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Introduction

F-Theta lenseandLaser Scanner are commonlaser industry in many fields, especialby f
material processing of large areasvafers FTheta lenssallow one to maintain a
diffraction limited spot size for the whole scanning field

A Top Hat intensity distributiors also popular inthelaser additive industry.

A Small Top Hat is a special kind of Diffractive Optical Element (DOE). It keeps spot size
very small Diffraction Limited Spotx 1.54atexp?), andwith anextremely narrowransfer
region. The transfer regida defined agheareabetween expand 90% from peak intensity.
Transfer region is a one tifekey parameters for Top Hat beam shap®maller transfer
regions lead tsteepesidewalls of the processenhaterial.

Utilizing both aTop Hat Intensity shape afmh F-Theta $anner may significantlyncrease
manufacturing speed atige quality ofthe manufacturing process.
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Typical setup for using Top Hat and F-Theta Scanner

TheTop Hat beam shapeyplaced befor¢ghe scanneat somearbitrarydistanceasdistance
doesn’t influence functi onal swithinthe3canaer ma i
and FTheta to be more than ~2.fhcident beam size.

Most FTheta lensesn the market ardesignedo focusanincident beam intéhe smallest

spot sizepossiblen theworking plane. Adding Top Hat functionality tbeinput beam

leads to undesired effects ithhe working plane, becaugbe F-Theta lenssn't optimizedfor

this condition.The straightforward solution is to defiaespecial system that includes all
variables suchas

Wavelength

Beam size

Beam quality

Scanner’s mirrors size and positions
Field definition

Target Top Hat size

. Etc. ...

But practically i tequsesdivarsespegializatoe irmaryffeldsct i v e
Alternatively,in many cases the customer alreadydsgstem withan F-Theta scanner and

Is interesedin upgradng his optical systemwith a Top-Hatintensity.

In this work we want to shothe effect of addingasmall Top Hat ta standard Frheta lens

in different positios within scanning field.

NookwhE
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Background

Theoretical background (mathematical, physical) from literatucgioown practice.
1 Information page about Small Diffractive Top Hat
Top Hat application note on HOLO/ OR’
Top Hat Installation manual
Optical calculator for Diffraction Limit
M-shaper Top Hat for scanning applications
Free simulation tool in MATLAB for Small Top Hat with ideal lens
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http://holoor.co.il/Diffractive_Optics_Products/Diffractive_Beam_Shapers/SmallBeamShaper.htm
http://holoor.co.il/Diffractive_optics_Applications/Application_Notes_BeamShapers.htm
http://holoor.co.il/Diffractive_optics_Applications/TH_installationManual_Final.pdf
http://holoor.co.il/Diffractive_Optics_Products/Calculators.htm
http://holoor.co.il/Diffractive_Optics_Publications/brochures/M-Shaper_brochure.pdf
http://holoor.co.il/Diffractive_optics_Applications/binaryTH.zip

Materials & Methods

The unique propertyads mal | Top Hat i s that geometr.i
effect is below to geometrical optics sensiti(kywave) Thisleads toademand to use more
precise methods of optical simulatj@uch as physical opticBhysical optics considethe
complex nature athelight wave and allowachievingresultsthat are closer to the real

world, compared to a puregeometrical modelA Small diffractive Top Hat diffrastthe
incident beanonly slightly, butthis isenough forthedesired functionality of beam shaping.
VirtualLab is the natural choice for complex optical simulation wilgfeaction and
interferenceeffect areconsideredits propagation methahreoptimized for systeswhere
classical refractive elements meet diffractive elements

In thisreport we will compare physal optics results with those géometrical optics.

Specification of F-Theta lens used for the demonstration:

Scan field #15°

Wavelengthb32nm

EFL 100 mm

Working Distance 127%mm

Optimized to Gaussian Beat® mm exp?)
Clear apertur®.25mm

Glass material BK7

A =A== -_=

Diffractive Top Hat element® be examined in the report

ST 293 Square 3 mm Link
ST260 Round 3 mm Link
ST268 Line 3 mm Link

List of simulations:

1. Simulation of the system without Top Hat beam shaper

2. Intensity distribution ircentralposition middle and maximum scanning fieldth
Top-Hat beam shaper

3. Effect of using smaller than recommended chgaarture
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http://holoor.co.il/Diffractive_Optics_Products/php/productParameters_page.php?PN=ST-293-Q-Y-A&lamda=532&Dim=1D
http://holoor.co.il/Diffractive_Optics_Products/php/productParameters_page.php?PN=ST-260-Q-Y-A&lamda=532&Dim=1D
http://holoor.co.il/Diffractive_Optics_Products/php/productParameters_page.php?PN=ST-268-Q-Y-A&lamda=532&Dim=1D

