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INTRODUCTION

SPO Inc. would like to sincerely thank you for your interest regarding of SPO's products.

SPO Inc. is the company of machine vision optics whose main business is manufacturing of vision
system modules which have been applied for the various fields like FPD(TFT & LCD, OLED) and
SMT & PCB, Semiconductor and Automotive.

Optics is very significant and essential components to the industry field like machine vision
system & precise metrology application (2D & 3D measurement). Also, it has been demanded for

a longtime to improve the system quality and changed to the various applications continuously.

SPO Inc. has many experiences of customized lens designing and manufacturing for various
lenses and modules those are high resolution telecentric lenses and special optical modules

according to customer's requirement.

SPO Inc. also will try to give the great satisfaction throughout the accumulated technology to the
customer who wants to find the best & fast solution,
In addition to, SPO Inc. will accompany with our customers for the succeed business throughout

providing the reasonable price, high quality, and fast delivery.

SPO Inc. tries to keep on developing and researching for the new product and inquiry constantly
to become the No.1 of optical development company in the world. It is delight to us that you
take an interest in our products. If you have any needs for our products or customized products,

please don't hesitate to contact us anytime,
SPO Inc. is sincerely looking forward to your warm concerning and interesting all the time.

Thanks!
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SPO would like to guide you for the machine vision components and system to make a decision for the proper lens and
illumination in the various applications.
This explanation for SPO lens will give the easy to understand and choose the best choice,
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Model Explanation

Optical System

\ - TCL : Telecentric Lens
- NTL : Non-Telecentric Lens
- TIL : Telecentric lllumination

M (Magnification)
- 00.000X

W.D (Working Distance)
- 000.0mm

lllumination Insert

N\ - D : Coaxial lllumination
- :Non Coaxial llumination

Variable Aperture

\ -1 : Iris Type
- Non Iris Type

Lens Structure Schematic Sensor Format

N\

= 29M, 5M, HR, ST, 12K --

\ Sensor Diagonal Length
ll ii ~32.23, 11,8
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Working Distance(W.D)

Distance from the end plane of optical lens to the surface of specimen when in focus.
When optical components(lllumination, Mirror Block etc.)) inserted, W.D is will be
from end of component ta specimen.
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Focal Length & Back Focal Length (EFL & BFL)

Focal Length is the Distance between the principal point and the focus plane.
Back Focal Length is the distance from the vertex of the last lens to the focus plane,
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Depth of Field (Object Side) & Depth of Focus(Image Side) (D.O.F)

Depth of field is the range around the focal point of object side or Image side in which the focal
point is still sharp and focused.

- Depth of Field = 2 x [(Permissible circle of confusion x effective F/#) / M*]
- permissible circle of confusion : Sensor Pixel Size x 4 (Area Sensor)
% 2 (Line Sensor)

ex) Case of Area Sensor (@ Pixel Size = 4.5ym), F/#=8, Magnification = 1.3X
DOF=2x[(18mx8)/1.3*]=170.4pm
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Resolution

Resolving is the capacity to distinguish the minimum space between points and lines.
Resolving is determined by N.A and wavelength(A).
Resolution = (0.61xA) / N.A

ex) 0.61 x 550nm(Ac) /0.1 = 3.36m
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Resolving Power

Resolving power Is the number of lines per millimeter(Ilp/mm) in which the black & white lines are
distinguished. The resolving power is expressed by line/mm,

ex) 70lp/mm means to distinguish the line gap of the black & white of 1/70mm pitch.
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I
Flange Back(F.B)
Flange back is the length between the sensor plane and the front plane of camera mount.
Mount C-Mount C5-Mount F-Mount
F.B (mm) 17526 12.5 46.5

Back Focal Length(BFL)
Focal Length(EFL)

Y. Y

D.OF

seeen

100%

74%

lII-1

lpitch

1

. 1 ‘
«(FB) ISensor
Plane
I'

Front plane
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Telecentric System

- The optical system in which the principal ray is parallel to the optical axis of lens.

- There are two types of telecentric lens like object side, Image side and both side telecentric optical system,

- There is no not only perspective error but magnification changed within D.O.F.

Object _ Sensor
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Distortion

Sensor

- Lens's aberration in which the straight line outside of the optical axis isn't displayed as straight line on image plane.
- The kind of distortion is positive one and negative on like pincushion distortion and barrel distortion as follow.

Object Pincushion Distortion
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Numerical Aperture

The number is related to the lens's brightness and resolution. Measurement value of the cone of

light accepted by alens.

= Object N.A=n x sinB(n : Object side index)
*Image N.A' = n' x sinB' (N’ : image side index)

ex)NA=0.1»8=sin" 0.1=5.73
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Numerical Aperture

The F-Number value indicates lens brightness.

Lower F/# becomes more brighter lens but D.O.F will be short,

- Infinite F-Number (object infinite distance)

EFL
F-Number = :
®e(entrance pupil diameter)

=1/2 N.A' (Sensor Side N.A)

- Effective F-Number (object finite distance)

Effective F-Number = (1+ M) x Infinite F-Number
=1/2 N.A'(Sensor Side N.A)

Barrel Distortion

000000

F/2a8 F/4.0

F/56 F80 F11 F/l6

{Good T

Short

Do F Ty
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Magnification

Img Distance (L' N.A Sensor Size(Y' '
Magnification = S L = = A = __

Obj Distance (L) N.A Object Size(Y) f

L =
— P
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Electronic Magnification

Electronic Magnification is a magnification of an image on CCD camera when displayed on a Monitor,
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Field of View(F.0.V)

The size of captured objective by lens with camera,
The side of F.O.V is sensor format size / optical magnification.

