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Mul t i -conf igurat ion  opt imizat ion  of  a  Cooke Tr ip le t

We wi l l  use a s imple Cooke t r ip let  as  an example to  
demonstrate mul t i -conf igurat ion opt imizat ion in  
SYNOPSYS.

We wi l l  s tar t  wi th  the bas ic  Cooke t r ip let  as  our  in i t ia l  
conf igurat ion (ACON 1;  f i lename: CookeTr ip let .RLE).   
We wi l l  c reate two more conf igurat ions:  

● ACON 2,  where a -1  degree a lpha t i l t  is  added to  the 
second e lement

● ACON 3,  where a 1 degree a lpha t i l t  is  added to  the 
th i rd  e lement

We wi l l  then opt imize the three ACONs s imul taneously.



To create the a l ternate conf igurat ions of  the Cooke t r ip let ,  we wi l l  f i rs t  use the ACON Copy but ton in  the 
SYNOPSYS Top Toolbar to  populate the base conf igurat ion f rom ACON 1 to  the other conf igurat ions.    

The ACON copy but ton copies the current conf igurat ion to  the next  ACON. c l ick i t  twice to  see the same lens 
as  ACON 1 in  ACONs 2 and 3.  

Creating the Alternate configurations

This  s tep can a lso be accompl ished wi th  the command:  ACON BUMP. Running th is  command a lso copies the 
current  ACON to the next  ACON.  For  more detai ls  on the use of  the ACON command,  see User Manual  10.7.2 
Al ternate Conf igurat ions .



Modifying Different ACONs
You can swi tch to  the d i f ferent  ACON by c l ick ing at  the corresponding ACON number but ton at  the Top Toolbar.   
The a l ternate conf igurat ion is  then launched in  the SketchPad and you can edi t  i t  us ing the SPS,  WS, or  Lens 
Edi tor.
The screenshot  be low shows the 3 d i f ferent  ACONs of  the Cooke t r ip let :
● ACON 1:   the or ig inal  Cooke t r ip let  wi th  no t i l ts  ( le f t  panel )
● ACON 2:   an a lpha t i l t  o f  +1 degree is  added to  the 2nd e lement  (central  panel )
● ACON 3:   an a lpha t i l t  o f  -1  degree is  added to  the 3 rd e lement  ( r ight  panel )

There are to ta l ly 6  ava i lable a l ternate conf igurat ions avai lable in  SYNOPSYS.
ACON number 
buttons

ACON 1 ACON 2 ACON 3



Setting tilt in ACON 2 and ACON 3
We can t i l t  the 2nd e lement  in  ACON 2 and 3 us ing the SpreadSheet (SPS).  

● Firs t ,  c l ick the ACON 2 but ton to  ac t ivate the 2nd conf igurat ion.   Then launch the SPS by c l ick ing the SPS 
but ton.  In  the SPS,  c l ick the Ti l t /Decenter ce l l  o f  sur face 3 ( f ront sur face of  e lement 2)  to  open the 
Ti l t /Decenter  Edi tor  tab.  

   

Need more work



Setting tilt in ACON 2 and ACON 3
● In  the ‘Ti l t ’Decenter ’ tab,  se lect ‘Relat ive Ti l t  and Decenter ’ .   Then enter  the the parameters shown below to  

set  a  +1 degree t i l t  to  e lement  2 .   For  ACON 3,  you wi l l  enter  -1  for  the t i l t  angle to  set  the correct  t i l t  for  
that  conf igurat ion.



Set t ing  t i l t  in  ACON 2  and ACON 3

I f  you are fami l iar  wi th  the scr ipt ,  you can do th is  by running 
a macro as  shown here ( f i lename: ACON setup.mac) to  
change the conf igurat ions.  F i rs t ,  use the ACON command to  
swi tch to  the corresponding conf igurat ion,  and then use the 
CHG f i le  to  set  the sur face t i l t .

Refer  to  User  Manual  10.7.2 Al ternate Conf igurat ions for  
more in format ion on ACON setup.



