(19) United States

12 Reissued Patent
Chen et al.

(10) Patent Number:
45) Date of Reissued Patent:

USOORE48828E

US RE48.828 E
Nov. 23, 2021

(54) COMPACT OPTICAL SYSTEM, IMAGE
CAPTURING UNIT AND ELECTRONIC
DEVICLE

(71) Applicant: LARGAN Precision Co., Ltd.,
Taichung (TW)

(72) Inventors: Kuan-Ming Chen, Taichung (TW);
Hsin-Hsuan Huang, Taichung (TW)

(73) Assignee: LARGAN PRECISION CO., LTD.,
Taichung (TW)

(21)  Appl. No.: 16/709,871

(22) Filed: Dec. 10, 2019
Related U.S. Patent Documents

Reissue of:
(64) Patent No.: 9.885.856

Issued: Feb. 6, 2018

Appl. No.: 14/699,848

Filed: Apr. 29, 2015
(30) Foreign Application Priority Data

Jan. 9, 2015 (TW) i, 104100808

(51) Imnt. CL

GO02B 13/00 (2006.01)

G02B 9/12 (2006.01)

(Continued)

(52) U.S. CL

GO2B 13/0035 (2013.01); GO2B 9/12

(2013.01); GO2B 13/18 (2013.01); GO2B 3/04
(2013.01)

(58) Field of Classification Search
CPC ... G02B 13/0035; GO2B 9/12; G02B 13/18;
G02B 3/04; GO2B 9/14; G02B 9/16

See application file for complete search history.

{40
\

T

/ 150

;?{] 1%{] 13(_}»\1ﬁ :

|

\ -
T 1 e £

""| ._.__.-'-"__.-F' -

b T

_—— =N Tad k- —T T . -

(:] ... ----- e LR REI T AT e = =
o

5
-

l=-

(56) References Cited
U.S. PATENT DOCUMENTS

4/1975 Cox et al.
2/1976 Fleischmann

(Continued)

3,877,792 A
3,936,154 A

FOREIGN PATENT DOCUMENTS

CN 102608730 A 7/2012
CN 203630432 A 6/2014
(Continued)

OTHER PUBLICATTIONS

“Focal power.” (1992) In C. G. Morns (Ed.), Academic Press
Dictionary of Science and Technology, 4th ed., Oxford, UK: Elsevier
Science & Technology. (Year: 1992).*

(Continued)

Primary Examiner — Christina Y. Leung
(74) Attorney, Agent, or Firm — Maschoil Brennan

(57) ABSTRACT

A compact optical system includes, i order from an object
side to an 1mage side, a first lens element, a second lens
clement and a third lens element. The first lens element with
negative refractive power has an image-side surface being
concave 1 a paraxial region thereof. The second lens
clement has refractive power, wherein at least one of two
surfaces ol the second lens element 1s aspheric, and the
second lens element 1s made of plastic matenial. The third
lens element has positive refractive power, wherein at least
one of two surfaces of the third lens element 1s aspheric, and
the third lens element 1s made of plastic material. The
compact optical system further comprises a stop located
between the first lens element and the second lens element.
The first, second, and third lens elements are all stationary
relative to one another in a paraxial region.

63 Claims, 32 Drawing Sheets

HIt)




US RE48,828 E

Page 2
(51) Int. CL JP S60-091317 A 5/1988
G02B 9/16 (2006.01) {ﬁg 3233182% i gﬁgzg
G025 13715 (2006.01) TP S6091317 A 5/1988
GO2B 3/04 (2006.01) TP H02208617 A 8/1990
JP H05215964 A 8/1993
(56) References Cited Jp 1994-082690 A 3/1994
JP 06082690 3/1994
U.S. PATENT DOCUMENTS JP HO06382690 A 3/1994
JP HO08122634 A 5/1996
4,009,928 A 3/1977 Back JP 1996-220430 A 8/1996
5,418,649 A 5/1995 Igarashi JP HO8220429 A 8/1996
5,502,592 A 3/1996 Jamieson JP H08220430 A 8/1996
5745301 A * 4/1998 Betensky ........... G02B 13/0035 JP H09197264 A 771997
350/687 JP H10288736 A 10/1998
5828498 A 10/1998 Sekiya et al. P H10301023 A~ 11/1998
8,189,276 Bl 5/2012 Hsu et al. U 1998-319315 A 12/1998
8,451,547 B2* 5/2013 Imaoka ......ccocov..... GO02B 9/12 P H10319315 A 12/1998
150/716 JP H11271607 A 10/1999
8,891,142 B2* 11/2014 Nagano ............... GO2B 9/34 }E 388%%333 i %882
358/471 )
2006/0202038 Al*  9/2006 Wang ............ GOG6K 7/10732 tg gggg%ggj; i iggggg
| 235/462.24  1p 2008164989 7/2008
2010/0232013 Al*  9/2010 Yin .ocoovoeveennn.. GO2B 13/0035 P 5002180887 A 212008
- 359/356  gp 2009156950 A 7/2009
2010/0290129 Al"{{ 11/2010 NlSth ................. GO02B 25/001 TP 2009297401 A 12/2009
359/645 JP 2014209190 A 11/2014
2011/0043916 Al 2/2011 Wang et al. TP 7016-031501 A 3/2016
2013/0094099 Al 4/2013 Ko W MA426829 1J 4/2012
2013/0279026 Al ~ 10/2013  Asami et al. WO WO0-9852076 Al * 11/1998 ... G02B 13/0035
2014/0016212 A1l* 172014 Kim .....ooeeveeeeennen G02B 13/04 WO 2012-066750 Al 2/2010
359/716
2014/0293456 Al  10/2014 Komiyama
2015/0248050 Al* 9/2015 Nakamura .......... GO3B 17/565 OTHER PUBLICATIONS
359/675
2016/0018639 Al* 1/2016 Spitzer ....ccccocoveenee. G02B 5/30 “F-number.” (1992) In C. G. Morris (Ed.), Academic Press Dic-
345/156 tionary of Science and Technology, 4th ed., Oxford, UK: Elsevier
_ . _ Science & Technology. (Year: 1992).*
FOREIGN PATENT DOCUMENTS Intellectual Property Office, Ministry of Economic Affairs, R. O. C,
EP 0905646 Al * 3/1999 ... GOG6F 3/03547  ~Oflice Action”, dated Oct. 13, 2015, Tarwan.
JP S57192915 A 11/1982 | |
Jp S58140713 A 8/1983 * cited by examiner



U.S. Patent Nov. 23, 2021 Sheet 1 of 32 US RE48.828 E

140

110

160

100 120 130

ATt

FIG. 1A



US RE48.828 E

Sheet 2 of 32

dl DId

LA LA AL AAA AN AN AN AN

001 OSI 0¢l

Nov. 23, 2021

U.S. Patent

Ol1

NN



]
N
o ¢ DIH
>
w NOILLIOLSIA % (SYFIANTITTIN) SNDOAH (SYAILANITIIN) SNDOA
001 0SS 00 0¢ 00I- 01'0 SO0 00 €00 010 0200 0100 00 0100 0200
| | | | | | | | | | | |
,/,,
% ) 70
: A
e {
m _ 060+
P, \_,
i
n GL'O
> \
2] ,
V... \
2 1S0- 001 1
LH DI
NOLLYO.LSIA SAAMND A’ 1414 AV TVOIYHHdS
DILLVIADILSY TVYNIANLIDONOT

S
L

U.S. Patent



U.S. Patent Nov. 23, 2021 Sheet 4 of 32 US RE48.828 E

240

210

I
|
\
I
l
I
AATTLLELLTRRRRARAN

AN

FIG. 3A



U.S. Patent Nov. 23, 2021 Sheet 5 of 32 US RE48.828 E

232

231

FIG. 3B

210




F Old

US RE48.828 E

NOLLMOLSIA % (SUTLANITIIN) SNDOH
00l 0SS 00 O0¢ 00I- 001'0 0SO'0 00 0SO'0- 0010
| | | | | |
n e H,,__
= /
\&
E
h |
7
Y .
S i
g
> J
g \\
S
2 160+ 16D
LH O] LH OINI
NOILLJO.LSIA SAAMND A 1414
DILVINDILSY

S
L

U.S. Patent

(SUALANWITTIN) SNDO:

00c0 0 00100 00 0010 0-00¢0 0"
| | | |

A

06 Q-+

00 1

A|AHAY 'IVOIdHHdS
"TVNIANLIDNO]



U.S. Patent Nov. 23, 2021 Sheet 7 of 32 US RE48.828 E

340

310

300

360

AN\
“__Q

’

dl

AAOLVVLVULAAVRAARN

k\

FIG. SA



£3
” o
2 9
: qd¢ 'DIH
~
S
-
Lt [¢%
i % [7¢
: —
m “ -
2
) ‘ I )
=
g
I e | I V77—
‘ X A ST
2 >
5 =
2 <
W m _ \_“ — om“m
09¢ (0GC¢ e 0C¢E

U.S. Patent

Olt




US RE48.828 E

Sheet 9 of 32

Nov. 23, 2021

U.S. Patent

9 DId

NOLLIO.LSIA % (SYFLANITTIN) SNDO0H
00 OC 00 O0¢ 00I- 00200 0010°0 00 00I0°0- 00CO'0- 00TO'0 00TI0°0 0°0 00100~ 00TO'0-
| | | | | | | | | | |
P10+ W. T
1201 5D+
[+ O [ u
CC'0-+ mw _
LH DINI LH OI
NOLLJO.LSIA SAAYND A 1414
IDLLVIADLLSV

S
L

(SYALANITTIIN) SNDOAH

Yl

SL 0O

001 -

AHAV TIVOIdHHdS
TIVNIANLIDNOT



U.S. Patent Nov. 23, 2021 Sheet 10 of 32 US RE48.828 E

440

ALV ARV

FIG. 7A



2
m q/ 'OId
~
=
% — ey €%
s s 4, 1P
m :
2
’» “ B
“ e S
S 2 - \ 1111111111
3 — \
: “ \ \\ 00%
m “ \\.\l\‘ OCT

-

\O

<
-
7
~r

017

U.S. Patent



US RE48.828 E

Sheet 12 of 32

Nov. 23, 2021

U.S. Patent

NOILLIJOLSIA %

00l 0¢ 00 06 00I-
| | | |

61 0 -
LH DI
NOILdO.LSId

3 Dld

(SYFILANITIIIN) SNDOH
0200 0100 00 OI00- 0TOO-
| | | |

1

610 -
LH DI

SHA D A'THIH
IJLLVINDLLSY

S
L

(SYFILANITIIN) SNDO0AH

0c00 0100 00 OI00- 000
| | | | |

¢CO-

060+

SLOT

00 | -

AV "IVOIdHHdS
TVNIANLLIDONO]



U.S. Patent Nov. 23, 2021 Sheet 13 of 32 US RE48.828 E

240

510

560

AT R R

AN

FIG. 9A



US RE48.828 E

Sheet 14 of 32

Nov. 23, 2021

U.S. Patent

AN

|t
A

d6 DId

OL¢



US RE48.828 E

Sheet 15 of 32

Nov. 23, 2021

U.S. Patent

Ol DIA

NOILLYO.LSIA % (SYALANITTIIN) SNDO0A

/
_

¢l O LT

g0+ &% 1

LEQ+ LEW0
670 L YAl
LH DI LH O]
NOILLYOLSIA SAANND ATALI
DLLVINDLLSV

S
L

(SYALANITTIN) SNDOAH
001 O0C¢ 00 0¢ 00I- 0020°0 0010°0 0°0 0010°0-00200- T-A0C T-H0'1 00 Z-HO'1- C-H0°C-
| | | | | | | | | | |

o
001 b

AHAYV TTVOIdHHAS
"TVNIANLIONO'T




U.S. Patent Nov. 23, 2021 Sheet 16 of 32 US RE48.828 E

640

ATHLLRRRR AN

FIG. 11A



US RE48.828 E

Sheet 17 of 32

Nov. 23, 2021

U.S. Patent

¢

¢

9

dl DId

1¢9

z 779 179
1/
m nHHH “\
2 N
NV \\;\._\..\\.u\ o
099 V&9 0£9

019



US RE48.828 E

Sheet 18 of 32

Nov. 23, 2021

U.S. Patent

NOILLHJOLSIA %

001 O0¢ 00 06 00I-
| | | |

3¢ 00—
LH DI
NOILLYOLSIA

¢l Dld

(SYFILANITTIIN) SNDOA
0200 0100 00 0100 0200
| | |

meo —
LH DI

SAA™[1D A TdId
IJLLVIADILSY

S
L

(SYFAILANITTIND SNDOA

omo.ooﬁo.oo.ooﬁo.o-omo.o-
| | | |

CLO

/5. [ -

AV "TVOIddHdS
TVNIANLIDNO]




U.S. Patent Nov. 23, 2021 Sheet 19 of 32 US RE48.828 E

740

710
700

750

‘ 720 "2V 760
=}
7= N

\|/

AN

d

FIG. 13A



U.S. Patent Nov. 23, 2021 Sheet 20 of 32 US RE48.828 E

60

S \)\\\\\\\\\\\\“

)

750

1]\
Pl
{1
/ \

732

730

731

722
FIG. 13B

721

710




1 DIld

US RE48.828 E

NOLLYO.LSIA % (SYALANITIIN) SNDOA (SYALANWITTIIN) SNDO0A
00l 0SS 00 O0¢S 00I- OI'0 SO0 00 €SO0 010- 0200 0100 00 OI0°0- 0TO0-
| | | | | | | | | | | | |
gl
s CT 0+
&
~
E |
= 0S¢0+
S L0
g
S |
>
z Q¢ 0L wms& 001 L
LH DINI LH OINI
NOILLJOLSIA SAANND A 1414 NAMAIY TVOIIAHS
DILVINDILSY TVNIANLIDONOT

S
L

U.S. Patent



U.S. Patent Nov. 23, 2021 Sheet 22 of 32 US RE48.,828 E

340

AALEALAAR AL AR AL LAA AR LA LA

FIG. 15A




U.S. Patent Nov. 23, 2021 Sheet 23 of 32 US RE48.828 E

% JHH11HEEERRERRARRRRRRRRR R

-
) (]
O 11
P
[
] \ N
i \ o
r \ o0
] \
r \
“f \
— an
ol
* e )
N I |
N
) @
A
N
o0
Q
y—
= .

