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Abstract 

We present a fabrication flow integrating lasers at the backside of silicon-on-insulator wafers. It is expected to be compatible 

with integration of other material-layers and reduce the variance of lasers performance. A DFB laser fabricated accordingly 

exhibits a total waveguide-coupled power of 60mW at 160mA/20°C. 

1 Introduction 

Silicon (Si) photonics technology is constantly evolving, with 

new layers and materials integrated onto silicon-on-insulator 

(SOI) wafers. Germanium (Ge) was first added by epitaxial 

growth on Si for efficient photodetectors (PD) [1]. More 

recently, silicon nitride (SiNx) layers have been monolithically 

integrated on top of the SOI layer for improving the efficiency 

and spectral bandwidth of Surface Grating Couplers (SGCs) 

[2] or for wavelength de-multiplexers [3]. In parallel, 

extensive work has been done for integrating lasers on Si by 

bonding III-V semiconductors onto Si. However, the standard 

III-V-on-Si integration processes, where the III-V is bonded 

onto the top surface of the SOI, can hardly accommodate 

other-material-layers, due to the uneven topography that 

would be caused by their integration and due to temperature 

constraints. To our knowledge, there have not yet been reports 

of heterogeneous III-V/Si integration on a platform that 

included Ge PDs and/or SiNx devices. 

In this paper, we report a new fabrication process flow for 

integrating heterogeneous III-V/Si lasers. The approach is 

readily compatible with monolithically integrated SOI 

platforms containing other materials/layers.  In addition, this 

fabrication process has significant potential to reduce the 

variance in the heterogeneous laser performance. The 

performance of a distributed feedback (DFB) laser fabricated 

according to this process flow is presented as a preliminary 

proof-of-concept. 

 

2 Heterogeneous laser integration flow 

Heterogeneous III-V/Si lasers are integrated according to two 

main process flows. The first one uses direct III-V/Si bonding 

[4, 5]. The Si waveguide is formed in the SOI layer and the III-

V material is directly bonded on the etched Si waveguide, with 

the native Silicon dioxide (SiO2) layer as the bonding 

interface. This process flow enables accurate control of the 

thickness of the bonding interface, but makes the integration 

with other devices formed in other materials (e.g. Ge-PDs, 

SiNx waveguides, hybrid Ce:YIG/Si isolators) difficult. The 

second process flow consists of forming the SOI waveguide, 

encapsulating it in tetraethyl orthosilicate SiO2 (TEOS-SiO2), 

and applying Chemical Mechanical Polishing (CMP) for 

planarizing the wafer. The III-V material is then bonded on the 

planarized wafer, with the TEOS-SiO2 layer serving as the 

bonding layer. Again, this approach makes the integration with 

additional materials/layers difficult. Furthermore, the TEOS-

SiO2 layer thickness between the top of the Si waveguide and 

the III-V-layer-stack lacks wafer-scale uniformity (e.g. +/-

30nm variation), leading to dispersion of the grating strength 

of DFB lasers [6, 7], and in their performance. 

Our fabrication process flow, which we call “Back-Side-On-

BOX” process (BSoBOX) is represented in Figure 1. 

Figure 1. Schematics of the new BSoBOX fabrication process 

flow. The figures are cross sections of the wafer. 
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In the first step, the Si photonic wafer is fabricated according 

to standard Si photonics processes on a SOI wafer comprising 

the original Si substrate, the buried oxide (BOX) layer and the 

top Si layer. The top Si layer is etched for defining the Si 

waveguides. In our process flow, this etching step is also used 

for defining the DFB gratings. An additional SiNx layer can be 

formed above the Si layer. The fabrication of the Si photonics 

wafer is completed by a TEOS-SiO2 encapsulation and 

planarization. In the second step the Si photonics wafer is flip 

bonded onto a Si handle, and the original Si substrate is 

removed, leaving the BOX layer on top. The BOX thickness 

of a SOI wafer can be defined to be several tens of nanometers 

with a total variation of only +/-2 nm. In the third step, the III-

V-layer-stack is bonded on top of the BOX layer, and 

processed in the fourth step (etching of the III-V stack and 

electrical contacts). The laser obtained from our process flow 

is different from the laser demonstrated in [8], where the 

gratings are defined at the backside of the SOI layer, after 

removing the original Si substrate and the BOX layer at step 

2. For those lasers, the gratings were encapsulated in TEOS-

SiO2 and the III-V was subsequently bonded on the planarized 

TEOS. 

 

3 III-V/Si DFB laser design 

For demonstrating our BSoBOX process, we used a SOI wafer 

with a 300 nm thick Si layer and a 20 nm thick BOX layer. A 

comparison of the cross sections of frontside-processed (FS) 

500 nm Si hybrid waveguide in [6] and new BSoBOX 300 nm 

Si hybrid waveguide are shown in Figures 2 (a) and (b), 

respectively. On both platforms, the III-V material stack and 

waveguide geometry is as described in [6]. DFB gratings are 

formed by alternating the width of the Si waveguide (𝑤𝑆𝑖) 

between two different values 𝑤𝑆𝑖,1 and 𝑤𝑆𝑖,2. The grating 

strength, 𝜅, is calculated using the equation for a square 

grating: 

 𝜅 =  
2∆𝑛𝑒𝑓𝑓

𝜆
, (1) 

where ∆𝑛𝑒𝑓𝑓 is the effective index difference between the 

optical modes of the hybrid III-V/Si waveguides with width 

𝑤𝑆𝑖,1 and 𝑤𝑆𝑖,2, and 𝜆 is the free space wavelength (1310 nm). 

