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AG# 31X Study on crystal structure and ferroelectricity in wurtzite (Al,Sc)N thin films
deposited by sputtering method (A 3w % U o ZVETIERL L 72 7V kg (Al,Sc)N O #E i
MG L REEEMEICB T AR L L CHRXTEMNTEY, B TELOHER I TN D,

%5 1 % “Introduction” TIIHER D IRFHFE M EL & AU THIZERI S & LTc vy SRt Bt
BT 2 BEEDOIFRIZ OV TR L. (AL SN BED 5 S isE & ORFE M IS KT THE T A —X
DB RHET D 2 LI K> TRFBERMEOHIEIK T2 B 5 20T 2 AR FROERIT OV T L
TV,

% 2 ¥ “Optimization of deposition conditions in (Al,Sc)N thin films” Tl 7= % BRI
T (ALSeN A VER T 572D D ANy X XT A= Db ARy & LT, RIPENEE & OV
TR DNALSN Dbk iE K ORFE EREIC KT TR A A U, BIBIEE o i ki z .
TRAA BN 2 R TIROIFMAG R EEI L, V=T T TNT A ALHFERDOT 4 AT LA LD
IS, SRR DR - S HERZ R L7, S OICRBSREA A ) O biz X - T,
INETRPUER (B) ROKE eiefxiiEmEm R (Bp) DEONDEMBEZH LN LIz, 2 b DORER
Mo, FlixDANRY ZY TR K > TET DERALDTZO D 3L F— EAERL I LT EO )
FHEIFMEOBEBRIH LT o7,

% 3 ¥ “Effect of chemical composition on crystal structure and ferroelectric properties” Cid
(A1,Sc)N BEDALZFAR RN M AF TR ZFHE T D728, Fx D Sc/(Al+Sc) b D (AL Se)N Iz T,
(ALYb)N K TMALMg,Nb)N 22\ CHfil il i S OV R 251 L 7=, fEko#E I~ 2
5L EIRVHHARREPE CoaFEmtE 2 B L, 2o ORE o (B) RO B X v v Ak o Rk b 72
FEERT NI ART A—2 (IS L CEMRBEGREZ R Lz, THICE Y, Sc/(Al+Se) thdZqkic
PES B RN B OFAEDFE R G IS W E L TH D Z E B bl o 72, (ALYD)N KOY
(ALMg,Nb)N D 5% MM OFE 5. AIN B #IREIZ 31T 2 9REHEMER B O A D) Sc/(Al+Sc) iz
REKAFL, Bop & BeD~—V VMRS DEHEEMENH LN -T2,

% 4 % “Effect of film thickness on crystal structure and ferroelectric properties” Cix (AL Sc)N
DNEJE D3RG i M OBRFF B RIT TR B LA L, ko a 7 2014 NUBSFHEEMEFC
%, BEEOR FIZHEWVEFBRHEN AT 27 A R OB Z BT % 553, (AlSe)N B,
12nm £ T 120 uClem2 25 B R OMERD A r— Y » TRIN BN D B %R L, B XLoT=H A
ZINROFBEZT RN L Z2FRELT., EHI2, BEICL > TR LE PR ED u/NT A—
HIKAE L T2 Z L1I2 k5T, (ALSN IO IRFERFIEILY A ZDR LD S EOZNEN LV LAY
THDHI ERALMNIR-oT,

% 5 3 “Effect of mechanical strain on crystal structure and ferroelectric properties” Tid Z i1
F TITG BAVICAHARIRE DR & AERIREDONREGI Y 43T D720, BMERRER O R 2 I
W BB U TR 0 2 B & HE 5 Z S 1lc k0 SR 72800 E 23 (ALSe)N Ot il i )
OEFEFEMEIC KT T 2R A A U7, [A URLAR & OMRJE C 570 2 b B 5% % 9 5 (Alo.sSco2)N O
SRS EAMEIIBVEIC L o THIEH SN D 72T T ZNETORBRTH LN uXTA—F L B K
W EOBfRE L~ LT, SLICARETITONIZTE X XU X VIEORHEFEORE R 2 E 2 5
& ABFRRRR, BB E | RS TFRIEL IS KD B RO B OZAGITAE SRR IT I K o T—FAvICE
fRATRE CTd 5 2 E BB BT o 72,

