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7] A

Az—[kl, -Z1, kz]k}

B:—[kl, -z, kz,'—(T"Z])]k3
Cky, -1, ko, —(T—21)]

olth. 4] (5)= FZHA(M] I 23 YA o|mg byl
< HJA 7 5 glou, olojA 4] (49} 4] (oA LR

el ok KS 47 78 4 9tk



36 $r=yetE]A] Ai6E A1S, 200549 24

Entrance
Pupil

o o e v o e T

———tm e e = T
)
-‘I‘ I

(@) AAA=
a8 2. A 1%

m. 21

™
H

flfo

0|88t & ¥=o| 7| 4

==
=

z A=A 7 Hgroup)S 18 2@AF B e ==
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Zt+ ofth

AZRELS olgste] & A=) Hhdt 7] UAE B
AFA L Qlolo) x7] layourS A% dfof itk A HLFh
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AE Ha 0.6 mm o)) HEE HAE sFon, E4,
Z Y 2A) 2019] & Hl&E 2] $18 2FARE 4.3 mm~
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(ATE) dREES o 8Y FUE tXE M2 & 9

¥ 2. A2 BE F A9 44 dlotE

module 1 module 2 module 3
MFL -1501.4733 -5.2012 3.0137
MFF 1501.8177 5.3830 -4.2448
MBF -1501.7167 -5.4673 -1.0894
MRD 1.0E-10 1.0E-10 1.0E-10
A 0.9 0.7 5.7912
MED 1.0 1.0 1.0
MFD 1.0° 1.0° 1.0°
Wouo 0.0007 0.0029 -0.2699
Wi 0.0007 0.0008 0.1215
Wiz -0.0019 0.0028 -0.0040
Waxo -0.0012 -0.0013 -0.0023
Wi 0.0029 -0.0034 -0.0014

#3032 RBE F A 12 9 F A3

position 1 position 2 position 3
EFL 4.3001 6.5 8.6000
BFL 1.4152 2.6965 3.9176
FFL 0.8101 -3.0123 -7.2508
d; 2.2629 2.2174 1.5843
dh; 24216 1.1944 0.6094
dsi 1.4153 2.6965 39176
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Petzval Sum, 953}, SNzl @ e oh29] 4
oz gHFEM

Z8AY . = Uk, —di/m, k, -+, —do/ng, kio] ©
Z2AAY : bl = f Tk, —di/m, ks, -+, —do/no} @)
AzxAAR . fl= —f[ —dim, k, —do/m, -+, —db/ns, k]

(3)

2 47— uhR - oliE 37

W& M =1 [—d, ki, —di/m, -+, —do/ns, kio] )]

THEPRL S = ugzding—IVVk (10)
Fotb ¢ Sy = ud B2 arbrgan Wi (I
¥ AL} Sy = b B b1 Wi (12)
Petzval Sum : Sp = 2ok, /nene— (13)
HNFPAL : Sy = ug B 2064 ai( b gop-1 Wit di ks mimy )
(14)
ZHRA 0 8 = wd Dlargm- 10 (Snfn)y (15)
BAE2L 0 Sr=— ugB2b&o 1 (30 )y (16)
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We =g 11 = ol
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=y, —ck * Nk
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32 fealEge] W A”WAANE BE A AN
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9 4, 5o pAE 37 dE9] schematic diagram.
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2} o)M= Sotol 3, Mzt YisiAE oA HAal 5
L F2 e r ek wholck 2ot olgst 2o
79l 57191 A9 A=AE E& 5 UAT, 74 dE
HAE E3 ek Y B3 B =L YO Ik
2 Aolials BERSIAL ATto] gol 22 F= £AS4 A
H*‘ﬂOﬂ ot AA= dAET= 2 Zofl sl HEg
% Aty zkzte] A=nET EU3 1xFE 2=
%‘JE—% A AAHE olgs) 731, o|=2HE Z
37 8E = vﬁf—n'ui 2 AAS A4

= & s
3 % ol disf FnA} gk
olgjgt AIYHYL 32 A5 FMdFor opEA ¢, Z+
Zo] dis) EPer AAE 27| ANEZRE Zuiz &
FAE AT & 2o £ BAE Polo g, J,pbo] o
SN 5 e Aol
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d, $=245 A

