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Imprint Behavior of Ferroelectric Hfo5Zros0O2 Thin Film:
Impact of Wake-up

0 Zhenhong Liu, Zuocheng Cai, Mitsuru Takenaka, Shinichi Takagi and Kasidit Toprasertpong
The University of Tokyo, Faculty of Engineering.
E-mail: liuzh@mosfet.t.u-tokyo.ac.jp

1. Background: The HZO-based ferroelectric material is of

significant interest in the nonvolatile memory field due to its (a) write pulse wait for t, in RT

robust ferroelectric properties even in ultra-thin films, and 1 ms

high compatibility with the Si CMOS platform . However, it st MV/em aher orint
several reliability issues must be solved to meet the r'nemor?r (b) measurement measu,;’mem
requirements, such as wake-up, fatigue, and imprint -4, o 40 T (c)

Among them, wake-up and imprint potentially lead to a g 30 i = 05f

complicated operation scheme, a retention concern, and o 20 d 2 04f

write failure; thus, understanding of these mechanisms is 2 10F w1 JEGW S o3} ™\
required to avoid such issues 2. In this work, the imprint is s O0F = o2l /.vﬁ?/
evaluated on capacitors with different wake-up histories, I§ :;8 Ijinmm i, 0'1 l e

and evidence of their relationship is obtained. S _3 —ty=1s 4 - ’___AQ_E.?—*/'
2. Experiment: TiN/HZO/TiN/p*-Si MFM capacitors with £ -0 —ty=t00s| — 00—, . .
different thicknesses of Hfo.sZro.sO2 were used in this work. 4 > 0 2 4 10710 10" 10" 10°

Fig. 1(a) schematically shows the voltage waveform
employed for imprint measurements. As depicted in Figs.
1(b) and (c), imprint significantly increases over time after
a positive write pulse. This study focuses on the shift of the
negative coercive field after positive writing (JAE.™Y)]) to
evaluate the imprint. Fig. 2(a) illustrates the pulse sequence
for measuring the relationship between wake-up and
imprint. After applying specific cycles for wake-up, the

voltage waveform in Fig. 1(a) was applied to evaluate the (b) o7F ~10 25 © o07F =10 2s
1mprint. = 100 € o6k «10%s
3. Results and Discussion: As illustrated in Figs. 2(b), (c) 5 06 T L oaf —10%s
and (d), with different HZO thicknesses (10, 8 and 6 nm), 2 05F =10%s |2 05
the imprint effect is suppressed with an increase in the wake- = 04 -\\ = 0.4 "——\
up cycles under the same holding time (zn) conditions. To T, 03} 5, 03F
explain this experimental result, a deep understanding of the {uu o2bt—/————. oy 0.2 LT,
origin of imprint and wake-up is needed. o1 b = -m

A recent research attributes wake-up to the movement of - 0'0 g=10 nm 0.0 b— AN
mobile particles such as oxygen atoms/ions or oxygen T 10°10*10° 10° 107 10%10* 10%10% 10"

- Pag Such !
vacancies>l. To simplify, only oxygen vacancies are shown ) )
in Fig. 3. As depicted in Fig 3(a), n a pristine film, lots of (d) Write cycles (e) 50 Write cycles
oxygen vacancies are distributed near the interface between . 0.7F=10"2s 10's 0 M
the metal and the ferroelectric (FE) film. During the wake- § 06F-10"1s~102s|& 40 -M e
up cycling, mobile particles, including oxygen vacancies, S 05p-10°s -103s| E
T ) SR f . . 8] L

distribute more uniformly within the FE film, as depicted in = 04k ) 30 e
Fig 3(b). As a result, the domain can be de-pinned, and an = % 3 20}k
increase in remanent polarization (Pr) can be observed (Fig. 2, 03F = T.2500 °C
2(e)). W02 . |& 10 a

We have shown [ that imprint is associated with charge < 0.1 "a';%"r’{n‘;"‘»m..\ . . .
injection/de-trapping due to electric field (Ei) across an 0.0 b—mt————1 0= 3 5 7
interfacial layer between screen charges at the electrodes 10° 10" 10° 10" 10 10 10 10 10
and bound charges in the FE film, as illustrated in Fig. 3(c). Write cycles Write cycles

This model explains that due to Ei, charges could be injected
from the electrode to the FE layer and accumulate at oxygen
vacancies near the interface (or de-trap from oxygen
vacancies near the opposite electrode). As a result, it leads
to an asymmetrical distribution of charges (Fig. 3(d)), which
form an addition field, and shift the P-E curve.

Based on this interpretation, a combination of imprint and
wake-up effect models could give us a more comprehensive
understanding of the relationship. During the wake-up
cycling, oxygen atoms/ions or oxygen vacancies can move
deep inside the FE film and the distribution becomes more
uniform, which could decrease the sites to capture the
injected charges or cause the charge de-trapping near the
interface. As a result, the imprint could be weakened.

