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Silicon photonic, the most attractive technology for the industrial-scale fabrication of the photonic integrated
circuits (PICs), is promising for use in high-speed optical components for data communications and networking.
Among all silicon photonics, the active silicon photonic device functions as an efficient light source for optical
application, whereas the fabrication of active device is a challenge due to the indirect bandgap of silicon. III-V
semiconductor with the nature of direct bandgap is suitable for achieving the active silicon photonic device
compared to other materials. Furthermore, quantum dot (QD) laser [1] is the most powerful light source among all
kinds of III-V semiconductor due to its properties of low lasing threshold current density, temperature
insensibility and large modulation bandwidth. To realize the active silicon device with QD laser, wafer bonding
technology [2-4] provides a simple method of integrating two different wafers even with large lattice-constant
mismatch. The performance of bonded device is close to the ones homoepitaxially grown on lattice-matched I1I-V
substrates. We have reported QD lasers on silicon via metal-mediated bonding method [4] with merits of simple
fabrication, strong bonding strength, and good electrical properties. However, it is limited to achieve the optical
mode evanescently coupled from active layer to Si waveguide. In this report, we introduce metal-stripe bonding
method [5], which applies metal strips as the intermediate layer, providing hermetic bonding and simple
implementation of back-side electrodes. The QD lasers are successfully integrated with silicon-on-insulator (SOI)
wafers by directly bonding metal stripe and semiconductor without any alignment technology.

Fig. 1 shows a schematic structure and a SEM cross-sectional image of the bonded laser, which shows the
laser structure is bonded on metal strips. We assume the current can be uniformly distributed due to the high
conductivity GaAs bonding layer. A Si rib structure is also introduced in this work for the evanescent coupling to
Si waveguides in the future. Fig. 2 shows the performance of the laser with pulsed injection current under room
temperature. According to the assumptive current flow, we can estimate that the threshold current density is 880
A/em’, and the spectrum shows the lasing wavelength of 1270 nm.
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Fig. 1: Cross-sectional (a) schematic diagram and (b) SEM image of the Fig. 2: L-I characteristics of the bonded laser with
QD laser on SOI substrate by metal-stripe wafer bonding. pulsed injection at room temperature, and the
inset shows the lasing spectrum at 1 kA/cm’.
References

[1]1Y. Arakawa and H. Sakaki, Appl. Phys. Lett. 40, 939 (1982).

[2] A. W. Fang, H. Part, O. Cohen, R. Jones, M. J. Paniccia and J. E. Bowers, Opt. Express 14, 9203 (2006).

[3] K. Tanabe, D. Guimard, D. Bordel, S. Iwamoto and Y. Arakawa, Opt. Express 18, 10604 (2010).

[4] K. Tanabe, K. Watanabe and Y. Arakawa, Sci. Rep. 2, 349 (2012).

[5] T. Hong, G. Z. Ran, T. Chen, J. Q. Pan, W. X. Chen, Y. Wang, Y. B. Cheng, S. Liang, L. J. Zhao, L. Q. Yin, J.
H. Zhang, W. Wang and G. G. Qin, IEEE Photon. Technol. Lett. 22, 1141 (2010).

© 2014 4 ILHYB S 05-046



