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HIMZL - HES
G=2gty 7| 2AFR EEHE
(2000 59 164 W2 20004 79 31Y¥ FAHE ¥

B =2ME ARHRAE ol8sle] FUEY TIXE 28 FiuEhg F9AE 44 2 BT 7184 gAY &
HAIE @71 M telephoto FEHE AT B9, B 3
SHAIE Bt 2P 2R hybrid Z2kAY A= 19 £ 2EFGLA R FYste] FA, 7y

g e 287} retrofocus FEIST Aol 3|

& £o137t itk Gauss BEE o8 2F FFHE

AHNED)

11—

Tl 27] BAAE A SA9HY wHo= Pt A1e

HlEsel, AERE 2] 8] A2He sldGAAE o83l dAIE FEAT 14" CCD, Fi4oll dISEI=SE HF
gt HgHoz MAE FaAH e ¥ AR 3.89 mm, A& (overall lengthyS 5.19 mmZA AYES M, A9 g

=4 FPEke oA 87ske
OCIS codes : 050.1970, 080.2740.

LM g

19803t MIT t&he] Garry Swanson® Rochester tHEhe]
Michael Morrisol] 98] B8l E 3] 3842 (Diffractive
Optics Elements : DOE)°] &3 I3 25¢ A7+
Tz o], uld 7grle 2 284 93 tiEEA] 71&
o] 7hsgel ulel F-dFstixlel HEH rx7ed) S8R
Hol ZA wAsIALh 53], 38 AE @ FEY =g )
gL Ay A8 Aze 71ed FEFFAEANE 043
FA A, Az 2 FHrle] gk 7t AlEE ok

Sk ZEkay 7w e gE Yol I8l HEE A A
ke sERsaAte 12 2 Bkl v 2%, °
2 2 A3} folsly) dRd), A% K= HEe] .7 e
Fu-& d4 717], Digital Still Camera, Head Up Display,
DVD(Digital Video Disk)?l ##¥ Optical Data Storage®
Pick Up A&=x|, Optical Low Pass Filter 5] $-&5+< A&
B £33l B2 AHL 7R ). dhdl), do s b
Z o&Ao] Avke A He I 490 =& FHa s
& 4= Flo] APt Hol A

2 d7dME SdFgAaRle] FEEA 2 ARt Ao
g e deden, HHYE uxg A¥ sideks 33
Al 27144 dlolHE x) dj4F<l WRlem F38Y 2
Y, 27147 "olHE vEe = 1/4" CCD, 419 4 2
F/ao] A3t HHYEY Yrg A€ Fks FEAE A=
A T2l CODE-VE o|&3le] & HA st

3B o] 8sle] AAE AYE XY A9 Fh
e FAE By, BA, 3 B4 5L E0)7] Y
hybrid S48 A2 109} 443 FHFEAA 12 o] F
o7l telephoto FENE AU} FFH o2 HAE UAE
29 Jiets sFeAlE AAe] 5.19mme 7)1&Ee) tAE &
g 7HEkg B R ul$ HAEs.
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2.1. Zone Boundary

Z4E, surface reliefe] o] 2 F7], FH=e HEE F
A wHe] 9 e JEL 2F%e JEFTAE UiFE
T Y zone TERE fEhY Eekiyge 2208 2T
& 715, B9, e AlE, tololEx B 59 W
HE ol g3t ARt

I 12 FH9Y zone +RE e 3FF8 A9 surface
reliefo]th. Zone2 tha-dt Zo] ALlEle B EAH(Optical
Path Difference:OPD)7} oHke] Auld wjuic) Exgc).

