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 Patent and optical design
 Patent resource

* |ssues of patent literature

e How to analyze patent

o Example of Patent analysis

« Useful patent selection
— Caldwell selection and LensView

e Examples
e Conclusions
e Homework

Version 2008 (% - B i) NI RRRLE 0 FPHEE SR PRI

9-4



Patent and optical designs

Optical Design Tasks

Pathological g 10 prerprerrem !
Solved by 5% _ =
Expert Violate =
Designers Physics e
22% 16% 8
e
;E‘_;
L:IE‘
E | _ |
2 - 5 ' : s :l
< 10" i i | o R
Solved by 1860 1880 1900 1920 1840 1960 1980 2000
Solved by Dummies Year
Journeyman 24%
Raybenders OPN (1997)
33%
From Sinclair
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Patent resources and issues

US patents:

— http://www.uspto.gov
Japan patents:

— http://www.jpo-miti.go.jp
W. J. Smith

— Modern Lens Design
(McGraw-Hill, 1992)

M. Laikin

— Lens Design (3. Marcel-
Dekker, 2001)

J. B. Caldwell

— “Patent design of the month”
(OPN, Jan. 1997-Aug. 2000)

LensVIEW

Software packages (OSLO/ Code
V/ Zemax’s Zbase)

ISSues:

- IP
— Data validity

For time to time, there is no

— Lens apertures/vignetting
e Many omit

— Field of view
e Some omit

—  F-number
o Siill,

— typographical errors

— Data scaling

Usually, scaled with focal length, such
that focal length is 1, 10, or 100

» This can’t be done for afocal system, so
scaled to exit pupil (such that exit pupil
is 10 or something like that)

X% AL 9 SR YRR AR
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US paten web entrance

ABAED) [ ity thwrw wspo govipatiindexc html =
\ UNITED STATES PATENT AND T RADEMARK OFFIC]
E Home | ndox | sech | Suem | elushess | et | conactus
A
Patent Full-Text and Full-Page Tmage Databases
Issued Patents (PatFT) Published Applications (AppFT)
(Full-teart since 1976, full-page images since 17600 (published since 15 March 2001

@ Quick Search @ Quick Search

@ Advanced Search @ Advanced Seaich

@ Patent Number Seaich @ Publication Number Search

@ Operational Notices and Status @ Operational Notices and Status

@ Database Conients @ Help

¢ Help Field Code Field Name Field Code Field Name
N Patent Mumber T Inventoer MName
IsD Lzzue Date Ic Inventor City
TTL Title Is Tnventor State
ABST Abstract ICH Inventor Country
ACLM Claitr(s LEEP Attorney or Agent
SPEC Description/Specification AN Aesionee Name
CCL Current US Classification AC Lasiones City
ICL International Classification A3 Aesichee State
AP Application Senal Mumber ACN Lzsionee Country
ATD Application Date EXP Pritmary Exarminer
PARN Parent Case Information B34 Assistant Examiner
ELAP BEelated TS App. Data EEF Eeferenced By
EEI= Eetzsue Data FREF Foreion References
PEIR Foreion Prionty CEEF Other Eeferences
PCT PCT Infermation GOVT Government Interest
APT Application Type
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US patents

 The class we concerned
— 359

» Optics: systems (including
communication) and
elements

« ccl/359/%

— Example: 359/708-719

» With aspheric
subclasses

— Example: 359/642
» lens

Version 2008 (% 30 B [ [%)

Classification 350 ﬂ
Classification: Kl

Class Title: OPTICE: EYSTEMS {(INCLUDING COMMURMNICATION) AMD

ELEMENTS

Classification: 35497

CLASS DEFINITION

. DEFINITIONS OF TERMS USED OPTICAL COMMUMNICATION

The conveyance of information fram one lacation to anothervia at least ane optical
transmitter and one optical receiver. These are used to transfer the information

with an optical bearm and this heam can be used invarious communication

schemes to enable the most effective or desired method of moving the

infarmation, including optical multiplexing when plural infarmation sianals ar plural
transmitters and receivers are utilized.

OPTICAL MODULATION

The change of some characteristic of an optical beam in direct relation to a varing
signal applied thereto. The change may he temporal (e.g., amplitude, frequency,

ar phase) ar directianal.

HOLOGRAPHY j

o Ix

G35 By refraction at heam splitting or combining surface
G40 _Including prismatic element

f41  COLLIMATING OF LIGHT BEAR

42 LEMS

543  .Eyepiece

B44 . Having four components

B45 . Havingthree components

Bd6E . Having two components

B47  _Having one component

48 MWith field cumature shaping

549  _Projection type

g580 .. .Having four components

G451 ..Hawing legs than four components _|
Fa2  With graded refractive index

BA3 . Having an axial gradient

G54 Hawing a radial gradient

65859  ..Inawvariable media {e.q., gas, elastomer, etc)

B586  .Microscope objective Ll

X% AL 9 SR YRR AR
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Patent format

US 20030052972A1

a1 Patent Application Publication o) Pub. No.: US 2003/0052972 Al

as United States

Tanaka et al. (43) Pub. Date: Mar. 20, 2003
(54) DIGITAL STILL. CAMERA CAPABLE OF (30) Yoreign Application Priority Data
TELECOMMUNICATION
Jun. 30, 1997 (KR) oo 97-20444

(76) Inventors: Masahide Tanaka, Osaka (JP);
Katsutoshi Ito, Tokvo (JP)

Correspondence Address:
McGuireWoods LLP
Suite 1800

1750 Tysons Boulevard
McLean, VA 22102 (US)

(21)  Appl. No.: 10/285,423

(22) Filed: Nov. 1, 2002

Related U.S. Application Data

(63) Continuation of application No. 09/025,862, filed on
Feb. 19, 1998.

Version 2008 (% 30 B [ [%)

Publication Classification

(51) Inte CL7 oo, HO4N 51225
(52) US. €l oo seseroses s 348/207.1
(57) ABSTRACT

A digital still camera capable of telecommunication includes
a device which converts an optical image into a digital
clectromagnetic signal indicative of a still image, a receiver
which receives an electromagnetic signal generated in accor-
dance with a wireless telephone system, a modifying unit
which modifies the clectromagnetic signal nto a digital
electronic signal indicative of a still image, and for a device
which alternatively displays a still image on the basis of the
digital electronic signal from the converting device or from
the modifying unit

X% AL 9 SR YRR AR

Abstract

— How many
claims (and
drawings)

Field
Background
Summary

Brief description of
the drawings

Detailed description
of preferred
embodiment

9-9



_earning from patent: keys

1. Not just read the examples!
2. Check claims and drawing carefully
3. Think more, after reading abstract and summary

4. You can learn a lot from “background” to get an
Idea of current trend

5. Reproduce/check the results from embodiments
It may take a long time to reproduce

6. Do roadmap

Version 2008 (%5 B [{i.12) H ?-ﬂ:;ﬂ"“]%‘af‘f 9: %Eﬁ%‘?{‘ . E#I’FIE‘EEJ‘ *IJ?%E?F’E 9-10



Key 1: check claims and drawing

OTHER PUBLICATIONS

Optiead Desigr-Military Srandardizarion Handbook MI-
L-HDBK-14] (Defense Supply Agency, Washington,
D.C., 1962), p. 14-1.

W, I. Smith, Modern Oprical Engincering Second Ed,
(McGraw-Hill, Inc., New York, 1990%, pp. 404407,

diffracting surface and & convex refracting surface, an
equi-convex element having two refracting convex
surfaces and a second rech'ttn_g.r’d[ffra:ting clement
having a diffracting surface znd a convex refracting
surface.

15 Claims, 5 Drawing Sheets

In the first page, the

most Important

drawing will be
reproduced.

Version 2008 (% 30 B [ [%)
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Claims

You have to say something like this!!!

i
the drawings, the present invention is applicable to a camera
where the photo filmstrip is wound up onto the take-up spool
one frame after each exposure. In that case, the gear holding
plate portion may be located above a film take-up chamber
that is located on the opposite side from a cartridge chamber,
to hold a gear mechanism for rotating a take-up spool.

Thus, the present invention is not to be limited to the
ahove embodiment but, on the contrary, various modifica-
tions will be possible to those skilled in the art without

departing from the scope of claims appended hereto.
||~ WWhat is claimed is:

1. A camera comprising a finder optical system and a film
trausport gear mechanism, said camera comprising;

4 finder frame holding said finder optical system and at
least light emitting and receiving sections of an auto-
focus device;

a gear holding plate formed integrally with said finder
frame, said gear holding plate holding gears of said film
transport gear mechanism rotatably; and

a slit formed between said finder frame and said gear
holding plate.

2. v camera as recited in elaim 1, wherein said film
transport gear mechanism is disposed on an upper portion of
an internal body frame of said camera with top ends of said
zears held by said gear holding plate.

3 4 camera as recited in claim 2, wherein said flm
transport gear mechanism is provided for rotating a spool of

Version 2008 (A B R E)

10

i B g Ul TR ol o ol el ]

o
a film cartridee as loaded in a cartridge chamber of said
comaera, and disposed atop said cartridge chamber.

4. ¢ camera as recited in elaim 2, wherein said finder
frane and said gear holding plate are mounted atop said
internal body frame of said camera, and secured to said
int2rnal body frame by screws on opposite sides of said shit.

5. /i camera as recited in claim 4, further comprising a
Zuwan lens and a zoom flash device, wherein a flash projector
of said zoom flash device is mounted on a top side of said
gear holding plate such that said flash projector is movable
back and forth 10 change a distance to a condenser lens of
said zoom fash device, and wherein said slit doubles as a
waas slit for said flash projector.

6. s\ camera as recited in claim 5, wherein said flash
projector is engaged via said slit with an interconnection
mechanism disposed below said finder frame, said intercon-
nection mechanism transmitting zooming motion of said
oom lens to said flash projector.

7. A camera as recited in claim 6, wherein said finder
optical system are mounted movable on said finder frame, to
coustitute a zooming viewfinder,

8. /. camera as recited in claim 1, wherein a photometry
device for measuring a subject brightness and a red-eye
reduction light projecting device are mounted on said finder
frame.

AT T R



Key 2: Look at Abstract and summary

[57] ABSTRACT
The wording is somehow a little Eyepiece optical systems having arrangements of sur-
different from common usel 11 faces where light is refracted or diffracted Iprovide eye-

pieces with Tewer elements and more compact designs
than comparable, conventional eyepiece designs. These

(57) ABSTRACT stems have three elements each with

power, and provide a wide field-of-
Addigital sull camera capable of telecommunication includes and an eye relief of approximately
a device which converts an optical image into a digital »cal length of the eyepiece. One em-
electromagnetic signal indicative of a still image, a receiver 1 the eye side) a refracting, meniscus,
which receives an electromagnetic signal generated in accor- ith a surface concave toward the eye,

dance with a wireless telephone system, a modifying unit
which modifies the electromagnetic signal mto a digital
glectrome signal indicative ol a stull image, and for a device

it having a refracting convex surface
icting convex surface, and a refrac-

which alternatively displays a still image on the basis of the Elblﬂt.ﬂlﬂmem with a refracting con-
digital electronic signal from the converting device or from fracting surface (each element being
the modifying unit . Another embodiment, from the eye

SUMMARY OF THE INVENTION

In view of the foregoing, an object of the present inven-
tion is to provide a compact camera, whereina findér frame
and a gear holding plate are formed as an integral part to
reduce the number of parts of the camera and thus make the

tive/refractive doublet having a
| a convex refracting surface, an
having two refracting convex
d refracting/diffracting element
surface and a convex refracting

camera more compact and low cost, but the influence of

Version 2008 (%5 B [{i.12) W RHRERT 0: HPFET - SRR A
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3.

_earning more from

background

>

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a compact camera, and
more particularly to an improvement in the camera that
reduces the number of parts of the camera and makes the
camera more compact and low cost, without damaging the
performance of the camera.

