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Implementation of PLC Device by Roll to Roll Process
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The roll to roll (RTR) imprint process is an integrated imprinting process where steps ranging from
assignment of a function to a flexible rolled substrate to rewinding of the same substrate in a roll
are performed. RTR imprint is a green, low-cost technology without limitations. In RTR imprint, it
is important to manufacture the mold precisely and maintain uniform process condition. To this,
process conditions have to include precision tension control, optimization of process parameters.
We introduced RTR imprint to fabricate planar lightwave circuit (PLC) device for communication,
by new schematic design and process optimization, we fabricated successfully optical device.
The fabricated optical device showed the optical performance which was satisfied to meet
international standard.

Key Words: Optical device (Z2At), Imprint (] Z & E), Roll-to-roll imprint (£ 5 £ 2 =2 E), Optical interconnection (28 %)
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Table 1 Resin types for RTR imprint

Resin tvpe Viscosity | Photoinitiator | Reflective
YP€ | (mPas) (%) index
Resin 1 6 <4
Resin 2 7 <6 1.4804
Resin 3 7 <8
tHste] e A3, 3 o 2 odyA A
& SdolA v fElstH, oldl Hate] FE3E
AR AR Faaret Aol 4d B AEAl
o] sAdE H% dAD Fx= AAstaLA gt
2. AXE RTR 3F Jl&

] al
(Core)] Aok go] 7] 81 Ao A+
71etera A Ao ofsto] A
wom AulA o F um ©]3te] A
T Slojof Frh weEkbA 7= =
4 7€ S F587] S8k
AFm7h w2 YEIE 7|0k RTR &
ol &3 FaA A w4 red el Wl 7]
gt

Wy o rr ol wet o

[0
bamd
k
2

—
o

')
3
~

|.
o

Haol A

% 5% Fa4 AN nesE 7
ol W Y SAoIth RIR 3
9 TRl @ob Yad PR

ﬁ
‘w7

¥ ok
i oox

oflt
>
)

3,

LTI
1 ox
(i)

~ jus)

iy

2

(o]
'E
&
o °
i

o Wl 9 Ak
[e]

o o, X E 10 o o
i
>
)
H

ks

Table 1S F2xk Az2S $8 A H
A2 HAx Z PAA o] e ARE
Wl A&¥ RTR 40 WE 54 A
stk Fig. 12 RTR &AM el &4 W0
e 548 BHo Tk Fax A o T
ZE =o] W BEX AFE 50umo|th ARE

H

g Ao Ak A9 e HAkE RTREA
A E M Z S7H7IE 54e HolH,
RTR YJZIE & @ B A A

nrh ol Wael A% WAl ¥k

50
T
=
%
£
= 44 —— REEin
o —— Fesin 2
™ 41 —a— Resin3
o

40 T T

1} 00 oo X0

(a) Web tension (N

3
=2
=
2
@
T
E —— Resin |
L —— Fesin 2
& ——Fesin g
o T T T
00 08 15 24
(b) Roll pressure (MPa)
Shelsnsns sEssmmEanEn
— La
Ew
3
=
5w
T 25-
E »
& 154
H o
O,
0 T T T T
1} 1] n 30
(c) Web speed (mm/s)

Fig. 1 Fabricated pattern height according to RTR

imprint parameters of various resin types
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Fig. 2 Simulation of 50um multimode waveguide

Bending Radius(um)

bending loss for an optimal bending radius

1 ' Pathway,
12000"_ C 7 [ Monitor
10000 s 3 |1 Pover
] L] [ L
1 ] L 2. Power
8000 = t F
- ] - / L
g .f
< 6000 1 L E
4000 1 L] L
2000 4l -
1 sl L
0 - - LA LB A R LA A B B
=100 O 100 1.0 0.0
H{um) Monitor Value (a.u.)
(a) Gaussian incident
Pathway,
12000 T ] [ Monitor:
10000 - - 1. Pover
1 r ] [ 2. Powsr
000 B b § -
s ] L] ¢ [
= L
S 6000
4000 T r
2000 . -
0 LA B L AR R L UL I L R I B L I
-100 0 100 1.0 0.0
HA{pm) Monitor Value (a.u.)

(b) Uniform incident

Fig. 3 Simulation of beam propagation

& AAstaLa ek
RTR A4S 91 A Faa Azs 96
M gt Ao 9% ]

[¢] 5 —
Aol golg Tz AAZE aTHm, B =&
A AlEdoldS S8 RTREAS AR 78

AABFA T
AAE FaAE 50X50um 2719 AALE

£ 7H= "WEEE 1X2 #Hl7]eln
TR = Fxog. AlEH o AS Fi
A}

w}

(3

i

a7gstal o9 Fef=o =% =
25%7HA WstAl 7w S5 WA mE 3
2FskAT). Fig. 25 #AEE Xolo| upe}
olake] FH WHAd A= &Alo]

B etk Ed Gt

=
O

P

N
2y o
5o i
7]
T,

BN o N Ol ox o 2 o
flo o & = do r

2 o

Az_zr\r

ot mo do o o
i
lo
o\
oot
=
il
)
2
fd
32,
2
£
T

ol T
o M

o

Az diste] FAF BN
Cwebd ArE gan FE
o] FVs@ FRoln.

N
Yy

o
T
oo
>
>
fr
=

g
w
i)
e
o
N
)
o
>
=
r
>
>
o
od ¥ Ml Jo ML

ot T i N 1 oft M oox M P 2 mn Jh
alln
K
fol
o il
lo o
=
H
=

4.PLC EAX &

41 LAY PLC BE
AtAd AR e
At 9d FA4HL F
groove WHE FA
o] 4d 9 HEHE A Fdste 7IHe] At
Ha b Fig. 4 At HA Faared FAAG
o] A4Z 3 A 725 dEd Zold
Aokt AT 3 Ad 2 94 7x2E A
2l fjste]l FaA sy 9 FAFE AYE

B
N
b
ED
0
o
et
o
)
o
B~
_|>~_1,

i

H =
F A+ U-groove FEO FAAFE Ad dAds
AABIGTE AAE T2 FaAE 1X2 67

ojml ®l A7) Soum, FAAFE A FAAH
A&ol 125ume] A71E 7HE ALo®E AA
B Folet FaAe] FoE FY FH



ok

IR g UZsts|X| A 31 65 pp. 469-475

June 2014 / 472

\ Gap: 10um
N

Fabricated silicon

stamp
: o Adhesive
Coredn:jOum ® Core dia: 50um yikdin
50um ( j
250m Lxte J 87.5um
200pm -
Optical Fiber: 125um

Fig. 4 Schematic design of optical interconnection; (a)
optical device, (b) channel for optical fiber
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Fig. 5 Schematic view of fabrication process for
optically interconnected PLC device; (a)
fabricated PMMA sheet, (b) photoresist filling of
fiber block and UV curing, (c) clad layer
lamination, (d) photoresist removal, (e) fiber
insertion, (f) dicing, (g) index matching oil drop,
(h) fabricated integrated optical device

Fig. 6 Optically interconnected PLC device
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Fig. 7 Cross-sectional images of PLC device
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Table 2 Precision of Passive alignment PLC device

Measurement location | Pattern width | Pattern height
of optical device (um) (nm)
PLC input | 6.160 6.081
PLC output 1 6.160 6.121
PLC output 2 6.160 6.094
Fiber block input | 125.256 68.574
Fiber block output 1 125.273 68.616
Fiber block output 2 125.256 68.581
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Fig. 12 Optical insertion loss of fabricated single mode
optical device
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