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HfO,-based relaxor ferroelectric thin films for energy storage and memristive application

Wentao Shuai, ,Jiyan DAI*
Department of Applied Physics, The Hong Kong Polytechnic University

For high-speed supercapacitor and memristive applications in integrated circuit, HfO,-based dielectric is of
strategic importance in terms of dielectric breakdown strength, lower leakage currents and compatibility with
microelectronic processes, and thus realizing their superior energy storage performance will broaden their
application in microelectronic devices. Our work is to meet the need for energy storage capacitors with higher
voltage stability, higher break-down voltage, and lower leakage current. To combine the merits of
relaxor-ferroelectric and high entropy in HfO,-based thin films to achieve a superparaelectric-like relaxor
ferroelectric with high energy storage density and efficiency.

The W/ Al: HZO/ W capacitors with superior energy performance were successfully prepared by ALD on Si
substrate. This work experimentally demonstrated the formation of a superparaelectric-like relaxor ferroelectric in
HfO,-based thin films. The enhanced energy storage performance by increasing the film’s high atomic
configuration entropy through doping-induced increase of degree of structure disorder. With the optimized doping
rate of Al into ferroelectric HZO films, the formation of extremely small nanopolar regions with an
amorphous-like structure exists. In our work, the HfO,-based superparaelectric-like relaxor ferroelectric films
demonstrated an energy storage density over 100 J cm™ at an efficiency higher than 80% and a dielectric strength >
6 MV cm™, which is much higher compared to perovskite oxide materials. The HfO,-based dielectric also
demonstrated superfast charging/discharging speed as a capacitor, making it potentially competitive for
high-speed supercapacitor applications in integrated circuits. Besides superior energy storage performance,
excellent fatigue properties (>10' cycles) and thermal stability up to ~100 °C. This further modified relaxor
antiferroelectric-like property of the HfO, thin films are also suitable for reservoir computing as a physical node
of reservoir. Based on the advantages of ALD preparation and compatibility with standard CMOS manufacturing,
dynamic memristive properties of such structure has been characterized, and our simulation work further
demonstrated its potential application in neuromorphic computing in applications of image recognition.
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Origin of La doping-induced endurance improvement and wake-up effect reduction in ferroelectric HfO,
thin films
Tao Yu,Min Liao*
Xiangtan University

Ferroelectric HfO, is a promising material for novel ferroelectric memory applications due to its
compatibility with the complementary metal-oxide-semiconductor technology. However, its practical application
is hindered by the reliability issues associated with oxygen vacancies (VO), such as endurance failure and
wake-up effect. La doping is a highly effective approach to improving endurance and reducing the wake-up
effect. In this study, we investigate the origin of these performance improvements in ferroelectric HfO, thin films
through density functional theory calculations. Our results reveal that undoped ferroelectric HfO, requires a
certain amount of VO to stabilize its phase, which can only be achieved under a relatively oxygen-poor condition.
However, the neutral charge state of VO, stabilized by the Fermi level above the (0/2+) transition level, may cause
a dielectric breakdown. La doping at the Hf sites significantly reduces the formation enthalpy of VO by pushing
down the Fermi level, leading to a moderate concentration of VO in most of the chemical potential regions. This
prevents dielectric breakdown and improves device endurance. Furthermore, the presence of La dopants in
ferroelectric HfO, significantly increases the diffusion barrier of VO?**, reducing the wake-up effect. Our findings
provide important insights into designing and optimizing ferroelectric films for practical applications.
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Hierarchic polar topological structure in PbTiOz nano-islands
Luyong Zhang"? xingsen gao® peng gao**
1. Department of Materials Science and Engineering, Southern University of Science and Technology, Shenzhen
518055, People's Republic of China
2. Guangdong Provincial Key Laboratory of Quantum Engineering and Quantum Materials and Institute for
Advanced Materials, South China Academy of Advanced Optoelectronics, South China Normal University,
Guangzhou 510006, China.
3. Electron Microscopy Laboratory, School of Physics, Peking University, Beijing 100871, China.
Exotic ferroelectric topological domains have attracted intensive research interests in recent years, due to

their unique properties and potential application for nanoelectronic devices. Here, we demonstrate a stable and
large area topological domain patterns in a ferroelectric-ferroelastic size confined nanoscale system, e.g., in
epitaxial PbTiO3 (PTO) nanoislands. Using piezoresponse force microscopy (PFM) and transmission electron
microscopy (TEM) techniques, it is revealed that the PTO nano-islands exhibit distinct hierarchic center-type
guadrant textures, wherein each quadrant is consisting of 900 al/a2 superdomains, and the net polarization of
which points towards the center. The formation of such complex topological domains can be attributed to the
synergic effects of interfacial bias, ferroelastic strain, and the proper screening of depolarization field. Besides,
these domains can also be well tunable by applying scanning probe bias, interfacial layer, as well as thermionic
excitation. This work may provide new possibility for design various complicated topological structure and
exploit novel functionalities and applications potentials.