2. Background Arts

Reducing both the manufacturing cost and the size of the
compact camera has been continually searched for. For this
purpose, devices for uniting components of the camera to
reduce the number of parts and the number of manufacturing
processes have conventionally been developed. When unit-
ing any components, functions of these components and the
requisite accuracy are taken into consideration. For example,
concerning light emitting and receiving sections of an auto-
focus device, or a viewfinder optical system, as they require
accuracy in positioning, elements of these components are
mounted in an integral frame to constitute an umited finder

assembly. Then, the finder assembly 1s attached to the top of

an internal body frame of the camera.

Indicate why the invention is important!!!!

Version 2008 (% 30 B [ [%)

More on abstract

(57) ABSTRACT

A film transport gear mechanism is mounted on an upper
partion of an internal body frame of a camera, and held
rotatably from the top by a gear holding plate (51). The gear
holding plate is integrally formed with a finder frame (50)
that holds a viewfinder optical system, light emitting and
receiving sections (48, 49) of an autofocus device and a
photometry device (54) thereon. A slit’ (75) is formed
between the gear holding plate and the finder frame, so the
gear holding plate and the finder frame are interconnected
merely through narrow connecting portions (76, 77). Warps
and deformations in the gear holding plate are absorbed into

the silt and not transmitted to the finder frame.

I RREE O: PR - IR RER AR
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4. Look at embodiments

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects and advantages of the present
invention will become apparent from the following detailed
description of the preferred embodiments when read in
association with the accompanyving drawings, which are
given by way of illustration only and thus are not himiting
. the present invention. In the drawings, like reference numer-
als designate like or corresponding parts throughout the
several views, and wherein:

||- FIG. 1 shows a perspective view of a compact zoom

cumert el S DETAILED DESCRIPTION OF THE
o EMBODIMENTS

M) . .45 Shown. i FIGS, 1. 49 2 2 camera embodying the
present invention has a camera body consisting of an inter-
nal body frame 2 on which mechanical and electronic

elements are mounted, and front and rear covers 3 and 4

covering the front and rear of the internal body frame 2.

Version 2008 (& A & [HiR.f£) ﬁ%ﬁjc%%?{‘ 9: %EEF%}?{‘ : E’F“'I’F"E'EEJ‘ %“?%ﬁﬁﬁ 9-15



How to analyze patent?

In patent literature,
neither specification nor
prescription available,
usually

In lens design, somehow,
these will be included,
though

What should we get?
Read figures closely

Classification by optical
specification
= See What LensView does?!
A good reference

Version 2008 (% 30 B [ [%)

In reality,

If you feel it is important,
then just read it “again
and again”!!
Try to reproduce it by
what ever you can do
Simulation is a good
approach
You need to make an
inverse engineering

Produce a simulation
model to reproduce
the key features

You need to have a
platform for
development

X% AL 9 SR YRR AR
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How to build up patent roadmap

« Build up previous works from

references

e Check further citation from patent

database

Example:

(56) References Cited
U.S. PATENT DOCUMENTS
5,128,842 A * /1992 Kenmochi ...oveeveriiviinnn, 302431
5.339.179 A ¥ 8/1994 Rudisill et al. ............... 349/65
5,521,796 A * 5/1996 Osakada et al. .............. 362/31
5838403 A * 11/1998 Jannson et al. ............... 349/65
5926601 A * 7/1999 Taietal ....coocvenennnnen. 349/64
5,961,198 A * 10/1999 Hira et al. ..ccovviiveeninnnn.. 362/31
5,980,054 A * 11/1999 Fukuietal. .................. 362/31
6,139,162 A * 10/2000 MasaKi .coorervinienniinnnnn.. 302/31
6,164,799 A * 12/2000 Hirmer et al. .............. 362/330
6,231,200 B1 * 5/2001 Shinohara et al. ............ 362/31
6,241,358 Bl * 6/2001 Higuchi et al. ............... 362/31

Version 2008 (% 30 B [ [%)

1991

1993

1998} --

1999

2003

2005
A

Zoom lenses and camera

Takashi Shirasuna

having the same

X% AL 9 SR YRR AR

Non-Canon’s patent | ‘ Canon'’s patent
3044706
Chungte W. Chen
Zoom lens employing aspherical
and binary grating opfical
”””” surfaces
5268790
Chungte W. Chen
”””” Yoom lens employing refractive
and diffractive optical elements
-- - - & -- 5790321
5963378 k- 5978153 Hisashi Goto
Hamano, Tochigi Akihiro Nishio Image optical system
Zoom lens Zoom lenses with
diffractive elements
6606202 6577450
Kohj Hoshi e S Hamano, Saruwatari
Zoom lens system and optical Zoom lens system and optical
apparatus using the same 6865027 apparatus using the same

9-17



Patent analysis 1. Canon works

e There are around 30000 patents in past 20
years (from 1985 to 2005) assigned by Canon

USPTO PATENT FULL-TEXT AND IMAGE DATABASE

(ome ) ouisk ] (advanced) [ pattum | 1e )

[ Next List ][ Bottom ][View Cart]

Searching 1976 to present..

2000

Results of Search in 1976 to present db for:

!

Hits 1 through 50 out of 2998

Jumap To

Numbers
|_\
o
o
o
1

1500 -

G

PAT.NO. Title

500 -

1 6,877,125 T Devices and methods for estimating a series of symbols

2 6,876,826 T Electrophotographic image forming apparatus having detachable process cariridge
3 6,876,825 T Image forming apparatus capable of executing image forming jobs having priority levels

With the helps of CY Liu

Version 2008 (% 30 B [ [%)

After 1998, the number exceeds 2000

| I Canon's total patents per year |

1986 1988 1990 1992 1994 1996 1998 2000 2002 2004
Years

KRR O FPHEE ~ RYR PR RN 9-18



Canon’s Patents of CCL 359

Searching 1976 to present ..
Resuliz of Search in 1976 to present db for:

{AN/Canon AND CCL#359/$): 1829 patents.
it £ inropgs 8 out of 1829

There are ~ 2000 patents in optical |
design (from 1985 to 2005)

| I Canon's OCL359 patents per year |

Eefine Search | | ANA anon AND aclf3 500

PAT.NO. Title
1 6,876,476 T Display device and process for production thereof
2 6,873,463 T Diffractive optical element and optical svstem having the same
3 6873451 T Electrophoretic display device and method for driving the same

Numbers

0

1986 1983 19901992 1994 1996 1998 2000 2002 2004
Version 2008 (% A 5 [ [E) Years 7{‘%E"C;T\""."\‘]%‘53{‘ 9: %EEF%}%‘ : _%#I,F'EEEJ{%“#?F% 9-19



Patents of CCL 362

| [ Canon's CCL362 patents per year

There are 100 patents in illumination
design (form 1985 to 2005) o

Searching [978 to present ..

Results of Search in 1976 to present db fnl'

{AN/Canon AND CCL/362/$): 99 patents. g
Higg I irougs 50 ot or 99 P
e
S
2
() [

| Refine Search | [ ANiCanon AND ccl/360/5 |

1986 1988 1990 1992 1994 1996 1998 2000 2002 2004

PAT.NO. Title Years
1 6,868,222 T llumination apparatus, exposurs apparatus using the same and device fabrication method
2 5,863,419 T Nlumination optical svstem , image display optical svstem, projection type image display apparatus, and image display svstem
3 6,857,764 T lllumination optical system and exposure apparatus having the same

Version 2008 (%~ 5 [Firb. ) W %g-n‘c;f'“?g‘ng{‘ 9: %Eﬁ%’?{‘ . W?F“—I’FIE‘EEJ‘ %‘[J?%E?ﬁﬁ 9-20



Subjects: Zoom lenses design

Sezmhing 1978 to present..

Results of Search in 1976 to present db for:
{({({AN/Canon AND "zoom lenses") AND CCL/359/$) AND ISD{/19850101->20051231): 321 patents.

IO I OnroT 327

AN anon AND "zoom lenses” AND CCLA5%E AND isdA 1198512,

o WO el @ Herein, | concentrate my topic on “zoom lenses” design
1 65867916 T Viewtinder o ]
> 6865027 Tloom lens an ™ It €aN be found that in past twenty years, there are 321 patents
® | search the latest patent for doing patent roadmap
™ The patent number is 6865027
@ The topic is “Zoom lenses and camera having the same”, Invented

by Japanese
Version 2008 (% A 5 [ [E) %?ﬁ%fl‘a‘l‘xlﬁﬁfa—‘r Y. WPFJF%FET S ETR ']Eflz'.:gjrmaaﬁﬁ y-21




The trend of zoom lens design

® The trends of zoom lens design
IS stable
™ 15 patents per year
® There is a minimum every 5
years
® It is more stable in recent years

Numbers

Version 2008 (% 30 B [ [%)

304
25—-
20-
15-

104

0

I The survey of Zoom lenses patent

N,

J86 198"” 19921 09415 96 1998 2000 2002 2004
Years

KRR O FPHEE ~ RYR PR RN 9-22



Show how to do Patent check

With the helps of CC Chen

Version 2008 (% 30 B [ [%)

(12)

United States Patent
Rizkin et al.

US 6,814,470 B2
Nov. 9, 2004

(1) Patent No.:
(45) Date of Patent:

(54)
(75)

(58)

HIGHLY EFFICIENT LED} LAMP

Inventors: Alexander Rizkin, Redondo Beach, CA
(US); Robert H. Tudhope, Rancho
Palos Verdes, CA (US)

Assignee: Farlight LLC, Wilmington, CA (US)

Notice: Subject to anv disclaimer, the term of this

patent is extended or adjusted under 35
U.S.C. 154(b) by 0 days.
Appl. No.: 10/316,642
Filed: Dec. 11, 2002
Prior Publication Data
US 20030137838 Al Jul. 24, 2003
Related LS. Application Data

Continuation-in-part of application No. 10/277.230, filed on
Oet, 21, 2002, which is a conlinuation-in-part of application
Mo, 00/566.521, filed on May 8. 2000, now Pal. No. 6,543,
911,

Int CL7 e - F21V 50
US.Cl i 362/327; 362/240; 362/245;

362/800
Field of Search ........... o 302/240, 241,

362/243, 244, 800, 327, 329, 245; 359/718

P RRTE O PR

(50) Reterences Cited
.S, PATENT DOCUMENTS
2215900 A * 91940 Bitaer ...o.oooooooeeeeeeen, 362,308
5775792 A+ TH998 Wiese ... L. 302328
0,402,347 BL ¢ 62002 Maas ctal ... ... 362/294
6,547,423 B2 * 42003 Marshall et al, ............ 362/333

* cited by examiner

Primary Examiner—Mlan Cariaso

Assistant Examiner—aAll Alavi

(74) Arorney. Agent, or Firm—Gehrke & Associates, 85.C.
(57) ABSTRACT

Ahighly efficient LED lamp includes an optical module and
a housing, The optical module has at least one light emitting
diode (LED) that emits light with a wide divergence, a
non-imaging optical (NIO) element and a transparent win-
dow. The NIO clement includes a refractive member located
around a LED optical axis and a total internal reflection
member located around the refractive member. The refrac-
tive member and the iotal internal reflection member are
integrated in a single transparent element having a mutual
focal point, wherein the NIO element collects a significant
amount of light emitied by the LED with wide divergence
located at the focal point, to compress the collected light
with high efficiency into a beam with a generally different
angular spread in a horizontal plane and a vertical plane and
to direct the compressed light oulside of the lamp.

