(19) United States

12 Reissued Patent
Xu et al.

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

USOORE49789E

US RE49.789 E
Jan. 2, 2024

(54) OPTICAL IMAGING LENS ASSEMBLY

(71) Applicant: Zhejiang Sunny Optical Co., Ltd,
Ningbo (CN)

(72) Inventors: Biao Xu, Ningbo (CN); Kaiyuan
Zhang, Ningbo (CN); Jianke Wenren,
Ningbo (CN)

(73) Assignee: Zhejiang Sunny Optical Co., Ltd,
Ningbo (CN)

(21)  Appl. No.: 17/572,393

(22) Filed: Jan. 10, 2022
Related U.S. Patent Documents
Reissue of:
(64) Patent No.: 10,942,334
Issued: Mar. 9, 2021
Appl. No.: 16/227,008
Filed: Dec. 20, 2018

U.S. Applications:

(63) Continuation of application No. PCT/CN2018/
095833, filed on Jul. 16, 2018.
(30) Foreign Application Priority Data
Oct. 26, 2017  (CN) oo, 201711012647.6
Oct. 26, 2017  (CN) oo, 201721402226 .X
(51) Int. CL
G02B 9/64 (2006.01)
G02B 13/00 (2006.01)
(Continued)

(52) U.S. CL
CPC oo HO4N 23/55 (2023.01); GO2B 9/64
(2013.01); GO2B 13/0045 (2013.01); GO2B
27/0025 (2013.01)

(58) Field of Classification Search
CPC ... HO4N 23/55; G02B 27/0025; G02B

13/0045; GO2B 9/64
See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

0,116,329 B2* &/2015 Fukaya .............. G02B 27/0025
9,638,896 B2* 5/2017 Fukaya ............. G02B 13/0045
(Continued)

FOREIGN PATENT DOCUMENTS

CN 103529539 A 1/2014
CN 203606556 U 5/2014
(Continued)

OTHER PUBLICATTONS

Hecht, Eugene. Optics, Fourth Edition, Addison Wesley, San Fran-
cisco, CA, USA, 2002, pp. 243-246. (Year: 2002).*

(Continued)

Primary Examiner — Christina Y. Leung
(74) Attorney, Agent, or Firm — Sughrue Mion, PLLC

(57) ABSTRACT

The present disclosure discloses an optical 1maging lens
assembly. The optical imaging lens assembly includes,
sequentially from an object side to an 1image side along an
optical axis, a first lens, a second lens, a third lens, a fourth
lens, a fifth lens, a sixth lens, and a seventh lens. The first
lens has a positive refractive power and a convex object-side
surface. The second lens has a negative refractive power.
The third lens has a positive refractive power. Each of the
fourth lens and the fifth lens has a positive refractive power
or a negative refractive power. The sixth lens has a positive

refractive power. The seventh lens has a negative refractive
power, a concave object-side surface and a concave 1image-
side surface. A combined focal length 112 of the first and

second lenses and a combined focal length 134 of the third
and fourth lenses satisty:|112/1341<0.3.

18 Claims, 18 Drawing Sheets



US RE49,789 E

Page 2

(51) Int. CL FOREIGN PATENT DOCUMENTS
G025 27700 (2006.01) CN 203941337 U 11/2014
HO4N 5/225 (2006.01) CN 204065539 U 12/2014
HO4N 23/55 (2023.01) CN 104570280 A 4/2015
CN 104597582 A 5/2015
56 Ref Cited CN 105116519 A 12/2015
(56) crerenees LA CN 204832662 U 12/2015
o CN 105445907 A 3/2016
U.S. PATENT DOCUMENTS CN 06483670 A 37017
10,133,036 B1* 11/2018 Wang ....................... G02B 9/64 CN 106950681 A 7/2077
_ . CN 107621683 A 1/2018

1053305895 B2 =I< 6/20 _..9 Shl ¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢ G02B 1/041 CN 207301467 U 5/20 8
2014/0139719 Al1* 5/2014 Fukaya .............. G02B gz/g(;gig P 2015275746 A 172015
2015/0226941 Al1* 8/2015 Fukaya .................. GO2B 9/64

359/708 OTHER PUBLICATIONS
2016/0124191 Al 5/2016 Hashimoto
2016/0341937 Al1™* 11/2016 Tsar ........coooeevvvennn, GO02B 13/18 “F-number.” (1992) In C. G. Morris (Ed.), Academic Press Dic-
%8;; 882%2;2 i g; %8; lang et 3} tionary of Science and Technology, 4th ed., Oxford, UK: Elsevier

1 1 17 Tang et a : ‘ e
2017/0176723 Al*  6/2017 Fukaya ... GO2B 13/0045  Seience & lechnology. (Year: 1992)% .

