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Abstract We present a packaging structure of multi-wavelength infrared laser diode and study the beams collimation
techniques under this structure for improving beams parallelism of wavelengths at 860 nm, 905 nm and 1064 nm
(pulse/single). By the imaging analysis of Gaussian beam in both paraxial and off-axial conditions, we summarize and
present an imaging theory of “quasi-coaxial” laser beams. The collimating optical system is designed by this imaging
theory, and corresponding optical paths are modeling by the optical-design software. A prototype of multi-wavelength
laser source is prepared under the guidance of optical paths model, and the parallelisms of “quasi-coaxial” beams are
tested by a verification experiment. The experimental results show that the *quasi-coaxial” beams of 860 nm,
905 nm and 1064 nm (pulse/single) have well parallelisms.
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Table 1  Main photoelectric characterizations of several semiconductor laser chips

Chips Peak wavelengths /nm Luminescent face /mm Divergence (fast axis) Divergence (slow axis)
Al 860+5 0.1900. 001 25° 10°
Az 905+5 0.190X0.001 25° 10°
As 1064+10 0.190X0.001 25° 10°
A4 1064410 0.003X0.001 30° 10°
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Fig. 1 Packaging schematic diagram of multi-wavelength

laser diode
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Fig. 2 Principle diagram of propagation and once

transmission by Gaussian beam
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Table 2 Structure parameters of collimating

optical system

Radius  Thickness Entrance
Surface Glass
/mm /mm pupil /mm
1 —78.89 8
ZE7
2 —38 12.033
3 189. 087 3 F4 40
4 43. 74 11
K9
5 —105 44
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Fig. 5 Simulation results of 1064 nm off-axial Gaussian beam
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Table 3 Beams parallelism parameters of multi-wavelength laser source (/=0. 94 mm)

Direction of fast axis

Direction of slow axis

Paraxial Off-axial
A/nm o wo, /pm 60 /% wi, /mm 0/, /mrad who /mm 6/, /mrad h/mm 0 /° 6/, /mrad
Theory  0.0206 Theory  0.0339 ~ Theory  1.5577
860  1.2548 12.5 13.305 , 14.245 , 0.095 5 _
Simulation 0. 0205 Simulation 0. 0859 Simulation 1.5579
~ Theory  0.0216 Theory  0.0341 ~ Theory  1.5551
905  1.3204 12.5 13.327 _ 14.267 0.095 5
Simulation 0. 0216 Simulation 0. 0857 Simulation 1.5553
1064 Theory  0.0253 Theory  0.0362 Theory  1.5468
1.5524 12.5 13.399 _ 14.339 0 0.095 5
(pulse) Simulation 0. 0253 Simulation 0. 0868 Simulation 1. 5470
1064 Theory  0.0211 Theory  0.0381 Theory  0.0244
1.2937 15  16.079 . 17.019 , 0.095 5 ,
(single) Simulation 0. 0210 Simulation 0. 1017 Simulation 0. 0382
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Fig. 6 Packaging diagram of multi-wavelength laser diode. (a) Positions of focal planes; (b) size of substrate
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Fig. 8 Principle diagram of beams parallelism verification experiment
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Table 4 Experimental data of multi-wavelength laser source beams parallelism

Direction of fast axis

Direction of slow axis

A;/nm wo | /mm ¢, /mrad ¢/, /mrad
Theory 0. 0339 Theory 1. 5577
Theory 14. 245 . ; . ;
860 Simulation 0. 0859 Simulation 1.5579
Experimental 16. 365 Experimental 0.1267 Experimental 1. 7921
Th 11, 267 Theory 0.0341 Theory 1. 5551
eor .
905 Y Simulation 0. 0857 Simulation 1.5553
Experimental 16. 398 Experimental 0.1233 Experimental 1. 7936
Theory 0.0362 Theory 1. 5468
Theory 14. 339 . ) . )
1064 (pulse) Simulation 0. 0868 Simulation 1. 5470
Experimental 16.523 Experimental 0.1313 Experimental 1. 7881
Th 17 019 Theory 0. 0381 Theory 0.0244
eor .
1064 (single) Y Simulation 0.1017 Simulation 0.0382
Experimental 19.022 Experimental 0.1239 Experimental 0.0471
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