OPD=mik, k=1, 2, 3, ... A= 1)

A71M, mE FERFlL, AE IOt

sagetize] B4e B sl AP 5L 2
£ 919 U452 BAEG. 5, YA S e 2%

o] zoneo] SRS 0,8 T Ao TheF o] HEET.
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D, (r)= %ranrzn,

d)(r)zz CDn(r)=27”(alr2+a2r4+a3r6+~--). @

n=1

714, P=x+y%o|t}

sdgstanyt 23k AdAA 242k zone& BH(E B
E He 53 gz A =EdEEE &) Y
7} zoneol| &3 YA A (phase delay)©] 272] AFHi7F H&
2 vlEojof 3T}, TE), zone Alo)e] BFEX7} wpge] A4
o of Z-7+9) zoneZ 7IZMdFo|t). old FHFEAA] k-
WA zone?] W3 r= T3 Zo] EEECLP

re=N2kfA+ A, ©)

A71M, = 2FAL, e Aol
Z8]3, blaze®] HEo] A

A

hmaxz;l—:—— 4)
ot}

7™, BHRFE m=1 BOlL, n ZHE, A= HF
oItk

B dBstaate] AAE FA zone WHEES HA3F HA s}
FAE Hislshs A A 2= (designed order) & W
o] 3 H=A blazeE ZH3] AAEY FHEEo] Hulvt =
T2 ks Al U 4 Qi) =3, dgstaAEy 74
B A& AL o9 A Aslnz FEARe 3)-E3E
227t AFE hybrid =S AH-3] Ak Zlo] Fasit)

2.2. Hybrid &{Ae| 843}

At P FHEC] Y = EA5)
ujFo M4yt wAgi), o]Hg 2R (+) 24T
< 7 29 (o) TS Ze d=E gFge= A
2HE 2AT ¢ e, oA ME e 2858 = F 0
o] A=7t AA| spge] sl AR WElE ATz
T 709 g tisiMe BUe 2HARE 27] wiEelth

3Bt aA JA 3 g&Ao) g A3, Fe gl
v 21 mhge] sH@zto]l Ak welA, hdFo] We u
ol o] 88 W wzA] MERE T ok )

3| dgstazle Mgz BAYL s|Hgetaxiel FAFsta
A7t A€ hybrid =22 7Fsb, SHRES (+) 8444
3EFR] () Eato] HeE & & A(single o= EMS}
7t 7Fssh B Oy 2= AnkAQl FEFeAA), SdgetA
2}, 223 hybrid F8AS] ] e 2 AR WHIE
HAFT o, a3 35 YukEQ FAgetaxtsg A"
doubletz} g+ o] A== A€ hybrid FEA] EM8 =
AL HoFEr)

a8 3oxxE FHFeHA oM Egle dukE o= Abbe
number7} Z3, (+) BHFS 2= crownAl @=2} Abbe
mumber’} &3, (-) 2SS 2 flind] A2 ATl A}

A_ |
4 fBlue Ny fR
< > od

Nt
>t

K
(a) Refractive optical element

fﬁed

[ 3 > §
< Blug y,
b Zad

(b) Diffractive optical element

o Hybrid Lens

(\c) Hybrid optical system
a9 2. FAFaA}, 383 A 2 hybrid 33 el o}
& 2378 W3k

crown flint crewn /N DOE
Va =60 Vb = 36 Va=60 Vb = -3.45
fa = 2.50 b = '1'5¢ror da = 0.950 1 Pb = 0.05¢,,

Convensional Doublet Hybrid Lens

23 3. 2238Hd doublet AAQ] of.

falug, & F Ao A=yt Pesi) a8y, 7k 24
T FoUb wdel AA Bl F- %5 (0,0 YA FS
7] YeiMe AR FE0] wi$- Aoklez, 3 1A
2 Az ojgge] wEtt Iy, Fh4aAte FHLAR
T4E hybrid A== & 3 o A=Z BN} vhe3h,
7} 2Ape] 250 BE 2L HIE 7y gloeng 7hzte)
Aol gigk FEL A BE F Utk Rl E Aol
3dgetaatel 4 A4S UeRlE Abbe number Ve
-3 gl
A

c A‘C
O 5)
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@, A= AASAETE, As B 3, 42 2 sl o
2P, 7pAlEAl %‘@10“ deiA Vg T ohest g

v Aq 587.6 nm
4= 7= Ac 4861 nm - 656.3 nm

ojR-L UnbAQl FAF3AAS] Abbe number7} 20014 90
Apoll kel el Hlsh ¢ Z3, Lo} 2he zh7| wRo,
ol2igt 59-g o]83t] hybrid A=) Yx} ME2 BA S
F Qg™

