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Abstract—A vertical nanowire coupler enables incou- The critical aligment is done in the photolithography.
pling of Vertical-Cavity Surface-Emitting Lasers (VCSEL)
into silicon photonic nanowires and connects electronic and In this paper a 45mirror turns perpendicular irradi-
photonic devices on the same substrate. . . .

ated light, which can be placed everywhere on the chip

surface, into a polymer wave guide. An inverse taper
couples the light from the polymer waveguide into a
Single mode, high refractive index contrast silicosilicon nanowire.
photonic wires offer small bending radii high integration
density on a chip. High data rates on CMOS-CPU can [I. DESIGN AND FABRICATION
be achieved due to the absence of electric interference. |y, (248 nm wavelength) contact lithography

Typica_\l dimens_ions for single mode waveguides Wit% used to fabricate the photonic wires. The wave
an (_)X'de cladding are 220nm times 600nm, fch_e Iossﬁﬁides are additionally smoothed and shrunk by thermal
are in the range of 2 dB/cm, but only a few millimetreg,jyation, This shrinkage enables the fabrication of very
are required for on chip systems. small tip widths (<50 nm) for the inverse tapers, having
. . larger sizes (> 300 nm) on the mask. The fabrication
An efficient coupler for the interface between theiens are shown in fig. 1. A more detailed description is
electric signal and the photonic wire is the key featurgyen in [4]. The topside of the waveguide is protected
for the photonic integration on CMOS-CPUs. Grating,, 5 | pcvD-TEOS (Tetraethyl orthosilicate) silica to
couplers e.g. show coupling losses of less than 3 dBq,ce unwanted height loss during oxidation. After
but' they need a cert{;un angle of mmdgnce (Ofteﬁ.)10DUV—Iithography an anisotropic ICP-oxide and ICP-
to insert the light without any reflections [1]. SinC&jjicon etch is used for structuring. After photoresist
the wavelength range of gratings is limited as wellgmayal, a low loss silicondioxide cladding is built
they have to be designed carefully to fit the bandwidfy, 1,y thermal oxidation. The oxidation temperature is
windows of other wavelength selective component§qoo-c in a dry process using 3 I/min pure,O
Filters showing production tolerances may run out of

the coupler’s bandwidth window. Coupling into cleaved
wave guides ("endfire") overcomes those limitations,
but a cleaved sidewall of the chip is required. The
distance from the fiber to the system may be long,
leading to increased costs (due to a higher demand
of area) and higher signal losses. The number of,
"endfire"-couplers per chip depends on the edge lengt
which grows linearly, while the area grows quadratically.

I. INTRODUCTION

In general, the output mode of an optical fiber or ) ) L
. ductor laser does not match the nanowir Fig. 1. Wave guide and inverse taper fabrication steps: TEOS
a semicon Qeposition, lithography and TEOS/Silicon etch, thermabesion

mode. In inverse tapers [2] the mode is enlarged, when

the waveguide dimensions becomes smaller than the

wavelength inside the material. These inverse tapers The further fabrication steps are shown in fig. 2.
are short (a few 1:m) in comparison to conventional The lithography for the mirror fabrication is done by a
adiabatic tapers, but an additional polymer wave guide ¢sllimated laser beam with a wavelength of 405 nm and a
needed to guide the light exactly to the inverse tapers[3Jower of 50 mW, which can irradiate the substrate under



angles from 10 to 9C°. For this design, an angle of 45
is chosen. A 200 nm thick aluminium layer was sputtered
as a mirror, using a low power process to avoid therma
damage to the photoresist. I-line contact lithography an
wet chemical etch were used to remove the aluminiunt
from the substrate except the mirror and the contact plan
for the VCSEL. The photoresist on top of the aluminium
is removed by an oxygen-plasma, while the photor~-*~
beneath is protected by the aluminium. The polyme
the connection wave guide is spun on with a thickne
2 um. A negative photoresist (SU-8-2) is used, becat
has low absorption at 1550 nm [5] and can be struc
by I-line contact lithography. The system is compl
and a VCSEL or a fiber can be applied.
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Fig. 3. a) SEM-Picture of a cross section through the mirrpa b
FEM-simulation (time-average powerflow is shown)

Fig. 2. Mirror and polymer wave guide fabrication steps®-45
lithography and aluminium (sputtered and structured), SU-8 ‘ ‘ ‘ ‘ ‘ ‘
lithography, VCSEL application E -

I1l. SIMULATION
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Fig.3 shows a cross section SEM-picture of the® 45

mirror with a polymer spun on. Using this cross section
a FEM-simulation is done, which is shown in fig.3. The

simulation results in fig. 4 show only a few percent
change in coupling efficiency over a 100 nm wavelength
band, which is more than a grating coupler can achieve. o L ‘ ‘ ‘ ‘ ‘ ‘ ‘
The VCSEL or fiber has to be positioned in a L 1500 1520 1540 1560 1560 1600 1620 1640
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IV. CONCLUSION

In this paper a short, broadband and polarization in-
dependent vertical coupler is described. A misalignmel3i TL ShOIJ'i, T. TsudchiZf:}W& T. Watanaftm, Kb?mada, and H.itdor
H A “Low loss mode size converter from 0.8m square sI wire
up to 1'5/“_‘m do,es_ not change the CQUplmg effICI.ency. waveguides to singlemode fibreslectronics Letters, vol. 38,
The coupling efficiency can even be improved with an no. 25, pp. 1669-1670, 2002.
optimization of the mirror angle and thicknesses. Thiél O. Horn, J. Amthor, T. Lipka, and J. Mller, “Tunable

. P -1 silicon photonic wires fabricated by contact lithographgda
measurements are currently under investigation and will -~ oxidation,” inMicrotechnologys for the new Millenium,

be presented at the conference. A. Serpenguzel, Ed., vol. 7366, no. 1. SPIE, 2009, p. 73660C.
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