- . . - Focal power.” (1992) In C. G. Morris (Ed.), Academic Press
2018/0188483 Al 7/2018 Hsieh et al. o . .
2018/0188499 Al 79018 Hashimoto le:tlonary of Science and Technology::lth ed., Oxford, UK: Elsevier
2018/0246299 Al* 8/2018 Fukaya ... G02B 27/0025  Sctence & Technology (Year: 1992), | |
2018/0246301 Al* 8/2018 Fukaya ... GO2B 13/0045 Greivenkamp, John E. Field Guide to Geometrical Optics, SPIE
2018/0267275 Al1* 9/2018 Fukaya .................... G02B 9/64 Press, Bellingham, WA, USA, 2004, p. 7. (Year: 2004).*
2019/0004285 Al1* 1/2019 Tang .................. GO2B 13/0045
2021/0048623 Al1* 2/2021 Dal .ooooveevveeiiniinnnnn, G02B 9/64 * cited by examiner




US RE49,789 K

Sheet 1 of 18

Jan. 2, 2024

U.S. Patent

-____....-_.. .._.u_.__.t.__.i.__...a_.u\...
’ “_. frlu.ﬂu__.. “.
“._._.Ehl..um. “
“ -... - .y "
..-.‘I .“I .. . l.
AR -
’. & n1‘l.1....k.|.. " ” ) =
.._._...-.__.rm... ..__ﬂ_.!#f N, i e
CokETr I ’
e A .
R PP S ‘
K ‘_n.l_...- . 1... '.‘ .
”h g A :
. - ..u =
Loy E .
gt 2 .
"u |.1 : “. ] ”- -
b ¥ ' :
K . ] ]
"_ “._" . “ i i
" “ ! : r
o« P o
1 ’ . ) -
. - i ' R
11..“......u”.1. n_..._.qn-.-...-.-_..t.“.-. ] .-.-
“ ._.._. _r..
‘ A
‘.
' ' N
o ,
_._.qra__v.. :
n..-....lu-.
.r..l.ll___-._...
“.:..._,.___m. uh .__Lr . mﬂ““”ﬁ
" ' - v 0F " ._J..._____. v ",
.__.___.. __., ..__. o - o s l._1.__ f.“q.ia_..m
v . Co c : P N PR . . Y T
N uu_ [ I | -- I 04 ddd&a<edmrFEFK r._.-_.-..r ek EC AL F LD . - = H . .....-.. L I | .n.-.n..nvvu LI i -..--..-.l 4 L LwdmES -_..11.1.1.__. Tk 3L ELELLI -
A, : D g et . Tl s ~ Wmﬂ
A . ra . . - Ly . e e . S
o T e e 5 S G
'y . . . -.-.. - ... -0 ak .__.__ . oa £ . ..”._ o 5 .I||.l..u1._ .
i AR v - e e Ny ARY S o g .
__.._-r...__“. .o_-n—m P . . . " y
q.-b..‘.. .__.1. ] ' ' r . .i.t..i-..‘-.-r!cf-_*-f-.f‘-.! l_....i..‘-nft._. ! . _.._._.1 “
A " t...u.___r..___.._ﬂ__r Ll ,..:.. . -
. “. . ..__-.._. ry tl_.._u...-..__._i._...-_..lr.l...-l. T j_.._-. _._.“i..n-_.._"_-.nl.-.___.-..___t.-t.-.-..-.._..-.i-n..__ L_- _.r_...t_ .... l.q.-.l.l..-...r:. . LI .
___._ £ AsA S SR : |._.r..hr.._. T
.m-__.ﬁ. u_..l * .
& o e
a ._M... lt_.-__.
A Ll .
. __. _.ﬁ ...
1 T .
A ] L3 —.l_...
. u. . . n s
. . -
SR . 2 et P s
yoo - - M L
S | L 7 s
Lu LT - . . *\.ﬂl -.L-\k .‘.‘nl\ .- hm. ” sE
....... o . ' g .Eﬂ.\- . ' :
l.l.:ln!.l...l:l_:lil.l.h.l.l..l..l.l..l..l.nn..l..l:l.lI.F..l..l..l...n.l:.l..l:l..l..l.l.l.l..l. .I.I_I_.ll_l_.l .l?l?l:.liﬂ. .I.J—ln-r-.l_..l.l.l_..l..l..l.l..n.l:.ﬁ .ul‘l‘.&.. - i "
- - __-- A . ._.f N .1__. . |.l.ll| _ . ..l.-_l.\. _ '
4 Vs .
_H _x.x.f Xei.s 2y i .“
E::.t.:sr}r&t&tttthtltiii » ¢ . __.__‘._:.___n ‘
. ' ..I.-.-.
ﬁ..ﬁ- St ..-rul-.ql.-.lf.l.ll-l..rnﬂ.ru.lw..r..-rul..l.-r-...lr‘l.-r.ir.l.ull.-_.n.__rl_-rl.-__r.-r.lr._llr.l -L.. - |.H1”||I.l..hl.l.l.hl_..-..l _r.-l._-..l. l‘ y l.lmﬂ.
roa .u_. . \m\ﬁt—Hmluﬁuﬂ-un:ﬂllht.\l.\\Hb.ﬂ%ﬁ._-...__1...-._-q..| = ) . . __ﬂ.-_.__.w : -M#
bk -\.1.-., i A R ,nn.h._,. e
o . - - .. - ] - gt
ol L e ot AR -
e A iy o e
u - s ; * ‘ . ,}.{ ...;t...“..m_.. . i
P A - . s . o .”tz
e K] . . N el R Y Yo o,
+ y A A g s
B n._.-...l1|._.-t-.-__.___-..-3___.-___r - ...i\n. ; -1 -).\(\f-nl“\.f A o Wi
._MHUW \ \_-m\-__\ _.. u__..._-_... A A ..turn~
V\» dtﬂ\-__.l.n..__...-..h.l.u -~ .n..-._.___u.-..r t.l.t......l.“-hm_._...-d\ﬂ“tr ..1.-...-_.1%__.
e . ..
.l.l.llt.ll.l.-ﬂlmll-iqﬂll-!h.]tnl L s o ity
: 1“..._:.._.;_..:._._._.,..: i _._:\m-tbh t.__t..f-_. o e ﬁ%ﬁ#hht._.._.\t:t-..}?.. q..—-.._xﬁ.,
R ey .\.... hltﬁi&fﬁ.}m : .
1_..!..__._“__ e . - t.!l%tf{tﬂ.ﬂ.ﬂﬂbt Coa ....;....“t.t....._.___...tx_.____r...; ..._.._.:L___.......___.hl.f.m__ Ta e
il . ;__m .t.....:.....i.. .___.._.u.____tu_a_.....}___..__._._. e m}p\ﬁhﬁuu;;atﬁh:jwﬂitﬁkﬁ}ﬁﬁ .