Hybrid d=e] 243 208 DEA)Y) 9% 2HRES
ERRY] -5 47 gL 2B

=-3.45. (6)

_ ref 7
¢ref Vef le ¢tot ( )
_LL
¢d1f_v ¢tot (8)
dif = re
- 1 )'d

IE}. ©)

Ao} Aol g B BTN, 9,9 gy 22 FH
gyre) a%oln)

III. Flat field, aplanat =718
A =7[MA|

AP IE

Y 42 78 EAHE 2 UAY &€ Feeke 38
of ek 271 AA sHek=oltt. AF A telephoto P2 08
A+ FETE e A=Y () AL 2= 9= s
TH 7] W] FEAY AFL A ke e &
gsirh. B3, Al Eoll AR M e %*—“., é,
546.1 nm(e-lineyg 71EFOE BT A Hx) A=
Z2t2g AEQ PMMA@n=1.4936)°| 2, & W3 @Z‘
BK7(n;=15187) 2% 745 At} T8I, ng=n=nis 27
o] M8 PN 1 2k 10t}

3.1. Flat field, aplanat =718 QFEA[7|= CIX|E AE 7}
2k ZstAlel $=X[5H4

B w=Rolie 2/AN A 1HE A3IRsse) 2us

Object
s %face S_tlip surface

principal

ray

T

29 4. 5% BAEE e FA e 2144 AN,

;Z_LJﬂ 2]

22 BASH dvh ZeiEs) Ux)Eks Wl 922 He
e FRPIT P FI OE Aol I =

A @t mebA, 29 49 o] 2NE A 1He) A s}
o A1HEL] AFAF p ke THE 33 PSS BAE
AA} B

YA FFAo] el S FE o)7L b
2k 3k, 28AR P, FRFAKS)Y, ZoHSy), Petzval Sum(Sy)
9] Al4~& Gaussian BracketsE ©]g3le] Az|std ohea
2 bl

1_ . d; d, @
}-‘¢—[¢1’ —”_1’ ¢2’ —n_2’ ¢3’ _"3, ¢4:'7 (10)
SI=h3{X+aZg6(¢4g6+Oc)+plcf(n1 -1)}, an
Su=hoB{Y+a,b,8,(9,85+ )}, (12)
9,
Sv=H {W+r7n3}. (13)
d
=l: —_— ¢2, =, ¢ s —n—z, —c4n3:I,
dl dy
b4=[ ’-’_1 05, “,,_3»‘”304}
d,
862|000 0 O -—].

A HAN c(i=1,2,.., 40 2 B TF n(i=0,1,..,4)
ZHE, ¢=1,2,.... )= 2 "o ZASOZAN ¢=cinn.)
2 FHH7, (13(1_1,2, w4 HAPIY A, 282 pE
A 149 %%‘—%?i 74] S YERAT 9] HelA Bxo) 2y
7 A& Al1A T#?iz}?s}ﬁi THFAEE Halg 8
oA HEFX l BEFE FA Gt w(i=0,1,..,H &
4349 2F7to|a, H¥ Lagrangian W, [ ]
Gaussian Brackets& v}epbdich

A (1), (12), (130014, ¥ X, ¥, W 2 o= ¢, o5+
ﬂ:l‘:, =, c, dy, ¢ dy, 3 E :IL}E]QCH 9\15} Flat field
aplanat 271& WEA7|IE FAE A7) Seibe A (b,
(12) (13)_3 FoRl = FRHAIF7E BT Q0] Eojo} it}

H, A ADEFE FHESERE AT 00) 571 Yide 9

%‘“—ﬁﬂ—’? pre T 2 Ao wiEgojof g},

b= X+a4g6(¢4g6+a) (14)

c (1— ny)

