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Multi-configuration optimization of a Cooke Triplet

We will use a simple Cooke triplet as an example to

demonstrate multi-configuration optimization in
1

SYNOPSYS. .

We will start with the basic Cooke triplet as our initial

configuration (ACON 1; filename: CookeTriplet.RLE).

We will create two more configurations:

e ACON 2, where a -1 degree alpha tilt is added to the :
second element R

e ACON 3, where a 1 degree alpha tilt is added to the o — — T
third element TRAIIH.‘.‘;VERSEAEIER. 1.00E-06 REL. FIELD 0.75000 1.00000

We will then optimize the three ACONs simultaneously.



Creating the Alternate configurations

To create the alternate configurations of the Cooke triplet, we will first use the ACON Copy button in the
SYNOPSYS Top Toolbar to populate the base configuration from ACON 1 to the other configurations.

The ACON copy button copies the current configuration to the next ACON. click it twice to see the same lens
as ACON 1 in ACONs 2 and 3.
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This step can also be accomplished with the command: ACON BUMP. Running this command also copies the
current ACON to the next ACON. For more details on the use of the ACON command, see User Manual 10.7.2
Alternate Configurations.



Modifying Different ACONs

You can switch to the different ACON by clicking at the corresponding ACON number button at the Top Toolbar.
The alternate configuration is then launched in the SketchPad and you can edit it using the SPS, WS, or Lens

Editor.

The screenshot below shows the 3 different ACONs of the Cooke triplet:
e ACON 1: the original Cooke triplet with no tilts (left panel)

e ACON 2: an alpha tilt of +1 degree is added to the 2"d element (central panel)
e ACON 3: an alpha tilt of -1 degree is added to the 3" element (right panel)

There are totally 6 available alternate configurations available in SYNOPSYS.
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Setting tilt in ACON 2 and ACON 3

We can tilt the 2"4 element in ACON 2 and 3 using the SpreadSheet (SPS).

e First, click the ACON 2 button to activate the 2nd configuration. Then launch the SPS by clicking the SPS
button. In the SPS, click the Tilt/Decenter cell of surface 3 (front surface of element 2) to open the

Tilt/Decenter Editor tab.
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Setting tilt in ACON 2 and ACON 3

e In the ‘Tilt'Decenter’ tab, select ‘Relative Tilt and Decenter’. Then enter the the parameters shown below to

set a +1 degree tilt to element 2. For ACON 3, you will enter -1 for the tilt angle to set the correct tilt for

that configuration.
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Setting tilt in ACON 2 and ACON 3

# ACON setup.MAC
If you are familiar with the script, you can do this by running | _
: F o) (x| sla|e| 2y aa|=|a| 2|
a macro as shown here (filename: ACON setup.mac) to
ACON BUMP
change the configurations. First, use the ACON command to | & |Jacon 2
switch to the corresponding configuration, and then use the 9 CHGg AT 1.00000000 0.00000000 o
CHG file to set the surface tilt. ¢ ||
__ ||acoN BUMP
Refer to User Manual 10.7.2 Alternate Configurations for = ﬁ“ 3
more information on ACON setup. = 3 AT -1.00000000 0.00000000 2
|
&=
10.7.2 Alternate Configurations Next Previous TOC / 1

SYNOPSYS can maintain six completely independent lenses at the same time. These are called alternmate configurations, and it is simple
to switch from one to another. The command

ACON NB
will change to configuration NB, which must be a number from 1 to 6. You can also change configurations by clicking on one of the toolbar

buttons 1M _2.| 51 '8 |

When you have selected the configuration you want, you may perform any of the normal SYNOPSY'S tasks, such as FETCHING a lens,
etc. If you later switch back to an earlier ACON, it will still be the same as it was before. You can see which ACON is current by typing the
command

ACON
with no argument. To delete a current ACON (causing it to be ignored by subsequent multiconfiguration optimization) use the command

ACON NB NULL.

To immediately enforce any pickups that have been declared (see below), use the command




Multi-configuration Optimization

Simply creating the configurations does not allow the different configurations to be related to each other during
optimization. Therefore it is necessary to use the ACON pickup to build the connection between ACONs for

optimization.