o "y lul_..I..l_ .11.1._.__. .t.it_...__-._..luh.. .ﬁf_n.t.. . .
i.l..iﬁ. .-_..hh..:..-_.u L-._.l.ul__r l.-.._._..__..,-_.._.l Jl L__..__.u_. : - S E L - ......“_.. R
¥ooF Lo - " £ g : - e
25 £ . o S . rEA b ala T : ; .
—_. u_.‘.-......\..ﬂ 11..._ Bl - ", - ...._.l.l....._.tn..ﬂl__..l...l._.-:.l T L. ) -.__.L_q d ' - 1..._.1.-..._..1.:._.1._-"1..___.1..-..__._l..._.-.ﬁ.___.uqu..l.-..-..l..__.l.ll. - -“__..H_.
. e . 1-..‘..-.. y . . ...nl .-._._-. - Rl P W e ) e . . il ' .
.l Y Ll . A h_.“..u._._.t.il i b L L e L P Foamy 2% um 3T PAC I i
il \?.._.. : qh-fﬁhﬁ\\ﬂﬂi\.nn\.\.wﬁtﬂﬂ Ay o rEayx o e . o - .
i.q.u_.... . ...I\_.n..t-. WX‘! .11._ ...i.__..t.-l“. ..__.-niur..au___ S o ? .... gl e ~ .__‘.... e i
-'.aym‘-qt"___.... . ,‘____r..._ir. L ..‘-.n_.- Frh L-.__..._._._ __:. __. .._..i.-._-__l..i. ...-..__... . . ...-..U......r..-..i....th_..l!._._.l ”ﬁ(._-..ﬂ..__. , m o . h..uL.ﬁ “.M.....“ﬁ- ) ...M”._..._".n..“. \ ...1..1..-_. H :
DA et ,\n.. e u.___...____.._ ,:..._,...___.......:_, _ T . L L R .
bt LT VY R o i T TN et Pl it £ £ .
s ke ' t...:n .1!. -.._.._:1 T . 1 L__ X
S u._______r u\_.- .__n_..n_-___....".....tl._n.._- 11.-,..___...; o, o e . vty A o P agq T A
et ; : . tmmt_._f._.....:. ._______.:_-...._-. %iﬂ . .__._..u.r__.._n . h!..__......_._...___. . oy k_ .,w. .
L 3 L 1] . 3 . - .
P R % ) e N0 R v % S ;o
. R e Sy ", e 3o 2 ¥ ;o
n.__.m_. . a ...q..._..___1 PRy N . e - i.i__ull... v i % 4 4 ’ - .
P 4 .r#!r\\m_.t- un._:u-. J\l.\ .r.__n:- SR . pl e . i 1
L e . e Ty R P A R r x ¢ . : .
o ey e T e gy & B ¥ 5 5 oo
1.111!%%&.}«1 . J-riﬂ_. ™ M tu_.__..._..:t,u_.. . . COF . * o ST A .
__._.__..1.__!1. . .r_.d.- ”__._n.t_.ni..._._.. ..............?1.: . t...:..-._c.a.._.l. i .-.v-l_”. ) ..‘. 5:...r-.._"-.._........n.._......_.nL___._....:....1.....3:..11...1._...__.._.1.1!..___... ...__.W.....
“ - by }r_._m- ..n.!l.ui.. ._._i.)-n. _.i_-r!f ._.__“. LY
a‘l . .f‘-f l-.l!‘ﬂ - - -__ s
SN e T, 1% e 4 o
4 Y e, N ruy L aotieh Sl : oy
y : s =, L ey, o o) S
i Fog, o e, Ko AF- N 3
.l - R .ln ; - .‘l.._._\. ‘..l.I..F - - |£| . ..
d - . e o . w
of . . = " G 0 1.. Wi )
; . _.._____._.___. u._..___._._..__. ‘__,i.___._____ .__...u,_u“,. it Y
- ' | Ll
4 g e R o o, :
) . . P e o A .
" SN L] .H.cF.. _.ui..IJ.._.-r . Yo it
Y 5 S | N . S Pl o, : .
T& i : o . <, .55 o
s w3 ; .. i ~ s 3 e
P : e, ., ., £ T
£ S 7% % gt
Y, .. - Ly F A . o . . Ty T .
w....m-.-.nﬂ 5-1_-_ .u-_.-.-._. ' E __‘u_ r AA ._._._-_..nn : _-l\.. e - . LI .u..\. oy
i v P RS 4 L._.__n.._‘__. o : P e B :
.1._.-_.. Tk “ .“v-u___“_l_w... __luﬂ..._.ﬂ_ - lL”...-I . ﬂI. .” ' 1&:‘.%4&&?&{#1&.&1:11.&.‘;&»‘.1}\ .-‘ ' ...n..._. P S * . t...‘.._f.... . - kﬁr‘ﬂ.
i, I 5 A e S T T VL e e
LT oA . i Tl A gy oSy I it ’ et " £, rot Ta W T v Rty
st T g A L e, A .r...m..___.tr e i ..___._..,.._...r“m. ,_u.._.....__.,__. RErXE _..__.__.v..np......q.. A 1 g LD e T W AR .- e, ......,m..u.m.
B - Py : ey 3 T R i Al R e WSS A e : Fo g e e el
L) , . . “ ‘i T = e L o o Pl .._l.._h.l. e o " W h‘{i
., R T T e et LS T o s e N Ty i S
- 5 T R T rg g R 2 <y P T g v I
_ - Vs P ..h._... . _._...H. .. S A T T . e
: 4 .h.I..i.H_nn - T - h‘ -...-.H h o --_.r..-..n .-_.l.._-.1. .._...1..- - . ax o - ..._r._..L F #.lr .-.i l.._-_. .I‘ - -~
. fl.‘ v oo ‘-_.-‘l‘._l..r “ » P Ty ST N LR L Ee e LT Fuor LJ L :.. e .ﬂit.r
: 45 i Lo SR
-l’ll‘l.-l.-? . ._ﬁi . _!..n-___.tﬁ. T.n _.”m ...41_-.-_.._. L.t. 1-_”“‘...“1.1.3..5.!
'] Wiy [ 1.___ " .
N e, 4 Vet e
}.f.- - ke ‘ -____.... u_.._u_. ;
& L A MNa, ‘a
o - . T
‘n\mow u._....h : i L T
-.I"n‘wu‘.. ’ .___...t.._...-.- ".....r..l..
. T
L4 'ﬂ.___..___.... Lo

