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Cylindrical optical micro-structure used in infrared

laser protection

Sun Yanjun, Liu Shunrui, Wu Bogi, Wang Li, Wang Jun
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Abstract: Laser protection is a technology of wide application. Aimed at the problem that strong
absorption in visible wavelengths and equipment or operator injury caused by laser high-reflective film
specular reflection exist in infrared laser protection technology, an infrared laser non-specular reflection
optical micro-structure formed on optical material surface was presented. It had little effect on visible
light transmission and large-angle scattering to 1 064 nm laser. Light track method was used to design

double-side micro-cylindrical lens arrays with a dislocation construction. Array period 7 and curvature

radius of lens units R should meet the condition: 0<T<R/2\/7 . Virtual-Lab optical modeling software
was applied for the simulation of designed micro-cylindrical lens arrays. The results is that, average
transmittance rate of visible light drops 7%, which has little impact on practical result, and which can be
made up by visible wavelengths fabrication antireflection coating; 1 064 nm infrared laser reflection is
greater than 75%, divergence angle is greater than 30°. Fabrication experiment of micro-cylindrical lens
arrays was finished by digital mask lithography technology, the test result was similar to simulation result.
The conclusion is that, micro-cylindrical lens arrays can cause wide-angle scattering, which greatly
reduces the single-directivity reflection echo energy of laser to achieve the purpose of laser protection.
Key words: infrared laser protection; optical micro-structure; cylindrical micro-lens

CLC number: TB133 Document code: A DOI: 10.3788/IRLA201746.0616001

HEXZEMEHRTOMNERIFHER
INEFE R, ZWH L E WL, E B
(KA IXRF b TEFR, FH K& 130022)

W OB, SAGYPRE AT 2 e AMEAR, XA B AT NSO B 3 3 R P A 69 T LR gk B
FOK IR A E R AT R A RA R R F A R — R TS EF o R @ sbgob s @ R 4
e, B T kA vk, BB 2 1064 nm 28 SR K A ST 6 Th AR, AR i S B
B, P RBAALE T F R EABIEENO R B RAREEES, EA AN T 5EEE T
F X2 R Z 0 F#H % 0<T<R/2\N/T #)% % . B A Virtual-Lab 5t 5 8 A4 8 48 2b 3% it 09 42 @ % 45 M 8t 47

Wi A H# . 2016-10-15; f&iT H #i.2016-11-19
EE£WAB . HEK A KRB 4 (11474041)
YE& B . IMEZ(1978-), T, BIZUZ , 1, B2 FoG24 30 a8 il £ R J7 1 A9 A5 . Email: custsun@126.com

0616001-1



9Nk TAE

% 04

www.irla.cn

% 46 %

B, RMERA T IAFHETRET S 7%, 55 % AL RZ o, 57T vl i 5T ok B4 %) 38 15
JEBEAT 3R AR ;1064 nm L8N R AT R LR 15% , KA KT 30° R A F A2 B R T mAEE
Bl g 20, R4 REEME RS ME, RAF R L MAEEE ) M E IR A EHS, kB
R AR — s R @ R Ak &, Ak 2] T #OE T 47 69 B 49,

KR oM RFmeEH;

0 Introduction

Optical window of transmitting visible light,
filtering or reducing infrared laser is used widely in
laser protection field. Currently, there are two main
methods of infrared laser protection; one way is to
insert absorption elements of infrared laser to reduce
laser light transmission. However, visible wavelength
transmission losses much (over 20% ) while filtering
out infrared laser of visible light . Another is to
fabricate reflective coating on lens surface. The
method also has some disadvantages. In case of high
laser power of specular reflection, the reflected laser
beam also harms human eye, skin, and other optical
components. Therefore, exploring a laser protection
technology which has little impact on visible light
transmittance and scatters to infrared laser with large
angle is very important ¥, That noted, the paper
presents an infrared laser non-specular reflection
optical micro-structure formed from optical window
surface. It has little impact on visible light
transmittance and avoids damage on laser vertical or

inclined specular reflection to humans or instruments.

1 Cylindrical microstructure design

In order to achieve the purpose of normal
incidence laser emitting at a certain angle, the shifting
double cylindrical lens array was designed as in Fig.1P.
We adopt ray tracing way, the lens unit is an axially
symmetrical structure. Thus, we only discuss it in one
direction. Wherein, L is any incident light, L,, L,, L; are
respectively refractive

light, reflected light and

emergent light corresponding to L. Contour standard

AR A L

surface expression of cylindrical microstructure is:
2
2= R (1)
1+V1-(1+K)*R?

In Eq. (1), ¢ is the curvature, its value is the

reciprocal of radius curvature R, 1/c=R=xb%a, K is a
quadric surface constant. If non specular reflection
micro-structure design adopts cylindrical micro-lens as

initial mathematical model, then k=0.