16 Claims, 4 Drawing Sheets

YRR R
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Key Figure and Figures

10
P
18
o
1 16
16
12
14~ 20 1 14
rx’
OO J/
22
24

== —-— "%
FIG. 2B
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R. E. BITNER 2,215,900 Road M ap
CATADIOPTRICAL LENS -

Filed Oct. 28, 1539 2 Shestz-Shest 1

1940
1 )10 A
USDOSTISTIZA
(11 Patent Number: 5,775,792
1451 Date of Patent: Jul. 7, 1998

1998

US006402347B1

10y Patent No.: US 6,402,347 Bl
45 Date of Patent: Jun. 11, 2002

2002

USO06a547423R2

{10y Patent No.: US 6,547,423 B2
i45) Date of Patent: Apr. 15, 2003

USO0aE14470B2

(10 Patent No.: US 6,814,470 B2
2004 (45) Date of Patent: Nov. 9, 2004

2003

Version 2008 (%~ B [{i4 1) 7{4?4;73"“?5}?:1‘ 9: %Fﬁ%‘?{‘ . E#I’FIE‘EEJ‘ ﬂﬁ%?ﬁﬁ 9-25



Road map with key figure

1940 o ag
26 A
%
%
%
1998 w
v
2002
2003
2004
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Simple simulation by OSLO

e Using OSLO to estimate the
center lens il

— Set it as a equal-convex lens |

40

with conic surface. .y 9,

e Thickness is 15 mm and the TR
distance between the focal [l X%
point to first surface iIs 7 mm I

— using spot size is minimum to
solve the radius and conic N T
COﬂStantS . FOCAL LENGTH = 13.39 NA = 4.3735 DES: QL0

— Results: - N
« R=10.4562814166115

« CC=-1.8572884775762 T 1

1]

42

Version 2008 (%~ B [{i4 1) 7{4?1“:;73"“]%% 9: %Eﬁ%‘?{‘ . ??#I’FIE‘EEJ‘ ﬂﬁ%’gﬁ% 9-27



Simple simulation by TracePro

b g -"'_Pf A
| //_Hx:'gf__,-f’”f
« Making a parabolic lens -
. : /]
— Radius i1s 6mm/ length is e [z
20mm/material is BK7/aperture \.
is 33.4/Conic constant is —1 N
— set the origin as the focus of T~

parabola.
* Making a sphere with radius is

10mm and center is at origin.
» 3. Boolean operation:subtract 1 and )
2. e

e 4. Unite 3 and the center lens made
by OSLO.
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Total - lrradiance Map for Incident Flux

Object 29 Surface 1
itmo 2000 1500 500 [} -500
Jc]u | e

1750 L1750

000 -000 1500 2000

-2000

1500 1500
1250} L1250
1000 1000
a0 750
500 500
250
0}
250
500
750
1000}
12508
1500
1750

2000 2000
2000 1500 1000 SO0 o =500 -1000 1500 -Z0OO0O0
Amillimeters)
Irradiance Mind 1858 2017 VMY Max 1 2020 Wm? Awe 0020225 Wim™
RMS:0.15513, Total Flux:0.62855 Wi 6295 Incident Rays

Source size

Version 2008 (% 30 B [ [%)

The distance between the screen and origin is
25 m and the size is 4m x 4m

0.1x0.1 mm?Z (62.8%)

Total - Irradiance Map for Incident Flux
Object 28 Surface 1
Wiyma 2000 1500 1000 S00 o -500 -2000

1000 1800
- (1011

-1750
- 1500

- 1260
- 1000

0.0&

o007

0.06:

0.05

M Cmillimetes)

0.0
1000
nos 12808
.02 1500
1750

(i 2000 2000
2000 1500 1000 S00 o] -500  -1000  -1500  -2000
u} Zimillimeters)
Iradiance Min:0.001090<4 Wim? Max0 10453 mfm™ Ave 0037206 Niym™
RAS:0.026404, Total Flux0 59834 W G697 Incident Rays

2x2 mm2 (59.8%)
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On Caldwell’s collection

e Only printed form Lensv i3y &
— Not included in Caldwe”,s Optical Data Solutions, Inc | :(f;’;

LenSVIEW e definitive da ieal patent searehin
— more than 30,000 _ e ‘

i nd iViduaI Iens [ iawviin a1 ce nmgth fth frm.t
designs from the US o , P—

| Paton = 1,502

-
Tiiat METHOO OF TAKING LIKENEEEES BY MEANS OF A CONCAVE REFLECTOR
a el I I e ra u re e AN PLATES 50 PREPARED A5 THAT LUMINGLIS OF OTHER RAYEWILL
] AGT THEREON

venton: Aezander 3 Welcotl Appcanical Muanber;

Japanese patent it P e

literature, as well as The e e ...
Zeiss Index of g e
Photographic Lenses. Ex L

— Download the fully

functioning LensVIEW o E—
Demo (5.4 MBytes) -

containing 167 lens B e ——
design examples from 59 = I o |

randomly selected
patents.

Version 2008 (& - & i) KEF ﬂ’fm%ﬁw %PF'%H W#I’{E‘IQ"EJ‘*H?%W ~ 9-30




Selected patents

Zoom lens for digital camera (US
6014268)

— “Two group small zoom” by S.
Yahagi

High-resolution CCD lens (US
5706141)

— “photographing lens” by T. Abe
Zoom enlarging lens (US 5696633)
— “Varifocal lens” by M. Nakjima

Wide-angle soft focus photographic
lens (US 5822132)

— “Soft focus lens” by J. Hirakawa

Fast zoom fisheye lens for electronic
cameras (US 5877901)

— “super wide-angle zoom lens” by
T. Enomoto and T. Ito

An economical triplet for over-
head projectors (US 5596455)

— “Fixed focus triplet projection
lens for over-head projectors”
by S. K. Eckhardt

Fast double-Gauss lens
(US5920436)

— “Large-aperture lens for low-
illuminance imaging” by Y.
Kitahara

Low-distortion fingerprint
detection system (US 5900993)

— “Lens systems for use in
fingerprint detection” by E.
Betensky

Version 2008 (% 30 B [ [%)
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Zoom lens for digital camera

(US 6014268)

US006014268A
United States Patent (1] Patent Number: 6,014,268

Yahagi (45| Date of Patent: Jan, 11, 2000
[<4| TWO-GROUP SMALL ZOOM LENS 4,266,860 571981 Hayashi .o 350/681
4540240 9/1985 Mogami ...... e 350681
[75] Invenior:  Satoshi Yahagi, Saitama, Japan 35083 UG Ono ef al w 330641
3,818 YIS Sugawara e daHG4]
[73] Assignee: Fuji Photo Optical Co., Ltd., Omiya, R e =L ]
Japan
Prineary Examiner— i-_-nrgi.'s Epps
[21] Appl No.: 09/024,265 Aszistant Examiner—Jardan M. Schwartz
B i Astorney, Agent, or Firm—Amold Inerational, Bruge Y
[22] Filed: Feh, 17, 1998 .
Arnold
[30] Foreign Application Priority Data 157] ABSTRACT

Apr 30,1997 [TP] Jupan e 9120508 . , )
A inexpensive, high performance zoom lkens weludes, as

[S1] TALCLT o GOZB 1514 measured from the object side, a negative first lens group
[52] US Ch oo 359/691; 350/682  and a positive second lens group. The overall length of the
[58] Fleld of Search ... 359/691, 680, 200M lens 15 reduced by making one of the lens element

150,681, 682, 676, 683 stirfaces of the fiest lens group G, aspherical. A lens element

i the second lens group is designed 1o be a biconvey lens

[56] References Clied with the same absoluie value of radii of curvature, o thereby
make the zoom lens inexpensive o produce and assemble.

U5 PATENT DOCUMENTS

L1660 /1979 NakBMUIE oo 3SGR] 4 Claims,  Drawing Sheots

» Set aspheric for the
second/first surface to
correct distortion

— This can be traced back to
1960s in design of wide-

angle reserved telephoto
system

« Design suitable for
SXGA application

— MTF for SXGA 0.4@
160Ip/mm

« SXGA: 1280X1024

— MTF for VGA 0.5@
80Ip/mm

* VGA: 640X480

Version 2008 (%5 B [{i.12) W RHRERT 0: HPFET - SRR A
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Yahagi’s patent

w=345° m=345
Two modes: (1) wide angle; (2) telecentric mode Al
|
s
: b ‘
~—— (BIECT SIDE IMAGE SIDE — . ' S 1!
. \ B V|| ===~ gline
T ¢ - —a ". ' Y —--Cline
' - \ : : : : { : }
\'t 0075 0 0075 -0075 0 0475 -3 0 3 -15 0 5
———— | = —f—— WIDE
SPHERICAL ASTIGMATISM (mm}) DISTORTION (%) LATERAL COLOR (pm)
ABERRATION (mm)
L J
A
Designs of different f/# were also provided
Cover glass °
Negatwe Positive (IR filter) F/3.30 W=13.4° W=134° W=134°
L= I
v P ——dline ."
! \:, “““ gline “. i ---- gline
— - ; ) 1 e '\:I —-—Cle § —°° —-- Cline
i
J. - | } : J. e
-0075 0 007§ -0075 0 0075 -3 0 3 -15 0 15
| Il SPHERICAL ASTIGMATISM (mm) DISTORTION (%) LATERAL COLOR {jm)
L Gl (12 ABERRATION (mm)
| 1
Version 2008 (& A & [HiR.f£)
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Yahagi’s patent/ example 1

——— OBIJECT SIDE IMAGE SIDE ——
TABLE 1 — L
14 RlSRm R17
# R D Ni Y4 EDﬁ ! '15%]6
1 14.610 1.50) 165800 559 ! P
2+ 4,081 3.20 g
3 63,049 1.00 1.77250 49.6
4 ll'l:l?l ':I'."-I-f' SECONA SUrTace IS aspneric surrace
5 8.363 1.96 1.72824 28.3 Small-size lens
f 14,483 variable distance 1 TABLE 2
=) 7 o 0.80
g 16502 .67 171300 539 "R A, / A, A, A,
9 -26.502 (.17
10 7.244 3.55 180501 398 D 0.04506 056384 89300 % 10° -5.0000 % 107 -92860x 107 14862 x 10V
1 =30.617 .14
12 -14141 100 1.84665 23.9 Maximum wide-angle stafe Maximum telephoto state
13 3434 0.92
14 21.440 282 1.71300 53.9 Variable distance 1 17.34 1.4
15 -8, 145 | varable distance 2 Vanable distance 2 04 6.7
16 o 3.50 1.51633 B[]
17 & fai¥04dmm  Fy, =240-33)

You still need some efforts to achieve the desired performance .
Version 2008 (%~ B [{i4. 1) W ?;;fm?&ﬁ:{— 9: %ﬁﬁ%‘?{‘ . E#I’FIE‘EEJ‘ ﬂﬁ%ﬁﬁ 9-34




Yahagi’s patent /example 2

TABLE 3
~—— OBJECT SIDE IMAGE SIDE ——
Q2

% R D N, Y | L15

_Ri6 Ri7 ]
1* 21,362 1,70 1.69081 330 (2 7
2 5,150 2,68 —— =
3 all.445 1.00 1.77250 49.6 %-
4 7,742 {0,935 '
5 8.241 2.07 1.72824 28.3
6 18 793 variahle distance 1 First surface is aspheric surface
7 & .80
8 26,502 1.67 1,71300 539 TABLE 4
4 -26.502 .10
10 7.244 3,35 1.50501 39.6 i C K Ay Ay Ay Ay
11 =30.617 .14 _ , ) . :
- : - . 102 SO87 w 107 220010 » 107 29843 107 =5.6184 » 107
12 _14.141 100 184665 13.0 1 004681 470244 13087% 107" 22011 %107 29843x10°  -5.6184 % 107
13 3434 032 Maximum wide-angle state Mazximum telephoto state
4 21449 18 171300 539 : “

I i Y s R 5 N ol 1

15 -8, 145 variable distance 2 Variahle distance 1 17.08 130
164 w 140 181633 640 Variable distance 2 0. b.68
17 &

[=337-043 Py, =230-33
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High-resolution CCD lens

(US5706141)

US005T06141A
United States Patent 9 (1] Patent Number: 5,706,141
Abe 4s] Date of Patent: Jan. 6, 1998
; $200390 1199 Ito
b4 PHOTOGRAPHING LENS 5490014 X196 Sluzuh ................................. 59745

[75] Inventor: Tetsuya Abe, Hokkaido, Japan

(73] Assignee: Asahi Kogakv Kogyo Kabushiki
Kaisha. Tokyo. Japan

[21] Appl. No.: 745463

[22] Filed:  Nov. 12,19%

3o Foreign Application Priority Data

ri r2 3k B 7B r9 ro ri1

AL

5546232 %1996 Hirakawa .

