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Abstract: We report an electrically pumped distributed feattbsilicon evanescent laser. The
laser operates continuous wave with a single madpub at 1600 nm. The laser threshold is 25
mA with a maximum output power of 5.4 mW and a maxin operating temperature of 50 °C.
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1. Introduction

A new type of hybrid integration on silicon has dmped in recent years, allowing for alignment foemsfer
of IlI-V materials to silicon [1, 2]. This methodl@wvs for the realization of electrically drivenskrs on silicon, a
key hurdle in creating silicon photonic circuitshile still maintaining a process that is scalabléigh volumes. A
key element is developing a compact laser that rdbe@squire polished facets. A second key elemisnt
demonstrating a single frequency laser on silit@t tan be integrated with an array waveguide nggih\WG) for
DWDM or CWDM integrated transmitters. Figure 1 sisoavconcept for a silicon terabit transmitter zitilg hybrid
integration. 25 single wavelength lasers are eagtgrnmodulated at 40 Gb/s and then multiplexed tiogieinto a
single waveguide to form a wavelength division npldtxed 1 Tb/s data stream. Although micro-disletasyield
single wavelength output, their wavelength seleci® determined by the round trip cavity lengthparameter
strongly dependent on fabrication variations, mgkirmvelength targeting a challenge. The inhererdemismatch
between the optical mode in the disk and the bugeg@ide also make precise control of coupling emtly
challenging. In addition, their small size leads hgh thermal impedance limiting the current maxmu
demonstrated continuous wave operating temperatarsilicon to 20 °C [2]. Grating based lasers, ba other
hand, are more dependent on grating periodicityerathan duty cycle for wavelength selection, givthem an
increased wavelength targeting precision. Opticaliynped IlI-V distributed feedback (DFB) membraaselrs on
silicon-on-insulator (SOI) have been demonstratéd maximum output powers of 125 nW [3]. We repoete an
electrically pumped DFB silicon evanescent lasdfBESEL) lasing CW up to 50 °C. Single wavelengtsirg is
observed at 1600 nm with a linewidth of 3.6 MHz amaximum output power of 5.4 mW at 10 °C.
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Fig. 1- A silicon terabit transmitter with 25 DFHE=Bs externally Fig 2 — DFB-SEL longitudinal cross section diagram.
modulated at 40 Gb/s.

2. Device design

The device is fabricated on the silicon evanesdenice platform [4] with an AlGalnAs quantum welided active
layer structure wafer bonded to silicon waveguidasatings are formed by depositing a 50 nm PECVO, $iard
mask onto the un-patterned silicon on insulatorewafhe hard mask is patterned with electron-batmgraphy
and inductively coupled plasma dry etching to f@m25 nm surface corrugated grating with a 238 o @and 71
% duty cycle. The grating stop-band is designeatatind 1600 nm, in order to account for the spkshidt seen in
previous devices due to device heating [5]. Ndakto® waveguides are formed by depositing a 200Si@, hard



mask. Waveguide patterning is conducted with ptajaclithography and a second ICP dry etch. The&ail
waveguide has a width, height, and rib etch degth.b mm, 0.7 nm, and 0.5mm, respectively. This yields a
guantum well confinement factor of 5.2% and a siliconfinement factor of 59.2%. Next, the IlI-V&tture is
transferred to the silicon wafer with a low tempera wafer bonding technique and processed fotrgatcurrent
flow control, the definition of passive regionsdahgh the selective removal of IlI-V materials, @¢hd formation of
tapers as described by H. Pakal. [4]. Figure 2 shows a longitudinal cross sectidrthe laser structure. The
grating is 340 microns long with a % wavelengthftsim the center of the grating in order to break tmodal
degeneracy inside the distributed feedback Braggrmys. The top of Figure 3 shows the device laydbhe DFB-
SEL consists of a 200m long gain region. 80 micron long tapers are fatrg linearly narrowing the IlI-V mesa
region above the silicon waveguide. This adiabHjic@ansforms the mode from the hybrid waveguidethe
passive silicon waveguide allowing for losses andfder of 1.2 dB per taper and reflections oroituer of 6 x 10
[4]. Two tapers are placed on both ends of this gagion and are also electrically pumped, givirayvior a small
amount of optical gain. Silicon evanescent phot@cters are placed on both sides of the laserderao enable on
chip testing of the DFB-SEL performance. The phid¢bectors are 246m long including the two 8@m long
tapers. The detector to the right is placed 400ani& away in order to allow room for dicing andigling for off
chip spectral tests.
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Fig 3 — (top) DFB-SEL device layout. (bottom) Misompe image of Figure 4 — L-I-V curve for stage temperatures ofCo 50 °C.

DFB-SEL and integrated silicon evanescent photedtets.

3. Laser performance

The light-current (L-1) characteristics of the DFEL is measured on chip by collecting light outboth sides of
the laser with integrated silicon evanescent pliatiectors. To determine the laser power outputasgeime 100%
internal quantum efficiency of the photodetector®ider to conservatively assess the laser perfiwendt can be
seen from Figure 3 that at 10 °C, the lasing ttokkis 25 mA with a maximum output power of 5.4 mWhe

maximum lasing temperature is 50 °C. The secongaryis of figure 4 shows voltage-current curve. Taser turn
on is ~1.8V and the laser has a 13 ohm devicessesgstance.

The lasing spectrum is taken by dicing off the righoto-detector, polishing, and anti-reflectioratiog the
silicon waveguide output facet. Light is from thalected with a lensed fiber into an HP spectruralyrer with a
0.08 nm resolution bandwidth. Figure 5 shows threcspm with a 10 nm span with the laser being dri@e90 mA.
The laser has a lasing peak of 1599.3 nm and ansiife suppression ratio of 50 dB. It can be seam fhe inset
that the laser operates single mode over a 10Qoam s

The laser linewidth is measured by using the delessgdf heterodyne method [6]. The laser light idemted
into a lensed fiber and amplified with an L-bandpéifier. The ASE from the L-Band amplifier is filted out with a
5 nm wide tunable band pass filter. The light isnthmodulated with a lithium niobate modulator aGHz to
generate Lorentzian sidebands 5 GHz away fromaserIsignal. The signal is place through a fibesrfarometer
with a 3.5 microsecond delay and then collected mtphotodetector in an HP lightwave analyzer. @ben
converted, lineshape is measured at 5 GHz on thetrspn analyzer with a 50 KHz resolution bandwiditgure 6
shows the linewidth at 1.8 mW laser output powethwda down converted Lorentzian linewidth of 7.16 #H
corresponding to a 3.6 MHz linewidth, a typicaluafor commercial DFB lasers.



Figure 5) Optical spectrum under 90 mA injectiorrrent. (Inset) Figure 6) Delayed-self heterodyned linewidth tratan output power
Optical spectrum with 100 nm span. of 1.8 mWw.

4. Conclusion

We have demonstrated a single wavelength eledtripalmped distributed feedback silicon evanescaseénd
operating at 1600 nm. The laser threshold is 25 aml has a maximum laser output of 5.4 mW at 1QvitG@ a
maximum lasing temperature of 50 °C. The 50 dBidé snode suppression and 3.6 MHz linewidth, arepamable
to commercial IlI-V DFB lasers, and can be useaanjunction with high speed silicon modulators dma loss
multiplexors to create wavelength division multiee transmitters on silicon.
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