JE R AE K SR T4 SAW R A4 B 38 14 B F B L
Fol B 75

The School of Microelectronics Science and Technology, Sun Yat-Sen University

5 R (SAW) & — PP 7E [ A i R A IR (13 U, SAW AR BRA8 2 FL T RIR S5 M R RF £ AR 45 5 117

Y. HT SAW fREeS AT JEEa . Bk, LHE. Prrik. Swmid. REEG . mARERS, Bard
JZ N TV 2 8005 [RIR, SAW A& 325t 5145 B isheh B B0 R R b 56 R i 38 R 8 o T LT 2 1) % SAW
FE AR RZ AR TEAR TAE R, B T BA SR F Rdd R 3 e i Wi i PR T — R 5 K AL,

1 AISCN. ZnO. PVDF-TrFE %5, fEMLIERIH & | — RVIFEME . A5 SAW fLEKE% . L ZnO/PI Lt

SAW LIRS B, WA (AL Bas v] LRI SE 3088 5 0 FE O S B i . o AR R R mT DL 3] 1330
Hz/ue, KA WITEEIER]~3000pe,  [FIFHEERE$E AT PLSZHLLE 20°C-90°CHR E M =i [, TCF 4-207.3
ppm/K IR EERGIN o ZBF T TAE NSy it RIA i S5 A (e I et T RS AT B .

12



T ERDER 2 2024 BEEE — Jm thE SRR 2 D1l. By ME S AL

BiEHR &

D11-25
FE B MR A ST S B 5 1 A SRR RS A LB 7L
TEREE. E I 2
1. FRME IR K
2. FHE T R

VENZ M IAS AR S5kl R, SREEERES (PZT) SRR (BT) JEHfE, HEAMAEZE. K
B A EPERE, ROV P e s R ol 2 —, Bl N TRk i . R IRAE. g RES
KBRS, SR, BEEREEALSIIPUER R, DURERERE BE R A5 R i EHE T 32 SRR H
oK Ik, TR TOHT IR A A IR AR, AT R Iy M BT s R PR R, B 2 R AR A () S R
FRT, Dofb s B RER SRS B AT H—, TR PZT hRBRHE R AA A (MPB) Hig,
AR R, W ARSI R, TSRBURT R R B . T, BET TREEOR T AR
BRARKIMAG, MBI, SEOU RIS R R e e . s TR, P& shigifth, 5
TR B SR T B . AR, AR S5Hl% TREARFE, XHEELEEARN RSN ES
FAHLAR AL F RS . T, WA ERAR 3 2 AN S ), TP R R R IR AR oo, HocERy
M pLEMERR R .

ARTAEHRE T RIT B MPB A S8 115 Hi e 45 #4250t P e 1 P P R s LAk G LRAFF 78 1%, 3R
NI, Botf EUBEFE T PGBl (B raPERE 22 R B A0 . REBE MPB AHZE/ . el il T
AR AT RMA 2 MPB 2B AFAE 3 22 T IAE R K . R, @it #rm . GPERE MPB [RIfHO0 s £5 4
ZR, KRBT E. KPR MPB O &S i 22 it i Bt RESR T REm . LUk, P BE W4 Wy VR a0 72 5 1
ST IRATRTIAN) — R BV TCHTE PR B 45 M FU 4 S, 25 M 1 T g 0 P 25 A (1 A 42 %o T FL M i
PSR . ESE T, (T TARRARFBRAL, st SCB6S o b e ) el 25 M R 4%, 320 i S B f
RERIIRTE . e, X bb LR P 2 T A o o e 45 ) PO AR A B 0ot T F P RE RIS, AN ERL A R A A A% 12k H £
T RS (BERSE, AP MG H 2, R T AR B 2 TR, TERK
PUHIS IR P R BRE . A BRI AR BTk, FRATAIIFFE 45 R, fEfCEBs 452, MPB
RGBT 5 e T RE S H P ) R P BB T TR, RN B S, REL AR AR
AREEVGREE, BB B A ANE & L RFR T T B BE4R TH A AR AE SOV 5 A ML A1 o