£7
s
W5

i i-.l -

.o ™
o o
Pty
-
._.' -l.
Wl a e
Ly
ik

y

3
N

s

-5 ‘§ ‘:3"'
Y

=
a - =y



US RE49,789 K

Sheet 2 of 18

Jan. 2, 2024

U.S. Patent

PR
-
"
-
.~
K
.~
-
"
-
-
.
-
-
N
-
-
.
-
-
- i
.‘.1 MI L ]
pl at
.
-
-
N
-
-
K
. . .~
.o o,
e - - P
: ,_n._.__...__.__. pt .__\G—u\_-_____-
. " - “ ’
ya 0 - wrrr
. i
1 LA r
WE q..m. . . .__., r. %\uﬂ
.-tw . ._.___. K : __-_n_-nlm .-_.1_.
S . . ]
. . fo I
an " a' _1_1_1_1.1-1..IN_1_1_1_1-1_11_1l.1_1_1_1_1_1-1_1_1L1_1_1-}|.-._1_1-1_1_1l_1_1_1-1_1_1_1_1_1.l11_1_1-1_1_1_1_1..._1_11_1_1_1_1_1_1_1-1_1_1_1_1_1_1_1_1-.._1_1_1_1_1_1_1_1_1_1_1_1_1_1-1 \_1 hnu.nu .‘.11“1.!.
e -F. LK C . . . . . C gl A
e e S T e gt 2 BN 0 A ..\. . ._..,.c v iy i
ﬂ - " - - i alS r S R e i ’ e .___\-_ ._.___.
. A ST LIty o s e g Vo T ke
W .L\L-l_..l Fa 4. . I..‘. .‘...ﬁ“_. .l.l_- -IM. .I-i__ [ ] .hh‘iq r . “ .-.I ._-‘.ll.‘h.-.
h - . v, . ol -
3 % e ;o
L -_-_..1.. 1.\1.1 - f
r - .~
L e ﬁn_n_n_n_n..
e, prd .
- . . \x-uln ' -
-y o,
- -.1.1.-.._.__....___..._._:-...-...._-1 -
- .
N ol ) .
- e
o " F
"
-
-
.
.~
-
"
-
.~
K
.~
-
N
-
.~
K
-
-
N .
- oy
.
: o .._._.i_.u..-‘.__...-_ P R g ...-_"hu.-__...___._..__..unu..pl.._._...-__r..._..__.
v . .\__...i-._-...lu_l-ul.._l. -I..-hll.-l....-..l..!l. .1. o |1..“..l. o e o k ..
. . . - Ll.. - e .. .
i l.-\.-l-\ l..l\!iiiﬂl._ln.l\'..‘ﬂul_\r . .
L P .-Ti__....._._.\nﬂ-..l Py T
A -\-\ ...... .._..._-.._-.._-.._-.._-.._-__.l.i-u__.__' %tEEEE\HHHHHHHHHHH..._._._..._._._..._._._..._._.:._.._.._.._.._.._h.
: 2 it A%,
e T R T
R e u__.._. ....r.n.-_.-ﬂ..-_{. n?“h.u-u\._...m.....n__!w o L N __h-.__..w
. ¢ Pt HaFu g S, w.:___.-_{.tru. ; .
L__‘_._. ha.l...- i Y L .
- _l. . . . R o o ] .
....1 oy . . .
. . 1 .-.-n.l._I_I. . F il e o : . .
b . % I . u:i-nl.ll.__..qlm.
- . \\\i\k\tﬂtﬂ.ﬁﬁ\%\hﬁ o . M
. L . d |.I....HH..|.|IH.. I.n_ _l..‘l...UI‘L‘II. .‘.n.._I.Ll -‘illhl.-__..l_.]l-.l. ﬁ}ﬁ
- - . .u__-u....t.-__. _\nl......_.. t.\h....... 1!.1_-:....__.. e
. . =" ot P e iy ..-.__..w
. il _.|.1. .l.__I. .!.lu._lhlLl ‘hllﬂ I..‘Ihl J_.._Il...I.I. ) ) . ..I\i..l‘.l..!l.n . -
Lo ) .1.&-....1.1..1..1.1. ﬂ-l__..!-..l...-l-..-___ui_..l.._-ﬂ.u‘lllu.lh- .J.I.I.I_..I P . J-.I-.!-_..i, i .
e _.r_u_.._-_. . i . el
- .-__-I ._I.'l..1 .-I-. 1.l_.. l....!!..lh.‘l__.. .T.-_g.
. * . Fyr : ¢
L e a i t..-. L Ay 3 \U
T - o e ke "y, s N
1I_.1.I_.. “ .__-I_.n‘_m i \‘I. 1.!...1.. . .Il_In.II. . .I.-_-._l-. Tt E
.1_-__......!..___;..\ A : " . u-.__..-__.. ._-.__.t. . .....nlt.T .
o~ R i et
-. E . .I_‘. ) . ‘I._u . . -..‘.n.'.. . ._}‘. .
r e F . Pa s e,
-. |.‘l . ft l..l.‘ . . ‘l.‘.. -
P e ST e, L
-. l.‘ il.. - .'Il. . - i) 1
v ", e ", AL [
- .-.ln-..-..ll.l..l\!.l.lu..-.\h.l Hﬁl\.\..l._. ' r oy ] oy . -y _-..-ﬁ\-“
T s, " ' A . S T :
.lll-.l..l_...l-. .l_._Il n.nl_n i I..: - .-_n..' .:...._I - Ao
s a g G :  , e Y e I
._..m._\.‘__..._. e i v Yo, T ey ..rh..w._...
mh-.\... "L l.-___.l.i_.h .._H.”. r_ -” .IIII.-__... . .Ill_.-_._l . .i.l.-_n.il F g
Faur, g V oo T e, v
. L. r o oo _” o " e,
A o ' ‘ m v = o ™, g
. 1|.__..._..| ..1.__..._._.__.1 _.-__.1 IIJ".-._. - _____..-.I.l. ..n_.._-.
. Tuy St o, R Ty e’ /T
" pandd o, g e e
-.__._.h_.. ﬁ.________n__.n______. ..._....xm .til__.r. t\.....ﬁu.. ...t-.u.r-u
. rr, .- - . o . LY
Fa - e .
I B PP "y et ._-__.p.u_.__. . ._q.\.r-.\ -
- ' A " L T
' ",
- e s ey s Fe S * Tnn, S s 75
e 7 i . v 7" vhA e " M,
oy o e e 15 . - i .ﬁ ....,_F_..,._ N
. . .. e T Rl v __1__l. ] ] ’ P T,
fra W.E el _...-t__-. i
-- ) | }1
s ._.___._. ._.“. .._J.-n..w . j. ._‘.