4. Conclusion: We have successfully observed and
explained the impact of wake-up on the imprint behavior.
This finding suggests the important role of the metal/FE
interface quality in the reliability issues in HZO thin films.

Acknowledgments: This work was supported by JST- Capture injecte o
CREST (JPMJCR20C3) and JSPS KAKENHI (23K20951).
Reference: [1] MA. Alam et al., Appl. Phys. Lett. 114 (9), = KX . e e ® )

090401 (2019). [2] P. Vishnumurthy et al, IRPS, 7A.1
(2024). [3] K. Toprasertpong et al., ACS Appl. Mater.
Interfaces 14, 51137 (2022) [4] S. Mueller et al., IEEE
Trans. Device Mat. Rel. 13(1), 93-97, (2013). [5] M. Pesi¢
et al., Advanced Functional Materials 26. 25 (2016) [6] Z.
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(asl gcycles imprint

10

Electric field [MV/cm]
Fig. 1. (a) Pulse sequence used to measure imprint behavior (b) P-
E curves for 10 nm Hf} 5Zr( 5O, capacitors before and after #. (c)
The relationship between the shift of coercive field (AE™) and

10* cygles imprint

th [s]

10°cycles jmprint

A /\ /Lme_as_urgm_en_‘t A /Lm%w@nlem\/\/\measucemem

Fig. 2. (a) Pulse sequence used to measure the relationship between
wake-up and imprint. The relationship between |AE. *")| and write
cycles after various #, in different HZO film thicknesses (d = (b) 10
nm, (c) 8 nm, and (d) 6 nm) devices. All samples were annealed at
500 °C for 30 s. (e) The relationship between write cycles and the
2P, value in the device with different thicknesses.

Fig. 3. Schematic describing oxygen vacancies redistribution and
charge injection. (a) Before cycling, oxygen vacancies are
distributed near the interfaces (b) Oxygen vacancies could
distribute more uniformly within the whole HZO bulk due to the

d charges g

SESSEICAMEFAUTPMARS BRTRE (2024 KEAVEEI2RBHEAVFMY)

field cycling. (c¢) During the holding time, charges were injected
from the electrode into the FE film and captured by the oxygen
vacancies. (d) After cycling, fewer oxygen vacancies accumulate in
the interface, resulting in less charge capturing and weaker imprint.

Liu et al., JSAP Autumn Meeting, 22a-A201-9, (2023).
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Frequency and temperature dependence of wake-up characteristics and physical
mechanisms in HZO ferroelectric capacitors
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Fig. 1 Frequency dependence of wake-up.
(a) 2P—cycle plot at given frequency and

(b) 2P—frequency plot at given stress time.
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Correlative Behavior between Defect Generation and Ferroelectricity in First Application of
Electric field to HfysZrosO, MFM capacitors
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Fig. 1 (a)-(h) Sequential I-V of the MFM capacitor.
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63 (2024) 04SP53. [3] J. Frenkel, Phys. Rev. 54 (1938)  lines are fitted to the I/E characteristics of each voltage
647 sweep ranges.
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Ferroelectricity disappearance in ultra-thin HfO2 capacitor
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MFM ¥ ¥ SV 22815 Pl ®H -0 OETH DD o
TP OB EHEIROE SN et X 2L > TIEH O Fig. 1. BN HIO, v/ 3o X2k
TWBIEEEZDYL PSIELOL DILARTHSH, L P2 ORI GO S i)
AW Snm LA R TIE P 3MBO T “vr — 7D LIEHKR 5. MR CIIEMOPELE %
WL EHNRLZEMICEBE L TWD, IAIRM@HNT5H, HD0IEESHZE HETI PRI HIO, D
THPRIER N R T AN X — BB T DHZETENLTWE R Yo b6 LWV I 72L&
WNEZBNDN, ZTNHIEET AL TRENRERLZZLE2EZ22DL FROEZ T T
ITHEFET A2 ONREE L. DITTIIRRDIBEANEE L THS.

BEN A& REMM Tl 105 REOHHEBEF2EATEY, —J HfO, ® P,=16 uC/cm?