IRERILHRMR B (LT CO)M R 5B AR B BT A
>
o R} 2 e L R R SR AT 7T P

fRiRILRER . (LTCC) 1ENTEIRE MM EREAR, 5 T 5L =4emU &ty S hae i Ee . JFH
FUA W 2 [ A7 (R e vt~ T JE b R v m] S, R SEBIURR N A VI — PR AL SR RSP B B L R 22 48 (C-MEMS)
MR AW FUET R F it A RS HE I L R R R R SR K SO Bl B R e S A 5
R, JHE T LTCC MBI RIS AT I B2 BRI 7T, BETHiR & 1 7 R PGB LTCC Arlsibikl, Mk %
MEARSEI M B 3RA5 T LTCC Utk WA, PRES DL R JI AR BE SR L 4%, HHR IR SCNIL ESI
GRS WHEET R LTCC S iU RN EE i A% I A A 2 N B TRE SRS N, Aok 1R BA R AN 25
F 7= A ]

BB G

13



T ERDER 2 2024 BEEE — Jm thE SRR 2 D1l. By ME S AL
D11-27

Emergent functionalities at symmetry-engineered oxide interfaces
Hangbo Zhang,Ming-Min Yang*
Hefei National Laboratory

The interfaces between two dissimilar materials can often give rise to unexpected functionalities, providing
fertile new ground for research in the field of condensed matter physics. In this talk, 1 will introduce our
symmetry-engineering strategy to induce two fundamental properties that universally exist at oxide interfaces,
namely Berry curvature dipole [1] and the auxetic piezoelectric effect [2-3]. At the 2DEG conducting interfaces
between LaAlO; and high-index-facet (e.g., (112)) SrTiOs, the in-plane mirror symmetry is broken, and a low
symmetry (e.g., Cs point group) interface is achieved, satisfying the symmetry constraint of the Berry curvature
dipole in two-dimensional systems. Consequently, a giant room-temperature nonlinear Hall effect can manifest
and can be easily controlled via external electrical stimuli. Meanwhile, in insulating interfaces like the Schottky
junctions, the inherent inversion symmetry therein induces the piezoelectric effect that enables the conversion
between electricity and mechanical energy. By further controlling the interface symmetry via crystal orientation, a
new phenomenon termed the auxetic piezoelectric effect emerges. This new effect can induce simultaneous
expansion or constriction in both longitudinal and transverse directions upon the application of electric field. Our
work opens avenues for exploring nonlinear transport and electro-mechanical energy harvesting in oxide materials
via symmetry engineering.
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LaTiOs/SrTiOs(110)F1 EuTiOs/SrTiOs(110) 75 45 A BT,
Renkui ({-Z) Zheng () *
Guangzhou University

High-quality LaTiO3 (LTO) and EuTiO3 (ETO) antiferromagnetic insulator thin films were deposited onto
SrTiO; (STO) (110) single-crystal substrates by the pulsed laser deposition technique. The LTO/STO
heterostructure is not only highly conductive, but also shows Kondo effect, Shubnikove-de Haas (SdH) oscillation,
low-field hysteresis negative magnetoresistance and magnetic hysteresis loop. Angle-dependent SdH oscillation
measurements and calculation of the thickness of the interfacial conductive layer show that a high mobility
two-dimensional electron gas (2DEG) layer with a thickness of about 4 nm is formed at the interface. A
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surprisingly high low-field negative magnetoresistance of 61.8% was observed at 1.8 K and 200 Oe magnetic
fields, which is 1-2 orders of magnitude higher than the negative magnetoresistance observed in other
spin-polarized 2DEG oxide systems. These results indicate that the interfacial 2DEG is a spin-polarized, and the
4-nm thick interface layer is ferromagnetism, which are attributed to oxygen vacancies formed at the STO-side
interface and the charge transfer of LTO 3d electrons to the STO 3d empty orbital, resulting in the appearance of
magnetic Ti** ions at the interface layer. Under the application of magnetic fields, the local magnetic moment of
Ti** ion is coupled to the itinerant electrons with high mobility, resulting in the observed low field negative
magnetoresistance effect. The ETO/STO heterostructure also shows high conductivity, SdH oscillation, and
low-field hysteresis negative magnetoresistance (58%), indicating that the presence of spin-polarized electron gas
at the interface.
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Flexible temperature-pressure dual sensor based on 3D spiral thermoelectric Bi2Te3 films
Hailong Yu'? zhenging Hu'? juan He'? yang Zhao™? zhi Yu"? kaiping Tai*"?
1. 1School of Materials Science and Engineering, University of Science and Technology of China, Shenyang,
110016, China 2Shenyang National Laboratory for Materials Science, Institute of Metal Research, Chinese
Academy of Sciences, Shenyang, 110016, China
2. Shenyang National Laboratory for Materials Science, Institute of Metal Research, Chinese Academy of
Sciences, Shenyang, 110016, China

