (surface/interface/grain  boundary
energy) ol o3t m3e} A ol JA FH (energy barrier) ol &3+ T4
25 9 e Aoz upuk Fxk Al v A AdEelA g E wA
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& (fine nuclei ~ 2 nm)< o—phase/t—phase® AT T
A4 ¢ (rapid thermal process, RTP) #ES % A4 A Fof
A2 o] SHelA b e m—phase® ZFHolE ook s, F
2dS 1335 m-—phaseZ9 ¥ oA AH(~250 meV/f.w el
ol Adol7l A7 wjwel AA A4 o]Folk o-—phase/t—
phase® HolSlAl Hth= AHo|t}. [17]

ol Figure 2.14 oA = & 3ol Hx vl =7l ~2
nmol X o—phaseZ} QFg7dolth A2 # T =27F S27kd o-
phase®.t} t—phase’} © <H8&| X311, o—phase® t—phase ZH9
=] w2 w9 w37 wZo(~30 meV/f.u) o—phaseolA t—
phaseZ Adol7t dojdt F AAR Aol dojdn. olF &7}
"ol#7] Al#etH m-phaseZt QHg7de] Ho] m-—phase® o]}

dofrfof &A|Rt t—phase®t m-—phase Ate]e] o] FHo] £V

W&ol m-phasez® Aot A€t wheF  AJRre]  FEaHA
Folxltkd m-phase® 9 oy FH3 Hojds FTET UAE

dhol Abdol7l dojd 4 Qloh. 18y 55 gA e #Agolr] wiel
m—phase®Z FxolE Ao oUYAE Fw3] FA Xt tial oA
t—phase®.t} AF-o|YA]7} stolxl o—phase® A& oldtt}. o]z 3t

13H4 ouA] RER= dydhA] ZHE o-
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Free energy [a.u.]

(h)

Free energy [a.u.]
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3. A% ¥y

1. 48 42

o oAqt= a9 ALD window”’} YERYE= CpAIEe Al4f
ATA Z03/HO3E ol g8 =23 ZrO./HfO, vl EAS dolr 7]
98 WA F7tE 71 TEMAZr/TEMAHf AT-AS o] &3

S2eh ZrOo/HfO. ¥t wlu 45 Fa3 A2 &4 on] 11

Afe SIS AsERi eEs ALay aF slwe
sEE R TIN /1S Agsanh. ATAS eEd F9 Az
Zobl wWE GPCE  SAsel  AARH  wsol  AojheA
a1t of

L _io{.
rfo
b
=2
k)
kN
D
o)
(@
lf

: _ll)lf
O_u
_c;L
£
x>
—
)
z
=}
(@R
o
=
N
w
(-
(@)
a

D
540 Aol % Asy] A9 At FF LEE Ik Zr0./HIO,
Me uvte] A44e e
$3lA GIXRD (Grazing Incident X—ray Diffraction) & 57 s th.
b iue] waew skg WY W9 depth profiles #R1sHY]
& AES(Auger Electron Spectroscopy) & 73313t}
hulo] M= XRR(X-ray Reflectivity) =4 3 AlE#Ho|AS

o Adstgdn Ed du B4 0 29 2218 FAsks) 99
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SEM (Scanning Electron Microscopy) S =743} t}.
A714 B 24e A8 MIM &AaE ARt -V C-V
. I3 PMA (Post Metallization Annealing) #* 2=

g odekel 714 543 XRD 54+ A A d5-9 WEkE
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Figure3. 1. (&% g A AW3o 2) TEMAZr, TEMAH{, Z03, HO3 AFA|
TZ4

3 A 2o &k




3.2. ALD utd} =3+

Z03/HO3 Al AFAE o] &3t ALD Hv S22 CN1 A9

L

Atomic Classic (Laminar gas flow #21) AH]|ES ARSI 7Y A H

T AAE EE Sy "] FEHE A 2=E AAGsSI.
Lok A7 duskA FYE AWl glS LEATI= S B
Q8 = =7] WA bubbler HH2l £o7  uvlulo] 2y =X

