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Fig. 1 The ideal (dotted line) and realistic (solid line) transmission peak of an FP Etalon
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Table 1 Fiber output parameters used in the simulation

Fiber type Near-field distribution(F/4 input) Far-field distribution( F/4 input)
MMEF (200 pm core diameter, NA~0.22) Measured Measured
MMF (100 pm core diameter, NA~0.22) Measured Measured
SMF (4.2 pm mode diameter, NA~0.12) Measured Measured
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Fig. 3 Illustration of the off-axis parabolic reflective collimator
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Table 2 Off-axis parabolic mirror parameters used in the simulation

Off-axis angle /(") Parental focal length f,/mm Reflective focal length f/mm
90 16.5 33.000
45 16.5 19.330
15 16.5 16.786
90 25.4 50.800
45 43.4 50.846
90 7.5 15.000
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Table 3 Fiber positioning error parameters used in the simulation

Rotation error(yaw/z,-axis, pitch/y,-axis, roll/z,-axis ) Shift error(Ax, Ay, Az)
(0,0, 0) (0,0,0)
(0, O~=410 mrad, 0) (0~=4+10 pm, 0, 0)
(0, 0, 0~ £10 mrad) (0, 0~=410 pm, 0)

— (0,0, 0~=+10 pm)
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Fig. 7 Angular energy distribution of the output beam without any fiber positioning error (OAP collimators with the same
off-axis angle and different PFL, or different off-axis angle and the same RFL)
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Fig. 11 Influence of =10 pum shift fiber positioning error along the y~axis (Ay) on the angular energy distribution of the output
beam (OAP collimator with 90° off-axis angle, 16.5 mm PFL)
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beam (OAP collimator with 90° off-axis angle, 16.5 mm PFL)

Influence of =10 pm shift fiber positioning error along the z~axis (Az) on the angular energy distribution of the output
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Table 4 Angular energy distribution variation under different combinations of fiber positioning errors for OAP collimators
with the same RFL, different off-axis angle and PFL
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sh(0,0,10 2.362X10°° 1.130X 10 °* 1.809x 10* —4.515X10""
sh ) 45  43.4(50.8) ) ) ) )
(4+2.980X10°%) (+2.493X107%) (+1.809X10 %) (—4.517X10 %)
2.367X10 " 1.140X 10 * —1.456%10°° 9.254% 10"
90 25.4 (50.8) . , , ,
rot(0,10,0) (+3.000%10 %) (4+2.522X10%) (—1.456X10 %) (+9.249X 10 *)
sh(0,0,—10 2.362X 107" 1.130X10°* —1.809x107°  4.522x 10"
sh ) 45 43.4(50.8) B . B .
(42.980X107°) (+2.493X107%) (—1.809X107°) (+4.520X10"%)
4 &
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Analysis of Collimation Errors in Off-axis Parabolic
Reflective Fiber Collimators
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Abstract: In this paper, the influence of mirror parameters, fiber type and positioning error on the collimation

quality of an off-axis parabolic reflective fiber collimator is simulated and analyzed. Compact off-axis
parabolic reflective collimators with achromatic performance are widely deployed in optical systems requiring
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polychromatic illumination. For optical systems demanding a high level of long—term stability, fiber feeding
allows for rigidification of the optical pathway, repeatable plug-in performance, and tight environmental
control of the optomechanical assembly. However, light launched from the fiber end surface cannot be viewed
as a perfect idealistic point source when high collimation quality is required. Different fiber core sizes, changes
in far and near field energy distributions, and varying positioning errors may all affect the quality of the exit
beam. From a geometric point of view, compared with axially symmetric transmissive fiber collimators, the
response characteristics of the reflective off-axis parabolic collimator are more complex. Certain applications,
with Fabry—Perot calibration sources for high—precision radial velocity observation and astronomical spectral
calibration as a good example, are highly sensitive to changes within the angular energy distribution of the
illumination condition. The radial velocity method is an important method for exoplanet detection. It measures
the wavelength position changes over time of characteristic spectral lines in the star spectrum, possibly due to
gravitational motions from accompany bodies. To enable detection of exoplanets residing in the habitable
zone, it is necessary to achieve radial velocity measurement precision at m/s level or higher by means of
simultaneous comparison with a high—precision calibration source. Fabry—Perot calibration sources have the
advantages of broadband spectral coverage, uniform spectral line distribution, and robust performance for
long—term continuous operation. When used in cooperation with traditional calibration sources such as
thorium—argon hollow cathode lamps, it can significantly improve the wavelength calibration accuracy of
high—-resolution astronomical spectrographs. However, the Fabry—Perot calibration source requires the output
spectrum peak to be maintained at an extremely high stability level (1 m/s change in peak position
corresponds to 3.3 10~ fractional drift in spectral line center). Faced with the challenges of wide operating
band and extremely high spectral stability for high—precision radial velocity measurement, it is necessary to
perform thermal-vacuum environmental control on the core Fabry—Perot etalon. Reflective off-axis parabolic
fiber collimators are thus an ideal structure for coupling light into the Fabry—Perot etalon through the vacuum
vessel. Yet, to the best of our knowledge, there is still a lack of relevant literature reports on the
characteristics of collimation quality degradation caused by fiber positioning errors in those collimators. This
paper navigates around the application requirements of the newly emerged Fabry—Perot astronomical spectral
calibration system and jointly analyzes the experimentally measured fiber output results and the mathematical
model of the off-axis parabolic mirror, to assess the response in collimation quality in regard to different
system characteristics. Raytracing simulation studies are carried out in order to determine the influence of
different input fibers and fiber positioning errors on the collimation characteristics of off-axis parabolic
reflective collimators. It is derived that with the same collimator parameters, the larger the input fiber core
diameter, the more sensitive it is to rotation positioning errors, and the smaller the input fiber core diameter,
the more sensitive it is to shift positioning errors. Under the same reflective focal length, pointing of the
collimated beam is less sensitive to fiber positioning errors when the collimator is of larger off-axis angle and
shorter parent focal length, while the angular energy distribution of the collimated beam is less sensitive to
errors when the collimator is of smaller off-axis angle and longer parent focal length. For applications that
require higher parallelism and pointing stability of the outgoing light, an off-axis parabolic collimator with a
large off-axis angle should be used under the condition of a certain reflective focal length. For applications that
require higher stability of the angular energy distribution of the outgoing light, such as the Fabry—Perot
spectral calibration system, off-axis parabolic collimators with small off-axis angles and long parent focal
lengths should be selected within the allowable size constraints. For practical cases, system size, clear
aperture limitations, machining and assembling tolerances, and other application—specific requirements also
need to be considered.
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