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Abstract - An alternative interface structure design of a Masters for embossing process
|firge.'area optical .Wavegl'”de for a |arg?'ar.ea optical .p“nte.d or masks for photolithography process —
circuit board using a step-out fabrication technique is
proposed. In this paper, we simulated and compared our

proposed structure to a typical straight core structure in
order to investigate the misalignment tolerances and a
coupling excess losses.
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|. INTRODUCTION

For backplane applications used in high-speed netwol
equipment and supercomputers, optical printed circu
boards (PCBs) using polymeric optical waveguides hav
been studied as an alternative to high-speed electricFig- 1. Schematic configuration of a stept technique ar
interconnections [1]-[4]. In these devices, large-arereauirements between interfaces.
optical PCBs of approximately 50 cm50 cm in size are
generally required. Therefore, the subsequer — ; N
development of large-area optical waveguide technolog % N Dl 0
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is also needed in order to meet the manufacturin :
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requirements of large-area optical PCBs. core i N
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'% Seg1(e;t line__

Optical waveguides fabricated via conventional
technologies such as photolithography and imprin
lithography are usually produced using 4 inch masks ¢ @) (b)
about 10 cmx 10 cm in size and generally have patternsig. 2 prawings of (a) a typical straight core interface and (b
with a fine resolution of lum or less. However, for proposed interface structure.
optical waveguides based on a sheet concept for large-
area panels, it is not easy to maintain this level of pattern Il. STRUCTURE OE INTEREACE
resolution, accuracy, and uniformity during the During the step-out i i t
manufacturing process. Therefore, in previous attempts to uring the step-out process, alighment errors up 1o a
overcome these problems, new fabrication methods fc;(iﬁammum of several tens of micrometers inevitably occur

large-area optical waveguides have been developed, su He to overlap or/and separation in the waveguide core

as laser-beam writing techniques [1], photolithographiggttsegg’ :fr]]_?]d'c:i!tlor;(t:)la_lt%rasl or/ 2ndr§n3:éa; rg:esall_gr;]?gr]; r;te
techniques [2], direct UV-laser writing techniques [3], wn In FIg. - 11uS, We prop Wi

and step-out projection photolithographic techniques [4]_structure shown in Fig. 2(b) in order to achieve a larger

The most notable technique in terms of scalability anéllr'gngzgt si?tﬂ?:ﬁ?ecethznv(\j/a\llzwiir dgc::l:ﬁlemﬁaslojsté lgret(?l:\n d
fine patterning is usually the step-out technique, as sho P ' 9 P

in Fig. 1. This technique divides the large-area opticalenS'Shaped structure and the waveguide clad is partially

waveguide into segments and then combines the entif@ened to strengthen the lens effect (hereinafter referred

optical waveguide using the appropriate masks or maste gasa TLC-POC structure”).

. : - Fig. 3 presents a detailed schematic of the proposed
for each segment. In this technique, however, a critic . .
problem to consider is the misalignment of opticaélalLLC'POC structure. In brief, the beam sequentially

waveguides fabricated in each segment at each interfac%]ropa‘gates through the core in segment-1 passes along the

In spite of the precision of the waveguide patterns, baseis faight zone, spreads in the taper zone, and is then

on fine masters or marks, misalignment at the interfacC terally collimated in the lens zone. The beam is then

between the segments can still occur during the step—ouflJpIeOI before it propagates through the lens, taper, and

process. Therefore, to minimize this misalignmenf raight zone on the opposite side (segment-ll). Here, the

problem this paper proposes an interface structure havi rgper_ed structure  serves o increase the lateral
a large alignment tolerance and low coupling loss. isalignment tolerance and the lens-shaped structure

reduces the coupling loss and increases the longitudinal
misalignment tolerance.
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Fig. 3. Detailed schematic of our proposed TROC interfac 3 . :;:gg”ui#f;’ggc
structure. o 00 . [——z=100mn.TLcPOC | .
TABLE | -50 -40 -30 -20 10 0 10 20 30 40 50
DESIGN PARAMETERS FOR RAY-OPTIC SIMULATION Misalignment on X axis (um)
Parameters Dimensions
Refractive index of core 1.54 T 27um
Refractive index of clad 1.5 =3 24um
Core width and height 50pum 3
Taper length (TL) 100pum E
Taper width (TW) 100pm <
Lens height (LH) 14 pm = 14uum|
. MISALIGNMENT TOLERANCESIMULATION %
OFTLC-POC é
We conducted a 3D ray optic simulation using g
LightTools under the design parameters listed in Table | - o 50 100
in order to verify the effectiveness of the TLC-POC Misalignment on Z axis (um)
structure. The design parameters were set by considerir (b)
common speqﬂcgﬂons of optlcal Wavegu'des for Fig. 4. Simulated results of (a) coupling ratio versus misalignorent
backplane applications. X-axis and (b) 1-dB lateral misalignment tolerance comparison.

First, to determine the misalignment tolerance for thestructure having large misalignment tolerances in order to
X-axis (lateral direction) and Z-axis (longitudinal glarg 9

direction), the coupling ratio was simulated. The coupling{abr'c_ate a large area optical yvayegwde using a step-out
ratio defines the ratio of the output power(Pin echnique for backplane applications. We also analyzed

segment-Il and the input power{Pin segment-I. Fig. the misalignment tolerances for all XYZ-axis deviations,

4(a) shows the coupling ratio versus the misalignment oficluding tilt angle, and verified the large tolerance.
the X-axis. Here, for Z = @im, Z = 50pum, and Z = 100 Therefore, we expect that the proposed structure will be

um the longitudinal separation distances from thdMore efficient in terms of scalability for a large-scale
segment line are Qum, = 25 pm, and + 50 pm, OPtical PCB.
respectively. We can then obtain the comparative data of
the 1-dB misalignment tolerance on the X-axis from theTh_ ) ﬁCEE;VzLEEGMEa’}‘L&D o o
results of Fig. 4(a), as shown in Fig. 4(b). According to NS Work was supported Hfie Fundament rogram for “.ore
o . Technology Materials, Ministry of Commerce, Industry, and Ener
the results, the misalignment tolerance of the wavegwd@,| » 1S, My akd »
h OCIE), Korea
based on the TLC-POC structure was improved by at
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