% 6 ¥ “Switching kinetics in (AL Sc)N thin films” Tl K Z i S 2 BK 2T 5720,
(A1,Sc)N FED 73 fiR S Hatit 2 FHA L7-, & 512, Sc & 23 (AL SN JED /i SR 5 8 12 fo 1F - 2%
EIET D720, B D Scl(Al+Sc)th D% FEJE L 7= (AL, ScIN @A ERL LR L 7=, s s
BEDERARMED To OITFEIE ST @D B LRI & [FERIZIE2R D Sc/(Al+Sc) iz ik fr L7z,
Tz, FINS ORI AR O B EIINRER KA ORE R D HER S 72 MR 7 L IX B g 5 &
X2 0 B A OOBIKERET VAR LT, ZbizL v, (ALSeN RIZI 1T By sl —
IXAHZE 2 IV TV LB E TIE7R <. Sc DZWEBB AR A &R | SRR Z -
TV EWmMENTz, INETOETHLNZMBEEE X TULYHHEEH T 2 E (iR




HEBROEB BRI T O XERTEE 2D & BIIkEdmB M, B3R5 R & s is ez
DERFBTHHAMIETH D Z ERHLMNI -T2, TDO X I, AR RIT Y VY S =L 5E
FHEROIEBEDIEDOMINAENL D, (ALSeN DR IRIRFEIRT A AD T2 D OF LAk T
bHHZEEEIELE,

% 7 % “Conclusions” CIXAWIIE T DAL RS R A © & 12(AL SN OIRFHERHEICIIT 5l
R FIZONWTH L B EE L O TRIEL, SBROBEIZONTIRRTWV D,

PbXu, RimsC(ALSeN PO LiEE & M EREORBRZH LML TEY . b0k
RIS % OEHERE AN ATY T A ZAOFEMELE 722 7 )V SR ZAL OB FHZ B W
THEREHEZH5Z225HDTH D,

i« FRSCEBIL, FI3C 2000 7 & 930 300 354 1 ET ORI T 52, b L<ITEL 800 5% 1 FHRH L T 7E&E W,
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This thesis entitled ”Study on crystal structure and ferroelectricity in wurtzite (Al,Sc)N thin films deposited
by sputtering method” is written in English and composed of 7 chapters. In Chapter 1 of this thesis, the present
study's background and objective were explained.

In Chapter 2, the deposition conditions were optimized by tuning sputtering parameters to obtain good
crystallinity and ferroelectricity in (ALSc)N thin films. The universal relationship between energy for
crystallization and ferroelectric properties, which varies with various sputtering parameters, is revealed.

In Chapters 3, 4, and 5, the author investigated the effects of chemical composition, film thickness, and
mechanical strain on the crystal structures and ferroelectric properties of the wurtzite-type structural AIN-based
films. These results suggest that P; and E. of (AL,Sc)N films are uniformly controlled by the internal parameter
u representing crystal anisotropy of a wurtzite structure, independent of film thickness, chemical composition,
mechanical strain, and crystallographic orientation. In addition, the parameter u can be a universal index for
tuning the ferroelectric properties of wurtzite structural (Al,Sc)N.

In Chapter 6, the author investigated the fundamental switching properties via a phenomenological and
macroscopic approach. The effects of Sc concentration and segregation on the polarization switching
mechanism were clarified by investigating the time- and field-dependencies of the switching polarization
fractions in monolayer and multilayer films with different Sc/(Al+Sc) ratios. These results indicated that the
switching speed and activation field were independent of film stacking, while the growth dimension decreased,
providing the possibility of a switching model unique to multilayered films, in which Sc-rich regions are
nucleation sites rather than interfaces.

In Chapter 7, a summary of the results and future works were described. The insights into the ferroelectricity
of (AL,Sc)N films in this work provide guidance to future studies of wurtzite-structural ferroelectric nitrides and
lead to targeted properties.
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