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Abstract: To address the increasing demand for compact, high-performance zoom lenses in consumer
electronics, this paper presents the design of an all-plastic 3X continuous zoom lens featuring fully mov-
able components. An all-movable zoom structure is employed, wherein all lens groups are mobile to opti-
mize both zoom range and image quality. Q-type aspheres are utilized to enhance optical performance,
while plastic materials serve to reduce manufacturing costs. Optical properties are assigned to each surface
using LightTools, and ghost image analysis is performed via ray tracing. The optimized lens achieves a
3X zoom range from 22. 72 mm to 68. 16 mm with an F-number of 4. 5 and a total optical length under 68
mm. At object distances of 10, 1, and 0. 2 m, the diffraction MTF exceeds 0. 3 at 80 Ip/mm and 0. 22 at

160 Ip/mm across all fields of view at various zoom positions, ensuring high-resolution imaging. The cam
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curve is smooth and free of inflection points. Ghost image analysis indicates that the peak irradiance of
ghost images formed by all surface combinations remains below 0. 012 2% of the main image's peak irradi-
ance, demonstrating negligible impact on system performance. The proposed all-plastic 3X all-movable
zoom lens exhibits excellent optical performance, compactness, and manufacturability, offering a valuable
technical reference for the design of high-performance, miniaturized zoom lenses.
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Fig.1 Schematic aliagram of zoom lens with all elements

movable

SRS ESP A= R o s I G e N U B2 T oe s
TUAR FEE 28 R G0, M RIE AR Rt B 2 R
e P AR L B O W R AR T K, o A
PGB0 G R I 3 AR O R

R, R,R,’R;R,"R(E—R,"R,)q, +

R,R,R,’R,(E— R, R,)q,+
R, R(E— R, R,)q;+
(E—R, R,)q,=0, (1)
HA R, R, Ry, RN R G T # S AEH
B, R R, R, R &6 R 5 () sh 5 4 i
M, q1,q.,qs, g e BB B KB E N BT
W o PR T AR £ B Sk 4505 BT A1 8 W 6 Bl gk AT — 4
L , AT LA AR XTI 04 4l 1) s R AR G2 R 4

f A FE A B X (D) mTfRT AR R
B Bifs Bufe Bl — B ) +
/34*ﬂ4ﬂ3*/33<1*ﬂ2 /82>Qz
ﬂ4*ﬂ4<1*ﬂ-%*ﬁ3>f13+(1*/34*ﬂ4>(14:0,(2)
Horb i, B, By, Bude W bR AN 1 A Bl R, By
BB B IE B JE M A K, ¢1, g0, ¢s0 @I
KB B A CH R R B RR T . AR
FE I 27 22 50 v 1 5 8 4 060 A% B B st T
LUSE LN Bi= 81, B= 8., Bs= B Bi= B/
$=Aq, ¢:=Aq,, ¢ Aq5, = Aq., o T A A
BT RRR N
pi 531 — B7) dgy+ i (1 — 57) Az +
B 1—pB8)Aags+(1—p3)Aag=0.  (3)
3 R 0T A I A A 3, T DA A B A 1) g
KRB W £ R I~ KRN

. B
181 flr_,ngl
gy = B f
_ f§/+<1*ﬁlﬂl*>ﬁzq2*ﬂzqz (4)
ﬂg*: /giéfié’ ’
fé/+<1 */?2,82*%8393 — B5q;
ﬁj: /84f4’
JA (1= Bs85") Bags — P

Xf 75 FE (4) P UGy, R LA A 3 4508 sh 4
JT W o B B A(JUA([%A(]S’A(ﬁE"Aﬁ%ﬁiﬁ%

MAHTHERN LR RN
Ag _N
Bi
/2

s

qu:<1*ﬂf>ﬁql+ﬁﬁﬂz

) ) i

—(2)A zJFTA 3
) Aq P

3

Ag;=(1—87)Bi0q +(1
Ag, = fIAB,

(5)
ALy, OBy, DB, AR A #5 U IT T Bl TR Bl
Grim L A o R L ST A (3) A
(5), Al LATH 3 Y 41 oT 42 3 B8 fO 2 R G
AR FRIZ B TR

>
XTL_E)ﬁLﬁFP%QEH % B AL [ R 3 23 A

AT LA AR R s R P A AL g1, g0 s g
13z Bl 2k .

2

[/A8,= 0. (6)



513 4 i

T, 55 49RO 345 4 B R AR R B Sk BT 2011

3 &itid A

3.1 gt EX
*ﬁﬁézbﬁﬁiﬁiﬂéﬁﬁn%@mﬁo ZRR T
FLAIH 22. 73~68. 16 mm AY 315 3% £ 48 £, il 2
16. 98 mm E@ﬂiﬁf?ﬁ%*,IﬂE{}ikﬁ 470~
650 nm, F 50T SRSl AE 2. 4~4. 5 AN . ixE B
BTN A B K AR SRR RS, W R
VLI B L IR A XL AR AR FE T BRI EE AR TR oK

F1 THERFEWIRITIER

Tab.1 Design specifications for zoom system
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Fig.2 Initial structure of zoom optical system
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Tab.3 Initial tolerance grade

NFEHH 4 EfH
St P AL 2
JE B /mm 0.0375
Femifmiat/ () 1
F M L /mm 0.01
JCHAY /() 1
T L/ mm 0.01
AN 2 0.5
iR 0.001
Bl DL 22 / % 0.1
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Tab.4 Tolerance grade variation table

U 2235 EE RN =

FKiHi4,6,11,12)F 0.012 5mm
T 1,2, 14 90> 0.005 mm
FM 5,11, 124755 % 0.000 5
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Tab.5> Monte Carlo analysis results of average diffrac-
tion MTF at 80% yield

Wi £ B 80 Ip/mm#4b 160 Ip/mm Ak
10 m 4 £ 0.418 0.230
10 m £ 0. 384 0.207
10 m K £ 0.325 0.143
1 mfgfE 0.423 0.236
1mfs 0.393 0.190
ImK £ 0.298 0.133
0.2 mMfE 0.334 0.157
0.2mHfE 0.236 0.119
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Fig.8 Fitting cam curves
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Tab.7 Optical property settings for each surface in ghost —— Ray direction EFL=22.72 mm
image analysis l & ’
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0.108% , f& AT 222 FL I P4 o Fig.9 Ghost image analysis model
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Fig. 10 Image plane irradiance distribution for ghost image analysis at different focal lengths and field angles
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Tab.8 Ratio of ghost image to maximum irradiance of

image point at different focal lengths and field an-

gles (%)
=z Sz
fBiE Y , , N R
WY 37
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K£  0.03221  0.01227 0.01046  0.002 32
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Tab.9 Surface combinations produce relatively obvious

ghost images under different focal lengths
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