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Abstract:  We report the first 1310 nm hybrid laser on a silicon substrate.  
This laser operates continuous wave (C.W.) up to 105 °C.  The room 
temperature threshold current of this laser is 30 mA, and the maximum 
single sided fiber-coupled output power is 5.5 mW. 
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1. Introduction  

 
Many advancements have been made in silicon photonics in recent years [1-5]. However, due 
to its indirect bandgap, an efficient laser source on silicon is a challenge for silicon photonics. 
Many efforts have been made to achieve lasers that are compatible with silicon, such as 
stimulated Raman scattering (SRS) [1,2] and heterogeneous integration of III-V materials 
[6,7]. But these methods either need external optical pumping source or need a precise 
alignment during the process. Bonding III-V layers directly to the passive optical circuits 
before III-V patterning has been used to overcome the alignment requirement of die 
attachment approaches [4,5]. Recently, silicon evanescent lasers (SELs) have been 
demonstrated in the 1.55 μm regime [3,8] and provide a solution for a highly scalable and 
electrically pumped laser on silicon. These lasers utilize a III-V quantum well active layer 
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bonded to a silicon waveguide to achieve optical gain. The optical mode of this hybrid 
waveguide lies in both the III-V region and the silicon waveguide. The optical mode is 
defined by the silicon waveguide and no alignment is needed during the bonding process. This 
allows for a large number of SELs to be fabricated to the silicon wafer through a single 
bonding step. All the previous SEL lasers were designed to operate at 1.5 μm wavelength. 
However, 1.3 μm lasers are also important for many communication networks because of 
their thermal performance and dispersion characteristics of optical fibers. Data transmission 
using 1.3 μm wavelength suffers less from signal dispersion because optical fibers have lower 
dispersion in the 1.3 μm wavelength regime than the 1.5 μm wavelength regime. We report an 
SEL operating at the wavelength of 1310 nm with a threshold current of 30 mA, maximum 
C.W. operating temperature of 105 oC, and maximum single sided fiber-coupled output power 
of 5.5 mW. 

2. Device structure  

The device structure of a SEL is as shown in Fig. 1. The silicon wafer is fabricated with a set 
of rib waveguides on it. These rib waveguides have waveguide width (w) = 2.5 μm, height (h) 
= 0.69 μm, and rib etch depth (d) = 0.52 μm, as shown in Fig. 1. The device length is 860 μm. 
A detailed process description can be found in [3,8]. 

 

 
Fig. 1. Silicon evanescent laser structure. w = 2.5 μm, h = 0.69 μm, and d = 0.52 μm. 

 
 
The III-V epitaxial structure is summarized in Table 1. The AlGaInAs quantum wells have 

a photo-luminescence peak at 1303 nm. The quantum wells are located between a  n-layer and 
an electron blocking layer. The carrier blocking layer is designed to provide a high conduction 
band offset between the barrier and the SCH layer to prevent electrons from leaking out of the 
quantum well region, while having a low valence band offset to allow holes flow into the 
quantum well region [10].  
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Table 1. III-V epitaxial growth layer structure 

 

 
 

3. Experiment and results 
 

The device is mounted on a thermal-electrical cooler and driven with a C.W. or pulsed current 
source. The laser output power is measured from one facet of the device with a single mode 
lensed fiber while monitoring the lasing mode on the other facet by using an infrared camera. 
The coupled light to the lensed fiber is sent to an optical spectrum analyzer or a photodetector 
to measure the output spectrum or the output power. The coupling loss of the single mode 

lensed fiber was estimated to be ~ 4.6 ± 0.8 dB by using an integrating sphere 
Figure 2(a) shows the measured SEL optical mode, and Fig. 2(b) and Fig. 2(c) show the 

simulated mode profiles for the fundamental mode and the second transverse optical mode of 
this structure for devices with 2.5 μm waveguide width. These modes are calculated by the 
film mode matching (FMM) method [11]. The quantum well confinement factors for the 
fundamental mode and second transverse mode are 2.2 % and 10.5 % while the silicon 
confinement factors for the fundamental mode and second transverse mode are 81 % and 34 
%. Since the second transverse mode has a higher confinement factor in the III-V active 
region, it lases over the fundamental mode and was consistently observed (Fig. 2(a)).  

