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課程總目錄

幾何光學集要: 
完美成像與高斯光學、像差理論估算與案例分析

第一週

物理光學集要:  繞射、點分散函數、MTF、偏振、高斯光束、
部份同調與散射

第二週

鏡組最佳化分析及簡例說明 第三週

公差容忍度分析與光學測試及簡例說明 第四週

非球面鏡頭理論、設計與案例說明 第五週

投影鏡頭理論、設計與案例說明 第六週

變焦鏡頭理論、系統設計與案例說明 第七週

相機鏡頭設計與案例說明 第八週

鏡頭設計、資料庫與專利深論 第九週

非傳統鏡頭系統之設計與案例說明 第十週
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課程總目錄（續）

照明基礎理論與光通量(throughtput)估算 第十一週

色彩學（colorimetry）與應用 第十二週

照明光源與典型照明工法（schemes） 第十三週

照明光學設計法I:反射片 (reflectors) 第十四週

照明光學設計法II: Condenser and lenslet arrays  第十五週

照明光學設計法III:光管 (lightpipe) 第十六週

照明光學設計法IV: Fresnel lenses 第十七週

照明應用實例與解析 第十八週
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第九講大綱

• Patent and optical design
• Patent resource
• Issues of patent literature
• How to analyze patent
• Example of Patent analysis
• Useful patent selection

– Caldwell selection and LensView
• Examples
• Conclusions
• Homework
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Patent and optical designs
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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 (3rd. 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

• Many omit
– Field of view

• Some omit 
– F-number

• Still, 
– 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)
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US paten web entrance
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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
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Patent format

• Abstract
– How many 

claims (and 
drawings)

• Field 
• Background
• Summary 
• Brief description of 

the drawings
• Detailed description 

of preferred 
embodiment 
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Learning 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
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Key 1: check claims and drawing

In the first page, the 
most important 
drawing will be 
reproduced.



Version 2008 (交大光電陳志隆) 光學系統設計 9: 鏡頭設計、資料庫與專利深論 9-12

Claims

You have to say something like this!!!
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Key 2: Look at Abstract and summary

The wording is somehow a little
different from common use!!!

……
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3. Learning more from
background

More on abstract

Indicate why the invention is important!!!! 
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4. Look at embodiments
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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

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
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How to build up patent roadmap

• Build up previous works from 
references

• Check further citation from patent 
database Example:
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Patent analysis 1: Canon works

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

With the helps of CY Liu
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 Canon's total patents per year

After 1998, the number exceeds 2000 
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Canon’s Patents of CCL 359

There are ~ 2000 patents in optical 
design (from 1985 to 2005)
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Patents of CCL 362

There are 100 patents in illumination 
design (form 1985 to 2005)
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Subjects: Zoom lenses design

Herein, I concentrate  my topic on “zoom lenses” design
It can be found that in past twenty years, there are 321 patents

I 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  
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The trend of zoom lens design
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 The survey of Zoom lenses patent

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
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Show how to do Patent check

With the helps of CC Chen



Version 2008 (交大光電陳志隆) 光學系統設計 9: 鏡頭設計、資料庫與專利深論 9-24

Key Figure and Figures
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Road Map
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1940 _________________________________________________________
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Road map with key figure
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Simple simulation by OSLO

• Using OSLO to estimate the 
center lens
– Set it as a equal-convex lens 

with conic surface.
• Thickness is 15 mm and the 

distance between the focal 
point to first surface is 7 mm
– using spot size is minimum to 

solve the radius and conic 
constants .

– Results:
• R=10.4562814166115 
• CC= -1.8572884775762



Version 2008 (交大光電陳志隆) 光學系統設計 9: 鏡頭設計、資料庫與專利深論 9-28

Simple simulation by TracePro

• Making a parabolic lens 
– Radius is 6mm/ length is 

20mm/material is BK7/aperture 
is 33.4/Conic constant is –1

– set the origin as the focus of 
parabola.

• Making a sphere with radius is 
10mm and center is at origin.

• 3. Boolean operation:subtract 1 and 
2.

• 4. Unite 3 and the center lens made 
by OSLO.
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Estimate the efficiency (%)

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

Source size     0.1×0.1 mm2 (62.8%)                       2×2 mm2 (59.8%)
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On Caldwell’s collection

• Only printed form
– Not included in Caldwell’s 

LensVIEW
– more than 30,000 

individual lens 
designs from the US 
patent literature, the 
Japanese patent 
literature, as well as The 
Zeiss Index of 
Photographic Lenses. 