Standard £ Prec iairllf"'|nlin

Monitor Magnification

Monitor magnification is the on of object displayed on @ monitor through a lens.
Monitor magnification = optical magnification x electronic magnification

ex) optical magnification 0.2X, CCD Size 1%"(Dia. 8nm), Monitor 14"
Electronic magnification = (14 x 25,4) / 8 = 44,45
Monitor magnification = 0.2 x 44.45 = 8.89
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Sensor Format

Area Sensor{unit/mm)

88
Tz
48 £4 96
3 s - 4‘8 - 5‘3 6.6
13 1.8" 273" 1" 250 Sensor

172" 1/

Line Sensor

2K
4K 8K 12K
2048 X 10 um 4096 X 10 um 8192 X 7um 12288 X 5 um
4096 X 7 um

2048 X 7 um
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Optical Unit

Pitch Unit for Fiducial Mark Alignment

This unit is good for fiducial mark of sample simultaneously,
It can be applied the narrow space efficiently also prevent
to interference the camera rather than general system.

\I.]r:cl.uui & Precision Oplics
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Application for lllumination Method

Top Plate

Inner optical path length

90 right Mirror Block for Narrow Space

This mirror block is useful when there is limited space
Final image becomes mirror images. Also, Origin lens W.D
will be reduced due to inner optical path length.

lllumination choice is very significant as well to machine vision system and improper illumination will be irritated a variety of
image problems like hot spot, blurring, shadowing & non-uniformity. Thus, it is essential to choose the proper illuminations
according to applications. Customer can choose a variety of illumination like below according to applications.

i

Coavial External
Illumination Coaxial Ilumination

i 4

Multi angle light Dome light

I
u

=
————
Ring Back
Illumination Hlumination

| Swm=ls

Telecentric lllumination

SPO will guide to the best solution also make the customized illumination according to the various applications.



TCL-Line series

Telecentric lens for line scan camera (4K~ 12K)

- Lined up 4K to 12K line scan camera.

- Possible to use the inner coaxial illumination (12K & 3.5X/
5.0X/7X/10X) with uniform LED guide according to the
illumination condition,

- Possible to adjust of the D.O.F by Iris diaphragm also change
the mount according to any camera brand.

~ Standard £ Precision ( Iplics

Sensor size for lens scan camera

2K
5 8K| 12k
2048 X 10 um 4096 X 10 um 8192 X 7 um 122.88)(.5un;
2048 X 7 um 4096 X 7 um
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Area VS line scan

Applied for the FPD (Flat Panel Display), PCB(Printed Circuit Board), LED package inspection applications those are reguest to
measure of wide area to save tact time.

SPO have various lens according to line sensor size and magnification also provide the best solution.

eM Why use the line scan camera? Afea Scan Mode Line Stan Mexle

A. It can save tact time and equipment cost by scanning for wide area
for one time.

B. It depends on the scanning time and method according to line camera
like sensor size and scanning way .
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TCL-Line-4K series

S o BaF ™ Ditartion sy Sensor size
TCL 0.5X-2371-4K 0.5X 237 8.4 004 6.25 700 0.02 0.08 4K (7pm) F
TCL 0.7X-1301-4K 0.7X 130 531 0.066 5.3 303 0.04 0.05 AK (Tpm) F
TCL 0.77X-1401-4K 0.77X 140 7 0.0477 8 540 0.03 0.06 4K(10mm)  M72
TCL 0.92X-170[-4K 0.92X 170 5.2 0.064 7.2 238 0.01 0.03 4K (7ym) F
TCL 1.0X-138I-4K 1.0% 138 6.1 0.055 9.1 364 0.04 0.02 4K(10pm) F
TCL 2.0X-100-4K 2.0X 102 3 0.09 111 111 0.03 0.04 4K (10pm) F

*Remark : Possible to change of mount

e@®® TCLO5X-2371-4K Stand ¢ e®e TCLO.7X-1301-4K
WD23742 2497
RS Z 1005 2§ WD130£2 163,5 46,5
70 231 215 429
\\ i T
| | i ] e
( o = i = 3
) o = i
I | = ..
i RS \ F-MOUNT o= AFHOUNT
ee® TCLO.77X-1401-4K ndare | oee® TCLO.92X-1701-4K
WD140 22 2404 6,56 W 345 .
03 733 % ] 478 ol ; EIT ETE =
T g ——
| | i |
| s A Eml g sl e |
1Y - [ = G: = ;\ If
| | £ |
= | e =1
5 SRR | N FMOUNT
ee@® TCL1.0X-1381-4K tandlar recision Cf eee TCL2.0X-100-4K
WD138+2 - qqzlnh - 465  Wiigdias T s
o i T | BB 754 344 333 I
: 2 IJIJ @ = A
I 0 =4 J] = =i L
I L L
= F-MOLUNT \ E-MOUNT
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