Dual-parameter pressure-temperature sensors are widely employed in personal health monitoring and robots
to detect external signals. Herein, we develop a flexible composite dual-parameter pressure-temperature sensor
based on three-dimensional (3D) spiral thermoelectric Bi,Tes films. The film has a (000I) texture and good
flexibility, exhibiting a maximum Seebeck coefficient of -181 pV K™ and piezoresistance gauge factor of
approximately -9.2. The device demonstrates a record-high temperature-sensing performance with a high sensing
sensitivity (-426.4 pV K™) and rapid response time (~0.95 s), which are better than those observed in most
previous studies. In addition, owing to the piezoresistive effect in the Bi,Te; film, the 3D spiral device exhibits
significant pressure-response properties with a pressure-sensing sensitivity of 1.2 x10™ kPa*. This innovative
approach achieves high-performance dual-parameter sensing using one kind of material with high flexibility,
providing insight into the design and fabrication of many applications, such as e-skin.
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HA ABO, #5ERA S5 K HO Bk AR T2 082 T B AW A Bl ) s HL AL R AR (AL . FRATIAE R
WA TAEh AE BiFeOs 9K F LBl 1 RUBEAL 20, R FH <5 Jo 3 1 45 1 e ) SRk A i Rt
7 BaTiOs GKBURL AR AL & XS TSR MR =, FLAFIR I AR S5 th m] DU B (AL 1 i
B AR . g EME, A MBRIRIES A R (A SR B-O AR )\ 4 -1 25l L IS
PHERH" A% D) A7 AR SUIALIE PEAL A T LA A A SRl B A ODUEUK 26 1, (BB Mk Z )2
WIE. 9 7 HEER B AR AR LR S5 R THE, AT B AgNbOs $54R1 R R B0 IE 2 8L . Il IR
AL S ST VR IR IR A RN S i 1 A F AR A5 A, 1SS BT S5 A4 1K) AgNDO; fr % 15 ISR R, %I REHY
JEAL AR AL 2B S T B (TEMD 457s. HUASE I SRR, Wi 52 1K) AgNDOs F5 8™ % 3t
SRR JE AR R R I ik 96% L FEE, £E HUEAE 250 mA KHR MR EIBAT 72 /N o 25555 — 1k SR 22
THERRALRLZ . ZAMDGHEROR, #i%E T AgNbO; ALK Ag A7 s iz B ™ XA /K B G PR AL A
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Giant electrocaloric strength produced by polarization flip in PMN-PT single crystals and Enhanced
energy-storage density in  (Pb0.98La0.02)(Zr0.45-xSn0.55Hfx)0.99503 antiferroelectric ceramics
Shengguo Lu*,Shibin Wang,Weigiu Li,Yuliang Yu,Chao Yu
Guangdong University of Technology