L9 % LB D screening BEAT Poer 14 10'4C/em? & VN 5 Fm i &2 Cu C.  Cr
RGO CEMROE LMD R0 b nEBE 54, BT e e I
Fig.2 DX IZHF ¥ RV FETNTEZDLILENTELTHASD. - fau 9 dr
qL=qr >0) , Py + 4, — qIL(z q,R) =0, v VF] Ve
drL . 9re | qIr |
{ CuCre O A
DFED P EMERET DI OICE LT P lIT X Fig. 2. MFM 3 % /33 & 5[] %
o 4R T 0)%%%/{ Lo T%ﬁ% © 5 A‘A o= 10% o o 5 P =10 (uClem?)
BRI P & iﬂ?ﬁ%a}ﬁﬂﬁﬂbﬂém L0 " vl =
%0) iTHE@ J: 9 < - & ﬁ)f 9 3r P =20 (uClcm?) Q 3f ng=10% (cm?)
x5 (V=0 DLHE). § L o § o
EFe(V - O) E& 1 K gﬂl 1@\;&‘%
__ 1 . Pscr w °D 1‘%?‘“:“?““’“‘:““2: ll.lu' ,
SOdFe SAM + Zie . dre (NM) ° ' 2dFe (:m) ! °
e

Fig. 3. V=0 (Z351F % HIO IZHIUIN S5 S, Ere>1IMV/em THEE HBROVE.
NG iﬁﬁeﬁﬂz iﬂ L/i\ﬁ 1g. ) I EER F cm o %

L, HFEEE ew £=5 LT v & Thomas-Fermi ¥T{ElIZHESWCEHE L7, Fig. 3 2" T L H 1
V=0 OFFIZTTIZE nm O HFO, (21E Ec & [F% 72 1 MV/em Z 8 2 2\ < EBRBEIIN S 0TV
5. TOREILUFTIE, “BUissaEENEE RO MFM #E CIaREricmis &ML L
F957 Z LD ZOZ EIIERORE EMRITKT LT b eritical thickness” & L TE < i&Eim 34U
f%f__ L THDHN[2], HIO, DEAITFOFEERDHEV EHLI RN & 75%/\!:% 2 EN/PE
72V Er(V=0)2 L CTX 720, ZZ Tl en=5 MW=, ZAUTHHEBE AL DFHERTIT
R R E R D ERBDA F L EOHE DS DA k_15_‘__?__\:__&___@___@__/_J__T_C_}/__\_é_ [3]

3nm A FIZEBITD PO v —7 KT & WEIT LD L 9 RARBERZR NI A A AT
WABDTIETIEZR2WTEA D Do,

[1] Tian, APL 112, 102902. [2] Mehta, JAP 44, 3379 (1973). [3] Black, TED 46,776(1999).
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SR B HIO, DB REEFME M 0 A - B REEHIBEDEE

A view of polarization switching Kinetics from polarization switching time in ferroelectric HfO,
BH¥E! E&WH? O”RE B AA HA?
Free Engineer!, AIST?, °Akira Toriumi!, Shinji Migita?
e-mail: atoriumi3@gmail. com

B EEME HfO, ISP 2SIl L5 i2h

DN, ZDIREEAHEAEICE L TR LT 5 108

b DITESNE D720 Wb D nucleation- s o IR
limited model (NLS)(Z 56D < fi#HT 5> 5 49K D 0%} e
EolcxZ—1r45. 2OEEE JKD HI1] w b &

\ZH-5 % Tagantsev model [2]1T &L 2 fEMT 21T = 10} I o —
IEVIFEFEENLLTNDZ EHEU. 'z : -9 ApLzvta
KAI model & NLS model 23 E D FRFEEMAR I Lot / (1 JApzor0
HEDICH D EMAMSHTEEZ LD 10 —— <= csae
HfO, DGHH ZDOMTEZLDHLHARTH 5 —9~ [APL2020
%. L2 L Tagantsev model Tl /o< s> 55 1000 T2 3 4 5 6 7 8
WM THAHEETH Y (NLS &5 FEUS Eyx (MV/icm)
g;gz;; ;;;};g)’ b50 LlAx o5z Fig. 1. JyHSCRERE I & FIVINFE 700 B4R

HfO, O/ ERFEBRIZH 73725 TIT-> CIZR2m> =D THIZ L » TRk B 7 — Z
L7z, WIBIET R TH T ANV RIETITONTE Y, SRR & L TotRasy 50%5 s
L7 % tsw EEZ LT, RITZ < ITA WD EFUEERZ GO EREREND tww! & Fox
DR % Fig. 117, R AR THUL tsw T U RFEL R 2 ML OHEIZB W T 1077
<HBWZHBRLTEY, ZHUTHERD D OINBEIEE DA LR L LTO RC NN TND
EEND. RCOFD CITITHFFEMERED C B 272 TUXWT WD TH I AL vF
TEMD X ORIV TN OREITRS THLERD D, miEO&ESEAL v T T %
AUTEAERITY A X2 TRUTHERICHERTT 10 LW IHIFERbBEINLTND [3].

