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Outline

* Why aspheric/trends
* What is aspheric
— Working principle and its limitation
— OSLO interface to aspheric surface
* When to use aspheric and guidelines
 How to design (illustrated by examples)
— Intuitive approach (starting from conic contestant)
— Fermat principle
— Wasserman-Wolf theory
— Common approach with optimization
 How to make aspheric and how to test
* Conclusions and references

* Homework ) -
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Why aspheric and trends?

° |mproving imaging « In Astronomical optics,
] reflective aspheric components are
quality widely used
— Small volume » Refractive aspheric lenses are
— Lighter widely used in many kind of
— IP protection Illumination systems, from the

condensers in projection systems
and microscopes, to street lamps
and searchlights.

— Injection-molded component,
if the component is not close to
light source

— Common glass material, B270

d
el e %: » Consumer Optics
e ———— h — CD players and data storage
system
« Collimating with LD or fiber
coupling
— Camera lens

From lightpath — Projection lens
Version 2008 (& - & i) A ARER 5 ISP - ERER TR

Spherical vs. Aspherical Lens Systems

Spherical System




What Is aspheric?

 |n a rotationally symmetric surface with the sag

defined
R1Y ° "
X = . + AY 4 + BY ° +CY ] + DY 10 S8 Lens surface
1+ 1-Y?Re?(1+ K) )
conic constant values -0.5 -1 -3
S [IFOK S o se N T
K=0 [Ell (sphere)
K<-1 4 Chyperboloid ) et
K=-1 ya¥ir=1 (paraboloid ) _'
-1 <K <0 et Cellipsoid ) Notions are different
K>0 ﬁﬁﬁﬁ[@ﬂf&'l (oblate ellipsoid ) from textbook
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The working principle and limitation

* To cover the optical I
path difference by
adjusting surface

— Useful in improving

0.26

Optical path difference

the quality
— But failed to change
the POWEYr Wavefront error representation ‘ET;
 This set the basic £
limitation v D
— Not recommended — i
In tuning system F. 5
parameter
L h b _d
Cassegrain  Ritchey-Chretien  gchmidt
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OSLO interface for aspheric

Because Aspheric can be

very helpful,

design interface is
avallable

Bl Pkp Lpe

o7 (€] [0 Sutse Mot m

surface Contool (F)
Coordinates (C)
Perfect Lens (L)

Apline Surface (3)
Diffractive Surface (D)
Crradient Index (3)

= Multilaver Coating (M)

Polarization Element ()

d Conic/Toric

Standand Asphere

b Symmmetnis General Lsphere

b Aovmmetric General Asphere
Symmetric Lsphere (all onders)
Lgmmetric Asphere (abs, valug)

Eikonal Surface (E) 130 Bymmmetric Asphere
zer Surface () P IR0 Htorie
rmatiog (T

Interferometes Defo

130 V-torie

Biconic

Symumetric Cone
Agmmetric Cone
Smmetric Zernike Sag

\g Lsymmetric Zernike Sag

Version 2008 (% 30 B [ [%)

e Your designs somehow have
to fit the machine of
manufacturers

» Polynomial setting is
commonly used

— Try to use fitting algorithm
(e.g., in Mathematica) to fit
the best form of polynomial,
I.e., tune the coefficients of
fitting polynomial to have
closet approximation to your
numerically evaluated best
solution.

» Spline/complicated surface may
use “sagt” to evaluate the sag
surface

NIRRT 5 IR SR - FRFER IR 5-8



When should we use aspheric

e Several factors could 1.  Which surfaces to make

be crucial aspheric?
_ Mainly, “cost impact” 2. Where to use a conic

section or, alternatively,
a higher-order aspheric?

» Conic section: paraboloids,
hyperbolids, and
ellipsoids
Once the basic system is set
up on your computer,
varying the appropriate conic
constants is all it takes
to reach a viable solutionl!

Based on Fischer/Tadic-Galeb
Version 2008 (% % & [ F2) 7{“?4%%% 5 :J[ES_JQE'%F‘EEEJ?F% ; %‘?ﬁﬁiﬁﬂ%&ﬁ’l 5-9



How to decide which form of aspheric
surface should be used?

e Think more about what we want X = 1#1_5?;2(“ o AY*+BY"+CY"+DY"
— We hope to have a focus point such  «eeereeiieainannnes \ J
that its wavefront is a sphere Y
« S0, we can used a best-focus
sphere to simulate this kind of
perfect wavefront e S0, use these terms to
» The OPD is better to cover by correct the influence of
varying the aspheric form OPD after a polynomial
* You need to consider expansion for the first term
— The aspheric surface departures e You can use “Wavefront
from the base spherical surface analysis” to assist your

— The departures from what we call design!!!
the “nearest sphere” or “best-fit
sphere” to the aspheric surface

Version 2008 (% 30 B [ [%) ﬁ%ﬁ"c;ﬁ‘]ﬁ%ﬁ 5 :JES_FE'%F‘EEEJ?]‘% : %‘?ﬁﬁiﬁﬂ%&ﬁ’l 5-10
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Guidelines

1. Conic surfaces can be used for correcting third
order spherical aberration and other low-
order aberration.

2. If you have a nearly flat surface, then use an r?
and higher order terms rather than a conic

- negative or positive?
3. If you have at least a somewhat curved surface,

then you can use the conic along with
higher-order terms if required

4. It is generally best not to use both a conic and
an r4 surface, as they are mathematically
quite similar.

5. Using aspherics beginning with the lower-order
terms and working upward as required.
If you can stay with conics, this make
testing more manageable.