Electrocaloric effect (ECE) of [110] and [111] oriented PMN-PT single crystals were studied in the
temperature range of 293-423 K. The Maxwell relations and Landau-Ginsburg-Devonshire (LGD)
phenomenological theory were employed as the indirect method to calculate the electrocaloric properties, while a
high resolution calorimeter was used to measure the adiabatic temperature change of electrocaloric effect directly.
The results indicate that the directly measured temperature changes of AT>2.5 K at room temperature were
procured when the applied electric field was reversed from 0 to -1 MV/m, which are > 4 times larger than that
with electric changes from 1 MV/m to 0, and also larger than those calculated pursuant to the Maxwell relation,
and the LGD theory in the temperature range of 293 — ~380 K. A giant electrocaloric strength of 2.5 K/(MV/m)
was obtained. In addition, (Pbg.gglag 02)(Zro.45-xSNo.s5Hfx)0.99s03 (PLZSH) antiferroelectric ceramics with x=0~0.20
were prepared via a conventional solid-state reaction approach. Incommensurate modulation structure with a
1/n<110> superlattice was observed in AFE at room temperature, which was associated with the unique domain
boundaries, contributing to the obvious declined AFE-FE phase transition electric field as well as the enhanced
energy storage density. It was also observed that the maximum recoverable energy storage density (Wrec)
increases from 2.93 J/cm?® (x=0) to 5.72 J/cm® (x=0.15), and the corresponding energy-storage efficiency uprises
from 82.4 % to 87.8 % with the increasing x at 280 kV/cm. The superior energy density and efficiency indicate
that the obtained PLZSH antiferroelectric ceramics are promising for practical applications in pulsed power
devices.
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Aide, SRR EVERE . FrE VAR A A AR . RTR R SR AR RO GR G T B R AR
B2k S LARSEM R £ 5 1% (Gin-synthesis) , BA A 38T G WA Tl (1) 8 s 5 Ak B =B (post-synthesis)
KbmERE, AR —FAE AR & B B @AM iR T e 20 5 A BT B, BN S i 2
FEIR, R 22N B 2 P U 68 UL A A kL R, BB ERRGEY (PZT) | ERFREREE (LSMOD |
FALECES (YSZ) SEMPEMA R, SEIL T 7E A MO8 R T 2 A BB B RAR4ERE o ARHR s B AR PZT
IR, EEARRIN D 5 25 RO A AR 5 R AL S A% BREA. P2 EIREALE, 0, ATE
ShA I LR AR AL BRSCHL T PZT 2k M 1t 7 1) KR4t
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RACHELXT BTO-PVDF GRS AR HL BRI BEYE RE AR T
iz
PUAERFER RIS TR b

Nk — iR E P& - R G AR E S M B BRI RE E AR ) PRI ke, RAEIRIE
#1144 30 vol% BaTiOz (BTO)4N K Fki Al 5 i 4 2,075 (PVDF) QK 2 A, S 514009 Tum,  Ja 6 b4
Ko GERBHBEEFJGRERITE, 9PKE G B HE 100 Hz BN AE 100°C K,
BTO-PVDF 4K &AL HON 75.4, LURE KR/ B ey 21.4% . o5 1) o 2 o o v <K UL P
FITFE G R, 76 160°CHF 43 713k $lH KAl 1400KV/em 1 1600 KV/em. 7E 140°CHT, JREE K ) 7 7
9 EE H e Ak 1600 KV/em. BEE VK IR LTS, BTO-PVDF 94K 5 4 5 1) 78 Hi 255 B 5L 30 2% 184 K ek /)
HE%s, 15 140°CH ik 2 R MH 11.165 Jiem3, HORE KSR = T 146%. [RIH R BRI 38 i - SR B )
YK A IR FL M BE RO i REE RE I — Bl 2807 1
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JRRLIREN F3hA& B2 n B PbSe M# e M RE AL
R BR WA
F AT AR K

YER R X AR e R L PhTe HEAXF, PbSe HA RN G 77 W [FI D04 L Bdania M Jon 2 3R 7
PHPEREROCHE . A TAEEE TR G Bh S B RIE R G T — RAVGESE n AR &4
Pb1-ySnySel-xTexSx-2at%Cu (x=0.1, 0.25, y=0; x=0.25, y=0.125) , @il & 44k Te/S/Sn iZ 4 K PbhSe
PR BRI R 4% F 1 A A AR AR It . WIEFR A SRR, MRS g sy 1 PbSe (S AR FRASEME, B
WK TR RE, RN 4ERE TR R AR RS . TRIIE, AR RIS 7 A P K o i T 2 R Gl 5 A Al 7
F R, B RANE] TR AR, S0 T AR, SRV 1.17 W m-1 K-1 fEK A 0.68 W m-1 K-1,
HRAGFREE T 69.8%, MEAFRBAEE 0.73Wm-1 K-1. FElEAEHERNEZEERT, &
JRFE Do g75SN0.1255€0 5 T€0 2580 25-2at%Cu FIFA L RE R E 42T, 7F 623K N3G T Hck ZT {HN 1.46,
300-700K FHSFY ZT {54 1.15. th4h, iR ZT~0.64 i3] 1 n & PbSe Tk B mi/kF. A TIEHH
TR LRSS SIS AL SR RS RS LSRR, JBOR T — M m AR BRI AT
B

