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Crystal Structure Dependency of Switching Properties
in (ALSc)N Ferroelectric Thin Films
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Effects of thickness scaling on switching kinetics in (Al,Sc)N ferroelectric films
Science Tokyo?, Canon ANELVA?, °Nana Sun?, Kazuki Okamoto?, Soshun Doko'?, Naoko Matsui?,
Toshikazu Irisawa?, Koji Tsunekawa?, and Hiroshi Funakubo®

E-mail: sun.n.ab@m.titech.ac.jp

1. Introduction Discovery of ferroelectricity of (Al,Sc)N has been attracting numerous interest for memory applications,
because (Al,Sc)N films have outstanding ferroelectric properties such as high remanent polarization Pr (>100 pC cm@).?
However, the coercive field (Ec) required to switch the polarization is relatively high (~ 6 MV/cm, ~100 nm).2 A practical
solution that one can think of is decreasing the thickness in order to meet a requirement of low power consumption in
memory devices, but thickness scaling for reduction of driving voltage is also full of challenges. It was reported that the
thickness scaling down to 10 nm leads to the significant increase of the Ec (~10 MV/cm, ~10 nm).? Therefore, it is highly
required to understand the origin of this increased Ec by unveiling the switching kinetics in thin (Al,Sc)N films.
2. Experimental 30-80 nm-thick (Alo.sSco.1)N films were deposited on (111)Pt/SiO2/Si substrates by dual-source reactive
magnetron sputtering method using instrument (NC7940) from Canon ANELVA. For electrical property and polarization
switching characterizations, 100 nm-thick Pt top electrode dots with a diameter of 50 um were fabricated via electron
beam evaporation using a shadow mask. X-ray diffraction (XRD) 6-26 scan (X Pert-MRD, Philips) was used to analyze
the out-of-plane crystal structures of the films. Rocking curve measurement of the out-of-plane was carried out to detect
the distribution of the vertical orientations.
3. Results and discussion Changes of the crystal structures with thicknesses of 30-80 nm were analyzed by X-ray
diffraction 6-26 scans for (Alo.9Sco1)N films (See Fig. 1(a)). All films showed a wurtzite structure with (001) out-of-plane
orientation. The 20 positions of the 002 diffraction peaks were almost unchanged for the 80 nm- and 50 nm-thick films,
while it slightly shifted to a low 20 angle for the 30 nm-thick film, due to the in-plane compressive strain. The rocking
curve scans were performed to determine distribution of the crystal plane against surface normal of Si substrate (Fig. 1(b)).
The full-width at half-maximum (FWHM) did not show obvious change for the 80 nm- and 50 nm-thick films, but it
increased significantly when the film thickness is down to 30 nm indicating that the distribution of the vertical orientations
in 30 nm-thick film became broader than that of thicker films. =
The ferroelectricity was measured by = X:
positive-up-negative-down (PUND) measurement, and the Ec
values increased from 4.9 to 6.1 MV/cm as the film thickness
decreased from 80 to 50 nm. The fractions of switched z | .
polarization (AP/Pmax) as a function of the time (t) under
various values of E/Ec are shown in Fig.2. The symbols A /\ a6 nm
indicate the experiment data. Well-saturated characteristics of ~ ’ A s
the (AP/Pmax) against t were obtained for almost all E/Ec . 2 (deg.} oyl
values for all films. The solid lines show the fitting by the F]!g;il(a)SOut-l\(l)];pl)lane_)éerlD_ Eatternsf%réds(é)) FWHM
Kolmogorov-Avrami-Ishibashi (KAI) model and the results — °© (AlosSco:)N film with thickness of 30-80 nm.
reveal the switching behaviors of the present films -
fundamentally fit well with KAI model. The AP/Pmax evolution o} F%: 11 =0 EE 113 0.95
curves shift to shorter times with increasing the E/Ec values
indicating a faster domain wall motion with increasing of E/Ec
values.