Fig.1 Optical pathway of double cylindrical micro-lens arrays with

dislocation construction

Incidence angle at any point of cylindrical lens
surface is 0° —90° . Incident light L reflects topper
cylindrical lens array through lower cylindrical lens
array to make emergent light and incident light into
a certain angle. Refractive light emitted from point
A has two special positions D and H, as shown in
Fig.2(a)™. Two refractive lights through point D, H
must meet conditions: Z ADB</ BDH, / AHF</ FHE.
Each angle is less than and greater than 0. When
point A moves to A;,, £A,DB is in extreme position,

as shown in Fig.2(b).

1
A i
!

(a) Angular dependence
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(b) Special position angular dependence

Fig.2 Ray propagation dependence

In the triangle A,DO, sin (£ A,DO)=T/2R, then

cylindrical lens 0O <7 <R, thereby we obtain the
relationship between cylindrical lens array period T
and curvature radius of lens units R.

R
2V

0<T<

(2)

2 Function of cylindrical lens arrays

Single cylindrical lens thickness expression of

cylinder unit structure as Fig.3 is:

d(x,y)=V R*-x* +h—

R—

AsVR-x* = \/RQ—(I—;%) zR(l—;?) , Eq.(3) can

be simplified as:

T?+ATx+8x>
8R )

d(x,y)=R+h—

d(x,y)

N e e
=

Fig.3 Unit structure of cylindrical micro-lens arrays

The function of single cylindrical lens

transmission #,(x,y) by Eq.(4) is®:

| TP+4Tx+8x> )

h(xgﬁ:hyexpiﬂn—l)hd o (5)

Among them hy=exp[—jky1(R+h)]. The function of

lens array transmission based on array theorem is:

N
Hey)=t(xy) * 2, 8(x—E,y=,) (6)
n-1
In formula (6), &,m, are represented as any position
in cylindrical lens™. Cylindrical lens array consists of
n parallel lens units, each unit’s period is 7, we may
deduce its transmittance:

t(x,y)=to(x,y) * 2 S(X_nT):t(’(x’y). chomb( x?) @)

n-1

We carry out Fourier transform on formula (7) to
obtain spectral function of cylindrical lens array:
T(f.f)=F{1o(x.)))} Fklcombﬁiﬁ’—
xy)— 0 ’y g T ‘ T / -
T\(f..f;,)gcomb ( x? ) (8)

Formula(8) indicates that cylindrical lens array is
equal to the product of micro-lens unit spectrum and
array spectrum arranging in the sameconfiguration.
Non-reverse reflected cylindrical lens array power

spectrum is:
2

IT(fof ) P=ITo(ff )12+ ©@

)
comb( T )
The light intensity distribution of micro-lens arrays

accordingly is:

I(fofy) <1 T(f )P (10)
3 Stimulation of cylindrical lens arrays

The paper is aimed at the requirements of 1 064 nm
infrared laser protection and visible wavelengths.
Combined with the boundary conditions of cylindrical
lens array feature size and the difficulty of processing
in further experiments, we set R=0.8 mm, 7=0.18 mm,
h=3 mm for cylindrical lens array unit, the upper and
lower cylinder translocation is A=0.09 mm, as shown
in Fig.3. We adopt Virtual-Lab optical modeling
software. Then we set that the light source area is
0.4 mm x0.4 mm, the substrate material is QUARTZ
glass; it is fabricated by 80-380 nm high permeability
and 1064 nm infrared laser high reflective coating.

3.1 Simulation of visible light transmission
532 nm wavelength surface light source is selected

to vertically irradiate non-reverse reflected cylindrical
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lens array. Figure 4 is diagram and curve of visible

light intensity distribution. Non-reverse reflected
cylindrical lens array has the effect of penetration and
light equalization on visible light. The transmittance
rate of QUARTZ glass substrate is about 95%, and
the transmittance rate of cylindrical lens array is about
88% under 532 nm light. It decreases by 7% compared

with that of QUARTZ glass in column-free lens array.

Fig.4 Energy distribution of 532 nm parallel light

3.2 Simulation of 1064 nm laser wavelength
reflection
The result of simulating 1 064 nm laser illuminant

incident on the cylindrical lens arrays is shown in Fig.5.

(a) Simulation of parallel light vertical incidence

(b) Vertical incidence of parallel light energy distribution

Fig.5 Simulation graph of parallel light vertical incidence

From the simulation, light intensity is

symmetrically distributed, the reflectance is about
76.32% ,the center echo rate is about 5% , the

specular reflectance of QUARTZ glass in column-free

lens array under 1 064 nm light is about 81.66% and
cylindrical lens reflection echo decreased 76.66%. Thus,
as laser incident on cylindrical lens array happens,
reflected light energy spreads outward. It greatly
decreases energy concentration, reduces the energy of
laser reflection and plays function of laser protection.
Light

intensity distribution on the receiving

screen is about 0.4 —1.6 mm position. Illuminant,
cylindrical lens array, receiving screen are right-angled
triangle relationship. The incident light angle between
emergentlight and vertical micro-lens array surface is
«, and its value is:

a=arctan(l/L) (11)
Wherein, the distance between light source and micro-
structure is L=1 mm, L is the distance between light
source to emergent light and receiving screen
intersection. The angle o formed by right and left
light source is 21.8° through calculation. Thus, the
divergence angle of target echo is 43.6°. When light
is incident on cylindrical lens array, the divergence
angle of target echo will increase. It will reduce the
energy of laser reverse echo.

