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Research on temperature characteristics of VBG external cavity

semiconductor laser

LIU Rongzhan™ , JIANG Wei, SONG Jian

(Wuhan Raycus Fiber Laser Technologies Co. ,Ltd. , Wuhan, Hubei 430000, China)

Abstract: COMSOL software is used to simulate the steady-state output of volume Bragg grating (VBG)

external cavity semiconductor laser,and the influence of VBG on the temperature characteristics of semi-
conductor laser is studied. Two kinds of VBG (15% and 20%) are used to lock the mode of 888 nm

semiconductor laser in external cavity. The output characteristics and temperature characteristics of sem-

iconductor lasers under the condition of external cavity mode locking are tested and analyzed. The results

show that the VBG external cavity structure can improve the spectral characteristics of the semiconduc-

tor laser and increase the operating temperature of the semiconductor laser. When the VBG with 15%

diffraction efficiency is used for external cavity mode locking,the maximum output power is 10. 7 W, the

output wavelength is stable at 888 nm,and the spectral linewidth is 0.3 nm at 25 C.
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Tab.1 Parameters of coating layer materials
. Heat conduativity N
Material J(Wem 'K Refractive index
Al, O, 33 1.62
TiO, 1.8 2.3
SiO, 1.4 1.46
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Fig. 1 Coating curve of cavity surface: (a) Front face; (b) Rear face
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Tab.2 Parameters of laser materials

Various parts of the LD Material Size/ (mm X mm X mm) Heat conduativity/(W e m ' « K1)
Cu heat sink Cu 30X 15X5 398
AIN heat sink AIN 4X5X0.3 180
Laser chip GaAs 4X0.5X0.15 44
Solder layer AuSn 4X0.,5X0.003 57
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Fig.2 Temperature distribution of laser

with 10 W optical power
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Fig.3 (a) Temperature distribution in the active region of the front cavity along the slow axis;

(b) Relationship between laser optical power and junction temperature
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Fig. 4 Temperature distribution of VBG external cavity semiconductor laser with 10 W optical power;

(a) VBG with diffraction efficiency of 15%; (b) VBG with diffraction efficiency of 20%

50
48
46 +
O
3 44 —=— Free
= —— 15% VBG
pn L -+ 20% VBG
m_/ffﬂ"“*\\\
38 -
1 1 1 1 1

-0.10 -0.05 0.00 0.05 0.10
x/mm

(a)

Temperature/ C

55

50

45 b

40 |

35

—=— Free
- 15% VBG
—4-20% VBG
25 1 1 1 ] 1 1
0 2 4 6 8 10 12
Optical power/W
(b)

30

B 5 (a) AEMsMEHCERBIEEEEMARAMNEESH; (b) EAMMERAERLDERELSRNXER

Fig. 5

(a) Temperature distribution of front cavity surface of VBG external cavity laser along slow axis;

(b) Relationship between optical power and junction temperature of VBG external cavity laser
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Tab.3 Parameters of VBG

Diffraction efficiency/ % Bragg wavelength/nm

Size/ (mm X mm X mm) Diffraction bandwidth/nm

15 888
20 888

3X2X1 0.3
3X2X1 0.3
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Fig. 6 Experimental setup of VBG external

cavity semiconductor laser
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Fig.7 Spectral characteristics of volume grating external cavity semiconductor laser at 20 C ;

(a) Spectrum of VBG with 15% diffraction efficiency; (b) Spectrum of VBG with 20% diffraction efficiency
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Fig.8 Spectral characteristics of volume grating external cavity semiconductor laser at 25 C ;

(a) Spectrum of VBG with 15% diffraction efficiency; (b) Spectrum of VBG with 20% diffraction efficiency
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Fig.9 Spectral characteristics of volume grating external cavity semiconductor laser at 30 C :

(a) Spectrum of VBG with 15% diffraction efficiency; (b) Spectrum of VBG with 20% diffraction efficiency
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