Mult i -configurat ion Optimizat ion

Simply c reat ing the conf igurat ions does not  a l low the d i f ferent  conf igurat ions to  be re la ted to  each other dur ing 
opt imizat ion.  Therefore i t  is  necessary to  use the ACON pickup to  bu i ld the connect ion between ACONs for  
opt imizat ion.

In  the next  few s l ides,  we wi l l  use the Cooke t r ip let  as  a s imple example to  show how to  set  up ACON pickups,  
opt imizat ion var iables,  and mer i t  funct ions for  mul t i -conf igurat ion opt imizat ion.



Mult i -configurat ion Optimizat ion,  ACON Pickups
You can f ind a l l  the commands re la t ing to  set t ing up 
ACON Pickups in  the second hal f  o f  the User Manual  
10.7.2, Al ternate Conf igurat ions.

The commands used for  P ickups must  be put  between 
the command ACON NB PICUPS and the keyword END.   
We somet imes refer  th is  b lock of  s t ructure as  the 
Pickup f i le .

For  th is  example,  we wi l l  demonstrate the use of  the 
ZOOM (Note 1)  and POB commands.   Commands to be 

used in the Pickup 
Files

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.



ACON Pickup
Here is  a  s imple macro that  contains two Pickup Fi les  for  
ACON 2 and 3,  respect ive ly.

Each Pickup f i le  has the same commands:

● ZOOM 1 7 1:  causes a l l  rad i i ,  th icknesses and a i rspaces, 
and ind ices to  be p icked up f rom ACON 1 by the a l ternate 
conf igurat ions.  I t  means to  cause surfaces 1 through 7 in  
conf igurat ion number 2 (or  3)  to  be the same as the sur faces 
beginning wi th  number 1 in  conf igurat ion 1

● 1 POB 1 1:  makes the ob ject  data dec lared in  ACON 1 to  
p icked up by the other conf igurat ions.

Wi th th is  setup the three ACONs are l inked together,  and when 
the parameters of  ACON 1 are opt imized,  the parameters of  
ACON 2 and 3 are changed s imul taneously.  S ince the ZOOM 
command does not  p ick  up t i l t  and decenter,  the t i l t  o f  ACON 2 
and 3 can be set  independent ly wi thout  be ing affected.

Pickup file for ACON 2

Pickup file for ACON 3



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

Object data, including YMP1, YP1, TH0, YP0, XMP1, XP1 XP0 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

ACON Pickup,  more information on the commands



O p t i m i z a t i o n  va r i a b l e s  a n d  m e r i t  f u n c t i o n s  i n  m u l t i - c o n f i g  o p t i m i z a t i o n

You can es tab l ish the opt imizat ion 
var iab les and mer i t  funct ions us ing 
the s tandard opt imizat ion PANT and 
AANT f i les (Note 1) .   
An example mul t i -conf igurat ion 
opt imizat ion macro is  shown here.   

No te  1 :  Fo r  more  de ta i l s  on  the  PANT and  
AANT f i l es ,  see  the  f o l lowing  sec t ions  in  
t he  Use r  Manual :  10 .2  Pa rameter  I npu t  
(PANT) ,  10 .3  Abe r ra t ion Inpu t  (AANT) .   

Declaration of 
optimization variables

Declaration of merit 
functions

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. 



M o r e  o n  o p t i m i z a t i o n  va r i a b l e s  a n d  p i c k u p
Now le t ’s  take a c loser look at  the PANT f i le  ( ie ,  the opt imizat ion var iab le dec larat ions).

• In  the PANT f i le ,  we expl ic i t ly dec lare the opt imizat ion var iables for  ACON 1.   
I t  inc ludes a l l  the rad i i ,  th icknesses, and g lass models as  dec lared in  the 
l ines 4-6 of  the screenshot .   L ine 3 in  the screenshot  dec lares that  the ob ject  
property YP1 is  a lso an opt imizat ion var iab le (see appendix for  the use of  
YP1 as an opt imizat ion var iab le –  the f loat ing s top).   That ’s  the reason we 
need the POB(object  data p ickup) dec larat ion in  the Pickup f i le.

