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A quantum dots (QD) laser is a promising solution of on-chip light source for an integrated photonics 

platform thanks to its low threshold current density and high thermal stability [1]. To integrate 

high-performance QD lasers on Si, we have investigated the wafer bonding with epitaxial lift-off (ELO) 

technique on a Si platform (Fig. 1) [2]. In this report, we investigate metallization conditions for ELO wafer 

bonding with smooth surface morphology and low contact resistance. To confirm the contact resistance and 

the surface roughness, palladium (Pd), molybdenum (Mo), tungsten (W), and nickel (Ni) were deposited on a 

p+GaAs wafer and annealed for 1 minute. We confirmed that ohmic junction were not formed at the 

interfaces for Mo/p+GaAs and W/p+GaAs under the 250~400 ℃ temperature. In the case of Ni, although an 

ohmic condition was obtained after annealing over 300 ℃, the root mean square (RMS) value for the surface 

roughness exceeded 1 nm; thus, it is not suitable for further wafer bonding process. Figure 2 shows the 

measured contact resistance and RMS surface roughness of Pd under various annealing temperatures for 1 

min. Although the contact resistance decreased under higher annealing temperature, RMS values were 

degraded over 300 ℃. Therefore, we chose the annealing temperature of 250 ℃, which has relatively good 

contact resistance of 9.19 μΩ·cm2 with a low RMS value of 0.563 nm. We also confirmed the wafer bonding 

process using Pd/Au bonding metal on QD-LD epitaxy substrate and p+Si substrate. Before bonding, a QD 

laser wafer was annealed for 1 min after Pd/Au deposition. Then, p+Si wafer and QD laser wafer were 

bonded at room temperature. Finally, QD laser structure was transferred on the Si substrate by ELO technique 

from the GaAs substrate using HF solution as shown in Fig. 3. This metallization condition is a promising 

solution for high-yield and low-resistivity wafer bonding with ELO technique for a QD laser on the Si 

platform.  

   
Fig 1. Schematics of wafer bonded QD laser  
on Si using metal bonding with ELO technique. 

Fig 2 Contact resistance and RMS value of 
Au/Pd/p+GaAs after annealing. 

Fig 3. Image of wafer-bonded QD laser on Si 
using metal bonding with ELO technique. 
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