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In this research project, a novel device fabrication process using liquid sources
without conventional lithography techniques has been proposed. It was confirmed that the
physical properties of thin films are closely related to thermal properties of source
solutions and design concept for source solutions are defined. Next, ferroelectric—gate
nonvolatile memory devices have been demonstrated using the proposed total solution
process. In addition, the direct patterning of oxide films using solution process has
been achieved

AR ERE
(&AL 2 1)
[ERESEH [RECTES ¢ & &t

2009 4 4, 300, 000 1, 290, 000 5, 590, 000
2010 4FHE 5, 600, 000 1, 680, 000 7, 280, 000
2011 4FHE 3, 700, 000 1, 110, 000 4, 810, 000

L

FEE
&t 13, 600, 000 4, 080, 000 17, 680, 000

By . T

REFBROSF - IH © R/ BRET L%, MA &7 BEHETF

X—U—F: BT BEMEL BT A B TR ML
AT E T TSR

1. WHZERRA LM DT = ZETREA KR, Ty FrrEERE
U 3 CERRIITIETFOMME L £ BICRE (Lo THOERRKENLETHY, hOIh
LD, VY a CERRIRER T o 23) |60 7 vt R3FE o I 2hZ:25 E RIS
VITTT A= ANy Z Y TRBEFEOREE [, 1o TRERIC DT o TRAFE I Mo



PR T N A RBESETCWD0ICIE, £
ST H LWVMREBRBEART O T A ZERLT 1o &
AR RETHDH, BEFOY V7T 7 41—
B b D L2007 A4 7 > M El
Thbd, LnrL, BRTIZF /2 A7V R
V757 40— (NIL) EFEEN, 74 FLT A B
(RIS T D AR I A ) NET/ N E —
VEERL, FNEYAZICLCHEHEREE T T
YITTLHEmRTHY Bk AT Y B
B3I FED U Y 7T 7 4 —HiffoRBEFEEIC
RBHTETTC, Pk A b, REREAR DS
T NA AMERLT v AEEO T D OF N iR
PR ENTIR B, > TRERIZ AW HT 7= 72 ]
HBOEFTNA AMEMT o v AOMENRLEEN
TWb,

2. WHEOHB

ARAFFETIEL, TERMHDONIL &3 R, F
ATV MEICE D R, A, &R
SO & TRRSREYEM B2 . IR 2 IV T
WEICBA L, ZhaEsE L) LT
—VEBRTHV T T T =L ADELHL
WF TR ZERI S e R AR LTV 5,
T RV EE ORISR B EGE L, K
I A N CIRERBEAMN O EHFH 72T /) A XTI
41¢%7mﬁxﬁ£ﬁf%ék%ﬁénéo
AWFFEO BEE, A, Gk, SR

Bk % 7 FnE iﬁﬂ@&%ﬁﬂ%ﬁwt)/77
T4 =LV ADELLF LT ) T, AERI T 1
T RAEEE L, EOEBUIMIT THEMIB LV
Bl 72 B et 35 & & Hic, A A
FYRF~AFTELEHA L, TOREME, £k
PEALNITDHZETHD,

3. Wik

AW TITERERDO -, AW RHRS
DRI ST /34 A G & T BRIz 350t L
Too AVFEREEITIEMERYRER 2TV, RIRIFE O %
WA RS 2 & &bl 7F— Mkl & 7
% Pb(Zr,Ti)0y (PZT) Wi, F ¥ RN LR DR
(b B AN 2 R AR SRR~ AR U TR %
B L7, WRAEEEIT, BUAREE D LR N LI S
DX, T RS E GBI EED, Ty
TV & Tp BIEA I B ARTEIE O R IR R EHZ X 5
TR & T A ARFERINC RS U e, B AR E
1L, A OMEBLOEIRREI 21TV, IS ER %
PR T DHAREREAETY T3 ZAORIEL
ML DN — = T E T D -,

4. WRZERHE

AAFIETIXETRANS, /IR 1 & 2 DR
L7 D BRI O R L, WO RE &
D REE# A TR T, FRIEEIN Pb (Zr, Ti)0, (PZT)
HE, BLXOT AL A TIEF v rL & i 5k
Wy KT D In-Zn-0(1Z0) Z A JE BN~ &
YERLL CHRPMEZFIM L= & & A, EIEO R
P, ERERE & UBRRIR O ZMEO M E 3 R