- you should be able to asses
the need for adding terms
based on the character of
the OPD plot.

6. It Is very dangerous to use

a large number of aspheric
surfaces, especially with
higher-order terms.

» They will beat against each
other.

. If possible, optimize your

design first using spherical
surfaces, and then use the
conic and/or aspheric
coefficients in the final
stage of optimization.

Based on Fischer/Tadic-Galeb
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Working with aspheric surface

Approaches

(1) Simplest form

— With only conic constant
— Try this one first

(2) Fermat principle A
— Optical path difference . To get useful initial design
(3) Wasermann-Wolf theory

(4) Forced method with operand

Version 2008 (% 5 & i %) 7{*?‘1{‘;7‘5‘."“]:%53? 5! :JEE'_J’LEI%FJEEE%’% : %‘%ﬁfiiﬂ%&ﬁfl 5-12



Approach (1): conic surface

* In this case, higher-
order aspheric terms
are zero.

R1Y * 4 10
X = = +AY "+ B Y
1+1-YRI(1+K)

S5 [PUR TS fss:

K= 0 B (sphere) R,: Base curvature at the vertex

K<-1 511 (hyperboloid ) . o

K=-1 95 (paraboloid)  K: Conic coefficient
-1<K<0 Mefes =1 (ellipsoid )

K>0 Eﬁﬁﬁ[ﬂ'[ﬂ-l (oblate ellipsoid )

Based on Fischer/Tadic-Galeb
Version 2008 (% 3 B i FE) N EREHLE 5 RSP - AR TR 5-13



Reflector with conic constant

» Aspheric surfaces are widely used and often  Two mirror Cassegrain telescope
essential in reflective systems due to the small — Paraboloidal primary mirror (K=-1)
number of surfaces and typical large apertures. — Hyperboloidal secondary mirror

— Asimple spherical reflecting telescope suffers (K<-1)
from spherical aberration and coma » flisthe location of image
which formed by the primary

mirror

o f2isthe location of the
image of the entire system

* Limited by off-axis coma

— Using aspheric to correct
— Classical solution: “parabolic” reflecting w%mm
 (conic coefficient k=-1)

» But, away from axis, coma appears
(limits to a small field of view)

FIELD POINTS
Lens:F/2 0.5degHFOV CLASSIC GREGORIAN Zoom 1 of 1 Efl -99.997400 g";gﬁeg L
Ent beam radius 25.000000 Object height -5.7200e+05 Primary wavln 0.587560 1
SRF RADIUS THICKNESS AFERTURE RADIUS GLASS SPECIAL S Tdzal
oB3 0.000000 [ 1.0000e+08 | %.7200e+05 ATR ] ] L4 B 08 : : "
& agm weight | Z raction-limjted
-20.7¢5z00 | -z0.o000000 |  26.000000 REFL_HATCH [ | A 1 5 '
3 0,858 1
g.000000 | 23.999450 7.100000 REFL_HATCH [ | - § o
o.oo0000 | o.oooooo [ z.ooocooo | 1 ?
0.2
a
*CONIC AND POLYNOMIAL ASPHERIC DATA | SPATTAL FREQUENCY (CYCLESAMY
SRF cC A AE AF A ’
= -1.000000 - - - - WMTF TYPE F/2 0_SdegHFOV CLASSIC GREGORLAN =
3 e - - - - DIFFRACTION MOOULATION TRAMSFER FUNCTICHS T

Version 2008 (% 3 B i FE) K ?-.Cn’aﬁ]%% 5:7 EB‘J‘LE'I%FJEEEJ?F’% N %“?fg‘?i'ﬁ']%ﬁﬁfl 514



Telescope examples

Lens:F/2 0.5degHFOY RITCHEY-CHRETI...

Zoom

1

of

ET1

1 100.000700

H H H ENt beam radius 25.000000 Object height -2.72008+05 Primary wavln 0.587560
RItChey-ChrEtlen Casseg rain telescope SRF RADIUS THICKNESS APERTURE RADIUS SLASS SPECIAL
- - - OeJ o.000000 | 1.0000e+08 [ | s.7200e+05 a1k [ |
b HyperbOIOIdaI prlmary mirror (K<'1) o.oo0000 | o.oooooo [ | zs.000000 A | st [ ]
. . —c7.14zs00 | -zo.o0o0000 [ ] zé. 000000 REFL_HATCH [ |
° yp b I d I d y -24.000000 ] 30.000263 5.000000 REFL_HATCH [ |
H €rbololaal secondary mirror o.ooopoo [ | o.oooooo [ | z.oooooo [ | L1
(K<-1) -
« Coma-free e | 0
. . - . o5y M
 Limited by astigmatism cma3
-0.000147 t
*CONIC AMD POLYMNOMIAL ASPHERIC DATA
SRF cc AD AE AF AG FATIONS
2 -1.070710 = o - - CMAS .
3 -3, 886840 -- -- -- -- D.001258
Schmidt System 100m /1,25 3deg FIELD FOIHTS ’