Primary Examiner—David C. Nelms
Assistant Examiner—John P. Comely
Attorney, Agent, or Firm—Creenblum & Bernstein PL.C.

[57] ABSTRACT

A photographing lens includes a first lens group. a
digphragm, and a positive second lens group, in this order
from the object side, The photographing lens satisfies the
following relationships: |f/f,l<0.2. and 0.7<h,_ /b, ;<1.0. In
the above relationships, “f" designates the focal length of the
entire photographing lens, “f," the focal length of the first
Jens group, “h,_,” the height of the incident point of paraxial
rays on axis on the first surface of the first lens group, and
“h, " the height of the incident point of paraxial on-axis

[ P

d1 d2 d3 d4 d5 dé d7 d8 d9 d10

rays on the last surface of the first lens group, respectively.

3 Claims, 6 Drawing Sheets

Version 2008 (% 30 B [ [%)

Lens are compact

Diagonal is small,
2.7-5.5 mm

Tessar / double
Gauss can’t be
applied because

back focal length is

too small

— AKkind of reversed
telephoto design is
preferred

Lenses are either bi-
concave or bi-convex

Back focal length is 7.7

mm (1.46 )

MTFis~05@
80Ip/mm

X2 AL 9 SR YRR AR
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Abe’s patent/ Example 1

10 20
——
MrR3rd b6 17180 r10 r1
22 CG
21 \ All spherical lenses
\_1{12/S } Small size
M \I 23
.d TABLE 1
\K \ \ Fro = 1:2.8
f=1522
I\ | ) W = 24.2
d1d2d3dd d5 d6 d7 d8  d9 d10 fy =7.76
surface No R D Ny Va
1 28.233 080 1.51633 6.1
2 3,300 .54 .. —
3 24.750 1.30 1.80518% 25.4
4 =7.700 1.43 — _
diaphragm o 1.02 —_ —
5 —4.080 080 1.80518 25.4
& 3.982 2.40 1.67003 47.2
7 e A LLL 010 —_ o
B 25.010 1.10 1.831500 46.6
9 =0 &80 5.54 —_— —
] o 332 1.49782 G568
11 e — — —

Version 2008 (% 30 B [ [%)
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Abe’s patent / Example 2

10 20
,‘__..-—M‘\ /———A‘—\
M2 r3rd 56 17 89 r10 r11 All spherical |
Spnerical 1enses
21)%2 0{3 Small size
12 S ] TABLE 2
23 -
Fpp = 1:2.8
f=522
R W=242
' fy = 8.55
dl d2 d3 d4 d5 d6 d7 d8 d9 d10 surface No. R D N, N
1 12.300 0.80 1.65844 50.9
2 3.120 1.85 — -
3 47 807 1.30 180518 254
4 —6.818 1.00 —_— —_—
diaphragm = 1.59 — —
5 —4.357 0.80 1.80518 254
6 4,483 2.00 1.63930 449
7 ~3.894 0.10 —_ —
8 23.354 1.10 1.69680 55.5
9 —5.260 6.33 — —
10 en 3.32 1.49782 66.8
11 o= — - —

Version 2008 (%~ B [{i4 1) H ?1“:;70"'“]:%‘551‘ 9: %Fﬁ%‘?{‘ : E#I’FIE‘EEJ‘ ﬂﬁ%?ﬁﬁ 9-38



Abe’s patent / Example 3

10 20

A
Mrm3rd 78O r10 r11

i
91 |22 CG
12/ S E
! 23

VIR

/
d1 d2 d3d4 d5 d6 d7 d8 d9I d10

11

All spherical lenses

Version 2008 (% 30 B [ [%)

X% AL 9 SR YRR AR

Small size
TABLE 3
Fm = 1:2.3
f=521
W=245
fp =673
M
surface No. R D Ny Vg
1 T7.040 {0.B0 1.48749 T0.2
2 3.177 0.64 —_ —
3 0,760 1.30 1.80518 25.4
4 —14.420 1.48 e —
diaphragm e 1.17 — —
5 =351% 080 172825 285
6 2.822 1.80 1.68578 440
i =3.752 0.10 —_ —_—
g 11.410 1.10 1.80400 466
9 —14.900 451 — —
10 s 332 149782 668
11 o - —_ —
9-39



Abe’s patent /example 4

10 20
rtrg 3rdars 6 7 1819 r0 r11 All spherical lenses
22 CG Small size
o7 \ TABLE 4
“
11 4 23 ' Fo = 1:2.8
12 . f=526
W= 24.1
l\ \ K r'._ = ?.lg
J -
surface No. R D N v
d1 d2 d3 dd4d5 d6 d7 d8 do gro ~_Swiwelo. : .
1 18.246 Q.60 1.56384 60.7
2 4 000 .40 — —_—
3 14.204 0.90 1.78472 257
4 5482 1.00 -_— —_
diaphragm - 1.08 — —
5 =325 080 1.71736 29.5
L) 3.000 240 1.62280 57.1
7 =3.643 010 — —_—
B 16477 1.10 1.77250 49.6
9 -0.376 497 — —_
10 oo 3.32 1.49782 668
11 e - — —

Version 2008 (% 30 B [ [%)
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Abe’s patent / example 5

10 20
— —
MrRrrd b i7BM r10 r11
27 22 CG
3 \ All spherical lenses
" 12 i| » ] Small size
TABLE 5
k Fm =1:28
J f=1525
W=24.1
d1 d2 d3 d4 d5 d6 d7 d8 d9 d10 £, =822
surface No. R D N, Vg
1 10.803 [LB0 1.55063 61.2
) 2.900 0.80 —_— —
3 =250.203 1.30 1.80518 234
4 =7.107 1.00 — —_
diaphragm s 1.64 —_ —

5 —4. 206 Q.80 1.74000 283
i1 4,050 2.00 1.61484 51.2
7 3707 0.10 —_ —
] 18.742 1.10 169680 55.5
9 -0.157 6.00 — _—
10 o 3.32 1.49782 66.8
11 oo —_— — —

#‘
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Abe’s patent / Example 6

BRIAH IH

d1d2 d3 d4 d5 d6d7 d8 d9 d10

Results of Search in 1998-2003 db for:
REF{5,706,141: 5 patents.
Hits T through 5 outof 5

Jumap To | I—

Refine Search | |raeff5’?€6141

FAT.HD. Title
16,236,521 T Objective lens and image pickup device using the same
26222685 T Imaging lens
36,028,711 TEeading Tens
4 5999337 T Lens svstem for electronic photography

55,940,214 T Optical arrangement with diffractive optical element

Version 2008 (% 30 B [ [%)

All spherical lenses

Small size
TABLE 6
e —
Fm =1:28
f=526
W =246
£ =177
gurface No R D H‘ ‘frd
1 13.650 0.80 1 .69680 55.5
i 4.284 2.12 —_ —_—
3 34.227 140 1.80518 254
4 ~3.600 245 — —
diaphragm - 1.44 — —
5 —4.626 0.90 1.84666 238
& 4626 245 1.7 2000 42.0
7 —4.626 0.10 = _
8 15243 1.47 1.83481 427
9 —-15.243 4,36 — —
10 B 3.12 149782 66.8
11 E8) -— — -_—

X% AL 9 SR YRR AR
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Zoom enlarging lens

(US5696633)

United States Patent 9
Nakajima

Us005696633A

5,696,633
Dec. 9, 1997

(1] Patent Number:
(451 Date of Patent:

[54] VARIFOCAL LENS
[75] Inventor: Masaya Nakajima, Yokohama, Japan
(73] Assigaee: Nikon Corporation, Tokyo, Japan

[21] Appl No.: 608,430

[22]1 Filed; Feb. 28, 1996
30 Foreign Application Priority Data
Mar. 2, 1995 [IP]  Japan T06RE2T
(511 Imt. CL° ... GO2B 1514
[52] U.S. (L 359/691; 350/680
[58] Field of Search .occccccccsc s, 35%691, GRY
[56] References Cited
U.5. PATENT DOCUMENTS
4934704 /1990 Ueds 350¢580
4038572 TN90 Twasaki oo 359680
FOTI0L5 1VIPH] Ued coocrrrermssmsn s simssssssanns I597689
FOREIGN FATENT DOCUMENTS
EHO
61-59306 31986  Japan .
SHO
GI-128613  &I1986 Japan .
3-196110  &/1991 Japan .

FPrimary Examiner—Scott ], Sugarmap
Attorney, Agent, or Firm—Klarquist Sparkman Campbell
Leigh & Whinston, LLP

Version 2008 (% 30 B [ [%)

[=7] ABSTRACT

A varifocal lens is disclosed that includes, in order froat to
rear, a first lens group having an overall negative focal
length and a second leas group having an overall positive
focal length. The first and second lens groups are axially
separated by a space that changes as the focal length of the
varifocal lens is changed. The first lens group comprises, in
order from front to rear, a biconcave lens clement and a
positive lens element. The second lens group comprises, in
order from fromt to rear, a fromt subgroup and a rear
subgroup. The front subgroup comywises, in arder from froni
to rear. a first positive lens element, a first cemented lens. a
second cemented lens having positive refractive power, and
a second positive lens element. The rear subgroup
comprises. in order from front to rear, a negative lens
element. a positive lens element, and a negative meniscus
lens element having a convex face oriented rearwardly. The
varifocal lens fulfills the conditions:

0 E<ibfle] 7
0.5<4ADfB<2
1AL S

wherein. f1 is the focal length of the first lens group, £2 is the
focal length of the second lens group. fa is the focal length
of the front subgroup, fb is the focal length of the rear
subgroup. and D is the distance between the rear principal
point of the front subgroup and the front principal point of
the rear subgroup. The varifocal lens is especially suitable
for use in photographic enlargers.

1% Claims, 12 Drawing Sheets

I RRTERT U BPHRTT R R AR

Total conjugate distance is

constant
(a normal
requirement)

Allow for making small
enlargement of
negative ranging up
to 56X41.5 mm
(6X4.5cm)

Minimizes variations of
both object distance
and back focal length
with respect to
magnification by
appropriately
varying the telephoto
ratio.

Nearly diffraction-limited
performance

9-43



Nakajima’s patent / Example 1

. B is the magpification at the film
surface when light rays are traced from the front side.

