-ZEMAXNE L

-ZEMAXJH )7 AL

-Solvesk f#

-Analysis

-Optimization

-Pick Up

-Doublet designX{L iz &
-Tolerancing

-Coordinate BreaksZ 4l 44t
-Multi-Configuration (Zoom lens design)Zz f& 24z
-Non-Sequential

-Glass Catalogs

-Plate Fitting

-Gaussian Beam Analysis
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ZEMAXTai7 CI)

n ZEMAX/ANG] = &g
2T NT R

n RN TEFN
7EMAX —SE (#:/EERR)
7EMAX —EE (B \/RR)

» FEFHRMRAEFT, T ARIZEMAXPUGSK
BRI AT BN NEEEH

IS ERIITAIESE R




ZEMAX G711

FRERE, B2 L5 an+8, Bobisis, X
OJABREN. ;

OfEV &Y. 708 REEY S eS8 ;

O TiRiR. BRADRE. SESFHBEEDT
B85 sa AR AI 0T DIEE
igﬁﬁﬂ@:%%@‘ﬁ%@\ﬁmﬁﬁﬁ
=

ANt n&E U IER LA, HEMEINIREMER
DIREBYE S AU A




RGEK

s WINOS, NT, 2000, XP
= 200MBlL FEVREEAEZRIE

0 50/ \BIDHEE Y 1024 x 768

» — PHTOSBUSBREEIFAESRIZKEY

- 64M3l//u: N5 ; WK ‘Tﬂ%ﬂi“‘%’gm\

IR S RHEFBBENNT, RIEBR
= 256MB, m=Ux=E512MB




2 EZEMAX

s ZEMAXSE 0057 R G vE A 9 1T A
s ZEMAXH 71 (sequential) FidE741)

(non-sequential) 1A
AT SR 1A D 68 AE 28

s ZEMAXHH“surface” ;ysequential ray
tracingi%% ]“component”’zl“object”
JJnon-sequential ray tracingZ:1x




3 Ray Trracing /i =\ N

m Purely sequentialHJpyH
s LGk, N2 8% AR5

m Hybrid sequential/non— sequentlal (NSC with

ports) [
rjﬁf%isequentlalﬂﬁﬁﬁ (Uprism, pipe) HJRZE, Ul
L
* H “ports” NICLHEANFNE NS group v H;
m Purely non—sequential (NSC without ports) HJ
IVARE

e HFillumination, scattering, stray light
analysis;

. Kﬁﬁ “ports”




Ray Tracing %z

PLsurface Ak g i Plobject x5 iat s
Ji 9 DG AN T AH A2 ASBR G S ATAHAZ 11495
6L SR A A — K G2 55 ] (B vl 22 IRAEAL
LA k=1
AL B 1[5 S A Js L
T A e Bt i T A D4

WL ALRA g iz  {tobjectdMr G A TIE L
surface A7 & H AT — MHAIE  objecthr E i 4= m AL b 2
A 1A W 72 TR G 23 [ i 2 ] 52 S5 1)
THE e D, TR TRt 2, THEEEE
A AT AAL R 22 43 H ANBEMATAL TN A 22 53 B




Ray Tracing #3411 /=0 ()

s Purely Sequential: 1 1L 4135 5 %
RV
o DIJE2 1 (surface) xSRI G A2 R G 1
zjiéj‘

o JCE Y H U5 (F surface 0)

o FOGAATI N4 (surface 0,1,2:-), X4
e R E— IR

o BEANTFRAA W) 75 [A) A5 2 (]

o FTEVIENIIELD, TSR

o I/ Tanalysis, optimization Aztolerancing




Sequential system?ji -

@)1: Layout Z = 16.0365, Y = 9.9850

Update Settings FPrint Window




Ray Tracing—#1 /7 = (1)

s Hybrid seguential/non-sequential

(aka NSC with pots)

