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Development and application of Nano-ion exchange lithography
ooooo
OO OO OYANO TETSUJIO
0000000000 ooooooooon
o0ooooooooooon

gboobgooooomm

gobobooobooboobobobooboooboobooboboboboooboobon
gbooobooboboobooboobobbobooobooboboboobooboobo
0Mo00000000000000000000 NH,/Ag/Na 0000000000000
0000000 o0oboobobobob0o0ob AgUOoboobobooboobogono 270nm
OAagO00O0000O00O00b000bO0™@oboboooboobooboboooboobo
ood

obooobooooom

Nano-ion-exchange lithography (NIEL) has been developed for the fabrication of
nanometer-size structure with different refractive index in/or on the transparent glass
substrate. A new glass composition suitable for NIEL has also been developed to give
appropriate ionic conductivities of monovalent ions at certain elevated temperature, and
multi-ion-exchanged layer has also developed; a thin NH,” containing and alkali-free layer
with Ag® containing core layer underneath. The developed NIEL succeeded in the drawing
nano-lines on glass; thin Ag metal lines with 270nm width. This enables to develop new
devices using“ metamaterials” .

gooogo
goooooog
goog gogn g 0
200900 7,500,000 2,250,000 9,750,000
201000 4,000,000 1,200,000 5,200,000
201100 2,500,000 750,000 3,250,000
g d 14,000,000 4,200,000 18,200,000
gooogogo

gboobobooboobo 0 oboooboo
gobooobooobobo boog gooboobo

O0o000oo0ooooon 0000D0M0000o00ooooooon

0000000000000 0000O0 00000000000000000000
0000000000000000000O0 O000000000o00ooOoooon
0000000000000 00000n 0MoO0000000o000oooooo



gobooobooooboooooooon
Ooooooooooooooooooon
Oddboooboooobooooooooon
goooooooooo

Eigler 00O OOOOODOODODODOOO
0000000 voooo0oooooooog
doooooooooooooooooon
0do0ooobooooooooood 1000 O
Oddboooboooobooooooooon
doooooooooooooooooon
0o0o0oooooooooooooooon
Oddboooboooobooooooooon
doooooooooooooooooon
oddbooobooooooooooooon
Odoooooooooooooooooon
godboooboooobooooooooon
doooooooooo
DD. M. Eigler and E. K. Schweizer, Nature,
344 (1990) 524-536.

0 O O O O Nano-lon Exchange Lithography
Oo0oopopoooOoooOoOoOODODOOOO
oooopooooooooOoOOOOOOO0
ODO00oDoDOoooogosMOOOoDOoOOooOO
0000000000 oooooooodg
O0oo0ooooooooooooooodg
000000000 0DbO00DO0DoOooOog
00000000 oDoooooooooog
00o0oDO0oooooooooooooo
000000000000 0D0O0DO0ooOog
00000000 ooooooooooodg
O0oo0oooooooooooooood
O000oDoDooODoOoOOoODODODODODOOOOO
0000DO00oo0oooDoDOoooDooooodg
00ooooooooDooooooooodg
000O0oDoD0oooon

00000000000 Od Nano-lon
Exchange Lithography OO0 OO0 Q00000
OosPM 000000 ODOOO0ODODOODOOO
Oo0oOoOdseM ODODO0OD0ODOOOOO0
0000000000000 00000m
O000DDoDoOoOoOOoODODODODODOOOOO
000000o0oDoOOoo0oDooooooooodg
O00oo0oooooooooooooog
0000000DO00DO0DOO00Oo0oOoogog
ooooooo

gooboboobooboboobooobg
gobooogooboooboboogooon

gboogobbooboooobooboon
oboobooboooboobooobooon
oobbo0o0oobbooooboooobb
gboobooobbooboobooboon
SPM ODOO0OOOD0OOO0ODOODODOODOODO
oboob0oboobobobobooboon
gobooogoobooobbogooob
oboobooboboboboooboon
oobbo0o0oobbooooboooobb
Oo0oobooooooboooooognsey
gobbooooboboooobbooooon
oooobobOoooooooboboog o
goboobobboboobooobooobg
gobbooooboboooobbooooon
oooono

Glass Substrate

o0 Oobooboobgoooboono

STM70—7

<« OB R TR (K°)
— HIREEER(Ag')

«— 4% (Na*)

e
g obOoogbobooobbogooobb
gboogobobooonog

O O O O Nano-lon Exchange Lithography
O00Do0ooooooooooooooon
O0000oo0o0ooooooooooooon
O 2000000000000000000
Oo0ooooooooooooo seMooOn
O000o0Dooooooooooooooon
O00DoU0DooUoDooooooooooon
O00Do0ooooooooooooooon
O000o0Dooooooooooooooon
O00DoU0DooUoDooooooooooon
O00Do0ooooooooooooooon
O000o0Dooooooooooooooon
O00DoU0DooUoDooooooooooon