Version 2008 (% 30 B [ [%)

TABLE 1
Focal length (D) 95.37 w 122.87 mm
F nisimber: B0 o 94
Owerall distance: 556.54 min
Image diameter; 69 mm
L1 L2 L10 Curvature Intarfacial Abbe's Refractive
L3 L8 L9 Surface  Radius {mo) Distance {mm) Number Index
FIG. 1 Tt s W
J 1 -178.3555 2.3100 4333 1.845033
2 38.7485 2.1700
N m 3 40,6244 3.0100 32.17 1.677648
4 ~1411.4710 a4
: \=~i\ 5 55.5926 2.6600 67.87 1.595274
d 5 10(’\7&—2\ 1314 9 6 —243.2100 0.1400
a - . 45 1.776511
G1 G ‘1—2:2—/ 9 31.8972 9.8000
N , 10 107.5200 2.5900 3519 1754548
G2 11 30.4352 4.9000 69.98 1.520370
12 —47,0860 1.0500
13 24.8572 4.2000 64.10 1.518723
14 27.5167 19.2500
: 15 -20.7264 2.1000 64.10 1.518723
All spherical lenses 16 -113.6105 2.2400
17 2758.6812 6.3000 3698 1.616859
18 -29.8412 2.1000 6542 1.605201
19 -224.6821 Bf
High magnification short effective focal length Varsbla Low Msg. Med. Mag. High Mag.
Telephoto ratio is still large (from 1-1.31) B ~0.76923 —0. 50000 -0.313333
Good for further processing a0 33991002 mm  378.28035 mm 400.27264 mm
dd 0.57917 mm 5.20468 mm 14.38414 mm
Bf 137.79281 mm  94.79699 mm 63.62523 mm

L P L —— ]

X% AL 9 SR YRR AR
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Nakajima’s patent / Example 2

TABLE 2
Focal length (5): 94.24 to 12053 mm
F oumber: 15093
Overall distance: 556.54 mn
Image dismeter: 69 mm
Surface Curvature Interfacial Abbe’s Refractive
L1 L2 L10 No. Radius (mun)  Distance {mm) Number Index
L3 Lg L9 -
FIG. 5 LS o 8 L7 20 ~178.3555 23100 4335  1.845033
J 21 38. 7485 2.1700
22 40,6244 3.0100 32.17 1.677648
A 23 =1411 4710 d23
34 24 55,1965 2.6600 67.87 1.595274
| t S ‘\3&\33 25 -240.3532 0.1400
26 28.7389 5.4600 6542 1.605201
20,7 5s 242526728 Pgp a1 2 L -39 7 495750 15800 945 1776511
\i/ Ga 3‘637 38 = 319368 98000
\ , 0 20.1736 4.9000 6998  1.520370
G2 31 —46.8480 1,0500
32 248144 o 2000 64.10 1.518723
33 27 8404 19.2500
All spherical lenses 34 =21.0349 21000 6414 1.518723
as —80.3846 07000
36 -3851.58283 153000 2T 1.616859
37 =26.4626 1.4000
a8 —-26.2264 2.1000 6542 1.605201
39 —-224.6834 Bf
p——
Variahles durt fication i .
B —0.76923 —0.50000 —0.33333
di 330.70964 mm 377. 25401 mm 398.74894 mm
d23 0.79643 mm 5.24765 mm 14.07497 mm
Bf 133.96043 mmn 91.95484 mm 61.64259 mm

-ama
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Nakajima’s patent / Example 3

TABLE 3

Focal length (f): 06.96—123 38 mm

F mumyber: B4

Orverall distanes: 25655 mm

Inmge dismeter: 69 mm

Surface Curvature Interfacial Abbe's Refractive
L1 L2 Lo Li0 Ko. Radms (mm)  Distance {(mm)  Number Index
L3

40 —178.3555 23100 4335 LB43033
41 38.7485 21700

42 40,6244 3.0100 32.17 1677648
43 —1411.4710 d43

(L%
a 508250 26600 6187 1595274
. s a5 5229922 0.1400
aif [ds #4596 48 49

A ) 50 51 ,)° 54 )r = 47 2676564 7.9800 4945 1776511
e / Ga 5556 57 45 27.4925 G.B000
G1 Gb 49 35.8952 2.5900 5998 1520370
AN / 50 =23 0833 4.9000 35.19 1754548
G2 51 —80.1635 10500
- 52 1370 4. 2000 6410 L3873
All spherical lenses 53 24.1454 19.2500
b =18.5218 2.1000 61.09 1.591430
f Search in 1790 db f » PreperiA 2.2400
Results of Search in to present or: 8 —351.4136 &.3000 61 1.761660
15696633: 2 . b '
ey 57 49,2703 2.1000 6187 1595214
Only to 2003 58 ~244.6824 Bf
Turnp To l— .“I o lhﬁ I s g i " cl
Variable Lovar Mag, Med. Mag, High Mag,
Fefine Search |reﬂ5696633
. 3] =0.76033 =0.50000 -{.33333
PAT.NO. Title do 34369712 mm 3144790 mum 40306766 mm
16,142,630 T Variable focus llens evatemn such as for examination o treatment of transparent of semi transparent materials dd 0.79924 mm 5. 77091 mm 1413690 mm
I Tsuch las ocular tizsue Bf 13379470 mm 94.90283 T AR =
Imaging lens
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Wide-angle soft focus photographic lens

United States Patent (1
Hirakawa

[54] SOFT FOCUS LENS

[75] Inventor:  Jun Hirakawa, Tokyo, Tapan

[73] Assignee: Asahi Kogaku Kabushiki Kaisha,

Tokyo, Tapan

|21] Appl. No.: 772,251

[22] Filed: D, 23, 1996

[ 30 Foreign Application Priority ata
Dec, 25, 1995 [JP]  Jopan .o 1381074

[S1] 10t CL® o .. GO2R 1514
[52] U8 Ch v 35906915 359/692; 350/608;
359,707 359/795
s 3501601, 692,
350/698, 707, 795

[58] Field of Search ......oeee.

[56] References Cited
U.S. PATENT DOCUMENTS
4,203,653  H19B0 Mon .oocuunsssniassss J00133
4830473 1989 Rudo vovwosmssmsossen 3397717

4045236 B9 Hirano

Version 2008 (% 30 B [ [%)

(US 5822132)
LLERTTT

USO05822132A

5,822,132
Oct, 13, 1998

[11] Patent Number:
[45] Date of Patent:

5233474 B3 Hirakawa .
5207086 1171903 Hirano .

Primary Examiner—¥rank G. Fon
Assistamt Examiner—Reginald A, Ratliff
Anorney, Agent, or Firm—{reenhlum & Bernstein, PL.C.

[57] ABRSTRACT

Asoft focus lens which is designed as & retrofocus type lens,
comprises a front lens group having a negative power, 4 rear
lens group having positive power, and a diaphragm located
within the rear lens group. The front and rear lens groups ane
arranged in this order from an object side. In particular, the
soft focus lens satisfies the following conditions;

AL =010 (13
tiiFae=0.5 [}

where
SAL is spherical aberration at full open aperture, s focal
length of the whole lens sysiem, and IF i focal length
of the front lens group.

5 Claims, 12 Drawing Sheets

Intended for landscape

1.

photography

Having a large
amount of special
aberration

Usually available
for moderately long
focal length
(portraiture)

Unusual design

(similar 1980
Canon’s patent, US
patent 4781446)

A fairly
conventional-
looking reverse
telephoto lens

1. Covering a full-field
angle of 68.4 degrees
2. /3.6
9-47
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Hirakawa’s patent / example 1

" |—I r3
6
5 r9
r4 i | r8 1O
r?\m
di d3 d5 dé ds
N > |
d2 g:‘ d7 foic]
TABLE 1
|'\'S [ = 100,00 iB = 127.25 fF = -115.764
FiNo, = 1229 o = 37.9° BALl = =221
L Gr |
Surtace
| Gr nomhber r d 1 v
FIG. 1
1 1351.0000 1043 1.584913 #1.2
F — 1508 G40 (.35
3 a5 400 &34 162041 0.3
4 49 740 Ae.55
5 b AT 824 1.7 2540 446
f =155 080 1808
7 =24, 600 .95 1.784770 2.2
g 124,800 2.29
i AE6.550 11.14 1.7725] 49,6
10 =64, 470

Version 2008 (% 30 B [ [%)

X% AL 9 SR YRR AR
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Hirakawa’s patent / example 2

s
]
6
rs 9
r4 | 8 10
r7
d1 d3 ds dé6 d8
\“‘*\ > P - 4
2 @ d?? \fg TABLE 2
l\g, f= 10:0.04 fB = 128.10 [F = —123.660
Fioe = 1:2.9 o= 3797 SAL = =245
Gr Surface
U mumber [ d f 1
| GrF
FIG. 4 1 1293.910 10,43 1 6D68) 55.5
2 =1752.260 (0,35
3 231,480 2,34 1.58913 61.2
4 49_860 75 .68
5 &2 010 35.13 1. 74230 403
b —157.810 17.37
7 —85.220) G605 176180 27.1
A 121,140 117
0 A58.350 12.00 1. 60680 555
1(] —B1.86D
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Hirakawa’s patent / example 3

. | TABLE 3
(I
f = 10:40.00 fB = 134,07 fF = =104 865
FIG. 7 FMNo, = 1:3.6 o= 3427 SALl = =189
Surface
number I d n v
1 194,200 7,00 1.58913 51.2
2 d0.142 MO0
3 B 557 A2.000 174231} 443
4 -132.395 12,00
5 —T1.445 583 1. 761410 271
il L] .&30 266
7 552323 10,00 1690680 55.5
bt — (3] LG

Version 2008 (%~ B [{i4 1) W ?1“:;70"'“]:%‘551‘ 9: %Fﬁ%‘?{‘ . E#I’FIE‘EEJ‘ ﬂﬁ%?ﬁﬁ 9-50



Hirakawa’s patent / example 4

r4
r1 i ré 9
2 2 | 8 r10
r7
di d3 4 d6 ds
Ej? g d?! !U\dg
I\"S r N al
I'ABLE 4
Gr | [ = 100,00 fB = 136.71 fF = =104.570
FiNe, = 1:3.6 w = 34.0° SAU = =126
L _ar |
Surface
FIG. 10 ambet I d 1 v
Results of Search in 1790 to present db for: = - . .
REF/5822132: 3 patents. 1 194,200 7.00 1.61804 63.4
Hits T through 3 out of 3 2 47,821 G, )
Only to 2003 3 20000, [0 IR0 1. 457449 T2
Jumnp To | |— 4 == {b.EI0
5 TN 25,00 1.460311 MLy
G 115347 12.00
Refine Search ||r.3f;5ggg13g T" —TJ.4'E-|5- 53_:' 1.72':'47 _1—1.7
bt 85.261 2,660
PAT.NO.  Title &l 352,323 L. 1.GuGE 355
16,552857 T softfocus lens system 101 — 50 [KID
26,212,017 T Zoft focus lens systems T
35,891,003 T Softfocus zoom lens systerm |

Version 2008 (% - B i) NI RRRLE 0 FPHEE SR PRI
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Fast zoom fisheye lens for electronic cameras

(US 5877901)

United States Patent [

Enomoto et al.

[54] SUPER WIDE-ANCGLE XOOM LENS

[75]  Joventors: Talkashi Enoenobo;
ol Tokyo, Japan

Takayuki Tio, bath

[73]  Assignee: Asahi Kogaku Koegyo Kabushiki

Kaisha, Tokyo, Japan

[21] Appl. No.: 761,789

[22 Filed: Dec. 6, 19946
| 3] Foreign Application Priority Data

Diew. 12, 1995 [JP]  JEPAR ecieeienccnicieesnacieeens 7-323392
[51]  Inte T e 2 1514
[52] U8, Cl .. . ..5‘#;(-'4'] A55/GE1: 359/06832;

1‘1‘] I':~H'|, 35490E9; 3597
[58] Field of Search ... e
359 {‘-‘.II

25 X597
%u 681, -’12-:-"‘
-.rm 68O, 683, 664,

Results of Search in 1790 to present db for:
REF/5877901: 2 patents.
Hize [ through 2 ont of 2

o Only to 2003

35014

Refine Search | [1ef15877501
PAT.NC. Tile 250
16,327,098 T Wide-angle zoom lens system 35008

26,246,529 TiWide-angle zoom lens system

Version 2008 (% 30 B [ [%)

LISONSETTO01LA
[11]  Patent Nomber:

5,877,901

[45] Date of Patent: Mar. 2, 1999

4844 500 FARED Do -
4 034 TW7 O/ Hirakawa

5,320 401 Il Spibo 3505500
SA3TLAAL 1271994 Takads
5434, 7110 TILGRE  FUOFAWE v e meee SR

50631775 ST Shibata ... e EED RS
5,724, 193 371908 HiraKaws .. 25005

FOREIGMN PATENT DECUMENTS

563615
CWa 2ddn 7
L5232
1576R189

101 RS
PLER R
O1UTE
10Oy 1480

European Par, O, |
European Pat, (M. .
United Kingdom .
United Kingdom .

OTHER PUBLICATIONS
“Handbook of Optics: vol, 1 (Sec. Ed.), "Michael Bass
(Editor in Cheel), MoGraw-Hill, Inc., Mew York, NY, pp.
L.80-1.83, 1995,
“Optics: Second Edition, "Esgene Hecht, Addison—'Wesley
Publishing Company, Reading, Massachuseis, pp. 195-202,
1987,
United Kingdom Search Report.

