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Narrow-Linewidth Laser and Photonic Microwave Generation using
a Monolithic Integrated Amplified Feedback Laser with
Delayed Optical Feedback
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Key Laboratory of Semiconductor Materials Science , Institute of Semiconductors, Chinese Academy

of Science . Beijing 100083, China

Abstract A multifunctional narrow-linewidth laser and photonic microwave generation using a monolithic integrated
amplified feedback laser under delayed optical feedback is demonstrated. The device can work in signal-mode and dual-mode
states by varying the injection currents of laser sections. Photonic microwave is generated by mode-beating of the two laser
modes. Through a dual-loop all-optical feedback. the linewidths of both the signal-mode optical signal and photonic microwave
signal are reduced by more than three orders of magnitude. Single mode operation with 2.6 kHz linewidth and photonic
microwave generation at 37.97 GHz with 1.6 kHz linewidth are experimentally realized.

Key words lasers; microwaves; distributed feedback lasers; injection-locked lasers, integrated optics devices
OCIS codes 140.3490; 140.3520; 130.3120

FE T B Bt B e B3 BCTBOR S Uit 30OKE B By 4
e IROE RN 15 5 7 e

BE2n K A *0B KAH ARA

B2 B 2 S AR UE S T B R B S 9 L b BT 100086

FEE BT R T B 4 OB R R O 9 TE G R B I A T A AR R T O N R TR
FEANTA] A A HL U S R B 5t i A AT LA S SRR A AR BB S A, AR T L B B K R
1546. 6 nm, P EMH AT ik 54. 2 dB, 48 % R 9. 59 MHz, XUELM S . B A EE R 0.3 nm, Xt 57471 550 451 %
37.6 GHz, JAMZ 5 4. 2 MHz, il 31 51 A — A BURJGEFFM g L 7T LK R B8 30O 28 i 1 10 % 05 5 B2 i [ 0o
HOBEEHBNEAENET HFa. NTESOEES ML, €8S MWRBREBE T, R TEMERFES HWLEN
9.95 MHz /N8 2.6 kHz, XU T AR HAME 5 L 96 4. 2 MHz 38/0N8] 1. 6 kHz, ¥ /N =M L
I WORER BRI o AR SO AR s T A BUE O AR s RS

FE 4 %S TN248 XEkPRIRAD A

doi: 10.3788/A0S201535.5214010

1 Introdution

Fast growing internet and mobile communication traffic result in booming demand for high speed, high

(1]

bit rate fiber transmission system and wireless access networks High-order modulation formats and

coherent detection are promising technologies to increase the spectral efficiency of optical transmission
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systems™**, In such systems, the demand for narrow linewidth lasers becomes more stringent™™. High

quality narrow linewidth laser can also be useful in microwave generation applications, the simplest way of
which is to heterodyne two narrow laser sources™ ™.

As a simple monolithic integrated device, amplified feedback laser (AFL) can function as a single mode
laser or a dual-mode beating photonic microwave generator®*!, depending on the currents injected into
each laser sections''®!. However, the linewidth of both single mode and photonic microwave signal from
the AFL are usually around a few MHz, which is under the requirements for many applications. In order
to realize narrow linewidth operation, a dual-loop fiber ring cavity to increase the Q factor of laser cavity is
introduced. Since the AFL can work in single mode state as well as dual mode state, a multifunctional
device capable of generating both narrow-linewidth optical and photonic microwave signal is realized. As a
narrow-linewidth laser, it can be used in coherent communication systems or sensor applications. As a
narrow-linewidth photonic microwave generator containing two narrow-linewidth laser tones, it can find
possible applications in radio over fiber (ROF) systems.

Using dual-loop delayed feedback scheme as shown in Fig. 1, the linewidth of both single-mode state and
mode-beating state are reduced from MHz to kHz scale. Single mode operation with 2. 6 kHz linewidth and
photonic microwave generation at 37. 97 GHz with 1. 6 kHz linewidth are experimentally realized.
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Fig. 1 Configuration of narrow linewidth laser and photonic microwave generation using AFL with optical feedback.
EDFA: Erbium doped fiker amplifier; VOA variable optical attenuator; PC; polarization controller;
PD: photodetector; SMF; single mode fiber.

