Multi-focus DOE lens design
with
SYNOPSYS™
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Multi-focus DOE design and optimization

Using DOE, we can design lens with multiple focal points: different focus positions for

different diffraction orders.

This Application Note demonstrates how to design and optimize a multi-focus DOE lens
using the multi-configuration setting in SYNOPSYS™.,

If you have a valid Customer Service Contract with us, and you want to obtain a copy of the macro and lens files

discussed in this document, please send an email to office@osdoptics.com, with your key number included in the

email subject line.
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Initial Structure

File: DOE_ACON1_1.RLE

This is the initial lens and we will
first put it in configuration 1
(ACON 1). Surface 1 is set up with
USS 25 DOE with diffraction order
-1.
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Change the DOE diffraction order to 0 in configuration 2 (ACON 2) and 1 in configuration

3 (ACON 3)
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Optimization macro

File: DOE_MULT_OP.MAC

In this example, we want the back
focal of order -1 (ACON 1) to be
about 70mm, order 0 (ACON 2) about
100mm and order 1 (ACON 3) about
160mm

We will set up an optimization macro
as shown to the right to design and
optimize the DOE lens from its initial
structure.

Make sure you switch back to
configuration 1 before running this
macro. It's important!
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The declaration, ACON 2 and 3
PICKUPS PCV at the top of the macro,
keeps the curvature and DOE
coefficients of surfaces 1 and 2 of the
DOE lens remain the same in all three
configurations

ACON 2 PICEUPS
1 PCV 1

2 PCV 2

In the PANT section (optimization
variables), DOE coefficients of surface 1
and radius of surface 2 are used as
variables (while maintaining the same
values for all the 3 configurations)

END
ACON 3 PICEKUFPS

In AANT (merit functions), add
imaging quality targets and BACK
targets to each of the three

configurations (ACON 1, 2, 3)
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the back focus (TH of surface 2)
of the three configurations
(ACON 1, 2, 3) can vary
individually

A

MO1APYAODDI1
MO1APXAD1D0
GNR 01 7FO0

M 70 0.1 A BACK

ACON 2
MO0D1APYAODDI

ACON 3
MO1AFPYAODOD1
MO1APXAD1D0
GNR 01 7FO0

M 160 0.1 A BACK

SYNO 50 MULTT




Optimization results |:

After optimization, different focal
lengths are successfully achieved
for the three different configurations.
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" DOE_ACON1.RLE
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File: DOE_ACON1.RLE =
- _ . tl||zp ExAMPLE SINGLET 3
FNAME 'DOE_ACON1.RLE '
? || MERIT 1.34361
DOE_ACONZ2.RLE I
—_ - @ || war .6328000
— (| wr1 1.00000
DOE_ACONS3.RLE = o '
3 . UNITS MM
- OBE 0.0000000 0.0010000 10.0000000  O©.00000000000 0.0000000  0.0000000 10.0000000
0 AIR
1cv 0.0000000000000 TH 5.00000000
H H = 1 N1 1.51508379
The three DOE lenses differ only in Bt is000s0s
1 GTB S 'N-BK7 '
A 1oss 2
ORDER and BACK. Other e
- || HIN 1.500000 55.000000
o) RNORM ___ 1.00000
= ORDER __ -1
p a ra m e t e rS a re e X a Ct | y t h e S a m e e 1 XDD 1  2.83761824E+00 3.90071751E-03 -3.44577293E-04 1.61275366E-05 -3.96684566E-07
——| 1XDD 2 5.24920559E-09 -3.52670096E-11 9.42478491E-14 2.83758269E+00 3.90529992E-03
% 1 XD 3 -3.44T749130E-04 1.61276284E-05 -3.96562830E-07 5.24651249E-09 -3.52439490E-11
——| 13XOD 4 9.41768497E-14 8.42405491E-04 -3.46819905E-07 -3.63927401E-09 -3.47039439E-07
El 1 XDD 5 -1.69857398E-08 3.71582463E-10 -3.64087347E-09 3.71931298E-10 -7.81581495E-12
2 RAD -53.1429859937758 TH  [72.14883146 AIR |
3 v 0.0000000000000 TH 0.00000000 AIR
END
[[= | = |[ =|" DOE_ACONS.RLE =] = [j§
ot x| #la|s|=vau=| s ¢
RLE 4 RLE
i ID EXAMPLE STNCLET 1 ID EXAMFPLE SINGLET 3
FNAME 'DOE ACON2.RLE . FNAME 'DOE_ACON3.RLE '
MERIT 1.34361 ? || MERTT 1.34361
LOG 1 To || oe 3
WAl .6328000 || WAl .6328000
WT1 1.00000 — || WT1 1.00000
APS 1 = || APS 1
UNITS MM BETES MM
OBB 0.0000000 0.0010000 10.0000000  0.00000000000 0.0000000  0.0000000 10.0000000 GBE  0.0000000  0.0010000  10.0000000  0.00000000000 0.0000000  0.0000000  10.0000000
0 AIR 0 AIR
1oV 0.0000000000000 TH 5.00000000 1cv 0.0000000000000  TH 5.00000000
1 N1 1.51508379 1 N1 1.51508379
1 CTE  0.710000E-05 —I| 1 crE 0.710000E-05 .
N 1 GTB S 'N-BET ' A i g:‘; 525 N-BK7
—| >SS 2 T || owav 0.632800
i 0632800 HIN 1.500000 55.000000
|| 51N 1.500000 55.000000 — : :
& RNORM 1.00000 ° Rggg:]; 1'20000
— ORDER 0 T
& 1 XDD 1 2.83761824E+00 3.90071751E-03 -3.44577293E-04 1.61275366E-05 -3.96684566E-07 ﬁ i gg ; g'gi;:;giggfgg _g'ggggzggg:gi 'g':;i:;iii::gi ;:;g;:gg;;gg _g'gg:g;g:g:g;
v | 1 XD 2 5.249205598-09 -3.52670096E-11 9.42478491E-14 2.837582698+00 3.905299928-03 ] 1 XDD 3 -3.44749130E-04 1.61276284E-05 -3.96562830E-07 5.24651249E-09 -3.52439490E-11
0] 1 XDD 3 -3.44749130E-04 1.61276284E-05 -3.96562830E-07 5.24651249E-09 -3.52439490E-11 |7 1 XDD 4 5.41768497E—14 B 42405491F-04 —3 . 46819905E-07 —3 . 63927401E—09 —3. 47039439807
1 XD 4 5.41768497E-14 8.42403491E-04 -3.46819905E-07 -3.63527401E-09 -3.470334358-07 El 1 XDD 5 -1.69857398E-08 3.71582463E-10 -3.64087347E-09 3.71931298E-10 -7.81581495E-12
El 1 XDD 5 -1.69857398E-08 3.71582463E-10 -3.64087347E-09 3.71931298E-10 -7.81581495E-12 2 RAD _53.1429859937758 [ T8 16046552563 ATR |
2 RAD -53.1429859937758 | TH 100.22151076 AIR 3 ov 0.0000000000000 T C 55050000 Aan
3 cv 0.0000000000000 TH 0.00000000 AIR END
END
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