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PB4 31 3 ] Zemax, fi{] 48 N\ wavelength, lens data, 7=/t ray fan, OPD, spot diagrams,
& X thickness solve LA X variables, $HAT ) fl 225 Ak o

WARE T — A FI4 3V88 v 6%l EAEF, 3 focal length 24 100mm, 75 R] WG HE T,
H BK7 i J ok fk .

T 5E HH ZEMAX [ lens data editor(LDE), {4 J& LDE We? ‘& @2RE M TAES i, %
e BRI R, JLANME R, B radius, thickness, K/N, A7 E e 5

SR IEIR B, fE 1B system T, FlH wavelengths, K& IF 8 AR,
[i) B AT 32 FH AN T P iple K25 o I AEAE 55— 218 N 0.486, L microns k547, I &R 11 F-line
k. fEHT . =I5 0.587 [ 0.656, #AJ51E primary wavelength | £i7t 0.486 [1f7 &,
primary wavelength =28 IR VOG22 R G AE L filG 22 B (paraxial optics, B first-order
optics) NI LA E2 2%, i focal length, magnification, pupil sizes %5.

FRBAMN BB FE LA 2 K. BRI E 2 F4 (PESE, Pridn) FHEEA AW ? Fit
A2 Hh TG B S8 NS B T % ) effective focal length F 2 paraxial entrance pupil f) 5 45 ) HGAR
T LABRAE FRATT 752 /1) aperture 52 100/4=25(mm). T-5& M system menu % general data, 7F
aper value L4 X\ 25, |fij aperture type #% default 2 Entrance Pupil diameter. 5 /& it , entrance
pupil 1K/l A2 aperture K/

M%) LDE, w]LAE 2 3 ANAF [ surface, #5724 OBJ, STO Az IMA. OBJ #iit k64,
RiY6d5, STO R aperture stop R, STO A—E AR K ATE 2 1 26— A&, A
Wil —4DE RGN, STO FEEATF—iEs: b, W B —mEwE STO, EHAZLuL, W
AI7E STO IX—#4% B4ciy B, vIHT G IAREEMI By T2 STO A VR — MBS L T .
1M IMA 3t /& imagine plane, BJRf5 V1. [AI2IFRATIH singlet, FRATTFTEE 4 AMHT (surface),
TEAF STO #2 I, & insert cifter, #t7F STO 5 FHEiA— Mg, 45k 2, % OBJ
10, STO Jj 1, ifi IMA J 3.

PR WA NBE A A BKT, 7E STO #1IH glass £ |, H#AT I BK7 RIFT. X



LRI RN Ky 25mm, )5 —THI G5 & BRIG thickness i 4, )2 HAEBEN . FERYES 1 M50
2 B A2, fEIE3iE A 100 J2-100, ML BB Aok B4, 2 A3 5dE .
M4 2 81 thickness o4 100,

IAEARI AN TR DR e B . IRE AR AR BT E A B2k ? KhanalysisH i)
fans, H.rFffJRay Aberration, ¥ 4> {titransverseffray aberrationX}pupil coordinateff: . H.+ray
aberration /& L chief ray 427 fiih 811 . HBCHEY Y, BIELEY 54> Haberration, FRAE
tangential 583 YZ plane. [r]ZEXJ7 [ ffjaberration Bk 4 XZ plane&ksagittal .

Zemax M H K, #EHEFAIHF IEdefocus, Fsolvesil il LAi# Peixk 48] f . solves &
YEpg K, B ANAEE S curvatures, thickness, glasses, semi-diameters, conics, LA AHIR
ff)parameterss . parameters; e F K Fifi i slkh 2 fi A AL £solves () 1 X . Uicurvature (1) 2
chief ray angle, pick up, Marginal ray normal, chief ray normal, Aplanatic, Element power,
concentric with surface4s. Ifijfifii&chief ray angle solvesfjparameterl{l! #yangle, fij # At pick up
solves|parameters }jsurface, scale factoryJii, Jit PlparametersA & AN f&solves, i 3 1) 4
BA JEsolvesHx) % .

1t surface 2 #f) thickness il _L 25 T, 2 solve type M fixed 4% i Marginal Ray height,
SR JG OK o IX T 3 4 AE B BE a0 21 K6 AE el L 1Y) height 2 0, B paraxial focus. 57X update
ray fan, R defocus AN T o (HIXZHAEM RIS ? FRIRIHAE surface 1 119 radius
TG fixed A2 % variable, &3t surface 2 1 radius, S JfFF IR 56 surface 2 H thickness ]
Marginal Ray height t172 i variable. F kAT X —~> Merit function, {14 /& Merit function
We.? Merit function sl 2 fEAR B AL IR 0 2% BRI 5 3 — AN FrdE(an ik focal length 4
100mm), #RJ5 Zemax 4334 4L H ¥k i N\ solves H (K4 Ff variable, U TH AR I 5 VR I bR
YEAH UL /2 Merit function 12, LA Merit function {8 /N e, Bk B /M I EN 58 B variable
BEE, FRAE Merit function {E4 0.