312

311



US RE48.828 E

Sheet 24 of 32

Nov. 23, 2021

U.S. Patent

NOILLJOLSIA %
00 O0¢ 00 0% 00I-
| |

3

Le -

¢C0-

¢L0-
LH DI

NOLLAdOLSIA

91 DIA

(SAFLANITTIIND SNDO0H
001°0 0SO'0 00 0SSO0~ 0010
| | |

f

cL0L ™

LH DI

SAAdD d' 1414
IJLLYVINDILLSYV

S
L

(SAALANITTIIN) SNDO0H
0200 0100 OO0 010°0- 0200
| | | |

¢C0

060+

CLO

001+

AHAV TIVOI-IdHdS
TVNIANLIDNO']



U.S. Patent Nov. 23, 2021 Sheet 25 of 32 US RE48.828 E

940

AN

FIG. 17A



U.S. Patent Nov. 23, 2021 Sheet 26 of 32 US RE48.828 E

: L}\\\\\\\\\\\\\\\\\\‘

/A
L II\

032

931

920
=
g
021 922
FI1G. 178

910

912

-
—
-y




US RE48.828 E

Sheet 27 of 32

Nov. 23, 2021

U.S. Patent

NOLLJOLSIA %
00l O0¢ 00 0% 00I-
| | |

390 -
LH DIAI
NOILLJOLSIA

31 DIH

(SYFIANITTIN) SNDOA
001'0 0SO'0 00 0SO0- 0010
| | | |

1510+ _

R9°Q\ ™~
LH DAL

SHA YD A" THIH
IJLLVIADILSY

N
L

(SYFILANITTIN)D SNDO0H

0c00 Ol
| |

00 00 0100 0c00-
| |

Al

05 0-

GLO-

001 -

AV TTVOIddHdS
TVNIANLIONO'1



U.S. Patent Nov. 23, 2021 Sheet 28 of 32 US RE48.828 E

1040

ALIY LSRR LAY

A

FIG. 19A



US RE48.828 E

2 —
R e
rd

0901

U.S. Patent

431!

dol DIA

1£01

—
b Y
——

0101




US RE48.828 E

Sheet 30 of 32

Nov. 23, 2021

U.S. Patent

NOLLIJOLSIA %
00C 00L 00 00I-
| | ,

0°0¢-
|

60 0

9C 0T

Ce 0+
LH DI
NOILLJOLSIA

0C DIH

(SYALANITTIIN) SNDOA

0010 0S5O0 00 0500~ 0010
| | | | |

LH DI

SAA A1) A'THI4
IJLLVINDILLSY

S
L

(SAFALANITIIN) SNDOA
0200 0100 00 0100 0TO'0-
| | |

$C0-

060+

CLO+

00T +

AHAV TIVOIIdHdS
IVNIANLIDNO




[¢ DId

"LLO

US RE48.828 E

1L

el

Sheet 31 of 32

—
-
T ——
T .
e ey
——— — e — — e m— —

i\

— ——
lllllllllll
I||||IIII||II
i
i E——

Nov. 23, 2021

091 0%1

Ol Ov 1

U.S. Patent



US RE48.828 E

Sheet 32 of 32

Nov. 23, 2021

U.S. Patent

/

¢ DI




US RE48,828 E

1

COMPACT OPTICAL SYSTEM, IMAGE
CAPTURING UNIT AND ELECTRONIC
DEVICE

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

RELATED APPLICATIONS

This application claims priority to Taitwan Application
104100808, filed Jan. 9, 2013, which i1s incorporated by
reference herein 1n 1ts entirety.

BACKGROUND

Technical Field

The present disclosure relates to a compact optical sys-
tem, an 1mage capturing unit and an electronic device, more
particularly to a compact optical system and an image
capturing unit applicable to an electronic device.

Description of Related Art

A conventional biometric system equipped in a mobile
device generally utilizes a capacitive sensor. Although the
capacitive sensor 1s favorable for minmiaturizing the biomet-
ric system, complex electronic circuits 1 the capacitive
sensor are unfavorable for reducing the manufacturing cost.
Theretfore, the mobile device with the capacitive biometric
system requires a higher production cost which makes it
difficult to gain populanty.

Other biometric systems with conventional optical system
are developed, such as fingerprint recognition systems and
veln recognition systems. However, the larger volume of the
conventional optical system 1s unfavorable for miniaturizing
an electronic device having the biometric system and keep-
ing the electronic device compact, and therefore the porta-
bility of the electronic device 1s reduced. Thus, there 1s a
need for a compact optical system of low costs and good
manufacturing yield rate, which can be favorably applied to
biometric applications.

SUMMARY

According to one aspect of the present disclosure, a
compact optical system includes, 1n order from an object
side to an 1mage side, a first lens element, a second lens
clement and a third lens element. The first lens element with
negative refractive power has an image-side surface being
concave 1 a paraxial region thereof. The second lens
clement has refractive power, wherein at least one of an
object-side surface and an 1mage-side surface of the second
lens element 1s aspheric, and the second lens element 1s
made of plastic material. The third lens element has positive
refractive power, wherein at least one of an object-side
surface and an 1mage-side surface of the third lens element
1s aspheric, and the third lens element 1s made of plastic
material. The compact optical system has a total of three lens
clements with refractive power. The compact optical system
turther comprises a stop located between the first lens
element and the second lens element. The first lens element,
the second lens element and the third lens element are all
stationary relative to one another 1mm a paraxial region
thereol. When a focal length of the compact optical system
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2

1s 1, a maximum i1mage height of the compact optical system
1s ImgH, a refractive index of the first lens element 1s N1, a
refractive index of the second lens element 1s N2, a refrac-
tive index of the third lens element 1s N3, an axial distance
between the stop and the object-side surface of the second
lens element 1s Dsr3. an axial distance between the stop and
the object-side surface of the third lens element 1s Dsr3, the
following conditions are satisfied:

t/ImgH<0.535;

4. 70<N1+N2+N3<5.50; and

0<|Dsr3/Dsr5|<0.50.

According to another aspect of the present disclosure, an
image capturing unit includes an 1mage sensor and the
alforementioned compact optical system, wherein the image
sensor 1s disposed on the image side of the compact optical
system.

According to still another aspect of the present disclosure,
an electronic device includes a biometric system, and the
biometric system includes the aforementioned 1mage cap-
turing unit.

According to yet another aspect of the present disclosure,
a compact optical system includes, in order from an object
side to an 1mage side, a first lens element, a second lens
clement and a third lens element. The first lens element with
negative refractive power has an image-side surface being
concave 1 a paraxial region thereof. The second lens
clement has refractive power, wherein at least one of an
object-side surface and an 1mage-side surface of the second
lens element 1s aspheric, and the second lens element is
made of plastic material. The third lens element has positive
refractive power, wherein at least one of an object-side
surface and an 1mage-side surface of the third lens element
1s aspheric, and the third lens element 1s made of plastic
maternal. The compact optical system has a total of three lens
clements with refractive power. The compact optical system
further comprises a stop located between the first lens
element and the second lens element. The first lens element,
the second lens element and the third lens element are all
stationary relative to one another in a paraxial region
thereof. When a focal length of the compact optical system
1s 1, a maximum 1mage height of the compact optical system
1s ImgH, a refractive index of the first lens element 1s N1, a
refractive index of the second lens element 1s N2, a refrac-
tive index of the third lens element 1s N3, an axial distance
between the stop and the object-side surface of the second
lens element 1s Dsr3, an axial distance between the stop and
the object-side surface of the third lens element 1s DsrS, an
axial distance between an 1maged object and an 1mage
surface 1s OTL, a sum of central thicknesses of the first lens
element, the second lens element and the third lens element
1s 2/CT, the following conditions are satisfied:

f/ ImgH<0.70;
4.70<N1+N2+N3<5.50;
0<[Dsr3/Dsr5(<0.50; and

OTL/ZCT<4.0.

According to yet still another aspect of the present dis-
closure, an 1image capturing unit includes a light source, an
image sensor and the aforementioned compact optical sys-
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tem, wherein the 1image sensor 1s disposed on the image side
of the compact optical system.

BRIEF DESCRIPTION OF THE DRAWINGS

The disclosure can be more fully understood by reading
the following detailed description of the embodiments, with
reference made to the accompanying drawings as follows:

FIG. 1A 1s a schematic view of an 1mage capturing unit
according to the 1st embodiment of the present disclosure;

FIG. 1B 1s a partially enlarged schematic view of the
image capturing unit in FIG. 1A;

FIG. 2 shows spherical aberration curves, astigmatic field
curves and a distortion curve of the image capturing unit
according to the 1st embodiment;

FIG. 3A 1s a schematic view of an 1image capturing unit
according to the 2nd embodiment of the present disclosure;

FIG. 3B 1s a partially enlarged schematic view of the
image capturing unit 1n FIG. 3A;

FIG. 4 shows spherical aberration curves, astigmatic field
curves and a distortion curve of the image capturing unit
according to the 2nd embodiment;

FIG. SA 1s a schematic view of an 1image capturing unit
according to the 3rd embodiment of the present disclosure;

FIG. 5B 1s a partially enlarged schematic view of the
image capturing unit in FIG. 5A;

FIG. 6 shows spherical aberration curves, astigmatic field
curves and a distortion curve of the 1mage capturing unit
according to the 3rd embodiment;

FIG. 7A 1s a schematic view of an 1mage capturing unit
according to the 4th embodiment of the present disclosure;

FIG. 7B 1s a partially enlarged schematic view of the
image capturing unit 1n FIG. 7A;

FIG. 8 shows spherical aberration curves, astigmatic field
curves and a distortion curve of the image capturing unit
according to the 4th embodiment;

FIG. 9A 1s a schematic view of an 1mage capturing unit
according to the 5th embodiment of the present disclosure;

FIG. 9B 1s a partially enlarged schematic view of the
image capturing unit in FIG. 9A;

FIG. 10 shows spherical aberration curves, astigmatic
field curves and a distortion curve of the image capturing
unit according to the 5th embodiment;

FIG. 11A 1s a schematic view of an image capturing unit
according to the 6th embodiment of the present disclosure;

FIG. 11B 1s a partially enlarged schematic view of the
image capturing unit in FIG. 11A;

FIG. 12 shows spherical aberration curves, astigmatic
field curves and a distortion curve of the image capturing
unit according to the 6th embodiment;

FIG. 13A 1s a schematic view of an 1image capturing unit
according to the 7th embodiment of the present disclosure;

FIG. 13B 1s a partially enlarged schematic view of the
image capturing unit in FIG. 13A;

FIG. 14 shows spherical aberration curves, astigmatic
field curves and a distortion curve of the image capturing
unit according to the 7th embodiment;

FIG. 15A 1s a schematic view of an 1image capturing unit
according to the 8th embodiment of the present disclosure;

FIG. 15B 1s a partially enlarged schematic view of the
image capturing unit 1n FIG. 15A;

FIG. 16 shows spherical aberration curves, astigmatic
field curves and a distortion curve of the image capturing
unit according to the 8th embodiment;

FIG. 17A 1s a schematic view of an 1image capturing unit
according to the 9th embodiment of the present disclosure;
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FIG. 17B 1s a partially enlarged schematic view of the
image capturing unit 1n FIG. 17A;

FIG. 18 shows spherical aberration curves, astigmatic
field curves and a distortion curve of the image capturing
unit according to the 9th embodiment;

FIG. 19A 15 a schematic view of an 1image capturing unit
according to the 10th embodiment of the present disclosure;

FIG. 19B 1s a partially enlarged schematic view of the
image capturing unit 1n FIG. 19A;

FIG. 20 shows spherical aberration curves, astigmatic
field curves and a distortion curve of the 1mage capturing
unit according to the 10th embodiment;

FI1G. 21 1s a schematic view of OL, TL and OTL 1n FIG.
1; and

FIG. 22 shows an electronic device according to an
embodiment.

DETAILED DESCRIPTION

A compact optical system includes, 1n order from an
object side to an 1image side, a first lens element, a second
lens element and a third lens element. The compact optical
system has a total of three lens elements with refractive
power. The first lens element, the second lens element and
the third lens element can all be stationary relative to one
another 1n a paraxial region thereof. For example, in some
embodiments, an air gap in a paraxial region 1s located
between every two of the first lens element, the second lens
clement and the third lens element that are adjacent to each
other, and the air gaps are all constant.

The first lens element with negative refractive power has
an 1mage-side surface being concave 1 a paraxial region
thereof. Therefore, i1t 1s favorable for enlarging the field of
view of the compact optical system so as to provide a wider
field of view for the same.

The second lens element can have positive refractive
power. The second lens element can have an image-side
surface being convex 1n a paraxial region thereof. Therefore,
the second lens element i1s favorable for correcting the
aberration from the first lens element and the spherical
aberration of the compact optical system so as to improve
the 1mage quality.

The third lens element has positive refractive power. The
third lens element can have an image-side surface being
convex in a paraxial region therecof. At least one of an
object-side surface and the 1mage-side surface of the third
lens element can have at least one intlection point. There-
fore, 1t 1s favorable for providing the compact optical system
with retrofocus (reversed telephoto) performance so as to
reduce the chief ray angle of the compact optical system,
thereby providing the compact optical system with enhanced
telecentric performance.

When a focal length of the compact optical system 1s 1, a
maximum 1mage height of the compact optical system (half
ol a diagonal length of an eflective photosensitive area of an
image sensor) 1s ImgH, the following condition 1s satisfied:
t/ImgH<0.70. Therefore, 1t 1s favorable for collecting the
light with large incident angle so as to allow the compact
optical system to capture a wide field of view and recognize
an 1maged object while the distance between the imaged
object and the compact optical system i1s extremely close.
Preferably, the {following condition 1s satisfied:
t/ImgH<0.55. More preferably, the following condition 1is
satisfied: 1/ImgH<0.45.

When a refractive index of the first lens element 1s N1, a
refractive index of the second lens element 1s N2, a refrac-
tive index of the third lens element 1s N3, the following
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condition 1s satisfied: 4.70<N1+N2+N3<5.50. Therelore, it
1s favorable for reducing a required distance for image
capturing between the imaged object and the compact opti-
cal system so as to keep the compact optical system com-
pact.