The dimension of domain growth, n, for ferroelectric
switching obtained from Fig. 2(a-c) was shown in Fig. 2(d).
The n is above 1 for 80 nm-thick films which were consistent
with that of the KAl model, where nucleation dominates
early-time processes followed by domain growth and
impingement in 1-3 dimensions. However, the n values of
30-50 nm thick films were below 1, indicating the low
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mobility of the domain walls in thinner film, which is possible iy o

to switch to the nucleation-limited switching (NLS) model.? I 2= rlam
This switching kinetics transition may be related to the slight o | @
change of 26 positions of the 002 peaks related to the strain Co— . *os w 12

(Fig. 1(a)) and the increased orientation distribution against the : - :
substrate normal as indicated by the increase of FWHM values ('a:IIegc.tZri c-AfIiZIFc)jmaxno\r/r?wa}ilgz rgsaSLézedfol:ndf?lrm;/ ar\:voiltjrs]
(Fig. 1(b)). However, in the case of the 50 nm-thick film, the thicknesses of () 80 nm, (b) 50 nm, (c) 30 nm. (d) n
FWHM did not show such an obvious change as same as that |11 as a function of é/Ec obtained from the data

of 30 nm-thick film. This suggests other factors must be taken shown in (a-c) using KAI model fitting.

into account, such as smaller grain sizes and greater defect

concentrations in the thinner films which can slow down the mobility of the domain walls.*
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Switching Kinetics in wurtzite Zn(Ce,Mn)O ferroelectric films

Science Tokyo!, Kobe Univ.2, °Nana Sun', Atsuhiro Tamai?, Kazuki Okamoto', Hideaki Adachi?,
Isaku Kanno?, and Hiroshi Funakubo!

E-mail: sun.n.ab@m.titech.ac.jp

1. Introduction

Waurtzite-structured ferroelectrics, such as (Al,Sc)N, have emerged as a promising candidate for next-generation
ferroelectric memories, offering a much higher remanent charge density than HfO2 and Pb(Zro.2Tio.8)O3 films.! However,
the inherently high coercive field (E¢, ~6 MV/cm) requires high switching voltage. Zn(Ce,Mn)O films are an oxide analog
of the wurtzite ferroelectrics with lower Ec (~2 MV/cm) and large remanent polarization (Pr, ~100 pC cm2), which can
address these issues.? Therefore, Zn(Ce,Mn)O films are of potential interest for embedded non-volatile memory. The
polarization switching kinetics are related to the ability of ferroelectrics to store digital information in memories. A wealth
of studies have shown that the switching behaviors of nitride wurtzite-ferroelectrics follow the
Kolmogorov—Avrami-Ishibashi (KAI) model.’ However, little is known about the oxide wurtzite-structured ferroelectrics.
Here, we systematically study the switching kinetics in Zn(Ce,Mn)O films at room temperature and also compare with that
of (AL,Sc)N film.
2. Experimental

(001)-out-of-plane-oriented Zno.so(CeMn)o.11O films and (AlosSco2)N films with a thickness of ~200 nm were
deposited on (111)Pt/Ti/Si02/(001)Si substrates using RF magnetron sputtering technique.>* For electrical property and
polarization switching characterizations, 100 nm-thick Pt top electrodes were fabricated via electron beam evaporation.
3. Results and discussion

Fig. 1(a) shows the time dependence of AP/Pmax of the 12 1

Zn(Ce,Mn)O films measured at room temperature. The ol @ o aCeNmO o ® g ACOR
switching data of (Al,Sc)N film is also shown in Fig. 2(b) 08 111 o8 L2

for comparison. 4P and Pmax correspond to the amount of &é 06 f o

switched polarization and the maximum polarization. The <, I

rectangle and circle dots are the experimental data, and the 02 7" 0.94 02 M 0.91
solid lines are fitting curves by the KAI model. All the data 00 o 2

can be well-saturated in a wide range of E/Ec. The data of 10° O imete 1 h " dimes) '"73
the Zn(Ce,Mn)O films can be fitted by the KAI model, a0 ;

which is similar to that of the (ALSc)N film. Fig. 2(c) 2 Zn(Ce, MO of @ Zn(Cein)0
shows the dimension of the domain growth, n value, 201 1 sen g