4 7tdstar whE AZhdo HAE
=

FotAlolA Qs 2 o] EYHOR Azt B
BEA EE Hao g2 2] AL BeHEE 2
3] A7gsfiof gttt 12 % 23] 2FAE ® 294 EX
o] ()9 #A&Z Z: joenz, o] Fuhie AHE
crown glass= 3(-)2] 45 ZH= A2, flint glass= 9F
(M9 245 #e A=o Agsigct T, A 32HF
T AA Sl 2-A= 7T 9 A= crown ¥ flint glass= Z}
Z} o ul &_04 %zétég ;l'% L_éoﬂ A},g_ —]_93]:‘_.[1112] 0131
3t ot qel Me2 7|22 1, 27e] B4 Fetstel

2 3}l MeniscusEE)]

[e QUL TS 1 LS
o) Wz mopo g gjmaal M| LolsHER a3tk ol
o FEHE 2 Az disl & 204 FolAl H= BEY

23 A8 MFL=-1501.4733 mm2} FY3}== scalingS 3t
o 22E oA gz FHOR Agelger], S5 24
oA & FHE olFst FeA S xHARE HAATIER
9 2HARE A slor ok dvstd 2dEe 2A
SH sk FHIE @71 A olF ol & A7} FotA 2
2 FAlY] o] 9 3718 £F3E 4= 7] diEolch

332 A YAE 1A= dT stEE Al
9 25 (D)7 He o] gitHeln) A= g2 A
A A 2EE Z@st] F st 40l 53] 22Nt
33 WA= ol fiAIskL, FAgAle] A=) A ¥ %A
A QEIEE Pt BAo] ole EabHolch 2 o]
HE A steljele 329 Hush] Sstel 329 W

®

S 4. 27] AAR UA B A=Al 7 2o 14 B

ox

1 2% 3
MFL -1501.4733 -5.2012 3.0137
MFF 1501.818 5.3830 -4.2448
MBF -1501.7167 -5.4673 -1.0894

=7 0.9 0.7 5.7912

£ A=} obd d==E A=AE
of go] 3= syt

A Y-S Fote] 2t G| wet AgS digF 2
T 1204 Foixl BES 2HEAS YABIEE 749
A AYZ scaling®te}. T2 scaling®l AR ZHLo] FQ
HH, H)YS AARE 3, 32379, Ax3A48 € 49 F
A7k Az mE v FANES PEHRAS ATl =
Yoz 7+ 78 AR

ofuj AT ZRIBL Code-v] AEAA SAIT, o
4ol Wi o g ke w24 2o ANHAE
AA g 5 ek

FAstel 7 w3

E 4t 27] AAE AA) 929 72 29 145 Yed
o 2% 39 A= BE & YEAe SU 1} BANS 2
7) Sl 304 Foidl AzmEe] F ALY YN ses

7] WA 2APOEA T F AL 1 RolAl 5
7kl BAZE Ayt 1Y 9 E sk 7] AT A

2 BEAY THE 2 13, o] 1Y 3 W B 3
of 4= mE= 749 & BIAL FUY S4L Holw
ik

V. 4R B W AE

1=

A

% A=AE AAsl] Q8 S Egdoz AAg Zzt
o] F& X 54 Fo]AHE Zr|I7HAS AAHsHH A

postion 1
—— T
f.=43mm ==
===
postion 2 —

[, =65mm —=

postion 3 ==

oo

f,=8.6mm ———*_—_i—
I% 5. FHUHeR dAE 4 25 2A Ee 27 AAHk=
& Al

position 1 position 2 position 3
EFL 43 6.4999 8.5999
BFL 1.4152 2.6965 3.9176
FFL 0.8103 -3.012 -7.2504
2.2629 2.2174 1.5843
2.4216 1.1944 0.6094
1.4153 2.6965 39176




(fed) d2mEs ol 8% HHE qxd Mg & d= 44 — g e

& B BE 13 SAYolH 42EE & BoiA 5Y
3 27] A AT 8 5 gk oA ReiE e
SARLe AR AT, WE Al 27 A I
S35 e ol Uk

I8 A 2 7] & FoAe An2ge g
% Yo% 22 A9 74 Q4 218 WA HE
£ g 2ol ATY B LRolA aree AARE