Schmidt telescope

FOGAL LENGTH = 100 NA = 0.4

‘ UNTTS: M

DES: 05L0 CH-AXIS  Te Gx

Spherical mirror

Aspheric corrector plate at the center of
curvature of the mirror

Using weak positive power to further

Z.10deg s S+

Ideal
WYELENGTHS

4 g wasgne

1 D4F 1

WODLLATION
BEE

(X}

]

E—]

&0

T
SPATIAL FREQUENGY (TYTLES./W)

H

MTF TTPE
LIFFRACTION

Schmidt Sywtem 100m 171.26 Jdeg
MODLILATION TRAHSFER FLNCTICHS

T

ot

correct the chromatic aberration

Lens:sSchmidt Swstem 10omm T/1.25 3deg Zoom

1 of

1 ET1 -100.000000

- - - - Ent beam radius 40.000000 Field angle 3.000000 Primary wawln 0.435835
== Can be OptImIZEd tO dlffraCtlon- SRF RADIUS THICKNESS APERTURE RADIUS GLASS SPECTAL
- - OE] o.000000 [ | 1.0000e+2z0[_ | 5.z408e+ls stk ] [
||m|t9d performance by USIﬂg GEN I I z.6124e+03 [ | g.co0000 [ | 4z.oooo00 [ FeILIca [ |
t' : t' o.ooo000 [ ss.esoo000[ | 42.000000 arr [ ] [
Op IMiZation o.oo0000 [ | se.se0000 [ | 42.000000 AR [
[ a]-zo1.029000 | -@6.scooo0[ P | ss.oooooo[  |REFL_HaToH | [ ]
*EEEIC Ul PE'EYNDMIAL AS;EERIC Rl aE aF - [ 5] -4o.coo000 ] -z.oooo00 [ 7.oooooo [ FerLzca [P | ]
1 -1.000000 -5.8678e-08 -4.22098-12 1.2779e-15 -3.0697e-19 [C&] 234.033000 [ -o.41667a[]  7.000000 [ v 2]
M 0.000000 0.000000 5.300000
B /L3 = -
KB ERET ST P« ea =X IR

Version 2008 (% 30 B [ [%)
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Example 2: LD’s collimating lens

- -
. callimating lens (LD/CD-DVD) UNITS: MM
FOCAL LENGTH = 24.07 NA =0, 1122 DES: JL Chern
2,89
e

-
— Used for LD ig
collimating

* Plastic (acryl) L

WAVELENGTHS
A(um)  Weight
0.65 1

— Only one conic e
ConStant |S enough Diffraction-limited performance o

o
E

@
ES

MCOULATION
o
=

Q
ra

o

collimaoting lens (LD/CD-DVD) AL tharn
CIFFRACTION MIOULATION TRAMSFER FUNCTICHS 10:30 40
Lens: collimating lens (LDACD-OWD) Zoom 1 of 1 Ef1 24. 070000 —
collimating lens (LOYCD-OWD) FBY O FBX O FOC 0
Ent beam radius 2.700000 Field angle £,72%6e-05 Primary wavln 0,850000 POLYCHROMATIC FOINT SPREAD FUMCTION LR
SRF RADIUS THICKMESS APERTURE RADIUS GLASS SPECTAL 1
0OE] o.000000 [ | 1.o000e+z0 [ | 1.0000e+14 atr [ ] [ Lot
11.740708 | 1.7oooco [ | 2.700000 ACRYL é 0.75
o.oooooo0 [ | zz.seFIss z.rooooo [ | arr [ [ 7 -
H 0.5}
IMS 0. 000000 0. 000000 z.4070e-05 [ S F "
u I
P
*CONTC AND POLYMOMIAL ASFHERIC DATA o5}
SRF o A0 AE &F AG i I
1 -0.577354 - -- - -- i - \ o
-0.01 =0, 00% o] 0,005 2.
POSITICN (mm)

Version 2008 (T3 B i) * ?—.C;Tfml%af*f 5: ?ﬁﬁﬁ'lﬁﬁﬁfﬁjﬁﬁ : %‘?fg‘?im%ﬁﬁfl 5-16



Approach (2): Design with Fermat
Principle

e A good starting e What is Fermat principle?

— Highly recommended — Light travels from one point
to another along a path for

» Physical picture is clear which the travel time is
» Can be extended to stationary with respect to
multiple configuration small variations in the
design shapes of the path
* How to apply?
Start a drawing wi ds 1 h ds
_ g with t(pl,pz)_j — | ==
your desired property c/n cgn
which can be ' '
expressed by optical P,
surface path Optical path: L L= as

variation

, —_5(j—)/5s 0

Version 2008 (% 3 B i FE) K ?-.Cn’aﬁ]%% 5: ZJ[EE‘J‘LE'I%FJEEEJEF‘% N F%}'néfg-;ggmﬁpq 5-17



Example 1: Cartesian oval

o Consider the refracting surface
that forms a perfect, on-axis
image of a single on-axis object
point. This surface is known as a
Cartesian oval. The geometry is
Illustrated in the figure above.

