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Specifications

Typical mobile phone lens specifications

2006

3mm-6 mm

66°
2.8
<5.0 mm
<1%-2%
<24°
>50%
3-5

2012

3 mm-5mm

72°
2.2-24
<5.0 mm
<1%-2%
<30°
>50%
4-6

2018
3 mm -5 mm
78°
2.0-1.4
<6.0 mm
<1%-2%
<33°
>32%
5-8
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Chief ray angle
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Image quality

Example of MTF specifications in fractions of the
Nyquist frequency and in cycles/mm for an object at

infinity
Nq Nq /2 Nq /4
MTF On- >40% >60% >80%
axis
MTF Off- S>30% S>50% S>70%
axis T>20% T>40% T>60%
@ 0.7 field
MTF Off- S>20% S>30% S>40%
axis T>10% T>20% T>30%
@ 1.0 field

Ng=1/2Xpixelsize
Fc=1/\f#
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Aberration correction

Frontgroup 1. - .=
- Rear group
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Patent No.: US 6,853,504 B2

Date of Patent: Feb. 8, 2005
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Ning

© [7 \ ~ US 6,441,971 B2

&/‘\m Aug. 27, 2002
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Patent No.: US 7,675,692 B2
Date of Patent: Mar. 9, 2010
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Back Fotus i
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Optical Length=1.121rm
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Kudo

Patent Number: 4,792,216

Date of Patent:  Dec. 20, 1988
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Mihara

Patent Number: 4,659,190
Date of Patent:  Apr. 21, 1987

h a2 Iz e rsrle rr rs

@

College of O[;ti_cal Sciences

TTTTTTTTTTTTTTTTTTTTTTT



Tsuruta

Pub. No.: US 2004/0207745 Al
Pub. Date: Oct. 21, 2004
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Yamaguchi
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US 2004/0105173
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ub. No.: US 2006/0171046 Al
ub. Date: Aug. 3, 2006
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Lin

Pub. No.: US 2013/0050850 A1l
Pub. Date: Feb. 28, 2013
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Chou

Pub. No.: US 2011/0090582 Al
Pub. Date: Apr. 21, 2011
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Shyu

Patent No.: US 8,023,208 B2
Date of Patent: Sep. 20, 2011
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Pub. No.: US 2014/0254034 A1l

Pub. Date: Sep. 11, 2014
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Seung

Pub. No.: US 2013/0077183 Al
Pub. Date: Mar. 28, 2013
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FIG. 7

Kang

1 Pub. No.: US 2015/0062727 Al
i+ Puh. Date: Mar. 5. 2015
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Pub. No.: US 2016/0231526 Al

Aug. 11, 2016
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Tsal

Pub. No.: US 2018/0129011 A1l

Pub. Date: May 10, 2018
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Suwon-Si

Pub. No.: US 2015/0241656 A1l
Pub. Date: Aug. 27, 2015
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Chen

Pub. No.: US 2009/0147381 Al
Pub. Date: Jun. 11, 2009
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Rear camera |-phone 6
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Manufacturing
s
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FIG. 7

For proper plastic flow and cooling, plastic lens manufacturers have some
requirements for the aspect ratio of positive and negative lenses. Some guidelines
are as follows: for positive lenses the ratio of lens central thickness to edge
thickness should not be no more than 3.2, and the edge thickness should not be
less than 0.32 mm; for negative lenses the ratio of the maximum thickness to the
central thickness should not be larger than 2.7 and the central thickness should not
be less than 0.27 mm.

The ideal lens for injection molding approaches a lens with parallel surfaces so
that plastic flow, cooling, and shrinkage are uniform. For miniature lenses
tolerances of 10 um for thickness, decenter, total indicator runoff and lens tilt, are
low; tolerances between 2 um and 5 pm are medium and feasible to achieve in
manufacturing, and tolerances between 0.5 um and 2 um are challenging to @

achieve and are met for some miniature optics.
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lwasaki

Patent No.: US 9,678,310 B2
Date of Patent: Jun. 13, 2017
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Desensitizing

Lens configuration setting for desensitizing a Cooke triplet

Configuration
Focal length

Surface #1 tilt
Surface #2 tilt
Surface #3 tilt
Surface #4 tilt
Surface #5 tilt
Surface #6 tilt

lens for lens wedge.

Units are in mm and degrees.

