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Abstract The laser beam expander, which can expand the beam diameter and compress the divergence angle, is widely
used in laser ranging, atmospheric detection, and other fields. In order to compress the external dimensions of the laser
beam expander and reduce the distance between the output beam and the input beam, a multi-stage reflection laser beam
expander composed of multiple confocal off-axis parabolic mirrors is proposed in the paper. According to the design
requirements, the system parameters of the multi-stage reflection laser beam expanders are calculated. A single-group
beam expander and two multi-stage beam expanders are simulated, and their tolerances are analyzed by ZEMAX optical
design software. The dimensions and tolerances of the single-group beam expander and the multi-stage beam expanders
are compared. The results show that the multi-stage beam expander can achieve high-magnification laser beam expansion

in a shorter distance within a relatively loose tolerance range.
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Fig. 2 Beam expansion principle of two-stage beam expander 1
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Fig. 3 Beam expansion principle of two-stage beam expander 2
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Fig. 4 3D layouts of beam expanders. (a) Single-group beam expander; (b) two-stage beam expander 1; (c) two-stage beam expander 2
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Table 3 Parameters of three beam expanders

. Two-stage beam expander 1 .
Single-group beam . Two-stage beam expander 2 (first
(first stage: 3X ; second stage:
expander (9X) stage: 2X ; second stage: 4.5X)

Beam expander )
PMof SMof PMof SMof PMof SMof PMof SM of
PM SM first first  second second = first first  second second
stage stage stage  stage  stage stage stage stage
Curvature radius /mm 180 20 60 20 60 20 40 20 90 20
Off-axis amount /mm 180 20 60 20 60 20 40 20 90 20
Divergence angle of output beam /mrad 0.2234 0.2234 0.2233
Waist radius of output beam /mm 4.5178 4.5205 4.5080
Notes: PM represents primary mirror; SM represents secondary mirror.

Irradiance /

9.0 y (W-mm2)

o @) 0.0122

2 0.0110

s 0.0098

2 0.0085
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8 0.0049

g 0.0037

8 0.0024

N 0.0012

-9.0
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X coordinate value
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9.0 (W-mm-2) 9.0 hTa(‘iIlIal'Inée /
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E 00110 & 0.0188
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z 00085 > 0.0085
g 00073 2 0.0073
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g 00049 £ O 0.0048
9] 0.0037 3 0.0036
$ 00024 g 0.0024
>~ R 0.0012

-9.0 o
-9.0 0 9.0 9;%‘0 0 9.0

X coordinate value X coordinate value
FIS ¥ W ARG MR IR A () BT ARG (DR Y WAL L (OMWBY KRG 2
Fig. 5 Illumination distributions of image plane of beam expanders. (a) Single-group beam expander; (b) two-stage beam expander 1;

(¢) two-stage beam expander 2
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Fig. 6 RMS wavefront errors of system. (a) Single-group beam expander; (b) two-stage beam expander 1; (¢) two-stage beam expander 2
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Table 4 Tolerance parameters of beam expanders

Single group beam Two-stage beam expander 1 Two-stage beam expander 2

Parameter expander (9X ) (first stage: 3 ; second stage: 3X) (first stage: 2X ; second stage: 4. 5X)

SM PM SM PM SM PM SM PM SM PM
TRAD /mm +0.06 +0.06 +0.02 +0.02 +0.02 +0.02 +0.02 +0.02 +0.02 +0.02
TTHI /mm +0.06 +0.06 +0.02 +0.03 +0.03 +0.03 +0.03 +0.03 +0.03 +0.03
TUDX /mm +0.04 +0.05 +0.01 +0.01 +0.02 +0.02 +0.01 +0.01 +0.02 +0.02
TUDY /mm +0.04 +0.05 +0.01 +0.01 +0.02 +0.02 +0.01 +0.01 +0.02 +0.02
TUTX /(%) +0.05 +0.06 +0.02 +0.02 +0.02 +0.02 +0.02 +0.02 +0.03 +0.03
TUTY /() +0.05 +0.06 +0.02 +0.02 +0.02 +0.02 +0.02 +0.02 +0.03 +0.03
TIRR +0.06 +0.06 +0.02 +0.02 +0.02 +0.02 +0.02 +0.02 +0.02 +0.02
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