» The surface defined by F(X, y, 2)
= 0 separates media of refractive
indices n and n” The object point
O is located at z = s and the
image point O’ is formed at z =

Optical path: — I N

OFL: =-ns+n's’

(along z axis)

OFL, =nOF +n' PO

=nJ[5 —.z:,l2 +¥? +n’

Jist-z)t 402 (along p point)

Perfect imaging:

OFL, - OFL, =1

S
|_Gen || Setup |[ Wavelength || Field Points || variables || Oraw on || Group |[ Wotes |
lﬁ = Lens: Cartesian Oval ([dema) Zoom 1 of 1
gg%gin%;; EE\E&% %T;Sésm Ent beam radius 1.000000 Field angle §.7236e-05 Primary wavln 0.587560

SRF RADIUS THICKNESS | APERTURE RADIUS GLASS SPECIAL
oel  o.o00000 [ 2.000000 ] 2.0000e-06 AR [
AST o.000000 | 10.000000 [ | 7 aLass1 [ M

o.000000 | z.oooooo [ 3.zzzzzs s | s [
ms| o.oo0000 | o.oooooo [ 2.sesass ]

Version 2008 (% 30 B [ [%)

1

¥IUSER-SPECIFIED SURFACE DATA
USER-DEFIMED SAG  UNM  cart_owal
L.oooooo uT:

-3.000000 UT2

1.000000 UT4 1.500000

KEF R 51 IR PR - R R TR
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Example 2: logarithmic aspheric lens

June 15, 2001 / Vol. 26, No. 12 / OPTICS LETTERS 875

i A IenS Wlth Electronic imaging using a logarithmic asphere

Wanli Chi and Nicholas George

Institute of Optics, University of Bochester, Rochester, New York 14627
-
Of fl e I d Received December 19, 2000
Transmiszion functions are derived that are valid in the nonparaxial case for a class of lenses that will image
This lens, which we call a logarithmic

a continuum of points along an optical axis to a single image point.
The resolution of the camera 12 hmited by the pixel size of the CCD:

asphere, 15 then uzed n a digital camera.
— YO u Can e, it 1 not diffraction linated.  Digital processing 1= used to recover the image, and image-plane processing
15 uzed for speed.  We find a tenfold increase in the depth of field over that for the diffraction-limited case.
- © 2001 Optical Society of America
reve rse th IS OCIS codes:  220.3620, 100.2000, 170.0110.
one to have =

of focus

L ccD

DP
D
Fig. 1. Imaging setup: O, object; C, digital camera;

DP, digital processor; D, display. See text for other
definitions

50

Resolution (mm’)

Object Distance (mm)

Fig. 4. Segments of images chtained with (a) a Nikon con-

ventional camera and (b} a logarithmie asphere camera
ig. 5. Resclution versus ohject distance: dashed eurve,

S . o : ¥
Fig. 3. Recoverad image of a step chart from a 3-1) ohject. Nikon camera; solid eurve. logarithmie asphere: dotted lind

at 20 mm

Version 2008 (% 3 B [Fi. ) A ARER 5 ISP - ERER TR
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Underlying approach: Fermat principle

* Optical length

« Transmission function
- T(r)=exp[-io(r)]

« Fermat’s principle

Fig. 2. Notation for lens theory. See text for definitions.

i [n"_] = ‘ :jl_‘::— [[ rx'i | fj,] ]-l,"'_J. .‘L] } % = E_ -
I Ly ] L I ¥ Ly ) ] . . ].l.-'_J
L Vre + x* + $(r)ro/(2m) + Vr® + &7, X [111(33 "H.ERZH] ILJ F s 4 'Ung“‘ ,Q}d} _

Total optical length for s+ 2 1) In4 216, 4 1}]]-
ray through SOP

. i
Bir) = — =—{[0.02r? — B x 10751
Ag

Fermat principle o = 5 10
a L F 7% 1070 r 4 [7.435 % 10742
= 0 7.563 x 1075 + 5.1431 x 1075r%4
I—)> 3
%,

1.803 ¥ 107 7r% + 2.4614 % lU_E"."m]},

I
AR O IR P - R R TR 5-20
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Approach (3): Wassermann-Wolf theory

* The Wassermann-Wolf solve (WW) is a

technique for designing two adjacent / \ “LA , L
aspheric surfaces such that the optical i e

. _ |  § oF i
system containing these two surfaces is "t‘n\ / \ e d; ------------------------------ \ J \ /
i il I
aplanatic , f

3 g
i . . Fio 442, Desion of two aspherio surfaces to attain aplanatism,
— l.e., all orders of spherical aberration are : il
corrected and the Abbe sine condition is satisfied
for all points in the aperture. o :
d% ‘wD oos 1] — n*D), }( S 2 }
e e . 7 Y &= {ta L ¥
it [\n-i'} gin U — n* D), s , it & ten J,

o Wassermann-Wolf theory reduced
the problem of aplanatism to solve

: i . iz ‘Deca [ — ntD N dH d ;

a coupled differential equations s (”}*J E iU (5= (a0}
¢  \wDan U’ =D, d af /

dz/dt=FZ,2" 1)

dz/dt=g(z,2’ 1)

Ef:,rl%ary conditions: Z=Z"=0 when G. D. Wassermann and E. Wolf, Proc. Phys. Soc. B, 62 (1949), 2.

M. Born and E. Wolf, “Principles of Optics,” 7th. ed. pp. 214-217.
Version 2008 (% 3 B i FE) K ?—.ﬁn’aﬁ?&% 5: :J[EE"J*E'I%FJEEEJEF% N %ﬁ SrEe g FST 521



Version 2008 (% 30 B [ [%)

Assumptions

The system is rotationally
symmetric.

The two WW surfaces are adjacent,
I.e., there are no intervening optical
surfaces between the two WW
aspheric surfaces.