I TEZFEEZT, K#ETIXBRAML
WEZATHmMNED L HITKERT 5 DM 4x10°
HHT%. Fig.2 DX 52 tsw! & Eox DR %
V=7 A7 —)T7uay s LTHh. BADE
W EETIEY R tsw TR 20 tswlidB e lcur
DL tsw MO MBNH ERoTN EZAT
FFAENFIXIF E A ERRRL 2 BKER
BtEOLERMT 53T ThDH. ZZTHEHAL
T2OVDIE, tsw!'=0 & 75T % Eox 23 1~2 MV/em
LWV ) EcNIC B LV HTHD. ZOfE of e
13 Landau Switching (LS)D LA IZIL SR TH 0o 1 2 3 4 5 6 7
V4], i LY Ec AT OEE RAERIC B T Eox (MVicm)
HOREAIL LS IC K > THELENTWAH Z & Fig. 2. /Y HSCHRRE R & DR R O BE (Fig. 1 LA
RRBTLOTIEIRWEA I (bbAAY LS T THTHINRT Ry O ERE)

N—ED LS TIEe <N LS B A > N OBEIK
EEZD) [5]. AN EL 725 & domain growth mode (ZZLL TV (HDHWEI v 7 A
LTV ) AREMEDRERR D BLIRE .

2x106}

—@—EDL2018
—@—APL2018
—— APL2019
—v—JAP2020
—A— JAP2020

ACS2019|
—P—ACS2019
—€— APL2020

1 1

tsw ' (sec™)

[1] Kay&Dunn, Philos. Mag. 7, 2027 (1962). [2] Tagantsev, PRB 66, 214109 (2002). [3] Lyu, IEDM, 342 (2019). [4]
AFEE (2022 F, FF). [5] KRS (2024 &, #HR).
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AIN BB FZH—I2FHRMN L 1=2 8 Hfo.sZro 0. BEDEFEA B E DO FEM
Evaluation of ferroelectric properties on multilayer Hfo.sZrosO2 thin films with
uniformly doped AIN nanocluster
NAY Rz V7 hr=7 2Kttt OmEF B®, 0 B, XFEHE S #8E
Renesas Electronics Corporation, ©Takahiro Kono, Tadashi Yamaguchi, Kazuyuki Omori,
Seiji Muranaka,
e-mail:takahiro.kono.vj@renesas.com

[ixztwiz]
UTHE, HfO2 RO IRFHEMRHERENY, CMOS #lid 7 r & 2 & o fMEN & < . IKELE CEIErTRE/2 R
FERMEA T FZFMEE LTEWERZED TS, BITAFZEICBW T, HfgsZros0, (HZO)EH
~ AR S| OFREIRINZ XV FeFET OfFHEMESCRHE N T Y 03 8EmT 5 2 L 235 LT 5 [1-3].
—H. T ZADA =Y 70T LT, IRFEARIEDO EEA IS X 5 FRE MmO T EToH
%, Al HZO [ oin&EZ X 0 HEBICHE T 227V I =0 L(AIN)RR. 7238 A LT
6nm @ HZO 2 FE L, AIN OFINE S X OVRINEENT 392 78 oo finds K OVE & #i 2 it % 31
~7z,

[3=28%]
B 112, MFM F ¥ "o Z O 7 v —%Zoxd, FZF50BE(STI) L7z P+/P B Si EitlkZem iz 5nm @
TiN Z Bl U 72 %% ALD EIZ CIERE HZO IEOHERE & AIN OFETRINZ#: Y I L C 6nm @ HZO
2R L=, AREBRTIE, 1 VA4 Z7H7-0 O HZO FEDOREE A 0.8nm, 1.5nm 3L 3nm & L
TAIN ZRMU723AEHHZO 8 JE. 4 /8. 2 @) &Y L7z, £7-, 1[EI&H7= 0 @ AIN OIRINET 2.5
X 10%2~1 X101 atoms/cm? & LT, #IRIE%L 1X108~7 X102 atoms/cm? & L7z, EE&EMmRE L
T 5nm @ TiN A B L7 1%, N2 JRBHAC 500°C, 10 FPIZC HZO A fEffb L7z, H&#EIZ «-Si
R L, B EAR L ONEHALT =— VR ICEBM A /X ¥ —="27 L T Poly-Si/TIN/HZO/TiN/Si % ¢
N B EERLLTE,

[RER L EBE]
X 2 12, AIN ORI DR E 5 MR2PN %2 7R, AIN OFIMNEIND 72\ E SRR A K
TV, FoL LA 7 BT O HZO EORREE D ENE EFRRE R K&V, X312, AIN DR
WINEDS HZO 2 J& T 1X10%cm2 35 L UVHZO 8 J& T 1.75X 108%ecm2 Téh 5 HZO &2 =3MV/em %
FIN L 72 BROEHLEEU KT 5 Pr OBAU(= > T 2 7 U A) &R, 1% A 7 vH72 D 3nm THUE
L72HZO 2 g2 LT, 1 YA 747210 0.8nm THEMEE L 7= HZO 8 g3 Pr ¢ k& <. 100k
[t DI TTHIE S NSV, IT % HZO RO JEE AL 2 & T AIN 12 X Db s R s
R THE AR D, BERIMENRLS Rolc B I BN,

