W47 % 57
2018 4 7H

BREERMBS IR

RARE METAL MATERIALS AND ENGINEERING

Vol.47, No.7
July 2018

ETF MEMS B HEAFTHIE N B EFEE CaCu;Tiy0p
EIET & N BN

F B &

A, RFEE B, e, AL B 462

(1. KJRFE T K% BB RS M RE a3 QL) T =M RSP0, g KR 030024)
Q2. Mmkie TR LH AR AR, LI L% 214000)

OE Mo E AR, R R AT R S R R S, (R RS R A AR AR R
FET A i FO I CaCusTisOr2 (CCTO) IR fig % 1 MEMS Fr i B A a8, 1ot, LU BAR, Eid#k-
HEIRVEAEAS [ P45 B 700, 800, 900 C R il % CCTO R, 43 il SR HI 34 J 49 41 v 6 (FE-SEM) Il X 2647 4 X (XRD)
X TGS Aoy AN SORBLHEAT RAE, R IUAE 800 CHELWLE T CCTO Mifiigh dbk bl tl . SR)5, FIA4JE-4%
E-2F SRR IL iR (27D FLE - (C-7) Rk, V155 B0 35 K (b R B S Ak 47V
A13.2 Yem®s [, 2 UK R A R B0 SO P A7 AR (A S IS AT T, AT T A A o e s ol

PR TERERI LR o

KR mALEEGER MEMS; # iU Z0R AR AR

FEESES: TB43 XHERFRIRAG: A

XEHS: 1002-185X(2018)07-2252-05

WAL A4 (Micro Electromechanical System,
MEMS ) i 2 HL 25 4% 4 24 4 R A7 fift 3R 40 1) S 1dE i,
1 L 2% A% G0 8 27 U 280 3500 (] I A 28 B HH A7 s e
K AR AT R L A2 7= 505 1, T3
SR, AR 6% B SRR [ A MEMS B2 7
WO N A A AR A U A Ay . AT AR
K, HALFEBH A CALEE O 2 2 2 2% R
A B AR IR % R R A7 A KA
SR TIZAESE, AR T AR R ARG, DR L
i L AR A 3~5 MR, HBES AR T ) it R
RN, FRAR T b B s o i m] S b0 e ot
Y A ASAE R MEMS B RS T — 70 3, HAR
SoRe R AR H B iR F Az, B HA D) R
Ky ARELE . T2 AR LS SE I 4 [ 25 5540
s HHT, TR v e RS 4 A R AR
(i) 5, 22 KO0t 50 d 0 454 MEMS T 20K A 4%
HLAR LR AR, FEAESE b 20 inh B AR K i R o B &
Fa 8 e e e R 4 P 2 B P B O ik A
FH A o ORI Dy H A DT v L 5 R T
RARAIGE . BEEMEER R, & R
BT AT, A e A H RO A D F A SR I FL A

i HEA: 2017-07-16

J, RS AR AR I LG A N 2~3 AN HE gm A L g
HEERRER. EFEK, CaCu;Tiy0, (CCTO)
B DRI G A B B o A AR /N R R R P A
2 R R O B 5T 3 T A H R ) A
MEMS i B > 2 A4 508 T 550l

ARHFFA, CCTO 8 51 b ¥ J1e -k Jie 12 1l 46 7E P
A Si (100> L) b, WS 4x ) Ak i k4 e - A 2 )
=GR (MIS) AT . XA Rl e 45 T
CCTO i JIE5 1) 35 111 T2 30 R AH 21 Jse B AT T R AE, X3
L2 PEEAT T AR 0B T A o 7 H k) i el ke 4
HLA PR AR RS2 .

s

1 3 Iy

CCTO SR IAE =il M. 1ok, A&l =
M 40 — [E (HOCH,),~ MR (HCI) FIEKRR DU T Mg
(Ti(OC4Hyg)y) TRA Thettrh. LIk, TR+t
MIPEHE T, I — 2 5 1) 25 B 1 /K B2 /7 v R
o RIG, ZI/KHMRH (Cu(NO;),3H,0) « — /KSR
5 (Ca(CH;CO0),'H,0) 44 [l 5 1A 2% T 1 bb 43 il
Wb, Frsiidt 2 he JJ5, HEFRSGER
S IR IR o