obtained from the KAI fit. The n value of Zn(Ce,Mn)O =15 g

films was about 1~2, indicating an agreement with KAI 1.0 _?i (ALEIN
model where nucleation dominates early-time processes 0s 1

followed by domain growth and impingement in 1-3 ool —o - - e e BT T
dimensions. This scenario is similar to that of (ALSc)N, EIE, BB

suggesting the universal switching behavior in oxide- and Fig.1 AP/Pmax versus time for (a) Zn(Ce,Mn)O and (b)
nitride-wurtzite ferroelectrics. The domain wall motions in (ALSc)N films. (¢) n value and (d) log(l/t) versus
Zn(Ce,Mn)O films are analyzed using the characteristic =~ normalized £ obtained from (a-b) using KAI model fitting.
switching time, o, obtained by KAI fitting, as shown in Fig.

1(d). The log(1/to) versus normalized E almost followed a linear trend which is consistent with that of (Al,Sc)N film; while
the Hfo.sZro.s02 and Pb(Zro.2Tio.8)Os films show a clear saturated trend at high electric fields.** This result indicates that the
domain wall velocity in wurtzite-type film can continue to increase with the increase of the electric field, which shows
significant advantages compared to that of fluorite- and perovskite-type ferroelectrics for the high-frequency memory

application.

Merz’s law was introduced to investigate the activation ™[ "o RPN
field (E.) for the nucleation of oppositely poled domains in ~ 72[ Merz’s laWEn 5 (sc’rgio &
Fig. 2(a). Ea of Zn(Ce,Mn)O films is found to be 27 MV =69} taw=toexp| % 10%
cm’!, which is much smaller than that of (Al,Sc)N film (see iﬁ“ £ = 27 Ve §4° ZnCeMmyo O 20%
Fig. 2(b)).? The activation field dependents strongly on the =63 Z’ cevmo | - 30%

E.. Therefore, it is reasonable that Zn(Ce,Mn)O films show  sop - SRS 0
a lower Ee.. E—y” 0.26 0.28 o0 2 3 4 5 6 8
Acknowledgements ' VE cmmy) ' E. (MVicm)
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PEVMEAEMINZ > 7 B L72DS, Sc &23 27%LL ETIFZ b Lieh o 72, ZOMEMIE, (111)PYTiO/SiO2/Si(001) AR F
B 2HE LR —FT 5, XRD ¢ AF ¥ OfES, [1100] AIN(0001) || [112]YSZ(ID)DBIMF T X F ¥
MR LT Z 3 hotz, 7o, d33 A—% & PFM ORIIERS A5 AIScN HIROMMEIL, Sc & A ®IZIE LT
k& (EREE) Ho TmE @REME) T8 T 22 ERRALNERoT,

—_
(=2
~~—"

| L

(a) T T
AIN(1011) Sc-AIN(1011)

Intensity (a.u.)

Intensity (a.u.)
Intensity (a.u.)

350 5 0 60 120 180 240 300 360 0 60 120 180 240 300 360
$(°) #(°)
Fig. 2. XRD ¢-scans at Sc content of 0% (a) and 32% (b).

Fig. 1. XRD 20/w patterns

at different Sc content, x.

5 5

) (d) Sc=27%

200

Fig. 3. PFM phase images at different Sc content: (a) 0%, (b) 9%, (c) 21%, and (d) 27%.
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TRYLRAVEF FYTFILPLDEIZEL B
Sc A AIN BIRDER & £ D FFEREh
Fabrication of Sc-doped AIN thin films by maskless-combinatorial PLD

and their characterizations

£XRI', EERFEFEXMX OM)=F XBE' Yuan Xueyou!, [LUH %HBH 12
Nagoya Univ. !, Science Tokyo, MDX? °Taiyo Mitaka!, Xueyou Yuan!, Tomoaki Yamada'?