R

c}213} 4t} Bubbler ¥l oll+= carrier gas® N3 50 sccm= Y353

o}
I A3 AYAH X7 Zhzb 7032 100 €, HO3S 105 CY o
bubbler WAl o® HATAE FYstls W vito] SFES Flglnt
T3 F7) AE A AT S 9yl fs dAgA ¥
AUAE 2hele ZF U2l 2ERY 10 T8 A #A3%x
Aol FPHE LA A 120 TE FASAT. Ast A= AL
9FLS XY 219 CN-1 & WA7|E Algs] WAAZL. oF
W72 FYE = 029 N %2 2H7F 970 scem, 30 scems
AFEEIaL 2 F HEE 180 g/NmP® ARt AFAe eF9
A 7FAEE Ny 500 scems T8 o A o Ay /A ¥
71419 wi7]ell= Edwards AFS] IGX 1000N E=go] HXE A8 11
HA 48 3.6E-4 Torr, ¥4 o¥He FUEHE 7] <ol ot
7.3E—2 ~ 5.7E—1 Torr AFo]|Z A= 3Ach

SHE 7182 p—Si ol fe 524 Absh(wet oxidation) & &3l

Si0z 1000 A T2 % WIEA| 3% A74°] Endura Sputter® &3
A

ALDS AZNARA W Fs) s ATAL eEe )
Azbe] mHE whube] FolE 33 GPCE ARSIt ATAl g 2w



F9l A7FE 1x%E 9x7HA 2% A C R F7MAF I 50 AlolEFE
ZZsFA T F&3sk vk o] 7= XRF (X—ray Fluorescence, Thermo

scientific, Quant’X EDXRF) & %3 =74 3&}3it}.

o]F ATLAS AgAe =9 AFE AAST ALD window s

gelsty] 98] =2 &= 280 — 340 TQ FzrelA 20 € Ao =

! O

sH k] 50 AlolZ upehe FHslel FA 53 F GPCE AASHAL.

| =% P}~ (shadow mask) & ©]-§3l] dot pattern?

O A
— T

i)

TiN 5 nm / Pt 30 nm 248 SNTEK Sputter® =3 Z=#3}9t}.

A7 = 450594 Ny 1000 scemS E# 51 30 % Ay,

29 5 _
5 A=) &)
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Zy odhake] AL AR 0.5 ° oA GIXRD(X’pert  Pro,
Panalytical) & AF&3sto] S4stqith 280 C ¥E2 TEMA ATA=
< 2l9F 312 AFA Z03/HO3Z F2ekl it

!

300 CTsF 320 €T A
F2F 5 nmgk 10 nm 719 ZrO.8 HfO, &S Azl 54 8k3i

N

=72 Picoammeter (HP 4140D, Hewlett Packard) & A3l

r—<

v
et C-V SAL dydA BA7] (HP-4194A, Hewlett

o

|\
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4. 43 3l =9

4.1. ALD =& A%

Z03/HO3 ATAE AH&3 52 &% 300 CeollA A7-Aeh 29
ARFE wHelske ZrOy/HIO, Hhehe S33) GPCE 343t

N
2

£ 2AelA AelFe 50 AlelFE Btk ATAg oF

o

HA o= ¥ N 500 scemS AHgatglon 6
HA AFAY F¢ AIBS w7k GP st A3} Figure
4,194 RHE= wpel ol ZrO9F HfO; =% 5 s ©o|Fo] GPCE

o O
i
Jh«

saturation®] eSO F ukal miE ok 085 - 0.9 Alcyd ES
GPCE Ho] #3 A7ex &JIFAE Cp Ad HATAdedE =2
GPCE "M+ 2= Flstdlt
o]% A F¢ AFFE 5 sE AT e+ F O AIFS
.58 A3 ZrOx= 5 s, HfOx= 7 s
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2 H

o

7Z03/H03 ATFAE AFE3 ALDZE A7)ASE wbs A%S Ko
Ao ® ALD whg-o] dojds gelstiith

ZF ATAeE eFe] FY Agke AAst $ ALD windowE
dolr 7] fd T2 2% 280 - 340 T TrelA GPCE 743t
=7 A3 ZrOs,= 300 — 340 T, HfO2= 280 — 320 C F-3rellA ALD
window 7} YEFSETEH

ALD z7] ¥t F3 FileA= 71ke] &dte] o] GPCrt



gebd otk wEkA] Afol Zel mE FAE S48k 4 GPCE
Zta AP o FrkekeA EAlety A fittings I FEE
GPCE AlAitatdltt.