 

                           (a)                                                   (b)                                                   (c) 

Fig. 2. The measured SEL optical mode and simulated results: (a) measured optical mode; (b) 
simulated fundamental mode; (c) second order transverse mode 

Figure 3(a) shows the quantum well confinement factor as a function of silicon waveguide 
height (h in Fig. 1). In the tall silicon height regime (right hand part in Fig. 3(a)), a higher 
quantum well confinement factor for the second transverse mode exists. In the short silicon 
height regime (left hand part in Fig. 3(a)), the fundamental mode has a higher quantum well 
confinement factor.  Fig. 3(b) shows the fundamental mode and second transverse mode for 
the tall silicon height regime (top figures), the crossover point (middle figures), and the short 
silicon height regime (bottom figures). As the silicon height decreases, the mode increasingly 
lies more in the III-V region. This drives the confinement factor of the fundamental mode up 
at the expense of coupling efficiency to non-hybrid silicon rib waveguide regions. The second 
transverse mode also undergoes an increase in III-V confinement factor but splits into two 
lateral lobes at lower silicon heights. This splitting reduces the modal overlap with the 4 
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micron wide excited quantum well region at the center, leading to lower confinement factors 
so that when the silicon height is less than 0.4 μm, the fundamental mode will lase first. 

 

  
(a)      (b) 

Fig. 3. The confinement factor in III-V region simulation for different silicon waveguide height: 
(a) confinement factor calculations for the fundamental mode and second transverse mode as a 
function of waveguide height (b) fundamental and second transverse modes for waveguide 
heights of 0.7, 0.475, and 0.4 μm. The image aspect ratio (Height:Width) is 4:1.  

 

 
 

Fig. 4. The single sided fiber coupled laser power output as a function of drive current at 
different temperatures. 

 
Figure 4 shows the measured single sided fiber coupled C.W. laser output power as a 

function of the injected current for various temperatures ranging from 15 °C to 105 °. The turn 
on voltage at 15 °C is 1.2V and the series resistance is 11.5 ohm. As shown in Fig. 4, the 
threshold current of the device at 15 °C is 30 mA, which is 35 mA lower than previous SELs 
[3]. This is because the device lases at second transverse mode and it has higher confinement 
factor in the III-V active region. The highest operating temperature is 105 °C. This is 50 °C 
higher than the previous record [8]. This is because our lasing mode has larger quantum well 
confinement factor and the quantum wells are designed to have a larger conduction band 
offset than the design used in [8]. Moreover, it is generally known that 1.3 μm lasers have 
better thermal performance because of the reduced intravalence band absorption and Auger 
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scattering. The maximum output power measured by a single mode lensed fiber is 5.5 mW 
and the corresponding differential quantum efficiency is 8 %. Taking into account the fiber 
coupling loss and the lights from both sides of the facet, we estimate the total output power 
and differential quantum efficiency to be 31.6 mW and 46 %, respectively. 

The characteristic temperature of the threshold (T0) was 60 K and differential efficiency 
(T1) was 112 K, as measured by a pulse current source with a repetition rate of 1 kHz and 
pulse width of 500 nsec,. Fig. 5(a) shows 1/ ηd (ηd: differential quantum efficiency) at 
different device lengths. By linearly fitting this data, the injection efficiency and modal loss 
are estimated to be 52 % and 6.4 cm-1 respectively. The modal gain at different current 
densities for 2.5 μm waveguide width was also measured from current thresholds of different 
device lengths. The modal gain was estimated to be ~24 cm-1 at the current density of 2000 
A/cm2.  

 
                                       (a)                                                                      (b) 
 

Fig. 5. Pulse measurement results for 2.5 μm waveguide width SELs: (a) the relation between  
1/ ηd (differential quantum efficiency) and device length; (b) modal gain at different current 
densities. 

 
Figure 6 shows the measured lasing spectrum of the SEL under 100 mA drive current at 

15 °C. The center wavelength is 1326 nm. The inset of Fig. 6 shows a close up of the lasing 
spectrum, showing the Fabry-Perot modes. The mode spacing is measured to be 0.27 nm, 
which corresponds to a group index of 3.83.  

 
 

1/

η

d 

y=10.9x+1.9496 
<αi> = 6.4 cm-1 
  ηi = 52.5 % 
 

y=15.632Ln(x)-94.813 
Γg0=15.632 cm-1 
Jtr=430 A/cm2 
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Fig. 6. The spectrum of silicon evanescent laser under 100 mA driving current at 15 °C. 
 

4. Conclusions 
 

Here we demonstrate the first electrically pumped 1310 nm hybrid laser on silicon.   This laser 
lases at second transverse mode with a III-V quantum well confinement factor of 10.5 %. A 
low threshold current of 30 mA was demonstrated, and the maximum single sided fiber 
coupled output power was 5.5 mW. The single sided fiber coupled differential quantum 
efficiency is 8 % and the maximum lasing temperature is 105 °C. Taking into account the 
fiber coupling loss and the lights from both sides of the facet, the total output power and 
differential quantum efficiency are estimated to be 31.6 mW and 46 %, respectively. We can 
integrate a large number of these lasers on a single chip using only one bonding process. This 
technology is applicable to semiconductor optical amplifiers [12] at 1.3 μm, which is 
important because it is outside the wavelength range of erbium doped fiber amplifiers.   
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