© 2024%F [SRYEES

30 2 HZO 8 layers (AIN 1.75 % 10" cm?)
STl formation - 0-HZO?2 layars I S R A A A I |
i_'r\?“g'a”ta_:fo” 25 - & —HZO 4 layers 5 0kbo000000000000,
Repeat I deposition —_ — ¢ —HZO layars 53 HZO 2 layers (AIN 1% 10" cm?)
HZO deposition E20 RN g 0
~ 3
(0.8, 1.5, 3nm) ‘S \\ . e . OOOOOOOOOOOOOO
= \ A
AN dope 315 N ‘\\ G Pe® ¢+ 200 0000eet]
HZO0 deposition o N - -12
A, 10 HZO \ < _15 " ) L L
(0.8, 1.5, 3nm) ~ s \\ \\\ 1 10! 102 103 10 10°
TiN deposition 5 “A S~ Cvel
HZO crystallization T‘-_‘_ Sl ~e ycles
Electrode Si dep. Te-a S~s . . ..
8 implantation 0 : e O S Fig. 3. Endurance characteristics
13 14 . .
Activation 950°C 1x10 110 of multilayer HZO film

Total dose (atoms/cm?) References

[1] T. Yamaguchi, et. al., IEDM 2018, p. 165.
[2] K. Maekawa, et. al., IEDM 2019, p. 350.
[3] T. Ohara, et. al., SSDM 2019, p. 577

Fig. 1. Fabrication flow
of MFM capacitor

Fig. 2. Remanent polarization of
HZO films as a function of AIN dose
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Electric-optic properties of HfosZro 502 thin films
on (La, Sr) MnOs/SrTiO3(100)

Nagoya Univ.!, Kyoto Univ.2, Tokyo Tech. MDX?,
Afeefa Dastgirl, Xueyou Yuan', Yufan Shen?, Daisuke Kan?, Yuichi Shimakawa?,
Tomoaki Yamada'-
E-mail: t-yamada@energy.nagoya-u.ac.jp

Ferroelectricity in HfOzbased thin films is attractive for applications in ferroelectric random-
access memory and ferroelectric tunnelling junctions. We recently found that the Y-doped
HfO- thin films exhibit the linear electro-optic (EO) property. Although the observed EO
coefficient was below 1 pm/V, which is one or two order magnitudes smaller than that of
conventional ferroelectric EO materials, it is interesting for the Si-integrated photonics as HfO>
is highly compatible with CMOS process. Therefore, the enhancement of EO coefficient in
HfO,-based thin films can be expected.

In this study, we investigated the thickness -dependence of EO property in Hfo5Zros02 (HZO)
thin films, revealing an enhanced EO response in 10 nm-thick films compared to thicker films.
HZO films were deposited on (La, Sr) MnO3/SrTiO3(100) [1] using pulsed laser deposition,
with the thickness in the range of 3 to 30 nm. As can be seen in Fig. 1, there is a partial phase
transition from ferroelectric orthorhombic to paraelectric monoclinic with increasing film
thickness from 10 nm to 30 nm, meaning that both orthorhombic and monoclinic phases coexist
in the 30 nm-thick film. The EO response of those films was characterized using in-house
modulation ellipsometry [2]. It was found that both 10 nm and 30 nm films exhibited evident
linear EO response, and the EO coefficient for the 10 nm-thick film was 1.0 pm/V, which was
larger than that for 30 nm-thick film (0.8 pm/V). This implies that the larger volume fraction
of ferroelectric orthorhombic phase in thinner films contributed to the larger EO response.

1.2
[ ] rc(10nm)
1 ° [ ] r, (30nm)
,;f 0.8 L]
P 3
B = 0.6
= =
2 =)
Ko .
~ 04
0.2
26/6 (deg.)
0
5 10 15 20 25 30 35 40
Thickness(nm)
Fig. 1: XRD 20 scan-spectra for 10nm(blue) and Fig. 2: EO coefficient ¢, for 10nm and 30nm-thick
30nm(red)-thick HZO films on LSMO/STO (001) HZO films on LSMO/STO (001)

References:

[1]Y. Shen, K. Ooe, X. Yuan, T. Yamada, S. Kobayashi, M. Haruta, D. Kan, and Y. Shimakawa,
Nat. Commun. (in press).

