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Abstract

Abstract

Since the birth of semiconductor laser, with its advantages, it has been widely
used in laser communication, remote sensing and other fields. Typically, the line
width of a semiconductor laser is on the order of MHz with a high phase noise. These
disadvantageous factors greatly limit the application of the semiconductor laser in
certain areas so how to further reduce the line width of a semiconductor laser is a hot
research topic.

The main work of this thesis was to study the use of electrical -negative feedback
technology to reduce the line width of the semiconductor laser, and to conduct a series
of theoretical analysis and experimental demonstration.

1. The basic principle and related working characteristics of semiconductor laser
were introduced. The reasons for the wide generation of semiconductor laser
linewidth were analyzed. The reasons for the width of the semiconductor laser line
were analyzed and the corresponding expressions of the line width were derived. The
measurement method of semiconductor laser line width was explained in detail.

2.The specific experimental scheme and the analysis of the experimental results
were given. The principle analysis of two different frequency discriminators, such as
Fabry-Pérot interferometer and phase-shift fiber Bragg grating, was analyzed and
simulated, which could be used reasonably according to actual needs. This thesis
introduced the principle of semiconductor laser drive circuit, including constant
current drive and thermostatic control. The temperature detectors and the cooling
elements required for the thermostat control had been independently analyzed. The
circuit of realizing current amplification function was given, and the specific circuit
composition was analyzed. The bandwidth of the feedback loop passband was about
3.3MHz. The FM noise power spectrum density of the semiconductor laser was about
1/20 of the free operation, and the corresponding line width decreased from 3MHz to

150KHz. Finally, the reason for limiting further reduction of line width was analyzed.
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Figure 4.8 Schematic diagram of temperature control system

4322 RERKNF
A £ FuR FEAR I SS9 2 N, Blin AR R . S ERARAE, FRER B
BEL {1 £ B8 4 IR B S AT AR 4k, BB SR B ok RN R IR
Ry = Ry(1 + At + Bt?) (421

HH, Roi2 Pt100 7£ O°CHFFRHAE, LERfRe=100Q; R,7& Pt100 7£ t'CIRffrIBH A ;
A. BESHIMHEREE SRR

4323 2Tl

BT SABOL 2 TIER P2 A M K EHRE SRR MBOL SR M E R,
Bt B B O 28 AT BRIR . — MR A S (Thermoelectric Cooler) 52
BLEIA R R R HIA A RS EHA 7D, AN RERERAME, =
HRBERRTEEN, EEA—AHA—Ln#, XE—2an, a4
LA, B MIREE O B, ERRFEERT, mMBAREK—MUTE
FRT. E—8RAT, LGS A HE8 BB — ik URRRREPY,

PR Bk, —Fh o BR—F p B, HAENEEARAKNETER.
e ST R B B E , RIEEES— M S 3L SR ER. SRS
BFAE SEH A d, EESANS LEEERER, SBEEE. HTAH
W — RS E, REAEFBFIERASENRD—M. FSERA T HEH
mE 4.9 Fror.

40



Fa¥E TRHRRIREGRIM

B 49 TEC RF&HE
Figure 4.9 TEC internal structure diagram

SR WO S XS i i 4.10.

B 4.10 2S4ECRKSIRE

Figure 4.10 Semiconductor laser drive circuit

BosR s HEmME 4.11.

Cool- Cool+ DC-
Pin7 | | IPinl
TEC| | X% iéLT:H)J
1¢ =
10KQ
LV ¥ 200
CASE
ping | | | | Pinla
+ R +

H 411 BOLHESIHE

Figure 4.11 Laser pin drawing
Bt 5 e LR 4.1 B,

41



KT SR BRI S AR R SRR TR

i 4.1 BOGESIBIsE

Table 4.1 Laser pin definition

= /pin No. £-B5E 3 /Pin Function
1 #5888 /Thermistor
2 #8578 88/Thermistor
3 #5552 B 3% A HR/Laser DC bias cathode {-)
4 3¢ 8 24 T #%/PD monitor anode (-)
5 % 21 ¥ % 5: #2/PD monitor cathode (+)

6 i 8% IF i/ Thermoelectric cooler ()

7 &7 22 411/ Thermoelectric cooler (-)

8 FEMNC

9 FINC

10 FINC

11 Bt IER, AT/ Laser anode (1), case
12 e B2 a8 1 B/ Laser RF cathode ()

13 YRR IEME, 84457 Laser anode (+), case
14 FINC
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Figure 4.17 Actual circuit board

4.5 ST EER NI
SISEH 1550nm BK N DFB SOGCIAENBOLE . BHERREE T P
et 4.18 Fiass

10 T T T T ; ¥ ,' . T T T T M T — T T
st i ]
AT o E
= 6f 1=
R4k 1 =
- 1+
B! | ]
0 . v ’.'V "
T - 100 6 4 2 0 2 4 6

: L/ mA oS : v ?ﬁ}‘i&/hﬂiz
B 4.18 DFB ¥OGRM P-I HERANELR
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