PAE R R an el % Merit function, Zemax £.4¢ default —A~PJ &2 ¥) merit function, ‘&2
e &4 RMS wavefront error #%25{%, FTLASEAE editors Hik Merit function, #EAILHT
Tools, Fi#% Default Merit Function %#, F54% ok, BFA1#EH default Merit function , Xif
AN, TATTE T E 4y merit function —~ focal length >4 100 (BRI, DR R 35 A4 1 PR )
Zemax 2> &I focal length 25 oo}, wavefront aberration FREAE & Bclf, 4R S BRATTHY
WTFE K . T AFE Merit function editor 2 1 41 48 Ja 4l A — %1, B2 7R H 26 2 41, 483K surface
2, 1A R ) type 3 _E4 N EFFL (effective focal length), [7]%1 9 (1] target T4 A\ 100, weight
it g 4 1. Bk Merit function editor, 7f Tools "% optimization Jii, 4% Automatic &, 5¢
ek, BERHR g s T AL . EEHTAL LS ray fan, IXH] maximum aberration TS
200 microns.

H ALK optical performance i& 1] LA Spot Diagrams 2 OPD %5. M Analysis Hi% spot
diagram 7] standard, MJi% spot KZj%4 400 microns |- N 224254, 5 Airy diffraction disk
LLAT &, 5% KEY2R 6 microns A2 .

il OPD >4 optical path difference(i chief ray 1 Lb4%), 7RI Analysis "Fgki%, M Fans 1
fr) Optical Path, A ILILH{¥) aberration K£y% 20 waves, K#B focus, JfH spherical,
spherochromatism /% axial color. Zemax 73 #ME{—ysE first order chromatic abberation (1)
T.H, B the chromatic focal shift plot, iXJZH% LI back focal length #7T: paraxial I
JH primary wavelength 5 first order [£) focal length 2 7] () 2 5 %) 4 ' % 1) wavelength
YEW, B rbar 4 4460k paraxial focus I f¥) variation. A Analysis ' Miscellaneous i ]
Chromatic Focal Shift B mjny Hi ,

(FINENH)




@ J1E—: XEH

R3] i layouts Fl field curvature plots, & X edge thickness solves, field angles % .

— AR Y R ALY, IR, D LABATTA A R curvature. AN [
PR dispersion 15T, the chromatic aberration 7] LA 1 %1 first order FtLAF | 1) chromatic
aberration == Z [ 7Tk 4 second order, TEFRATAT LLIHAFZEFE chromatic focal shift plot I,
MiZ 5L 3L parabolic curve [ AE—4< H £k, It )Y second order effect ()45 . (48R Hop
variation [f] scale i first order L2 KRR /MREZ, W% N FE—A> order).

PRIE——FF, BATPRE B —AAEEH B4, focal length 24 100mm [F))h24 R %,
SN X IR IATH P sk v it

161 BK7 H1 SF1 Pifh4s -, wavelength HiI aperture 417 >4 — ik, BESRSE doublet,
PR A SIAE— 1) LDE PR —TH8s A B mT o frAnd i ) /E—1) LDE, 7E STO J& FHdiA
—ANBER, boRoA 2, BCE R ATLAZE STO RUZEIG AN —THIBE Fdson A 1, SRIGAE %8 A 10
surface type T Fld%— T, #RJ51%+E Make Surface Stop, ittt — 5L % STO [H1
Bo EH . HTIHBTH LY Glass I H B\ BK7 BRI SF1, [KCA7E BK7 F1 SF1 2 [0 I+ 54T
B, LAt doublet ARG — 88 v, WA BRINFS 5 B A 7E BK7 Fi SF1 W FF4fA
A—#i ), H oglass type by air. ILLEE STO S —[fi%5 MY thickness %K fixed 4 3, V45 3
[f1%% (1) thickness *& 100 H.i% 4 variable, REARZEfmt:At, ib/& 2% merit function, VERILHS
EFFL W rE 28 =1iisi b, KNS 3 THIBE A Y62k /e g i o i i i — i 8%, X EFFL S LA
Nt R B s — s A B principle plane R4 B RS, HoARK merit function B85k —
PIIH .

BESRFAT A S E— B o e, AN R —1f1 SFL 82 i 8, Bt LASLAR ) merit
function ¥R — VI IH . ILAEHAT optimization, F&/F 1A S 1E—, 7 optimization 454 )5,
{RFFIY 1 Chromatic Focal Shift SkKEF, &5 &I first order f¥) chromatic aberration &4
reduced, ¥ FFJ/& second order chromatic aberration 7552, Bt LA S80Sk & — A
parabolic curve, 1 HLILZE shift k7N A 74 microns, 5GHT>J/E— % 1540 microns.