Primary Examiner—Goorgia Epps

Assistans FExominer—Evelvn AL Lesier
Arrarney, Agent, or Firm

Cirgenblum & Bemstein, PL.C.
[57] ABSTRACT

A super wide-angle moom lens includes at least a negative
first lens group and a ]’l(\.‘illi‘.-'\_' sccond lens group, in this
order from an object side. A =ooming operation is carried out
by relatively moving the lens groups, When a photographing
arca is defined by a rectangular arca, a boundary of a circular
image forming area formed by the zoom lens is at least
partially disposed in the rectangular photographing area at
the shortest focal length of the zoom lens

14 Claims, 18 Drawing Sheets
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An unusual zoom fisheye design

1. Circular fisheye at the
short focal length position

2. Diagonal fisheye at the
local focal length position

The field angle remains nearly
constant during zooming
so that the image circile
changes size

Intended for a 1/3” CCD having
a diagonal of 6mm

Telecentric throughout the zoom
range

NPN design
(P: variator)

Fl#~1.4
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Enomoto-Ito patent / example 1

FIG. 1

TABLE 1

L1 L12 L13

fFl =101 + Dj1,|IN11- - T.?D l,rl'ﬁd].lCCd diﬁ[ﬂnc&}

¥ 3 5 7 MM Lr13 ‘M5 A7 M9 @21 123
r2 rd r6 r8 r10 12 r4 r16 rié r20 122

Surface No. R D Nd Wy
11-1 U 1 72.478 1.00 177250 49.6
s V7T V] [ 3 ~137.710 1.26 1.60000  60.7
WAIRINY 4 18.664 2.47 -
AN \L S 0 1133 179348 506
6 8.000 6.78 1.75440  27.0
7 -27.233  19.13 - 8.94 - 4.19 — —
3 -53.602 8.00 1.70000  37.1
dt [ a3 [ | a7 [do" [att [a13 [ats | di7] a19 | g2t 9 ~7.267 1.03 1.85000  25.2
@ w6 @ g0 a2 o4 a6 a8 a0 a2 10 -18.851 0.10 . .
(%) 11 33,189 2.73 177250 4%.6
+ + _ o + 12 27409  1.64-509-820  — —
In this embodiment, the picture area is a 3" CCD (major 13 %0 0.50 1.51633 1
side 1s 4.8 mm; minor side 1s approximately 3.6 mm; 14 o 1.70 — —
. . . 5 _ 2 5 :

diagonal is about 6.0 mm). The heights Ya and Yb of the i; i;“ggé ;23 ;ﬁ;g‘;ﬂ ;ﬁ;
picture plane in the directions of the minor side and the 7 27 765 0.10 —
major side are as follows, namely, minor side/2=1.8 mm and 18 26.979 4.59 1.69680  55.5
major side/2=2.4 mm. EbodoeT) 19 —15.548 0.26 — —
— 20 10.011 2.50 1.77250  49.6
END ol 0 ! 21 17.679 5.36 — —
W 90.0° 90.0° 79.4° 22 0 3.50 149782  66.8

Y 1.88 2.82 350
Wa(Ya = 1.8) 80.0° 458° 34.3° 23 = - - -

WhH(YD = 2.4) = 65.8° 472°

We(Ye = 3.0) = = 62.3°

K ?—?n’fm%ﬁ 9: %Fﬁﬁ%‘% : ﬁﬁl?lﬁ?gﬁ[ﬁ%ﬁﬁﬁﬁ 9-53
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Enomoto-Ito patent / example 2

FIG. 5

L11 L12

L13
13 5 17 Jrg M1 qu M5 M7 M3 21 123
r2 4 il B r14 r16 8 r20 122
\ \
cG

d15
dio  diz  di4

{(Embodiment 2)

F 1.65
Fao 1.4
W 9007
Y 1.87
Wa(Ya = 1.8) 80.0°
Wh{Yb = 2.4) —
We(Yec = 3.0) —

[ priny R [ —

Version 2008 (% 30 B [ [%)

b
i

1.4
50.0°
2.75
46.3°
67.5°

d17} d19 K
d18  d20  d22

311
1.4
86.6°
350
345"
47.8°
63.9°

TABLE 2

fo o o + DeaafNom = 7.92 (reduced distance)

Surface No. R D N, vy
1 Ta.004 1.00 177250 49.6
2 8.053 5.7 —_ —_
3 =312.625 1.73 1.60311 60.7
4 28.045 2.91 — —
5 -15.775 1.93 1.80400  46.6
] 8.704 T.06 172151  29.2
7 =21.013 18.97 = 5.68 - 3.34 —_ —_
8 -28.537 7.60 170154  41.2
9 -10.344 1.20 1.84666  23.8

10 -17.703 0.10 —_ —_
11 23.358 2.51 177250  49.6
12 =-100.531 1.62 - 550 -9.16 —_ —_
13 = 0.50 1.51633 641
14 0 1.70 —_ —_
15 =16.417 2.70 184666 238
16 9.452 3.80 1.64769 338
17 -42.359 0.10 —_ —_
18 27.924 4.72 1.69680 555
19 -13.319 0.10 —_ —_
20 11.093 3.01 1.77250  49.6
21 27,640 5.58 — —
22 e 3.50 1.49782  66.8
23 ] — - —
9-54
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Enomoto-Ito patent / example 3

TABLE 3

fp =Dy + D, /N., = 808 (reduced distance)

F

Fyo
W

Y

Wa(Ya = 1.8)
WhiYh = 2.4)
WeYe = 3.0)

Version 2008 (% 30 B [ [%)

{(Emhodiment 3)

1.60
14

Q0.0°

1.80

90.0°

e .

A
s

1.4
o0.0°
2.71
46.5°
68.4°

Surface No. R D N, A

1 85,212 1.00 1.77250 49,6

2 8.102 57 — —

3 —172.558 1.73 160311 607

4 32182 2.0 — —

5 -15.229 1.93 1.80400  46.6

i 8.356 706 174077 27.8

7 -21.591 20,34 - 897 - 2,72 S S

8 =28.110 7.60 1.70154 41.2

a9 -9.615 1.21 1.84666 238

10 -17.256 0.10 — —

11 23921 2.51 1.77250 49.6

12 —92.900) 146 — 5.52 - 10.13 S S

13 =] 0,50 1.51633 o041l

14 o 2.00 — —

15 -15.249 2.70 1.84666 238

3.30 16 98347 3.80 1.04769 3338
1.4 17 =39.081 0,10 — —
75.2° 18 27.821 4.72 1.69680 555
3.50 19 -19.160 0.10 — —
62.4° 20 11.901 301 1.77250  49.6
44.8° 21 40,546 5.74 S S
50.1° 22 oo 3.50 149782 66.8
23 o = = =

S FARTEE 9 SIPEEE  IYRIER AR
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Enomoto-Ito patent / example 4

r

111

de d8 d1o
(%)

F

Frno

W

Y

Wa(Ya = 1.8)
WhiYh = 2.4)
WelYe = 3.10)

Version 2008 (% 30 B [ [%)

d12  di4 d16 d18  d20

{Embodiment 4)

1.92
1.5
90.0°
1.98
69.0°

2.44
15
an.n”
2.52
47.7°
76.0°

TABLE 4

Fro=D,, + DN, = .70 [reduced distance)

Surface No. R D N, Yy

1 98.123 1.00 1.77250  49.6

2 8.905 10.35 — —

3 -12.239 1.93 1.80400  46.6

4 9.073 7.06 1.74077 27.8

5 -22.851  18.97 - 11.04 - 6.34 — —

6 -34.240 7.60 170154 41.2

7 -9.969 1.21 1.84666 23.8

8 -17.364 0.10 — —

9 21.921 2.51 1.77250  49.6

10 -374.823 1.90 - 422 - 7.22 — —

11 e 0.50 1.51633  64.1

12 @ 1.90 — —

13 -15.278 2,70 1.84666  23.8

14 10.546 3.80 1.64769  33.8

311 15 -47.414 0.10 — —
1.4 16 24,119 4.72 1.69680  §5.5
89.0° 17 -18.574 0.10 — —
320 18 10.045 .01 177250 49.6
355" 19 19.703 5.36 — —
08" g % 3.50 149782 66.8
73.1 | c _ — —

I RREE O: PR - IR RER AR
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Enomoto-Ito patent / example 5

F

Fro

W

Y

Wa(Ya = 1.8)
Wh(Yb = 2.4)
We(Ye = 3.0)

Version 2008 (% 30 B [ [%)

di4  d16 d18 dEU{*) d22

(Embodiment 5)

2.63
1.4
a0.0°
2.94
41.7°
59.6°

311
1.4
821°
340
34.5°
47.9°
64.9"

TABLE 5

=D, + D, /N, =490 - 557 — 6.37 (reduced distance)

Surface No. R D Ny vy
1 85.000 1.01 177250 49.8
2 10,294 5,70 — —
3 -61.646 1.73 1.60311 0.7
4 38.745 291 —_ —_
5 -12.183 1.93 1.80400  46.6
6 8.855 7.06 1.74077  27.8
7 -19.820 18.97 - 11.19 - 4.70 — —
8 202.729 7.60 1.70154 41.2
9 -10.773 1.20 1.84666  23.8

10 -20.276 0.10 — —
11 14.884 2.51 1.77250  49.6
12 174157 1.90 — —
13 e 0.50 151633  64.1
14 = 1.90 S S
15 -19.479 2.70 1.84666  23.8
16 7.755 3.80 1.64769 338
17 -41.543 0.10 — —
18 54,109 4.72 1.69680 555
19 -17.172 0.10 — —
20 12.827 am 1.77250  49.6
1 65.826 256 - 323 - 403 — —
22 w0 3.50 1.49782  66.8
23 oo — — —

I RREE O: PR - IR RER AR
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An economical triplet for over-head projectors
(US5596455)

12 sy

United States Patent (o

Eckhardt

[34]

1751
[73]

[21]
[22]

[51]
[52]
158]

S Ll e, el L]

/,-—-14

Version 2008 (% 30 B [ [%)

26

VR R R RO A A R RO O
USHISS590455A

5,596,455
Jan. 21, 1997

111 Patent Number:
1251 Date of Patent:

FIXED-FOCUS TRIPLET PROJECTION
LENS FOR OVERHEAD PROJECTORS

Inventor: Stephen K. Eckhardt, Austin, Tex.

Assignee: Minnesota Mining and
Manufacturing Company, 5i. Paul,
Minm.

Appl. No.: 496,773

Filed: Jun. 2%, 1995

Imt. CL™ ...
LS, Cl i
Ficld of Search .

Fig.2

- GOZB 9/14
BO; 359/T8S
359789, TRS,
359049, 651

3,194,116 TSGE  Adrman
3202051 B1965 Bechtold .
3237520 AT966 Rickless et al. .
3.359,057 11967 Ackroyd .

3 4358,696 AT96% Ruben .

3 458,697 4r1969 Melech .

{List continucd on next page.)
FOREIGN PATENT DOCLUMENTS

1037274 %1953
2BT0E8S 11913
43475 11924

A1181S60C1 Sf1992
22607 of 18595
15107  of 1895

4714 of 1911
155640 1271920
4FFAG 11935
532050 21040
BOIG4AT 51948
GIZT5T 1IV1948

GeIRENY .o smaemss (GUZE 13000
Unibed Kingdom .
LUinited Kingdom .
LUinited Kingdom .
Linited Kingdom .
United Kingdom ,
United Kingdom .
Undled Kingdom .
Uhdted Kingdiomn .

OTHER PUBLICATIONS

“Modern Optical Engineering: The Design of Optical Sys-
tems”™ by Warren ¥, Smith Copyright 1990 by McGraw—Hill,
Inc.. pp. 384391 no month.

“Lens Design Fundamentals™ by Rudolf Kingslake, Copy-
right 1978 by Acadcmic Press, Inc.. 111 Fifth Avenue, MNew
York, Wew York 10003, pp. 286—295 no month.