Kla) 24 Aol slo] ok mehd BEARk] w7] 9]
84 1/4" CCD image sensor®] A7|o] W= Ao 37|E
© 25 mm2 44 st FANE F 1Al ket B2~
Pi602 71970 9 /b2 DASATL S s Sk
ojuff WA= 22 BA 9 BEkA 9] AR Al AsS A
A717) gl wetAe) 1A, FAA W ARE FEE
A on TS e 2] % el ol
e B FFRA AASK: el e 1A 4
e B o8 1 9 27 A%, 329 A Azet
aA xS WSS Sk vTHEsE A Ag
2| AL EpAE O 2 ZEONEXAFS] E48Roltt

ula wPg 4ol conic 44 poll ofa) YxTRe] Fejrt
AQE I, h0| B TH Alg A Seidel 3} F FHSA), =
uf, G, 2003 GRate) G HO2A 37 23
3B Aok a3 i olge) w3 A B, C
D, B 23 4748 BAshed S8tk 225 n4o)
Al ARGRE Bl g Al ohga Ak

l

\

H 6. 37 & W=

Al A ERAE

39

A =BFARE

Image format

CCD image sensor

Unit Pixel size

325 pm X 325 pum

Sensor size

45 (D) X 3.6 (H) X 2.7 (V)

Effective focal length

wide : 4.3 mm, tele :

8.6 mm

Fr#

wide : 3.2, tele : 4.6

Max. lens diameter

¢0= 7 mm ©°|3}

Wavelength (nm)

656.3 587.6 572.6 546.0 435.8

Distortion + 3% gt
Angle of incidence 28 Deg ©ls}
Relative illumination 50% o]At

MTF &4

A I 30% ol

Total track length

14 mm ©}3}

Lens structure

plastic(4) + glass(27l)

postion 1 ::
f,=43mm

postion 2

- wlr + A + BK® + CH® + DK posti .
11—+ pi’l P ﬁ:%.Gmmﬁd_%ﬂ
+ ER'? o (17
compact digital camera zoom lens ;:i::o:%ol-a 1sh  22-Hov-04
A7IA, h = Vi 4y e x—y FEAA FEOZEE a8 6. HA AR 372 = A=A,
H 7. 2 HAE 372 & =A< 44 dolg
~__No. <R3 (mm) F7A(mm) B Ad
=23 ekl 5t Az E48R
ns = 1.5299
1 -898.2051 (1] 1) 0.9 nr = 15365
ne = 1.5270
2 3098.5057(8]7) 2.2667
3 -4.7364(8]5H) 0.7 E48R
4 7.0716(H] ) 2.4356
Stop 2.0479(H)178) 1.1127 E48R
6 -4.6037(8] 1) 0.2
7 -12.797 0.7 FD4
8 5.7122 0.2
9 2.8 0.9047 FC5
10 -157.2187 1.1796
BT -3.0812(1]71) 0.7030 E48R
12 428.1398(u]73) 0.2412
13 By 0.55 BK7
14 kil 1.4
T o 0.007(defocus)
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DISTORTION
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P
-28 sh3 08 15 29
* DISTORTION

camera phone zoom lens

POSITION 3 PSC

02-Feb-05

(@) FHA 1

a9 7. 2y dAd 37

na

camera phone zoom le

DIFFRACTION MTF

T OAXER

L5H POILTICN 1

19-NOW-04] = s s o n o s

OLRERICTION LIMIT

T rIED (2235

110 22mp 1 3070y
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Zoom lens design for compact digital camera using lens modules
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This paper presents the optimum initial design containing the first and third order properties of the three-group zoom system
using lens modules, and the real lens design of the system. The optimum initial design with focal length range of 4.3 mm to
8.6 mm is derived by assigning appropriate first and third order quantitics to each module along with the specific constraints
required for the system. An initial real lens selected for each group has been designed to match its focal length and the first
orders into those of the each lens modules, and then combined to establish an actual zoom system by adjusting the air space
between the groups at all zoom positions. The combination of the separately designed groups results in a system which satisfies
the first order properties of the zoom system composed of the original lens modules. As a result, by residual aberration correction,
we could obtain a zoom system useful in compact digital zoom cameras and mobile phone cameras employing the rear focus
method.
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