000000000 A00000o0ooon
000oO0Doo0ooooooooooooo
0000000000D00000 Ag'0DO0
gooooooooobooobooooo
ooooooooooooooooood
OOsM O0OO00O0OODOODODOOOOO
OboooboOoobobooobobooooboo
0 0O O O Nano-lon Exchange Lithography O [
O0D00000oooooooooooog
oooooooOooobo0oobooomooo
O000mooOooooooooooodg
0000oooooooooooooooo
OooOoDoooOoboOoooDbOoboooo
000o0ooooopooooooooood
O0D00000oooooooooooog
oooo

oooobgoo

gobobooboobobooboobg

gobbooooboboooobbooooon

oobbo0o0oobbooooboooobon

gboobooobooboobooboon

gobbooooboboooobbooooon

obooboboooboooboboo

() DO0D0OO0DDO0ODO0OO0DOO0OO00000
gbooobooboobon

(2) 0O00O0OD0oDO0obOO0ombOobooon
gboobobooboobmoboo
obO SM ODOOO0DOOO0OO0OODOO
oooooo0oooooooooo
goooogo

(3) U0OOOoOoOobOoooobooooD
o0ooboobobobooboonog

() OOoDOooOooOooboobOooooo
gbobooobbooobooobooooo
oboooboooonog

() ODODOOObOOoOoboDbOooOooboo
oboomobooobooooooo
HRN

gooooooo

ooooooo

ooo0oooOooboooDooOoooDooo
0000 lon Exchange Lithography 00O 0O
0000oooooOooooooooooo
oooopoooooOooooboOoooooo
000o0oDoooOoopooooOooooood
0000oooooooooooooooo
OboooboOoobobooobobooooboo

00000ooooooooooooood
O00000o0oo0ooooooooood
O0D00d000doooooooooog
0000Doooooooooooooood
O000oooooooooooooood
O0D00d000doooooooooog
O000oooooooooooooood
O0000o0o0oOo0ooooooooooog
O0D00d000doooooooooog
O000DooooO0oooooooooood
O000oooooooooooooood
O0o0oDo00ooooDomooooooon
OD0000o0oooooooooooog
Oo0o0ooooooooooooooood
Jod0d000o00o0oooooooooood
0000oooooooooooooood
O0D000o0oodooooooooooog
ooooooo
00o0oooooooooooooog
Oo0o0ooo0oooOooooooooood
O000dooooooooooooood
O000oooooooooooooood
0000o0oooooooooooooood
Ood00o0o0ooooooooooooog
O000oooooooooooooood
Lithography OO0 OO O0OOOO0OOCOOOO
Jod00o0o0doUoooooooooood
0000oooooooooooooood
O0o00oo0oooooooooooood
Jododooooooooooooood
O O O O Nano-lon Exchange Lithography O
O0000D0o0ooO0oooooooooooo
O0000oo0ooooooooooood
O000oooooooooooooood
O00000o0OoO0oooooOogoorFmTd
O0D00d000odoooooooooog
O000Do0oo00ooOoooDoooooo
oooooooooooo
Joo0ooU0oUoooooooooooo
0000oooooooooooooood
O00o000o0o0oOoooooooooood
Jod0d000o00o0o0oooooooood
O00D00ooDooDoooooooooo
0oQUUiUuOoooOooooooooood
Jod00oo0ooooooooooood
O000Do0oo00ooOoooDoooooo
O0o0ooooooooooooooood
0o000oo0oooooooooooood
0000oooooooooooooood



gooobooobooog

gooobooooooooboboboooo
oboooboobboooboobobooono
gboobooboboobooobboon
gbooobboooboobooboobooon
oboooboobboooboobobooono
gbooboooboobopoobooboon
gboobooboboooboooooon
ob0ooboobobobooobooooono
gbooboobobooopobooboon
gboobooobooboobooboon
oo

oooooo

0000000000000000000
000000000D0000000000
0000000000000000000
0000000000000000000
00000000000000000000
000000000000O0O0000000
00 BO,0 ALO,00DOODODOD0O00000
00000000000000000000
00000000000000000000
ooooo

-5 : T T

Vo HD M L MBS O
[ -3. 7924
[[]] -0, 54988
[ 0.026E34
S5 A 1 7

gl log(5/em)]

Al 206 %]