Primary Examiner—David P. Porta

Assistant Exariner—Richard Hanig

Arterney, Agend, or Firn—Gary L. Griswold; Walier M.
Kirn; G. F. Chermivec

[57] ABSTRACT

A Cooke triplet projection lens for use in overhead projec-
Lors comprises Lwo outer positive elements of an ophthalmic
crown glass and one inner negative element of & light fint
glass. The crown glass has a refractive index of roughly
1.523 and an Abbe value of 58.5. The flint has an index of
fess tham 1.573 and an Abbe value of between 43 and 53
Ome of the positive elements is biconvex: the other is
meniscus.

20 Claims, 2 Drawing Sheets
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Fast double-Gauss lens
(US5920436)

United States Patent [

Kitahara

[54] LARGE-APERTURE LENS FOR LOW-
ILLUMINANCE IMAGING

[75] Imventor:

You Kitahara, Omiya, Tapan

[ 73] Assignee: Fuji Photo Optical Co., Lid., Saitama,

Japan

[21]  Appl. No.: 099047407
[22]  Filed: Mar. 25, 1998
| 30 Foreign Application Priority Lata

Mar. 27, 1997 |TP]  Japan e 9206046

[51] Omt. CL® e GOZB 13004 GOZB 904
[52] L&, CL . JEWTEL; 350749, 359/754,

359/735
. 3597749, 750,

[58]  Field of Search ..o
350,751, 752, 753, 754, 755

[503] References Cited
U5, PATENT DOCUMENTS

30020685 11197 Momiyama .. 33097750

4001421 1271977 Nakagawa .....cococomoeeneas 3397409
5023371 40997 Hankawn e, 359744
5,196,509 B9 Park ... 299TE]

Primary Exaniner—5coll 1. Sugarman

Version 2008 (% 30 B [ [%)

SO20436A
5,920,436
Jul. 6, 1999

[11]  Patent Nomber:
[45] Date of Patent:

Anarney, Agemt, or Firm—Ronald R. Snider; Snider &

Chan, LLLP
[57] ABSTRACT

In a large-aperture lens for low-illuminance imaging, a
Ciapss type lens configuration is emploved, and a negative
lens having a predetermined refracting power is inserted in
fromt of the front-swde cemented lens, wherehy back focus is
securcd while compaciness 5 attained, withoul using an
aspherical lens. Successively disposed from the object side
are a hiconvex lens L, a positive meniscus lens L. having
a conveX surface directed onio the object side, a L'LL.".J.]J.'-.L
len= L, having a concave surface with a stronger curvature
directed onte the image side, a positive meniscus lens [,
(cemented with lens T..) having a convex surface directed
onio the object side, a negative memscus lens Ly having a
concave surface directed onto the image side, a booncave
lens L, {cemented with lens L5} having a surface with a
stronger curvature directed onto the object side, hiconvex
lenses L, and [, each having a surface with a stronger
curvature directed onto the image side, and a positive
meniscus lens Ly, having a convex surface direcied onto the
object side. Assuming that the focal length of the whole
system is [ and the focal length of the third lens is £, the
conditional expression of 0.35=<0]f,|=<0.56 is satisfied

4 Clalms, 6 Drawing Sheets

P ERTT 0 HPFEF - IR Eﬁ[ﬁ%qm

Total FOV=40

degrees
F-number: f/0.85

(No aspherical lens)

Intended for
fluoresces
observation of
biological
Specimens

1. Color correction is

necessary
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Kitahara’s patent /example 1

~———0BJECT SIDE F1G.1 TABLE 1
L1
L Le Ls EXAMPLE 1 - . i . v
Lo
1 266.23 .20 178500 4317
2 —35.04 (.30
3 26.73 4.90 1.83500 42.7
. 4 103.28 (.46
5 220.97 1.25 1.78472 25.7
b 41.65 0,10
e 7 13.59 3.25 1.83500 42.7
8 18.12 1.00 1647069 319
- 9 9,29 9.00
- (T e S s ) | 10 -11.37 1.00 1.84666 239
) nd e g LENS | | o 11 §3.35 5.85 1.88300 40.9
1ST LENS [ GROUF GHD”Z 'r:i Ens 12 -17.18 0.20
2ND LENS GROUP 13 70.44 3.55 1.88300 40.9
Lt |4 -35.35 .10
15 23.13 2.) 1.83500 427
16 44,83 10.00
17 w 265 1.51633 64.1
14 &
F =240
Fno = 1:0.85
2o = 40.0°
conjugate length = 300 mm
back focus = focal length x 0.419 (10.1 mm)
X5 R O: PR« SRR AR 9-60
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Kitahara’s patent /example 2

T i )
~—— OBJECT SIDE FI1G.2 IABLE 2
Lt EXAMPLE 2 Surface f d N v
Lo 1 241,35 3.20 1.81035 41.5
— 2 -88.84 (.47
3 26.71 5.43 1.85142 412
4 155,19 0.55
d de | | ow 5 ~3751.43 1.62 1.79049 258
—— R f 37.25 0.65
x/ 7 13.43 3.00 1.85507 40.8
3 18,18 1.00 1.66761 315
v 9 9.31 740
Fiz 10 -11.41 1.00 1.84666 239
5\ s 11 594 550 18830 409
- TTH LENS Cht O .
| 6TH LENS GROUP 12 =17 4] (.28
/ PRaRS)  SThoEs U 13 63,25 355 1.88300 40.9
1STLENS S \b LENS  4TH LENS 14 _33.70 0.10
it s GROUP 15 23,23 281 L8180 421
16 45,40 10,00
17 @ 2.65 1.51633 64.1
18 o
F=239
bno = 1:0.85
2m = 308

comugate length = 300 mm
back focus = focal length x 0.419 {10.0 mm)
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Kitahara’s patent / example 3

Surtace r d N b
-—QBJECT SIDE F I G3
1 -213.50 1.52 1.71700 47.9
|I-_JT—[ Lz . EXAMPLE 3 - 190.81 1.0
5 [~ L ) E
Le |, e L, Lals o Lu Les 3 115,48 343 188300 40.9
j W) 4 -74.87 0.13
5 30,52 3,73 1L RE 300 40.9
6 266.63 0.25
dz |/ da 7 11534892 1.50 174000 282
a - / dio dzo dz4
N { Sk 8 44.59 0.10
« o d‘%, 9 15.11 3.50 1.88300 409
. ’ i P 10 18.29 1.45 1.68893 3.1
™ re il b 11 10.62 5.23
l Fez 12 ~11.92 1.50 1.84666 23.9
— 13 73.06 5,85 1.83500 42,7
F
& Ff ” re (70 " My fisfr 14 -1%.68 0.1
[ TTH LENS 5 529.52 2, JH3A00 2.7
Ia Fa ‘.’I qgsohgus GROUP 1 L"_ 11 1.4 E}.] '4
S no Lens STH LENS 16 -55.97 0.10
15T LENs  GROUP GROUP 17 246.07 2,80 1.80235 46.7
GROUP 3RD LENS A2 18 ~37.60 0.10
oROUP 19 15 84 3.03 1.80235 46.7
20 6104 10,000
21 o 2,65 1.51633 .
22 )
F=239
Fno = 1:L85
Yy = 41.4°

conjugate length = 300 mm
back focus = focal length x 0.466 (11.1 mm)
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Low-distortion fingerprint detection system
(US5900993)

United States Patent [

Betensky

[54] LENS SYSTEMS FOR USE IN FINGERPRINT
DETECTIOMN

[75] Imwventor:

[73] Assigneec:

[Z21] Appl. No.:

[22 Filed:

[51]  Dmi. L7 s

[52] U.8. CL

[58]  Field of Search

Ellis Betensky, Toronto, Canada

Cross Check Corporation, Morth Palm

Beach, Fla.

08854157

May 9, 1997

GOZE 13/18
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L A59G63, T
356/71
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Object surface 7}

Image surface 4
L

Cylindrical lens Imaging lens

Version 2008 (% 30 B [ [%)

USO0S000943
[11] Patent Number: 5,900,993
[45] Idate of Patent: May 4, 1999

FOREIGMN BATENT DOCUMENTS

Z D 545 182 United Kingdom .
WO Q201108 T2 WIPLY .

OTHER PUBLICATTOMS

Bahuguna et al., “Prism Aogerprint scosoer thal wuses a
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Arrorney, Agent, or Firm—Mawrice M. Klee

[57] ABSTRACT

Lens systems for use im fingerprint detection systems
cmploving frusirated total internal reflection are provided
The systems include an aperture stop and three lens units
The first lens unit has a positive power, Is located on the
object side of the aperture stop, and forms a tclecentric pupil
for the lens system. The second lens unit has a positive
power, is located on the image side of the first lens uoit, and
forms a real image of the object. In cerain embodiments, the
third lens unit is located between the first and secomd lens
units and has subsiantially afocal cyvlindrical povwer. In other
cmhbodiments, the third lens unit serves to correct the ficld
curvature of the image contributed by the first and sccond
lens wnits

18 Claims, 9 Dimawing Shoeets

IR O PR « IR AR

High contrast
IS needed in
such system.

Using Total
internal
reflection
But poor
Imaging
quality has to
be recovered.
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Betensky’s patent / example 1

TABLE 1

et stirfacs 1
Object surface 1 ——

I

Y ——

. o \
Prism Telecentric lens Cylindrical lans

Cylindrical lens
oy \'_--\I I"\I

SYSTEM DATA

Total Track 107.5593
Working F/# 5.10882
Ohj. Space N.A. 0.022
Maximum Field 13.1

Primary Wave

0.650000 microns

Image surface 4 _

SURFACE DATA SUMMARY

Version 2008 (% 30 B [ [%)

Type Radius Thickness Gilass Diameter Conic
[ TILTSURF —_ 25 BK7 26.20408 —_
STANDARD Infinity 2 26.09679 0
2 STANDARD 2570843 5.2 ACRYLIC 26.04222 0
3 EVENASPH 231.1318 5170056 25.2033 0
STO  STANDARD Infinity 0 2.487769 0
5 TOROIDAL Infinity 5 BK7 2.556231 0
[} TOROIDAL Infinity 20.27059 4.734597 0
7 STANDARD 13.64298 5.8 ACRYLIC 13.95049 0
8 EVENASPH -18.10472 17.62166 13.58516 -5.6061331
IMA  TILTSURF —_ 0 6.167979 —
SURFACE DATA DETAIL
Object Surface Tilted 45 degrees
Image Surface Tilted 6.5 degrees
ASPHERICAL SURFACE DATA
Surf. D E F G H I
3 1.123047E-5 -1.738811E-8
8 3.954257E-5 1.31374E-7  4.264235E-8 -2.068281E-9 4.132821E-11 -3.018667E-13
Surface 5 TOROIDAL Radius of revolution. -3.967406
Surface 6 TOROIDAL Radius of revolution. —6.046119

I RREE O: PR - IR RER AR
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Betensky’s patent / example 2

SYSTEM DATA

Total Track 135.915

Working F/# 4.36037
Maximum Field 15.89

Primary Wave 0.650000 microns

SURFACE DATA SUMMARY

Surf Type Radius Thickness  Glass Diameter Conic
OBY TILI- —_ 25 BEK7 3178003 —_
SURF
1 STAMN- Infinity 5.190437 2.86197 ]
DARD
2 STAN- 136.3678 [ ACRY-  33.13347 0
DARD LIC
3 STAN- —06.82787 8318716 3297939 =3.393047
DARD

Version 2008 (% 30 B [ [%)

40

50

55

60

TABLE 2-continued

4 STAMN-
DARID
5 STAN-
DARD
ST STAMN-
DARID
7 STAN-
DARD
8 EWVEN-
ASPH
IMA TILT-
SURE

5.478497 5 K10 6.598144 0

3.073549 2.831873 2.660189 0

Infinity 8.328321 3.099801 0

250.2192 5 ACRY- 7.829303 0
LIC

—-9.070955 20.37725 9.067309 0

- 0 6.134792 —_

SURFACE DATA DETAIL

Object Surface Tilted 45 degrees
Image Surface Tilted 7.21 degrees

Surface 8 Aspherical Coefficients for powers of r
7 —0.02235599; r*; 5.636344E-5; °: 9.350753E-6; ¥ -1.163031E-6;

