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Abstract: World-record fast wavelength switching between over 40 1TU grid channels is demonstrated. Switching
times less than 5 ns and SMISR better than 30 dB are achieved throughout the 60 nm tuning range.

I ntroduction

Newly-developing network architectures and techniques
like all-optical label swapping [1], IP-over-WDM [2] and
fast broad-band conversion [3] will require laser
transmitters with extremely fast (on the order of 1ns)
wavelength switching times that can be digitally tuned to
over 100 wavelengths in less then 10ns. Wide tuning
ranges (60-114 nm) with high output power and large Side-
Mode Suppression Ratio (SMSR) were reported for a
Grating Assisted Coupler and Sampled Reflector (GCSR)
laser [4] and a Sampled Grating DBR (SG-DBR) laser [5].
However, the challenge for these applications is to ensure
the short switching times between any combination of
wavelength channels. Switching and settling times in the
range of 2ns-10us have been reported for switching
between 2 to 200 non-ITU channels[6,7,8,9].

In this paper we report on a record switching between over
40 ITU grid channels in less than 5 ns. A novel state-of-
the-art frequency agile transmitter was developed,
incorporating a GCSR laser integrated with HBT-based
arrayed laser driver technology. The proposed device is
potentially capable of tuning over as many as 100-200
standard 1 TU frequency channels with 50-100 GHz spacing
and wavelength switching times within 1-10 ns. Number or
channels still can be increased by adding extra laser driver
chips.

Experiment

For the frequency agile transmitter module, two Rockwell
8-channel laser driver arrays were packaged with GCSR
and are used to drive two sections of the laser. Figure 1
shows a schematic and a photograph of the packaged rapid
tunable frequency agile module. The packaged device fits
in a 2x2.2"" box, most of the area is occupied by the
transmission line layout.

The GCSR laser consists of a gain section, a coupler
section for coarse tuning, a reflector section for medium
tuning and a phase section for fine tuning. Device
fabrication, tuning mechanisms and performance of these
lasers has been described elsewhere [4]. GCSR lasers can
be made to operate at any of the desired ITU channels with
+10MHz accuracy by proper setting of the coupler,
reflector and phase sections' currents.

The Rockwell arrayed laser drivers are utilized as a
digitally controlled fast programmable D/A converter
allowing reflector and coupler currents to take one of 28
values. A 100 MHz externa digital signal was used to turn
on and off the necessary number of laser driver channelsto

study switching times between large number of wavelength
channels within over 60nm of GCSR tuning range.

Results and Discussion

Time-averaged lasing spectra for switching between
several pairs of wavelength channels are shown in Fig. 2.
In the time-averaged spectrum two lasing modes are
present on the plot, which correspond to each switched
wavelength. No excess lasing modes are found. For the first
time fast digital switching between more than 40 of 100
GHz spaced channels is shown which involves switching
between both coarse and medium tuning channels. Total
dynamic wavelength tuning range is 52.5 nm. The power is
roughly egual in al channels and the SMSR is greater then
30dB even during the wavelength switching. SMSR is
highest for switching between two neighboring coarse
tuning channels due to the fact that the carrier
concentration is not swept through the states corresponding
to intermediate channels.

Figure 3 shows measured switching time for 36 channels
located on the ITU frequency grid. Over 40 channels
switching was obtained with less than 30dB SMSR and is
not shown here. The longest switching time is less then 4.5
ns. Switching time is dlightly different for switching
between Ag - Ay and Ay - Ao wavelengths. Thisis dueto the
fact that switching time is determined by the carrier
concentration of the fina state. In this case, carrier
concentration of Aq is higher; hence the switching time is
shorter. This difference in switching times is illustrated in
Fig. 4, which shows switching waveforms for Ago A,
transition.

Figures 5(a) and (b) show eye diagrams for switching
between Ago A, and Ay A,y channels at 100 MHz. While
the eye is open and error-free for 0« 2 transition, fast
switching time between 0" and 27" channelsis screened by
alarge amount of jitter. However, our studies have shown
that this jitter is mostly package and package-stability
related and can be avoided with more careful design. BER
measurements are currently carried out for switching
between different combinations of channels.

Conclusions

World-record fast wavelength switching between 36 of 100
GHz separated channels within 50 nm tuning range with
better than 30 dB SMSR is demonstrated. Different
combinations of wavelength channels have been
reproducibly obtained. This novel device incorporating a
GCSR laser and an arrayed laser driver is redized in a
miniature package and is a promising candidate to take
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place of one of the missing componentsin future all-optical
networks.
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Figure 1: (a) Schematic showing GCSR laser driven by two arrayed current sour ces. Digital signals come from an
external electronic control; (b) A photograph of packaged rapid tunable transmitter.
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Fig. 2. Time-averaged lasing spectra for switching

between different pairs of wavelength channels.
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Fig. 3: Measured switching timefor 36
channelswith better than 30 dB SM SR
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Figure 5. Eye diagrams at 100MHz for switching

switching between Ag and A2

between (a) 0 2 channelsand (b) 0 27 channels.