» ifaobject#/£3D shell or solids; f=%[q]Ak
W 2R JE L HAV

» JtZiinput portit ANS group; hexit
port= H-NS group;

o JCEAENSCH—HiEZE, H2I'Eh2] k45 oL
A
= Nothing; Exit port; Fe=1&T 2 X0 B{E

o ZUMENS group P G AT PRI ;

e EANS grouptyGZ R rE, W &
GeaNA,  WARSA B K/ S 5E




NSC with ports sy

@) 1: 3D Layout 1

SEVER
TUE




Ray Tracing {341/ = (111)

s Purely Non-sequential (aka NSC without

port)

» i object#;23D shell or solids;

» B ~object i r 2 E] Al Z A E M T HARE:

o T5 B SUGURI IR AL &, & X detectorlite
TGk

e JGZk HIBYE, HEIEMmR FIGEIA L L
= Nothing; Re=1K T & I E1E

o TIEI A ITCA AR AL B S R AL A A o s W [A)—
o, PRI AT 2R 05 it WA B iU e 1A v
s

o TVEVEICA foin 2200 M

o XAMHEULT, wIRIXIeZIE T/, wil, T, &
W i




NSC without ports system/?7 1

.ﬂll: NSC 3D Layout D@

Update BSettings Print Window

20 LAYauUT




ZEMAX T ALTR 24

s Local coordinate system v
P T AN et sl A s
e R A D

N

»X

s Global coordinate system (/ENSH)
BT TH] S A AT B e 2 R AR s 2R A 7 1




ZEMAXJ ) Ft i



ZEMAXH Az

s ZEMAXHE 4% =221 A 2 S
o Editors: & X ANt 2= [ A=A 2009 ;

 Graphic windows: &7 K EE

» Text windows: &7~ AR
» Dialog boxes: 7% A [l i HAth 7 1 8% R S 1)
B, BeE IR AR (S S AT




ZEMAX Editors> it

Lens data editor: lens dataZq# &%, flhs
surface type, radius, thickness, glass, etc.

Merit function editor: [L/GHEY, & X Agm%E
merit functionf’ & I ;

Multi-Configuration editor: Jhj72%£E 45 Sk Fil
B2 BN R G E X 22 G S ;

Tolerance Data editor: & X FlZm%E /A 7= 5%

Extra Data editor: © X surface datap [
WA

Non-sequential component editor: & 3 1%
#=#NSC sources, objects




ZEMAX Editors

rﬂILens Data Editor Dg

Femi-Dismeter

Config 1*




Graphic and Text il

s A LETRE(Uilayout) A SZ 7K, ALEH
YR A (Seidell% = 250, ﬁﬁﬁ%ﬁi’i
F(Wfan plot);

= WSRO, oG
IR EoRtextf N A, T8N — T %

R Text”




Graphic and Text windows{/l -+

o NEb 7 I 2 RN G2 S5 B o

OET! LY.00 OEG

LAYVDUT

A SIMPLE EEII:IKE TRIFLET.
MDON IO LY aYy
TOTAL LENETH 4B, 1 7ATE MM

COOKE Y9 DEGREE FIELD.ZMH TEAMNSVERSE EAY FRAM FLOT

CONFIGURATION 1| QF Ll 5 STMPLE COOKE TRIPLET.
MON JUN 14 200y
MAXIMOM SCALE: + 100,0E@ MICROMS,
B.4EE @.550 B.&5@

COOKE 40 OEGREE FIELD.ZMX
SUEFACE: IMAGE CONMFIGURATION 1 OF 1




Graphic and Text windows{/l -+

n piTextg s, i PUE 21 E I a H A RSO B

I @80 I ; - Listing of Spot Diagram Data

File : C:“ZZEMAX'Samples‘'Sequentiali\Objectives\Cooke 40 d—
Title: A STMPLE COCEE TRIPLET.
‘ A Date : MON JUN 14 2004

Field Type : Angle in degrees

Image units: Millimeters

Reference : Chief Ray

Data : Ray Coordinates

Wavelengths: Value
0.480000
0.550000
0.650000

JET: IB.B8 OE:

I LA, 13 M
SPOT OIAGRAM

X Y
RS E Field coordinate : .00000000E+000 0.00000000E+000
B etk it A NS 5 Image coordinate - .00000000E+000 0.00000000E+000
1S s | i L e T Fie ool RMS Spot Radius @ 4.98787434E+000 microns
SCALE BRE 104 EFEBIE ! CHIEF RAY | CONFTGURATION  OF 1 RMS Spot X Size : .52695977E+000 microns
EMS Spot ¥ Size : 226958 7TE4+000 microns

Max Spot Radius z .3432373TE+000 microns
<




Graphics windows=i £ UjiEE

Update: B & HEHUE CRB S D ;
Setting: VCE & &1
Windows:
e Annotate: K [ilines, boxes, text(InyER);
e Copy clipboard: ¥4 P %+5 I 2B TR
« Export: 4 &%H JiMetafile, JPG, BMP I {51E
e Lock: BiE® H;
e Clone: w[E%
« Aspect ratio: WE A K5 L
« Active cursor: XJE|JE % O W s I e hnE 2 ;
 Configuration: 32 H WA AN 2ETE
« Overlay: MNFEIBEEEZ TS,




Text windows=z H.1[E

Text: ;=2 & 2 Bkl . [ SCAS 204/ ;
Zoom: X B T2 TN AN 7N 7l ;
Update: 5 & 5T 120905 ;
Setting: i &t I 1Y & 1

Windows:
» Copy clipboard: P &+% U1 285 P+ ;
o Lock:#iEH H;

e Clone: w[#% I1;
« Configuration: £ =SB EFAHS




Dialog boxes

ZEMAXIIOER 73 BT FISCAS T 1 #0828 e B i AE

ﬁl‘ General @

Files | Nen—bequential | Folarization | | Misc.
bperture | Title/Hotes | | Ogs Enviromment

Aperure Type: [Entrance Fupil Diameter |

Aperture Walue:

Apodization Type: Gaussian

Apodization Factor: 0

| Telecentric Object Space




498 4 L

e o B BT AR, 7] DA windows W R i, TExcel45:;
i1 B CADFE 7 : 2 DXF, IGES, STEP, SAT, STLi% =
DFEX:

o KA ENRIER TG, N HL S o bl e — 4

o H g Ewireframelt)ik A4 75
IGES,STEP,SAT,STL:

o HLIFCADHRE;

o LM HI3D solids;
o 1] D% Alines;

o {ETOOISE A




Session file[{jHf 2

» Session file: =PRI, WIS ZEF:
Session file, N'E @ fLlens file, &G
WEJEASCAS % 1, editors, 17 4
IO, MBS D E . I
i, B T — NZEXSCE LI, A —
SES 14,




G ARG B L

s 50 System data specification:
e« System aperture
e Filed point
 Wavelength
s 55 7F: Lens data editor:
o Surface data
 Thickness
e Glass
« Other parameters




- Lensadata




The system aperture

e MEEZENZE, B R NENRDS, BREM GG 5
GiEY) RS2 Dot 2

ﬂl‘ General @@

Files | ~Non—Sequential | Folarization | Rayv &Liming | Misc.
Aperture | Title/Notes | Tnits | Glass Catalogs | Environment

Aperure Type: Entrance Pupil Diameter v
Aperure Value: | 0.5

Apodization Type: Gaussian

Apodization Factor, | a

| Telecentric Object Space




SySstem apernture types

Entrance Pupil Diameter (EPD): H#:45 E NI K/
Image Space . GRS A Rl BF L (f/D, YEE
NI R);

Object Space Numerical Aperture: 475 A1 2 2 1 2T
{EfEnsina (Wi A FRiz)

Float by Size: EPDI K/ N R G I01= 121 ;
Paraxial working L AR EE A e S AT Al F 2
(1/2ntan a ), Zg% 7%=,

Object Cone Angle: YZFHiAZ64 -, Hon] LA
290/% (WA FRig).