Obviously, there can be only a
single pair of WW solve surfaces in
an optical system.

The media before the first WW
surface, between the two WW
surfaces, and after the second WW
surface are all homogeneous.

The construction parameters of the
optics before and after the WW
surfaces are known. The practical
implication of this is that no
curvature or thickness solves are
allowed after the WW surfaces.

The nature of the WW differential equations
is such that if a physical solution exists for
the equation, it is unique.

If the solve fails, it is usually because too few
solution points have been specified.

Because the equations are solved
numerically, the solution is found at a
discrete number of points. Between the
points, the surfaces are found by
interpolation (a cubic spline). This
interpolant will not, in general, match
the desired exact surface profile (except
at the spline zone heights), so the ray-
intercept curves (for example) will
typically exhibit a zigzag pattern around
the "true" value.

Increasing the number of solution points
will, in general, both decrease the
magnitude and increase the frequency
of the zigzag pattern.

KEF R 51 IR PR - R R TR
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Example: 5X magnifier

Common 5X magnifier

[Gen |[ setup || wawvelenath |[ Field Foints |[ variables |[ Oraw on

|[ Group || Hotes |

Lens: Magnifying glass G&x Zoam 1 of 1 ET1 E0.1533¢4 *CHROMATIC AEERRATIONS
Ent beam radius S.000000 Field angle 2.500000 Primary wawln 0.587560 SRF FAC ShC FLCZ SLC
SRF RADIUS THICKMESS APERTURE RADIUS GLASE SPECIAL sUm - - - T
0E] o.000000 [ | 1.o000e+zo [ | 4.366letls stk | | STl SRR
T o.000000 | 2so.ooo0o0 | 5.000000 st ] 1 SRF SA3 M3 AST3 PTZ3 DIS3
ceano0 ] e.s00000 ] 15.500000 ] T . SUM  -0.075063 -0.152684  -0.312590  -0.003215  -0.652621
eza000 [] 47.883371 15.500000 [ ] arr ] [ *FIFTH-ORDER ABERRATIONS
.ooo000 | o.oooooo | 3.oooooo [ 1 SRF SAS CMAS ASTS FTZS OIss SAT
Sum -0.00z2058& -0.005422 -0.03&853 -0.000273 -0.07&705 -&.0866e-05
TPARAXIAL CONSTANTS
Effectiwe focal length: E0.153364 Lateral magnification: -5.0153e-135
Numerical aperture: 0.0926325 Gaussian image height: 2.191053
working F-number: c.018326 Fetzval radius: -74,378367 ==
Lagrange inwvariant: -0.218308
FIELD POTMTS
CH-AX15 +
1.757deg  Ta 5=
1
£ (TTTI
B G <= & Hiiked a
Fleld 2.5 deg
5 m AETIGHATES LChG TTUDTMAL CHRIHATIC E
Bx T+ frmd SPERICA. AR, frm)| POl SHIFT fem) 5 .8
ght
—t Tt
: WE osf
LCHXCHROWATIE STHTEd [ | ':'
Fimld 1.75 deg
™ g 0.4k
b ject size e LN ! r
5.0 dag é —— =+ | DOTRTIN (X} | ng a2 ]
: I
a
SIS 1 I 1 |
k] a
ol sm = = ) . = i g . L
LATERAL COLGR: () FREQUEREY {CVTLES )
%G YT) =
Orm, Omm, =+ -+ B -
¢ ] | VRTINS ST Mognitying gloss 35X T
. . e M MODULATICN TRANSFER FLMCTIONS 1574 A
Frogt. ooorge [y,x} 0,000, 0.000 HogrLTylng glme 5K [T i}
8420 rove Launohed. 0105 tronenltted T4E FLOT |,:':,',.T;. FIELD: 7.fwiag Magnifying glosa 5 | =T
ThAGE M 0. CHEG EFL: ¥1.Zm L]
[ WNELGTH: +:0. 560 ol U o A 2571

Version 2008 (% 30 B [ [%)
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Improved with WW solver

[Gen |[ Setup |[wavelength |[ Field Points |[ Wariables |[ Draw on [ Group |[ Motes
Lens: Magnitying glass G&x Z0am 1 of

Ent beam radius S.100000 Field angle 2.500000 Frimary wavln 0.55375&0
SRF RADIUS THICKMESS APERTURE RADIUS GLASS SPECIAL
OEJ o.ooo000 [ | FPEEEEEE | ¢.zecietis str ] L]

o.ooo000 [ | zso.oooooo [ s.oooo000 [ str [ ] [

50. 680754 6.800000 | 15.500000 EBK7

-50. 6870089 47.889371 ]| 15.500000 [ aIr [
IMS o.oo0000 [__| 0. ooo000 [ | 2000000 [ | [

Ch-AXIS +
1.751deg Ta S+
| Id=al e

WAVELEMNGTHS
+ Wim)  Welght
1 0. 568 1

‘ FIELD FOINTS

i

& 12 i
FRECUEMEY [CYCLES/ Wb}

MTF TYPE
DIFFRACTION

Magnifying glass  5X

MCOULATICH

TRAMSFER FLMCTICHES

o
L]
05:35 A

e With better spline surface approximation,
here from 8 to 32, MTF performance is
approaching to diffraction limit

— This shows the power of WW theory
Version 2008 (% A 5 [ [E)