A HAB performance %R, MYH! Ray aberration, J:E maximum transverse ray
aberration % H1>J fF—f) 200 microns f#%: 20 microns. 1 H. 3 ANAS[AJJ Kl i Ji7 5 4k K
21—3, XEUFEAIEEAS wavelength 1] relative defocus HAR/IN. T35, BERFEA. O(LEE
IME— Fig E1-2), X IFRBAMTAHEME? a0 F 4% 0 0, NIZE pupil coordinate J&i g B i/ 1
— WA W FEAN = 2E aberration {3 defocus JEAN™E, fi_aberration AR EEIR N
spherical aberration. HAHXS T 2 /E — (b AT E AR 1) scale Sl ik s sl (R 56, BLAE
spherical aberration C &A™ (1A 4 aberration scale ©L 1R 22), i fuidr— s 0K defocus HY
L, T HILAE rayfan curve (1) S JER, S #L 7Y (%) spherical balanced by defocus #1150t . ILAE
FAT A e 13 234 1 performance, (HEEZRR RG22 RS K AT AFETWE? EF Analysis,
Layout, 2D Layout, B T 22 KRG MRS, RIGSFF) 3 47 5l entrance pupil ) top,
center, bottom 71 7% [ 4% trace Hik, AATTIEAE —FER, HUE VR E I primary wavelength(7E
Ity surface 1). IXJ& Zemax default 45 5,




TERIAEIEAT— AN ), BRATIFE B e ) STO 1 thickness 24 3, {HZFIEAEAESL A (1)
I fige, STO il surface 2 Bilfiss ANy HAHAZHT 28 1, RI7E edge (1) thickness ik IF £l 17 4%,
AT AR BT lens (1) aperature Lt diameter /v, A1t AT 7T Tl B L34 e )
KBS E AR .

TR AT 8 5 2 ) /2 diameter, STO [ thickness e fif vk ik jv] & . 5545 STO ) diameter
FBEAN 14 kit 125, S A U7 FHIEE user define, IU7E AR AT EL edge
thickness [ & 24 3mm, [JRARELVT 2 X FE R G A Z 8L TS ? defocus Xax L, Ok
ST — I PAT optimization B AJ . #£ STO 1) thickness 3% — ", #E#+¢ Edge Thickness Tl H ,
2> I Thickness” & ” Radial Height” B3, % thickness >4 3 J% radial height 24 O(# radial
height 24 0, Il Zemax #lfli%& user define [f] semi-thickness)#% OK Bkil, #R<& I STO 1)
thickness L. 4%, HaHIL—AN” E” SR8 an active thickness solve 7E1% i [¥] parameter I,

HE4X edge thickness T4, it LA focal length t— & 5 845848 5, 4 T 43556 () EFFL,
LAEFFAT optimization — K RIT AT ILAE AT 1A & off-axis [1) performance, A system [ Fields
W) Field Data, ZEH] 3 A field RAELLER, BAiEWe? 7655 2 )4 3 NI )7 Use” Tirh
K¥— 5, 1655 2 5y field 47 BN 7(H) 7 degree), 7645 3 #Irhi N 10, H—43 ik
J9 0 RIFFLE on-axis. 1M1 x field &4 0, %F—~ rotational XFRM RLEM 5, AT
AR/, 4% OK HEdkit . BIAE Update rayfan, #kn]75 240 Figure E2-4 2 &, KW T R3E
tangential, S >4 sagittal, 2545 R off-axis [ performance 1R %, X & KA —FFaa BAT 150 e it
ZYiAE on-axis L kAE optimization, X4t aberration T L field curvature plot JAdiit, %
Analysis #', Miscellaneous [t Field Curv/Dist. Mt E4n Figure E2-5 (1, 2K R shiftin
paraxial focus 2 field angle ) p& %, 11147 ¥ 24 real ray (1) distortion, LA paraxial ray & 2% ray.
7t field curvature plot [ 7H S48 1] M rayfans Hi75%1, 4 field curvature plot /& IF Lt 171 rayfan
plot i it J5 s AR
(FINENH)

O >J{E=. FIBETE

fR¥s24 8. 4T mirrors, conic constants, coordinate breaks, three dimensional layouts,
obscurations.

A B 30 4 2 dt £ BRI 5 1 T AT on-axis aberrations (EERREE . AR e g A — A
&7 5. (%) parabolic mirror 5¢ 555 IF B3 order (¥ spherical aberration, [X 4 3411 H £E optical axis
A%, K& spherical aberration #h 31345 HiAth ) aberration.

AR E v —> 1000mm F/5 HIELx g, FATHE—HAT 2000mm ¥ curvature A
200mm [1] aperture. 7 surface 1 Bl STO _E-¥) curvature Zii 4 A\ -2000 mm, /153K 7<% object
M, HHIE A concave, RBIHH X A OGS NS K. {E thickness I8 A-1000, 7
PR RN CEATIEIS mirror T2 KR EIK, 7 Glass 5 A MIRROR, f5 /5 7t System [f]
General JiH /) aperture " 200.