In the next few slides, we will use the Cooke triplet as a simple example to show how to set up ACON pickups,

optimization variables, and merit functions for multi-configuration optimization.



Multi-configuration Optimization, ACON Pickups

You can find all the commands relating to setting up
ACON Pickups in the second half of the User Manual
10.7.2, Alternate Configurations.

The commands used for Pickups must be put between
the command ACON NB PICUPS and the keyword END.
We sometimes refer this block of structure as the
Pickup file.

For this example, we will demonstrate the use of the
ZOOM (Note 1) gand POB commands.

Note 1: the word, ZOOM, when it is not used in the Pickup Files, it is a
command for zoom positions. For more details, see User Manual
10.7.1 ZFILE zoom lenses.

The relationship between each alternate configuration and the others

is defined by one or more files of the format :

Multiconfiguration optimization:

ACON [ CLEAR / ENFORCE ]
ACON NB
ACON NB NULL

ACON NB PICKUPS
Sha ((PCY ) SNM [ ACONF ]
PTH
PIN
PAS
PCAO

1 PZDATA 1 [ ACONF |

1 PACCOM 1 [ ACONF ]

1 POB 1 [ ACONF ]

1SN {HP1/HP2 /HZ1 / HZ2 }

[ [B/CJZO0M [ JSSS JSPS JFROMSURF 11
END

Commands to be
used in the Pickup
Files

NB is the configuration to get the picked-up data (1 to 6), and ACONF
is the configuration whose data are to be picked up (default is

configuration 1).




ACON Pickup

Here is a simple macro that contains two Pickup Files for — .
ACON 2 and 3, respectively. © ACON pickup.MAC

o1 [X]| &|a

ACON 2 PICEUFPS

Each Pickup file has the same commands:

e ZOOM 1 7 1: causes all radii, thicknesses and airspaces,
and indices to be picked up from ACON 1 by the alternate

configurations. It means to cause surfaces 1 through 7 in Z00M 1 7 1 Pickup file for ACON 2
configuration number 2 (or 3) to be the same as the surfaces 1 POB11
beginning with number 1 in configuration 1 END

e 1 POB 1 1: makes the object data declared in ACON 1 to ACON 3 PICEUPS

picked up by the other configurations.

Z00M 1 7 1 Pickup file for ACON 3
With this setup the three ACONs are linked together, and when 1 POB 1 1
the parameters of ACON 1 are optimized, the parameters of END

ACON 2 and 3 are changed simultaneously. Since the ZOOM
command does not pick up tilt and decenter, the tilt of ACON 2
and 3 can be set independently without being affected.

W | 2| |2 | m




ACON Pickup, more information on the commands

« POB (Object data pickup):
Syntax: 1 POB 1 [ ACONF ]

Object data, including YMP1, YP1, THO, YPO, XMP1, XP1 XPO and the object radius of curvature may be picked up by the entry POB in
the ACON Pickup file. This is required if any of these quantities are variables in the main configuration and you wish the alternates to use
the same values.

- ZOOM:
Syntax: ZOOM [jsss jsps jfromsurf]

This keyword causes all radii, thicknesses and airspaces, and indices to be picked up from ACON 1 by alternate configuration. Tilts,
decenters, and clear apertures are not picked up by this option. This is useful when the lenses have the same parameters but have
different tilts or decenters, as you might find in a scanning system. The ZOOM entry may optionally specify a range of surfaces that are
to pick up data from the source configuration beginning at a specified surface number. For example, to cause surfaces 6 through 12 in
configuration number 2 to be the same as the surfaces beginning with number 4 in configuration 1, the input would be

ACON 2 PICKUPS
ZOOM 6 12 4
END



Optimization variables and merit functions in multi-config optimization

You can establish the optimization
variables and merit functions using
the standard optimization PANT and
AANT files (Note 1).

An example multi-configuration
optimization macro is shown here.

Note 1: For more details on the PANT and
AANT files, see the following sections in
the User Manual: 10.2 Parameter Input
(PANT), 10.3 Aberration Input (AANT).