Results

The optical setup includes:

1. Gaussian beam TEM®mm diameter(exp?)
2. Top Hat DOE

3. F-Theta lens (builfrom 5 lense8K7)

4. Virtual screen as detector

Print screen of the optical setup in VirtualLab

Gaussian Wave 3mm

532 nm ST293_square F-Theta Wirtual Screen
__\. ._-_\1 //.\\
0 3 1 602
@ X 0mm| B X omm | X: 0 mm @
Y0 mm Y0 mm EFL100mm, scann angle +-15 deg Optimized for Y-0 rr:rr:
7:0mm 7 Omm Gaussian<=3mm 7-127.55 mm
F-Theta Lens 3D view Geometrical ray tracing 3D view
3D View: F-Theta = | E e B8 & Ray Distribution 30 E=NECE

0 View | 20 View

Diffraction limit calculation with HOLO/OR calculator (Diffraction limited Spot Size):

http://holoor.co.il/Diffractive Optics Products/Calculators.htm

Beam size without Beam Shaper Calculated Top Hat size
Diffraction-Limited Spot Size Calculator Diffraction-Limited Spot Size Calculator

Wavelength 532 nm v Wavelength 532 nm v

Effective Focal Length (EFL) 100 mm - Effective Focal Length (EFL) 100 mm -

Beam Diameter (D) 3 mm - Beam Diameter (D) 3 mm -

Laser Beam Quality (M?) 1 Laser Beam Quality (M2) 1.54|

Diffraction-Limited Spot size (wg) 22.58 um -~ Diffraction-Limited Spot size (wg) 34.77 um -~
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Field tracing propagation results for different angles

Propagatiorof Gaussian beam 3 mtlmrough FThetawithout Top HatDOE, Clear Aperture
6.25mm

Scan Angled° Scan Angle7.5’ Scan Anglel5’
I 11117 I 10580 I 11115

5538.6 I 5290.1 I 5537.7

49,899 pm
49,915 pm
50,063 pm

| -49.899 pm 49,899 um- ! 720888 -49.968 pm 40,968 pm- ! 3.0023E-11 | ~49.993 pm 49,993 pm- ! 1012688
Beam sizeadiusX [um] 11.29 1146 11.51

Beam sizegadiusY [um] 11.31 1146 11.58

Deviation fromtheoryX [%0] 00 15 2.0

Deviation fromtheoryY [%] 01 15 2.6

Geometrical ray tracing for-Fheta lens. Airy Radius: 8.653 pm

Geometrical Rays Tracing in VirtualLab
Field @ Field 7.5 Field 15

Squared Amplitude of X-Component of Electric Field [1ES (Vim)"2] Sauared Amplitude of %-Component of Electric Field [1E3 (Vim)"2] Squared Amplitude of X-Compenent of Electric Field [(kV/m)"2]

I 2.3698

0.41654 I 24328

W
Wy
ST

0.20827

¥ [uml

12.164

¥ [um]
0

=
11851 |
=

o

! 0.000271...
X [pm]

Geometrical raytracing shows spot size is Diffraction limiteddsted scan angles.

[5) 2 . -"'_j!
? i

B

3.3286E-07 3 4 5 6 7

-15 -1.25 -1 -0.75 X [pm]
X [um] 0.000117..

-0.4 -0.2 [} 02 0.4
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Propagation of Gaussian beam through ST 293 Top Hat DOE square shape and F-
Theta lens

Angle O, 0 Angle7.5 0 Angle 15, 0
27554 2855.5 2007
. 3 3
13777 1427.7 14535
| -50.619 um 49,768 pm 3.3987E-6 ; 50054 m 49477 ym 47671E-6 E
-49.987 pm 49.556 pm 6.2601E-7
Angle7.5,7.5 Angle 15, 15
”‘n i 20357 ' 50,011 um 4958 pm 3.6387E-7
ScanAngle in degrees (Cartesian) 0O 7.5 15
Beamsize radius X [um] 17.00 16.92 16.81 17.02 16.8B
Beam size radius Y [um] 1700 17.04 17.14 17.04 16.98
Deviation fromfield 0 X [%)] 0.2 0.8 0.2 -0.1
Deviation fromfield 0Y [%0] 0.3 0.8 0.2 -0.1
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Propagation of Gaussian beam through ST 260 Top Hat DOE round shape and F-
Theta lens

Angle 0 Angle 7.5 Angle 15
38209 3858.2 4020.9
g £ £
L = =
Z 5 3
=+ = o=
L =
10104 19201 20104
£
E
g = 5
o [ o
-?rr ;
R 3.0752E-6 5t
50,589 pm 49739 pm | -50.114 pm 49,956 um 1.0506E ‘5 50,036 um 49,951 um 3.1055E-5

