Fast tunable laser based on Fabry-Perot lasers
with optical injection
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1 Introduction (O/E) converters after passing through an erbium-doped fi-

Tunable lasers have been proposed to act as high-speed ange" amplifier to compensate the device loss, andx@1
wavelength selective light sources on wavelength division OPtical coupler and two dense wavelength-division multi-
multiplexing (WDM) and optical switching systems. Fast pl_exmg_ demultiplexers for Wavelength filtering. _The elec-
tunable light sources can play a key role in photonic trical s!gnals are measured byadlgltal scope with 20-GHz
switching networks. Recently, several research findings for Pandwidth and the response time for wavelength tuning can
fast tunable lasers have been reported, such as the reaflSO be observed.

sampled grating reflectodGCSR laser with quasi-
continuous grating assisted co-directional coupfeand 3 Rasults and Disscussions
sample gratingSG) or super structure gratingSsSQ dis-

tributed Bragg reflectofDBR) lasers®™® In this paper, we  The wavelength of the proposed tunable laser can be tuned
have proposed and demonstrated a new fast tunable techby controlling the bias currents of the FP lasers in Fig. 1.
nique based on Fabry-Per(P) lasers with optical injec-  Different bias currents will produce various output spectra
tion. The performances of side-mode suppression ratio for FP lasers. By properly selecting bias current settings for
(SMSR) and the response time for wavelength tuning have the optical injection sourcé.D-1) and host sourced.D-2

also been studied. Compared with other wavelength-tuning@nd LD-3, different single-frequency spectra can be ob-
technique<;® this tunable laser has the advantage of tained. The operating current ranges of these LDs were all
simple architecture, potentially low cost, data direct modu- between 10 mA to 30 mA, respectively. The central wave-
lation, and fast wavelength tuning, and is expected to ben-lengths of these LDs were different and the tuning ranges

efit the applications of fast wavelength tuning. were near 5 nm. Figures(@ and 2b) show the original
spectra of LD-1 without optical injection when =17
2 Experiments and 23 mA, respectively. Figure(83 shows the optical

Figure 1 shows the experimental setup of the proposed tun_spectra of the proposed tunable laser without optical injec-

able laser. The FP laser, LD-1, in the left side provides the ton. Thf (())pepr\atli)n Eoln7d|t|zn of t(;]e FB (I)ase;rs mdFlga)S
optical injection to the FP lasers LD-2 and LD-3 in the right 27€ te1=0MA, lacz=17 MA, "and }e;=0 mA and ey
side. The lightwave from LD-1 passes through an optical =0MA, lyo=0mA, and heg=14 mA. The' m“'?"”.‘o.de
circulator (OC) and is injected into LD-2 and LD-3 by a  SPectra are observed when no external light is injected.
1x 2 optical coupler. All the FP lasers used have similar When optical injection is added, this tunable laser can be

output spectra with 1.12-nm mode spacing and 20-dB operated in single-frequency mode. Figuf®)3shows the

bandwidth of 10 nm. The optical spectrum of this tunable pptical spectra of the tunable laser for wavelengths operat-

laser can be observed at position “a” in Fig. 1 by using an N9 from A, 0 A4, which represents the optical wave-
optical spectrum analyzeiOSA). To measure the perfor-  1€Ngths at 1537.64, 1538.63, 1539.74, and 1540.93 nm, re-
mance of the SMSR of this proposed laser, a variable opti- spectively. The operation conditions of the FP lasers are
cal attenuatofVOA) is placed in front of LD-1 to adjust  ldci=17 MA, ly;=0mMA, and he=14 mA, for \y; lges
various power levels of injection light. To investigate wave- =17 MA, =17 MA, and }i=0mA for A\p; lgcx
length tuning response, the tunable laser output is con-=23 MA, li,=0mA, and }i=14mA for A3 Iy
verted into the electrical domain by two optic-to-electric =23 mA, ly.,=17 mA, and }.s=0 mA for A,. The output
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Fig. 1 Experimental setup of the proposed tunable laser.

powers for wavelengths frorn; to A, are —11.9,—12.3,
—12.8, and—12.4 dBm, and the power variation from 0 —r——————————————
to A4 is less than 0.9 dB. From Fig.(13, the SMSR of s L1 = 17 mA
>19 dB and the tunable range of 3.3 nm are achieved. The .10
circuit model(or rate equation§'7for the Fabry-Perot laser i |
has been reported. When the bias current is increased, theg 29 | d
output power increases and the central wavelength of thegd I
FP laser shifts to the longer wavelength. Therefore, the & 230
single and tunable frequency output of this proposed laser $ | ]
depended on the photon competition to the FP laser with & 40k ]
optical injection. A |

To investigate the SMSR performance, the SMSR versus
different power level of optical injection are measured as S0 i
shown in Fig. 4. The injected power needs to be large [ , J 1
enough to dominate the optical amplification in the host FP '69532 ' 1534 ’ 1536 1538 1540 1542 1544 1546 ' 1543
laser for single-frequency operation. Therefore, the lower
power level of injection lightwave will result in SMSR deg- Wavelength (nm)
radation for this proposed tunable laser. However, too high (a)

a level of injection light will not increase the SMSR due to

the gain saturation of host FP lasers. Besides, it should be o
noted that the minimal injection powers 6f13.5 dBm are i et =23mA 1
needed to keep the SMSRI9dB from Fig. 4. During -10F .
three hours of observation, the variation of output light was i 1
less than 0.1 dB for this proposed laser.

The response time for wavelength tuning can be inves-
tigated by using the experimental setup shown in Fig. 1. To
measure the response time for wavelength switching from
N, to N4, LD-1 is modulated by a negative pulse signal and
operated at bias current of 17 mA and 23 mA for low and :
high levels. Due to the bandwidth limitation of the signal 50 F

Wi

Power (dBm)
8

generator used, the applied pulse signal has pulse width of s } \

6.8 ns and rising/falling time of 5 ns. As shown in Fig. 5, 60 AWM EARY) . Ay

the effective response time of less than 2 ns is observed for 1532 1534 1536 1538 1540 1542 1544 1546 1548
wavelength switching from, to \,4. Wavelength (nm)

4 Conculsion (b)

In summary, a new tunable laser structure, which is basedFig. 2 Original spectra of LD-1 without optical injection when lyc;
on FP lasers with external lightwave injection, has been =17 and 23 mA, respectively.
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Fig. 3 (a) The optical spectra of the proposed tunable laser without
optical injection, while the operation condition of the FP lasers are
lge1=0mA, Il3o=17 mA, and l4z=0mA and ly;=0mA, Iy
=0 mA, and ly;3=14 mA. (b) The optical spectra of the tunable la-
ser for wavelengths operating from A, to A4, which represents the
optical wavelengths at 1537.64, 1538.63, 1539.74, and 1540.93 nm,
respectively.
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Fig. 4 SMSR versus different power level of optical injection of the
proposed laser.
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Fig. 5 The signal waveforms of channel 1 (\,) and channel 2 (\,)
of the digital scope in Fig. 1 for wavelength tuning operation and the
waveform of the wavelength switching signal.

proposed and experimentally demonstrated. The wave-
length tuning can be obtained by adjusting the bias currents
of FP lasers. The wavelength tuning time af2 ns, the
3.3-nm tuning range, and the SMSR»fl9 dB have been
achieved experimentally. In addition, the SMSR perfor-
mance has also been investigated. This tunable laser has the
advantages of simple architecture, potentially low cost, data
direct modulation, and fast wavelength tuning, and is ex-
pected to benefit the applications of fast wavelength tuning.
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