EANT
H 1
0 YP1
IST ED ALL
IST TH ALL
IST GLM ALL
HD

Declaration of

optimization variables

AANT P

ACON 1

ARC

ACC 501 1
0.250000E+00

R 0.000000

0.000000

0.000000

L

HE
HE

311

0.250000E+00
0.000000
0.000000
0.000000

SR

311
0.250000E+00

0.100000E+02 A CONST 1.0 / DIV FNUM

3.000000 4
3.000000 4
1.000000 4

0.100000E+02 A CONST 1.0 / DIV FNUM

3.000000 4
3.000000 4
1.000000 4

0.100000E+02 A CONST 1.0 / DIV FNUM

0.000000
0. 750000
1.000000

0.000000
0. 750000
1.000000

Declaration of merit

functions

SR 0.000000 3.000000 4 M 0.000000
HE 0.000000 3.000000 4 M 0. 750000
HE 0.000000 1.000000 4 M 1.000000
HD

SHAP 0 /DAME 1.,00000

SYNOEPSYS 25 MULT <

Since the optimization program normally works on
whatever ACON is current, and only that ACON,
you must put the word MULTICONFIGURATION
in word 3 of the SYNOPSYS command if you
want to optimize more than one ACON at a

time. This causes the program to accept ACON
entries found in the AANT and PANT file, and to
perform the pickups between the several
configurations.




More on optimization variables and pickup
Now let’s take a closer look at the PANT file (ie, the optimization variable declarations).

« In the PANT file, we explicitly declare the optimization variables for ACON 1.

It includes all the radii, thicknesses, and glass models as declared in the DANT

lines 4-6 of the screenshot. Line 3 in the screenshot declares that the object ACON 1

property YP1 is also an optimization variable (see appendix for the use of VY 0 YP1

YP1 as an optimization variable — the floating stop). That's the reason we VLIST RD ALL

need the POB(object data pickup) declaration in the Pickup file. WVLIST TH ALL
WVLIST GLM ALL

Because we have set up the Pickup files as shown in the screenshot at the END

bottom, only ACON 1 is needed in the PANT. The other ACONs will pick up
the values of these variables in ACON 1.

* ACON pickup.MAC

« When the AANT and PANT files are processed, the program assigns the
aberrations and variables to the current ACON until another ACON directive Gl : |X| | X
is encountered within that file. Since one usually intends the first of these to ACON 2 PICRUPS

apply to ACON 1, it is wise to either change to this ACON before entering ZooM 1 7 1 || Pickup file for
these files, or to start the AANT and PANT files with an explicit ACON 1 1 POB 11 ACON 2

directive. Failure to do this can result in the data being applied to the wrong
configuration, since the program has not yet seen the SYNOPSYS ... MULTI

ACON 3 PICEUPS

command that is to follow, and it therefore defaults to the usual interpretation ZOOM 1 7 1 1| Pickup file for
of the AANT and PANT data, which apply to the current configuration. o ACON3

W | =] |

You can also put an ACON 1 command at the start of your optimization
MACro for the same purpose.



More on optimization variables and pickup

* You can combine the ACON Pickup.Mac (shown in ¥ ACON pickup and OPT.MAC
the 2"d screenshot of the last slide) with the

standard optimization macro by copy and paste .
the ACON Pickup Files before the PANT file so
that you can track the Pickup and variable e Pickup files:
declaration in the one place. This new _® ||acon 5 rcrues Connections between
optimization macro is saved as ‘ACON pickup and = e 11 different configurations
OPT.mac’. =
& facon 1
Lisr R ALL PANT file:
A &ii: (T}‘I’;ijh Decl:la.ratic_)n of _
optimization variables
bl
il
il
[

T P
N 1
ARC
ACC 5 1 1
1L 0.250000E+00 O.100000E+02 A CONST 1.0 / DIV FNUM
IGSR 0.000000 5.000000 4 M 0.000000
IGNE 0.00000D 3.00000D 4 M 0.750000 . . .
IGNE 0.00000D 1.000000 4 M 1.000000 AANT flle' DeClaratlon
of merit functions
|ACON 2
IARC
ACC 5 1 1
15 0.250000E+00 O.100000E+02 A CONST 1.0 / DIV FNUM
IGSR 0.000000 5.000000 4 M 0.000000
IGHER 0.000000 3.000000 4 M 0.750000
IGHER 0.000000 1.000000 4 M 1.000000
ACON 3
IARC
ACC 5 1 1

