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A great attention has been paid to printing technologies to fabricate various precise devices. Since
the printing method patterns devices directly from functional inks, the process becomes very simple with
maximum efficiency in using of raw materials. Therefore, it has advantages over conventional processes
including vacuum deposition and photolithography in terms of production cost and environmental burden.
However, the printing technologies developed until now have serious issues in resolution. Namely the
smallest pattern size by printing is limited more than 10 pum.

Nanoimprint method, including nanoimprint lithography (NIL) and nano-rheology printing (nRP), is
kind of printing methods and is an approach for solving the problem. NIL method can form the resist
pattern for the patterns of functional materials, while nRP can form the patterns of them directly. Recently
in Shimoda Lab., it was succeeded to pattern the RuO electrodes by nRP. RuO exhibited high conductivity.
It is tried to make a fine pattern of RuO by the same method but only confirmed that breaking of the
patterns happened during sintering because of its crystallization and grain growth. To avoid the breaking
due to crystallization, an amorphous material is desirable to be use. A candidate of the amorphous
material which has also a high conductivity would be Lanthanum Ruthenium Oxide (LRO).

In this study we reported that plastic deformation ability was greatly improved by adding La to Ru
so as to allow forming a nano-sized gel pattern by n-RP. The gel pattern was successfully converted to an
amorphous LaRuO without breaking during sintering. Moreover, we investigated the structures of
solutions, gels and solids and conversion process from solution to solid via gel to understand why LRO
has a high plastic deformation ability in nRP.

It became apparent the developed La-Ru solution was a solution in which La solvents and Ru ones
independently dispersed by the mass spectrum analysis. Therefore a gel ought to have a same kind of

structure: a mechanical mixture of La clusters and Ru clusters. One of the most impressing feature among




these gels was that the La-gel showed a strong molecular crystallinity in the temperature range ca. from
100 to 200°C, which was made clear by the XRD analysis. That means La cluster in a solution can be
stabilized by a cohesion energy derived from the molecular crystallinity. That in turn rises the desorption
temperature of residual organic elements from a gel.

The gel thus analyzed was thermally imprinted in the nRP process. In imprinting at 175°C, the
imprinting ability of Ru-gel was greatly decreased while the other LRO and La gels showed clear
imprinted patterns. This result indicated that addition of La element to Ru one was able to improve the
imprinting property. That was also confirmed by the viscoelastic measurement: the tan ¢ of LRO-gel was
greatly enhanced compared with that of the Ru-gel.

After sintering the gel, the structure and conductivity of a solid film were investigated. It was
confirmed that both the films of La-O and Ru-O were crystals and those of LaRuOs were amorphous. It
was found that the more La element was added, the higher the resistivity. But the decrease of conductivity
is relatively small up to 33% of the La addition.

Based on the result above, we succeeded to make a fine line pattern of the LRO-gel at the ratio of
La/Ru = 25/75 by the nRP, which was able to be sintered without any breakings. The resultant line had a
width of 30 nm with a good conductivity. This fine patterning was caused by the following two reasons:
retaining organic elements to higher temperature in a La containing gel because of its nature of molecular
crystallinity and amorphous structure of LaRu solid which prevents it from spontaneous breaking during

sintering.

Keywords: nanoimprint, direct nanoimprint, printed electronics, solution process, lanthanum ruthenium

oxide

RXEBEORRENOES

WHIT N A 2 DEBREANT & LT, = 2 NRBREARM DK S Vo8 TF Y T 4
VUEITIFEERAEO T Y | 2 OMEIEENTIERL L T\ D, & 572 5 IR OIERIZIE,
TV T 4 TEOWRIN TOERN R R Th D, Wil bE o BEIZH LT, A7V b
EORRTH D L OO, HAE, 100 nm LU F O R 47— )L THEEMM EL OB R & — =2 7 24T\,
T OFEREME 2 fEdd L 72 Bl 720,

AERSLOMIENE A 7Y o MEZ AV CTHEREMAMEHI S LTt nm Ol Y —=2 7 %
TV, OB Z BT 2 2 L2 HNE Lz, TOBE, T/ A4 7V vY Y757 4 (NIL)
EMEND VYA RERWDRIEENA 7 o MEE, NIL 2RI W7, ety 28
g == 7T v Aa =Y T 0 7 (RP)EE AV, nRP B LTI O
AN =R LDEREPARA53TH DT, RS TIEEOMABIT o7, HHIS, NIL THulE
i~ 7 v VA2 (TFT)OAER 24T - 7=, EEMEOMEEEZ 2 Pt & ITO #, NILIZ k- TR —



=7 L, BB LIBMY 74 A 2 FFEEZ NN TTF ¥ 2/0E 120 nm OWGHE TFT % /FH#
L. TOBEICKS LZ, Ziux, NIL ZH\\WT 100 nm A7 —/v @ TET % EfL L 7= 9] T D
FlTH %,

WA AEREMEA BN LTt nm O E#EA 7Y v N (RP) 21TV, & OMSRENME 2 ffEiB L 7=,

MELE L CEEMEORBILT =7 A(RuO2)Z M L, 18 30 nm ORMGHIHIHR 2 — o OfFf A3
Hlee LInLIRN G| NE == ZYEEIARF4r T, BERIC X DR ERLO HEBLZ K-> TRZ—0 i
LT, 20RO, Ru & La #iRG LEEM(LT v 2 o7 =7 ALRO)ZEA LTz,
R, NF—= v MR B L, BRSO T DT BT 7 AREEIC L NE — TR B R R L
Too Fiz, BLT & 2 (La03) DA TIFIANY — =0 ZHRHEITENZ L 2GR Lz, Zhud, &
b7 2 DFNDG YRR E R T TeDTH D Z &2 FT I B L N TR S O JFK % f#
C&7e, MR E LT, BN L ClEEEA 7Y » ME@RP)ZHWTT Y T 4 7
ETIEIMIO T, 30 nm FRE DM 2 — > THREM 2 8 T & 7o, &&IZ. LRO @ik, 7L,
BEREARIC KT L TR &2 22T 24TV, nRP O A 1 = X 221, WRIREBICE T 2 2 ARk,
TOVIRBEIZ BT B A OIRFFRE ) N ERECEIR LT D 2 & 2 LT,
PLE ARG SUTA 7 ) o MEZR FWTOMAIR 7 BREMEAEL 7Y 7 ¢ v 7RIS o THEFUT R
BT Tt nm OBHIT ANA A LWHIAZ =2 DT Y T 4 v T EFEILIZ D TH Y EHHY
IZH TEMICH REBNTNETH D, TGO EIIMMIN TIEORATE L LTARIE
METOEBRI YR SND, Lo TlH(=T U 7Y A 2 )DL E LT HoiifED 5
HOERDIZ,