32 spline

ERUW 1 - Throug

Frequency MTF fnalyws

i Objact =size
5.000 deg

Scola 4.362 mm

(%€, Y&) =
(Corm, Grrm)

Fract, coarda (y,x) 0.004, 0,000
9420 rays lounched, 100.CE% tranem tted

Wognifying glosa 5 ==
DMACE PLOT

B S ez @ ¢
FIELD POINTS
CH-AXTS +
1.787deg  Ta G-
1
Ideal &
WAVELEMGTHS 0.5
+ WOpm)  Welght
1 0583 1 & os
B
g 0.4t
4
':'.2 r r
u] 1 1 I — |
H &1 120 L) 2040
FRECUENTY [CYCLES i)
MTF TvPE Magnifying glass B mﬂﬁ-ﬂm
DIFFRACTION MoOULATICH TRANSFER FLMCTIONS 05:34 Ad
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Approach (4) Design with operands

e A mMost common

approach (widely used)
— But may fail because
* the initial design is not

good

— Wrong range of
aspheric coefficient

* Mis-used Aspheric

Optin‘hemes
*Aberration
*Ray operands

coefficients
I *Spot/ f
o [t sill depends on the . .ﬁ/llogrzwave ront
schemes of
- . - What kinds of variables?
0] ptl mi Zatl on What are the corresponding ranges?

You may need to create your macro
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Example 2: pickup lens

Optimization tool:
Using OSLO’s optimization of spot size and wavefront error

[ Gen || setup || wawelength || Field FPaints || variables || oraw on || Group || Hotes | Oy . P R — p—
. S T+ (m) SPHERIGH. ABER . ()| FOGAL SHIFT (rmy
Lens: 35002z Zoom 1 of 1 Ef] 7.030382 e
Ent beam radius 2.100000 Object height -2.221ze+02 Primary wavln 0.7s0000 / ra——
SRF RADIUS THICKNESS APERTURE RADIUS GLASS SPECIAL P s e m
0E] o.000000 [ | 1.oo000e+zo [ ] z.zzlze+os arr [ ] Pl I Nl

=T 2.154574 [ | 2.44z500 | z.100000 [_AS | cos-so €] / {‘H—_ m
-10.235415 [ .ea4044 [ | 243246 Atk [ ek —

. . -

o.o00000 [ ] 1.zooooo [ ] o0.3577sL roLveere [ ] [ 7 £ L p— :‘/

o.0o00000 | o.oooooo [ ] o.o00693 POLYCARE [P | T L —
IMS o.oooo00 [ | o.oooooo [ ] o.o00693 ] o PAY TRACE ACEE %

— Aspheric surface B S sz @ v
EUH'T 4 - Spot Dingam Az FIELD FOINTS
B % Oz g UV 3 - Spot Dingram vl . ] [E | Pt
B 90Ge—10cd% S
ST ¢} 1] Q i s 1
SPOT DT A o 5 WETE: m 2 L |l 2N | ion .
LR POINT SAPEAD KETTH - W1 | T . N"‘"“:‘-EJWIF# ear
1 i e 1 E el
CECKETRICAL CECHETRICAL
SPOT SIZE RS ¥ SIZE ém E L
0,0001519 2, 0001074
nar [N ¥
CIFFRAGTICN TECME TRITAL % 218 I
LIMIT RE * SIIE 3Er a . . , \
LT . 01074 L J M im“gﬂﬁ o e
e ks 0 s 0.0 rhEE
o2 PEEITIN DMIE\J WOCLLATION TRAMEFER FLECTICRE |.2é.'f.

Commercial product
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Example 3: focusing lens

Optimization tool:
Using OSLO’s optimization of spot size and wavefront error

[ Gen |[ setup || Wavelength || Field FPaints || wariables || oraw on || sroup || Motes I;l

Lens: 350450 Zaom 1 of 1 ET1 1.16401z2
Object num aper 0.,200000 |0bject height 1.0000e-10 Primary wavln 0, 950000 [
SREF EADTUS THICKMESS AFERTURE RADIUS GLASS SFECTAL B et
0EJ o.oooo000 [ | 1.esesso | 1.o0000e-10 arr [ [
1

. Hadght
. 1.4s0000 ]  0.300000 CO5-50 -~ [” =
-1. 000000 [_P_| 1.686850 [P o.s00000 [ | atr [ G —
o
—
m"‘drﬂﬂ

IMS 0. 000000 | .ooo000 [ 1.0425e-09 1 = Pl el
LMTE: o
= e Analysis * Aspheric surface LT eorwe o T s | SR,
By || 2T S
3Ma0 FEY & FEK O REFHT 0 - - —
SFOT_DIAGRAH FOCUS O LROTS: mm [~ Spot Diagreon Anal . [ =]
.05
B+ || o 2T @ :
E.:Iimm | Fafl:-rs;c-l:-rl:na @m‘&'%-- %-”H M
CEAWETRICAL EECMETRTCAL POINT SPPEAD FUNETIH - i1 L FIELD FUINTS
N A TS
ik ks Je— | R e
E ¥ 0. e Tdmnl -
[ Ar-}
ENVEL ENGTHS (R
DIFFRACTICN FEMETRICAL O AP
LIMIT BE ¥ SIIE 0.5 0,68 1
. 2 & G- 10 i A o
E 2.5 g o
.68 ) T 2 .5 0. nE
POSITIIN . . . .
Q ] i 240 +5
FREUENEY (CVEL ELALL)
. MTF TiFE SO | @ m
Commercial product e | oo e merme | S8
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How to make aspheric