Wavelength 1] 0.550, field angel 24 0. ¥W7:%E % spot diagram, TRSE S| —A 77.6
microns RMS [] spot diagram, 11— MR 77 {4t 55 image quality [ 77 V55t & 7E spot diagram )



i I 5 superimpose —™ Airy diffraction ring. A\ spot diagram ] menu bar £+ Setting, 7
Show Scale I"i%” Airy Disk”, 551 Figure E3-1 Fion, R KILFIIE” scale bar” [r)4h
RE—HM. EIHFTF RMS spot size £ Airy Disk” & 77.6 microns. Yok It f
diffraction-limited (1) J5 IR DA A FRATTIE AT € conic constant. SGHITFRATTAE [ curvature (1)
{E4-2000 Ht e SC—ANEKIHT, #4525 AN sE, WIFE STO (1) Conic JiHh i BEA-1,
% Nk Update spot diagram, R<x& 37 Airy ring” h—NEERE, 11626 28 76 B oo
k., RMS {4 0,

AL, AR EARANGE, Pl AN 2 AL TAEASFD G R4S b, BREEXA
BTG, ARG A7 B WGP AN G BEE IR 7 VR A RO B 1S TR I— AN Be - fold
mirror(J [ JE ARG T A% S ). XA fold mirror AR TG4k (R ARL A 5 2 45, $0454% 1
FEEOLHE . PUOARERIGEHRA 200mm 58, PRk a8 1 10 48 A 4E 2 6% 100mm (1) EJ5, 4
I B AGRIBHEA NSRS . FATTYE A 200mm, 17 fold mirror 85 56 5 (1) )5 58
[f24 800mm, A2 200+800=1000 %5 T Jii5E7E STO L/ thickness, EPfs” BEE” A4,
FRAEWR, S48 STO 1 thickness B 4-800, 44 Ji5 7E imagine plane 46 A\ —> dummy surface,
AT S48 N dummy surface We? X dummy surface J& 414 Wé? dummy surface [ H 1) 2 & £E 7
Wy BATHE fold mirror L7 Ehrzs ok, ARG HARBELPPEHREAEXL, WASTE RS
FATA” .7, FTLAFR A dummy surface. 754 4@ A dummy surface W ? 4G7E image plane
HIT 4 A —A surface, XA~ surface R 282k fold mirror, (HZVRAZEH OTE
surface type 4b2: 472 ¢ i A fold mirror, fiis&i% Tools #11#) Add Fold Mirror, J-7E3L” fold
surface” 4bik” 27 X2 5 X surface 2 2 fold mirror, 5885 VR4 & B4 Zemax P.31 TIHH LED
()36, oVFPREs ], 2 surface type 4b7E surface 2 ¢ 4 ik Coord Break, iX 3 J&fT4?
coordinate break surface &4 H W RGN € LT ERR R 40, BRG] dummy surface 1)
WM HKAE ray tracing [ H . MERR I EAR RS, WHEIEH 6 MAFSH, /I
x-decenter, y-dencenter, tiltx, tilty, tiltz &— flag >kF&75 tilting 5k decentration ¥] order.

PR NAE, coordinate break s 2 AHXT T “current” Ty “global” ] coordinate system,
BUHRAE— DN RGN, A SR IEREYE A B B0 M), FATEIRIH coordinate break >k
AE A 1 DX IR, i AN 8 OB T [ R 48 %54y« Coordinate break Htf52—A~F
TG ) 1R 48 5 11 Ji 8 R 48 1) )5 46« SR 1T coordinate break surface £ AN2x 7 H K. 1M 1) glass
Wirp SRR 7 - “AEARBEEEN, e surface type B — & BVE /T —THI B2 () glass type —
. MAERANKEER layout, Afgik 2D(2D HfEFH rotational symmetric systems), ZEH 3D
Fi, W layout 5, 4%t | =l page down or up HTLAFLARRCR,  IXAN B i T A
e NS 64T 2 fold mirror 755 343 7T LA vignetted , X 7E SEFR ) R 40 R & — MR B3 1) S8
. (£ STO KT A\ —A> surface, 41X surface [ thickness y 900, 7 surface type '
] Aperture Type i&°4 “Circular Obscuration”, 7E Max Radius # A 40, [X24 fold mirror 1]
semi-diameter 24 31, Ut A REMEL . Update 3D layout, W& AF% Figure E3-3 (&, NI7E
3D layout [¥] setting 3 FF 4% the first surface A1 the last surface 43514 1 & 6 EH],
(FINENH)

@ >J/ENY: Schmidt-Cassegrain F1 aspheric corrector

2% 3. {# /] polynomial aspheric surface, obscurations, apertures, solves, optimization,
layouts, MTF plots.



