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Collimated Laser Beam-HCW Optical Coupling

SPIE____XK

Photonics West

O

O

O

O

HCW

d ;

ainput'

Aoutput 7

Diffraction-limited collimated Gaussian beam

R
2
1+(/1sz
W

Waist radius at the focal pla

Focal length: f=

Beam intensity distribution:

ne. WO \/ 2
1+ j
R

G(r)=GOe

L



Coupling efficiency SPE

O HCW hybrid modes: zero-order Bessel functions: ](ulm s )
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Propagation Losses
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O Attenuation coefficient:

O Theoretical Losses:
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Experimental Setup
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Optical coupling with five lasers in the mid-IR spectral range

Beam profiles
acquired at the
lasers exit

Coupling Lens

QCL @ 7.8 um

Source

Cage system

QCL @ 6.2 um

QCL @ 5.2 um

QCL @ 4.6 um

ICL @ 3.5 um

Focal lengths providing the best coupling conditions

7.8 pm QCL | 6.2 pm QCL (5.2 pm QCL | 4.6 pm QCL |3.5 pm ICL
f 25 mm 50 mm 50 mm 75 mm 75 mm
a  (ny 89.6% 88.6% 94.0% 83.6% 93.8%
Wy/a; |0.52 0.82 0.69 0.91 0.70
f 25 mm 50 mm 75 mm 75 mm 75 mm
a (ny 72.2% 94.6% 89.9% 93.6% 91.1%
wy/a, |0.40 0.63 0.80 0.70 0.54 ¢




Beam Profiles at Tapered-HCW Exit
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Influence of wy/a Parameter on the Beam Quality |35 e

Example of 5.2 um QCL coupled into input bore radius a,

O F= 50 mm and F=75 mm allowing the same coupling efficiency of
the laser power with the J,, mode

QCL @ 5.2 pm

50 mm 75 mm
m 90.1% 90 %
Propagation Losses|74 dB 93 dB
Wo/a, 0.53 0.80

Although 90% coupling efficiencies, a w,/a, value
substantially lower than 0.64 does not guarantee a single-

mode output
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Discrepancy ascribed to

O low spatial quality of the laser beams
O at 3.5 um: scattering losses < 1/A2, caused by HCW inner surface

roughness 11
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Conclusions

Study on the influence of f, A and a on Tapered-HCW performance

Theoretical model predicting the best operating conditions for single-mode
output and low optical losses

Experimental validation of the model in the 3.5-7.8 um spectral range

Selection of the coupling inner bore a; allowing single-mode output with the

lowest losses

Beam Profile

5 6
x (mm)

6
x (mm})

7.8 um QCL 6.2 um QCL 5.2 um QCL 4.6 um QCL 3.5 um ICL
f 25 mm 50 mm 50 mm 75 mm 75 mm
2w 1.9 mm 2.3 mm 2.8 mm 3.5mm 1.9 mm
A a a, a a, a,
N1y 89.6% 94.6% 94.0% 93.6% 91.1%
Wo/a 0.54
L, (dB)

y (mm)
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