[2] S. Kondo, T. Yamada, A. K. Tagantsev, P. Ma, J. Leuthold, P. Martelli, P. Bofti, M. Martinelli,
M. Yoshino, and T. Nagasaki, Appl. Phys. Lett., 115, 092901 (2019).
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CeO2-HfO,-ZrO, FE D& FRIFE & s FE 1 D 51
Lattice spacing and ferroelectric properties of CeO2-HfO2-ZrO:2 thin films
(REIEXE' TK#HX2?) OCM) THE MT' a1l FE', x4 B, BF —HE'
Wi fMF/F2 IS RL HE pbhFR2 AE &
Tokyo Tech.t, TDK Corp.?, °K. Shimonosono?, Y. Maekawa?, N. Chaya?, K. Okamoto!
Y. Inoue?, W.Yamaoka?, Y.Kawashima? H. Funakubo?
E-mail: shimonosono.k.aa@m.titech.ac.jp

[#S] HfO FEMFAE AL, 2011 EICmF BN RE S, CMOS Y ut 2 L OENERAIER
WO TR S S 6 mERE fRE 72 F - R Eh B e L COREPEE > T\ b, HFO, 5k
FHEMRIT HFO2-Zr0, X2 YOu15-HfO, %13 U 6d & 9~ D ik &4 22 4L R Coltah & (R IRVERL O 8 5511 53 &
ZRB, R, CeOp-HfO, IX)AV Y Cel(Ce+Hf) CHRFAEEMEZ /R L, i T\ 5 HIO, FATiiA Ik
DR TELA AL EREPRRTHD Z ENHEINTVWDHH, —F . YOrs5-Hf0-ZrO, Tl
Zr/(HF+Z0) DEEIN OB B2 T YIYHHF+Z0 D45 Z & b S Tnabl, ARl
T RCORM BN WA G E AT DB THERL S5 CeOp-HFO,-Zr0, A /ERL L, & Dk 1
T [EIR & sRaA B DR 21T > 7=,

[EBR L] REHT, #—47 » k& LT CeO-Hf0-Zr0, D BERE A% AV, (111)ITO(SNO2 #RN
INO3)//(111)YSZ(A v b U T EHEL Y v a =T R B KIF =F% v~ L —%—Z iz LA b
— P —HEREIEIC CERIRCIERE L 7o, plEEts . 23R IRPHAIC T 1000°C X 10 min O 5t CEVILEL 417
o7, TFR LB iR L OESFETHIIXZ 24, X #BEFT(XRD)HIE S L OriE-H4E
RP-EEIZLVITo T,

[BREBEZ]EONMETITXT{UIM M Lo XXV Y VETH D Z L AR LTIz, 72,
S hE-FBR(P-E)RIEIC L » CTHis BN 2159 Cel(Ce+Hf+Zr) X Zr/(Hf+Zr) DI £ - ThD L
SeATHFSE & AR OB 23R S 7=, Fig. 1(a)l Ce/(Ce+Hf+Zn)iT k7 2 E b E D duo DL
TR, H 5 PR O dio 1 X Ce/(Ce+HFf+2r)=0.01~0.17 D[] TR I LT 25 = & D3 & iz, Fig.1(b)
WIARBFGE THERL L 72 CeOp-HfO2-ZrO; T & JeATIIZE TH D YOu5-HFO-ZrO, FEEIZ I3 1T 2 1H 5 b
FD duo lZx 25 Py DEALE RS, CeOp-HIfO,-ZrO, I Tl Zr/(Hf+Zr) DM N CIE T FAE D dio
AR VAL R FEI ~PEE TE T WD Z E R MR I NT-, F7o. CeOx-HfO,-ZrO, 7 I Cix
YO15-HfO,-ZrO, {5 & LLie U CIAWE T et FH O duo TIEFA BN HELT 5 2 & AR LT,

[Z%&C#R] [1] T. S. Boscke et al., Appl. Phys. Lett., 99, 102903 (2011). [2] J. Miiller et al., Appl. Phys.
Lett., 99, 112901 (2011). [3] J. Mller et al., J. Appl. Phys., 110, 114113 (2011). [4] K. Hirai et al., Jpn. J.
Appl. Phys., 61, SN1019 (2022). [5] T. Mimura et al., ACS Appl. Electron Mater., 5, 1600, (2023).

[BFRE] AT ZE D — 1%, BHF 2 (21H01617, 22K 18307, 23K 13364) 35 L ONSCER R A48 D Yk 14 X-nics
PERAERL AR (PJ011438) B LT —Z Al - I ~T U 7 AR T e = 7
¥ (JPMXP1122683430) DBk %52 F7- 6 DT, ABFZEIL. IST SomE F Lk R AF7e HEte
¥ (ASPIRE) . JPMIAP2312 DX #EA % T 7= DT,