WCBE L TWDZ EEHOMMNI LT, 61
PZT I 2 WRARIECEE s IR D BS. itk
RIDOFNVEIZA 7 ) FFEREILC L D 72
JES T2 2 & T, HED Y — 7 FER
FUOEFHEHEMELRMm LTS0S £o72<
FLWEHBEMNE bR, /o TA TV b
WX DEBENRT —= T EIT- 561D
FREON NG TEX 5,

WAk % 72 TR OWE, T4 AV TRk
WIRZTHE L, 252 AW T by -8R
M 120 2 F vy L& LI NS o2 4
(TFT) % Si0, &% — MffgEE e UCER L
T, WEEOBERIEE S L OB ZICELND
RTRMEE RBBICHHAE L=, 5507 TFT

DELIIEEE (v - A7, BEE, 7
Xv//awaﬁ) . RSB O BT

BAPHEIIKMT 5 Z &%%%#mbkoé
%’“%ht%%%ﬁﬁ %o%ﬁﬂ%&

DOFREFHEH AR EL., TofEsHzH- T
&w@&&wmgﬁkwﬁé%%&%mwf
In~Zn-0 ZF ¥ XNV ETHERERNT DA
EPERILZEZ A, HEROTRER TIX
600°CHOT =— VIBENRNLETH-T-H DN,
400 CTREEECRIFZ N7 v VA X EENE S
A, 200°CHEE DARIEALIC R LT, F R
Ve, WATE, RRENE, B—MEEBE L,
YU LTE M= EE A e Y
AU PRI R U T2 IR R e & 2 A,
B 72 BB 2 FE o 120 F ¥ LR -
?y/x&#%ﬁfét_5mcmm@1m
WK Z F v VIO E . F Y 1xABE)
FEIL 3em®/Vs FRE T, %ﬁ@i%o%%mé
<HJ—ME, BEMELREFCTHoT-,

WIZT TICHRFL7ZEEENRD
Pb (Zr, T1) 0 & &7 — kR O BERBAL B}
& T v ROV B S TR TR EE D B K
LT, MFEART — MEEOREBIEAEY
BFHITUDTEE L, TEDr— ~EMW
(2% LaNio, (LNO), By —=R « RLA v
BRRIZIZA VT A - AXR{ed (1T0) %=
FANWT, R RLAF— DTS 25 ERLL
TW D RIS T EEM & PZT R BT,
AE AR SRR IS T > TV D EE N i Y
BFHEMBIBEN LN E R | S FE T
BEREEToRERIZL > TERINTE
b e 2 s v LREEN, A a—
MEZHWEERRE T 1 22BN T
LERENTWDZERHLNE -T2,
77 LNO IZTERR L7= PZT 78 AT 70083 Bk
BEFOZ L BRER LT,

TER— MM, TRIBEMR S — bR,
Fy RxNE, J—A - R A UVEBEBENEN
WZDWTC, BERGEE D i b 21TV, BT %
ERLL 7= 2 A, Fv - A 7H 1000, A
%)74/#&(L%Dﬁ@/7%aﬂw
Y72y g IR O. 4V/decade =5
HEFBENE 0.2 cm/Vs THoT-, E @ifa



D TTXTONE ZHRIRIFECER U 7B -
VURZDEMEEEB LT,

THEFATLTA 7Y v ML DHEx O
{EREL DS — = TR B TV, SHIDH
M & R LT,

5. ERFRERCE

(BFFeAR g, Wi R ONEHERFFE 4 12 1%
TR

Udeskams) GGHo )

1. Gwang—Geun Lee, Yoshihisa Fujisaki,
Hiroshi Ishiwara, and Eisuke Tokumitsu,

“Low—voltage Operation of
Ferroelectric Gate Thin Film
Transistors Using Indium Polymer
Poly (vinylidene fluoride-

trifluoroethylene)” , Applied Physics
Express 4, pp.091103-1-3, 2011-8 (&
FY)

2. Gwang—Geun Lee, Eisuke Tokumitsu,
Sung-Min Yoon, Yoshihisa Fujisaki,
Joo—Won Yoon, and Hiroshi Ishiwara,

“The flexible non-volatile memory
devices using oxide semiconductors and
ferroelectric polymer poly(vinylidene
fluoride—trifluoroethylene)” , Applied
Physics Letters Vol. 99, No. 1,
012901-1-3, 2011-7 (&H#HA YD)

3. Takaaki Miyasako, Bui Nguyen Quoc Trinh
Masatoshi Onoue, Toshihiko Kaneda, Phan
Trong Tue, Eisuke Tokumitsu, and Tatsuya

Shimoda, “Ferroelectric—Gate
Thin-Film Transitor Fabricated by Total
Solution Deposition Process” , Jpn. J.