2, A (13)22FE Petzval 4HRIZo] o] & zAL
tedt 2o, dA M ¢, o5t WE T Qi)

n,W
04—7?. (15)

=¢1 +¢2+C3("‘3 - 1).

n n3

stelM 78 2FAG dd 4 10l 4 (15914 Fol

@, w
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oE RS ool T 23} EAe e oew P,
Aq+ g+ g3 =0. (16)

E@, 4 (122RE okt 0] W7 9% ol B
32 7hd ke o

i)+ sy + diss + dssq+ s5= 0. (17

2 (A7eIA el BgE 7 ALl ARy, s, .80 ¢ ©)
ate] WMFE PAEY Utk wWERA, 2 (14), (15), (16)3 4]
(17ye e e FolF 2AA= Y el flat field,
aplanat 2712 TEA|ZITh, 2222, flat field, aplanat &7
& 9EAT e UXE 2E FHEe BeHe] 27)8AE ¢
9]t c, di, o, O WS A (14), (15), (16), 17
Ex_}-gﬂ“é_}E% C3, d3, Cy, P1’% @75]3]'?3 %‘:}

T3 A (16022FE 499 # ¢, d), 2 & B3l 4
A-S oF T3, ©] HE o83k 4 (15)2FE AAE
F oE TE F AU E3 A (1602 U 25 EH 4
(A7NE o83 d; 3 AR o8l oz 33 BE
Z2714A4 HLE 2140 ddstd LFAF p S I
o, A (160l EFE 2AAY e 49T S #=F 4
A3k

3y}, flat field, aplanat £24& UEHA|7E URE £~
Fhehg BEAY] 271HAIA ol AREEA flo] ZE A
Aol gt & AR AL u$ o dojE=E 3
23 HYE A ARE R Hasit oy, 4
(14), (15), (16), 17y F3l AAES i HE A=
T o]AL FIAQ o] Bslnz EFHoz el §l
= sl #efof g

B =FX= flat field, aplanat £AE PEA7)E tAE
24 Fh a8 BEA9] e oot 2 xVAHA 2AL
ol-g-3ted 3Tt AA, Yolo] AAHSF FERH(1E)
2 +3mm*EH £50mm7H] 1 mm 7HHo 2 S AR
oS4, A"z} A2A Alele] AdE 0.5 mmolA 3 mm7t
A 0.1mm HHLe 2, a8 W= Alele] 7HEL 0.5 mmoiA
5mm7F] 0.1 mm 7HE08 ZARIGTH AlA, B 3shAst
telephoto FH], & A AA A=01 +) SASE 22 F H
A A=t (-) SETE AES FEWR di% §E 738t
At

ol AL F& A& flat field, aplanat AL FHEEAF)
= uxg 29 ks FA0) HE3 27144 dolezt

E 1. Flat field, aplanat 2712 UFAl7]= vlAE 29 Mg}
£ FstA e digk 27144 dlolg]

E 2. Fat field, aplanat 27& A7) YAd 2" et
§ FeA] 2714A vl et Seidel 33} F3FE

No. 7842 = wul  H]H4=%}(Tas/Sas)

]

P:tzval PESS

No. Radius (mm) Thickness (mm) Glass
OBJ INFINITY INFINITY
3.00000 2.40000 PMMA
Sto o] S ol A
YFAF : p;=-2.69612

2 —3.00000 2.00000 Air

3 .—3.15920 0.60000 BK7

4 3.04244 -

St —0.00212 —0.00938 —0.020713 —0.011494 ~0.11015 —-0.01695
© 001274 0.00000 0.000000 0.000000 0.00000

2 -0.01135 0.00631 —-0.008053 —0.007274 -0.11015 0.00135
3 0.00084 0.00088 0.007062 0.006859 0.10811 0.00238
4 -0.00011 0.00222 —0.007495 0.002179 0.11226 -0.01424
Sum 0.00000 0.00003 —0.029200 —0.009730 0.00007 —0.02746