0.368 F " YO, s-HfO,-ZrO,
25¢ >
0.366 F o CeO,-HfO,-Zr0O,
= '
w 20 o
— 0.364 - a .
E E = Ce0,-HfO, ZrO,
— 0.362 F = ‘E'IS &:Zr/(HE+Zr)=0
g = o * W :Zr/(HEIr)=0.25
= 0360 F * £ € A:Zr/(HEZr)=0.75
. :Zr/(Hi+Zr)=0 o = 10f TS
B :Z1/(HE+Z1)=0.25 e N o 2o/ Zrr=1
0358 ;‘ 5 v & YO,--Hf0, Zr0,
A:Zr/HF+Z1)=0.75 = T e e ]
0.356 | @ Zr/HEZD==1 4 = Ze/g
0.00 0.05 0.10 0.15 0.20 0.361 0.364 0.367
Ce/(Cet+tHf+Zr) dy;o (nm)

Figure 1(a) 110 lattice spacing of orthorhombic phase, dii, as a function of Ce/(Ce+Hf+Zr)) ratio in
Ce0,-HfO,-ZrO- films. Closed symbols is orthorhombic phases. Open symbols is a mixture of monoclinic
phase and orthorhombic phase(b) Remanent polarization (Prg as a function of duo . Data of
Ce02-HfO,-ZrO; films and YO 5-HfO,-ZrO; films are shown.
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7259525 72— )Lk B ALHfO, BEND#ES1E

Crystallization of Al:HfO2 Thin Films by Flash Lamp Annealing
o—fi BER Y, AAF HEHE L2, REER RESE 2, BRIR VEII L, RS B, ORIk BE
hnfg fE— 2, =] 152
RN RS D BEUSHE SCREEN B a v F 74—V ) a—v g v X2
oT. Mifune!, H. Tanimura'?, Y. Ueno?, H. Fujisawa', S. Nakashima', Ai I. Osaka'
S. Kato?, and T. Mikawa?

University of Hyogo! =~ SCREEN Semiconductor Solutions Co., Ltd.?
E-mail: €i241023@guh.u-hyogo.ac.jp

[Faw) FexlZ 77 v 29077 =—/FLA)Z W T, Al(6%):HFO,(HAO) IR D kAL
IZHEDfHACTE 72 D, BEIC FLA IXE T RO AR L, 2Pr 2\ E&E 570 L, HAO #
H%@ff*am‘ bIciE L7-BVLEE CTh D 2 & 278 L7, HAO B0 2Pr 13 Al #LEK(=Hf/(Hf+AL))

{z&sz RTA Tl Al FHR 2%f1UT T, Fic K 40uClem? 2345 T 5 2. ARAFFE Tk FLA
RLERIC X0, Al FHLAR 2%0> HAO EIZ T 50uClem? 2 #8 2 5 K& 72 2Pr 215 7- 0 THE
?Lé

[5E6&] SiHAk 2 TINVHAO/TIN A& D ¥ 3> # ZEf L7z, HAO MR DOEEIL 10nm
&L, ALFHARIZ 2% & L7z, 400°CIZ TR S U723 2, 800~1000°C, Sms C FLA ZLEE L 7=.
b & L C 400~800°C, 1min @ RTA ALEE $,1T 572, 7235, FLA, RTA & 12 Ny FRPHS CAL
PRU7-. fESAME LB EM 2 N2 GIXRD & P-E JlEIC XV 35 L7=.

[ 5 & #22] Fig. 1 12, BVLEERT% O HAO MDD XRD /8% — L Zord. BV I
30.5° BEON 35.8° fHTICE— 7 NENT-. TIEIIE ST f/IE )T bR KOV 7 /A
HAO 2%z L, FLA 3L RTA 2LV HAO Mfss b L= Z &35, Fig. 1(b)iz,
v 77T RaEkRE Lz 30.5°4HE0 HAO ¥ — 7 OYEKRX %779 . FLA ZLBIZ L Y, RTA
LTV — 7 BREE DK 55%HE M L7=. 2Pr 1% FLA T 56.3uC/cm?, RTA T 253uC/em?> TH 5 Z
LEEFEZDE, BEHROEREEGNEZ - LIk —VEOHRKEEZLND. £
7=, EIHTF1E, FLA Tl 30.77°

L, RTA @ 30.65°%L V0 & EAA (a) HAO HAO  TiN 800 (6)

iz 7 FLTEDY, HAO & o/t ofm 30.77° W

BB RIS AR LT dpAWJ\ e

BT LBl EEBEE & T E | s08s./w

O FLA LB TIE, TN BHEO 3§ sotc 1min \ g 400

FERFIS N A ER ST~ £ |- ;

HAO #EIZ 515RI& 1 23HIM d )

END T ENEMMA~D 7 26 28 30 32 34 36 38 40 42 44 5 30 3056 31 315 32
ZHE L, BT MmO 20 (deg) 20 (deg)

e =, otz B Fig.1 (2) GIXRD patterns of HAO (2%) films annealed by FLA and RTA and

NCAY el % z 5 5. (b) HAO peaks around 30.5°.