2 Experimental scheme

Figure 2 shows the schematic diagram of the AFL. It is designed to consist of a DFB section, a phase
section and an amplifier section with lengths of 220, 240 and 320 pm, respectively. Each laser sections are
independently driven by DC currents, as Ipgss Ip and I4. Detailed fabrication and performances of the AFL

have presented in Ref. [4].
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Fig. 2 Schematic view of the AFL.
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The dual-loop feedback scheme is illustrated in Fig. 1. The fiber cavity consists of two parallel fiber-
ring-cavity to obtain optical feedback. The different loop lengths are used to suppress the unwanted fiber
cavity modes and realize single mode output. The total lengths of the two fiber loops are chosen to be 20
and 50 m, respectively. In each of the fiber loop, a VOA is used to control the optical strength, and a PC
is used to adjust the polarization state of the optical signal. The linewidth of the signal mode optical signal
is measured by delayed self-heterodyne method with a delayed fiber length of 60 km. Photonic microwave

signal is detected by a PD and then measured by an RF spectrum analyzer.

3 Experimental results

When adjust the current injected into the AFL, single mode, dual mode and other states, including
period oscillation and chaos state, can be obtained. Figure 3 shows the dynamic state mapping of the AFL
in the plane of Iy, and 15, where the phase current Ip is fixed at 0 mA.
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Fig. 3 Dynamic state mapping of the AFL in the plane of Ipg and Iy, where Ip is fixed at 0 mA.
3.1 Linewidth reduction of single-mode laser
The single mode state of AFL is investigated. The optical spectrum is shown in Fig. 4 (a), where the
AFL is biased at (Ippgs I,,14) = (70, 0, 40) mA. The device lasing at 1546. 6 nm with the side mode
suppression (SMSR) of 54. 2 dB. In free running state is shown in Fig. 4(b), the linewidth of the laser is
9.59 MHz, measured using delayed self-heterodyne method. When the feedback loops are employed, the
laser linewidth is significantly reduced. As shown in Fig. 4 (c), the resultant linewidth is 2. 62 kHz,

reduced more than 3000 times compared with free running state.
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Fig.4 (a) Optical spectrum of AFL under single mode state, when (Ipgss Ips In) = (70, 0, 40) mA.
RF spectrum along with Lorentz fitting for single mode AFL under free running state (b); optical feedback state(c).
3.2 Linewidth reduction of photonic microwave signal
In dual-mode state, the optical spectrum is shown in Fig. 5(a). Beating of the two main modes at the
PD generates a microwave signal at 37. 6 GHz as shown in Fig. 5(b). The 3-dB linewidth of free running
state is 4. 2 MHz. After dual-loop feedback, the resultant power spectrum is shown in Fig. 5(c). A
microwave signal at 37. 97 GHz with the 3-dB linewidth of 1. 6 kHz is realized through feedback, which is

reduced more than 2500 times compared with original free running state.
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Fig.5 (a) Optical spectrum of AFL under dual-mode station, when (Ippg, Ips In)=1(95.5, 0, 160) mA.
(b) RF spectrum of free running dual-mode AFL. (Span: 50 MHz; RBW. 100 kHz) (¢) RF spectrum of dual-mode
AFL under optical feedback. Insert: zoom in RF spectrum of AFL with 200 kHz span and 1 kHz RBW.

To examine the stability of the output microwave signal, the frequency and power versus time are
measured at a time interval of 1000 s, with 10 s sampling rate. As the results illustrated in Fig. 6, the
microwave signal is relatively stable in 1000 s time interval. The [ root mean square (RMS) | frequency and

power hopping can be calculated using:

N
D7 i () = i (D)

o(t) = | — N . (D

where y; is microwave frequency or power at each sampling point, and N is the number of samples. The

calculated relative frequency instability is 2. 67X 10 °, and the power hopping is 0. 19 dB.
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Fig. 6 Microwave stability measurement. (a) Frequency fluctuation versus time; (b) power fluctuation versus time.

4 Conclusion

In conclusion, a narrow linewidth laser source and photonic microwave generator using a monolithically
integrated AFL with optical feedback are proposed and demonstrated. By employing a dual-loop fiber-ring
external cavity, single mode operation with 2. 6 kHz linewidth and photonic microwave at 37. 97 GHz with
1.6 kHz linewidth is experimentally realized. The measured frequency instability and power hopping are
2.67X10 ?and 0. 19 dB at 1000 s time interval, respectively. These results show the potential application

of AFL in the development of compact and low-cost narrow linewidth source as well as photonic microwave

generator.
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