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Abstract: Active layers directly-bonded onto thin-silicon-film exhibits good confinement~15% 

and requires compact(<60µm) mode-transformer.  DFB laser-on-thin-silicon-film study shows 

superior flexibility in designing coupling coefficient to reduce threshold current and increase slope 

efficiency by ~2×-5×, compared to prior-arts.  
OCIS codes: 250.5960   Semiconductor lasers, 250.5300   Photonic integrated circuits, 130.3120   Integrated optics 

devices 

1. Introduction 

Single-mode photonic waveguides, based on silicon typically have sub-micron cross-sectional dimensions.  Either 

the waveguide thickness can be larger than width or vice-versa.  Some of the advanced silicon photonic devices 

including modulators, waveguides, resonators, filters, grating couplers etc., are realized on standard thinner (220nm) 

silicon film [1-3] compared to that used for realizing lasers-on-silicon [4-6].  One reason for considering thicker film 

for laser-on-silicon is to provide better tolerance to optical field transfer mechanism between III-V active layers and 

silicon waveguide [4].  Although active layers are realized on thicker film but are coupled to 220nm film through 

two-step coupling mechanism, by implementing a spot-size converter to transfer the mode to an intermediate section 

and then using a ~150 µm long adiabatic inverse-taper to couple the field into active layers [4].  This method relaxes 

the tolerance of sharp InP-based active layers tip width to ~500nm [4], but the disadvantage is in the form of an 

extra step of lithography and etching for realizing two-step coupler and requirement of long (150 µm) inverse taper.  

On the other hand, silicon evanescent lasers [5, 6] do not have a dedicated coupler to transfer optical field between 

active and passive regions.  Hence, it is implemented on a thicker silicon waveguide, but the disadvantages are: 

optical field confinement in active layers is weak and the coupling coefficient is too sensitive to grating depth. 

So, in this work, we show that the standard 220nm thin silicon film offers not only higher optical field 

confinement in active region but also compact optical field coupling section.  In addition, the platform also provides 

a superior flexibility in designing the coupling coefficient of the laser to simultaneously reduce threshold current and 

increase slope efficiency [7].  However, the price paid is in the form of lower tolerance of InP-based active layer tip 

width to ~150nm [8], which should still be addressable using the current lithography tools.  In the next section, we 

study the optical field confinement in III-V layers and coupling between III-V layers and silicon waveguide.  

Finally, as an example, we calculate the threshold current and slope efficiency for DFB laser-on-silicon. 

 

2. Optical field coupling and confinement      

                                
Fig. 1. (a) Cross-section of laser active region on thin silicon film. (b) Normalized optical power confined in MQW+Barrier region as a 

function of ridge width of III-V layers. 

The cross-section of the III-V-based active region is as shown in Fig. 1(a).  Quantum wells plus barrier region is 

assumed to be 150nm [7].  In the proposed structure, the III-V active layers are assumed to be directly bonded onto 

the silicon layer.  Silicon film does not require waveguide underneath active layers unlike silicon evanescent 

platform [5, 6].  Since the effective index of thin silicon film is lower than the thicker III-V layers, the mode is 

confined in the active region.  It can be seen in Fig. 1(b) that the optical field confined in the active region increases 

with decrease in the thickness of silicon film.  Also, as shown by the mode profile of electric field in the inset of Fig. 

1(b), the optical field is well-confined in the active layers. 
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Fig. 2. (a) Adiabatic coupler section for coupling the optical mode between from thin film-based silicon waveguide to III-V active region. 

(b)3D simulation of YZ cross section of optical field profile in the coupler. (c) Mode-profile of the field in the III-V active region. (d) 

Transmission through the taper region with etched, partially-etched and unetched n-layer, calculated using 2D beam propagation method [8]. 

However, an effective optical transfer mechanism between the thin silicon film-based waveguide and the active 

region is required for optical fields.  So, an optical mode transformer could be realized by tapering silicon and III-V 

layers in the same direction [8].  As shown in Fig. 2(b), note that the length of the coupler could be less than 50 µm 

in comparison to inverse-taper-based coupler that requires >150 µm [4].  In Fig. 2(a-c), electrical contacts and hence 

pumping in the taper region is neglected.  However, if we need to pump the taper region, then the n-layer in the taper 

region should be left un-etched.  This saves the multi-etch steps that are typically required in realizing muti-step 

couplers [4].  As shown in Fig. 2(d), even for the un-etched n-layer case, the coupling length is <60µm.  So, thin-

film platform not only offers compact coupler region but is also simple to realize since it can be realized in one-step 

lithography and etching.  However, the price paid for this advantage is in the form of tolerance of III-V taper tip 

width that needs to be atleast ~150nm.  Such tolerance levels, as we know, should be manageable using current 

industry-standard lithography tools.  In the next section, we demonstrate the advantages of thin silicon film platform 

through an example design of DFB laser. 