HEWE: HERHREIAIES( 51505324, 61674113); (PG4 IERIBFFTRIHH (2014011019-1, 20141001021-2, 2016011040) ; A FL3E
B2 N AR B [2014]240); L PE4 VI B 2234 (2013-036); LG4 A#E T B2 AN BB D) ([2013]251)
EBEN: 2 W, 5, 1980 R4, WLk, RIEER, ARJHEETOR2AE BCRESARE, WLig K5 030024, E-mail: ligang4122001@ gmail.com



557 W

2= NISE: FET MEMS B4 H 748 1R = N HELH 2L CaCusTisOno AR 26 A L 2245 1

* 2253 -

A H P AR (100) E A MEMS #8424
BARMEEIR . T, AR CCTO Je Ik i W i
WAEREILR b, BHh 2500 t/min, AN 30 s. SR
Jis N T EBREIR AN, R — )2
(1 BE R EAE 300 °C I HL RN B 5 min. B T3k
ANEJERER) CCTO Wi, RIHEAT 2 KTk . A SLiG ik
PEVEVR P2 ) CCTO W EEAT IR, 53 IR Uk #8224
HL AR b P4 B AP BT A I 4 R AOR . S, I
LGSR T 1R R 43 59 A6 S R B 700, 800, 900 CR
Besk 1h, FHEEAR A 5 C/min.

EAEAL CCTO FERFE S R IS K/ h 10% m?
()< &8 FL B, Tl MIS 544 o MIS 45 44 AT 00 1 J5E
(o HL 2 Pk, AT O A 2 R T e H O
C-V & i # 5 FIAL A -

CCTO i M AE i ) AH 41 il 1 Y2000X ) 26
79 (XRD) ACHEAT 43 HT AR, B30 A 4 il IR 0 3d
I Philips XL30 #94f H T W5 85 (SEM) W52 R 1E .
Wk Agilent B1500 = 5 444 P 20 b 000 3 FL 25 2%
W) 1-V L C-v e e i 4, v AT 2 I ) A R
FRE 5 2 BE, W8 IR AE A A 0 R % O
1750 M1 o

2 BERESH

2.1 CCTO H#HiRERIKRE D

HHl, X T CCTO MR ke 4l i S 7 K&
F, AIFEAH SR, PrUARIFREI% T 3 44
[ Be 25 5 R () CCTO S RAFE &, L SEM FE ] 1
Jiizn. B la~lc 2350 700, 800 1 900 ‘C 3 #4l4e4:
RN RS SR T B3

MR LU H, CCTO [ b R ST Bl A B8 45 1
(Tt 3G K, FLBR R A AR A e . X R R 45
WRER 700 CHY, SR, BRI A2 6
EYHR L, AR, MBI N 800 CHY,
TSI it b ROSE AR K FLRE VS 2 R B kLA A, R

100 nm

1 Oﬁlm

CCTO i sk &5 0 B IR AT ST I o A B, A 3
KIFLBR, B v B e g6 il 8 T+ = 2] 900 °C,
b B RSTRE—2D 36 K, (A REALBIE 2, W2
WP TR, 25 L, FREEIETE 800 'CF CCTO MR IF i
WIS A, RIE T 28 I R SRR LB % . &
1d & CCTO WM. mlLUE H, ASZE il 4 11
CCTO #2924 500 nm.

h T kA AN ERE AR TS CCTO #R 4
AHALEG, AR T 3 ZURF 51 XRD P o (fef 25 i A 24 0
KAr), R wE 2 Frox. WAL E 1CSD
89-59522, 800 11 900 ‘CH CCTO MAGELH A K1 &
HATHFIE (220, 400, 422) # AT LAz 5]. %+ 700
T REL MRS, BAWHER CCTO fiTffg e, XN
A 1A 1) CuO AT 5 U A I 3] o 3% 350 W] 24 % 45 U
JE2 700 ‘CIF CCTO AREA /45 i, Fedhil 4 800
CRULEREE, ERAHTERG, I H o AR A AH A2 B
2.2 CCTO H#EiE® I-V $51%