ey
Va £ i
W d " G
£
1.. Ao
b L1 T
rrr e ”
rorsl et

Yo

N

1

§ |



US RE49,789 K

Sheet 3 of 18

Jan. 2, 2024

U.S. Patent

1.

&)
42
2w,
.1'. LT ) . LT . ) P .
L e e T T P A L A A A NN N E L . R
Ty
A
L
y
e
W

h |
) I ..- L :.:.
- T 4 n :
: L n_ | .__._. . ..._._n . . .
' : T ' e
- 4 . _\-_ "r R
) .. ". - . ..__-u-_. "+ _.1_- 5, : ’,.
b ' 2. 2 P :
o dnsns g S e "
e o X K3 ,
¥ rrr R [ ’

g -

. L . . - Tl e et T o
:z,F .H”,. ......:- .__.“.,_....1_.......,H.w_._,“m.k__i..n_‘..n ..‘.,._.”“f

&
W
-

. - . . - . - - . . . . . - - . . L - . . - - - . 1 ) L .
e e ] T T T T N 4 T T T e N I L IR L LR - s N e Pt S C o - - o
. . . ....q 1. T oLt oo . . K - . - - . P o . .. . ¥ - - . .1.1.-._ -‘...._.l - .ml.l.-.l.-.lﬂ._ . . .q.h.__..__... 1.1"-__ .-.1..1‘... -- _Il.r.. v . -.mn-......q_. . 1\“..1..- _"l.“.-..” ._“.r. e

: ; ay : L L LIS M L waa
e e K. AN T - SROe e W o A

- - » " .
i . " e r .
.._.-._.._..I-.. . .__.."._n 0 .- r r T * _._.__ .1..I..1 .1-.”.-1 ”n.-. .HI-_-.___._ﬁ__ :
L . = A - C e , o
- d : . . - frwt

"

. . . Ty e A e, e
w=- ekl LR N e o : : - Ii........._nr.u_.. .

- .
r #
n

. .-.1.
L -

1.-1..1-__. . <
< . iy
..lll.. ’ 1-_” I...
= - ] 3

" = L ]

L. LA ]

.‘|."||III
)
iy

b
>3
-*"\‘\- L:;

Lo |

. &l
* .