Because we have set  up the Pickup f i les as  shown in  the screenshot  a t  the 
bot tom, on ly ACON 1 is  needed in  the PANT.   The other ACONs wi l l  p ick up 
the va lues of  these var iab les in  ACON 1.

• When the AANT and PANT f i les are processed,  the program ass igns the 
aberrat ions and var iables to  the current  ACON unt i l  another ACON di rect ive 
is  encountered wi th in  that  f i le .  S ince one usual ly in tends the f i rs t  o f  these to  
apply to  ACON 1,  i t  is  wise to  e i ther change to  th is  ACON before enter ing 
these f i les,  or  to  s tar t  the AANT and PANT f i les wi th  an expl ic i t  ACON 1 
d i rect ive.  Fa i lure to  do th is  can resul t  in  the data be ing appl ied to  the wrong 
conf igurat ion,  s ince the program has not  yet  seen the SYNOPSYS … MULTI  
command that  is  to  fo l low,  and i t  therefore defaul ts  to  the usual  in terpretat ion 
of  the AANT and PANT data, which apply to  the current  conf igurat ion.

You can a lso put  an ACON 1 command at  the s tar t  o f  your  opt imizat ion 
MACro for  the same purpose.

Pickup file for 
ACON 2

Pickup file for 
ACON 3



M o r e  o n  o p t i m i z a t i o n  va r i a b l e s  a n d  p i c k u p

• You can combine the ACON Pickup.Mac (shown in  
the 2nd screenshot  o f  the las t  s l ide) wi th  the 
s tandard opt imizat ion macro by copy and paste 
the ACON Pickup Fi les  before the PANT f i le  so 
that  you can t rack the Pickup and var iab le 
dec larat ion in  the one p lace.   Th is  new 
opt imizat ion macro is  saved as  ‘ACON pickup and 
OPT.mac’ .

PANT file:
Declaration of 
optimization variables

AANT file:  Declaration 
of merit functions

Pickup files:
Connections between 
different configurations



M o r e  o n  m e r i t  f u n c t i o n s

Because there is  no p ickup for  the mer i t  funct ions,  we 
must  inc lude expl ic i t ly the mer i t  funct ions for  each 
ACONs, even though they may be the same as shown in  
th is  example.

I f  you fa i l  to  dec lare the mer i t  funct ion for  a  par t icular  
ACON, that  conf igurat ion wi l l  not  be opt imized even 
though you have set  up the p ickup f i le  and/or  
opt imizat ion var iables for  that  ACON.



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

ACON 1 ACON 2
Tilt +1

ACON 3
Tilt -1



Multi-configuration annealing 
Simulated annealing can be run normally after optimization as long as the pickup between 
different configurations are st i l l  in place and you are st i l l  using the same mult i-config 
optimization macro.



Mul t i -conf ig  opt imizat ion  w i th  G terms

● I f  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.  

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



Optimization results with aspherical terms

ACON 1 ACON 2 ACON 3



D e c l a r e  i n d e p e n d e n t  o p t i m i z a t i o n  va r i a b l e s  f o r  d i f f e r e n t  
c o n f i g u r a t i o n s

Somet imes we may want  to  keep some var iables in  the d i f ferent  
ACONs independent  ( ie ,  not  t ied by p ickup)  dur ing opt imizat ions.  
You can do that  by expl ic i t ly dec lar ing those var iab les under i ts  own 
ACON number in  the PANT f i le .   

For  example,  i f  we want  sur face 3 to  be sh i f ted (decentered) 
independent ly in  ACON 2 and 3,  we can add the dec larat ions 
enc losed in  the red square to  the PANT f i le  to  make the Y-decenter  
amount (YDC) independent  var iab les for  ACON 2 and 3.



Af te r  op t im iza t ion ,  YDC changes separa te ly  f o r  con f igura t ions  2  and  3 :

D e c l a r e  i n d e p e n d e n t  o p t i m i z a t i o n  va r i a b l e s  f o r  d i f f e r e n t  
c o n f i g u r a t i o n s

ACON 2 ACON 3

Different YDC values in 
ACONs 2 and 3
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Where should the pupil (stop) be?

• Other 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

Stop location has direct impact to system performance

Appendix 1 Floating Stop
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