¥ 19 AEe] Aok F 28 271HAE B8HAY Seidel 3
2L Fargolty. ® 204 HEo] FHpRL, FAwh, 25l
Petzval AJRAT=TE] FA1gk0] 0ol 7W7H-BE B FEHA7L flat
field, aplanat 20 E3laL A-E & + ok

IV. 3 EEHAXE O B8 BEAI| 2| XadA|

4.1. ¥ 7 MY

o HollA flat field, aplanat Z71& TEA7)E URE &
g JHHEg FaA ¢ gk 27147 dolelE £ djie
23] At o] BEAIE Seidel 33} F3}F WollA PR}
Fnp 28] Petzval ZFHRHTO] (olt}. 3pA|RE, o] 27]1A4A
Holels &4 3] A Rl B3t o]F o] & vt
2 A4 bR 2" FEE FAY EE AME TEA
71e AL oput, FIAE AA B o] UM ZF ARF
£ Ak Ao] WA Fa=lojol 3 o thgoE AREE T
A FEAE &7 98 (84 FFE e 3ol o
HEEQl 3 g o)},

g 2d ks FEAe] giREe gz wheo]
32, 2AAEE 5~6mm, F#E 2~4 AE0|3, 3M2He 500~
60°, A 358 = 419 3HAav) F/HE o|F T 9lon,
42 13 91X CCD, =¥ 1/4 9% CCD7F Yukdo]
ohU o]zjat FEAE iR (-) FETS ZE WA= ()
FHASE 7= d=22 FAHE retrofocus HEIEA T2HAT
7t 2FAZeN v 47] wEol FE aFshe Bl
sttt aeu, S6 HYES FIAAE 273k ALY
dMe (+) 85 H () FEFSZ TAE telephoto FEN7}T
Hoh K¢, 2 olfi= 23A=7F $248 72 (Back Focal
Length : BFL) Xt} Aol E3S zw gl7] W&ot uh
A, B =FoA MAs5A) ke AUE tixd 2€ )|
Ze FEAY FHL v 2T A= IR g 0 F
e 72 4= 1WZ T4E telephoto FE)Q] FsHAolT}

S, B oAl dukRs sldgetaatel 23 axt
AFE hybrid A=E TAHY, Zeia )22 PMMAS
ARE-ERaL, SRS ost 2EAREA FH AZE ARRE}
3z} i) 3R] AR FEE] tialel PMMA
E ANl ol PMMAYZE Zekgalrtt 7PEa, 239
ot EA7F A9 g do] rhsdhy vipHEE ARteke
H go]3l7] wW&olt}l, w3 PMMAY 7H 2 AHL 5




(@) FEZHLAE ol 8T HYE vAY 29 7k FopA 44 — w3 - JEs 243

g 71717 drke Roltt. &8, PMMAZGE #8320
Hlsl) el Wizsithe whe] AUARE, dRbF]l &394 7t
wlgte]l AE2HZE 715 (auto focusyS ©]&-s) &% W3]
e 2Ho|F-E ol AL RAd ¢+ gt}

2 =RdMe AUES UxY &Y sHEE FEAE A
Ak Zlo] BFolmg, F3AE telephoto FENE 7331
om, F4o)x, FHAEE 1.0 fieldlA 40% oy, 2ax
37 #9580 Ip/mmellAl MTF #tol 30% olde] H=%
EXXE AeHh. 28a, Jeate AR ol A 9
I FEY S AEY £2% oiER HART, A
AZAE 14913 CCDE AME3IE2 Hu) A3+ £23mm
7v HEs AR E=3, FeHA WAL vHed o ARE
3t

4.2. 23l M|

2714A1E F8A= THFAE, ol Petzval AW TRl
BASY YA Seidel 33} 2191 vl SAte} hT43), 1
g TAea 2 Aeaie 2] A odny 27144 2
AoX T B B Seidel 33} 3 B AEE BAF)
Asted A3 AAFFINE A1AS gubdel wjpHoe s
vl R slsla, A2He AP FHEsl ARAE B
a3t

£ Y Al1de] ALE gwrEel vy Wy o
3 e o= FHHC

2
Z=———511——+Ah4Bh6+Ch8+Dh10+~--. (18)

1441 = (1+p)c’h?