E-mail: yamada.tomoaki.hS@f.mail.nagoya-u.ac.jp

TAYHHENT LI =T 4 (AIN) F, SWETBEE - BEEE - EERE - HEk Y, <o
EN-HEEE > TBY, ZNODEEZFIHL 72T —F AL Z9FET N4 Z2A0FEIN TS,
F72, Sc®° B 2N L 72 AIN FEIEAEFEIEL R T 2 L ANTERS S, REREA T PNHEH
WADIEHBHFE N TV B A, 2N 5 OEBICIIENE RMAEN AIN FLEE O 5RO iz 23
WEETH D, BERD Sc I AIN BFEEAREEL L, ZTDIFEALBA ANy 2 ) v IRICX s TRIES
Tk, "R L= —HREE (PLD) 213 Lo & 3 5o Tk X 2 BIEGHZMBRD TR O TS
A2 "C Sc AN AIN JHE oD 731 S BB 1 omfi;E&%A%@jﬁﬂﬁménfmé%@®$%%
BEBD D%, RIFZETIE, v~ R 7 L A2 v e Z i 2 72 PLD Z T Sc @I AIN o E#l %
i, PLD IC X VRl I o REZ L It T2 2 L 2 HIVE L7z,

AWFFETIX, AIN & SN D 2 DD & —747 v F & FH\WT Sc il AIN A HERS L 7z, #% 2 oLk
DX—=7 v FEHWTPLD 217556, V-V —WAMEZEEL X —7 v b &~ R 7 %) L T
DIRLBEISE D LT, HET MK OBEAHRET 2. —7, Kt cHwiz~vx 7L 23y
%2 72 PLD TiX, £#—7 v MuBE%EET 27T, I 7 —DAEEESEICHIE L CEEO
=7y P —¥—%WEIEE. iy, Ekoarver U 7 PLD & HRIT 520 ER
<, ERHMAKEREESEHTE S, ~AZ L A2 v EF Y 7L PLD KIEOBIKX %X 1 1R

(@ 'at o L ‘ ‘

excimer laser

{Q

0.25 sec.

excimer
AIN largel Q aser pulse

mirror

ScN target

Time

Fig. 1. (a) Schematic diagram of maskless-combinatorial PLD and (b) an  Fig. 2. RHEED pattern of Alo.95Sco.0sN
example of laser sequence for the deposition of Sc-doped AIN thin films.  thin film on Pt/Al.03(0001).

.11 b

/e

Ay
e,

1 1 1 1 1 I 1 L L L I L
20 25 30 35 40 45 50 55 60 -2 -1 0 1 2
20 / deg. w / deg

Fig. 3. X-ray diffraction 260 /w pattern (a) and rocking curve (b) for Alo.osSco.0sN thin film on Pt/Al203(0001).

Pt(111)

(a)

Al,0; (0006)

Al 4556405M (0002)

log Intensity, / (au)
Intensity, J (a.u.)

2 1% AlgosScoosN TR D S5 = E 7 AR mPT (RHEED) X% — v %, 30 X AR RS R 2T,
X6, fEHL 72#@BIZ000)T X2 F oy LEEL, uyx v 7 h—70%HIEIEs L% 12° TH
o7z, ARFERTIE, Sc I AIN HED KR ICKITT Sc BOMKIEM:, 2o OO Mt s X UGS
ERE AR T 5.
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)L SiEE (Mg, Si)N-AIN BB &EEO /R & FEm
Growth and Characterization of (Mg,Si)N-AIN Solid Solution Thin Films
with Wurtzite Structure

RERHZEX!, RIX?
ORIWHAER !, AMA—¥E?! FXRRE? AEE
Science Tokyo?, Tohoku Univ.?
OS. Kageyama?, K. Okamoto?, Y. Hiranaga?, H. Funakubo®.
E-mail: kageyama.s.8557@m.isct.ac.jp