I A3 ofdf figure 4.3°04 & F U= Hkel o] ZrOo/HIO»
T RFolA AlelZe] mE TS AFA RS geleila, A3
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33



GPC (Alcy)

(

GPC (Alcy)

(g}
~

—s+—GPC
X-60-9-60
.

0.0

1 3 5 7 9
Zr precursor feeding time (s)

—e—GPC
X-60-9-60
;

0.0

1 3 5 7 9
Hf precursor feeding time (s)

(b) 1.0

0.8

o
o

GPC (Alcy)
=

o
)

0.0

3 5 7 9
O, feeding time (s)

—e—GPC
5.60-X-60

(d) 1.0

GPC (Alcy)

0.0

3 5 7 9

0, feeding time (s)
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Figure 4. 3. Alo]& S W& (a) ZrOs, (b) HfO: B S T4 3=

35



4.2. 234 ¥l

TiN 719 o] £33 ZrO,/HIO, utute] 244 e rolnr] 93
GIXRDZ =43tk gke votel A4s =as sy 4

GIXRDE H43stdar A 0.5 °= ety vaf T3 2+

ZrOy 8o 534 Ay 703 L2 AAE AFES] 300 T o] delA
S2sh whEke] A9 5 nmel gk T4 % tetragonal 2] peako©]
UERS . TEMAZr JA1E ARl 280 TeolM T2 9k 5 nm
FAAE peake]l Holx] Atirl 10 nm FAolA] tetragonal 2]
peak7} WERETE HESE 320 T T weke] A 300 Celd HolA
oFd monoclinic 242 peak”} YEFTE. TEMA Zr0-.2] - <F 20 —
30 nm 29S8 monoclinic o] WER=dH e 12 34 9
A% °F 10 nm? 9> FAIA % monoclinic %°] YWEFSTE m-—
phase?| B]&S 74719 peak ofdf WA AAbsto] ofe #2413 o

0 S AT 1 A oF 5.8 %= Lpeksk),

m — phase area

m — phase portion =
4 p m — phase area + t — phase area

ole] disl] FrFRoE #Ast7] fd FAE US S FoE
splitdte] GIXRD =74 9 tetragonal A% (111)%3F peak? 9

W3S A RSt
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>
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=
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e
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WA S ekl Aotk ZrO29] 4% t(111) peaki= oF 30.3 ° A
Uebue whebA (111) "ol #2191 Wake e vhako] F2Ql 25
Wakel A o 15 ° o] 7l&olA4 vEbdth 30.3 ¢
o t(111) peak shift& Fa Wik Ao Waks ALdd 5 9lx
oo wek (111) W3S straing AAME 4 Stk S Bk
7Vl A1 Q¥ biaxial stress tensorE HE wWSEH 7]Eox
AN stress e S 5 Sk WA stress—strain
BA A S E3) vleto] 7bal X = biaxial stressE GIXRDE E3l =73t

(111 W straine &3 #AANS s & At 1 A3 biaxial
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o, = sin E
3+ cos2(6 —0.59 1—cos2(6 —0.59

v 2 - 2

(v : Poisson’s ratio, E: Young's modulus)

g Fas FE FA wel ZrO, B JFEiA| = stress®
AA B 1 A3E oldl Table 4.1 veFWTE X3 monoclinic
AF3} tetragonal el AR A F a WSO straing £33 stressE

G AakslReth (m o 5.15 A, t : 5.09 A)[14] 2 A3} oF

0.0177ES] zto] gttt Table 4.1904 7F& & stress7} YErSH
0.0182E%} w9 fHAFst gro= &usA F=FAAd A ofyA|nt

