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Bandwidth and power consumption are two primary physical and practical obstacles in 
conventional metal interconnect to keep Moore's Law valid in complimentary metal-
oxide semiconductor (CMOS) circuits. Silicon (Si)-based photonics have been heavily 
studied to provide an highly integrated, low-cost and volume photonic interconnect 
solution. We review our effort to develop a new laser control mechanism  and employee 
advanced III-V epitaxial materials in the promising heterogeneous laser platform.  

Fig. 1(a) shows the schematic of a three-terminal heterogeneous microring laser which 
can be cascaded easily to be a CWDM multi-wavelength source. Unlike the typical two-
terminal pin diode lasers, the third terminal P2 here is placed on silicon to control a 
heterogeneous MOS capacitor which is naturally formed by sandwiching a thin layer of 
dielectric at the III-V/Si bonding interface (Fig. 1(b)). When a voltage is applied to the 
terminals N and P2, the electric field can accumulate or deplete a large amount of free 
carriers at the dielectric/semiconductor interface as shown in Fig. 1(c). This results in 
the useful plasma dispersion effect to tune laser threshold, power and wavelength.  

 
Fig. 1. (a) Schematic and (b) SEM image of a heterogeneous microring laser; inset: TEM 
image of a MOS capacitor, and (c) its simulated carrier profile at different bias voltages. 

Fig. 2(a) shows the continuous-wave (cw) light-current-voltage (LIV) characteristic of a 
40 µm-diameter laser at room temperature (RT). When the MOS bias rises from 0 to 4 V, 
a threshold increase from 8 to 10 mA and a reduction of over 50% in output power i.e., 
measured detector current, are observed. The lasing wavelength blue-shifts over 0.3 
nm, indicating a result of the plasma dispersion rather than heating. The extremely low 
capacitor leakage current density down to few µA/cm2 (Fig. 4c inset) translates an 
ultra-high wavelength tuning efficiency up to 6 nm/nW, a factor of ten millions 
improvement over  conventional thermal or carrier injection approach. 
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Fig. 2. (a) LIV, (b) spectrum and (c) wavelength shift vs. capacitor leakage power of a MOS-

type heterogeneous microring laser 

In addition to a new control freedom from the integrated MOS capacitor, we have 
largely improved the robustness of the heterogeneous laser operation by adopting the 
advanced quantum dot (QD) material. Compared with conventional quantum well laser 
active region, QD materials have distinct advantages in better temperature stability, 
lower threshold current density and better immunity to defects, etc. Figs. 3(a) and (b) 
show the schematic and SEM cross-sectional images of a Fabry-Perot (FP) 
heterogeneous with an InAs QD active region.  

 
Fig. 3. (a) Schematic and (b) SEM image of a heterogeneous FP laser with QD active region 

Fig. 4(a) shows the temperature-dependent LIs for a 3 mm-long device. Decent lasing 
up to 12 mW with minimum threshold current density <230 A/cm2 and no thermal roll-
over is seen up to 100 °C stage temperature. In Fig. 4(b), device characteristic 
temperature T0 is 333, 125 and 61K in 20-40, 40-60 and 60-100 oC regions, respectively.  
The typical RT spectra below and above threshold are exhibited by Fig. 4(b), indicating 
multiple lasing peaks due to the broad gain band from QD ground state even at 90 oC 
(data not shown). These data proves it an ideal device structure to build a (mode-lock) 
comb laser for DWDM applications. It is straightforward to integrate the MOS capacitor 
here to fine tune/lock the wavelength grid with nearly zero power consumption.  

 
Fig. 4. (a) LIs and (b) characteristic temperatures at different stage temperature, and (c) 

laser spectra at different injection current levels 
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