Widely tunable, photocurrent-driven wavelength converter
for narrowband analog applications
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Abstract: A widely-tunable photocurrent-driven, directly modulated wavelength converter is demonstrated
for narrowband applications. Wavelength conversion RF gain up to 30 dB and spurious-free dynamic range
up to 105 dB-Hz** are measured at 2.5 GHz.
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Summary

A widely-tunable, photocurrent driven optical wavelength converter for digital, broadband applications have been
demonstrated using direct modulation of a sampled-grating DBR (SGDBR) laser, monolithically integrated with an
optical receiver [1]. The overall performance of such device is ultimately limited by the requirement to produce
sufficient photocurrent for various applications. One approach to increase the performance of photocurrent-driven
wavelength converters is to trade-off bandwidth to modulation sensitivity in a resonated configuration.

In this work, a hybrid approach to achieve a wavelength converter for narrowband applications has been
adopted using separate receiver and transmitter chips, as illustrated by the schematic of Fig. 1. The SG-DBR laser is
integrated with an SOA and has >20mW output power and >40dB sidemode suppression ratio over >40nm tuning
range [2]. The receiver consists of a bulk waveguide detector that can produce more than 70mA of linear
photocurrent [3], also integrated with an SOA. The detector, with on the order of ~IpF total capacitance, was
directly wirebonded by a ~5mm long bondwire (~1nH/mm) to the gain section of the SGDBR laser. Decoupled DC-
biasing was achieved by separated, but AC-shorted ground planes.

The resulting optical-to-optical wavelength conversion frequency response is shown by Fig. 2. A resonantly
enhanced peak is seen around 2.6 GHz with a 3dB passband of 370 MHz. The greatest signal gain occurs at around
40mA bias current when the resonance frequency of the directly modulated laser matches in frequency. It is
estimated that the resonant configuration enhances the response by 20-30 dB, compared to using no resonance.
Figure 3 shows the gain and spurious-free dynamic range (SFDR) of the wavelength converter as a function of gain
section bias. The SFDR was measured by wavelength converting the output of two 1555nm DFB lasers, separated in
wavelength by 60GHz and modulated at 2.505 GHz and 2.495 GHz, respectively, and detecting the 1547nm
converted signal in a linear detector. The peak SFDR is 105 dB-Hz** and occurs away from peak conversion gain,
due to worsened distortion at laser resonance. At higher gain section bias, the SFDR degrades due to non-linearities
of the preamplified receiver, as higher photocurrent is needed to compensate for the reduced conversion gain.

a0 T 35 120
30 -—30mA | 30 * 115
SG-DLB\R laser . Z{'\ ——40 mA
D 50 P «-50mA || 25 110
o
}\’OUT SOA /mirror gain phase mirror detector < P 7 i f\ " o zgomn/:n\A @ 20 J 105 g
277 24 S 10|~ (o J"k § o es200mAl T g )ﬁ%—()\o\% g
S /:/ TN S 15 \ ‘O\em—mo’g
2 Wire-bond 3 s ' & f \ y
7 > g 10 95 N
Capacitor & -10 P (! \ =
ﬁ% 20 S TS0
}\‘IN 0 85
Detector  SOA -30 0 50 100 150 200
0 1 2 3 4 5 6 7 8 ) o
Frequency (GHz) Gain section bias (MA)
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