3. Design of DFB laser on thin silicon film 

       

 Fig. 3. (a) Schematic of DFB laser on thin silicon film. (b) 3D schematic representation of DFB laser on silicon.   (c) Coupling coefficient of the 
DFB laser as a function of ridge width and air-groove width. 

Figs. 3(a) and (b) are the schematic of DFB laser-on-thin-silicon-platform with air-grooves that act as grating 

patterned on silicon film.  The ridge width and the air-groove width control the grating coupling coefficient as 

shown in Fig. 2(c).  The coupling coefficient of DFB laser having gratings with 50% duty cycle is given by: 
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where k0=wave vector in free space, neff=effective index of the mode, Δε=relative permittivity difference between 

silicon and air in grating region, ),( yxE


and ),( yxH


are electric and magnetic fields respectively. 

Based on equation (1), coupling coefficient is dependent on the amount of field confined in the grating.  For 

DFB laser, based on silicon evanescent platform, the coupling coefficient is high.  It is because, optical field is 

mainly guided in the silicon waveguide and hence the center of the optical field is close to the gratings, causing an 

increase in the coupling coefficient to ~250 cm
-1

 [5] and 156 cm
-1

 [6] even when the grating depth etched on silicon 
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waveguide is just 25 nm.  Such high coupling coefficient together with the small confinement factor reduces the 

slope efficiency of the laser to ~0.014-0.026 mW/mA.  However, for DFB laser-on-thin-silicon-film, optical mode is 

mainly guided by the III-V layers and hence just the evanescent tail overlaps with the gratings.  By changing the 

ridge width and air-groove width, the amount of field overlap in the gratings can be tuned to provide a superior 

flexibility in the design.  We further used some common material parameters, such as: internal quantum efficiency 

ηi=0.39,  internal loss <αi>=11 cm
-1

, bimolecular coefficient B=10
-10

 cm
3
/s, auger recombination coefficient 

C=3.5×10
-30

 cm
6
/s, empirical gain parameter g0=966 cm

-1
, carrier density at transparency Ntr=1.8×10

18
/cm

3
 together 

with estimated pitch of grating, coupling coefficient and mirror loss to calculate the threshold current and slope 

efficiency of the DFB laser with quarter-wave phase shift at the center, based on thin silicon film [7]. 

       
Fig. 4. (a) Threshold current, and (b) Slope efficiency as a function of length of the laser.  All calculations were done by fixing the air groove 

width to 1 µm and ridge width was varied to estimate coupling coefficient, pitch of the grating for resonance at 1.55 µm wavelength and mirror 
loss using coupled mode theory, which were then used to estimate threshold current and slope efficiency. 

The encircled regions in Fig. 4(a) show the optimal length of DFB for minimal threshold current.  Note that the 

minimal threshold current occurs when κL~1-2.5.  This regime of κL is similar to that used for designing 

conventional DFB lasers based on III-V materials, but for DFB laser on silicon evanescent platform, κL is typically 

>5 [5, 6] because of high κ.  Also, the slope efficiency shown in Fig. 4(d) for the encircled region that represents the 

minimum threshold current region also confirms that the slope efficiency is greater than 0.2mW/mA, which is more 

than ~2×-5× compared to the prior-arts [4-6].  We also confirmed that the side-mode suppression in DFB laser on 

thin silicon film is also greater than that of conventional DFB lasers.  Better side-mode suppression is possibly 

because optical fields in active layers experience high index contrast guiding (with respect to BCB).  In addition, the 

confinement of higher order modes is 2% weaker than that of the fundamental mode. 

So, in summary, thin silicon film platform has been an efficient platform for photonic devices such as 

modulators, filters, resonators etc.,.  Even when integrated with active layers, they offered good optical field 

confinement of ~15% and compact coupling region with length <60µm, in addition to the possibility of simpler 

realization with just one-step lithography and etching.  Further, theoretical investigation of DFB laser-on-thin-

silicon-film showed superior flexibility in designing the coupling coefficient, just based on ridge width and air 

groove width and provided better confinement of optical fields in active region.  Good confinement, together with 

right coupling coefficient offered good flexibility in designing coupling coefficient that reduced threshold current 

and simultaneous improved slope efficiency and side-mode suppression in DFB laser-on-thin-silicon-film.  Hence, 

thin silicon film platform may potentially be a favorable platform for lasers-on-silicon too. 
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