N
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(1-X)BaTiO3-XBi(Mgo 252N 25 Tio.5) O3 T TR 2K FL P K8 (1) A1 LA RE ML BB 5T
FREAP], gt 2
(RSN

i L P e B A IR P AR MRS AN I 73 i K AR A, R )8 Bk D) 22 it e FRL AR 48 B AL T (e 44 ) SR
fifi BB LUK RRERCEEA S 5 I s BEARSE IR T R o TN BRI IR A AR SRR SR AT, K
R EAERETEREM BB TEJERE . A T M aEtERE, AT LL BaTiOz (BTO) AR 7N R, KB Akt
F75 20, JEE M BaTiOs 45 45 ANF] & &1 Bi(Mgo.25ZN0.25 Tios)Os,  fill % T (1-X) BaTiO; — X
Bi(Mgo.25ZN0 25 Tig.5)Os S 742k L F % (x=0. 0.06. 0.12. 0.20) , FFXJFriSr=#ui s/t FvEReHEAT T R 50T
o EARWEFRUIT

AT R E AL £ T (1-X) BTO — x BMZT(x=0.0.06.0.12.0.20) i &, X SF£A75F 45 & 8. 7 x = 0.06.
0.12. 0.20 IZH45 1, BMZT B4 5 &t N BTO ik, TR T B— R4Sk 50 . b, Aradl
SYAE A5 AN BTN, BT, ERESB BRI A R, X T RO TR BT
(Mgo.25Zn0.25 Tigs)> 43 BB BTO (1 A BiA B 67, @ MUAARIG K. SEit Al FIBE S IR % T (31 fa i K mr Ll
MELR], B BMZT B2, SRR e G K, SPI R RS x = 0 B 2.06 pm J/ 3]
x =0.12 i1 0.62 pm, BMZT KIS INAT LU K BTO I ERSS IR E . BMZT HIB 24 & x = 0.12 i 3k
R AEAN FERE, AN 1917.85 , S HLERFEN 0.0054 , AHELLEA BTO (x = 0) A~ HLERE (AriH
$h 1693.89, A-HHIFEN 0.015) HE AT . @S HEHFFRILZL (P-E 2k 153, & BMZT B4 E1H
I, F ] 2R AR B AR A A2 ME, R FAR R AR s IR kAR . 2 x = 0.12 I i BERE B R A A
ReE AP PERE, KT 66 kViem, fERE%E N 0.245)cm3 ReBAFEE R 87.5 %, AHE4AH
BTO (x = 0)[MfigfetEfRE (K g i3 60 kViem, fiERE% SN 0.197 Jlem3 REEAFERE N 35.7 %) 1E
RER A IR T ARSI [N, x=0.12 IR REAESM N 40 kViem, 1 Hz % 50 Hz [ARZ 0 |
30 °CHl 90 °CHIMR L IE Y, A (0] 5 At B A7 2 B A RERCRAE AR A /D, B R G fO AT e e pE A
FERREME

SR R B S T M B R 4 S TR R Y T T
e
R A S K X R E CM-RE)

mn R E K JE 77 AR, BIE T E (FEOL) H S TS I AR FVRFAE RS][4 T30S & 3 3
M, 41 FinFET. GAA. Forksheet #1 CFET &. Sib[Em, g diE (MOL) . J5i& (BEOL) X
FREHARMAHAE - PPAC AR JC A EZ . LR N4 (BSPDN) Kk R BLHURI(E 5 HIELR 7 I
BERREGE, A NEMALSIE AL B EOR T ) IR-Drop FITHEE N B, [ BEOL it E 4%, NG
RIS Fr i BRI B R T %6 . A0 5B 4E BSPDN i P RS R i B Se4 bhRE . T 2 A4 sk A,

(1) 3T ALD HAR, KH Ru & @A HURTIRART Oy )L, Ryl & HAE B A HL B %Ik %2 0.805 nm F1~15
pQcem [ Ru & @K, AEEN“HE 3.0°FCB e ial:  (2) JFR Ru-nanoTSV WE T2, KGR~
(CD) ~30 nm, &%tk (AR) ~15 (175 % & nanoTSV FE%1, H528l Ru &J@ m M EIH 7 O Void) ; (3
Pt R FEAMCAEIERM Ru @ HihZ) TZ, S BIE (BPR) AR (4 TR
W2 (Si~500 nm) , R H R EEIRE AR R, I BPR Al nanoTSV-middle ¥ =ifE AR (iR <10
nm) FIHEHREEZE; (5 FFRHIARRAEMER, SC BPR A nanoTSV-last 7E 4 P (141K FLFH 28 H3%