From the previous analysis, the protection effect
will be better with incident angle greater. So we
simply discuss incident light in little angle, such as
the following four cases: 5° 10°, 15°, 20°. Figure 6

is diffuse reflection of four incident angles.

ical Interface (2)

(a) Optical pathway of 5° incidence angle

Sthale Optical Interface (2)

(b) Optical pathway of 10° incidence angle
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(c) Optical pathway of 15° incidence angle

Single Optical Intedace (3

(d) Optical pathway of 20° incidence angle
Fig.6 Optical pathway of 5°, 10°, 15°, 20° incidence angle

Light intensity distribution curve shows that the
angle « between emergent light and incident light has
a certain range. Positive and negative angle indicate
right and left direction of light source. By Eq.(11),

we obtain « data shown in Tab.1.

Tab.1 Data table of light intensity distribution

Angle of
Incident  Divergence ng. €0 Reflection  Reflection
maximum
angle angle . . boundary 1 boundary 2
ntensity
5° 35.80° 13.50-7.97° 31.80 —-4.00
10° 32.81° 26.57-17.80° 28.81 —4.00
15° 47.56° 37.86, 13.28° 50.69 3.13
20° 30.89° 38.66-33.28° 53.67 22.78

While 1064nm laser incident cylindrical lens array,
the reflectance is approximately 75% and the divergence
angle of target echo is greater than 30°. The maximum
intensity area deviates from light source in a certain
angle. It reduces the energy of laser backward echo to

reach laser protection purpose.

4 Experiment research

In this experiment, lithography gray mask was
software according to

finished

generated utilizing Mat-lab

micro-structure  parameters designed. We

lithography experiment utilizing DS —-2000/14G digital

mask lithography machine, and photoresist micro-

structure was fabricated on quartz substrate surface by

development etc, shown in Fig.7.

———

(a) Photoresist graphic structure

(b) Surface morphology by Zygo interferometer

Fig.7 Photoresist micro-structural and interference morphology

For realizing visible light wave-length transm-
ission, photoresist micro-structure was transfered to
quartz substrate surface by ICP —801 plasma etcher
machine. Surface topography and deviation value is
shown in Fig.8. The roughness of micro-structure

arrays surface is 0.035 pm, form error is 29.3 nm.

s

(a) Surface morphology by Zygo interferometer
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(b) Morphology deviation of cylindrical micro-lens arrays

Fig.8 Interference morphology and deviation
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The test result: the transmission of visible light
wave-length is 86%, the reflectivity contrastive analysis
of 1064 nm laser total reflectivity is shown in Tab.2,
the test result of the different single angle reflectivity

is shown in Tab.3.

Tab.2 1064 nm laser reflectivity contrastive analysis

Incident angle/(°) 0 5 10 15
Simulation power  76.32% 71.94% 75.23% 73.56%
Sample test power  74.71% 73.50% 74.28% 75.10%

Tab.3 Test result of the different single angle

reflectivity
Single angle Incident angle/(°)

reflectivity 5 10 15 20
5 3.4 4.6 3.8 4.4
Reflection ) 3.6 2.9 3.8 3.5

angle
/%) 15 4.4 4.2 3.1 3.8
3.6 3.5 4.1 3.8

The experiment result shows that laser total
reflectivity ¢ is in agreement with the simulation
results, but the reflectivity error exists because of
cylindrical optical micro-structure fabrication error.
Micro-cylindrical lens arrays can increase reflection
light divergence angle, reducing single-directivity
reflectivity echo energy shown in Tab.3, it can realize

infrared laser protection.

5 Conclusion

Laser protection is a multipurpose technology.
The paper designs optical micro-structure made from
optical material surface based on drawbacks exist in
current optical protection technologies. It scatters to
infrared laser with reverse large angle on the premise
of lower losses of visible light transmission, which
avoids detect ability of vertical reflections as well as
equipment and personnel injury caused by specular
reflection. It achieves protection to intense laser.
that the

average transmittance of visible light decreases by 7%,

Simulation and experiment result shows
but still above 85%. It has little impact on practical
application, and we can make it up by fabricating
antireflection coating. While stimulating 1 064 nm laser
incident cylindrical lens array, the reflectance is over
75% and the divergence angle of target echo is
greater than 30°. The maximum intensity area deviates

from light source in a certain angle. It reduces the
energy of laser single-directivity echo and specular
reflection to reach laser protection purpose. We will
then carry out experiment verification to design and
simulation result with the maturation of experimental
conditions. The technology can be popularized other
infrared wavelength laser protection, for example 5 pwm,
12 pm etc, only cylindrical optical micro-structure is

designed for other laser wavelength.
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