1.-“ e -.-1..!1-.
r = -y .
“.w..r"......-.....ru....u.....-.n,..p,..p..n..n.,..h.-..n....nlp-u-.t...l._....-_. FEErFrFErFrFFEFr ___.r__-._. .
o . ST LR R oA I "
Lo JE . o o, .
LRM R et :
J. . rr-..-.‘_ ' . l.- h..rl ! -“ “-ﬁ I1.I."_ ! I‘-I.‘" ' ‘ .
U .\.\ o . .
A L R 4 SR :
n . ST p S e .
LY R ) - - .\‘I “1“ A o »*
e e e pe '
4 - L i i 4 . * .
zm ¥ el F . ._H - pe .
H _.1 - . .. [ » r
o o r . ) u._ F »
O 3 ; 4 ros
I =) ‘ S A .
I TS ST S S -
. - ] .- . - .
L v RS IR
H o o o = P e g e e m e m w w ww_m o wF . .__!\1.:.
. C i
. r
re Pk
r
i = Fa

nn ‘.l—.
!-'l.._.__- e . A = ___.u- - . Ty
‘q = - r P - 1.. *‘1 .- l.
. - . Ty r i t Y
. 'y - TR g LP - - Wt . T,
. hli‘hill T x - - = " T
F - v L . .
. - P e r S -
. . I SRR g ¥ LIS . 4 ; ik P
L %, - 5 : ”
. - . . " [ . - > ) r
il._._.n .1-...-!» e .I-..-1.-.-..-l For - . r . r nﬂ. X : .J_..,. I.t.l L ) .Il-il.-i -

™. o ] - .. . el . . A ) - . ) . ) i

|-1..1._.--1__...-..111.- U m 1“- .-u.lu._.. LT .. . - T . :.._.ﬂ.-..ﬂ-. . ’ .|1In...l . .II.“ h.“.hn““ ..-__.-_.-.._-._-.1.‘.-.‘._.....||.-...-|.. .-I.Iu.-......-.-.11.q.|".1."1..q1.1.11...1 1.1..1.1..-..1_..-_.-..1...1\.‘.‘-.‘-._..._.‘._.....ll..................u....1q..H.|1..q1.1.1.....1.1.1.1..1.-1.1_-_.1..1-_11.1“.
: : e e T . " L oy el L T . LM . .

- .. ) .-.-..:.1.- .-.‘.l . . - t..l.n.r [l P L . - ..L".q.‘" e .-L.. T .

e e I - . . . .‘1. . . .. .. 1-‘|.l . . - - . o . - . .-, . - L .- . .

e e P e S Ry A p - T A .-.l.-.-lu.q._....-. .__.___.1.-.._....1..._- P B N R ....,.---..l.......q.-.r sorpwd

ror, . . - - . A EC . R R e g i L .

...n.\—.n_..n..lw......\_...u. r FAE o AEE- - T

e R 1
T T e e e r Hk_ " e .
T P - E e iy I o .

I,
4 e ara s, e e . T LA
r ] r T - ' " o
R Ay r s ' R e e A R P R L : L v - . " T i o : .
g I N R S S = iy o s . _ e
- . . . ] . . . . Lo A -
F KK, .

. o o

Tr
.....

r T - . - i
e pa S i o ol PR R ea . 5 ot -
gt X8 A AR Rk e ST R T ” ek yd o
. . .o e .. . . SR ._J__ r .-“rﬁ..\... .
" 'l
_l.'

-1.!..1..1. : —.1 L] r, rl
..-1. . - : r r ; ‘. .
* i H.ﬁ ”r ___. :.hl....‘...nr "__'-\q
_tl c o [ o -
AR e V.
oo " Kl +
L . [
. _m. ey ...__ "
.nr-?. . -.r..q_.__.
(PR
.w.,u_..a. ..,.:.ﬂ.__..-x._, T | “*y
T | akr 3 . RU A
.ﬂ_. LT e - ......H r R
R oy
.4 .1i -h.... ..-.l... ll.l l‘\l
Rt SRR L
B L .
a- | . ] -
S Loy T
S o -_i .-M A “kl... - -
a - F . -
v - o ._.n__ﬁur.._..n..n. "
. ]