In the hybrid FS platform on 500 nm Si, the fundamental mode 

is a supermode in the Si and III-V material (Figure 2 (c)) that 

relies on the effective indices of the modes in the standalone 

Si and III-V waveguides to be similar. A consequence is that 

the supermode profile, confinement factor, and grating 

strength are sensitive to 𝑤𝑆𝑖  and bonding oxide layer thickness. 

In the BSoBOX hybrid platform with 300 nm Si, the bonding 

oxide thickness is set accurately by using the BOX, and the 

optical mode is always strongly confined within the III-V 

material, regardless of the Si waveguide width (Figure 2 (d)). 

Figure 3 (a) and (b) give the variation of the computed grating 

strengths of the FS and BSoBOX platforms as a function of 

𝑤𝑆𝑖,1 and 𝑤𝑆𝑖,2, respectively. The BSoBOX platform is much 

more tolerant to variations in 𝑤𝑆𝑖,1 and 𝑤𝑆𝑖,2.  

 

Figure 2. A cross section comparison of (a) the previous FS 

platform and (b) the new BSoBOX platform and their 

fundamental modes in (c) and (d), respectively. 

 

Figure 3. Computation of the grating strengths on (a) the FS 

platform and (b) the BSoBOX platform. 

 

4 Laser measurements 

The heterogeneous III-V/Si DFB laser was fabricated at CEA-

Leti on 300mm SOI wafers using 193nm DUV lithography. In 

our device, we use a 400 μm long quarter-wave shifted grating 

with a 198 nm pitch and fill factor of 0.5, with 𝑤𝑆𝑖,1 = 0.94 μm 

and 𝑤𝑆𝑖,2 = 1.73 μm. The computed grating strength is about 

65 cm-1, but it is likely that the grating strength in the 

fabricated device is lower due to rounding of the grating teeth 

or some deviation from the designed fill factor during 

lithography. 

The LIV (Light (mW), Current (mA), Voltage (V)) 

characteristics of the DFB laser in continuous-wave (CW) 

operation at room temperature are shown in Figure 4. The LI 

characteristics are measured from the two ends of the laser 

(Right-Hand Side [RHS] and Left-Hand Side [LHS]) by 

collecting light through SGC in the Si waveguide. The SGC 

transmission loss (7.2 dB at 1290 nm) was measured using test 

structures on the chip and have been removed from the data in 

Figures 4, 5 and 7, plotting the optical power coupled in the Si 

waveguide. The kinks in the LI curve (e.g., at 100 mA and 150 

mA) are due to mode hops, which were most likely caused by 

back-reflections from the transition between the hybrid 

waveguide and the passive Si waveguide. The maximum 

waveguide-coupled power from a single end of the DFB laser 

exceeded 40 mW at 202 mA. Fitting the IV curve with a diode 

equation gives a series resistance for the diode of ~ 7.3 Ω. 
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Figure 4. Optical power coupled in the Si waveguide from the 

two ends (RHS and LHS) of the DFB laser as a function of 

current. The IV curve (red) is fitted with a diode equation 

(black) to get the series resistance. 

The total CW power emitted from the DFB laser (LHS + RHS) 

is shown in Figure 5. At 160 mA, the total waveguide-coupled 

power is about 60 mW, corresponding to a wall plug efficiency 

(WPE) of about 12.5%. The maximum WPE is > 18% for 

currents between 110 mA and 120 mA. 

 

Figure 5. The total power (LHS+RHS) and corresponding wall 

plug efficiency of the DFB laser. 

Figure 6 shows the optical spectra from the device at 80, 120, 

160, and 200 mA. The corresponding side mode suppression 

ratios (SMSRs) are 50, 52, 54 and 54 dB, respectively. 

 

Figure 6. The optical spectra at various currents, taken with a 

resolution bandwidth of 0.2 nm (large figure) and 

0.03 nm (inset). 

Lastly, Figure 7 shows the waveguide-coupled power from the 

RHS of the laser as a function of temperature. At temperatures 

above 65 ºC, the laser no longer turns on. The characteristic 

temperature of the laser, T0, is 46 K. 

5 Conclusion 

We have presented a new BSoBOX fabrication process flow, 

which is expected to be compatible with other material-layers 

while also reducing the variance in the lasers performance. A 

DFB laser fabricated accordingly was demonstrated to have a 

total output power of 60 mW at 160 mA/20°C, which is 6 to 

10 times higher than DFB or DBR lasers demonstrated in [6] 

and [8]. The laser performance can be improved in the future 

by reducing the losses of the III-V/Si transition and using 

temperature-improved III-V quantum wells. The yield of the 

integration process is currently being investigated. This 

fabrication process is compatible with heterogeneous InP/Si 

modulator, and integration is in progress.  

 
Figure 7. The waveguide-coupled power from the RHS of the 

DFB laser at various temperatures. 
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