o I e T L - T iEi A B B Az R NEm, +5 a5 35 89
o g 1)
1 i o 5= |01 - S Fpgmnlge A e AT AR E |» SR o iR i AR R
Hha . #F - A df o O Ov| R E
= ok B 2o MES AT Bl - B o B oeb o= ol
+= = B Hr T
- F O - - i#
A& & b
2 O w002 ~ - FFEA Al b EE | & - iEF
s & 0053 mns) |2 e A A -T2 o de TR HT |dE B BB E
- FERE LN |« F8F5E = I £ =2 OB AL
=
- B qEEeE e
1 E ox & m[|(00s Ll N I L A S R B L I W O
= ¥ ]| 5 & RE 1 4 Fo - o = o L #F
- & A & HE G - 5 B
=R EDF - =T F
B B - D
&t o2
+ e T R Em
= = M .5 #2401 ~0.5 = G RE OE O e 8 A ot ogkE dile B8R MR BB
B s e . &k B Foss | e B o= B
= 3 FkF oAk AR B SR o S A B &R N E S mLaE
L A S S o g A A% E ek AR LR A
B o R e o N R )
= — 4

From “#% 447 > £ 5 2L3f 5 Pl HF > F &R ATF > 22(117) > p.31(2000)”
4z http://home.kimo.com.tw/shpao5824/optic_test.htm
H ?—?a’fmr%?f 5: ?EB?E'I%FJEEEJF:F% : %“?fg‘?i'm%&ﬁfl
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Cont’d

A B o= 03 -l A O 3 O gl BEsHGE - R TR b
f B - #f WG dk A AL B|e B ocb B &R BT
o BB B R O (HE oA R ek
B S * BRAH AN
« E {5 e — |k % BERHEWT
AR
A B8 AR HETHAE |- ERAEAA ¢ B e e BHTRAER
el |1 -2 A B @R FP AR .
A A A R -FAET P HAHHEAN
0.5~ 1% « E Pk ElSAMeRAE
o EAAA A # - F O REE|—
0.3~ 0.5 % #£E
HE F, #f A5 (025 -l o T BT GH Ak - WAL e R E L
AR 15k g nE - L iERE - oM
- kFamA
E T M RAEEc HE—FAi &G -dl S8 s « R 8 E o if e
4k o & 1% ECE[E-F - E[ N g « 0% 4 F R F(ETE R
A& F « I 4T B AR A
& e AR o &
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Specification on aspherics

1. The surface to be aspheric IS 4. You should list how close the actual
labeled aspheric on the surface must come to the ideal design

component drawin prescription.
P ? — the form of this can be “surface to

2. You should include an equation match nominal surface to within
of the surface shape along four visible fringe (or 0.001 mm~1
with the aspheric coefficients um) over clear aperture

5. You may need to call out higher-

— A small sketch indicating frequency surface irregularity and/or

the nomenclature and surface finish.
sign convention is — the higher-frequency irregularities
recommended can be called out by indicating the

maximum slope departure from
nominal over the surface.

— Surface finish is normally called

3. A table listing the sag as a
function of the radial

distance from the surface by indicating the rms surface finish,
vertex normal to the optical In nanometer.
axis, r, 1S imperative 6. You should, if possible, indicate the form

of testing to be used.

Based on Fischer/Tadic-Galeb
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How to test: - Fizeau interfence

S L ‘\ . . El'g"}l' j\a};%/?ﬁ F]])imﬁ’\ﬂs ]g "Ii’bﬁj
° EE‘I'% —+ /”)‘(Flzeau = ;.)qu_\,lc%f.l‘;- R L mnt.z
A+ A &k (Flzeau InTerfer'ome’rer')
Interference) ROl b S
PR TER ”%ylﬁ*%’%”%%ﬁﬁﬁﬁﬁﬁ
o A ¥ % (null test) bR g o T RERRA D T A

NT100 ~ 200 - B # &BP »* e & ih
[f1253% # (circular stop) ok B FUE R R 5

- BT X RE - 8(3)
15(1
(There are many » 15(1986)

-f#é%ﬁ%—’g'—’ 4‘4 %—‘,Lm 14,‘—!’ &rr:

different methods: : g)f%%ﬁ; HeNeg i 5 5
only three of L (g AT A
. - (3)d =+ ‘}f&f‘igév’ﬂ;? A B RS
them are outlined S s R ek 5 R - e
" %J 7] 4cZYG0O MARK TII+ # ik

her'e.) 1% L3k & % 400 £ EE 5 700 mm

A
- °

14\‘
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Null test and circular stop

# (Fizeau Interference)f’n‘g & A1

:jz-l

—‘,L‘:ﬁg,‘%hff”: SN AR TR A= >
L»f_ ffk kg (&L e )k &
; ﬁ lLfﬁ%E" ‘\“f‘-"“l‘]ﬁm

Fﬁ
\\ EN W

A%

@

4-_.