US RE49,789 K

Sheet 4 of 18

Jan. 2, 2024

U.S. Patent

FARARY FErF TS

P -4
et .
n__ LN 1
- - r 1
fowl
¢ el wwrd |
I S Aoy
L Rl 1 SR r
S . S
“ o .___.-u...._m.n " ﬁ “rd
] -...u' g ¥ P 1 - .
i ”.l.h....-.l.“. ] 'y -“_._..IL_J_.-. ”- ..“.
1 . Bt " v
I o A Y -
’ . = B il
“._ ) .n.l._...-.-. o R ”1_1
,. -.u-___..__._ ¥ ey N p
SR S -
odaat LYy -
L [ P -
) .o :
o * ‘_ r -
. l_. ' »
-_ - l_. ! L 3
. i
Do ;oo —
T ' .
”."_ tad. “__. ' “ ..“__._..t___u
poE o T
LSO R I NP N Ay "k
. . - - “. “1.—L.'llnl.
. TudF
. -
r l. -1
.-:‘“F”l- ! .—..L. 1..-. ...,.
EM . o :
W " | .
. ! -
. . w,
e F '
L*Hi.l.—.- [ LI N o .l.-f
roa L o .
rn.__...‘ "y, .
. rogh, R .,
A ot * : .
o : , L
Lo . ;L . :
- L I X woa ke - =4 e A rarr Ty o r r Fhow " . LN T
s A A w Do e, A ;
T .;H.,...a. e P R vy ol LAY L - .__..h_w.‘F
. . o e e . oo Lt K R .
.vht R oy ...-..t . i . S T A e o S m__.__._h..
e el o A . 4 1
W,_.w N N L o HRITIRBE L | : X
. ..._...___.-....ﬁ.“.-_”. I}f”f:fif.r&t.thl.tit.iptii-i‘.ihu!. ' ..-..\1.-_._.“...____“_.-..‘. . u..—.r., .__“
# ‘u.i...-‘. .-......!...-.._".-r . H
. ¥ T
] L a;.,n.f - "
‘ o2 % .w p
- [ 5 - 3
‘ o T T
h. T ...n..... : A » W
.ﬁ.. ..-.i.r - T r ..u..._."__ ...
“. - “.-.l.ﬁuk . -....-ﬁ_ T ln... -
E - o i o’ FES
i - T agad e
£ . P
5 x 2
£ - .
£ -
T, L, L L T 1.15..1.1.._.-.1.1...1 -
. 'y .- :
3 Sy e :
£ - el
£.5 hiunmhvh-ltﬂ..l.q.l.
EE T . g N &
ok . .
o bk Py 3%,
i R I
1. gl . . .-.‘..” - _-.l...l.-. "rn_..-\n-_ﬁ
Y i LRy -
i 1._-.{" oy
e vy ralees o
e . >,
r S e -
..1.”1..!.1.1.1.1.1!.1!.1.11...“. - ﬁb-_..._m..r...h-. - v
_ﬁ,w.-.__.._ ___1\\\\\.__.....___“ %ﬁ“\ . ' S utnk_-. -
Fooo P .__...t.._u . ..\n,.iuﬁ ...... e 2 L._...... - ....."1.....__:-_..._. = _1.__
et r ; YV s -
T Ty atcr s N S R e e 5
L Py AR £t W T wp A,
.-_1...1-. T r .!nu.l.-lu.h..--n. E ..l..!_.h-_l.l...“l-._.r. r ’ [ .

“ .. : | - | qh_.__. J.h..._-.ﬂll._..\._..._....-..... .“....-.L..L_..._..........u.-...ﬂf._.n“...-.ll. FoF o -...1...._._1..-_......___.._.._._1...1.._..I.l..l...-..r..l...-...._..l.I...._h..r.l.l......ﬁubm._ﬁ.ﬁ-ﬂh_..ﬂl”h....l..l“..l..I..-.l.hl ._-..ﬂ "y
u }\_...x..\. _.1.,,...1.-..17#.)\.\- L_M\ .?M_.%.._.“.u E o .

.x\“.__.m_._.x_._ | ..,,E\i

R

Furt

JT\... e b T S

R Fr -

I

-1._1. _.-1..\.l

.~ -

| Cowy o ran

Ry . .

- Faa's
r

-
& ra-

..
DR

LRC A

ﬁ-_l.1 .-1.._.1.“I_ .
. AT Ry
T W g e T o e

: - e - A T,

Ca «ll-\. A hilﬁh\\hm..iﬂy\hﬁhhum-\t ¥ ST R - e
ol . 3l T - P, . Il I o
L SN S R Pl A P n“.ﬁns\hnuanﬂ.ﬁi.-..uawﬁu.\a. . Pl Ay
=t . ....m-a..m“t_\l-....i.-,.....ﬂﬁ.vi{“_. ﬁWmh..ﬂtwmnhﬂi ...J..T...m.- T -

L TRl ’ ”, L T e S - 3 ’ Im_l_....r.-_-.l. ! :
5 . o - ey T T

L T T T ‘l'r..-;i_"q.l"‘." .
"
)
%,

RS

Lot mh
s

1.:1.r
i
LS

L

;
e
.
"y
n

R EELEEELEEEE LR
'

T

L |

N

LW W LEmEEEEEEE BN B BEEER
- e, - -.n_—_—_—-

. R
ARE LR LR

L

__F...._...._r. e e e ey P R A N R N R R - .-

b, e,

e e

, SR - .. R i L L o W L T
’ ;w._.._..,...t.!h.&h:u.”.&..;sw.} Pu A _.__..._.... ....1...,.___...._?. _._..._....u__...._ Mepaan e T e R 3
. M . ...“... . - LI o e r i, I R T : oo . ! S - .
R e e R s s R T e ey Y R,
L ; , : LN LER o . . L ' ' e R ¥
FE o g eeg T e TR T e e e,
. ' LA ' ' -t w - . ' »

=
LY
Ny
.-:_.;""
.

* -
b
"h
“c

| Y
u\

' " o
P

.

=R

4

.
.
A
.
s rat

' ' u L}
. ; o ' ¥ v, A LR o A .,w..“ LI
R b Yl G LA L Ry - T

.ﬂ..-..‘l.._‘
M
i
M
K
M
K
T
T
-
- -
T l-wl..|‘.-1 -
T -

A

L

& {‘j; _{‘.‘

{1y

L
Lt

¢

i

-



US RE49,789 K

Sheet 5 of 18

Jan. 2, 2024

U.S. Patent

- l“. )
: M
Y .“..ﬂ A
-i\. ". . L
e *,
s .,
; 2
s _.H.. \.G_a.n__._-___
4 () s H
s ) . Xrrrs,
\_‘.____. , S L A
_ .f_ﬂ_lhlﬂ .-..-H“
o . . B . - - - F r
.............................................................................................................................................. L~
................... B D T T U e A 74
- 7 S e “
i g T - g lony o,
R R G I T A S IO o B~ e Y.
A o - - g o e ragst “r . e
ra . .1-1_“ - 1*1.-.._-__._._..- L - o : e pp—
IL_.-.I__.!.. - -|L-\.._\_-..._.L.l- II. r
- 1.....“.