A AE & 5¢ i Schmidt-Cassegrain Az polynomial aspheric corrector plate . 3X /™ i 114 2 4E
A WO R4 . Al 18— 10inches 1) aperture 1 10inches [¥) back focus. JT4E¥ T2 4],
SEHE primary corrector System, General, 7 aperture value F1# A\ 10, [F]{/E—~ screen 2 unit”
Millimeters” 2% ” Inches”. F KA Wavelength ¥4 3 4>, 43714 0.486, 0.587, 0.656, 0.587
€4 primary wavelength. R 1] LAZE wavelength 1) screen W% JiCHS 1K) 7 select” %, R ] 52 ik
B shE. Hut3A 148 default [ field angle value, JAE 4 0. K78 A1 Zemax P.33
TU[¥) starting prescription for schmidt cassegrain (] LDE #, Ut} the primary corrector
MIRROR k%3 J1o /XTI 1 2D layout, ‘B U1 Figure E4-1 2 & BLAERAMIAEIMALE —
A~ corrector, Ff H.#iE imagine plane 475 . A 11 Zemax P.33 Intermediate prescription for
schmide cassegram ] LDE, 717 % primary corrector [¥] thickness 2% 4j-18, EGJR5E1K)-30 /),
IXJER i second corrector F-% REFIH: size KNI ZE. 7E surface4 () radius BEE N
variable, %l optimization, Zemax W LLE MAIIE. SEHF ALY layout, M4 Figure E4-2
Fizno. ML merit function, reset Ji, 7% ” Rings” option #] 5. The rings option ¥ & Y2k 1)
sampling density, default value 4 3, fEpb¥vl, FRATERAR A 5. $44T optimization, H
Automatic B 7], /R4 A& I merit function R4 1.3, A& 1R #AR . 1X /2 residual RMS wave error
Frak. Bk merit function, A\ system 3% Update All,JI) secondary corrector ] radius £ 4% 1%,
41.83. M Analysis, fans, 3% Optical Path, OPD plot 41 Figure E4-3 Jit7~, &I A defocus
H_4 spherical, KA 4 4~ wave aberration 77 ZHF1E .

AN —N T8, R H5 € polynomial aspheric cofficients i AF aspheric correction.
M4z surface 1 ) surface type M standard 4k ” Even Asphere”, % OK J5 ik, [1]F] surface 1
i, fEA % EE| 4th Order Term, ULIT4 A%, MKIEMH], 6th, 8th, 5 FFR X AT
optimization. #% OPD plot update, 2L /& N 41 Figure E4-4 iz, 1R<s &L spherical aberration
EVBE R IR D o ANy — i ISR, AR I — /N ARG aberration 45 AN[R] ) spherical
amount, Xt spherichromatism, & F — N EHIEM Hbx. KIS, BATEH axial
color k1 spherochromatism, {715 axial color balance We? ifij=ZFx I spherochromatism & 7F
first order axial color "1 4% 21 i) higher order ¢ . MiELALE first order axial color FAN77E,
1 5 first order 7248 (K135 , A8 FLAN (1 4% axial color B & 5501 = , fth Bl %< paraxial-optics,
RIANA color £l F %58, w2 first order optics) ZEit kT~ higher order, Ell higher order
1] aberration 2= #% balance 5, R[I first order 2x#& higher order ] aberration, H first order axial
color K71k higher order [ spherochromatism iX & 75 Y6 2= Bt b FH G Tk

B4 5] 3E axial color We ? Fedl 1578 surfacel (1) curvature ik 3] axial color % H: . 8
HiTH 1 1 radius 4 variable, 3447 optimization, %% update J5 OPD plot [¥l, 1% E4-5 it
TN, KR FRATITE RV, FRA 1% 25, residual aberration /N 1/20 K, XA RAFEE R,
A LALEFRAT TS84 field angle, A system, field 1, " field angle f{E 3R 3 4N, 2051142 0.0,
0.3, 0.5. FI{E field angle CLi%3%, 45T boundary condition T\E2%, Jiff LAYR T 2 5 5 VR I merit
function. #t% merit function [¥]” Rings” !4 % ” 4” 5k i #4047 optimization, MIHri) OPD plot
NGl E4-6 o, HEAAEI field angle,{H 2 47 1) aberrations #1 1] LA452 . U Bkt
AN o

TAR AT FH S S S 5 oK A, WD 4 B B 1) S A B TR 2 AT 2 S e 45 Ty
% (Modulation Transfer Function) Wg? IXat 2 t, #7572 &6 Object 455 K MO, £



RS RC T T A B R SE Mi, ) MTF=MIi/ MO Bl MTF @k, fCRISEIEEI A S
FACIR G 5%, WAL KA., i MTF [If&%I 4 spatial frequency in cycles per
millimeter, spatial 2 %7 ) (bar target) B 4520 243 b 20 1) 56 B2 2 &, al LA millimeter
Sy 47, i frequency in cycles EI%E millimeter 45 JLZH BIE 4540, FrbAnf Sl f N2 R, B
V1% Y6 A% . Modulation Transfer Function, B L340 E4-7 frzn2 €, 1 tangential &
sagittal % % Ff A field angle 1) response t—3f @7

=ML MRS, T I MTF 24 circular pupil autocorrelation (1) 45
Ro ZIETAMIMAZ JE the secondary corrector Ity KN . BESR secondary corrector Jit
7 primary [IETH O E B, WASHE—@ A58, - HAE primary FA7 MK
BrDLH 2, IR FEMANFE &, PrUFATE A T IAIM) performance. R 41, [
LDE, 7ehifn 3 % —3rh S K, M Aperture types T1i% Circular Aperture, 7& Min Radius
HEEN 1.7, BIASDGBDCHIN AT R T 1.7 A vfdiN, seahVE AL primary B, 7]
IFHE Max Radius B4 6. FKALPH secondary corrector ] obscuration, & surface 3 R ,
N~ surface IX 4™ new surface 548k T surface 3, 1L thickness 2k 20, H. surface 2
(1] thickness t 4 40, Uit 20+40=60 J- A A M BKT J5 2 primary 1K . % surface
3 I Aperture type, ¥ &4 Circular Obscuration. % Max Radius 1] 4 2.5, #% OK J5#kiH, [H]
iM% 7€ surface 3 [ semi-diameter t2/& 2.5, update J&i ) MTF, R4 & 31 performance £ P41,
¥ £F medial spatial frequencies #5).

