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Abstract

A coherent light source with narrow linewidth and small frequency drift rate is needed for an
@-0OTDR distributed vibration sensing system. The linewidth of the DFB semiconductor laser is
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usually in the order of MHz and its frequency stability is poor, so it cannot be used directly as a
light source for an ¢-OTDR system. In this paper, a fiber ring resonator is used to narrow the line-
width and stabilize the frequency of a DFB semiconductor laser by using the self-injection locking
method, and the laser is used as the light source of an ¢-OTDR distributed vibration sensing sys-
tem. The self-injection locking can achieve about 300-time narrowing. The vibration sensing expe-
riment shows that the system can sometimes distinguish vibration signals and sometimes cannot.
We demonstrate that the mode hopping in the locking process is a difficulty to be overcome when
the self-injection locking laser is used in the ¢-OTDR vibration sensing system.
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Figure 1. Self injection locking optical path diagram of DFB
semiconductor laser

1. DFB SR ECL R BIEABIE S B E

Fiber delay line

3dB 3dB
Laser PD |— SA

AOM

Figure 2. Laser line-width measurement by delayed self heterodyne method
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Figure 3. Line-width of narrowed DFB semiconductor laser
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Figure 4. The occurrence of mode hopping during self-injection
locking is observed from the light intensity of port B in Figure 1
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Figure 5. Optical circuit diagram of ¢p-OTDR distributed optical fiber vibration sensing system
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Figure 6. Vibration signal measurement results: (a) Measured vibration signal; (b) No vibration signal is detected
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