-

i 8UIR2024F-8; 1 —2.91578TE-9; i 4.1623E-11

NEFFARLT 0 SIPHET WK AN 9-65



Betensky’s patent / example 3

/____. T TABLE 3
Ve - s7
RTAY SYSTEM DATA
~,
RN Total Track 70
! Working F/# 4.30765
’ : Ay Ohj. Space N_AL 0.022
51 52 S3 Maximum Field 13.102
Primary Wave 0.650000 microns
SURFACE DATA SUMMARY
Surf  Type Radius Thickness Glass Diameter Conic
OBl  TILTSURF — 11 BE7F 2620408 —
1 STANDARID Infinity 0.2 27.90575 0]
2 EVENASPH 39 89135 4.473029 ACRYLIC 25.21343 —5.826537
3 STANDARD —48. 78906 53.56381 28.19267 4]
4 STANDARID —-2.906349 1.339289 ACRYLIC 2914914 4]
5 EVEMNASPH —2.656021 0.2 3.107117 o
ST0O  STANDARD 2.184049 1.523577 ACRYLIC 2657442 o
ra EVENASPH 2191862 B. 700297 2. 213909 o
IMA  TILTSURF S 0 4932831 =
SURFACE DATA DETATL
Ohject Surface Tilted 45 degrees
Image Surface Tilted 6.8 degrees
ASPHERICAL SURFACE DATA
Surf. ] E F G H I
2 —1.676925E-6 5.368215E-9
5 00045 TFITT 00007814665 —. 04157 e94 00001039365
7 004622665 0003402386 —0.HS5275569 —0002330625 0000606924 —0.003251713

Version 2008 (% 30 B [ [%)

I RREE O: PR - IR RER AR
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Betensky’s patent / example 4

TABLE 4
L1 SYWSTEM DATA
T1) T2
|1 T3 Total Track 70
T | Working Fr# 4.31084
{14 A Obj. Space N.A. 0.022
| — Maximum Field 13.102
P Primary Wave 0.650000 microns
S1 52 83 SURFACE DATA SUMMARY
Surf Type Radius Thickness Glass Diameter Conic
OB TITTSURF —_ 11 BE7T 2620408 —_
1 STANDARDY Infinity 0.2 27. 48681 0
2 STANDARD 43.31 3.5 SE1 27.72874 0
3 STANDARID -171.85 49, 17635 2758105 ]
4  STANDARID -3.234051 0.8 BET 5 8]
5  STANDARD 6.522 0.25 5 0
o STANDARDY 12,474 1.4 5F1 5 0
7 STANDARD -7.133 0.2 ) 0
STO STANDARD Infinity 1.3 SFo =) Q
g STANDARD -6.522 13.173186 5 4]
IMA TILTSURFE —_ 4] 4.9432 S

SURFACE DATA DETAIL

Object Surface: Tilted 45 degrees
[Image Swrface: Tilted 6.2 degrees

Version 2008 (%~ B [{i4 1) ﬁ?ﬂc;ﬁﬁgﬁ:{‘ 9: %ﬁﬁ%‘?{‘ . E#I’FIE‘EEJ‘ ﬂﬁ%ﬁﬁ 9-67



Betensky’s patent /example 5

S1S2 S3

TABLE 5

SYSTEM DATA

Total Track 431763

Working F/# 4.33983

Obyj. Space N.A. 0.022

MMaximum Field 13.102

Primary Wave 0.650000 microns

SURFACE IDATA STDNNMARY

Results of Search in 1790 to present db for:
REF/5900993: 7 patents.
Hits T throwgh Fowtof 7

Jurnp To | l— Onl! tO 2003

Refine Search |reff59(?0993

FAT. MO, Title
16,485,145 T Optical system for display panel
26,476,973 T Compound surface to aid in the fabrication of a lens with a plano surface
26,272,562 T Access control unit interface
46,263,000 T Code reader fingerprint scanner
56,178,255 T Individualized fingerprint scanner
66,127,674 T Uneven-surface data detection apparatus
76,115484 T Economical skin-pattern-acquisition and analysis apparatus for access control, systems controlled thereby

Version 2008 (% 30 B [ [%)

Surf Type Radius Thickness Glass Diameter Conic
OB TILIT- —_ 11 BET 2620408 —_
SURE
1 STAM- T ity 0.2 22 s}
DARIDY
2 EVEMN- 20.685035 3.5 ACRYLIC 22 o
ASPH
3 STAMN- —31.72422 2902133 22 u}
DARD
= EVEMN- = 1. T2 1 ACRYLIC 2.6 9]
ASPH
= STAMN- —2.193759 0.1 2.0 (9]
DARDY
ST STAMN- 1.547474 1 ACRYLIC 2 0]
DARDY
7 EWVEMN- 1.829054 0.4824209 2 o
ASPH
= STAMN- 1.755330 1.177711 ACRYLIC 2.a 0]
DARDY
=) EWVWEMN- 2020989 3. 694845 2.0 o]
ASPH
IMA TILT- —_— 8] 4976063 e
SURE
SURFACE DATA DETAIL
Ohject Surface: Tilted 45 degrees
Image Surface: Tilted 5.02 degrees
ASPHERICATL SURFACE DATA
Surf. ] E F G
2 —4.629460E-5 —4 6294a66E-5
4 001786009 0.0319493 —{.05570782 003130791
7 001557 03785613 —3.03016861 003552276
9 001319803 0001277422 O 8E2929 0001614795

I RREE O: PR - IR RER AR
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Some current patents

a2 United States Patent
Mihara

(10) Patent No.: US 6,323,892 B1
45) Date of Patent: Nov. 27, 2001

(54) DISPLAY AND CAMERA DEVICE FOR
VIDEOPHONE AND VIDEOPHONE
APPARATUS

(75) Inventor: Takashi Mihara, [ruma (JP)
(73) Assignee: Olympus Optical Co., Ltd., Tokvo (JP)

(*) Notice: Subject to any disclaimer, the term of this
patent is exiended or adjusted under 35
U.S.C. 154(b) by O days.

(21) Appl. No.: 09/363,217
(22) Filed: Jul. 29, 1999
(30) Foreign Application Priority Data

AUg 4, 1998 (JP) woommveressmrrsssnrnsonsmrennsserenns 10-220516

(51) Int. CL7 e HO4N 7/14
(52) US.CL oo, 348/14.01; 348/14.08;
348/14.16

(58) Field of Search ..., 348/14, 15, 20,
348/335, 340; 404/235; 359/3064, 833, 808,

869

(50) References Cited

5,317,405 = 5/1994 Kuriki et al. .oovovirricvinvenen. 348,20

5,730,518 *  3/1998 Kashima et al. .. 362/31

5,815,196 % 91998 AIShAWL .oooreerierirennenns 04235
FOREIGN PATENT DOCUMENTS

402194786A " 8/1990 (JP) i, HOAN(T /14

Version 2008 (% 30 B [ [%)

4043100534 * 11/1992 (IP) v, HOAMYLL06

405064183A *  3/1993 (IP) ... eene HO4N/T/14

405292491A * 1171993 (JP) wooovvcscrer . HO4N/T/14
6-22308  1/1994 (IP).

406133308A * 5/1994 (JP) ceoveveernrrerssnneennrs. HO4NIT,

408140143A * 5/1996 (JP) coovvecorcvresscinnnernn HO40/7,

4081494444 T 6/1996 (JP) ttmmsnmtamiran e eesseraeeens HOMETY

40834005204 * 121996 (JP) weoevversseeroeovenronon HO4N/7,
9-166760  6/1997 (IP) .

410191288A *  T/1998 (JP) coovccccrrsnnnreers. HOANST)

63-252084 10/1998 (IP) .
* cited by examiner

Primary Examiner—Curtis Kuntz

Assistant Fxaminer—Ilelur Ramakrishnalah

(74) Aitarney, Agent, ar Firm—Y¥rishauf, Holtz, Goodm:
Langer & Chick, P.C.

(57) ABSTRACT

A display and camera device for a videophone comprises a
ligquid crystal display for displaying a picture, a camera such
as a CCID sensor or a CMOS sensor, a free-form surface
prism, and a prism for guiding light to the camera. The
free-form surface prism has a concave reflector for optically
enlarging a picture displayed on the display. Abeam splitter
is provided on a bonded surface between the free-form
surface prism and the prism. The beam splitter is designed
to reflect some of light beams from the display toward the
reflector and transmit some of light beams from the reflector.
A camera-system optical path extending from the camera is
aligned with a display-system optical path extending from
the display within the free-form surface prism and the
outside space.

29 Claims, 6 Drawing Sheets

I RREE O: PR - IR RER AR

Camera lens

Free-form optics

(No lens data included in this patent)
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Conclusions

e Lens patents usually « Simple extensions of

: lication
have lens data files applicatio
— Scaling
— BU_t, often some key — Materials replacement
points (parameters) — Image-plane Resizing
missed — Throughput changing
— The retrieval needs o _
some skills * New applications drive
» A good test platform is new designs

most crucial — We may have to consider
different approaches in
optical design but reading
patent can enhance your
design capability

— modification with
optimization is
critical
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Homework

ENISI=§ I
- ?Ugoogleﬁfvgﬁ IR
e http://www.google.com/patents
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Version 2008 (%5 B [{i.12) W RHRERT 0: HPFET - SRR A

9-71



	光學系統設計�(Optical System Designs - 9) 
	課程總目錄
	課程總目錄（續）
	第九講大綱
	Patent and optical designs
	Patent resources and issues
	US paten web entrance
	US patents
	Patent format
	Learning from patent: keys
	Key 1: check claims and drawing
	Claims
	Key 2: Look at Abstract and summary
	3. Learning more from�background
	4. Look at embodiments
	How to analyze patent?
	How to build up patent roadmap
	Patent analysis 1: Canon works
	Canon’s Patents of CCL 359
	Patents of CCL 362
	Subjects: Zoom lenses design
	The trend of zoom lens design
	Show how to do Patent check
	Key Figure and Figures
	Road Map
	Simple simulation by OSLO
	Simple simulation by TracePro
	Estimate the efficiency (%)
	On Caldwell’s collection
	Selected patents
	Zoom lens for digital camera �(US 6014268)
	Yahagi’s patent
	Yahagi’s patent/ example 1
	Yahagi’s patent /example 2
	High-resolution CCD lens�(US5706141)
	Abe’s patent/ Example 1
	Abe’s patent / Example 2
	Abe’s patent / Example 3
	Abe’s patent /example 4
	Abe’s patent / example 5
	Abe’s patent / Example 6
	Zoom enlarging lens�(US5696633)
	Nakajima’s patent / Example 1
	Nakajima’s patent / Example 2
	Nakajima’s patent / Example 3 
	Wide-angle soft focus photographic lens�(US 5822132)
	Hirakawa’s patent / example 1
	Hirakawa’s patent / example 2
	Hirakawa’s patent / example 3
	Hirakawa’s patent / example 4
	Fast zoom fisheye lens for electronic cameras�(US 5877901)
	Enomoto-Ito patent / example 1
	Enomoto-Ito patent / example 2
	Enomoto-Ito patent / example 3
	Enomoto-Ito patent / example 4
	Enomoto-Ito patent / example 5
	An economical triplet for over-head projectors�(US5596455)
	Fast double-Gauss lens �(US5920436)
	Kitahara’s patent /example 1
	Kitahara’s patent /example 2
	Kitahara’s patent / example 3
	Low-distortion fingerprint detection system�(US5900993)
	Betensky’s patent / example 1
	Betensky’s patent / example 2
	Betensky’s patent / example 3
	Betensky’s patent / example 4
	Betensky’s patent /example 5
	Some current patents
	Conclusions
	Homework