Field points

s ZEMAXH] 50t E S 8o/ :
-EXTﬁﬁﬁuF A] DL R A
o WA R Gumi= vl Ll e X120 5 o

s ZEMAXSZ 4N [R] AR 1 2

« Field angle: # 22| A EXZRYZ 0 LR, 52k
5750k, K2 HETE R RSt

« Object height: ¥ EX, Y&EE. K2 HEGRLEER
2

 Paraxial Image height: & _EiEHG . HT7mE
[ e R AR/ . (RG24 1)

« Real image height: % EChrRim. AT 7 EEE
LR SR/ T (Wicamera lens) .




Field points s 17

Field Data
® Angle (Deg) (" Paraxial Image Height
(" Object Height " Reallmage Height

ze  ~-Field

N N
000000 [000000  [o.00000
o.00000 [o.00000
N N
000000 [o.00000
000000 [o00000  fo.0oo0o
o.00000  [o.0000
000000 [o00000  [o.00000
000000 [oooo00  [ooooe

—

r T
a T




Wavelengths

Havelength Data

selength (microns)  SWeight

ZEMAXX 4™ 22 e 5
2 L€ X120 B¢
JD< 9{*5‘/[4‘ EFEI/—\EJ
A, wﬁxﬂﬂﬁ
P B, ACEE A DA
TI‘J(W 1 H 520 5341
T o

A HIHRAL G IA o




Lens datalij4i ik

s Seguential lens data-Surface data:
* IS Boe et
o (MG 2
o S
o WK
o W,
. ﬁﬁﬁnmﬁ
o AP
o DLACERZL,
s For NSC without port system, & 7%
o i object) 4t AL E 25
e Jiifisourcefiidetectori ik S H AL E S5

/

B



Surface DatallZH ik

The radius of curvature:
= AT EAT 5

The thickness of the surface:z| F />

B, et 5 A (Hlocalt

NI NI

B, )ﬂ'J?'JI\/Iirror);
The semi-diameter of th

AR )

e surface:

THT 2R A2, AR

T PR

F

The glass type of the surface: ¥ H 5, Bt
AN R (IR 22, MDA 25 iR N

M L12

Other data (parameter or extra data) : i

T 24 220




)

s

Surface datalJ4+F = i

s 53R (Lens Data) : HZ 2.
2 MO A S
T FIIE -
=7

£ o AT \,

= v\ ||’ | v2 =
S | . R2

R1 S’

R

|



Gar Wil

» Thickness: ¥5+z/7m (NE2A5) 8

£, 2 n

0 Ray angle: j‘Aj\Iﬁ?FEH/ ﬁﬁ@ﬁj‘ﬁ‘j"jlzy 2
L I

» Radius of curvature (R): 15 fi=Z L
FEMTIN E A, WP N 1E; 2
YA




L T/_E/f/H\:
2
m%
D)

o K&g

T:EE‘

T ZEY

Surface Type

v Bk
7‘6%’& :
=24 7‘6

|

T, FresneliB4s. Jiir
fit T User Defined Surface. H/x

g REVE A E

?1&60%41

A

1 GE

ﬁ@—ﬂ

ok

*ﬂﬁ(ﬁmﬂﬁﬂiﬁﬂiﬂﬁﬁ) o

JAS)

JCH++1iE

1* %ZEMAX*HJE“ Bt n] DLz

7 5

é)ﬁ EDLL Y

4\/

L i 2 Y




Standard (47 )

- };‘kfa/jfjk [‘ N1 V2% i o i T & o X4 ey iirHJ: 9%
AVA

o 4. Hi%c, —REhH R
. k<-1 XCRATE CPASEE D
- k=-1 Yo CoEkz)
s -1<k<0 5
m k>1 }H?ﬂﬂgﬁ




Asphere (k)

s Even Asphere ({EVkAEEKT)

o A WIEIZ AL, AR Z 2

s Odd Asphere (FKAEERTH

)

o 24 pMEIZEL A OCEBRI AR A



Paraxial (3T [i)

s Paraxial e 8 pvE S5, ERIIRE 1

I3 WAL o

PN GR). T 240 L P

s 2. focal length, OPD mode
e (1) mode=0: /Mg7%=EZR% (wave<5 wave)
e (2) mode=1: YR AH = HFE/#{K (Hifast

beam) , BiH RS edE]

LA )

e Paraxial XY: *UParamal, HEX, Y

JCHAEAR. & HFKIOPD

mode=1.

s Mode=1/J7I" H % EE Emode=0g15%



ABCD Surface

» DIt ARG black box"EARITVA, WERT —ME G s
—tEERG, NMNEE RS IS8, X
5 Al DL SR AL IAT A o

» 8/|\7§§§& Ax\ BX\ Cx\ Dx\ Ax\ Bx\ Cx\ Dx
o A DLARESLAS (X y) 7 I B A FEX 2F it surface

[FIoE it A ik .