(IFTN D H)

e J1EFi: multi-configuration laser beam expander

Y245 4 multi-configuration capability .

VAR T EB M ER A A =1.063 1 T 1 (1) laser beam expander, Input diameter
100mm, Tfij output diameter >4 20mm, H. Input F1 output ¥ 4 collimated. £t it /i, 3
b7 sy B A Bk 441,

M 2 Mt i

AVHE I _E b Galilean (A5 internal focus)
HA5—A aspheric surface 7] LL{#i 1]
2 RS ZNAE A 328 1 R 52 AR .

L

AWV A R IE aberration 17 &, 1 2 7E P /N AN [F] wavelengths 17550 R #BZ24%
o SERREAAT 2 P42 Galilean W ? Galilean B/ 64k M B TG4 R 48, 1E62%
R NHAREH focus BLG, ZEAFIHED beams 7E WM Z A ANRER focus. IFIEAR RS
A FIAE 2 A wavelengths R E1E, Bt LAZEERAE I FRATT W] LAAE B HE 4L conjugates. FL7E 46
Wil #ci Zemax P.4-18 1) LDE 2 H e N\ 4% surface [4H 511 . 2 surface 5 Y surface type
M Standard £ 4 Paraxial, 3 I 7585 F J 1 () focal length 35 44 H B v 72 3146 1) paraxial lens
[ H 523 collimated light (GFATY%) 4 focus. [A]H 4 surface 5[] thickness J¢ focal length
154 25, entrance pupil 1 diameter 5224 100, wavelength Hi%—~ 1.053 microns EI 7], ¢
EAREAE RS A wavelength. Y merit function, 7555 1 %174 operand type 4>l REAY
XK real ray Y K FHRAE A —Fh constraint, ZEASBETEH, FATHEESK Input diameter 3 100



1M output diameter 4 20, JLEHG{E K 100: 20=5: 1, RIALS beam #H:4E T 5 4%, 1F st
HEN 5, FIRAE surface TP ERATESEHIMh) ray height, 1 Py %N 1.00. 4 target value
SE R 10, EAEIER24FRAT—A diameter collimated 24 20mm (] output beam. 4 WE?
[X % Py /& normalized ] pupil coordinate, B A% semi-diameter 4 50., Py=1 BIELLE
NI is aimed to the top of the entrance pupil, " target value &% 10, HtA&%iHGH
semi-diameter 24 10, LA 50: 10=5: 1, Ju#lk4i 7 5 £%, ik FIFRATMIZK . semi-diameter
FIME5E A 10, BILAEIE Tools, Update, /114> 21 {E value column _| H B 50 f{i, iX 5t /& entrance
pupil radius B} %7~ coordinates J& & #& (£ — N A7 [ Cunit circle) b, 34224 50, 4 Px
=0, Py=1 IZE/RLE y B pupil K/NK 50, TAE x i 0,

M edit menu bar i% Tools, Default Merit Function, 4% Reset J53” Start At” field f{E
Mk 2, X IR LUG IR operands 23 NS A FFLG, MIASS N ST REAY operand.
T optimization )5, {2 OPD plot "y i3k, il E5-1 s, R4 &I performance 1R %, K&
4 7 4> waves.

XA~ aberration F- %>k |9 spherical aberration, JiTAFAT1E A surface 1 244 a spheric,
surface 1 %19 [1J conic ¥/ variable, FFXHAT optimization, R4 2 UF1¥) OPD plot. I
TEFESITAT I variable #5245, XKL field 7744, PR IR U588 wavelength 76 1.053 1 T [
beam expander ${it. {HJE wavelength 7E 0.6328 1 {150 A FpWE 2 FATTHE A L S 5 —
ANER, Wk multi-configuration RJ DLE [A]— Z& 4t b [A) I 42 52 AN RN 1) configuration, LAIE W
ANFE ) TAEME e Bk, eI 58 T wavelength 24 1.053 1 [¥) configuration, 345
fi configuration 1, fj wavelength 0.6328 4 configuration 2.