According to the present disclosure, the compact optical
system further comprises a stop located between the first
lens element and the second lens element. When an axial
distance between the stop and an object-side surface of the
second lens element 1s Dsr3, an axial distance between the
stop and the object-side surface of the third lens element 1s
Dsr5, the {following condition 1s satisfied: 0<|Dsr3/
Dsr51<0.50. Therefore, 1t 1s favorable for properly allocating
the stop so as to enlarge the field of view of the compact
optical system, thereby providing a wider field of view for
the same.

When an axial distance between the imaged object and an
image surface 1s OTL, a sum of central thicknesses of the

first lens element, the second lens element and the third lens
clement 1s 2CT (That 1s, a sum of a central thickness of the
first lens element, a central thickness of the second lens
clement and a central thickness of the third lens element),
the following condition 1s satisfied: OTL/ZCT<4.0. There-
fore, 1t 1s favorable for further keeping the compact optical
system compact. As seen 1 FIG. 21, 1t shows a schematic
view of OTL i FIG. 1.

When a curvature radius of the object-side surface of the
third lens element 1s R3, a curvature radius of the image-side
surface of the third lens element 1s R6, the following
condition can be satisfied: (R3+R6)/(R5-R6)<0.90. There-
fore, 1t 1s favorable for avoiding excessive astigmatism and
spherical aberration of the compact optical system so as to
improve the image quality. Preferably, the following condi-
tion can be satisfied: —0.50<(R5+R6)/(R5-R6)<0.50.

When the axial distance between the imaged object and
the 1mage surface 1s OTL, the following condition can be
satisfied: OTL<8.0 millimeters (mm). Therefore, it 1s favor-
able for keeping the compact optical system compact so as
to be equipped 1n a compact electronic device having a
biometric system. Preferably, the following condition can be
satisfied: OTL<5.0 mm.

When an Abbe number of the first lens element 1s V1, an
Abbe number of the second lens element 1s V2, an Abbe
number of the third lens element 1s V3, the following
condition can be satisfied: V1+V2+V3<80. Theretore, 1t 1s
favorable for correcting the chromatic aberration of the
compact optical system.

When the focal length of the compact optical system 1s 1,
an entrance pupil diameter of the compact optical system 1s
EPD, the following condition can be satisfied: I/ EPD<2.60.
Therefore, 1t 1s favorable for obtaining a large aperture for
receiving suilicient incoming light, thereby increasing the
image quality in a low light condition.

When the focal length of the compact optical system 1s 1,
a focal length of the first lens element 1s 11, a focal length
ol the second lens element 1s 12, a focal length of the third
lens element 1s 13, the following condition can be satisfied:
O.5<I{/111+11/121+11/131<1.1. Therefore, 1t 1s favorable for
balancing the arrangement of the compact optical system so
as to eflectively correct the aberration of the compact optical
system and reducing the sensitivity of the compact optical
system.

When the axial distance between the imaged object and
the image surface 1s OTL, the maximum 1mage height of the
compact optical system 1s ImgH, the following condition
can be satisfied: OTL/ImgH<12. Therefore, it 1s favorable
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for keeping the compact optical system compact so as to be
equipped 1n an electronic device.

When a maximal field of view of the compact optical
system 15 FOV, the following condition can be satisfied:
140.0 degrees (deg. )<FOV<180.0 deg. Therefore, 1t 15 favor-
able for providing a suihlicient field of view so as to obtain
more of the image scene and properly reducing the image
distortion simultaneously.

According to the present disclosure, the compact optical
system further comprises a flat panel located between the
imaged object and an object-side surface of the first lens
clement. The flat panel 1s, for example, a glass cover or a
plastic cover. When a central thickness of the flat panel 1s
CTH, a central thickness of the first lens element 1s CT1, the
following condition can be satisfied: 0.95<CT1{/CT1<35.5.
Therefore, the thicknesses of the flat panel and the first lens
clement are properly distributed so that 1t 1s favorable for
reducing manufacturing cost and keeping in a compact size
thereof.

When an axial distance between the first lens element and
the second lens element 1s T12, the central thickness of the
first lens element 1s CT1, the following condition can be
satisfied: 1.50<T12/CT1<10. Theretfore, it 1s favorable for
assembling the compact optical system so as to increase the
manufacturing yield rate.

When an axial distance between the imaged object and the
object-side surface of the first lens element 1s OL, an axial
distance between the object-side surface of the first lens
clement and the image surface 1s TL, the following condition
can be satisfied: 0<OL/TL<1.0. Theretfore, it 1s favorable for
reducing the required distance for image capturing between
the 1maged object and the compact optical system so as to
keep the compact optical system compact. As seen 1n FIG.
21, 1t shows a schematic view of OL and TL in FIG. 1.

When an axial distance between the object-side surface of
the first lens element and the image-side surface of the third
lens element 1s TD, the focal length of the compact optical
system 1s 1, the following condition can be satistied: 8<TD/
1<30. Therefore, 1t 1s favorable for tightly arranging the lens
clements so as to reduce a total track length of the compact
optical system.

According to the compact optical system of the present
disclosure, an aperture stop can be configured as a middle
stop. A middle stop disposed between the first lens element
and the 1mage surface 1s favorable for enlarging the field of
view ol the compact optical system and thereby provides a
wider field of view for the same.

According to the compact optical system of the present
disclosure, the lens elements thereof can be made of glass or
plastic material. When the lens elements are made of glass
material, the distribution of the refractive power of the
compact optical system may be more flexible to design.
When the lens elements are made of plastic material, the
manufacturing cost can be etfectively reduced. Furthermore,
surfaces of each lens element can be arranged to be aspheric
or spherical. The aspheric surface of the lens element 1s easy
to form a shape other than spherical surface so as to have
more controllable vanables for eliminating the aberration
thereof, and to further decrease the required number of the
lens elements. Therefore, the total track length of the com-
pact optical system can also be reduced.

According to the compact optical system of the present
disclosure, each of an object-side surface and an 1mage-side
surface has a paraxial region and an off-axis region. The
paraxial region refers to the region of the surface where light
rays travel close to the optical axis, and the off-axis region
refers to the region of the surface away from the paraxial
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region. Particularly, when the lens element has a convex
surface, 1t indicates that the surface 1s convex in the paraxial

region thereof; when the lens element has a concave surface,
it indicates that the surface 1s concave in the paraxial region
thereol. Moreover, when a region of refractive power or
focus of a lens element 1s not defined, i1t indicates that the
region of refractive power or focus of the lens element 1s 1n
the paraxial region thereof.

According to the compact optical system of the present
disclosure, an 1mage surface of the compact optical system,
based on the corresponding 1mage sensor, can be flat or
curved, especially a curved surface being concave facing
towards the object side of the compact optical system.

According to the compact optical system of the present
disclosure, the compact optical system can include at least
one stop, such as an aperture stop, a glare stop or a field stop.
Said glare stop or said field stop 1s set for eliminating the
stray light and thereby improving the image quality thereof.

According to the present disclosure, an 1mage capturing
unit 1s provided. The 1mage capturing unit includes the
compact optical system according to the aforementioned
compact optical system of the present disclosure, and an
image sensor, wherein the image sensor 1s disposed on the
image side of the aforementioned compact optical system,
that 1s, the image sensor can be disposed on or near an 1image
surface of the atorementioned compact optical system. In
some embodiments, the 1mage capturing unit can further
include a barrel member, a holding member or a combina-
tion thereof.

In FIG. 22, an image capturing device 10 may be installed
in, but not limited to, an electronic device including a
biometric system, such as a fingerprint recognition device
(FIG. 22) and a vein recognition device. The image captur-
ing device 10 can comprises a light source S located at one
side of the compact optical system. The figure of the
clectronic device are only exemplary for showing the image
capturing device of present disclosure installing 1n an elec-
tronic device and 1s not limited thereto. In some embodi-
ments, the electronic device can further include, but not
limited to, a display unit, a control unit, a storage unit, a
random access memory unit (RAM), a read only memory
unit (ROM) or a combination thereof.

According to the compact optical system of the present
disclosure, the compact optical system 1s featured with good
capability 1n the correction of aberration and high image
quality, and can be applied to 3D (three-dimensional) image
capturing applications, 1 products such as digital cameras,
mobile devices, digital tablets, wearable devices, smart
televisions and other electronic 1maging devices. Further-
more, the compact optical system 1s favorable for being
operated within a wavelength range of blue light spectrum,
red light spectrum or visible light spectrum. When the
compact optical system 1s operated within the wavelength
range of blue light spectrum (400 nm~500 nm), 1t 1s favor-
able for minmiaturizing the compact optical system. When the
compact optical system 1s operated within the wavelength
range of red light spectrum (620 nm~750 nm), it 1s favorable
for reducing the interference with the human eyes so as to
enhance the degree of comifort. According to the above
description of the present disclosure, the following specific
embodiments are provided for further explanation.

1st Embodiment

FIG. 1A 1s a schematic view of an 1mage capturing unit
according to the 1st embodiment of the present disclosure.
FIG. 1B 1s a partially enlarged schematic view of the image
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capturing unit in FIG. 1A. FIG. 2 shows spherical aberration
curves, astigmatic field curves and a distortion curve of the
image capturing unit according to the 1st embodiment. In
FIG. 1A and FIG. 1B, the image capturing unit includes the
compact optical system (its reference numeral 1s omitted) of
the present disclosure and an 1mage sensor 160. The com-
pact optical system includes, 1n order from an object side to
an 1mage side, a flat panel 140, a first lens element 110, an

aperture stop 100, a second lens element 120, a third lens
clement 130 and an 1image surface 150, wherein the compact
optical system has a total of three lens elements (110-130)
with refractive power. The first lens element 110, the second
lens element 120 and the third lens element 130 are all
stationary relative to one another 1in a paraxial region
thereof.

The first lens element 110 with negative refractive power
has an object-side surface 111 being convex 1n a paraxial
region thereol and an 1image-side surface 112 being concave
in a paraxial region thereof. The first lens element 110 1s
made of plastic material, and has the object-side surface 111
and the image-side surface 112 being both aspheric.

The second lens element 120 with positive refractive
power has an object-side surface 121 being convex 1n a
paraxial region thereol and an image-side surface 122 being
convex 1n a paraxial region thereof. The second lens element
120 1s made of plastic material, and has the object-side
surface 121 and the image-side surface 122 being both
aspheric.

The third lens element 130 with positive refractive power
has an object-side surface 131 being convex in a paraxial
region thereof and an 1mage-side surface 132 being convex
in a paraxial region thereof. The third lens element 130 1s
made of plastic material, and has the object-side surface 131
and the image-side surface 132 being both aspheric. The
object-side surface 131 and the 1mage-side surface 132 of
the third lens element 130 have at least one intlection point.

The flat panel 140 1s made of glass and located between
an 1maged object O and the first lens element 110, and will
not affect the focal length of the compact optical system. The
image sensor 160 1s disposed on or near the 1mage surface
150 of the compact optical system.

The equation of the aspheric surface profiles of the
alforementioned lens elements of the 1st embodiment is
expressed as follows:

X(Y) = (Y?/R)/ (1 +sqrt(l - (L + K X (Y/RP) + > (A x(Y)),

where,

X 1s the relative distance between a point on the aspheric
surface spaced at a distance Y from an optical axis and the
tangential plane at the aspheric surface vertex on the optical
axis;

Y 1s the vertical distance from the point on the aspheric
surface to the optical axis;

R 1s the curvature radius;

k 1s the conic coethicient; and

A1 1s the 1-th aspheric coetlicient, and 1n the embodiments,
1 may be, but 1s not limited to, 4, 6, 8, 10, 12, 14 and 16.

In the compact optical system of the image capturing unit
according to the 1st embodiment, when a focal length of the
compact optical system 1s {, an f-number of the compact
optical system 1s Fno, and half of a maximal field of view of
the compact optical system 1s HFOV, these parameters have
the following values: 1=0.14 millimeters (mm); Fno=2.20;
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and HFOV=84.5 degrees (deg.). The value of the aforemen-
tioned f-number (Fno) 1s obtained when the compact optical
system 1s focused on 1nfinity.

When the f-number of the compact optical system 1s Fno,
the following condition 1s satisfied: FOV=169.0 degrees.

When an Abbe number of the first lens element 110 1s V1,
an Abbe number of the second lens element 120 1s V2, an
Abbe number of the third lens element 130 1s V3, the
following condition 1s satisfied: V1+V2+V3=64.3.

When a refractive index of the first lens element 110 1s
N1, a refractive index of the second lens element 120 1s N2,
a refractive index of the third lens element 130 1s N3, the
following condition 1s satisfied: N1+N2+N3=5.022.

When an axial distance between the first lens element 110
and the second lens element 120 1s T12, a central thickness
of the first lens element 110 1s CT1, the following condition
1s satisfied: T12/CT1=1.84.

When a central thickness of the flat panel 140 1s CTT, the
central thickness of the first lens element 110 1s CT1, the
tollowing condition 1s satisfied: CTT/CT1=1.25.

When a curvature radius of the object-side surface 131 of
the third lens element 130 1s R5, a curvature radius of the
image-side surface 132 of the third lens element 130 1s R6,
the following condition 1s satisfied: (R5+R6)/(R5-R6)=
0.21.
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When the axial distance between the imaged object O and
the image surface 150 1s OTL, a sum of central thicknesses
of the first lens element 110, the second lens element 120 and
the third lens element 130 1s 2CT, the following condition 1s
satisfied: OTL/2ZCT=2.22.

When the axial distance between the imaged object O and
the 1mage surface 150 1s OTL, the maximum 1mage height

of the compact optical system 1s ImgH, the following
condition 1s satisfied: OTL/ImgH=8.34.

When an axial distance between the object-side surface
111 of the first lens element 110 and the 1image-side surface
132 of the third lens element 130 1s TD, the focal length of
the compact optical system 1s 1, the following condition 1s

satisfied: TD/f=22.91.

