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ABSTRACT 

 
We present an electrically pumped silicon evanescent laser that utilizes a silicon waveguide and offset AlGaInAs 
quantum wells.  The silicon waveguide is fabricated on a Silicon-On-Insulator (SOI) wafer and is bonded with the 
AlGaInAs quantum well structure using low temperature O2 plasma-assisted wafer bonding. The optical mode in the 
hybrid waveguide is predominantly confined in the passive silicon waveguide and evanescently couples into the III-V 
active region providing optical gain via electrical current injection. The device lases continuous wave at 1577 nm with a 
threshold of 65 mA at 15 oC. The maximum single-sided fiber-coupled cw output power is 1.8 mW. The maximum 
operating temperature is 40 oC mainly limited by a high series resistance of the device. Operation up to 60 oC should be 
achievable by lowering the series resistance and thermal impedance.  
Keywords: Silicon Photonics, Heterogeneous Integration, Semiconductor Lasers 
 

1. INTRODUCTION 
 
Silicon based optoelectronic integration is a promising platform for optical communications and interconnects. Silicon 
based photonic active devices are necessary for high levels of integration with low cost. Many approaches to realize 
active photonic functionality with silicon have been demonstrated such as Raman lasers [1, 2], and nano-patterning [3]. 
Even though all of these demonstrations have widened the scope of the silicon photonics, an electrically pumped silicon 
laser has not yet been demonstrated. Another approach to incorporate active devices onto silicon is hybrid integration. 
III-V lasers are coupled to silicon waveguides by aligning and attaching individual III-V die to silicon. However this 
approach has some drawback in that two devices of different dimensions and/or materials have to be aligned to sub-
micron precision to enable efficient coupling. Recently we demonstrated an electrically pumped silicon evanescent laser 
operating continuous wave [4] as an alternative way to overcome the sophisticated alignment requirement. The device 
has a threshold of 65 mA, and a maximum output power of 1.8 mW with a differential quantum efficiency of 12 %. The 
device lases cw up to a temperature of 40 °C. In this paper, we present design and fabrication of silicon evanescent 
lasers and analyze the current device results to allow better performance with low threshold and high temperature 
operation. 
 

2. DEVICE STRUCTURE AND DESIGN 
 

 
Fig. 1.  Device structure 

Invited Paper

Novel In-Plane Semiconductor Lasers VI, edited by Carmen Mermelstein, David P. Bour, 
Proc. of SPIE Vol. 6485, 648515, (2007) · 0277-786X/07/$18 · doi: 10.1117/12.714274

Proc. of SPIE Vol. 6485  648515-1



Name Composition Doping Thickness

P contat layer ln053Ga047As P-type,lxlO9cm3 0.1 im
Cladding lnP P-type, lxi 08cm3 1.5 im
SCH i.3Q-Al0131Ga034ln0528As P-type, lxi 07cm3 0.25 tm1 (1AI ( I A (O,,\ ,,-,,-l,-,.-',,,,-l in

undoped 7nm
N-type,ixiO8cm3 110 nm

N-type,lxlO8cm3 7.5 nm

N-type,lxlO8cm3 7.5 nm
N-type, lxi 08cm3 10 nm

(PL:1545 nm)
Spacer
Super lattice

Bonding layer

1 .7Q-AI0055Ga0292In0653As (8x)

nP

1.1 Q-1n085Ga0 5As0327P (2x)
nP (2x)
nP

IIi-Vecdve region SiliconWavegulde

3.4

3.2

2.6

2.6

2.4

2.2

1.8

1.6

1.4 -
—6.5 6 6.5

y(i m)
1.5 2 2.5

p InP Cladding p SCH MQWs n InP & SL

-0,2

1.3 14 1.5 1.6 17 18 2.1
y(um)

 

 

 
Table 1.  III-V epitaxial layer structure 
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Fig. 2. (a) Band structure of III-V region under forward bias  (b) Index profile in vertical direction 
 

 
Fig. 3. Mode profiles with different waveguide widths. Height of the waveguide is fixed at 0.76 um 

 
Fig. 1 shows the device structure of the electrically pumped silicon evanescent laser. The hybrid structure is comprised 
of a III-V region bonded to silicon waveguide fabricated on a silicon-on-insulator wafer. The III-V epitaxial structure is 
grown on an InP substrate and is summarized in Table 1. The eight quantum wells are compressively strained (0.85 %) 
while the barriers are tensile strained (-0.55 %). The quantum well active region is bounded by p-AlGaInAs SCH layer 
and n-type layers.  A superlattice region is used at the bonding interface to inhibit the propagation of defects from the 
bonded layer into the quantum well region [5].  With this hybrid structure, most of the optical mode is confined in the 
silicon waveguide and typically a few percent of the mode is coupled to the multiple quantum well layers which provide 
electrically pumped gain to the optical mode. Figure 2a and b shows the band structure under forward bias and index 
profile of the III-V layer in the vertical direction respectively. The mesa structure formed on the III-V region enables the 
current injection through the multiple quantum well region. Holes are injected from the p contact at the top of the mesa 
while electrons are injected from the n contact at the bottom of the mesa as shown as two different arrows in Fig. 1. The 
refractive index of each III-V layer is calculated from the relative dielectric constants for strained layers [6]. As shown 
in the blued dotted line in Fig. 2b, the optical mode is mainly confined in the silicon waveguide region and is 
evanescently coupled through the thin InP bonding interface layer. With this structure, the confinement factors in III-V 
and silicon regions can be manipulated by changing the silicon waveguide dimensions. Figure 3 shows three different 
mode profiles with three different waveguide widths. 
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The effects of silicon waveguide dimensions can be quantified with the confinement factor in the silicon region (ΓSi) 
and the QW gain region (ΓQW). ΓQW is a critical design parameter in order to achieve enough gain for lasing while ΓSi is 
an important parameter determining coupling efficiency when the device is integrated with other silicon passive 
devices. ΓSi and ΓQW are calculated using Beamprop mode solver with different waveguide heights (H) and widths (W) 
as shown in Fig. 4a. The slab thickness of the rib waveguide is fixed as 0.5 µm. In general, ΓSi increases as H or W 
increases while ΓQW decreases. The waveguide dimensions for single mode conditions are also shown in the figure. 
Since single mode lasing is preferable for the most of the applications, waveguide dimensions should be chosen 
carefully considering mode characteristics as well as two confinement factors. For the demonstrated device, the silicon 
strip waveguide is fabricated with a height of 0.76 µm and a width of 2.5 µm resulting in a mode that exists 
predominantly in the silicon waveguide. The calculated overlap of the optical mode with the silicon waveguide is 74 % 
while there is a 3.4 % overlap with the quantum wells as shown in Fig.4b.  
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Fig 4.  (a) Confinement factors with different waveguide dimensions. (b) Confinement factors with fabricated 
waveguide with a height of 0.76 µm and a width of 2.5 µm  
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