[#E] AINICREBSND VY EEEMEHT, c 7 mIciRo 7o oz B9 DG Z2 b o, vy i
WA E MR EHIERDa 7 2 4 MEERFEER L i U<, MY RIC L 2B EEOBILRIET I DD
AT, ZHE TOMBEAIME & Ll U THREOE P AREVMEGTT 2800, WHABRATY ~0
ISR STV D, Bx i, BIFETM 3 mRE(HOTEER - HMFEARICHZBRHT 57290, MgSiN2 & gt
LTCW5, Lee HIFBGFIHEICL Y, MgSIN2IZ AIN L0 b AL v F U FHEEN/NE | MlgiEE RN K E L
FHIL T B, MgSiN2 12 AIN @ X 9 2210-N ZATEN O 3O A F A4 2 % 2l &k 4 D HF 4> DAL DEITE
T Z TZ(ILIVIN ZRENCH O 2 D B T4 2 DA T4 YA b % HD B p-NaFeOq ff i % Fx 22 EHIC
Ho, Hxld, fEED p-NaFeO: ffi& % & oWk MgSiN, DA 7 1 2L ) HIKIE CHEEZER S5 Z DT
EDHANRF ) THEOX I REVFH T o AL T, WFA NI E LT ALY A b DD LY
TGS A H D MESIN2 DN EBLTE LD TRV E B X T2, TORER, KIMEA Ny &2 ) U BRI L - T,
D VERR S B D 72 3o 72 MgSINg Wi & (EfLG25 = Llgsh L, B oNBER oY giiEiEE b b, c fililidm 2
DEEHF VY VRELTWVWD I L &R LI, T2 T, RORT v 7 LTREOTF a2 —= 7% L, ¥
VYRGS T HDMERE S L O BYEIR(Mg,SN-AIN EiRZ (ERL LU 7=, Z OFMBRIZ OV TiE, Anggraini 523
(Mg+Si)/(Al+Mg+Si) 73 0.15~0.30 DOFELEEIFH O HE 21T > T BB, ARBFSE T, (Mg+Si)/(Al+Mg+Si) DO K E W\ LY
SRR BEIRIZ DWW T BT L7z o T 5,

[B51E]  RF BUSHEZ Sy # U v 715 X 0 (111)PH/(001)Al03 £ 112 (Mg, Si)N-AIN JE 2 fERL L 7=, & — 4
v MIEER2AVFOA T4 27, MgT 4 A7 BIOSI VA ERAW, X—7 v S0 b ERE TORET
120 mm It B, Ay Z U 2 T EINIM N2 AT 6 mTorr & L, AR L 400°CE L7z, Mg % —% > k& Si
A=y O RFRT—ZENZEN40W & 100W IZEE L, Al #—7 > O RF /ST —% 0~ 150 W O#HiH T4
fb&® 5 Z & THREHIE 21T - 7o, BT AR 2 O 72 306 XBROHT(XRF) TRAT S » 72, i i GEmmar ix
X MR E(XRD)IC & 0 4T 5 77,

[#53] Figure 1 128 S N7 EORER Z 79, MgSiN: Db ERRH R Mg/(Mg+Si) ~ 0.5 2 IZIEHERF L7 F &
(Mg+Si)/(Al+Mg+Si) % 0 205 1 ORI CE L S B ZERE LN TWD Z LR34y -T2, Figure 2 125 b =Ko HE
#h XRD /3% — > % ”9, MgSiN2 OFIG 3T 21F & ooy iR 002 (Il kT2 BHT ©—27 NEmaflicy ~

FLTWDZ M55, Figure 3 (2w /LY 8tk 002 [EH e —2 @ 20 (iE»SHEME LIZmaME+ES ¢ ©
(Mg+Si)/(AI+Mg+SiyIETEME & 7”3, (Mg+Si)/(AI+Mg+Si) Izt L CHIZME T-E4 ¢ DIZIEMBICE(L L TE Y,
(Mg,Si)N-AIN EEEEROERICKII L& E 25, MHORK T, L0 MRS SMIEOFHD & &SR
MOFERIZONTHHET D,

[BFE]  AFFZEO—#ix, KR Xonics Y EARAIAERLEE K 3£ (0PI011438), 7 — X AlH - {EHAI~T U 7L
MFEBH R 7 v ¥ = 7 b 33 (JPMXP1122683430) . H A 7 i #i Bl 2= (JSPS) %} 4fF 2 (JP21H01617, JP22K18307,
JP22K20427), AR IR BUEEAE (IST) ASPIRE(JPMJAP2312)i2 X » CTiThiE Lz,

[&%&3CEk] [1] C.-W. Lee et al., Matter 7, 1644 (2024). [2] H. Uchida et al., J. Ceram. Soc. Jpn. 105, 934 (1997). [3] S. A.
Anggraini et al., Sci. Rep. 10, 4369 (2020).