When an axial distance between the stop 100 and the
object-side surface 121 of the second lens element 120 1s
Dsr3, an axial distance between the stop 100 and the
object-side surface 131 of the third lens element 130 1s Dsr3,
the following condition 1s satisfied: |Dsr3/Dsr51=0.04.

r

T'he detailed optical data of the 1st embodiment are shown

in Table 1 and the aspheric surface data are shown 1n Table
2 below.

r—

TABLE 1

1st Embodiment
f = 0.14 mm, Fno = 2.20, HFOV = 84.5 deg.

Surface #

O ND 0 =1 Oy B oo = D

 —

Note:

Reference wavelength 1s 480 nm.

When the focal length of the compact optical system 1s 1,
a focal length of the first lens element 110 1s {1, a focal
length of the second lens element 120 1s 12, a focal length of
the third lens element 130 1s 13, the following condition 1s
satisfied: |1/111+[1/12|+11/131=0.81.

When the focal length of the compact optical system 1s 1,
a maximum i1mage height of the compact optical system 1s
ImgH, the following condition 1s satisfied: 1/ImgH=0.27.

When the focal length of the compact optical system 1s 1,
an entrance pupil diameter of the compact optical system 1s
EPD, the following condition 1s satisfied: /EPD=2.20,
wherein the value of the aforementioned entrance pupil
diameter (EPD) 1s obtained when the compact optical sys-
tem 1s focused on infinity.

When an axial distance between the imaged object O and
the object-side surface 111 of the first lens element 110 1s
OL, an axial distance between the object-side surface 111 of
the first lens element 110 and the 1mage surface 150 1s TL,
the following condition 1s satisfied: OL/TL—-0.26.

When an axial distance between the imaged object O and

the 1image surtface 150 1s OTL, the following condition 1s
satisfied: OTL=4.24 mm.

Focal
Curvature Radius Thickness Material Index Abbe # Length
Object Plano 0.000
Flat Panel Plano 0.737 Glass 1.523  64.2 —
Plano 0.143
Lens 1 42472  (ASP) 0.589  Plastic 1.674  21.5 -0.50
0.331 (ASP) 1.039
Ape. Stop Plano 0.046
Lens 2 0.703  (ASP) 0.907 Plastic 1.674  21.5 0.97
-4.342  (ASP) 0.201
Lens 3 0487 (ASP) 0.411 Plastic 1.674  21.5 0.36
-0.315 (ASP) 0.164
Image Plano —
45
TABLE 2
Aspheric Coeflicients
Surface # 3 4 6
50
k= -9.9987E-01 -5.1522E-01 8.1551E-01
A4 = 2.5345E-02 7.5635E+00 7.8826E-32
Ab = 4.3784E-02 -2.1253E+01 2.6020E-63
AR = -4.8657E-02 1.3223E+02 —
AlO = 2.2663E-02 —-7.0557E+02 —
55 Al2 = —-5.2380E-03 6.0711E+03 —
Al4 4.8729E-04 -3.2973E+04 —
Alb = -1.3106E-07 6.4174E+04 —
Surface # 7 8 9
60 k= —-1.1768E+01 —-9.6555E+00 —1.4512E+00
A4 = -1.6706E+01 —-9.8058E+00 4.8582E+00
Ab = 2.8312E+02 1.4240E+02 3.9655E+00
AR = —-2.5732E+03 -8.3240E+02 -3.7622E+01
AlO = 1.1960E+04 2.1542E+03 —
Al2 = —-2.0337E+04 —-2.5845E+03 —
65 Al4 = — 1.1841E+03 —
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In Table 1, the curvature radius, the thickness and the
focal length are shown 1n millimeters (mm). Surface num-
bers 0-10 represent the surfaces sequentially arranged from
the object-side to the 1mage-side along the optical axis. In

12

The third lens element 230 with positive refractive power
has an object-side surface 231 being convex 1n a paraxial
region thereof and an 1mage-side surface 232 being convex
in a paraxial region thereof. The third lens element 230 1s

Table 2, k represents the conic coetlicient of the equation of 5 de of plast corial and has the obiectoside surface 331
the aspheric surface profiles. A4-16 represent the aspheric HAde O p ASLC n:la cHidl, ane ds :Je_o Jeei=site s E:lce
coellicients ranging from the 4th order to the 16th order. The and the image-side surface 232 being both aspheric. The
tables presented below for each embodiment are the corre- object-side surface 231 and the 1mage-side surface 232 of
sponding schematic parameter and aberration curves, and the third lens element 230 have at least one mflection point.
the definitions of the tables are the same as Table 1 and Table 10 .
. SR The flat 1240 de of gl d located betw
2 of the 1st embodiment. Therefore, an explanation 1n this _ 1 p@e 15 Hade OF S5 allil JOLdlet b ec?n
regard will not be provided again. an 1maged object O and the first lens elemeTlt 210, and will
not affect the focal length of the compact optical system. The
2nd Embodiment image sensor 260 1s disposed on or near the 1image surface
_ o _ _ - 15 250 of the compact optical system.

FIG. 3A 1s a schematic view of an 1image capturing unit he detailad 1 da £ 1 embod;
according to the 2nd embodiment of the present disclosure. The 'c,etal ed oplical data 0_ the 2nd embodiment af‘e
FIG. 3B 1s a partially enlarged schematic view of the image shown 1n Table 3 and the aspheric surface data are shown 1n
capturing unit in FIG. 3A. FIG. 4 shows spherical aberration Table 4 below.

TABLE 3
2nd Embodiment
f = 0.10 mm, Fno = 2.10, HFOV = 82.4 deg.
Focal
Surface # Curvature Radius Thickness Material Index Abbe# Length
0 Object Plano 0.000
1 Flat Panel Plano 0.550  Glass 1.523  64.2 -
2 Plano 0.050
3 Lens 1 31.696 (ASP) 0.475  Plastic 1.661  23.3 —-0.37
4 0.244 (ASP)  0.775
5 Ape. Stop Plano 0.010
6 Lens 2 0.644 (ASP) 0.590  Plastic 1.661  23.3 0.60
7 ~0.666 (ASP)  0.081
8 Lens 3 0485 (ASP) 0.324  Plastic 1.674  21.5 0.32
9 ~0.280 (ASP)  0.133
10 Image Plano —
Note:
Reference wavelength 1s 480 nm.
curves, astigmatic field curves and a distortion curve of the 4, TABIE 4
image capturing unit according to the 2nd embodiment. In
FIG. 3A and FIG. 3B, the image capturing unit includes the Aspheric Coeflicients
compact optical system (its reference numeral 1s omitted) of Surface # 3 A 6
the present disclosure and an 1mage sensor 260. The com-
: : : : : k= —9.9987E-01 -5.1522E-01 3.7355E-01
pac‘t optlcaq system 1ncludes, 1n order from an object side to 45 A4 o 3 195701 A0 U OrEE 11
an 1mage side, a tlat panel 240, a first lens element 210, an A6 — _1 5024F-01 _9 5138F+01 | 1717F—62
aperture stop 200, a second lens element 220, a third lens AR = 6.9193E-02 1.0756E+03 —
clement 230 and an 1image surface 250, wherein the compact AlLO = ~1.0759b-02 ~1.0428b+04 —
: Al2 = —3.8825E-03 1.6303E4+05 -
optical system has a total of three lens elements (210-230) Ald = 1 7994F—03 _1.6088F+06 _
with refractive power. The first lens element 210, the second > Al16 = ~2.0157E-04 5.6892E+06 —
lens element 220 and the third lens element 230 are all
: : : : : Surface # 7 8 9
stationary relative to one another 1 a paraxial region
thereof. k = ~4.7025E~01 -54711E+01  -7.1549E-01

The first lens element 210 with negative refractive power Ad = —2.2916E+01 —-3.1050E+00 1.27475+01
h hiect-sid of 211 bhei : 1 35 A6 = 4.8764E+02 4.4635E+01 -3.4918E+01

a5 all Objeci=s1de surlace 11 beillg CONVER Il a pdrdxid AR = —4.9292E+03 2.7280E+02 5.2167E+01
region thereof and an 1image-side surtace 212 being concave Al0 = 2.6991E+04 ~7.8370E+03 _
in a paraxial region thereof. The first lens element 210 1s Al = =3.8653E+04 4.8880E+04 —
made of plastic maternial, and has the object-side surface 211 Ald = - ~ 105 TLE+03 -
and the 1image-side surface 212 being both aspheric. 60

The second lens element 220 with positive refractive
power has an object-side surface 221 being convex 1n a
paraxial region thereof and an 1image-side surface 222 being
convex 1n a paraxial region thereof. The second lens element

220 1s made of plastic material, and has the object-side
surface 221 and the image-side surface 222 being both
aspheric.

65

In the 2nd embodiment, the equation of the aspheric
surface profiles of the aforementioned lens elements 1s the
same as the equation of the 1st embodiment. Also, the
definitions of these parameters shown in the following table
are the same as those stated in the 1st embodiment with

corresponding values for the 2nd embodiment, so an expla-
nation 1n this regard will not be provided again.
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Moreover, these parameters can be calculated from Table
3 and Table 4 as the following values and satisiy the
following conditions:

14

320 1s made of plastic material, and has the object-side
surface 321 and the image-side surface 322 being both
aspheric.

The third lens element 330 with positive refractive power

5 : : : : :
. has an object-side surface 331 being convex 1n a paraxial
2nd Embodiment _ _ _ _
region thereof and an image-side surface 332 being convex
;[mm] g-ig gﬁ | I; V21 + 117131 g-z;‘ in a paraxial region thereof. The third lens element 330 is
no . g . : : : :

HFOV [deg.] 87 4 FEPD 510 made of Plastlc n:latenal, and has theiobject-mde surf:-.iice 331
FOV [deg.] 164.8 OL/TL 0.25 1o and the image-side surface 332 being both aspheric. The
V1 + V2 +V3 68.1 OTL [mm] 2.99 object-side surface 331 and the 1mage-side surface 332 of
NI+ N2+ N3 4997 OlL2CL =1 the third lens element 330 have at least one milection point
T12/CT1 1.65 OTL/ImgH 5.81 ] P '
CTHCTI 1.16 TD/A 22.61 The flat panel 340 is made of glass and located between
(R5 + ROJRS - R6) V.22 Dst3/Dsro! V.ol an 1maged object O and the first lens element 310, and will
15 not affect the focal length of the compact optical system. The

image sensor 360 1s disposed on or near the 1image surface

3rd Embodiment 350 of the compact optical system.
The detailed optical data of the 3rd embodiment are
FIG. SA 1s a schematic view of an 1mage capturing unit shown 1n Table 5 and the aspheric surface data are shown 1n
according to the 3rd embodiment of the present disclosure. Table 6 below.
TABLE 5
3rd Embodiment
f = 0.14 mm, Fno = 2.00, HFOV = 74.3 deg.
Focal
Surface # Curvature Radius Thickness Material Index Abbe# Length
0 Object Plano 0.000
1 Flat Panel Plano 0.737 Glass 1.523  64.2 —
2 Plano 0.505
3 Lens 1 42472  (ASP) 0.200  Plastic 1.674  21.5 -0.47
4 0311 (ASP)  1.039
5 Ape. Stop Plano 0.135
6 Lens 2 1.397 (ASP) 0.508  Plastic 1.661  23.3 0.96
7 ~0.992  (ASP)  0.072
8 Lens 3 0.629 (ASP) 0.709  Plastic 1.674  21.5 0.60
9 ~0.625 (ASP)  0.174
10 Image Plano -
Note:
Reference wavelength 1s 480 nm.
40
FIG. 5B 1s a partially enlarged schematic view of the image TABIE 6
capturing umt in FIG. SA. FIG. 6 shows spherical aberration
curves, astigmatic field curves and a distortion curve of the Aspheric Coeflicients
image capturing unit according to the 3rd embodiment. In 45 Surface # A 6
FIG. 5A and FIG. 5B, the image capturing unit includes the
- - - - k= —9.9987E-01 -5.1522E-01 —9.0865E+00
compact optln?al system (1ts ref.erence numeral 1s omitted) of Al | E1R0F00 ¢ 005500 S eREE 1
the present disclosure and an 1mage sensor 360. The com- A6 — _3 7423F+00 3 3142F+01 1 (758F—59
pact optical system includes, 1n order from an object side to AR = 2.5003E+00 1.4814E+02 —
: : AlO = -9.2504E-01 -&8.1321E+402 -
an 1mage side, a flat panel 340, a first lens element 310, an 55 .

: Al2 = —2.2419E-01 7.1988E+03 -
aperture stop 300, a second lens element 320, a third lens Ald — 3.0513E-01 _4.0224F+04 _
clement 330 and an 1image surface 350, wherein the compact Al6 = ~7.2247E-02 8.0542E+04 —
optical system has a total of three lens elements (310-330) e 7 - A ;

. . urlace
with refractive power. The first lens element 310, the second
lens element 320 and the third lens element 330 are all 55 k- ~5.6437E-01 _4.0679E+00  —3.2004E-01
stationary relative to one another 1 a paraxial region Ad = -1.5072E+00 -3.3687E-01 2.2964E+00
thereof Ab = 2.7810E+00 1.0720E+00 —-5.8735E+00
' : : : AR = 4.8165E4+00 —8.6659E+00 8.0988E+00
The ﬁrs't lensielement 310 with I}egatlve refrfactwe power A1 — 315356401 445405400 B
has an object-side surtface 311 being convex 1n a paraxial AlD = 4 3669E4+01 6.7307E+01 -
region thereof and an 1mage-side surface 312 being concave 60 Al4 = — ~7.0683E+01 —

in a paraxial region thereof. The first lens element 310 1s
made of plastic maternial, and has the object-side surface 311
and the image-side surface 312 being both aspheric.