Appl. Phys., Vol. 50, pp.04DD09-1-6,
2011-4 (&FHAD)

4. Takaaki Miyasako, Bui Nguyen Quoc Trinh,
Masatoshi Onoue, Toshihiko Kaneda, Phan
Tron Tue, Eisuke Tokumitsu, and Tatsuya
Shimoda, “Totally solution—processed
feerroelectric—gate thin—film
transistor” , Applied Physics Letters
Vol.97, No.17, 173509 1-3, 2010-10 (&
BAY)

5. Toshihiko Kaneda, Joo—Nam Kim, Eisuke

Tokumitsu and Tatsuya Shimoda,

“Improvement  of  Sol-Gel Derived

PbZr Ti, 0, Film Properties Using

Thermal Press Treatment” , Jpn. J. Appl.

Phys., Vol. 49, pp.09MA08-1-3, 2010-9
(EHAY)

Jinwan Li, Hiroyuki Kameda, Bui Nguyen
Quoc Trinh, Takaaki Miyasako, Phan
Tron Tue, Eisuke Tokumitsu, Tadaoki
Mitani and Tatsuya Shimoda, “A
low—temperature crystallization path
for device—quality ferroelectric
films” , Applied Physics Letters
Vol. 97, No. 10, 102905 1-3, 2010-9 (#&
WA Y)

Eisuke Tokumitsu and Tomohiro Oiwa,

“Fabrication of 1GZ0 and
In,0,-Channel Ferroelectric—Gate Thin
Film Transistors” , Mater. Res. Soc
Symp. Proc. Vol. 1250, 1250-G13-07,
pp. 145-150, 2010-8 (H#HAY)

Gwang—Geun Lee, Sung-Min  Yoon,
Joo—Won Yoon, FRIRF /A, AR7Z,
Kl “HHEEFEER P (VDF-TrFE) & MR
FR{L) -8R 1620 & =ik ik 7
— R T DR X OERLE S
{8 %~ % # (IEICE Technical Report) .
Vol. 110, No. 15, pp. 71-75, SDM2010-16,
OME2010-16(2010-04) (& HidE L)

Eisuke TOKUMITSU and Yohei KONDO,

“Fabrication and Characterization of
ITO/BZN Thin Film Transistors”
Journal of the Korean Physical Society,
Vol. 54, No.1, pp.539-543, 2009-1 (&
@A)

(3] (Bt 28 1)

Ken—ichi Haga and Eisuke Tokumitsu,
“Fabrication and Characterization of
An—-Sn—-0 series oxide thin film

transistors” , ITC 2012 (8th
International Thin-Film Transistor
Conference), Lisbon, Portugal,

Jan. 30-31, 2012

Takaaki Miyasako, Masatoshi Onoue
Hirokazu Tsukada, Eisuke Tokumitsu,
and Tatsuya Shimoda,

“Solution—processed oxide thin—film
transistors using La-Ta—0/Bi-Nb-0
stacked gate insulator” , 2011 Fall
meeting, Materials Research Society,
Boston, U.S.A., S2.8, Nov.28Dec.?2,
2011

TEAREH, P, Bk, 4 HE
B, FHEER,  “Bx 2R IREEZ v
72 In—Zn-0 JEREDTER & i b T > P A



IS . EIEEENT S A ARFGES, H5 8
BIAFFEEES . (F Ad-tyvay), 4P43, FEAAK
FT N T IR — L (EER) L 11/4-5,
2011

Joo—Nam Kim, Toshihiko Kaneda, Eisuke
Tokumitsu, Tatsuya Shimoda, “Leakage
Cuurent property of the PZT films

improved by thermal press treatment”
The 10th international conference on
Nanoimprint and Nanoprint Technology
(NNT 2011), The Shilla Jeju, Korea, Oct
18-21, 2011