Al — E! g 500k
0.00 = g g Taoo} T~ -
; (Mg+Si)/(Al+Mg ‘SM\K(. €408 S m
= ho Sao7} W Sw
 [os7 < Anggraini et al. ~ -
é‘ E 4.96 RS
£ | S495 =
+= 1084 o
0.75 s g 494
0.5 = \Z/\/\\ 00 02 04 06 08 10

2 3 (Mg+Si)/(Al+Mg+Si)

0.00 > s 100 - § Fig. 3 Composition dependence of

100 075 050 025 0.00 30 35 40 45 ' ; ;

Mg Si 20 (deg.) the out-of-plane lattice constant ¢ in

(Mg,Si)N-AIN films.

Fig. 1 The composition of the grown Fig. 2 Out-of-plane XRD patterns for
(Mg,Si)N-AIN films. the (Mg, Si)N-AIN  films  with
different compositions.
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Ferroelectricity of La-substituted ZnO thin films
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Kobe Univ., °Y. Yoshino, A. Tamai, JW. He, S. H. Kweon, H. Adachi, and 1. Kanno

E-mail: kanno@mech.kobe-u.ac.jp

1. JZC¥IC

2021 4, ZnO RIZEWT Ferri HIZ L - T, Zni.MgO EBREOMFEEMENRE Sz —75,
ABFFREICEBNTH Zni(Ce,Mn),O I CHEEEMENBIT HZ & aWmiE L2, Zhid( 4>
PREMBOKREZNCe % Zn EEBTHZLICL ST ca ZIKSEDLZ EEEMELTEDY,
2 Mn ZIRINT 25 2 LI2X Y ZnO Ot A dE S5 2 &L CMFEEL EH L TnD. 4l
Fex L, ZnO EEIZIT DHT2 R IRINTH OB ZHAIE LT, Ce LRITREDOA AR EH L
%S 3+ La A E#2 L 72(Zn, La)O IR AFRL L, iRFFENEICE 2 DB AT~

2. EBRFE

%5C RF ~ 7% bu v ARy ZiEx AWTAIDPL Y7 7 A 7 Hab EICEE 140~200 nm D (Zn,
La)O #fs L, T2 Mn ZRIL72(ZnLaMn)O #EZ X F U v LkE S 7. ¥—F7 v M
1L ZnO BELOMnO DET I v 7 AL LaOs DN X —% W, 2D RF ) &fRHET 5 2
ETLaBEL O Mn OEHEZHIE L7, 5O 72RO SRS, #IE XRD B8 XU EDS TH|
EL, WMBEEMLP-E AT Y A KO PUND HIEIZ K- TR L 7=.

3. MERLEBZ

Fig. 1 1% Zn..La,O RO La iIN&E & c¢/a DRARZ R L TEY, HIED T8 ZnCeO HED Ce
WMERFEES 72y FL TS, Zni.CeO #HIETIE x=0.08 T c¢/a 73 1.590 & i/NDOEZE & % D
WXL, Zni.LaO #EE Tldi/NOME x=0.04 12T 1.594 TH Y, c/a KT S 5H80RIE Ce &
B L THIVY. ZAUE Ce 28 CETITMZ Ce*T 2o DIkt L, La id La¥" S/ hE W2 &2
}?.fl s %2_ LD, Fig 2 ’(Zn La)O Eﬂﬁ Z Mn %@%jﬂ] L/71(Zno,95,Lao,oz,M1’l0,03)O %Hﬁ@ P-E Et
ATV A= OUEMEZRT. Tofafi L7z P-EV—713E6TWRWD, mikEEE
IRTRERMNE LT,

N
xin Zn,,Ce,O 200
0 0.05 0.1 150 F

1.65
100

50

50 F

Polalization [puC/cm?]