The second lens element 320 with positive refractive
power has an object-side surface 321 being convex in a
paraxial region thereof and an 1image-side surface 322 being,
convex 1n a paraxial region thereof. The second lens element

65

In the 3rd embodiment, the equation of the aspheric

surface profiles of the alorementioned lens elements 1s the
same as the equation of the 1st embodiment. Also, the

definitions of these parameters shown 1n the following table
are the same as those stated in the 1st embodiment with
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corresponding values for the 3rd embodiment, so an expla-

nation 1n this regard will not be provided again.
Moreover, these parameters can be calculated from Table

5 and Table 6 as the following values and satisiy the

16

paraxial region thereol and an image-side surface 422 being
convex 1n a paraxial region thereof. The second lens element
420 1s made of plastic material, and has the object-side
surface 421 and the image-side surface 422 being both

following conditions: > aspheric.
The third lens element 430 with positive refractive power
| has an object-side surface 431 being convex in a paraxial
Srd Embodiment region thereot and an 1image-side surface 432 being convex
f [mm] 0.14 111 + W21 + 4131 0.70 o 1n a paraxial region thereot. The third lens element 430 is
Fno 2.00 f/ImgH 0.26 . . ; . .
HFOV [deg ] 743 FEPD 5 00 made of Plastlc n:latenal, and has t_‘_leiobject-mde surf:-.':ice 431
FOV [deg.] 148.6 OL/TL 0.44 and the image-side surface 432 being both aspheric. The
V1+V2+V3 66.3 OTL [mm] 4.08 At : ol
N1 + No 4 N3 S010 OT]/SCT 5 eg Ob_]eC’[' side surface 431 and the Image 51de. Surfac?e 432‘ of
T12/CT1 587  OTL/ImgH 7.45 the third lens element 430 have at least one intlection point.
CICT] 3.69 1D/ 18.43 2 The flat panel 440 1s made of glass and located between
(R5 + R6Y/(R5 - R6) 0.003  |Dsr3/Dsr5| 0.19 _ _ _
an 1maged object O and the first lens element 410, and will
not atlect the focal length of the compact optical system. The
4th Embodiment image sensor 460 1s dlsposed on or near the 1image surface
20 450 of the compact optical system.
according to the 4th embodiment of the present disclosure. shown 1n Table 7 and the aspheric surface data are shown 1n
FIG. 7B 1s a partially enlarged schematic view of the image Table 8 below.
TABLE 7
4th Embodiment
f =0.11 mm, Fno = 2.00, HFOV = 75.5 deg.
Focal
Surface # Curvature Radius Thickness Material Index Abbe # Length
0 Object Plano 0.000
1 Flat Panel Plano 0.550 (Glass 1.523  64.2 —
2 Plano 0.361
3 Lens 1 31.696 (ASP) 0.200  plastic 1.674  21.5 -0.34
4 0230 (ASP)  0.775
5 Ape. Stop Plano 0.047
6 Lens 2 1.182 (ASP) 0.316  Plastic 1.661  23.3 0.59
7 ~0.523 (ASP)  0.098
8 Lens 3 0.701  (ASP) 0.431 Plastic 1.674  21.5 0.47
9 ~0434 (ASP)  0.173
10 Image Plano —
Note:
Reference wavelength 1s 480 nm.
capturing unit in FIG. 7A. FIG. 8 shows spherical aberration TABI E &
curves, astigmatic field curves and a distortion curve of the 45
image capturing unit according to the 4th embodiment. In Aspheric Coefficients
FIG. 7A and FIG. 7B, the image capturing unit includes the S
‘ ) _ ‘ urface #
compact optical system (its reference numeral 1s omitted) of
the present disclosure and an image sensor 460. The com- ., 3 4 6
pact optical system includes, 1n order from an object side to
an image side, a flat panel 440, a first lens element 410, an . ORIl - 1>o2nbl ~ /0822540
& ’ P ’ _ ’ A4 = 3.0712E+00 1.9262E+401 1.8966E-31
aperture stop 400, a second lens element 420, a third lens A6 — 7 R509F+00 _9 9985F+01 4 31RTF—59
clement 430 and an 1mage surface 450, wherein the compact AR = 1.0861E+01 1.1492E+03 —
optical system has a total of three lens elements (410-430) 55 AlD = —4.7991E+00 ~1.13285+04 —
with refractive power. The first lens element 410, the second ij‘i _S'jggggigg _:“'zggg:gg B
lens element 420 and the third lens element 430 are all ALG 1 5569F400 6 4053106 -
stationary relative to one another 1 a paraxial region
thereof. Surface #
The first lens element 410 with negative refractive power 60
has an object-side surface 411 being convex 1n a paraxial / i 7
region ther.eof anc.l an 1mage-side surface 412 being concave ko 9 1753F-01 R 8837F400 3 3096E_01
in a paraxial region thereof. The first lens element 410 1s AL — A 1660FL00 1 6434T400 3 2705F400
made OfplElStiC material,, and has the object-side surface 411 Af = 0 9102E+00 ~2 R362F+01 ~1.6737E+01
and the image-side surface 412 being both aspheric. 65 A8 = 3.3776E+02 2.8018E+02 8.6517F+01
The second lens element 420 with positive refractive A10 = ~3.8793E+03 ~1.1781E+03 —

power has an object-side surface 421 being convex 1n a
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TABLE 8-continued

Aspheric Coeflicients

18

the second lens element 520 and the third lens element 530
are all stationary relative to one another 1n a paraxial region
thereof.

Al2 = 1.3258E+04 2.6959E+03 — The first lens element 510 with negative refractive power

Ald = - —2.8184E+03 - > . . . . .
has an object-side surface 511 being convex in a paraxial
region thereol and an 1image-side surface 512 being concave

In the 4th embodiment, the equation of the aspheric in a paraxial region thereof. The first lens element 510 is
surface profiles of the aforementioned lens elements 1s the made of plastic material, and has the object-side surface 511
SAllE db the equation of the 1st embodlment. AISO’ the o and the image-side surface 312 being both aspheric.
definitions of these parameters shown in the tollowing table _ o _
are the same as those stated in the 1st embodiment with The second 1‘3{15 elft,—‘-ment 520 with P‘?Sltwe refrac'twe
corresponding values for the 4th embodiment, so an expla- power has dil object-side surface 52? being convex n-a
nation in this regard will not be provided again. paraxial region thereol and an image-side surface 522 being

Moreover, these parameters can be calculated from Table convex 1n a paraxial region thereof. The second lens element
7 and Table 8 as the following values and satisfy the !° 520 is made of plastic material, and has the object-side
following conditions: surface 521 and the image-side surface 522 being both

aspheric.
, The third lens element 530 with positive refractive power
4th Embodiment : : : : :
»o has an object-side surface 531 being convex 1n a paraxial

f [mm] 0.11 U1 + IW121 + ID13] 0.75 region thereof and an 1image-side surface 532 being convex

Fno 2.00  lmgH .23 in a paraxial region thereof. The third lens element 530 is

HFOV [deg.] 73.5 t/EPD 2.00 de of nlast; o dh he ob; 1 of 531

FOV [deg ] 151.0 O1 /TI. 045 made o Pastlc n:laterla , and hast €0 ject-side su ace

V1 + V2 + V3 66.3 OTL [mm] 2.95 and the 1mage-side surface 332 being both aspheric. The

NI + N2 + N3 5.010  OTL/ZCT 3.12 ~»5 Object-side surface 531 of the third lens element 530 has at

T12/CT1 4.11 OTL/ImgH 6.01 least one inflection pOiIlt.

CTH/CT1 2.75 TD/ 16.80 ‘

(R5 + R6)/(RS5 - R6) 0.23  |Dsr3/Dst5 0.10 The flat panel 540 1s made of glass and located between
an 1maged object O and the first lens element 510, and will
not aflect the focal length of the compact optical system. The

5th Embodiment 30 1mage sensor 560 1s disposed on or near the 1image surface
550 of the compact optical system.

FIG. 9A 1s a schematic view of an 1mage capturing unit The detailed optical data of the 5th embodiment are
according to the 5th embodiment of the present disclosure. shown 1n Table 9 and the aspheric surface data are shown 1n
FIG. 9B 1s a partially enlarged schematic view of the image Table 10 below.

TABLE 9
5th Embodiment
f = 0.14 mm, Fno = 2.00, HFOV = 73.4 deg.
Focal
Surface # Curvature Radius Thickness Material Index Abbe # Length
0 Object Plano 0.000
1 Flat Panel Plano 0.737  Glass 1.523  64.2 —
2 Plano 0.552
3 Lens 1 42472 (ASP)  0.249 Plastic  1.674 21.5  -0.47
4 0311 (ASP)  1.039
5 Ape. Stop Plano 0.147
6 Lens 2 1.381 (ASP) 0.502  Plastic 1.661  23.3 0.99
7 ~1.057 (ASP)  0.059
8 Lens 3 0.604 (ASP) 0.615 Plastic 1.674  21.5 0.57
9 ~0.624 (ASP)  0.207
10 Image Plano —
Note:
Reference wavelength 1s 480 nm.
capturing unit in FIG. 9A. FIG. 10 shows spherical aberra- > TABLE 10
tion curves, astigmatic field curves and a distortion curve of
: : : : : Aspheric Coeflicients

the 1mage capturing unit according to the 5th embodiment.

In FIG. 9A and FIG. 9B, the image capturing umt includes Surface #

the compact optical system (its reference numeral 1s omit- ; ) .

ted) of the present disclosure and an 1image sensor 360. The

compact optical system includes, 1n order from an object k = ~9.9987E-01 ~5.1522E-01 ~1.0055E+01

side to an image side, a flat panel 540, a first lens element Al = 1.4034E+00 8.0055E+00 /.8826E-32

510, an aperture stop 500, a second lens element 520, a third ig : _f";giggigg _i'iéﬁgig; _6'64?360

lens element 530 and an image surface 550, wherein the g5 A10 — _6.9729E-01 _8.1321F+02 -

compact optical system has a total of three lens elements Al2 = ~1.7041E-01 7.1988E+03 —

(510-530) with refractive power. The first lens element 310,
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Aspheric Coeflicients

20

capturing unit 1n FIG. 11A. FIG. 12 shows spherical aber-
ration curves, astigmatic field curves and a distortion curve

of the image capturing umt according to the 6th embodi-
ment. In FIG. 11A and FIG. 11B, the image capturing unit

Al4 = 1.9992E-01 —4.0224E+04 -
Al6 = ~4.4073E-02 8.0542F+04 — 5 1ncludes the compact optical system (its reference numeral
1s omitted) of the present disclosure and an 1mage sensor
Surface # 660. The compact optical system includes, in order from an
7 2 9 object side to an 1mage side, a flat panel 640, a first lens
clement 610, an aperture stop 600, a second lens element
k = ~6.9910E-01 =3.6343E+00 =3.0516E-01 10 620, a third lens element 630 and an image surface 650,
A% = ~1.32075+00 Bespe 21915 5+00 wherein the compact optical system has a total of three lens
Ab = 1.9601E+00 2.6443E-01 —-5.2437E+00 _ _ J
AR = 6 9811F+00 3 3494F+00 6 7749F+00 clements (610-630) with refractive power. The first lens
Al0 = ~3.4744E+01 ~2.3961E+01 — element 610, the second lens element 620 and the third lens
Al2 = 4.7385E+01 9.1454E+01 — element 630 are all stationary relative to one another in a
Ald = - ~8.04985+01 - 15 paraxial region thereof.
The first lens element 610 with negative refractive power

In the 5th embodiment, the equation of the aspheric has an object-side surface 611 being convex in a paraxial
surface proﬁles of the atorementioned lens elements 1s the region thereot and an image-side surface 612 being concave
same as the equation of the 1st embodiment. Also, the in a paraxial region thereof. The first lens element 610 is
definitions of these parameters shown in the following table 20 made of plastic material, and has the object-side surface 611
are the same as those stated in the 1st embodiment with and the image-side surface 612 being both aspheric.
corresponding values for the 5th embodiment, so an expla- The second lens element 620 with negative refractive
nation in this regard will not be provided again. power has an object-side surface 621 being convex in a

Moreover, these parameters can be calculated from Table paraxial region thereof and an image-side surface 622 being
O and Table 10 as the fOHOWiIlg values and Satisfy the 25 concave in a paraxia] region thereof. The second lens
tollowing conditions: element 620 is made of plastic material, and has the object-

side surface 621 and the image-side surface 622 being both
aspheric.

Sth Embodiment The third lens element 630 with positive refractive power
£ [mm] 014  IDfLl 4 1D + 163 067 30 has an object-side surface 631 being convex in a paraxial
Fno 2.00  fImeH 0.28 region thereot and an 1image-side surface 632 being convex
HFOV [deg ] 73.4 /EPDy 2.00 in a paraxial region thereof. The third lens element 630 is
5,?‘; &C};gj V3 122'2 8%/5 ?mm] g"ffg made of plastic material, and has the object-side surface 631
N1 + N2 + N3 5010 OTLSCT 101 and the image-side surface 632 being both aspheric. The
T12/CT1 476  OTL/ImgH R.41 35 object-side surface 631 of the third lens element 630 has at
CT/CT1 296  TD/f 19.25 least one 1nflection point.

(RS + RO)/RS - RO) -0.02 |Dsr3/Dard| 0.21 The flat panel 640 is made of glass and located between
an 1maged object O and the first lens element 610, and will
not affect the focal length of the compact optical system. The

6th Embodiment 40 1mage sensor 660 1s disposed on or near the 1image surface
650 of the compact optical system.

FIG. 11A 1s a schematic view of an image capturing unit The detailed optical data of the 6th embodiment are
according to the 6th embodiment of the present disclosure. shown 1n Table 11 and the aspheric surface data are shown
FIG. 11B 1s a partially enlarged schematic view of the image in Table 12 below.

TABLE 11
6th Embodiment
f = 0.10 mm, Fno = 2.00, HFOV = 75.1 deg.
Focal
Surface # Curvature Radius Thickness Material Index Abbe # Length
0 Object Plano 0.000
1 Flat Panel Plano 0.737 Glass 1.523  64.2 —
2 Plano 0.507
3 Lens 1 42472  (ASP) 0.230  Plastic 1.717  20.0 -0.44
4 0311 (ASP)  1.039
5 Ape. Stop Plano 0.011
6 Lens 2 1.523  (ASP) 0.369  Plastic 1.661  23.3 —-2.24
7 0.679 (ASP)  0.020
8 Lens 3 0.233 (ASP) 0.508 Plastic 1.674  21.5 0.32
9 ~0.326 (ASP)  0.192
10 Image Plano —
Note:

Reference wavelength 1s 480 nm.
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Aspheric Coeflicients

22
7th

Embodiment

FIG. 13A 1s a schematic view of an image capturing unit
according to the 7th embodiment of the present disclosure.

