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Development of Ultra-Thin Folded Zoom Lenses
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Abstract

In recent years, with the higher performance and higher
number of pixels of solid imaging elements such as CCDs
and CMOSs, imaging devices incorporated in mobile devices
such as smart phones and tablet PCs are expected by users
to have performance equivalent to that of digital still camer-
as (DSCs). Even in mobile devices in which a single focus lens
is mainly used, customers also want a zoom lens, as is gener-
ally incorporated in DSCs.

To incorporate a zoom lens in a mobile device, the follow-
ing issues must be dealt with:

1. Since mobile devices are thinner than DSCs, a thinner

lens unit is necessary.

2. Image quality equivalent to that of a DSC is essential.
To make the lens unit thinner, a smaller sensor is de-
sirable, but, if the sensor is made smaller, a lower
F-number lens is required to achieve the needed im-
age quality, which may result in a thicker lens.

3. Since a company’s shipping volume of mobile devic-
es is greater than that of its DSCs, higher productivity
of azoom lens thinner than that of the DSCs would be
required.

We have developed a thin zoom lens which resolves these

issues.

We achieved the thin lens unit by adopting a folded opti-
cal system and by designing an advantageous lens configu-
ration and mechanical structure. Further, higher productivity
was achieved by introducing an optical design of robust sen-
sitivity to assembly errors and by carrying out optical align-
ment of lenses in the 2" group using an optical alignment
apparatus. The lens unit has a very high yield in preproduc-
tion. In addition, the thin zoom lens unit offers image quality
as high as that of a compact DSC but is thin enough to be
incorporated in mobile devices.

Further, we are now developing an ultra-thin zoom lens,
which is thinner yet than the above thin lens and which in-
corporates an image stabilization function.
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Table 1 Relation between sensor size and lens F-number. A smaller sensor
requires a lower F-number to maintain equivalent image quality.

Sensor size 1/2.33" 1/3" 1/4" 1/5"
Wide F3.2 F2.8 F2.5 F2.2
Tele F5.6 F4.9 F4.3 F3.8

Table 2 Relation between sensor size and number of pixels. A smaller
sensor has fewer pixels.

Sensor size 1/3" 1/4" 1/5"
1.4 um pixel size 8M 5M 3M
1.12 um pixel size 13M 8M 5M
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Fig. 1 Cross-sectional view of a thin zoom lens unit attained by adopting
a folded optical system and a suitable zoom lens configuration.
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Fig. 2 Decentering sensitivity by variation of meridional image surface.
Since only the 2" group has high sensitivity in this zoom lens,
high productivity is obtained by using an optical alignment ap-
paratus with the group.

22T, KRX—LVL VAT, $2HAMKOMEEE
ZRZ O, EL o BN DRRORAEKRE IO W T,
FOHEE AL E2IT) 2T, A—LL v X4
R R e hmg =185 2 & Sk 7,

2.3.2 BEMENEK

ARX—=LL v AT, Ly RO 0 N EME
WY B RIAEERE IR FFF ST 052, 2=y b
DERULD DI, HFL Vv ZADRENSIS L T0LE0,
MR E (RO Z ) RD) ORERENIEL, &
HZABHDFEEL TLE D, RS, AN TlE, FFHyoN—
L2, EAEENRLZ L5, HIRREICKS
BIREBNC X 2D HDIKE W20, BRIFHHIED
Blhhh, 22T, KA—ALLVRITEBWT, 74—75
AT ENRG O A G TOREATEIKE W & &2
LT, 74— ABDNEZMBHIET 2 2 L CRIEHILE
ZfroT\w» 3,

2.4 XHE&sEt
2.4.1 LyX1z=v hDHER(L

L v A=y FORKREARIZ, HEILYRETY
AL THIRSINAHE 1P LRINTH 255, 7V XLLL
DI RIEA ST 5,

XOEET 2013, BEROEATHD, ANERIE
2R D 3D B 2 Eh 5, 2B TE T
W 5720, Ly A2y FOREIFMTHY b ET
52 EDNHRE L, FRBEIT L0, HGltosY 7
7 VAPBETH B & IR X D SEHR PR R
XD T—RAFDBaNH 5,

oML, SHAOERGAMmNC, HEORM
T, Z IC2HRD— R A —N—F v T, [
MOy — P TEIMEICT S22 LIk D,
FERDOEAZ m/NRE L, &b o &35\ NEED SO
IR B 2 &k,

W& % Fig. 3 10RT,

KONICA MINOLTA TECHNOLOGY REPORT VOL.11 (2014) 113



(Anti-reﬂection S
r'd

heet> (Lens barrel)

=N

2" group

Anti-reflection sheet

Fig. 3 Mechanical structure of the lens unit. The lens barrel has two ap-
ertures, which are covered with a thin anti-reflection sheet to
minimize the thickness of the barrel and to reduce inner wall
reflection.
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Fig. 4 An example of optical simulation of stray light. In this case, light
that has passed through the 2" group reaches the image sensor
after being reflected by the lead screw without passing through
the 3 lens unit, and becomes a reflection ghost.
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Fig. 5 Modification of the mechanical structure of the 3 group. After
modification, the newly added wall prevents light from reaching
the lead screw.
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Fig. 6 Effect of the additional wall. The wall blocks stray light from strik-

ing the lead screw. Because the wall has low reflectivity, reflected
light is attenuated.
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Table 3 Specifications of the newly designed thin zoom lens.

CMOS 1/3.06 inches, 13M-pixel

Focal length 3.7~11.1 mm (27.4~82.2 mm
equivalent to 35 mm film)

F-number 2.8~4.8
Lens configuration 8 elements in 6 groups (w/o prism)

Wide angle position Telephoto position
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Fig. 7 MTF of the thin zoom lens at infinity. The zoom lens unit has im-
age quality equivalent to a compact DSC. Solid and dashed lines
indicate sagittal and meridional image surfaces, respectively.
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Fig. 8 Projection view of zoom lens unit.
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Fig. 9 Cross-sectional view of the 1% lens group of the thin prototype
zoom lens. The prism and the L2/3 lens are inserted in the unit
from different directions, so the lens holders (shown in dashed
circles) make the unit thicker. Therefore, in the ultra-thin zoom
lens, which is thinner yet than the thin prototype zoom lens, and
is currently under study, to eliminate the holders, the prism and
the L2/3 lens are first cemented, and the cemented unit is then
inserted as one.
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Fig. 10 Cross-sectional view of the ultra-thin zoom lens unit. By cement-
ing all lenses of the 2" group to eliminate alignment space, and
by cementing the prism and the L2/3 lens, the ultra-thin zoom
lens unit is 1.3 mm thinner than the thin zoom lens unit shown
in Fig. 1.
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Fig. 11 MTF of the ultra-thin zoom lens at infinity. Compared with the
MTF of the thin zoom lens seen in Fig. 7, the ultra-thin unit shows
a slightly lower MTF, but still has image quality equivalent to that
of a compact DSC.
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