H] 23k order® 7HA2 Y2 & S 91l tetragonal O] tensile
stressS ol WASITHL yield stress® HOoW  tensile stress
relaxation®] ¥dojubm] m-—phase’} YERE 7Hsdol AT &
ATt A= T2 w32 F2 odkel Abolof m-—phase’} YERE

AL Aol oldx M A= stress®] zbolE AZElE F

4>

s
R

2
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s
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VA= stress®] WHItE AT HATH[19] 1] =ie mEH
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stress7F 7FIA T}t coalescence’t dojuyr] A&k 7} islandE©]
AZAE™  tensile stress7t F7FsTH o]F A oA = adatom?

mobilityel]l @} Zekx=d adatom® mobility7} @oH IuE
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c EZE 88
El _ ‘M
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Q
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——TEMA ZrO5 5 nm
——Z03 ZrO3 300 T 5 nm
——Z03ZrOg 320 T 5 nm
—— TEMA ZrO2 10 nm
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——Z03 ZrOp 320 T 10 nm

—— TEMA HfO, 5 nm
——HO03 HfO, 300 T 5 nm
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—— TEMA HfO, 10 nm
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——HO03 HfO, 320 T 10 nm

Figure 4. 4. & &% 9 F7d @& as—deposited (a) ZrOs, (b) HfO:
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H111)
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y

y» 0, = 0 (biaxial stress of thin film)

o,=0

(b)

Diffracted X-ray

Incident X-ray of GIXRD

Figure 4. 7. (a) 8}7of| 7}3]A) & biaxial stress EAXE, (b) GIXRD &% A
normal direction®] 3}
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Thickness

(nm)

Peak

Position (°)

Strain
(£444)

5.583 30.43 —0.0042 0.0072E
6.822 30.55 —0.0080 0.0138E
8.289 30.61 —0.0099 0.0171E
8.828 30.63 —0.0105 0.0182E
9.703 30.55 —0.0080 0.0138E
10.2 30.51 —0.0067 0.0116E
10.554 30.38 —0.0026 0.0044E

Table 4. 1. 320 T & ZrOq

9] FA o] 2 stress W3}
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Figure 4. 8. (a, b) A% A= F& ¥ ZrOy, HfO2 ¥r59e GIXRD 23,
(c, d PMA A& o]% ZrOg, HfO, ¥r9}+e] GIXRD A
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Holil tetragonal 7ol ost FHA& S7h= g + AT

7Zr029 A5 A EQA3%  tetragonal FoE AAIUL
dojib= 4 nm FH 10 nm7HA A IAES 3l FHdE& k e
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(30 - 40) ¥ ¥lx=et AHE A3t 4 nm o]t FAE= v Holet
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Abstract

(Study on the properties of ZrOs/HfO> thin
films grown by high temperature ALD)

Jinwoo Choi
Dept. of Material Science and Engineering
The Graduate School

Seoul National University

As the design rule of DRAM enters the 10 nm range, it is
necessary to develop a capacitor dielectric film with high dielectric
constant and low leakage current density. ZrOo and HfO: are
polymorphic materials having multiple phases, and are materials
having different dielectric constants depending on the phases. In
particular, since ZrOs and HfO» have a high dielectric constant about
30 — 40 in the tetragonal or cubic phase, dielectric films having such
high dielectric constants have been deposited and used as dielectric
materials for DRAM capacitors.

However, as the scaling down continued, a dielectric thin film
with a thinner physical thickness was required, and it became
necessary to obtain a thin film having a high dielectric constant phase
with excellent film quality even at a thin thickness. In previous
studies, it was confirmed that the ZrO2/HfOz thin film deposited by

60



ALD at a high temperature of 300 °C or higher had high density and
low impurity concentration and improved crystallinity. Therefore, in
this study, ZrOs and HfO» thin films were deposited on a TiN
substrate through an ALD process at a high temperature of 300 T
or higher using Z03/HO03, a new Cp—based precursor that can be
deposited at a high temperature. and discussed the direction of
application of ZrOs and HfO. films deposited on high temperature in

the future.

Keywords : ZrOg, HfO9, High temperature ALD, high—k material,

film quality, crystallinity
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