00 ODOOooooA,OOoOoooobooo
ooooboobon

00000000000 0O00ODOoO
00000000000000000000
000000000 20Na,0-17A1,0,-3B,0,-
60Si0,(molw)0 0 000000000000
OMNa/Ag/K0 0000000000000
00000000000000000000
000000000000Inc 000000
000 AJ000000000000000
0000000000000000000

gbooboobobooboobobon
oboooboob Xy oboooooooo
ob0oobooboboboobooboobo
gobooogoobobooobboooob
gbooboobobooboobon

gobooboooboooboboboboo
gboobooboooobopoobooboon
gboobooboboooboboooon
oobboo0oobboooobooooboo
gbobooboboobopooboboon
gbooobooboboooboobooon
O00oO0ob0Oo0obOooboOoboKkKHODOOO
gobooboboooooooboboboo K+o
gboobooobooboobooboon
o0oobooDbh Kbooboboooobooo
gobooogoobobooobboooob
gbooboobobooboobooboon
obooboobobooboooboooon
gobooogoobobooobboooob
gbooobboooboobooboobooon
obooooobooooboooonb
Na'/Ag’/NH, 0 0000000000000
0000000000000 MAg/NH, 000
oobbo0o0oobboooobooooboo
gbooooboooobopobooboon
gboobooboboooboooooon
o0ooobooboboboobooboobo
gbooboobobooboobooon
gobbooooboboooobbooooon
obooobooboobobooonbog

ooooooboooobooboog Sop m
gobbooooboboooobbooooon
OO0 0ONa/Ag/NH, 000000000000
gbooboobboooboobooboon
gboooboobobooobooooboon
OO0 sSsuymO00000O00O s00onmOO00O0O
gobooobood

[m

OO0 Na'/Ag/NH, 00000000000
goooboooooooosoymbOonO
googoo

goboobooobooobooobobod



gbobobooboobopoobooboon
gboobooobooboobooboon
AptDO0O00QonooboObO0O0oooooooo
gboobooboboboobooboon
O AgDO0D0O00boobooboboon
O000b00 gqOO0oboobobooono
gbooboboobobopbooboon
gobbooooboboooobobooooon
oobbo0o0oobboooobooooboo
gbooboooboobopobooboon
O0000ooO0oO0O0oooooOooo NH, OO0
oo s3oomdOObDOoOo0obOOo0oboOoooon
gboobooobboobopobooboon
gboobooboobon

OO0 Na'/Ag/NH, 00000000000
gbooobooobgb

o0 00 1%uymbO00O0OO0 AQOOOO
oooobgo

goooboboboobooboboo
OlymdDO0OO0OO0ODOO0ODOODODOOO
gooobooboboooogoboboobo.s

pmdooooooboOoobooobobod
gboobooobooboobooboon
O00000oooo w3g2zrtoomOOonOooOoOQ
gbooboboboboobo0 Ag 0D
gbooobooboboooboboooon
oobboo0oobboooobbooooboo
gbooboobobooooobooboon
gbooboobbooboobooboon
gooobobobobooobooboboo

ob 00 1uymbO AQOOD0OOODOOO
gpogono

googoogoooo
gbooobooobooobooboobooon
gogo

ooooomoooo

O “ Fabrication of Buried-Type
Waveguide with Optical Gates by
Nano-lon-Exchange Method” , Tetsuji
Yano, Eiji Shiyokatsu, Hiroyo Segawa,
Shuichi Shibata, Proceedings of SPIE,
vol. 7604, 7604-32, Photonics West,
San Francisco, California, USA,
2010/1.

ooooomoooo

O “ Photoionization of proton
ion-exchanged glass doped with Tb,0,,
Chikashi Tanaka, Tetsuji Yano, Tetsuo
Kishi, Shuichi Shibata, Proc. of 28"
Japan-Korea Inter. Seminor of
Ceramics, G0-0-11, Okayama,
2011/11/25.

0 “ Solid-state electrolytic bath of
organic-inorganic hybrid for
low-temperature ion exchange of



glass: Li*/Ag" ion exchange on
aluminosilicate glass” , Tetsuji
Yano, Kanako Ito, Shuichi Shibata,
5th International Conference on
Science and Technology for Advanced
Ceramics (STAC5), Yokohama, Japan,
2011/6/24.

O “ Li*/H" lon-Exchanged Li,0-Ba0-La,0;-
Ti0,-Si0,Glass Doped with Er®* lons” ,
Ryo Yamaguchi, Tetsuji Yano, Hiroyo
Segawa, Shuichi Shibata, 3rd
International Conference on Science
and Technology for Advanced Ceramics
(STAC3), p. 96, Yokohama, Japan,
2009/6/17.

oooooo
(Hooooo

00 OO OVYANO TETSUJID
0000000000000000000
O

00000000O000o0OO

(ooo0o00
oo

@G)ooooo
oo



