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The Si photonics platform for 300 mm SOI wafers has been built up for optical multi-applications. The perfor-
mance of main optical waveguide devices has been demonstrated. State-of-the-art propagation loss values are
obtained for optical waveguides of multi-thickness SOI structures in this platform. The propagation loss is less
than 0.5 dB/cm at 1.55 pm wavelength for 220 nm-thick single-mode waveguides with TE-polarization. MMI
coupler, AWG and WDM filter showed superior performance for their applications. The 50 x 50 mm? large Si
interposers using photonics electronics convergence technology have been demonstrated. These results indicate
that our Si photonics platform is very useful for optical multi-applications.

© 2015 Elsevier B.V. All rights reserved.

1. Introduction

Optical interconnect is a promising technology for wide-band and
large-capacity data communications instead of electrical interconnect.
For optical interconnect, silicon photonics based on Si CMOS technology
is a key to product integrated photonic chips [ 1-5]. Silicon photonics has
advantages of easy device integration on a chip and low-cost with high-
speed and large-capacity performance. There are a lot of application
areas in optical communication world and Silicon photonics can manu-
facture a variety of products. Each communication system will need its
application-specific features and this can result in the individual SOI
dimension design for the specific application area. We have built up
300 mm Si photonics platform for optical multi-applications. This plat-
form enables ultra-small optical transceivers, wideband transceivers
with WDM method, and Si interposers for ultra-fast optical interconnect
between LSI's.

In this paper, we will present and discuss this new photonics
platform and its performance.

2. Experimental

Si photonic devices was fabricated on 300 mm SOI substrates.
The SOI thickness of photonic devices depends on its applied optical
wavelength and applications, as shown in Table 1. Fabrication process-
flow was based on Si CMOS one and ArF-immersion lithography [6,7].
This lithography technique is the most advanced process in the conven-
tional CMOS line and is used for a device patterning to improve the
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photonic device performance in our experiments. Metallization struc-
ture was the planarized 2 layer interconnection. In the fabrication of
large-sized optical Si interposer, we applied newly designed multi-
exposure-shot operation, shown in Fig. 6(a), to the waveguide pattern
formation in the Si interposer larger than the maximum exposure area
by the lithography tool.

3. Results and discussions
3.1. Building blocks for photonics platform

This platform is corresponding to multi-applications of optical inter-
connect, as shown in Table 1. “Optical I/O core” is the multi-channel
arrayed integrated chip-scale OE/EO converter and consists of wave-
guides (WG), grating couplers (GC), modulators (MOD), spot size
converters (SSC) and laser diode (LD) on the transmitter chip and
photo detectors (PD) on the receiver chip. “WDM integrated optical
[/0 chip” is the advanced OE/EO converter with wavelength-
division-multiplexing (WDM) and consists of MOD, PD, multiplexer
(MUX) and de-multiplexer (DeMUX). “GE-PON” is gigabit Ethernet
passive optical network system and consists of SSC, WDM filter,
PD, LD. Waveguide device dimensions can be selected for each
application. 180 nm-thick and 220 nm-thick SOI are applied for
high-performance servers and data centers and a 300 nm-thick SOI
is applied for GE-PON networks. Furthermore, chip size of integrat-
ed optical interposer can be selected for its application. This silicon
photonics platform is designed for such multi-applications and applied
to 1.3-1.55 pm wavelength devices on 300 mm SOI substrates with var-
ious SOI thicknesses. The common devices, which need different per-
formances for different applications, are waveguide, grating coupler,
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Table 1
Optical application vs. Si photonics platform.

Propagation
bl Wavelength Waveguide
Application () {nm) (d:aﬁfn )
180 * 340
1S
Opt. IO ore
220 * 440
0.5
300 * 300
4.2

photo-detector, spot-size converter, and so on. Special devices are
multi-mode interferometer (MMI) coupler, arrayed-waveguide grating
(AWG), modulator, and so on. These devices should be integrated in a
chip to perform the desired performance, including size, speed and
power consumption.

3.2. Optical waveguide

Table 2 shows the relationship between waveguide width and prop-
agation loss in waveguides with different dimensions. The propagation
loss of waveguide was experimentally verified for the single mode con-
ditions of TE polarization at the wavelengths of 1.31 um and 1.55 pm.

Table 2

Relationship between propagation loss vs. waveguide structure for optical wavelength.
Previous studies are refs. [10,11].

SOl WG Wavelength Propagation Propagation loss
thickness width (um) loss (dB/cm) (dB/cm) @
(nm) (nm) previous study
220 440 155 0.41 0.7
300 285 1.55 33 -
180 340 131 13 4.2
300 285 131 4.2 8.2
-2
3l —Port A
il —Port B
= ~—Port C
@ -5
= —Port D
g 6}
=
g -7
g + Port A
Input ort
E -9 —; Port B —
=10 —— Port C
Port D
-11 — S
-12
1475 1500 1525 1550 1575 1600
Wavelength[nm]

Fig. 1. MMI couplers spectra of 1 x 2 + 1 x 2 cascade. 4 outputs show the same values
between the measured wavelengths [6].
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Fig. 2. AWG spectra of 16 arrays. —20 dB low crosstalk was measured for all output.

The input polarization was controlled by the polarizers. For 1.55 um
wavelength, 220 nm-thick waveguide has only 0.41 dB/cm propagation
loss by using a cutback method. From an integration point of view,
waveguide devices are essential for integrated optical circuits and
such low propagation loss is critical since these are used in almost all
of them. State-of-the-art propagation loss values are obtained for optical
waveguides of multi-thickness SOI structures in this platform. This is be-
cause CMOS process with ArF-immersion lithography has been applied
and the line edge roughness of waveguide has been reduced [8].
The loss values were less than 0.5 dB/cm for 1.55 um wavelength in
220 nm-thick waveguides and less than 1.5 dB/cm for 1.31 um wave-
length in 180 nm-thick ones, respectively. These values are the world-
record lowest as the propagation loss in Si wire waveguide.

3.3. Other optical devices

Fig. 1 shows the transmittance spectra of 1 x 2 4+ 1 x 2 MM coupler.
A1 x 2 MMI coupler designed in this experiment has a length of 2.2 um
and a width of 1.6 pm with tapered input/outputs. For this MMI, the
<0.5 dB excess loss was obtained. Divided signals have the same
strength and the bandwidth over 100 nm was shown for 1.55 pm wave-
length in this device as we have designed. Fig. 2 shows the measured
spectra of AWG. Crosstalk was clearly measured to be about —20 dB
between all output channels. For polarization-independent WDM filter,
an upstream and downstream isolation better than the standard GE-
PON specification was demonstrated in Fig. 3. Crosstalk reduction is real-
ized by multi-stage Mach-Zehnder interferometer (MZI) type filters,
demonstrating isolation better than GE-PON standard, —23 dB at
1310 + 50 nm. The 5th-order coupled resonator optical waveguides
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Fig. 3. WDM filter spectra for multi-stage MZI-type. Superluminescent LED was used as a
wide band light source in this measurement. The tapered fibers were used at the fiber and
waveguide interface. The input polarization was controlled by the polarizers. The output
was measured by spectrum analyzer.
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