Eisuke Tokumitsu, Yasuhiro Takahashi,

Toshihiko Kaneda, Tatsuya Shimoda,

“Source  solution  dependence  on
electrical properties of In—Zn-0
channel thin film transistors” , E-MRS
2011 Fall Meeting, X116, Warsaw
University of Technology, Warsaw,

Poland, Sep.19-23, 2011

Yoshihisa Fujisaki,
Hiroshi Ishiwara. Eisuke Tokumitsu .
voltage operation of
ferroelectric thin film transistors
using P(VDF-TrFE) and IGZ0” . #£ 7 2A]
JE B PR 2 L 31p—C-T, [IJE
KF/NANF v 78A 2011-8

Gwang—Geun Lee

<«
Low

Bui Nguyen Quoc Trinh, Takaaki Miyasako,
Toshihiko Kaneda, Phan Trong Tue, Pham
Van Thanh, Eisuke Tokumitsu, and Tatsuya
Shimoda, “SUB-MICRON
FERROELECTRIC—GATE THIN FILM TRANSISTOR
USING SOL-GEL ITO CHANNEL AND STACKED
(BLT/PZT) INSULATOR” , International
Symposium on Intergrated
Functionalities (ISIF 2011), Cambridge

U.K. July 31-Aug. 4, 2011

Eisuke Tokumitsu and Kazuya Kikuchi,

“Switching Characteristics of
In,0,/ (Bi, La),Ti;0,, Ferroelectric-Gate
Thin Film Transistors” , EMF 2011 (12th
European Meeting on Ferroelectricity),
5F-10, Bordeaux Univ., France, June 26th
- July 1°%, 2011

b Fnak, EEKEE,  “In0, & T ¥ RLIC
FAW =B B — - TRT OBEKBOERME” |
% 58 [AlS W B EAfRE A R &
24a-BE-27 . # &) T & K%, 2011-3
(3/24-27)

10.

11.

12.

13.

15.

16.

GRS, EEKEE, IR mE' R
X% In,0, 2O In—Zn-0(170) F ¢ % /L 3k
T A2 OK" | % 58 BIGH
WP RARE AT . 26a-KL-23, 1
SN TR, 2011-3(3/24-27)

and Yasuhiro
170 Channel

Eisuke Tokumitsu
Takahashi, “In,0, &
Thin-Film Transistors Prepared by
Chemical Solution Process” , 7th
International Thin-Film Transistor
Conference (ITC2011), Cambridge, UK,
March 3-4, 2011

Gwang—Geun Lee, Sung-Min  Yoon,
Yoshihisa Fujisaki, Hiroshi Ishiwara,
Eisuke Tokumitsu, “Fabrication of
Organic P(VDF-TrFE) Film on PEN
Substrate or Flexible IGZO—-channel
Ferroelectric—gate TFTs” , 2010 Fall
meeting, Materials Research Society,
Boston, U.S.A., Nov.28-Dec.2, 2010

G.-G. Lee, S.-M. Yoon, J.-W. Yoon, V.
Fujisaki, H. Ishiwara, E. Tokumitsu,

“Flexible Ferroelectric—TFTs Using
1GZ0-Channel and P(VDF-TrFE)” , The
17th International Display
Workshops (IDW 10), Fukuoka, Dec.1-3
2010

PIEE—, fOtkEE, “ANy ZIEICK
% Al-Zn-Sn-0 F ¥ /LT F T OfERLY |
TRIER LT N AWFSE S, 8 7 [RIAFSE4E
2. (K ah=tyvay), 6P34, ZSE 1 0 04F
2fE. 11/5-6, 2010

GRS, EKEE,  “WRIKT mE R
£ % In203 KON In-Zn-0(1Z0) ¥ fE DT
B EbTF vy X VR NS R H
SO | EEM BT S A ARG
90T EFgE S (K Af-tyvay) | 5P33,
ZZR 10 042fF, 11/5-6, 2010

Bui Nguyen Quoc
Kaneda, Masatoshi
Tue, Eisuke

Shimoda,

Thin-Film
Fabricated by Total
Solution Deposition Process” , 2010
International Conference on Solid
State Devices and Materials, Tokyo,
E-3-4L, pp. 1092-1093, Sep. 21-24, 2010

Takaaki Miyasako,
Trinh, Toshihiko
Onoue, Phan Trong
Tokumitsu, Tatsuya
“Ferroelectric—-Gate
Transistor



17.

18.

19.

20.