1
1

0
0

2 3 4 5

0.1°
0.1°
0.1°
0.1°

0.1°
0.1° @
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Benchmark Lens
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Choice of surface

(@) (b)

z,(r) = A15,(1) + AxS7(r) + A3SE(r) + B1S1(r) + By ST (r) + B3Si (1),

0 degree

ey gl g g e

28.5 degree

20.15 degree

'\'-k____ —  [e

34.9 degree

Maximum Scale: +2 Waves

b2 — 212 + /b* + 4(a? — b2)r2

S(r)y=»b- >

0 degree 20.15 degree

Evaluation Lens

§ = gl I O G gy, SR ey Ty

28.5 degree 34.9 degree
Freeform
Surfaces
5. | mm ] Nl e T
: 7 = e

Maximum Scale: +2 Waves

Miniature Camera Lens Design with a Freeform Surface
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Yufeng Yan and Jose Sasian
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Aspheric coefficients

Even and odd
Aspheric surfaces

Shinohara

Object Side Image Side
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Aspheric coefficients

Asphenc Surface Data

Firat Surface

Kubota k= 0.000, Ay = -2.995E~03, Ag = -1 8SSE-04, Ag = ~2472F-04,
Ajg==-3.90TE-06, A, = =5.270E-07, Ay = 2.761E-07,
Ag=-1.217E-09

Patent No.: US 9,146,380 B2 Second Surface

Date of Patent: Sep. 29, 2015 k=0.000, 4, =1.174E-02, Ag=-1.301E-02, Ag = 5.212E-053, A 4=
-0 563E-04, A 5 =T BIOE-05, A =-2213E-06, 4 ;= 5641 E-08

(G8E-02, Ag = T.838E-03, Ay =
=5.904E-07, A, ¢ = -5 003E-07

k= 0.000, Ay = 6.851E-03, Ag= =1.313E=02, Ag = 3.616E-03, A g =
~2S3E-04, Ay = ~23T0E-05, Ay, = —1 000E-05. A ¢ = 1 564E-06
Sixth Surface

Ag=1.170]
—4.329F 06, Ag=-1

it
Seventh Surface

k= 0.000, Ay = ~1.065E-03, Ag = 2,21 1E-D3, Ag = B593E-04, A g =
~4.613E-04, A = TBISE=05, A, = T.220E=00, Ay q = =5.043E-06
Fighth Surface

S13E-03, Ag = ~2,1495-05, A0 =
A= LOTIE-0T, A, = 1.527F—06

k= 0.000, Ay = ~1.547E=0.
P

22

Nunth Surface

BT1E=03, Ay = BEIE-035, Ay =
Ay ==1.020E-06, A = 2.300E-06

k= 0.000, Ay = -8.230E-03,
6.104E-06, A, =—1.50:
~3.481E-08

Eleventh Surface

0353F0d, 7.779E-06,

k= 0.000, Ay = ~1.020E-02, Ag = ~6.061E-04, Ag = 1.202E-04, A1g =
LGSIE-06, Ay = 1.1S4E-07,A 4 = ~2.325E-08, A, ¢ = 7.646E-11
Twelfth Surface

00, Ay = =1.374E=0,
5373

Agg==2
Thirteenth Surface

k= 0.000, Ay = =1.172E=02, Ag = 2665E-05, Ag =
~1026E-06, A, Ay = 1463E-08,
Fourteenth Surface

k= 0.000,A4= 1317603, Ag=

= LI0SE-10, A,

SS1E+D1, Ay = —9.918E-03, Ag = 3.87SE-04, Ag =

A, 3AE-07, Ay, = 9.762E-09, Ay = =5.202E-10, A g =
6.8T1E=12

College of OB'tiUcaI Sciences

THE UNIVERSITY OF ARIZONAs

Prof. Jose Sasian



Prescription table

Example of a four lens element design for a mobile phone lens.
F=5.0 mm, FOV=+/-32°, TTL/f=1.4, F/2.8. CRA=30.6°.

Surface Radius Thickness Plastic K A,
STOP
2 3.5432.72 0.87 E48R -3.2457
3 -4.57977 0.1 -11.7213
4 126.2449 0.6 OKP4 0.0
5 3.013807 0.8 -0.9977 -2.533E-3
6 -8.81693 1.61 E48R 0.0 4.161E-3
7 -1.61409 1.0 -2.2699 -0.0126713
8 72.73421 0.7 OKP4 0.0 -0.0100888
9 2.101288 0.7 -6.3020 -6.073E-3
10 Plano 0.3 BK7
1 Plano 0.4
Image )
@
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Code
480R
E48R
F52R
OKP4
OKP4HT

Prof. Jose Sasian

1.525
1.531
1.534
1.607
1.632

Materials

Properties of some plastics used
in mobile phone lenses

v Y
55.95 +1.44x10
56.04 -2.62x104
57.09 -2.21x104
26.90 -3.44x104
23.33 -2.72x104

» Water absorption
« Light scattering and haze
« Transmission

- CTE

* Dn/dt

» Opto-thermal coefficients
*  Durability

» Birefringence

Links to optical plastics vendors:

http://www.ogc.co.jp/e/products/fluorene/okp.html

https://www.zeonex.com/Optics.aspx.html#glass-like

1.01
1.02
1.01
1.20
1.24
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http://www.ogc.co.jp/e/products/fluorene/okp.html
https://www.zeonex.com/Optics.aspx.html#glass-like

Pub. No.: US 2007/0258711 A1l
Pub. Date: Nov. 8, 2007
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Zooms/folded

Pub. No.: US 2016/0231540 A1
Pub. Date: Aug. 11, 2016

camera | ack lengh 7
300 P ens
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Patent No.: US 7,626,767 B2
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