– Download the fully 
functioning LensVIEW
Demo (5.4 MBytes)
containing 167 lens 
design examples from 59 
randomly selected 
patents. 
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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
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Zoom lens for digital camera 
(US 6014268)

• 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@ 

160lp/mm
• SXGA: 1280X1024

– MTF for VGA  0.5@ 
80lp/mm

• VGA: 640X480
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Yahagi’s patent

Designs of different  f/# were also provided

Two modes: (1) wide angle; (2) telecentric mode

Negative Positive 
Cover glass
(IR filter)
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Yahagi’s patent/ example 1

Second surface is aspheric surface

Small-size lens

You still need some efforts to achieve the desired performance
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Yahagi’s patent /example 2

First surface is aspheric surface
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High-resolution CCD lens
(US5706141)

• 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 

– A kind of reversed 
telephoto design is 
preferred

• Lenses are either bi-
concave or bi-convex

• Back focal length is 7.7 
mm (1.46 f)

• MTF is ~0.5 @ 
80lp/mm
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Abe’s patent/ Example 1

All spherical lenses
Small size



Version 2008 (交大光電陳志隆) 光學系統設計 9: 鏡頭設計、資料庫與專利深論 9-38

Abe’s patent / Example 2

All spherical lenses
Small size
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Abe’s patent / Example 3

All spherical lenses
Small size
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Abe’s patent /example 4

All spherical lenses
Small size
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Abe’s patent / example 5

All spherical lenses
Small size
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Abe’s patent / Example 6

All spherical lenses
Small size
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Zoom enlarging lens
(US5696633)

Total conjugate distance is 
constant
(a normal 
requirement)

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

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

Nearly diffraction-limited 
performance
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Nakajima’s patent / Example 1

All spherical lenses

High magnification short effective focal length
Telephoto ratio is still large (from 1-1.31)

Good for further processing
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Nakajima’s patent / Example 2

All spherical lenses



Version 2008 (交大光電陳志隆) 光學系統設計 9: 鏡頭設計、資料庫與專利深論 9-46

Nakajima’s patent / Example 3 

All spherical lenses

Only to 2003
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Wide-angle soft focus photographic lens
(US 5822132)

Intended for landscape 
photography

1. Having a large 
amount of special 
aberration 

2. 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. f/3.6
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Hirakawa’s patent / example 1
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Hirakawa’s patent / example 2
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Hirakawa’s patent / example 3
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Hirakawa’s patent / example 4

Only to 2003
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Fast zoom fisheye lens for electronic cameras
(US 5877901)

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)

F/#~1.4

Only to 2003
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Enomoto-Ito patent / example 1
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Enomoto-Ito patent / example 2



Version 2008 (交大光電陳志隆) 光學系統設計 9: 鏡頭設計、資料庫與專利深論 9-55

Enomoto-Ito patent / example 3
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Enomoto-Ito patent / example 4
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Enomoto-Ito patent / example 5
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An economical triplet for over-head projectors
(US5596455)
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Fast double-Gauss lens 
(US5920436)

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
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Kitahara’s patent /example 2
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Kitahara’s patent / example 3



Version 2008 (交大光電陳志隆) 光學系統設計 9: 鏡頭設計、資料庫與專利深論 9-63

Low-distortion fingerprint detection system
(US5900993)

High contrast 
is needed in 
such system.

Using Total 
internal 
reflection
But poor 
imaging 
quality has to 
be recovered. 



Version 2008 (交大光電陳志隆) 光學系統設計 9: 鏡頭設計、資料庫與專利深論 9-64

Betensky’s patent / example 1
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Betensky’s patent / example 2
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Betensky’s patent / example 3
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Betensky’s patent / example 4
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Betensky’s patent /example 5

Only to 2003
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Some current patents

• Camera lens

Free-form optics

(No lens data included in this patent)
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Conclusions

• Lens patents usually 
have lens data files
– But, often some key 

points (parameters) 
missed

– The retrieval needs 
some skills

• A good test platform is 
most crucial 

– modification with 
optimization is 
critical

• Simple extensions of 
application
– Scaling
– Materials replacement
– Image-plane Resizing
– Throughput changing 
– …

• New applications drive 
new designs
– We may have to consider 

different approaches in 
optical design but reading 
patent can enhance your 
design capability
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Homework

• 你的作業是

– 到google的專利網頁

• http://www.google.com/patents
– 自選出一個項目

– 做相關的專利地圖分析

• 要說明你為何是這樣子選的?
• 你的專利地圖分析的依據為何?
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