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Abstract: Directly modulated lasers with ultralow power consumption are essential for realizing 
computercom networks, such as chip-to-chip and on-chip optical interconnections. To reduce the 
operating energy, it is important to reduce the laser active volume. For this purpose, we use a 
photonic crystal (PhC) cavity with an ultracompact buried heterostructure, which provides good 
confinement of both carriers and photons. To fabricate current driven PhC lasers with a thin two-
dimensional PhC slab (~250 nm), we use a lateral current injection structure with Zn thermal 
diffusion and Si ion implantation. A fabricated device exhibits ultralow operating energy of less 
than 10 fJ/bit when it is modulated with 10-Gbit/s NRZ signal.  

Introduction: Introducing optical technologies into computercom networks, such as chip-to-chip and 
on-chip interconnects, is desired because internet traffic is still increasing and optical interconnects 
provide a potential solution for constructing high-speed networks with low power consumption. 
However, for optical links in such very-short-reach applications, the operating energy per single bit, 
defined as the energy cost, has to be less than ~40 and ~10 fJ/bit for chip-to-chip and on-chip 
interconnects, respectively.1 To achieve these small energy costs, directly modulated lasers with ultra-
small active volume are essential. Therefore, it is important to maintain the cavity Q factor (or photon 
lifetime) when the cavity size decreases to ~µm2. In this context, a two-dimensional photonic crystal 
(PhC) has attracted much attention because it provides a high Q factor (>106) with a wavelength-scale 
cavity.2 However, high-speed direct modulation and electrical pumping have been difficult to achieve 
because of both the poor thermal conductivity and lack of a carrier confinement structure. 

To overcome these problems, we introduce a buried heterostructure and lateral current injection 
structure.3-6 Figure 1(a) shows a schematic diagram of the two-dimensional PhC cavity. The multi-
quantum-well (MQW) active region is embedded in an InP-based PhC line-defect waveguide, which 
is what we call a λ-scale embedded active region PhC or LEAP laser. The optical mode profile 
calculated using the FDTD method is also shown in Fig. 1(a), and it clearly indicates that the optical 
mode field is well confined within the active region. Figure 1(b) shows a cross-sectional view of the 
lateral current injection LEAP laser. The active region is covered with the InP layer to prevent it from 
being etched during the wet chemical etching of the InAlAs sacrificial layer. Si-ion implantation and 
Zn thermal diffusion are used for n-type and p-type doping of the undoped InP layer, respectively.   

    
(a)                                                                     (b) 

Fig. 1: (a) Schematic diagram and calculated optical mode field of two-dimensional PhC cavity 
using buried heterostructure. (b) Cross-sectional view of lateral current injection LEAP laser. 
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Device characteristics: We fabricated a device using InGaAlAs-based six-QW active region. The 
active region is 2.5 × 0.3 × 0.15 µm3 (0.12 µm3). Figure 2(a) shows the injection current dependence 
of output power and voltage in room-temperature continuous-wave operation. The threshold current 
was 32 µA and the maximum output power was 43 µW. Differential resistance at threshold was about 
6 kΩ. Figure 2(b) shows the eye diagram when the device was operated with 9.953-Gbit/s NRZ signal 
with PRBS of 231-1. An air coplanar probe was used to drive the laser without 50-Ω termination. The 
bias current and voltage were 80 µA and 1.23 V, respectively, resulting in a 9.9-fJ/bit energy cost. As 
shown in this figure, we obtained clear eye opening with a 10-dB extinction ratio. 

  
(a)                                                                     (b) 

Fig. 2: (a) Injection current dependence of output power and voltage in room-temperature 
continuous-wave operation. (b) Eye diagram for bias current of 80 µA. 9.953-Gbit/s NRZ signal was 
used. 

Summary: We have developed and electrically driven LEAP laser for use in chip-to-chip and on-chip 
interconnects. Thanks to the use of an ultracompact buried heterostructure, the device exhibits the 
maximum output power of 43 µW and clear eye opening when modulated with 10-Gbit/s NRZ signal. 
These results indicate that the LEAP laser opens the new applications for semiconductor lasers. 
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