Surface # : : S :

— FIG. 13B 1s a partially enlarged schematic view of the image
5 _ 3% Y g : g
3 4 5 capturing unit 1n FIG. 13A. FIG. 14 shows spherical aber-
ration curves, astigmatic field curves and a distortion curve
= —9.998 /kE~-01 =3.1522k~01 = /7.0741E+01 of the image capturing unit according to the 7th embodi-
Al = L-3047B+00 8.0055E+00 /.88205=32 ment. In FIG. 13A and FIG. 13B, the image capturing unit
Ab = —2.0646E+00 —2.3142E+01 —6.3405E-61 reludes th ¢ tical ¢ (-t f 1
AR — | T079E400 | AR1AR+00 o ., Includes the compact optical system (its reference numera
A10 = _6.399]F—01 _R 1321F+02 . 1s omitted) of the present disclosure and an 1mage sensor
Al2 = ~1.6732E-03 7.1988E+03 — 760. The compact optical system includes, in order from an
Al4 = 7.6570E-02 -4.0224E+04 — object side to an 1mage side, a flat panel 740, a first lens
Alb = —1.6643E-02 8.0542E+04 — element 710, an aperture stop 700, a second lens element
o 720, a third lens element 730 and an image surface 750,

urface # 15 : : ,
wherein the compact optical system has a total of three lens

7 8 9 clements (710-730) with refractive power. The first lens

element 710, the second lens element 720 and the third lens
k = —-/.3919E+01 —8.0113E+00 —>.0724E-01 element 730 are all stationary relative to one another in a
Ad = —3.1588E+01 —1.2590E-03 1.0608E+01 paraxial region thereof.
Ab = 7.4251E402 —1.1784E+401 -4.7779E+01 he fi 1 1 710 with : £ :
AR — _1 3347F+04 _A 5766E401 | 266TE+0D 20 The rsj[ ens ¢ ement wit I}ega‘uve re r:actwe power
A10 = 1 3063FE+05 —1.9406E+07 - has an object-side surface 711 being convex in a paraxial
Al2 = ~5.2744E+05 2.1210E+03 — region thereol and an 1image-side surface 712 being concave
Ald = — =3.2702E+03 — in a paraxial region thereof. The first lens element 710 1s
made of plastic material, and has the object-side surface 711

In the 6th embodiment, the equation of the aspheric 25 and the image-side surtace 712 bemg both “':.ls.pherlc' .

- L The second lens element 720 with positive refractive
surface profiles of the aforementioned lens elements 1s the : . . .

. . , power has an object-side surface 721 being concave 1n a
same as the equation of the 1st embodiment. Also, the : : : : :
definiti F . h e followine tabl paraxial region thereof and an image-side surface 722 being

© nlll 1015 O esiparame e:is > OIT i 1111 ¢ bo ;Wlng at E convex 1n a paraxial region thereotf. The second lens element
are the same as those stated 1n the Ist embodiment wil 720 1s made of plastic material, and has the object-side
corresponding values for the 6th embodiment, so an expla- 39 . t0a 721 and the image-side surface 722 being both
nation 1n this regard will not be provided again. aspheric.

Moreover, these parameters can be calculated from lable The third lens element 730 with positive refractive power
11 anq lable 12" as the following values and satisty the has an object-side surface 731 being concave 1n a paraxial
following conditions: region thereof and an image-side surface 732 being convex

35 in a paraxial region thereof. The third lens element 730 is
made of plastic material, and has the object-side surface 731
6th Embodiment and the image-side surface 732 being both aspheric. The
£ {mum] 010 IFfLl + 1E/5] + 1E/3) 0.50 object-mdfa surf:-;}ce 731. of the third lens element 730 has at
Fro 2.00  fImeH 096 least one inflection point.
HFOV [deg.] 75.1 f/EPD 2.00 40  The flat panel 740 1s made of glass and located between
FOV [deg.] 150.1 OL/TL 0.52 an 1maged object O and the first lens element 710, and will
V14 V24 V3 648  OIL [mm] 3.0l not affect the focal length of the compact optical system. The
N+ N2+ N3 2052 OTLZCL 0-20 image sensor 760 1s disposed on or near the image surface
T12/CT1 456  OTL/AmgH 9.40 & P S
CTFCT1 3950 TD/E 21 59 750 of the compact ‘optlcal system. |
(R5 + R6)/(RS - R6) ~0.17  |Dsr3/Dst5| 0.03 45 The detailed optical data of the 7th embodiment are
shown 1n Table 13 and the aspheric surface data are shown
in Table 14 below.
TABLE 13
7th Embodiment
f = 0.09 mm, Fno = 2.40, HFOV = 80.5 deg.
Focal
Surface # Curvature Radius Thickness Material Index Abbe # Length
0 Object Plano 0.000
1 Flat Panel Plano 0.500  Glass 1.523  64.2 —
2 Plano 0.398
3 Lens 1 15.000 (ASP) 0.300  Plastic 1.674  21.5 —-0.25
4 0.162 (ASP) 0.393
5 Ape. Stop Plano 0.010
6 Lens 2 -5.418 (ASP) 0.380  Plastic 1.674 214 0.46
7 -0.301 (ASP) 0.050
8 Lens 3 -1.337 (ASP) 0.447  Plastic 1.660  23.5 0.33
9 ~0.215 (ASP)  0.257
10 Image Plano —
Note:

Reference wavelength 1s 480 nm.
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8th

Embodiment

FIG. 15A 15 a schematic view of an image capturing unit
according to the 8th embodiment of the present disclosure.

Surface # s FIG.15B 1s a partially enlarged schematic view of the image
; A p capturing unit i FIG. 15A. FIG. 16 shows spherical aber-
ration curves, astigmatic field curves and a distortion curve
_ _1 0000FE+00 _5 1599F-01 _39895F—14 of the image capturing umt according to the 8th embodi-
Ad = _2.0759E-01 _1.0338E+01 4.5040E+00 ment. In FIG. 15A and FIG. 15B, the image capturing unit
A6 = 1.9664E+00 5.9030E+02 — includes the compact optical system (its reference numeral
AR = —-3.2004E+00 -6.4492E+04 — 10 1s omitted) of the present disclosure and an 1mage sensor
AlD = 2.4242E+00 1.5168E+06 — 860. The compact optical system includes, in order from an
iii - "j‘iiggg"g; 998 74E+06 _ object side to an 1mage side, a flat panel 840, a first lens
B | B o o clement 810, an aperture stop 800, a second lens element
Surface # 820, a third lens element 830 and an 1mage surface 850,

uriace . . ;
wherein the compact optical system has a total of three lens
; o 5 > elements (810-830) with refractive power. The first lens
element 810, the second lens element 820 and the third lens
_ _1{ 4160E+00 9 0000E401 7 3530F-01 clement 830 are all stationary relative to one another 1n a

Ad = _4.3664E+00 2 708 1E+00 1.8200E+01 paraxial region thereof.

A6 = 6.8533E+01 ~1.1956F+01 _8.9143F+01 The first lens element 810 with negative refractive power
A8 = ~1.4923E+03 1.1073E+01 5.8239E+02 >0 has an object-side surface 811 being concave 1n a paraxial
A10 = 1.5227E+04 ~1.0257E+01 ~1.0583E+03 region thereot and an 1image-side surface 812 being concave
in a paraxial region thereof. The first lens element 810 1s
made of plastic material, and has the object-side surface 811

In the 7th embodiment, the equation of the aspheric and the image-side surface 812 being both aspheric.
surface profiles of the alorementioned lens elements 1s the 55 The second lens element 820 with positive refractive
same as the equation of the 1st embodiment. Also, the power has an object-side surface 821 being convex 1n a
definitions of these parameters shown in the following table = paraxial region thereof and an image-side surface 822 being
are the same as those stated in the 1st embodiment with convex 1n a paraxial region thereof. The second lens element
corresponding values for the 7th embodiment, so an expla- 820 1s made of plastic material, and has the object-side
nation in this regard will not be provided again. 20 SM%‘C? 821 and the image-side surface 822 being both

aspheric.

Moreover, these parameters cdil be calculated from lable pThfe: third lens element 830 with positive refractive power
I3 and Table 14 as the following values and satisty the  pag 45 object-side surface 831 being convex in a paraxial
following conditions: region thereol and an 1image-side surface 832 being concave

in a paraxial region thereof. The third lens element 830 1s
35 made of plastic material, and has the object-side surface 831
7th Embodiment and the image-side surface 832 being both aspheric. The

f [mm] 0.09 Ll + 162 + 63 084 object.-side surface 831 and the image-side. Surfa(?e 832. of

F1o 240  fImgH 0.24 the third lens element 830 have at least one 1ntlection point.

HFOV [deg.] R0.5 f/EPD 2.40 The flat panel 840 1s made of glass and located between

FOV [deg.] 160.9 OL/TL 0.49 40 an 1maged object O and the first lens element 810, and waill

VI+ V24 V3 06.4 OTL [mm] 2.74 not atlect the focal length of the compact optical system. The

N1 + N2 + N3 5.009 OTL/ZCT 2.43 . . : .

T19/CT1 134  OTL/ImgH 7 53 image sensor 860 1s dlsposed on or near the 1image surface

CTHCT1 1 67  TD/E 17 30 850 of the compact optical system.

(R5 + R6)/(RS5 — R6) 1.38  |Dsr3/Dsr5| 0.02 The detailed optical data of the 8th embodiment are
shown 1n Table 15 and the aspheric surface data are shown
in Table 16 below.

TABLE 15
8th Embodiment
f = 0.21 mm, Fno = 2.40, HFOV = 74.3 deg.
Focal
Surface # Curvature Radius Thickness Material Index Abbe # Length
0 Object Plano 0.000
1 Flat Panel Plano 0.500  Glass 1.523  64.2 —
2 Plano 0.708
3 Lens 1 -8.835 (ASP) 0.200  Plastic 1.660  23.5 -0.49
4 0338 (ASP)  0.429
5 Ape. Stop Plano 0.022
6 Lens 2 1.428 (ASP) 0.515 Plastic 1.598  30.2 0.50
7 ~0.324 (ASP)  0.020
8 Lens 3 0.589 (ASP) 0.211  Plastic 1.660  23.5 1.62
9 1.126 (ASP)  0.355
10 Image Plano —
Note:

Reference wavelength 1s 480 nm.
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Oth

Embodiment

FIG. 17A 1s a schematic view of an image capturing unit
according to the 9th embodiment of the present disclosure.

Surface # : : S :

— 5 FIG. 17B 1s a partially enlarged schematic view of the image
3 4 5 capturing unit 1n FIG. 17A. FIG. 18 shows spherical aber-
ration curves, astigmatic field curves and a distortion curve
= —9.9992E-01 =3.1522k-01 L7181 E+01 of the image capturing unit according to the 9th embodi-
Al = L1491 E+01 3:02785+01 ~1.6594E+00 ment. In FIG. 17A and FIG. 17B, the image capturing unit
Ab = —7.3638E+01 —3.0095E+402 —7.3073E+00 reludes th ¢ tical ¢ (-t f 1
AR — 3 R193F407 4 0905 F+03 o ., Includes the compact optical system (its reference numera
A10 = _3 8213F407 | 6377E+04 . 1s omitted) of the present disclosure and an 1mage sensor
Al2 = ~9.1428E+02 ~7.4275E+05 — 960. The compact optical system includes, in order from an
Al4 = 3.7522E+403 4.2082E+06 — object side to an 1mage side, a flat panel 940, a first lens
Alb = —3.5081E+03 —6.7616E+06 — element 910, an aperture stop 900, a second lens element
o 920, a third lens element 930 and an 1mage surface 950,

urface # 15 : : ,
wherein the compact optical system has a total of three lens

7 8 9 clements (910-930) with refractive power. The first lens

element 910, the second lens element 920 and the third lens
1:; = ‘f-;gggg‘gi jg;;?g‘gé 2'2%??82 element 930 are all stationary relative to one another in a
= . -~ -2. + -5. + - -
Ab = -1.7633E+01 —2.8553E+401 -4.1074E-01 pal‘al); laili regllon ﬂ}erEOf' S : £ :
AR — 7 0664F401 3991 6400 3 0Y46F400 20  The rst lens element 910 wit negative refractive power
A10 = 7 6099F4+03 ~1.5627E+03 _9 68T4FE+03 has an object-side surface 911 being concave in a paraxial
Al2 = ~1.0959E+04 2.5641E+03 6.9987E+03 region thereot and an 1image-side surface 912 being concave
Ald = — =3.3699E+03 =0.5280E+03 in a paraxial region thereof. The first lens element 910 1s
made of plastic material, and has the object-side surface 911

In the 8th embodiment, the equation of the aspheric 25 and the image-side surtace 912 bemg both “':.ls.pherlc' .

- L The second lens element 920 with positive refractive
surface profiles of the aforementioned lens elements 1s the . . . .

. . , power has an object-side surface 921 being convex 1n a
same as the equation of the 1st embodiment. Also, the : : : : :
definiti F fars sh e followine tabl paraxial region thereot and an 1image-side surface 922 being

© nlll 1015 O esiparame e:is > OIT i 1111 ¢ bo ;Wlng at E convex 1n a paraxial region thereof. The second lens element
are the same as those stated i the Isl embodiment wit 920 1s made of plastic material, and has the object-side
corresponding values for the 8th embodiment, so an expla- 39 . t0a 021 and the image-side surface 922 being both
nation 1n this regard will not be provided again. aspheric.