Aq71M, c& FE, hE HTFRAANY FA YA,
conic &oI™, A, B, C ¥ De BT AFolth. BE
sl ol AH8-E B H BT 9 (phase)ell FF 2
ot 2o

Mo v rfr

10
¢(r)=(i—;r)§cnr2". (19)
9, Pe2iyh,

4 19)9 4 Fo| ASE €2 YAl 25
HASEE A% Col 93 BRHE BBe] AA 25
ula e e RES WSk Ro) Base, uniA 9%
gol A5 G, G, = TS R4E ARsu Y
2ol BESAE WA

4 199 R WA § ORI 1A A5 98
Sanee] 285 4,00 TS 2 WA Aok

Ga=2C,. (20)

AR, HAZ AAARYANA TR BA Qo=
AA BB Aol Aetes FoAle] FE897, 7 B A
g, vl Al g 58gstAaste] Al thE P
Z(constraintsye Asto] HHsteignt. a2z, A HA &
o] A EgAY AL PMMAE AAIA] Hl7He] ¥

E 3. BHAFLAE o4 AUEY tAY A€ ke @
gHAle] A=} dA

F-number : 4.0 ZA) 917 : 546.1 nm (e-line)
No. Radius (mm) Thickness (mm) Glass
OBJ Infinity Infinity
-10.47051 1.40000 PMMA

STO  8]F9 : p =261.733347, A = —0.050690,
B=0.011786, C =—0.135023, D = 0.694416

2 —-1.56222 3.09541

DOEF'H) :C, = -0.005021, C,=—0.001337,
C;=-0.005938, C,= 0.000518

3 ~2.00000 0.50000 BK7
4 Infinity 0.20001
IMG Infinity -

Aol thmgA HEF sokstn, S el T Ao}
27 =S sofein, HE FAE ) ¥ & =S Fo
=M AzeAl U A5 PRE JUSRES sk

43. dAE W Yot

#1904 o 2714A tlolH2RE dA S8 AR
e HASR A3t B 3o[vh ® 304 A 4He| FEW
7go] Tl ol HAH A F Al 449 FEWES
ol AXE FEEIE st JH3E A7) Wtk
A 489 FENEE oFF ARF F5F o= R Cut 2
gs 4 37 AsiMo.

A AW BEAY z} A g 2AFS 4WE 28
7b vk A SEgsaAte] SERES AT SHTE
e -T2 A 7€ 5 o =3, IEgseae] 24
T2 ALY A ol dE AFF ¢l s AA
Hug 4 202 AT + Aot old AFE TIHM A4 H
8 28%E Atste & 40 HEle) w3 B 40 B F
Axe] B}l TS FEFTLAY] FHT ¥
3 wi¢ 23, AA FIAE telephoto FEfehe S U
At ® 52 HHHAE HUE tAE 29 spllekg 33
Aol AAAFeI,

I3 se HFHoE dAE HYEY tAE &d iz
€ B Pt ditder IrLTy] HhHo
2 HEAE A de B Aol viAl HEE A7le
ol 48] ARHI itk a2y & dteliMe & 339 2
H 59N BRo] Hdaapt BRI 7 ol g sle,

£ 4. FFF2AE o§T PHUEY TXNY 28 bk B
si7)9) 7} el e 2%

Surface No. Pt Prer Dair ¢ (element)
1 (Stop) -0.0471  -0.0471 _
2 (DOE) 0325 03159 o010 #=029%
3(Refr)  -02594 02594 _
4 (Refr)) 0 0 ¢, =—0.2594

D, Gor= Gref+ a1 3L, Gy = c(n—1), duy=—2C1.
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E 5. HAHMAE HYEY tAE 24 72k F3Ale dA)

