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Abstract: The purpose of this paper is to introduce the idea of how an antenna can be coupled with 
a mode-locked quantum-dot (QD) laser chip to radiate in the microwave region. A brief theory of 
operation for the reconfigurable mode-locked quantum-dot laser is first explained and the design 
of the waveguide and antenna part is next presented. Due to its wide frequency bandwidth, a 
bowtie antenna is coupled to a QD laser. The goal is to achieve a THz radiator design by coupling 
the pulsing laser to a reconfigurable fractal antenna capable of radiating at THz frequency. We 
present a preliminary design that includes antenna simulations and their comparison with 
measured data. The challenges associated with integrating the antenna with the quantum-dot laser 
are also presented and discussed.  

Introduction 

The main emphasis of this paper is the design of a broadband antenna that is fed by a quantum-dot 
mode locked laser (QD-MLL) [1]. The ultimate object is to realize THz radiation at different 
frequencies with the QD-MLL.  

Quantum Dot Mode Locked Laser: The source of radiation, at the present stage, is the single 
mode-locked quantum-dot laser that can be tuned to operate at different pulsed repetition rates by 
varying its cavity length. A general diagram of a laser chip is shown in Figure 1. The quantum dot 
mode-locked laser (QD-MLL) was fabricated from a multi-stack laser structure following standard 
multi-section device processing [2, 3]. A reconfigurable multi-section device consists of a single-
mode ridge waveguide divided into electrically isolated sections that can be biased independently. 
By altering the bias on each section, the QD-MLL can achieve harmonic mode-locking at 
multiples of the fundamental frequency. The 11-section device fabricated, operates from 7.2 GHz 
to 50.7 GHz [4]. 

 

Fig 1, 3-Section Quantum Dot Passively Mode-Locked Laser Device Layout 

A coplanar slot (CPS) line connects the bowtie antenna to the quantum-dot laser chip. The 
determination of the CPS line dimensions are presented later in this paper. In the quantum-dot 
laser chip structure, the bottom plane of QD-MLL represents the ground while the photocurrents 
are emitted from the top surface of the absorber section of the laser chip. The bottom-side of the 
QD-MLL is directly connected to one of CSP lines. The top plane is connected to the other CPS 
line by gold wire bonding.  
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