CCTO ¥ AF 2y i vl 28 4 F 25 28 1) A 0L U2 A7k
HLfuf, 7EIEH AR Tt dagk iy, (5 2950wk
Tk K I 4 T SO A o Ok B ARG AT R . A
TA3E] CCTO WM A 1 L s, ARSI 7E 53 R I
T 3 AAFEFRES I -V R g, g5 R WK 3 o,
FEL L S AR A0 N B (18] L P B Ay S 1 B (P s o AN L PR
AL H, 700, 800 900 °C 3 ZHLAF i ) B {1 L 43
Bk 28, 47 39 V. 800 C e gl 5 T v 5 (1 13 15 H
FE g K, DRI oAy S IR P 3 5 5 & S R B Pk e i o T >4
PGSR 700 CHY, dRLIER e, AL
7 FUR BN AR 25 2 1 R T g g . SRR
FE2 900 CHE, W FLER Y 2 5 BRI LM T
B, Ahox T BOH R B E R FEAIC. 78 800 Cledhi
FEF CCTO MM BIEMIE N 47 V, ZHEY SiO,
F i R AR AT, T DA O B i R PR T LA 2 CCTO
HEAE MEMS 28 1F 7 (1 3 H

1 CCTO #JEA: MK SEM My
Fig.1 SEM images of CCTO films at different sintering temperatures (a~c) and the thickness of CCTO films (d): (a) 700 C, (b) 800 C,

and (¢) 900 C
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Fig.2 XRD patterns of CCTO films at different sintering

temperatures

0.15

' a
0.10k junnnumnm
1
1
0.05F / :
< '
E L
2 0.00 | A.A““ !
5 A
-0.05f L i
-0.10F nnnnnnu/ i
-0.15 o
80 -40 0 40 80
0.15 7 b
1
< 0.05F [
g e 1
g 0.00 AAMA 1
O A !
1“ :
-0.05F 1 i
-0.10F MAAAAAAMAAAAAA/ 1
1
-0.15 : :
-80 -40 0 40 80
0.15

Current/ A
>.

-80 -40 0 40 80
Voltage/V

Bl 3 RIEEEEEH R CCTO WMy I-v 5 ok i 2%
Fig.3 I-V curves of CCTO films at different sintering
temperatures: (a) 700 C, (b) 800 °C, and (c) 900 C
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Fig.5 CVS curves of CCTO films at different sintering temperatures: (a) 700 ‘C, (b) 800 °C, and (c) 900 C
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Preparation and Electrical Properties of High Dielectric-constant CaCu;Ti;O, Films
for MEMS Supercapacitors

Li Gang', Gao Ya', Zhao Qinghua', Duan Qiangian', Shi Jianfang', Wang Kaiying', Sun Wei’
(1. MicroNano System Research Center, Key Laboratory of Advanced Transducers and Intelligent Control System (Ministry of Education),
Taiyuan University of Technology, Taiyuan 030024, China)
(2. GMCC Electronic Technology Wuxi Co., Ltd, Wuxi 214000, China)

Abstract: Compared to electrochemical supercapacitors, electrostatic supercapacitors have higher power density and reliability but energy
density is too low. In the present study, the preparation and electrical properties of high dielectric-constant CaCu;Ti4O;2 (CCTO) films
were investigated for the high energy-density MEMS electrostatic supercapacitor. Firstly, CCTO films were synthesized at different
sintering temperatures (700, 800, 900 °C) by a sol-gel method on silicon substrate. The morphology, phase identification and crystallization
of CCTO films were characterized with X-ray diffraction (XRD) and field emission scanning electron microscope (FE-SEM). Results show
that the crystallinity of the CCTO films is the best at the sintering temperature of 800 °C. Then, the current-voltage (/-V) and
capacitance-voltage (C-V) measurements of the CCTO films were performed on a metal-insulator-semiconductor capacitor structure. The
maximum threshold voltage and energy density of the films are 47 V and 3.2 J/cm®, respectively. Meanwhile, the phenomenon of dielectric
charging with high dielectric-constant in CCTO films was studied for the first time and the influence of dielectric charging on the
performance of electrostatic supercapacitors was analyzed.
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