2 wavelength M 1.053 &% 0.6328 i & OPD plot, HILIEH ZE ) performance, X2
[A 4 glass dispersion [ i . A 1% lens spacing i3 B It defocus 4% surface 2 1) thickness
N variable, 44T optimization J5, update OPD plot, JIi 1) aberration A%k —4> wave,
B2 N R A surface 2 thickness 1Y variable. HUZEFRATISRAE A Zemax f*) multi-configuration
capability Zhfit, M main menu 3% Editors, J& Multi-configuration, Fi%&JLrf¢) Edit, Insert
Config, fntFATH0 AT LU —AN8T ) configuration, 78 55— 41K 55— I rh 44 5 1, 3% "wave”,
[ii] 5 E "Wavelength# " HH it 4 1, IX R RAEAN ] T configuration, FeAT 148 H AN (1) wavelengths..
7f Config 1 N A 1.053, Config 2 NEEA 0.6328, ZEAliAN—NEHHIF) T LK) 25— T p 4%
BN, ¥ THIC 4— operand type, X&ibFATT4E# A configuration i X ASIA] )
thickness, M” surface” list 1% 2 5$% OK. 7E Config 1 R4 250, Config 2 th# A\ 250,
ANiLAE surface Hidk 2 B R 4E LDE  surface 2 11 thickness J2& 44F mult-configuration [¥)—
T oprand value, % Config 2 | surface 2 [ thickness %4 variable. [F]%] merit function editor,
% Tools, Default Merit Function, %7 StartAt” [f{E 4 1, 1 default merit function £ M Zf
— B 18 . BLAESEHTHOE ) REAY constraint 4% {424 250N 2] T ¥ multi-config merit
function, 7t merit function )2 —%1rh, 47—/ CONFoperand H{t” Cfg#” mirh g h 1, £
NILAE configuration 1 /& avtive. 7EIL%12 R 45 =/~ OPDXoperands, - CONF FI&§—A~
OPDX Z [Al4fi A\ —AN#i%1], #UIL operand type B ” REAY”, ” Srf#” N 5. FR/RFRAT1E S
Hilfr) ray height /&%) surface 5 11 &, Py 8 1.00target value ¥4 10. WA HTIF file k4
beam [¥] diameter 2y 20mm. £ CONF 1 [FEREE % e 5¢ 5, 48 CONF 2 M AT-f4] operand,
KN FRATIAN ] BEAE P9 FR wavelengths $:4F T 23Kk exact 5: 1 [¥) beam. [A]%] LED, # surface 1,
2,4 [1] curvatures /% surface 1 1] conic B 4 variable, $447 optimization(H{AE4 5 /) variable



4y active, 3 4™ curvatures, 1 > conic, 1 /> multi-config thickness). MY update 1) OPD plot,
7T LLE mulit-configuration editor [:#£ “Config 1” 5k “Config 2” L4%# F, ] OPD plot
2> R H T ) configuration, o R AT Ctrl-A 1) hot key, 7E/R[A]f¥) configuration [f] {142
e, VR23 IR PI A 1) performance # AR 4 , FonFRATT T ¥t 1K) 32 4i 7t wavelength 1.053 50.6328
u (1) laser 2 F &1/ LL AR,

(BN A H)

@ 3] /E/S: fold mirrors 1 coordinate breaks

Pr¥ 2% 3. W% coordinate breaks, sign conventions 75 A, BE AR RGO AE
RG22 5 fold mirrors &5, A SJAE 1 70 F2 X548 “ Add Fold Mirror” T H Ha] FH 40T,
SR BB AR S Bn (R E N RN, A AR SIE H .

15 SIME 3 I ERVFR 22 ] ¥ it Newtonian B, ot 44 coordinate breaks (]
BEE, LAROGAEZ I mirror [ 4T )5 thickness KM% & b 74f, 1 coordinate breaks 75 1 Ffi % —
XA, TmAE ) fold mirror 4 = HVE b I AESL o R ST Ks BUUR iAe] 76— AN 1) 5L (1)
converging beam ' manually it A fold mirrors, i AM# ] Tools # 1) “ Add Fold Mirror” Jj .

Y LDE, % STO [ surface type 44 paraxial, thickness & 100, iX %} paraxial lens
ff) default focal length {fi, #XJ5 M System, General, 3" aperture 4 20, E=4—A> F/5
1 lens. 5EYEJ5E A 3D layout, —/NAjHR[7) paraxial lens T % converging beam )G &
FOTE. BT E 1 convergingbeam ) F, EAEWR? S mA—A4 fold
mirror, 5G{E & It fold mirror 24 45° oriented H.H. paraxial lens 24 30mm. S JLFFEE 3 Mg Hr.
—“ 4 coordinate break % coordinate system %% 45° , R J5—A> mirror K GLR, BE T
—> coordinate break % < % )i 1) beam 25 4% 45° X RAREEL ) — i, FLEEL 3 4> surface K3k
H— fold mirror. coordinate breaks A5 At A AE ], FURHEAS D CA HOGAE AR B Rt
B AR Oy JRERR I B4 T 2. 4F imaging surface B THIHE N 3 4™ lens, % surface 1 [¥) thickness
%€M 30, & surface 3 1] glass fold mirror i titled, FTLL R Gi < 7E paraxial lens ) /714 40mm
4k focus. 5 E4 surface 2 & 4 ¥ surface type 24 Coordinate Brek, [H%l| LDE 145 —, 7 surface
4 11155 3 4~ parameter column #13] heading L= 3k#x7~ % ” Title About X”, fELLIH T2 T,
1 ”Pick Up”, H.i% & "From Surface” % 2, ”Scale Factor” >4 1.0, iXfX% surface 4 [1] coordinate
break z{E 4R surface 2 [f)—Ff. # Hibx 2] surface 2 ) ” title about x” T, £ N 45, Update
layout /R4 75 240 Figure E6-1 [/, 1 7% 2 coordinate break [ thickness 24 0, 37 mirror
A1 coordinate break surface /& H A (1. NAX{F R MIE, mirror A5 H-BATH, FEIE NS T
GG ERR RS, fERIMERR T8 45° 48, - H T -70units 25 focus, Fri(1 tilt 5%
decenter ZN1E R EAEYELkifL, B thickness Z AI5E. ILAEFFZEEE A fold mirror, [FIAEAE
imagine surface Fi [ fdi A\ 3 4~ surface, ° surface 4 ) thickness M\-70 54-30, 7t surface 5
(1) tilt about x BN -45, H W& A GIEEAT )T ik SR 2P AT T B NS85 1), 1y surface 7
1] tilt about x Ji— £ +¢ pick up from surface 5 H. scale factor &4 1.