Ak

N
iw“%%m$

P B P - ﬁ% Iz\im"o SR ﬁu’—,ﬁ B
% 4. (null lens) °

BAf F AR B :._ K TEE T F oo R U ATA A
i L ek ] 2 ﬁ&é*m%iwwé’&hﬁ
WA A e BIZEIR e 2 Sk e AR R 0 Bk
- KA Fa) ¥ 'I‘TJ’% - jk’}ﬁ,%?ﬂim ,}im'$ fz‘ xErr
e Pl o LRPE “'T’ﬁ At ‘3’/ ‘\‘fﬁ-# [AdpES (HU.H
test) ° _* P‘Z‘d_ f?ﬁfa’ 4 g w T q—\q’f j\lpk,w ’]ﬁ,‘fﬁ
o AR o T G B & Foo

- (DRI LE > @& 2 epp 2 a
A4 e _EApat i o
- O FEH RS BT B e o
- QFHREEFEHE WG AR
Pi%c__‘\}_ I3 Eb /J~ o
- (A FERE R TE T Ao
ARG SR T NS AR AR 0 Bl
Rufino Diaz-Uribe {= Manuel Campos-Garcia 0 % <
" Null-screen testing of fast convex aspheric
surfaces | @ - #% it AR 5 Fliio 4 > 1945 8@ B
AT HREETENN um- (see Rufmo Diaz-Uribe and
Manuel Campos-Garcia, "Null-screen testing of fast

convex aspheric surfaces,” Appl. Opt. vol39, p.2670
(2000)).

POSOAATRG Al R R R A iR G
- 'MJ’** ﬂ“/ié%iﬁ(cnrcular stop) % 1 i#
R f2isko i 5 ah2 02 > U2 2
HrR ¥ £ 710 nm

- % 3% L Andrianto Handojo
and Hans J. Frankena, “Testing
aspheric surfaces: simple method
with a circular stop,” Appl.
Opt.vol37, p.5969 (1998).

Bt R BRREE ARG i F ¢
0 AEPETE & R S ke > M iF
i F P S o e Aok NP d B —
g o SELRED § K Il 4
N )\.Ef‘l’vlolf:’ﬁ‘ FRE AN - B AR o
BB B AP EEAY X
L B W RALNE 1) o
%%ﬂ’m#iﬁﬁﬁﬁﬁ%%%ﬁlg
BT B A Y R AR
%o 2 best-fittingZk & w0 FaL JE € A
< o plkeng b4 S ﬁ&—ﬁﬂ' 7 6;’, A IE
EIJ"“”TE‘"fﬂ¢§* bha %); EZ;_
%owWﬁ?F%wim%%”*ﬂ%
Hoor Mg RIZEIR G o

1
Ll

T 5 BRI - FRIER IR
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Conclusions

e Aspheric lens design has

been summarized and
reviewed.

It should be emphasized

that an introduction of

aspheric to design can

Improve the “imaging

quality”

— However, this should be
done after you have settle
your design with system

requirement and even
paraxial optics

— It is always good to use
Fermat principle for initial
design

e Also as a part of

conclusions, it is still
worthwhile to remind you
that in design:

— Make a list of specification

— Make notes in analysis
(every phase!!)

 Store your codes in every
phase

— Thinking before doing
further

— Review your simulation
data carefully
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Homework
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Revisit the aspheric surface in OSLO

v’
zZ= - - +adr4+aer6+afr8+agrm
1+J1—cv (cc+1r
cvr?
Z= + as0 +asl7® + ag2 7

1+ Jl—cvzfcc + 1):"2

+ :1531"lE + :15-41"E + asﬁrm + ..

Z= n::nsq,.';&:2 +y2 +asa3H" +asa4 5" + asaSH +- .-

CV.?‘z

F=

1+J1— cvz[cc+ 1)3"2

where

|

+ as0+ asl &+ as2 < +as3H- + asd 54+ ..

ovr?

=

+ 3533H3 + :15:14H‘"1

1+,J1— cvz(cc+1)r2
+:15:15Hj + asaﬁH6+---

N

where
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C"F.f“z n
+ 351
11— o (ec+ D)r ;

Zi: Zernike polynomial
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Asymmetrical aspheric
(toward Free-form optics)

Version 2008 (% 30 B [ [%)

+asadx” + ash4y4 +asabx® + ash6y6+- -

+ asc3|x|3+- --+as 1:1.":‘;[);’|3 4

:=i:. C‘-’[J"z -g* (x)]+ 2g(x) e cvx[xz -g° (}’:’]4‘23@)
- I e N 2
1+ Jl - w{cv[yz —gg (x)]+ Zg(x)} 1+ \/1 - WX{WX[J’CZ —& (}’}] + 23(}’)}’
where
) where where
z, = (asi/ y*
2 2
CVXY vy
glx)= g0) = 2 2
1+J1—WX2(CCX+1))CE 1+\J‘1—W (cc+ 1y
3 5
n asc3[x|3 LT e asc5|x|5 + 25965 4 .- + asd3[y[" + 35b4_}’4 +asd3| + asl:n'.‘iyfj e
n
= ZJ
; . cvioc® +-:1.:'y2
where 1+J1— evx?(cex + 1 — ev? (ee + Iy?
. 1 5 +asadx” + asl::uﬂly4 +asa6x” + asl::u!:’:yfj + -
= [asi and  i=Z|[F+E] +7+3k
%= )PCF i Z [7+&) +J +asc3|x|3+---+asd3[y|3+---
2 2 2 n
x ¥ cyF .
z=ms | ——+— Z= + (asi)Z;
xs oy 1+\/1— ovifecc+ 1) !

Zi: Zernike polynomial
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