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Abstract: We report quantum-well modulators directly driven by monolithically-integrated 
photodiodes for polarization-insensitive, unconstrained wavelength conversion across 45nm in 
1525nm-1570nm and dual-wavelength broadcasting over 20nm in 1530nm-1565nm, using <8mW 
optical power with >10dB RF-extinction ratio at 1.25Gb/s.  
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Electrically-driven electroabsorption modulators  (EAM) are used increasingly in optical transmitters.   Their 
monolithic integration with laser diodes and semiconductor optical amplifiers along a waveguide is particularly 
attractive for chip-scale, low-cost, high-speed, high-power, low-chirp transmitters [1].  EAMs may also offer 
additional network functions, such as all-optical wavelength conversion [2,3], regeneration [2], and WDM-to-TDM 
conversion [3].  For those applications, the high switching power, sensitivity to input signal polarization, and 
wavelength-dependent performance of previous demonstrations are significant limitations for large-scale use in 
optical switching and networks.  To eliminate these limitations, we introduce electroabsorption waveguide 
modulators that are directly driven by monolithically-integrated, surface-normal photodiodes (PD), as shown in Fig. 
1(a) along with their corresponding circuit diagram in Fig. 1(b) [4]. 
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Fig.1.  (a) A plan-view microscope picture, and (b) a simplified circuit diagram of  PD-EAM. The photocurrent, IPD, from PD generates a voltage 
change across the resistor R, screening the voltage across EAM. 

These integrated PD-EAMs make polarization-insensitive, low-power, high-speed, optical switches that exhibit 
high RF-extinction ratios across a wide wavelength band.  They are suitable for scaling into two-dimensional 
crossbar switches, unlike conventional EAMs [5].  PD-driven EAMs can also be engineered for ultrafast switching 
through traveling-wave modulation for TDM applications [6].  Here, for WDM applications, using InGaAsP/InP 
quantum-well modulators driven by on-chip, broadband-absorbing, InGaAs PDs, we report truly unconstrained 
wavelength conversion across 45nm in 1525nm-1570nm.  Fig. 2 represents a complete wavelength conversion 
matrix, where both input and output wavelengths (at 1530.0nm, 1540.0nm, 1550.0nm, and 1565.0nm) were 
arbitrarily chosen within the C-band.  In all cases, >10dB RF-extinction ratio was achieved with <8mW absorbed 
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optical power at 1.25Gb/s; EAMs were pre-biased between 4.9V-10.4V to shift the quantum-well electroabsorption 
for optimal modulation at each output wavelength.  Fig. 3 shows dual-wavelength broadcasting over arbitrarily 
chosen, 5nm-, 10nm- and 20nm-separated channels within the C-band.  With high enough modulator bias (e.g., 
10V), the quantum-well electroabsorption covers a broad enough spectral range to allow for multi-wavelength 
broadcasting. 

 
In summary, we present completely arbitrary wavelength conversion across 45nm and broadcasting over 20nm, 

spanning the entire C-band. 
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Fig.2. Full C-band wavelength conversion matrix for every possible combination of input and output wavelengths at 1530.0nm, 
1540.0nm, 1550.0nm, and 1565.0nm. 
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Fig.3. C-band dual-wavelength broadcasting with channel spacings of 5nm in  (a1) -(a4), 10nm in (b1)-(b3), and 20nm in (c). 
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