Update 3D layout, M5 IL4n Figure E6-2 B, WIATIAFFI, +45 F1-45 HAHHARY, %
HOGEAT TS, B SAS P2 Y coordinate breaks (K25, H B 54F surface 2 & 5 B A,
K24 surface 4 J 7 o5 & MK BEARAT 122 8 T AL 5 .

(RN H)



® ) E-L: f# A Extra Date Editor, Optimization with Binary

Surfaces

WVFRASHIE, &4 7 achromatic singlet” IXFE AR PG . 244K, mirror s&—> achromatic
singlet , &% H A& 2, 2 & i — A % IE 3| first-order chromatic aberration & &
refractive/diffractive {73 +& I EMT . A Tyl F—AMESL refrative singlet, SR 5%
Hrp g —THI %1 5 — > diffractive surface. It singlet 3% %R K 1) focusing power, 1 the weak
diffractive component MIJ#& it A % 1] dispersion K #M glass [ dispersion. ib3AT1HK [A] i — 4
W&, — focal length f 1) singlet 1 optical power &y & =f-1, 7£ A F- A C [ KJaH K, power
A% 535843 7] 1 singlet H glass 1) Abbe number V SKHifiik, FH# M F Jz A C 4 hydrogen [¥) F
J% C line 1) wavelength 4324 0.4861 u m F1 0.6563 1 m.

Adb=3d/V
FE KB 1K) glasses Fi2rr, A1) dispersion #4R /)N, 1 BK7 K, H Vv {H N 64.2. 1 A
d KL N HEARI) 2% .

Il Diffractive optics JlI| £ #4 JT] phase of wavefront #4434 o %5 (¥ optical power. %}
—ANHA quadratic phase profile [7) diffractive surface, : phase 24
v =Ar2
A AR B JE IR &, 177 r A radial coordinate. 411 diffrective surface, fi1f%) power
H
d=ANA/m
A Ffr AR 52 P i K S R A G o FERIFE BRI ASE L 5 refractive singlet (1) power 22 524 2%,
1M diffractive optic power I} JLF- 4 40%, It4h, dispersion [RIE#7 S 1t A [FIE 55 Kk E .
KA AL abWe ? Wi I ATILE refractive 357334 11— %€ positive power, [Fli] 7] fi7E diffractive
#7338 N — L% negative power SRk FIFME KRR . Frd ¥ power & R] LI Standard” 25k 7
Binary 27, R J57E IMA HiTH IIA—ANBi i surface, Rfifdi A surface 2, I thickness % 4 100.
STO 11 thickness # 4 10, glass &4 BK7, M System, General H Aperture Value &4 20,
Wavelengths i% 0.486, 0.587 & 0.656, i 0.587 %4 primary. & 7GHA1E — convex-plano
singlet [ performance, I surface 1 ] radius %4 variable, H. A\ Merit Function Editor [] tools
Hhfii ] Default Merit Function. -F*4T Optimization, P4 OPD plot, R4 &I aberration £
9 8 /> waves. [T axial color =52tk 141, spherical aberrotion AT default tHAH 4 ] .

IAE BT K BETE, M Editors, Extra Data #7E” Max Term” 5 L4 X 1 F1” Norm Aper”
&N 10, 1”7 Coeff on P A 2”7 JLI N AR E . 4RGP AT Optimization, Hr-H PRI,
779/ surface 1 (1] radius }% diffractive power. Update OPD plot ] maximum aberration .48
B2 29— wave, it aberration [ 322 Xl L~ secondary spectrum ¢ spherical
aberration. &A1 H] higher order term (157 15k 1EAth, [712] Extra Date Editor, #2” MaxTerm
#”7 %4 2, HAL fourth order term Iii’k variable, X417 optimization. MY updated /51
OPD plot, #R<: &I wavefront aberration & K kR4 1 4> wave LL R,

(FINENH)