[ k]

1) FEEF BEST M, 55 71 IS B SRR RN 2, 25p-1BI-4, 2024
2) M. H. Park et al., in Ferroelectricity in Doped Hafnium Oxide, Eds. U. Schroeder et al. (Woodhead
Publishing, 2019) pp. 49-74.
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BB RT v X VERWEZ HIO R OET U v 7 Okt
Investigation of modeling HfO: crystals using machine learning potentials
RRAEEDT ! K d.lab?

D2 K tHE . /HE IR 12
The Univ. Tokyo, °Yuki Itoya, and Masaharu Kobayashi
E-mail: itoya@nano.iis.u-tokyo.ac.jp

L BHY : HIO, R EIR(FE-HIO,) 1%, CMOS DO#GHL 7 1 & 2 & DBEAPEDS B 55 BE D> &
BWHNRAEY ZRBTIMEE LTSN TV D, 2 E TICE - FEFEEZ HW - HIO, DET Y
R 0 RERMORENE L N — 7 505 O BRSO H O BFR AR ST & 72[1-3], HFO, SRR EMIL
ZAEm COEAMEPBEINTEY . FBHORKE T 10200m BE L SN TS, TOXHRKRKEWN
AR CIHEFHOH - FHFECHHAERNZHAENRECTCH D, T2 T, fHEAWOEVWRT Uy
IVRHEL oy R I X VB L2 = R VX — R T > v Y VIEI(MLPs)IC & X 2 2 5 2 & TRt Am
AR T 2 FIENRE SN TV D, RIFE T, B7E AT v v /L FiEE LT Pickard H 232 L
7= Ephemeral Data Derived Potentials (EDDP)% W\ TET U > ZZITV, FERFGA—L 2TV 7
15 L O BEIAR 2 FEAm L 72 [4].

FEREEBR . AT U VY VETADOFRICHNDLT =250 v b A7 RRe) e EDRT A —F %
RO, =R X — D ZFEEPEHFRRERMSE) A A~ T2, ZHUC K Y T —F AT & RMSE 23
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D B OEFRORIHHILE 7 0 7 7 A VEMIE L C, BEOILEUREEZ IRE L 7=,

(2B k] @R Ry 2V v 7% E % Ao CEEH 100 mm O HIO BEREAR X — 7w b & 2%
vy&aL, vVav (Si) ERICKELZ., FAZVEN% 0.7Pa, EEEHE % 150W & L7z, K
HEFREHWCT, ERIEE%Z-40°C LATICRFFL 72203 )

5, BEE 100 nm 2 HER L, —BEATEL T 7 2% * o '
B, TAIFEORICEEE AN T 7.0x10 Pa LA i
TICHER L, B5% (1%0,) #H AL T, FIEDREICLR
FFLZZBWRIFICHAL CPMT7T =— &L 72, 1°0, %
PR L <, HEH 18 OREFRMAEEE (180, %EA

LTI T =— v L7z, BBFEDOETI% 1.00kPa & L 7=,
7 = — o EHE % 300°C~500°C, KR %
1h~96h & L7=. SIMS ic X Y #5EGE Rl 0 180 o E iR
I 7a 7 7 A A EHEL 7.

it 5 & 252 Fig. 1 ICILEGREHC BT 2 RS o =
RAFVBET O 7 7 AND—flZRmd. YT =—
M X o TRE D 160 23 180 L 5cfa L, B £ 2 5
X TTMNC B0 DBENAA TS L7z, B0 DiEfE % %
FOMIBECHRL T, B0 DEE ¢ £ L7, Fig.2
400°C 96h @ 80 DEE T 7 7 4 VBT, AR E
YRR DRI D — % Z e L 72 3 2B 0 R 57
FONX[ZBEHAT 2 LR L 51Tk Y, KiERER
B L PLEURECE HE L 72, 300 °C ~ 500 °C 11T 2 %
FOIEUREIL, 3.0x 108 ~2.1x 10 m?s! 156N
7. D Ofilx HIO, DREHD O & D Th 5 Hphh
BT BEEREDOILERE 21X v b 4~5HT/h&wv. Th
X, 7ENT 7 AP OIS LEMF OHILELL D B

Si

Intensity / counts s~
s |=
o |0

10

1 1 L I L
30 60 920

depth, x / nm

Fig. 1. Depth profiles of secondary-ions
intensity in a sample annealed at 300 °C

for 48 h.
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Fig. 2. Concentration profiles of '*O in
a-HfO,. Open circles and triangles
correspond to an as-deposited sample and
a sample subjected to diffusion annealing
at 400 °C for 96 h, respectively. The solid
red line indicates a fitting curve of an error-
function type equation to the profile.
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