Moreover, these parameters can be calculated from lable The third lens element 930 with positive refractive power
15 and Table 16 as the following values and satisty the has an object-side surface 931 being convex 1n a paraxial
following conditions: region thereof and an image-side surface 932 being convex

35 in a paraxial region thereof. The third lens element 930 is
made of plastic material, and has the object-side surface 931
8th Embodiment and the image-side surface 932 being both aspheric. The
£ {mum] 091 IFfLl + 1ED] + IE/E3) 100 objecti-mde surface 931 and the 1mage-51de. surfage 932‘ of
Fro 240  fImeH 0 79 the third lens element 930 have at least one intlection point.
HFOV [deg.] 74.3 f/EPD 2.40 40  The flat panel 940 1s made of glass and located between
FOV [deg.] 148.6 OL/TL 0.69 an 1maged object O and the first lens element 910, and will
V14 V24 V3 /7.2 OIL [mm] 2.26 not affect the focal length of the compact optical system. The
N+ N2+ N3 4919 OlLzCl 320 image sensor 960 1s disposed on or near the 1image surface
T12/CT1 226  OTL/ImgH 4.05 & P S
CTFCT1 550 TD/E 657 950 of the compact ‘optlcal system. |
(R5 + R6)/(RS - R6) -3.19  |Dsr3/Dst5| 0.04 45 The detailed optical data of the 9th embodiment are
shown 1n Table 17 and the aspheric surface data are shown
in Table 18 below.
TABLE 17
9th Embodiment
f = 0.15> mm, Fno = 1.60, HFOV = 79.3 deg.
Focal
Surface # Curvature Radius Thickness Material Index Abbe # Length
0 Object Plano 0.000
1 Flat Panel Plano 0.500  Glass 1.523  64.2 —
2 Plano 0.739
3 Lens 1 -16.036 (ASP) 0.200  Plastic 1.674  21.5 -0.42
4 0.287 (ASP) 0.473
5 Ape. Stop Plano 0.025
6 Lens 2 1.260 (ASP) 0.386  Plastic 1.598  30.2 0.85
7 -0.750 (ASP) 0.075
8 Lens 3 0.493 (ASP) 0.317 Plastic 1.674  21.5 0.41
9 ~0.458 (ASP)  0.267
10 Image Plano —
Note:

Reference wavelength 1s 480 nm.
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10th

Embodiment

FIG. 19A 1s a schematic view of an image capturing unit
according to the 10th embodiment of the present disclosure.

Surface # : : C :
— 5 FIG. 19B 1s a partially enlarged schematic view of the image
3 4 5 capturing unit 1n FIG. 19A. FIG. 20 shows spherical aber-
ration curves, astigmatic field curves and a distortion curve
= —9.9980k~01 =3.1522k-01 3.48 14E+00 of the 1mage capturing unit according to the 10th embodi-
A4 = 2.15555+00 6.0675E+00 - /7.20765-01 ment. In FIG. 19A and FIG. 19B, the image capturing unit
Ab = -5.5319E+00 —1.5280E+01 - . . .
AR — 2 591 AF+00 6 3044F401 B 0 %nclud'es the compact optlcaI‘ system (its refergnce numeral
A10 = 5 9901F+00 7 6621E+01 . 1s omitted) of the present disclosure and an 1mage sensor
Al2 = 6.2520E-01 ~1.0549E+03 — 1060. The compact optical system includes, 1n order from an
Ald = 1.2884E+00 1.8143E+03 — object side to an image side, a flat panel 1040, a first lens
Alo = ~4.0067E-01 ~8.8491E+02 - clement 1010, an aperture stop 1000, a second lens element
Surface # s 1020, a third lens element 1030 and an 1mage surface 1030,
wherein the compact optical system has a total of three lens
/ 8 ) elements (1010-1030) with refractive power. The first lens
ko | A44TFL00 3 77R3F_01 5 5977F_0] element 1010, the second lens element 1020 and the third
A = 9 9434F4+00 1 0543F+01 5 0921 F+00 lens element 1030 are all stationary relative to one another
A6 = 4.9153E+01 9.6135E+01 ~3.2901E+01 " in a paraxial region thereof.
AB = 2.7144E+00 —1.0514E+03 1.3855E+02 The first lens element 1010 with negative refractive power
AlO = —3.7730E+402 0.2546E4+03 - h b d . 1011 be: - o1
Al> — 5 0095F100 1 6837E404 - as an object-side surface | being convex in a paraxia
Ald = . | 6440F+04 . region thereol and an 1mage-side surface 1012 being con-
cave 1n a paraxial region thereof. The first lens element 1010
s 1s made of plastic material, and has the object-side surface
In the 9th embodiment, the equation of the aspheric 1011 and the image-side surface 1012 being both aspheric.
surface profiles of the alorementioned lens elements 1s the The second lens element 1020 with positive refractive
same as the equation of the 1st embodiment. Also, the power has an object-side surface 1021 being flat 1n a paraxial
definitions of these parameters shown in the following table  region thereof and an 1image-side surface 1022 being convex
are the same as those stated in the 1st embodiment with in a paraxial region thereof The second lens element 1020 1s
. : 30 : . : .
correspondlng values for the 9th embodiment, so an exp]a- made of plaSTIC material, and has the Ob_]E:C'[-SldE: surface
nation 1 this regard wi1ll not be provided again_ 1021 and the image-side surface 1022 being both aspheric.
Moreover, these parameters can be calculated from Table The third lens. elelpent 1030 with positive refrac.twe
1’7 and Table 18 as the following values and satisty the pOWEL has i object-side surface.1031 b.emg COLVER 11 4
following conditions: 14 paraxial region thereof and an image-side surface 1032
' being convex i a paraxial region thereof. The third lens
clement 1030 1s made of plastic material, and has the
oth Ernhod: et object-side surface 1031 and the image-side surface 1032
being both aspheric. The image-side surface 1032 of the

I [mm] .15 IWALT + IT12] + [1/13] 0.92 third lens element 1030 has at least one inflection point.

Fno 1.60 flmgH -2 4 The f] 11040 is made of glass and located b

HFOV [deg.] 79 1 FEPD | 60 ¢ 1at pane 1s made ol glass and located between

2 : : :

FOV [deg.] 158 7 O1 /TI. 071 an 1maged object O and the first lens element 1010, and will

V1 + V2 + V3 73.2 OTL [mm] 2.98 not atlect the focal length of the compact optical system. The

N1+ N2+ N3 4.947  OTL/2CT 3.30 image sensor 1060 is disposed on or near the image surface

E%g% é'gg %)gglmgH ggg 45 1050 of the compact optical system.

(RS + R6)/(RS — R6) 0.04  |Dsr3/Dsrs| 005 The detailed optical data of the 10th embodiment are
shown 1n Table 19 and the aspheric surface data are shown
in Table 20 below.

TABLE 19
10th Embodiment
f=0.12 mm, Fno = 2.40, HFOV = 76.4 deg.
Focal
Surface # Curvature Radius Thickness Material Index Abbe# Length
0 Object Plano 0.000
1 Flat Panel Plano 0.500  Glass 1.523  64.2 —
2 Plano 0.661
3 Lens 1 15.000 (ASP) 0.249  Plastic 1.674  21.5 -0.42
4 0.276 (ASP) 0.558
5 Ape. Stop Plano 0.009
6 Lens 2 Plano 0.290 Plastic 1.660  23.5 0.80
7 -0.531 (ASP) 0.045
8 Lens 3 1.324  (ASP) 0.434  Plastic 1.660  23.5 0.33
9 ~0.226 (ASP)  0.249
10 Image Plano -
Note:

Reference wavelength 1s 480 nm.
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TABLE 20

Aspheric Coeflicients

Surface #

3 4 7
= —1.0000E+00 -5.1522E-01 -1.0629E+01
Ad = ~-5.5241E-01 8.2831E+00 —5.1546E+00
A6 = 3.0468E+00 ~4.4169E+02 1.8667E+02
AR = —4.6870E+00 5.1872E403 —5.1532E+03
Al0 = 3.3702E400 —2.3830E+04 5.0028E+04

Al2 = -9.5570E-01 3.7594E+4+04 —

Al4 = 2.0562E-03 —

Surface #
8 9

= —4.5453E4+01 ~-7.3057E-01

Ad = 5.7245E+00 1.5752E+01

Ab = ~2.7525E+01 -1.6147E+4+01

AR = 3. 787R8E+01 —1.6R867E+02

Al0 = ~2.6500E+01 1.3324E+03

In the 10th embodiment, the equation of the aspheric
surface profiles of the aforementioned lens elements 1s the
same as the equation of the 1st embodiment. Also, the
definitions of these parameters shown in the following table
are the same as those stated in the 1st embodiment with
corresponding values for the 10th embodiment, so an expla-
nation 1n this regard will not be provided again.

Moreover, these parameters can be calculated from Table
19 and Table 20 as the following values and satisty the

tollowing conditions:

10th Embodiment

f [mm] 0.12  IFfll + /2] + /3] 0.78
Fno 240  f/ImgH 0.34
HFOV [deg.] 76.4 f/EPD 2.40
FOV [deg.] 152.9 OL/TL 0.63
V1 + V2 + V3 68.5 OTL [mm] 3.00
N1 + N2 + N3 4995 OTL/ECT 3.08
T12/CT1 228  OTL/ImgH R.61
CT{/CT1 201  TD/ 13.47
(R5 + R6Y/(RS5 - R6) 0.71  IDsr3/Dst5 0.03

The foregoing 1image capturing unit 1s able to be installed
in, but not limited to, an electronic device, including smart
phones, tablet personal computers, wearable apparatus and
driving assist devices. According to the present disclosure,
the compact optical system has a total of three lens elements
with refractive power. In order to satisty the requirements of
compact size and wide field of view when the imaged object
1s extremely close to the compact optical system, the first
lens element has negative refractive power, and the third lens
clement has positive refractive power. Therefore, 1t 1s favor-
able for providing the compact optical system with retrofo-
cus pertormance so as to reduce the chief ray angle of the
compact optical system, thereby providing the compact
optical system with enhanced telecentric performance. Fur-
thermore, when specific conditions are satisfied, it 1s favor-
able for collecting the light with large incident angle so as
to allow the compact optical system to capture a wide field
of view and recognize an 1imaged object while the distance
between the imaged object and the compact optical system
1s extremely close. Moreover, it 1s favorable for reducing a
required distance for imaging capturing between the imaged
object and the compact optical system so as to keep the
compact optical system compact.
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The foregoing description, for the purpose of explanation,
has been described with reference to specific embodiments.
It 1s to be noted that TABLES 1-20 show different data of the
different embodiments; however, the data of the different
embodiments are obtained from experiments. The embodi-
ments were chosen and described 1n order to best explain the
principles of the disclosure and 1ts practical applications, to
thereby enable others skilled 1n the art to best utilize the
disclosure and various embodiments with various modifica-
tions as are suited to the particular use contemplated. The
embodiments depicted above and the appended drawings are
exemplary and are not imntended to be exhaustive or to limait
the scope of the present disclosure to the precise forms
disclosed. Many modifications and variations are possible 1n
view ol the above teachings.

What 1s claimed 1s:

1. A compact optical system comprising, in order from an

object side to an 1mage side:

a first lens element with negative refractive power having
an 1mage-side surface being concave 1 a paraxial
region thereof;

a second lens element, wherein at least one of an object-
side surface and an image-side surface of the second
lens element 1s aspheric, and the second lens element 1s
made of plastic material; and

a third lens element having positive refractive power,
wherein at least one of an object-side surface and an
image-side surface of the third lens element 1s aspheric,
and the third lens element 1s made of plastic maternal;

wherein the compact optical system has a total of three
lens elements, the compact optical system further com-
prises an aperture stop located between the first lens
element and the second lens element, the first lens
element, the second lens element and the third lens
clement are all stationary relative to one another 1n a
paraxial region thereof;

wherein a focal length of the compact optical system 1s 1,
a maximum 1mage height of the compact optical system
1s ImgH, an entrance pupil diameter of the compact
optical system 1s EPD, a refractive index of the first
lens element 1s N1, a refractive index of the second lens
element 1s N2, a refractive index of the third lens
clement 1s N3, an axial distance between the aperture
stop and the object-side surface of the second lens
clement 1s Dsr3, an axial distance between the aperture
stop and the object-side surface of the third lens ele-
ment 1s Dsr5, and the following conditions are satisfied:

t/ImgH<0.535;
f/EPD<2.60;
4. 70<N1+N2+N3<5.50; and

0<|Dsr3/Dsr5|<0.50.

2. The compact optical system of claim 1, wherein the
image-side surface of the third lens element 1s convex in a
paraxial region thereof.

3. The compact optical system of claim 2, wherein the
second lens element has positive refractive power, and the
image-side surface of the second lens element 1s convex 1n
a paraxial region thereof.

4. The compact optical system of claim 2, wherein a
curvature radius of the object-side surface of the third lens
clement 1s RS, a curvature radius of the image-side surface
of the third lens element 1s R6, and the following condition
1s satisfied:

~0.50<(R5+R6)/(R5-R6)<0.50.
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5. The compact optical system of claim 1, wherein at least
one of the object-side surface and the 1image-side surface of
the third lens element has at least one inflection point, a
curvature radius of the object-side surface of the third lens
clement 1s R3S, a curvature radius of the image-side surface

of the third lens element 1s R6, and the following condition
1s satisfied:

(R5+R6)/(R5-R6)<0.90.

6. The compact optical system of claim 1, wherein an
axial distance between an 1maged object and an image
surface 1s OTL, and the following condition 1s satisfied:

OTL21 8.0 millimeters (mm).

7. The compact optical system of claim 1, wherein the
tocal length of the compact optical system 1s 1, the maximum
image height of the compact optical system 1s ImgH, and the
following condition 1s satisfied:

f/ ImgH<0.45.

8. The compact optical system of claim 1, wherein an
Abbe number of the first lens element 1s V1, an Abbe
number of the second lens element 1s V2, an Abbe number
of the third lens element 1s V3, and the following condition
1s satisfied:

V1+V24+V3<80.

9. The compact optical system of claim 1, further com-
prising a flat panel, wherein the flat panel 1s located between
so an 1maged object and an object-side surface of the first
lens element.

10. An 1image capturing unit, comprising:

the compact optical system of claim 1; and

an 1mage sensor, wherein the 1mage sensor 1s disposed on
the 1mage side of the compact optical system.

11. An electronic device comprising:

a biometric system, wherein the biometric system com-
prises the image capturing unit of claim 10.