-100 ¢
X ¢/a of ZnO

O ¢/a of ZnLaO -150 |
O ¢/a of ZnCeO 200

g 4 2 0 2 4
0 0.05 0.1
xin Zn, 1,0 Electric Field [MV/cm]

Fig. 1. c¢/a lattice parameters of Zn;xLaxO and Zn,. Fig. 2. P-E hysteresis loops of (Zno.os,Laoo2,

xCexO thin films on AlLOs substrate as a function of Mnyg03)O thin films on Al,O3; substrate.
La and Ce concentrations.
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Polarization-inverted Sco.4Alo.sN two-layer SMR using transfer technique
BREEET !, MBt2
OB A a2, (M2) T M2 e EE

Waseda Univ.!

, ZAIKEN?

°Nanami Suzuki'2, Wataru Shimoyama'? and Takahiko Yanagitani'-?
E-mail: nanami_s@pruri.waseda.jp, yanagitani@waseda.jp

1. FXMRE
MRS T N A AHAT O 2GR R BAIT .

mﬁ MERE <, EEBEENES 7 BAW 7 ¢
JVE DFBENEE > TV D, P THEIC SMR IZ
BET7 T v VR EEA L TE 0 #E I
WY Z EMTE DOMEIENERE & FF
D, Fio, DKERLEEEILEIKE— FTH)
B+ 2 7= B & F—ORE T X 0 & &
TEREN S5 Z LN T B[1],

JERR AL 7 4 7V & OO AR S 13 8 S
FEARE IR DNEWVIZEARITH Y FHTEW k2
Z B8 Sc IR E D ScosAlosN EITRE NI TH D
[2]

AHETIE, Av-Au B Ly F 7%
FANT ScosAlogN A 7 7 v Vg8 BT
BB L. €O FIZHEO ScosAlggN HiEZ iR X
Wi, B2 mibsis 2 JEREE D SMR RIALE
TEWET D,

2.

RF v 7% br v ARy 2352 T Pt (100
nm) / ZnO $&#EME (2 um) / Pt (100 nm) / AlOs3 (0.5
mm)ZEMR T ScosAloeN (4 pm) % AR S &
7oo VERLL 72 ScAIN MK ERB I OEET T v 7
S 25 8 (Si02/Ta 3-pair) EZ L2 40IT Au
(75nm)Z AR L, =% >~ R CRmLEZ L
72t%. 200°C T Au-Au #5517 - 7234, <
D% IO # it Coy F L 7352 & T
ALOs HARZBRFE L, & 51T ScAIN E BIZ/EF
THPtHE Ar A1 A E—AL Ty F 7L,

DEHRF L 72 ScAIN & EIZFF TN ScosAlosN %
R &5 Z LT N ko LT Al itk fE e
N2 EE 2 8D ScosAlosN IR 2 FF-D
SMR #AE8L L7,

. R

VERLL 7= 4 %?@ﬁﬁSM&@%EglkT
T, 7T v VG I Au OBEREE N LTI
Eﬁws%mmN%ﬁﬁ%Eémfﬁb i)
Z D 2 2 JEH D ScoaAloeN HREA SR LT
5_&# WTE D, 72, ScosAloN D 2 J&

ORI 8 yum TH o7z, Fv NI —2 T F
T A % O THIE U 7=/ WbCis 2 8 SMR 0

A v E—F 2 ARMEE Fig 2 \OoRT, @, 28
(8 um)®D ScAIN &2 [F] UMM DA IZIL, 500
MHz CTHIET 2Dk L, AEl% 1 GHz £ T
OB REIRE—7 RN b7, LD,
ScAIN A pMRER L CHR YD, 2 WRE— RNEKE)
LTWAHZ ERbnd, £7o, SRKIURE X
DR L 7o R RURE B AR AL ket? 1319.5 % &
K& EBMEEZ R LT,

| SCy.4Alo 6N (Al-polar)

’ 'l '

ASTESSS oA

8.0 um

Sc, 4Aly N (N-polar)

Si substrate

Fig. 1 Cross sectional SEM image of polarization-inverted

Sco.4Alo.eN 2-layer SMR.
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Fig. 2 Impedance characteristic of polarization-inverted
Sco.4Alo.eN 2-layer SMR.
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