(Line resistance<<20 Q/um) , A BSPDN [ H = K IR ALH 1) T 2B R FH AR S8
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RYERE InP Zt FE PR3 BB 5T
Eiaz*

eI 3 R S NN o

BEE B BOR KA, W HEA B I R ROl Ry, LB 98 L AR R e AR R RO HE
PRI 52 AR e i 5 PR TR G B F . AT BRI TOL RIS (UTC-PD) A B FAE i —
BT, AE R R AN g VA Y Dh AR S T B R I SR A R RE . PR SRR, T A
DI, ST W% 12GHz, SHAA T ThE 26dBm (1 DRI A . BhAh, mPERE SR A R LRSS InP
PRI — B DORAR R E AN FEAE A, SREER R — R sk Z KR i L& InP/Si BRI 6o BEXS
KB, FAEETAHHLZETHVUR (MOCVD) J5ik, SEHL 7 RS s BT M) InP SRR 1 ShE
BT ASEHURT RS -V bR HR i T & .
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TRy EHER TEM B H
P, B
R N

RAEGURAT LB B AT R BR T AR5 P R A e AT R R B R PR RERNL L R G b o AEIX L, FRATTA 4
RN E IR SR TEM SO Fr s 32 OB IR KRS (SACNT) i i BH a1t
R (vdW) M EAERIMSHAES M SiNx i b, FIREEAREN, /£ TEM N ] DLSEEUIN GRS 1)
RERLI o VA F-BRENRE R RN L R, e R TR 34 e LA PR el i 2 AR AR IR R o BESE
fFaT CNT L5 SiNx 2 [A] f55EAE R FAR A, 75 800 CCHY RS ) ™ R M4 A K3, X M%) 100 nm.
FEH BT R AR R RER LT, AARZINHGE A IR Sn fS O AT 1S AL 00 . 2550 B b
IR AN AE T R ORUE AT P (10 15 B — BUEAMR R AL B 77 o RO P RAHREANGURE L #4
BURL 2 AT AL A AU I T A A1 T 6 .
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LR S 1R 45 iRt % MInSiy 75+ FeSi, &4 Mn-Si-Fe =uit &4 KA BT
e+
BT R

BT (TE) MRIEER R RO HRE, XTTLREIR T EZ . R R 2058, FEN
BV ZRHE A . AN AU Jeilid R e M 4 i U7 VE S BS Si-MIn Si-Fe &4 & MnSiyzs. FeSi, A4, IF
MG S AR 285, T ¥ MnSiizs. FeSi R MBI &, KIE Mn-Si-Fe —JoH&AHE, 1
Mnyz 1F€10,6Si67.1(at.%) 7> i, I I FLIEE W) 25 & 70 BS 044, 15 31 Mn-Si-Fe 3t 564, IR Al Re .
T L E 45 R ) & T MInSig7a. FeSip 4. Mng sFeqg:Siggs (at.%) HEfia4:, AHl& L cig
MEHRHE T —Ff 2
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Enhanced thermoelectric performance of MgsSh,-xBix thermoelectric thin films through carrier
concentration modulation by Bi alloying
Yijun Ran,Zhi Yu,Kaiping Tai*

