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Abstract: Near infrared Gaussian laser beams are crucial in many research studies, such as the interaction
between intense laser and materials, laser cleaning, and laser combustion diagnostics. However, the
non-uniformity of energy distribution of Gaussian beams hinders the further development of these fields.
To improve cleaning efficiency and measuring accuracy, beam energy is typically expected to distribute
uniformly within a larger working distance in practical applications. Nevertheless, the current beam
shaping methods cannot satisfy requirements of long focal depth and high laser power tolerance
simultaneously. Therefore, a novel optical system of Gaussian beam uniformization with long focal depth
is proposed and designed based on the aberration effect of aspheric surface lens, which comprises an
aspheric beam uniformization system and a spherical long focal collimation system. All lenses are
fabricated with fused quartz and coated with antireflective film on the surface, which can achieve a 99.9%
transmission efficiency in the optical system. The working wavelength of the system is 1064 nm, the
working distance is 1000 mm, the total length of the system is 135.2 mm, and the laser power is higher
than 300 W. The design results show that the effective focal depth of the shaped flat-topped Gaussian beam
is £100 mm, the uniformity of the beam is better than 95%, and the convergence angle is 17.52 mrad,
which satisfy the requirements of the abovementioned application fields. Compared with other laser beam
uniformization systems, the beam shaping system designed in this study possesses a simple structure and
affords easy processing, low cost, long focal length, high laser power tolerance, and good beam
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Comparison of advantages and disadvantages for the

Table 1

current beam uniformization methods

Beam shaping

method

Advantages

Disadvantages

Binary optics

High diffraction effi-
ciency; adjustable
spot profile; micro,
array, integration and
arbitrary ~ wavefront

transformation

The plastic quality is
restricted by the level
of non-fine machining
technology, therefore
the laser damage thre-

shold is low

Small uniform irra-

Focusing Large diameter; high

diation area and easy to

optical system  laser damage )
produce interference

of wedge array  threshold )
stripes

Liquid crystal

o Real-time and adjust- Low laser damage
spatial light
table spot shape threshold

modulator

Birefringent

Lenses

The  transmissivity
function can  be

changed flexibly

High processing diffi-
culty

Random phase

Easy to control the

shape and size of the

Interference speckle on

plate focal spot, simple to target
make
Easy processing and
Aspheric Y P £
high laser damage Low flexibility

lenses shaping

threshold
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Table 2 Performance parameters of optical system

Performance parameter Design value

Wavelength 1.064 pm
Gaussian beam diameter 10 mm
Laser withstand power 300 W
Beam uniformity =95%
Transmission efficiency of optical
299.9%
system
System focal length 1000 mm
System focal depth +100 mm
Laser divergence angle of entrance
) 0 mrad
pupil
Laser convergence angle of exit pupil <18 mrad
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Quadric Higher
Surface Radius  Thickness
Lens surface aspheric
shape /mm /mm
coefficient coefficient
Spherical 10.550 0
Ist 4.1
Spherical  7.810 0
Spherical -26.507 0
2nd 4.6
Spherical —11.379 0

Aspheric —13.422 -3.74
3rd 3.1

Spherical -32.824 0

Spherical ~ -51 0
4th 32

Spherical ~ 19.7 0 0

Spherical —39.519 0
5th 6.8

Spherical -24.834 0

Spherical 27.599 0
6th 8.8

Spherical 251.380 0

Spherical -22.763
7th 4.6

Spherical -170.08 0

Spherical —600.036 0
8th 6.6

Spherical —43.026 0

Spherical -30.851 0
9th 5

Spherical —41.139 0
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Fig.2 The optical system of Gaussian beams uniformi-

zation with long focal depth
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Table 4 Processing requirements for optical lens

Deviation
TTHI=0.02 mm
C=0.05mm

Sequence number of lens

st
PV<0.251

RMS<0.054
TTHI=0.03mm
C=0.05 mm
PV<0.254
RMS<0.054
TTHI=0.03 mm
C=0.05 mm

2nd

3rd

PV<0.254
RMS<0.054
TTHI=0.03 mm
C=0.05 mm
PV<0.254
RMS<0.054
TTHI=0.02 mm
C=0.05 mm
PV<0.254
RMS<0.054
TTHI=0.03mm
C=0.05 mm

4th

5th

6th
PV<0.254

RMS=<0.0514
TTHI=0.03 mm
C=0.05 mm

7th
PV=<0.254

RMS=<0.0514
TTHI=0.03 mm
C=0.05 mm

8th
PV<0.254

RMS<0.051
TTHI=0.03 mm
C=0.05mm

9th

PV<0.254
RMS<0.054
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