Ap¥
35 A ARF
T8 R
EFL 3.89 mm
TT(S;...) 5.19 mm
Fri# 4.0
Hof AL +2.3 mm
CCD =7]|(F5) 1/4" (419 3}3)
ety 0.33%
FHFE] (%) (0.8/1.0F) 66/51
Field (y) 80 /p/mm (S/T)
0.0 73173
MTF (%) 0.6 72/66
0.8 71/59
1.0 68/45
4
Diffractive Optical Element 4
|
Z7
7
oo W
DSC Lens Using the DOE Scale: 28.00 ORA 18-Dec-99

a9 5. HHMAE FUET tAE &€ 7HEkS B 7=

old el A= FY AT tFEA7E HAZE v}t
S3ith & 38 AL 5.19mmE g HHEs, F
Hgak) s 1.0 fieldlA S0% ol de UEAIRIY 18 62
FeAe) FiE o)a, 18 7L FEAe] MTF 4L Yt
Ye RAozM F7F F34 100 p/mmiA MIFe ZE

fieldoll sl 30% o9 #S 22 &S ¢ + U oA
T sarsnmid
—— 546.1 NM {8}
—_— 486, NM(F)|
—_— 4358 NM{g)
SPHERICAL ABER. FIELD CURVES DISTORTION
1MG HT IMG HT
LA™ X 2.
ars \—‘.IJ.\ .z
Yoso L L
Hoas 4087 o057
F T T 1 r T T 1 r T T 1
o0 00 00 a0 008 005 00 00 000 Gl oM w0 080 160
POCUS (MILLIMETERS} FOCUS (MILLIMETERS) % DISTORTION
DSC Lens Using the DOE ORA  18-Dec-99
g 6. HAAAE HYEF AE 29 FhEHE FetAe 4

=
EA4.

T T WRICHT |
DSC Lens Using the o | WAVELENGTH WEIGHT
£656.3 NM 1
DOE ° | BB7TENM 1
DIFFRACTION MTF ° 546.1NM 3
° 486.1 NM 1
ORA 435.8 NM 1

L 1 1

1 ! 1
100 200 .0 8.0 80.0 100.0

.0 400 50.0 60.0 70.
SPATIAL FREQUENCY (CYCLES/MM)

a2y 7. A34AE FYEY tXd &9 JHeHE 38 MTF

=
EA.

WAVELENGTH WEIGHT]

DSC Lens Using the 656.9 NM

DOE
DIFFRACTION MTF 06 FIELD( 1959 °
08 FIELD( 2618 °

ORA 18-Dec-99) —meer"—] 10 FIELD( 3067 ®

587.6 NM.
546.1 NM
486.1 NM
435.8 NM

——

e
-0.00000
DEFOCUSING POSITION ( MM

I8 8. FZHAE HYEY txd 29 FHHE FEA 9
defocusell thgt MTF 54 (40 lp/mm 7]5).

o — J
0.05000 0.10000

V——
~0.10000 ~0.05000
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Optical system design for compact digital still camera using diffractive optical elements
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In this paper, the fundamental properties of diffractive optical element were investigated. Also, this work deals with theoretical
approaches for achromatization in DOE's optical system based on thin lens theory. It is found that achromatization could be
satisfied by one hybrid lens only, which is composed of a diffractive and a refractive element. In order to have compact optical
system, we used the tele-photo type lens composed of a positive and a negative power elements instead of retro-focus lens. From
the Gaussian brackets and Seidel aberration theory, the initial design was numerically obtained. The aberration properties of an
initial design was aplanat and flat field. In order to correct the chromatic aberrations, refractive and diffractive elements were used
on front element. This hybrid lens is also useful for correction of higher order aberrations. Compared to conventional design
composed of refractive lenses only, this approach dramatically improved the compactness of the optical system. Finally, residual
aberration balancing results in a lens with focal length of 3.89 mm and overall length of 5.19 mm, which has enough performance
over an f-number of 4.0. Also, it is expected to fulfill all the requirements of a digital still camera lens. This optical system is
superior to the current refractive lens system in the number of elements, weight, and aberration properties.
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