A

A Al EE R 5>

T RLZ L ABCD]

KiAH, FrlAan i A /EABCDIA], A S KT fr] 75 2056}
OPD fans, MFTAHlZernike &1



Coordinate Break

|«

e DRI, AR R R G E L AR
Fo

» FENNSHCRAE: x-decenter, y-decenter (Hifi:
lens units) , tilt about x,y,z (¥4: &) , order (O
2:3E0)

order=0: x-decenter—->y-dcenter—>local z tilt >local
y tilt > local x tilt

orderdEO: tilt x >tilt y >4
decenter.




Non-Sequential Component

- %F%‘%Jf GBI, R TR AL
IETIA o
s HNon-Seguential Component Editor
I AN T 12 K




Variable parameters (AJ42 2% )

s AT N, T e B A e, ZEMAX
ARIEIRIE AR, ARBIBE B AL

o 20 DB B g i =, Eldh
radii, thicknesses, Index, conic

constants, tilt angles, & -Zfields #l
wavelengths




Merit functions(ft4% pi2h)

n (LA R IR E SUYEACZE H it H

gg%&ﬁﬁﬁ,mﬁ%ﬁﬂﬁﬁ%%%

JI0N /IZI o

s EUALREFEST, FImerit function f{E kK

PRI RGNS -

s Merit function Hoptimization
operands4l ik, ZEMAXJZAL 72004
%ﬁé HIRVERL, R TSP H AR 2%




Tolerancing(x 7%=

E4H)

n ZEMAXH] DX 622 T 12 ORI 2 1 2 4

I\

s (1) sensitivity: %
H, TR EN VT IRER R B

AT s 2= e ‘BEdefit

T AR 7= 3 T 1

FE G M2 B s 728

» (2) inverse sensitivity: % HiEW PRt

L= AR L AP e E

—J

, A

M ZH HﬁfﬁltF/\?é%?\BE

A2 T 45




G

o A DAZE ISR EE B 25 Rk, ATEZ . il 2Bl 1Y

A . . -

< Cysudfeigedetia 0

e (2) system data “ CmmmLe

o (3) prescription da

 (4) report graphic Lties 3 s . _

F R ] T I o e
o ] LURTHISAT/STEP | e

/NGESFICI 12 B h—

B e




= = & 3 3 @

T S =g

H Al

FEZ/NGIN -7y s N
AT T

WEAT 01

AT ARG

BT ES 3 W B 22 0 A A vl
PEAT AR EE X




el

A BRIl ISR

m H 1 TS WA @A AIAR Z5 05, e AN AR
="

m OH . #L A HEIEE, NEBEA N20mm, A

[ ) 2R e 20 5 8 100mm,  —100mm, H70

JE R A4mm

s 370, 7, 10/E

m K Al Woh

s BIEMAEL: BK7




Solves (K1




n Solves;ZZEMAX 1 A] DL 3= 21 245 & {E 11 DI fe -
Al D) Ajcurvature, thicknesses, glasses, semi-
diameters, conics, flparameters&:= i+ &
solve.

s SolvesivE: £y 2 CA Solve UiFe ir=H1 mi A
it BN o e B

O Solveslil‘])ﬁ e
. TfEﬁI%IJ F/#: HIMRAQGAZ 64 A) BLF/# curvature

SOolve,
o PRI HIAERE. HIMRHQOGAZCZ R D)
o VEHIILZ )R FE (edge thickness);
o %% 1ME(Linking values together): pickup solve;
o {REFIAIFEE: position solve