ScanAngle in degrees (Cartesian) O 7.5

Beam size radius X [um] 17.9 17.89 17.89
Beam size radius Y [um] 17.% 17.99 18.12
Deviation fromfield 0 X [%)] -06 -05
Deviation fromfield 0'Y [%0] 0.2 0.9
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Propagation of Gaussian beam through ST 268 Top Hat DOE line shape and F-Theta

lens
Angle 0, O Angle7.5 0 Angle 15,0
5578.8 827 58016
£ = £
o
2789.4 20135 29008
£ E E
=5 =l
g 2 g
g 2 ?
-49,958 pm 49.958 pm 2523568 50,06 um 49,949 um 1 7869E-8 -50.034 pm 48,523 pm L.8063E-9
Angle0, 7.5 Angle O, 15
5205.5 53392

49.95 pm

49,996 pm

2ea78 26696
£ £
m 0
- o
= [=2]
= =
L o
' T
- 41927E-8
2o27pm 49876 um -50.006 pm 50,006 pm L6678E-2
Angle7.5,7.5 Angle 15, 15
5437.6 5591.5
£ E
0 =
g 2
& z
2718.8 2795.8
E £
o =
g 3
3 7
7.567E-10 -50.012 pm 49,982 pm 2.0318E-8

-50.005 pm 50,005 pm

ScanAngle in degrees

0,0 15,0 0,7.5

0,15 7.5,7.5 15,15

(Cartesian)
Beam size radius X [um]

16.8 16.87 16.76 16.2

176 1695 16.2

Beam size radius Y [um]

11.29 11.3 11.56 11.4/

1150 1146 11.5%

Deviation fromfield 0 X [%]

-06 -13 -03

04 -01 -0.4

Deviation fromfield 0Y [%0]

03 24 16

18 15 2.5
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Insufficient clear aperture effect

Theresuls belowshowthe effectthat occursvhen FThetalensor/and scanner havaclear
aperture smaller than recommende€hlisexampleis of clear aperturd.5 mm(1.5 x beam
size).

Angle (0, 0). Beam size without DOE 12.19x12.2 um

Square Round Line
. 32038 51367 . 37634
2 £ e
1601.9 25684 28817

E
2 3 -

o e e ’ -50.22 pm 50.22 pm 24576E-5 | -50.192 pm 50.192 pm 1.2425E-7
Beam size radius: Beam size radius: Beam size radius: 16.55x11
16.75x16.70 um 14.64x14.53 um um

Angle (15, 15).Beam size without DOE 12.99x12.96 um

3798.6 54538 s3004
) : - 2699.7
-50.019 pm 50.01% pm 3.6542E-7 . \
-50.029 pm 49,957 pm 11419E-7

40,995 pm 40,895 pm 1.4519E-6

49943 pm
49,966 pm

50.006 pm 50.006 pm

50.029 pm
50,051 ym

Beam size radius: Beam size radius: Beam size radius: 16.03x12
16.17x16.26 um 14.16x14.20 um um
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Analysis

1. Ftheta lens in geometrical optics is diffraction limited. In physical optics the spot is
alsodiffraction limited but its shape &slightly imperfect GaussiarThat imperfectioralso
hasa slight effect orthe Top Hat shape. The size of Top Hamainsconstanfor adefined
scan field.

2. A Round Top Hat is less sensitive to scan ftelmha square oaline shapeStill,
theoverall effect on all shapdsr different field angless very limited Naturally, for
applications with scanning along all directions round shape will give best rés@tpiare
shapewill be betterfor orthogonakcansand line shapbetterfor 1D scanning applications.

3. In the report we examindtle case of using.small clear aperturalongthe optical
axis. This refers ttheentrance pupil size, clear apertures of mirrorstardlear aperture of
F-Theta les. Cuttingthebeam byanaperture < ~2.2 times beam diameter will cause
boundary diffraction creating arundesired effect othe beam shaper functionality. Mainly
transfer region will increase while flat area viié reducel.

4. It seems reasonabledefineanF-Theta scannaasfits to work with a small
Diffractive Top Haf when one measuresGaussian spot size in focdhpe close to
theoretical valusvithout the beam shaper

5. Wedo not recommendsingSmall Top Hat for lasswith M? >1.3, because'#
functionality is very close tthedeviation ofthelaser beam from ideal @ssian.

Conclusion

In the current report we showed tlaagmall diffractive Top Habeam shapeworks well in
combination withanF-Theta scanneilhe Pecific parametersf the F-Thetalensmust be
consideredvhenchoosinghecorrect beam shapéfrheField tracingsimulation method in
VirtualLab allowsoneto combineheclassic refractive elements ofTheta lens with fully
diffractive elemergand to demonstragiiffraction and interference effedfor differentscan
angles
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