12. A compact optical system comprising, in order from

an object side to an 1image side:

a first lens element with negative refractive power having
an 1mage-side surface being concave 1n a paraxial
region thereof;

a second lens element, wherein at least one of an object-
side surface and an i1mage-side surface of the second
lens element 1s aspheric, and the second lens element 1s
made of plastic material; and

a third lens element having positive refractive power,
wherein at least one of an object-side surface and an
image-side surface of the third lens element 1s aspheric,
and the third lens element 1s made of plastic matenal;

wherein the compact optical system has a total of three
lens elements, the compact optical system further com-
prises an aperture stop located between the first lens

element and the second lens element, the first lens

element, the second lens element and the third lens

clement are all stationary relative to one another 1n a
paraxial region thereof;

wherein a focal length of the compact optical system 1s T,

a focal length of the first lens element 1s 11, a focal

length of the second lens element 1s 12, a focal length

of the third lens element 1s 13, a maximum 1mage height
of the compact optical system 1s ImgH, a refractive
index of the first lens element 1s N1, a refractive index
of the second lens element 1s N2, a refractive index of
the third lens element 1s N3, an axial distance between
the aperture stop and the object-side surface of the
second lens element 1s Dsr3, an axial distance between
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the aperture stop and the object-side surtace of the third
lens element 1s Dsr5, an axial distance between an
imaged object and an 1mage surface 1s OTL, a sum of
central thicknesses of the first lens element, the second
lens element and the third lens element 1s ZCT, and the
following conditions are satisfied:

O.5<It/A1I+IT/121+11/131<1.1;
f/ImgH<0.70;
4.70<N1+N2+N3<5.50;
0<|Dsr3/Dsr51<0.50; and

OTL/ZCT<4.0.

13. The compact optical system of claim 12, wherein the
image-side surface of the third lens element 1s convex 1n a
paraxial region thereof.

14. The compact optical system of claim 12, wherein the
axial distance between the imaged object and the image
surface 1s O'TL, the maximum i1mage height of the compact
optical system i1s ImgH, and the following condition 1is
satisfied:

OTL/ImgH<12.

15. The compact optical system of claim 14, wherein a
maximal field of view of the compact optical system 1s FOV,
and the following condition 1s satisfied:

140.0 degrees (deg.)<FOV<180.0 deg.

16. The compact optical system of claim 14, wherein the
compact optical system further comprises a flat panel
located between the imaged object and an object-side sur-
face of the first lens element, a central thickness of the flat
panel 1s CT1, a central thickness of the first lens element 1s
CT1, and the following condition 1s satisfied:

0.95<CT1H/CT1<35.5.

17. The compact optical system of claim 12, wherein at
least one of the object-side surface and the image-side
surface of the third lens element has at least one inflection
point, the axial distance between the 1maged object and the

image surface 1s OTL, and the following condition 1s satis-
fied:

OTL<5.0 mm.

18. The compact optical system of claim 12, wherein a
curvature radius of the object-side surface of the third lens
clement 1s R3, a curvature radius of the image-side surface
of the third lens element 1s R6, and the following condition
1s satisfied:

(R5+R6)/(R5-R6)<0.90.

19. The compact optical system of claim 12, wherein an
axial distance between the first lens element and the second
lens element 1s T12, a central thickness of the first lens
clement 1s CT1, and the following condition 1s satisfied:

1.50<T12/CT1<10,

20. The compact optical system of claim 12, wherein an
axial distance between the 1maged object and an object-side
surface of the first lens element 1s OL, an axial distance
between the object-side surface of the first lens element and

the 1mage surface 1s TL, and the following condition 1s
satisfied:

0<OL/TL<1.0.
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21. The compact optical system of claim 12, wherein an
axial distance between the object-side surface of the first
lens element and the image-side surface of the third lens
clement 1s TD, the focal length of the compact optical
system 1s 1, and the following condition 1s satisfied:

8<TD/1<30.

22. An 1mage capturing unit, comprising:

the compact optical system of claim 12;

a light source; and

an 1mage sensor, wherein the 1mage sensor 1s disposed on
the 1mage side of the compact optical system.

23. The 1mage capturing unit of claim 22, wherein the

light source 1s within a wavelength range of 400 nanometers
(nm) to 500 nm.

24. A compact optical system comprising three lens ele-
ments, the three lens elements being, in ovder from an object
side to an image side, a first lens element, a second lens
element and a third lens element; each of the three lens
elements having an object-side surface facing toward the
object side and an image-side surface facing toward the
image side;

wherein the first lens element has negative refractive

power, the object-side surface of the second lens ele-
ment is convex in a paraxial vegion theveof, the thivd
lens element has positive refractive power, and the
object-side surface of the thivd lens element is convex
in a paraxial rvegion thereof;

whevrein the compact optical system has a total of three

lens elements, an axial distance between the first lens
element and the second lens element is larger than an
axial distance between the second lens element and the
third lens element, an absolute value of a curvature
radius of the object-side surface of the thivd lens
element is larger than an absolute value of a curvature
radius of the image-side surface of the thivd lens
element;

wherein a focal length of the compact optical system is [,

an entrance pupil diameter of the compact optical
system is EPD, an axial distance between an imaged
object and an image surface is OTL, and the following
conditions ave satisfied.:

FEPD<1.60; and

O1L<5.0 mm.

25. The compact optical system of claim 24, wherein the
object-side surface of the first lens element is concave in a
paraxial region therveof.

26. The compact optical system of claim 24, wherein the
second lens element has positive refractive power, and the
image-side surface of the first lens element is concave in a
paraxial rvegion therveof.

27. The compact optical system of claim 24, wherein the
image-side surface of the thivd lens element is convex in a
paraxial region thereof.

28. The compact optical system of claim 24, wherein at
least one of the object-side surface and the image-side
surface of the thivd lens element has at least one inflection
point.

29. The compact optical system of claim 24, wherein each
of the first lens element, the second lens element and the
third lens element is made of plastic material, the curvature
radius of the object-side surface of the third lens element is
RS, the curvature radius of the image-side surface of the
third lens element is R6, and the following condition is

satisfied.

(R5+R6)/(R5-R6)<0.90.
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30. The compact optical system of claim 24, wherein the
axial distance between the imaged object and the image
surface is OTL, a sum of central thicknesses of the first lens
element, the second lens element and the thivd lens element
is 2CT, and the following condition is satisfied.

OIL2ZCT<4.0.

31. The compact optical system of claim 24, further
comprises a flat panel located between an imaged object and
the object-side surface of the first lens element.

32. The compact optical system of claim 24, wherein a
refractive index of the first lens element is NI, a refractive
index of the second lens element is N2, a vefractive index of
the third lens element is N3, and the following condition is

satisfied.:
4.70<NI+N2+N3<5.50.

33. An image capturing unit, COmprising.

the compact optical system of claim 24;

a barrel member; and

an image sensov, disposed on the image side of the

compact optical system.

34. An electronic device comprising:

a biometric system, wherein the biometric system com-

prises the image capturing unit of claim 33.

35. A compact optical system comprising three lens ele-
ments, the three lens elements being, in ovder from an object
side to an image side, a first lens element, a second lens
element and a third lens element; each of the three lens
elements having an object-side surface facing toward the
object side and an image-side surface facing toward the
image side;

wherein the first lens element has negative refractive

power, the object-side surface of the first lens element
Is concave in a paraxial region thereof, the first lens
element is made of plastic material, the object-side
surface of the second lens element is convex in a
paraxial vegion therveof, the third lens element has
positive refractive power, and the object-side surface of
the third lens element is convex in a paraxial region
thereof,

wherein the compact optical system has a total of three

lens elements, an axial distance between the first lens
element and the second lens element is lavger than an
axial distance between the second lens element and the
thivd lens element, the axial distance between the first
lens element and the second lens element is larger than
a central thickness of the second lens element, an
absolute value of a curvature vadius of the object-side
surface of the thivd lens element is lavger than an
absolute value of a curvature vadius of the image-side
surface of the thivd lens element;

wherein a focal length of the compact optical system is [,

an entrance pupil diameter of the compact optical
system is EPD, and the following condition is satisfied.

HEPD<2.60.

36. The compact optical system of claim 35, wherein the
second lens element has positive refractive power, and the
image-side surface of the first lens element is concave in a

paraxial vegion thereof.

37. The compact optical system of claim 35, wherein at
least one of the object-side surface and the image-side
surface of the first lens element has at least one inflection

65 point, at least one of the object-side surface and the image-

side surface of the first lens element is aspheric, at least one
of the object-side surface and the image-side surface of the
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second lens element is aspheric, at least one of the object-
side surface and the image-side surface of the third lens
element is aspheric, and the image-side surface of the thivd
lens element is convex in a paraxial region thereof.

38. The compact optical system of claim 35, wherein the
axial distance between the first lens element and the second
lens element is T12, a central thickness of the first lens
element is CT1, and the following condition is satisfied.

1.30<712/CTI<]0.

39. The compact optical system of claim 35, wherein an
axial distance between an imaged object and an image
surface is OTL, a maximum image height of the compact

optical system is ImgH, and the following condition is
satisfied.

OTLAmgH<12.

40. The compact optical system of claim 33, further
comprises a flat panel located between an imaged object and
the object-side surface of the first lens element, wherein an
axial distance between an imaged object and the object-side
surface of the first lens element is OL, an axial distance
between the object-side surface of the first lens element and
an image surface is TL, and the following condition is

satisfied.

0<OL/TL<1.0.

41. The compact optical system of claim 35, wherein an
absolute value of a curvatuve radius of the object-side
surface of the first lens element is larger than an absolute
value of a curvature vadius of the image-side surface of the
first lens element.
42. A compact optical system comprising three lens ele-
ments, the three lens elements being, in ovder from an object
side to an image side, a first lens element, a second lens
element and a third lens element; each of the three lens
elements having an object-side surface facing toward the
object side and an image-side surface facing toward the
image side;
wherein the first lens element has negative rvefractive
power, the object-side surface and the image-side sur-
Jace of the first lens element ave both aspheric, the
object-side surface of the first lens element is concave
in a paraxial region theveof and has at least one convex
shape in an off-axis rvegion therveof, at least one of the
object-side surface and the image-side surface of the
first lens element has at least one inflection point, the
first lens element is made of plastic material, and the
thivd lens element has positive refractive power;

whevrein the compact optical system has a total of three
lens elements, theve is an aiv gap in a paraxial region
between each of adjacent lens elements of the compact
optical system;

whevrein a focal length of the compact optical system is [,

an entrance pupil diameter of the compact optical
system is EPD, and the following condition is satisfied:

f/EPD<1.60.

43. The compact optical system of claim 42, wherein the
object-side surface and the image-side surface of the second
lens element ave both aspheric, the object-side surface and
the image-side surface of the thivd lens element arve both
aspheric, and the object-side surface of the first lens element
is concave in a paraxial vegion thereof.

44. The compact optical system of claim 42, further
comprising an aperture stop located between the first lens
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element and the second lens element, wherein each of the
second lens element and the third lens element is made of
plastic material.
45. The compact optical system of claim 42, further
5 comprises a flat panel located between an imaged object and
the object-side surface of the first lens element.

46. The compact optical system of claim 42, further
comprising a glave stop located between the first lens
element and the thivd lens element.

47. The compact optical system of claim 42, wherein at
least one of the object-side surface and the image-side
surface of the second lens element is asphevic, at least one
of the object-side surface and the image-side surface of the
thivd lens element is aspheric, an axial distance between an
15 imaged object and an image surface is OTL, and the

following condition is satisfied:

10

O11L<5.0 mm.

48. The compact optical system of claim 42, wherein an
»q axial distance between an imaged object and an image
surface is OTL, a sum of central thicknesses of the first lens
element, the second lens element and the thivd lens element

is 2C1T, and the following condition is satisfied:

OIL/2ZCT<4.0.

25
49. The compact optical system of claim 42, wherein the

object-side surface of the second lens element is convex in
a paraxial rvegion thereof.

50. The compact optical system of claim 42, wherein the
image-side surface of the second lens element is convex in
a paraxial vegion thereof, an axial distance between an
imaged object and an image surface is OITL, and the
following condition is satisfied:

30

O11L<8.0 mm.

> 51 The compact optical system of claim 42, wherein the

object-side surface of the third lens element is convex in a
paraxial vegion thereof, an axial distance between an
imaged object and an image surface is OTL, a maximum
image height of the compact optical system is ImgH, and the

0 Jollowing condition is satisfied:

OIL/AmgH<12.

52. The compact optical system of claim 42, further
comprising an aperturve stop located between the first lens
element and the third lens element, wherein the image-side
surface of the third lens element is convex in a paraxial
region thereof.

53. The compact optical system of claim 42, wherein the
image-side surface of the first lens element is concave in a
paraxial vegion therveof, a curvature vadius of the object-side
surface of the third lens element is RS, a curvature radius of
the image-side surface of the third lens element is R6, and
the following condition is satisfied.

45

50

55 (R5+R6)/(R5-R6)<0.90.

54. The compact optical system of claim 42, wherein at
least one of the object-side surface and the image-side
surface of the third lens element has at least one inflection
point.

55. The compact optical system of claim 42, wherein the
focal length of the compact optical system is f, a maximum
image height of the compact optical system is ImgH, and the
Jollowing condition is satisfied:

60

6 FmgH<0.45.

56. The compact optical system of claim 42, wherein a
refractive index of the first lens element is NI, a refractive
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index of the second lens element is N2, a rvefractive index of
the third lens element is N3, and the following condition is

satisfied.
4.70<NI+NZ2+N3<5.50.

57. The compact optical system of claim 42, wherein a
maximal field of view of the compact optical system is FOV,
and the following condition is satisfied.

140.0 deg.<FOV<180.0 deg.

58. The compact optical system of claim 42, further
comprising an aperture stop, wherein an axial distance
between the aperture stop and the object-side surface of the
second lens element is Dsr3, an axial distance between the
aperture stop and the object-side surface of the thivd lens
element is Dsv5, and the following condition is satisfied:

0<|Dsr3/Dsr51<0.50.

59. The compact optical system of claim 42, wherein an
axial distance between the first lens element and the second

38

lens element is larger than an axial distance between the
second lens element and the thivd lens element.

60. The compact optical system of claim 42, wherein a
central thickness of the second lens element is larger than a
central thickness of the thivd lens element.

61. The compact optical system of claim 42, wherein an
absolute value of a curvatuve radius of the object-side
surface of the second lens element is larger than an absolute
value of a curvaturve radius of the image-side surface of the

10 second lens element.

15

62. An image capturing unit, COmprising.

the compact optical system of claim 42;

a barrel member; and

an image sensor, disposed on the image side of the
compact optical system.

63. An electronic device comprising:

a biometric system, wherein the biometric system com-
prises the image capturing unit of claim 62.
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