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How this laser works

To understand the design, consider a CW fiber laser, upgraded
incrementally to form a 2-color TDM source
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CW amplifier operation Each period of the injection current pulse pattern starts with a short pulse. For the first period,
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this pulse initializes the lasing operation of the source by sending out broadband amplified
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spontaneous emission (ASE) in both directions into the cavity. The x-t diagram represents the
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CW amplifier operation travel of optical information in the cavity.
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FBG  BOA FBG pulsed amplifier operation .

time ASE and signal only
| The fiber lengths in the cavity are chosen so that when the ASE pulse that travels counter-
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clock-wise inside the cavity (right-to-left in the x-t diagram) meets the FBG array, each color se-
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lected by an FBG is returned to the BOA consecutively. Each color of this chromatically stretched

I I I pulsed amplifier operation
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pulse can then be individually amplified in the BOA (no cross-talk). The stretched pulse is then
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transformed into a compressed pulse when each color is again reflected by the corresponding
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pulsed amplifier operation

ring configuration

FBG, FBG,

To build this laser you Only need ASE, signal and all reflections

 gain medium Typically 75% of the time, the BOA must be turned off so that only the colors selected by the

(preferably with a broad gain bandwidth and fast switching times) FBGs are lasing, whereas ASE and other reflections from the FBGs are suppressed by the inactive

- custom waveform generator applying modulation BOA (-57 dB gain at zero current).

(preferably to the gain medium)

- matched compressor / stretcher

(preferably as part of a long laser cavity)

Laser that cycles through 19 colors every 15 us

Experimental setup: High-speed detection strategy:
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- fiber roundtrip length ~ 3 km
- repetition rate ~ 66 kHz
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Time trace of TDM output: Time trace of liquid phase Methanol experiment:
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To the left are 19 pulses of ~ 200 ns duration. Each To allow for low-noise absorbance measurements, |
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pulse is at a unique wavelength in the 1330-1380 nm
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and |_are recorded with the same photoreceiver.
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Optical Spectrum Analyzer data of TDM output: Absorbance data of liquid phase Methanol and Isopropanol:
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The gain of each wavelength was calibrated A BOA injection current pulse pattern was
to obtain a flat output spectrum. customized to form a ramped output spec-
trum.

Temperature tuning a single FBG Comparison to multiplexed diode lasers

Active linewidth of TDM laser: Advantages of TDM source over multiplexed diode lasers:

_ _ 1. straightforward to reach high wavelength count N: 10s to 1000s of wavelengths can be affordable. Furthermore, numerous spectrally-adjacent wavelengths approxi-
Grating #17 was temperature tuned over a waterline (50 Torr).

mate a wavelength sweep. Chirped fiber Bragg gratings (FBGs) also offer the possibility of wavelength sweeps.

1.8 2. single gain medium (for N wavelengths that lie within the gain bandwidth of a medium): This feature allows comparatively low-cost TDM systems, particularly
6L 2 | at high N. Furthermore, wavelengths are easily changed (simply add N new gratings to operate at N new wavelengths). If the gain medium is damaged, the N gratings are retained.
. .
» fi 3. no external couplers / multiplexers needed: Individual diode lasers can be combined to form TDM, frequency-division multiplexed (FDM), or wavelength-division multi-
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g" plexed (WDM) sources, but the beam combining increases loss and cost.
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j ‘ the following advantages are common to all FBG-stablized lasers:
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> a 4. modulation decoupled from wavelength-selective element: When TDM or FDM sources are made by modulating individual lasers such as distributed feedback
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(DFB) diode lasers, the modulation applied to each diode may compromise its wavelength stability.
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5. simple, stable wavelength control: Temperature-controlled FBGs can fix each wavelength with excellent long-term stability. DFB diodes often require active wavelength

04 1 ;‘ | control (e.g., using a wavemeter); with only temperature and current control of a DFB laser, wavelengths often drift due to strain relaxation within the device.
0.2 1 ) 6. broad tuna bi|ity: silica FBGs can be tuned (slowly) at least several nm by temperature or strain if needed. Plastic FBGs offer very large tuning by strain.
0 i /. more options for custom—wavelength lasers: For example, using Raman fiber gain, lasers operating near wavelengths such as 308 nm and 550 nm are possible.
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Temperature [C] 8. opportunities for hig h—power lasers: Powers exceeding 10 W are achievable without loss of spectral performance.

Advantages of multiplexed diode lasers over TDM source:

The active linewidth was measured to be ~ 5 times narrower

, , , , 1. Iong fiber not required: multiplexed diode lasers near 400 nm are in principle straightforward; the TDM source can only operate at high repetition rates (> about 400 kHz)
than the passive linewidth of the grating.

at this wavelength because lower rates require longer fiber which in turn causes increased cavity loss. However, 400 nm could be reached using SFG with a longer-wavelength TDM

This linewidth narrowing allows for spectral linewidth of source. Similar arguments can be made at wavelengths > 4 um.

each channel < 1 GHz with a long term spectral drift of each , , ,
2. some diode lasers are very inexpensive: In applications requiring few wavelengths and relaxed linewidth/stability requirements, diode lasers may be more economical.

channel < 1 GHz.
3. direct scanning by current modulation: One tunable diode laser sweeping over a narrow range (e.g., 1 cm-1) at moderate repetition rates (e.g., 1 kHz) may cost less than

the competitive TDM source sampling the same wavelengths.
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