0.250000E+00 0.100000E+02 A CONST 1.0 / DIV FNUM
SR 0.000000 5.000000 4 M 0.000000
£




More on merit functions

Because there is no pickup for the merit functions, we =

must include explicitly the merit functions for each ﬁ“ 1

ACONs, even though they may be the same as shown in ACC 5 1 1

. M 0.250000E+00 O.100000E+02 A CONST 1.0 / DIV FHUM

thlS example. GSE 0.000000 5.000000 4 M 0.000000
GHE 0.000000 3.000000 4 M 0.750000
GHE 0.000000 1.000000 4 M 1.000000

If you fail to declare the merit function for a particular ACON 2

ACON, that configuration will not be optimized even -, .

thOUgh yOU have Set Up the pleUp flle and/or M 0.250000E+00 O.100000E+02 A CONST 1.0 / DIV FHUM
GSE 0.000000 5.000000 4 M 0.000000

optimization variables for that ACON. GHR 0.000000 3.000000 4 M 0.750000
GHE 0.000000 1.000000 4 M 1.000000
ACON 3
ARC
ACC 5 1 1
M 0.250000E+00 O.100000E+02 A CONST 1.0 / DIV FHUM
GSE 0.000000 5.000000 4 M 0.000000
GHE 0.000000 3.000000 4 M 0.750000
GHE 0.000000 1.000000 4 M 1.000000
END




Multi-configuration optimization result

After optimization, we can see that lenses in the different configurations are all improved:
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Multi-configuration annealing

Simulated annealing can be run normally after optimization as long as the pickup between
different configurations are still in place and you are still using the same multi-config
optimization macro.
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Multi-config optimization with G terms

e If you want to include G terms in the optimization, you can
simply modify the previous optimization macro by adding the G
terms in the PANT under ACON 1 as shown in the screenshot to
the right.

e The conic constants (CC), G3 (4th order term), and G6 (6th
order term) for surfaces 1-6 will be pickuped up by ACON 2 and
3 because the ZOOM directive in the Pickup File.

5 ACON_OP_2_1007.MAC

[0t %] &[a[n] @[]

O[5 € @ B

1 CC

TN R W DN RWNE oW R WwR
Qo QLo 8 8 8 8 8

o oy Oy W wwwww

END
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ACCS511

M 0.250000E+00
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GNER 0.000000
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ACOR T

0.100000E+02 A
5.000000
3.000000
1.000000




Optimization results with aspherical terms
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Declare independent optimization variables for different

configurations

Sometimes we may want to keep some variables in the different
ACONs independent (ie, not tied by pickup) during optimizations.
You can do that by explicitly declaring those variables under its own
ACON number in the PANT file.

For example, if we want surface 3 to be shifted (decentered)
independently in ACON 2 and 3, we can add the declarations
enclosed in the red square to the PANT file to make the Y-decenter
amount (YDC) independent variables for ACON 2 and 3.

PANT

ACON 1

VY 0 YP1
WLIST RD ALL
WVLIST TH ALL
VLIST GLM ALL

2 |2 |

o

ACOM 2
W 3 YDC

ACOM 3
WY 3 YDC

ili




Declare independent optimization variables for different
configurations

After optimization, YDC changes separately for configurations 2 and 3:
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Appendix 1 Floating Stop

Stop location has direct impact to system performance

Where should the pupil (stop) be”?

« QOther lens design software requires specifying a pupil
location (that ties to the stop)

* In SYNOPSYS™, you can start with a guess stop
location, and ask the software to help find the best
location via optimization. All you need to do is to tell
SYNOPSY that you want to make the stop location as an
optimization variable by adding one line of command to
your optimization macro — the floating stop

— VY 0 YP1: declare floating stop for optimization

Variable parameters:

PANT

VY 0 YP1
VLIST RAD ALL
VLIST TH ALL
VLIST GLM ALL
END
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