IMR

MgsSh,-based alloys exhibit promising characteristics as thermoelectric materials owing to their
non-toxicity,low cost, abundance of earth constituent elements, and high thermoelectric performance. However,
the thermoelectric performance of Mgs;Sh,-based films remains challenging due to their inherently low carrier
concentration.To address this challenge, this work focuses on elevating the carrier concentration of MgsSh,-xBix
films via alloying Bi in MgsSh,. The results demonstrate that the incorporation of the Bi element successfully
increases the carrier concentration of MgsSh,-xBix (x=0, 0.5, 1.5, and 2) films from 1016 cm® (x=0) to 1020 cm®
(x=2).Furthermore, the introduction of Bi in Mgs;Sh,-xBix films suppresses the phonon transport by enhancing
boundary scattering of phonon, leading to a decrease in thermal conductivity. Ultimately, the synergistic
optimization drives the peak ZT value to 0.27 for x=1.5 in MgsSh,-xBix at 525 K, which is more than seven times
higher compared to the Mg3Sb2 thin film (ZT ~0.035 at 525 K). This work has improved the thermoelectric
properties of MgsSh,-based films, making an essential contribution to the advancement of Mg3Sh2-based film
materials in the field of Micro-thermoelectric devices.
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AR 1A AR AT R FH B 7R i 280 ST A 74, AR R N R BERIGGE Ao A7 AE P K i 22 0l == IR A
Mg se b BAAT 2 BN 77 0 THGERRNT 5, B 7 HREEREEZT) 45, BRI DZE %L (Power factor)
AR KEAEE N EERNER. HinEA L ERAEIA B AL EML L BiyTes A4 NE . 481,
H A PR BiyTes 3 83 E A E1 I REFR TH ) 1 ZE R 7ET n B Bi2(Te, Se)3 I HLMEAERT 5 T p 24 (Bi, Sb),Tes.
FEX IR TAE S, A T8 3245 i 0 Cu, Nd AR FE (giant hot deformation) i T &5 i T 7E n % Bi, Tes ;Seo s
HrSZEL T PACEARE AN T 2R R TR R EE T, HAE 10-06F A R A U B rp S2 Bl T o A H IR 2R 70 K (34
Uity it B 300 K)o
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Ultrafast Synthesis of [Ca,sA1s064]" " (4€") electride through Joule Heating
Xiao Luo,Peng Zhao* Jiangjiang Li
Chang'an University

[CaAlg064]* (48) (C1oA7€) electride is a promising material for a variety of applications, including
chemical catalysts, electron emission, and other fields. However, the conventional synthesis methods always are
performed at a high temperature and take for tens of hours due to complicated multi-step preparation process and
slow reaction dynamics, resulting in energy and time consumption, thus hindering its scale-up in industrial
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applications. Herein, a “one-pot” Joule heating strategy is proposed for the ultrafast synthesis of C1,A;:€” electride
within seconds. The Joule heating process features rapid heating/cooling rate and fast reaction dynamics that is
advantageous for reducing the energy and time consumption. The “one-pot” process can achieve an in-Situ
transformation of raw materials (CaO and Al,O3) to C1,A7:e electride. Meanwhile, the resulting C1,A7:e electride
exhibits dense structure and good electrical conductivity. These results show that our strategy provides an efficient
route for the ultrafast synthesis of high-quality C,Az:e” electride, which will facilitate its future industrial
applications.

D11-PO02
Preparation of Carbon Nanomesh/Graphene-Enhanced Heat-Conductive Epoxy Composite Materials
Jian Li*,Yong Zhang,Mengyi Xu
Guangzhou Panyu polutechnic

As an essential component in electronic devices, polymers play a significant role in enhancing the
performance and lifespan of electronic components through improved thermal conductivity. As a crucial electronic
packaging material, it is highly necessary to enhance the thermal conductivity of epoxy resin. This study focuses
on the preparation of 3D nanofibrous scaffolds through biosynthesis, further fabricating 3D carbon nanofibers as
the thermal conductive skeleton. Through solvent dispersion of graphene/epoxy resin prepolymer vacuum
impregnation and scaffold assembly, a 3D carbon nanofiber/graphene epoxy resin composite material is formed
after post-curing. By optimizing the combination of 3D carbon nanofibers and graphene, it is expected to prepare
a new electronic material with excellent thermal conductivity by leveraging the synergistic effect of graphene's
short-range high thermal conductivity and the long-range heat flow channels of 3D carbon nanofibers.
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Sm,0;-Y 3 XL EbE 4 RAL M B RE RIS
BURFT 'L /M S Baoh
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2. TR

KRR uhe N7 SmyO3 5 YR Bl Jo IR he st il 5 T 45 s . ISR 124 Re At i AIN
Wi . XRD 45 %8 AIN &b i) 55 — A0 SmAIOs, Sm,0; B A{EHE T AIN FUEUEAL . ] ik A K
FERBIFREEH . 2 Sm03 0 5 Wi}, M FRIAFIRE . HE TR L, WD RAEA R
T W R BB AR TR SR A ) = R ST, E RN T AIN dh (R i, B R T IS
55 BRI 28 AR A3 AR AR AL AT % AIN R B HTES 58 RS o 2D B 45 IR N 6.5 wit% Sm,03-1 wit% YF3 ) AIN
Vegesrahaefeft, HAGFEA:176.92W mt K™, 25 55 4:368.60 MPa.
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