21.

22.

23.

PIEGE—, FOKEE, “ANy ZIEIZED
Al-Zn—Sn-0 F ¥ %/ TFT OFERY” &7 1
[ A B 2 AT . 16a-2]-1, &
IR RS v v 73R 2010-9

Gwang—Geun Lee., Sung—Min Yoon, Joo—Won
Yoon. Yoshihisa Fujisaki., Hiroshi
Ishiwara, Eisuke Tokumitsu, “Flexible
non-volatile memory TET with
1GZ0—-channel and ferroelectric
polymer” | 25 7 1 8l HAEL 222100
43, 16a-NJ-5, RIRF R 3CHF v /3 A
2010-9

(invited) Eisuke Tokumitsu, “Recent
progress on ferroelectric—gate thin
film trensistors with oxide channel”

International Conference on Electronic
Materials 2010 presented by
International Union of Materials
Research Societies (IUMRS-ICEM 2010),
Korea International Exhibition Center,
GyeongGi—-Do, Korea, Aug.?22-27, 2010

Eisuke Tokumitsu, Youhei Kondo,
Tomohiro  Oiwa, “Preparation  of
Bi—Zn—-Nb—0 (BZN)High—K Gate insulator by
Sputtering for Oxide Channel Thin Film
Transistors” , 16th  Workshop  on
Dielectrics in Microelectronics (WoDiM
2010), Blatislava, Slovakia, June 28-30,
2010

Eisuke Tokumitsu, Ken—ichi Haga and
Tomohiro Oiwa, “Fabrication of IGZ0O and
In,0,-Channel Ferroelectric—Gate Thin
Film Transistors” , 2010 MRS Spring
meeting, Materials Research Society,
San Francisco, U.S.A., April 5-9, 2010

WRMEE, fEKEE, YV NEIC KD
BT v FVER R T 2 DA X O/ERY
% 57 RIS AR A S
18p~TR-1, BEFEKZWImM & v > X & |
2010-3

Gwang Geun Lee, SungMin Yoon, JooWon
Yoon, Yoshihisa Fujisaki, Hiroshi
Ishiwara, and Eisuke Tokumitsu,

“Fabrication of 1GZ0-channel

Ferroelectric—gate TFTs with Organic
P (VDF-TrFE) Film” , 2009 fall meeting,
Materials Research Society, Boston, MA,
U.S.A., Nov.30-Dec. 4, 2009

24.

25.

26.

28.

(

(
O

O

(
72

6
(1

Pl —, KAERIVE, K. “1670
BEW In0, & F ¥ FVIZHWZEEFEE
K7 — RNTF TOER” JERERESET N
A AW S BAREMTEES, (B 2-ty
vay) 3P40, FUERBEASRF. 2009-11-5,6

AR, fEOKEE, VT EIC K
% 170 K ¥ In,0, DAL & W bdn 7
¥ RV T DA B ~DIEH”,

PR BT S A AWFTES BRI
2 (K Ap—tyvav) 2P39, FELEER KT,
2009-11

Gwang geun Lee . Hoowon Yoon .
Yoshihisa Fujisaki, Hiroshi Ishiwara,
Eisuke Tokumitsu . “Ferroelectric
Behaviors of P (VDF-TrFE) Thin Films on
Transparent ITO Electrode” . &5 70 [A]
IS A . pL-2, &
IR AR v > /78 A | 2009-9

E. Tokumitsu, T. Oiwa, “Fabrication
of In-Ga-Zn-0 channel thin film
transistors with high-k and

ferroelectric gate insulators” , 23rd
International Conference on Amorphous
and Nanocrystalline Semiconductors
(ICANS 23), the Netherland, Aug.23-28,
2009

(invited) Eisuke Tokumitsu, “Recent
Progress and Future Prospects of
Oxide—channel Ferroelectric—gate
Thin Film Transistor with Large Charge
Controllability” , 2009 MRS Spring
meeting, Materials Research Society,

San Francisco, U.S.A., April 13-17,
H8. 5, 2009
XKE] G o )
PESER PEME)
HRER YL GE o 1)
Bk Gt o 14)
Z DAh)
L
. WFTERR R
) EFFE
%56 kil (TOKUMITSU EISUKE)

JERREIm P FEAN KPR - 7Y =T
A ABRGERE  H— - %

T

10197882



Q) rgenfis 7L



