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Abstract—High efficiency operation of membrane 
distributed-reflector laser was demonstrated by both an 
improvement in differential quantum efficiency and a reduction 
of differential resistance. A threshold current of 0.44 mA, an 
external differential quantum efficiency for the front-side output 
of 36%, and a maximum power conversion efficiency of 14.6% 
were obtained for a device with a DFB section length of 40 μm. 
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I. INTRODUCTION 

The optical interconnect is one of the attractive solutions 
for low-power consumption and high-density communications. 
Recently, this technology was applied to super-computers and 
huge systems in data centers. Various investigations of 
introducing on-chip optical interconnection to LSI have been 
widely conducted [1]. Behind this background, there are 
various problems in the global interconnects of LSI such as 
signal delay, Joule heating, and large power dissipation [2], [3], 
which limits the performance of LSI. In order to realize the on-
chip optical interconnection, light sources with ultra-low power 
consumption are required. For such optical links, an energy 
cost of less than 100 fJ/bit was required for the global 
interconnect [4]. 

As candidates for such applications, we proposed and 
demonstrated low-power consumption lasers based on the 
semiconductor membrane structure [5],[6] for membrane 
photonic integrated circuits (MPICs) on LSI. Although low 
threshold current operation, asymmetric light output 
characteristics, and 10 Gb/s direct modulation with low bias 
current were realized [7]-[9], the power conversion efficiency 
was poor because of the low differential quantum efficiency 
and the high series resistance. In this work, we could achieve 
an unprecedented power conversion efficiency by an 
improvement in differential quantum efficiency as well as a 
reduction of series resistance.  

II. DEVICE STRUCTURE AND FABRICATION 

Fig.1 shows the schematic structure of the membrane 
distributed-reflector (DR) laser, which consists of an active 

distributed-feedback (DFB) section and a passive distributed-
Bragg-reflector (DBR) section. The integrated DBR enhances 
the light output power from the front side. In this work, we 
designed the grating with a relatively low index-coupling 
structure; i.e., the index-coupling coefficient was reduced to 
around 1000 cm-1 so as to reduce scattering from the grating 
regions. In order to match the lasing wavelength and the Bragg 
wavelength in the DBR section, the periods of the DFB and 
DBR sections were set to 291 nm and 293 nm, respectively. 

The initial wafer with a 270 nm-thick core layer, including 
5 GaInAsP quantum-wells (5QWs) and etch stop layers on the 
n-InP substrate, was prepared for fabrication. Firstly, GaInAsP 
with a bandgap wavelength of 1.22 μm was regrown to form 
the passive waveguide structure by organometallic vapor-
phase-epitaxy (OMVPE). Next, lateral-current-injection (LCI) 
structure was formed by two-step regrowth of n-InP and p-InP 
side cladding layers. After depositing a 1 μm-thick SiO2 
cladding, the laser wafer was bonded upside down on a BCB 
coated Si host substrate. Then, the etch stop layers were 
removed and Au/Zn/Au/Ti/Au for the p-electrode and Ti/Au 
for the n-electrode were evaporated. Finally, the surface 
gratings for both the DFB and DBR sections were formed by 
electron beam lithography and wet chemical etching; and the 
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Fig. 1 Schematic structure of the membrane DR laser. 



semiconductor layer on both sides of the passive waveguide 
was etched to suppress the leakage current. Both facets of the 
device were cleaved for measurement, with no coating. 

III. MEASUREMENT RESULTS 

Static characteristics of the fabricated membrane DR laser 
with a stripe width of 0.7 μm, a DFB section length of 40 μm 
and a DBR section length of 50 μm were measured. Fig. 2 
shows the current-light output (I-L) and current-voltage (I-V) 
characteristics of the membrane DR laser. A threshold current 
of 0.44 mA (corresponding to a threshold current density of 
1570 A/cm2) and an external differential quantum efficiency 
for the front-side output of 36% were obtained. This efficiency 
is around 2 times higher than that of our previous work [8]. 
The required light output power of 0.16 mW for 10 Gb/s 
operation [10] was obtained at a bias current of 1 mA. 
Furthermore, a threshold voltage of 0.98 V and a differential 
resistance of 380 Ω at the threshold current were obtained. The 
differential resistance was reduced by a reduction of the 
distance between the p-electrode and the active region to 1.6 
μm, which is almost half of that of our previous device (3.0 
μm). Thanks to these improvements, a maximum power 
conversion efficiency of 14.6% was obtained at a bias current 
of 1.2 mA. These efficiencies are record high values among 
those reported for membrane DFB and DR lasers. 

Fig. 3 shows the lasing spectrum of the membrane DR laser 
at a bias current of 2.6 mA, where a single mode operation 
with a side-mode suppression-ratio (SMSR) of 38dB was 
obtained. The index-coupling coefficient of the DBR was 
estimated to be around 800 cm-1 from the stop-band width of 
18 nm.  

IV. CONCLUSION 

A high efficiency membrane DR laser was realized by 
adopting gratings with a slightly low index-coupling 
coefficient as well as reducing the series resistance. As a result, 
a record high differential quantum efficiency of 36% and also a 

record high power conversion efficiency of 14.6%, both for the 
front-side output, were obtained. 
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Fig. 2 Current-light output and current-voltage characteristics of 
the fabricated membrane DR laser. 
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Fig. 3 Lasing spectrum of the fabricated membrane DR laser. 
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