Curvature solves

Curvature solve on surface 1

targinal Raw Angle
Chief Ray Angle

Ficl: L [

targinal Ray Mormal

m hiet Ray [Jllrrrl-ll F otk wk ek

splanatic TR (RHE. SE)
Element Fower
ConcenticSurf RHER.LEMTE— 1T
Concentric Radius 1$ HEH—T—EP o —ril ) [E]E]:'_L. E =1
F Mumber




Marginal ray angle or F/#

= Marginal ray angle 0 (r/f)#EF/#

F/#=1/2NA=1/2nsin(
IMRARG R RS (HIF/A#I I

F/H#=1/2nsin( Y ,)=1/2n 6 _
MRA solve ] DL 2R A i (255 1-glass-air
ﬁ)ﬁl‘] e te, IR, IRFFF/AAZR. 0 (r/f, 155K
7N
2806, IET53RpmKAG), vl sl 5 A 2 fE s f— EFL




Curvature solves
Chief ray angle: %l 3= 621 /A &

Pick up:+5 /&R H

THTSRETHT 6 =5 T ) I 2 A AT

S T ﬁ%%EﬁQEEI’J?%z%
Marginal ray normal: #5657 [l -5 1 i 2 ot 2

g, hjimage-centered surface. F=4¥%H
BkZe a2 2= L2

Hl o

Chief ray normal: {56 S5 o623 5,
i pupil-centered surface. P~ ERAHEZ. %

BV R A 1) ' 2 TH]

H o

Alplanatic (%ZEU%EI’J) S G 2 T R I Sl I 2 6 26 5%

HH 1 (FH E‘@é)
FEJGEZTH

PR A Bk E . B ERS R AT



Curvature solves

s Element power: 522 RSt G ER (n/f) . #5lTE
TEE IO, L dla 2, FEiE
B e AN

s Concentric with surface: & m 2, 81X
I THT ) 2 H G VA i T A 2R T

s Concentric with radius: 4= dhi 2, {f

T 5 3 o 11 T (R T ) 1 A0 A ) —

=« F/#(F number): i[5 =R, Al XA 25

K22 h-1/2F (FEIhD/f, D AlEEHAT,

FARREERR) . 1] DI R St A a0 AR i




Thickness solves

Frzed

tdarginal Ray Height
Chief Ray Height
Edge Thickness

Ficl: L o
Optical Fath Difterence
Fosition

Center of Curvature




Thickness solves

Marginal ray height: % 3% Gl alid 2ot 26215 m L1

G
T
Chief

MR AL A AR s ATRUENL BT T, B 2l

ray height: 4364 )% . AILLENSL pupil

plane, W a[ Lt~k 2Dk m £, (WA: 1. Bl C

Z 5 |l

i e Epupil [, 2. ZEN N H )

Edge thickness: il Py B a2, A] B R 34
IR AR R 6 7€ AR P] DAIEE G i1 2 )5 B A 47 BRI 5 K950 5

Pick u
s (3

p: XA I A thickness E B 45 € BT 1% € AR

-2} J-double pass system, endoscopes, relay

lensZ5: 85 Z M HH R T R H) S



Thickness solves

Optical path difference: iiZ%thickness, 145 € Jt:lAL
WAL DR E ey e AE . P ERE 2, o4k
M AEICL B CRE =05, Bl DA 15 Ay i i 1 3 )2 Ak
W & OPD Solve

Position: 171X )> [l 2145 € 2% i 1 25 2 (5 52 12 AT IR ks
NEAE . 1EARFEG SR vt tt, wl DLy e 2t PR der [
FEMASRE . 0] DLA SR 35 52 K BT

Compensator: 5positiondEH 2L, o) 2 PrZ 5 il i1
JBRESZH ML 7=, RKiEAA: T=S-R. SHAHMAIHHY
RIS 2 M, RAZZMMIERL . 225 [H W Z0AT A ] -
Center of Curvature: J{Zthicknessi{E, )5 1H0— i
SRR S 1IN Off 5B <25 S T
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