. il .
I
. - - .
X .

- . .

- - - . -.
n oL ' T o Y | e

A e - ok ok ok BN T LT E T T T N T ] e : .ilq__._..r i -
' ' . i ' . = ..._-. . =l

T ..._-. s

. spr o il -
. it ll.l.l.l.llt1 ol ol ll.‘vl\.\ .l.lh . | .. . H.ﬂ. &n“
AR A e 2

oy ) | %
-. .-.ﬂ.... e

e A
A, Y

[ F S ] } ) ) . . g
Terr - aw o o P
L .h-_\-__.-"..,..... ...-..-__t..v. : :

e Ny o it gt i

’ _-'T ...l ol
iﬁmunﬂ...l M.I. oyl gl i .

Iﬂ..II.._I .
= a
. - Eod il
..l:-._._-_..iﬂ..._-ﬂlq.\ .—t:....-. .ll.._II..._-l. -
L - “

ll.l....“...L. i

e Vg ., -
r -_-_.A...__.u. ....__..l...,__h . .
Ty _.u.ux. o
R AT L
. :.I-.I..l..! ‘l...-__-‘. . . :
__.._.._. -
) ) H._. - . .u_.._._l_.-r.
S g g ' LA
. ._____._.._n.. ' ' v....! g _..._lu_,...,
: . N ' T -
...1...nf_..__"__.,v -_,__.in“ L_._.._l . :
.th\hqh A : - . _...l...ﬂi
777 ..Tf\n“ - .1.hu._.__-1h . _-T\i_._.. y i.-.._..l-
L ) Ty oA
o v 4,
S “ T . ._..,......... RS <
' T A Py T Ty o
A - " e e s oW e, e, .M
S Y oo i =4 A boih 4 ~ s,
L] - ' L t.‘...“ ’ r “‘.l. -.I .H .‘.\.‘l.'. ‘..‘I.
4 > v “ 7
s et e, Wi
H\ " sl ™, .
o o, :

..l.. o ) i .
Fa £ pminad -
e o 4
A

r. A . B
Ao T2
__.T.tt.. e d ..-.q.1 -

St



US RE49,789 K

Sheet 6 of 18

Jan. 2, 2024

U.S. Patent

-.I'.II"".""I..

LW T

L R -,

» P . oF

PR .

T e ]

A i

o o T " LA .

L . - .

" S :

LI g 0

.St __.

L R ¥ .

N R I ;

i Y EAs r

P . i

n at T, ".

e Ll it

n (W .”._...__.__\.. ﬂ -

m - r [ ] -

- .1.“.|d_.“ -\\\.—.. -_11 .-..

- : LT -

- .n . P ..T. -

- P -

a - r 1 -_. &

- . . ! F

A A :

- . r F

-‘ .- .|_ .I.

A X W o .

e el e o
[ - -
.“_M . . -

. . . . i
._I._._-.._. - r
r - o LT -.... N
gy . . .r
...1.._.m. o oo .
pres R Tre - ;
L L L -
-_I...It_.. ....” ' q“..,. ”
e : -

“ T ! " -
Tl 'l R ™ -
.__._,.__.._.....__f T T e e e a e s e sammanm T S P Cra s e, -
T i e - - T - e i
Lok L - . , %,
et Fag e T 4 . = g -
AR = g LEE LA iy ‘ LA, A
u_.__-._.... L _..__._-L. L F . - LT - ..ha e +
rer A gty W Py e o S :
L . . ._.-.._ e o o ol gl e P O ey e - i " .

.. o . . LR - "

e . . o s
e e, : -

N L -

&!I..n. .-.f.. L .

Fan L r .

o ._-_...... * -
e L - -
bt T - -

il 4 k
.__...“._. -
.q....... v -,
ﬂ“ ; '
.l“. . -.r ”
“ iy g
ﬂ " .
.|..-¥.r..n. ] 1”
. - " ;
. : : . ....r.- - S
l.w.-_% = . - r
.... ¥ .'t.nl_.nl ..-...... ._..
L] - L
--...1‘-.. w.....- .-__..u.lrl_lnni_n“ . .l..-..- - .-.1. r
R Mo
il : .-n.._.__ o Loy .
kg L - .
SO o .
NN ot r.
!l o ot B -
et g .
- . . .
SRR ol .
n..q............,_._...q......m...u.._._._._.._.._.._._..._..__.t..__.t..__..__{..__;_..__....-._q...
- o ...l__-. . . .!_-_-l-. - --_u__.._l-. [ ]
ﬂ ”_,..”_”_.____.. ...M_.___.__u. .__LNT.. et el ot
LUr. A g s s .
AR O A S A ) :
“ I 1.1 .._..L.L.”_.q_. o .-..“ ...l..l. ) _..l....i_“ - ”.".. ”-
“ ra L R s LI L IPL .
.. . . . 3 -
£of - L " o -
- r -
el . P i .
o . A A - .
i L. . : r mm ; ..
A - .~ . -._v. ! E __ .
-_\._.__.. meo . e .
' ... .I .I..I..I.I.I..I .I..I....I.l.ll--.'l-.'.? ....... .
._q ) 1
e
Fa “...
. ;
._‘__ : ]
-_I." L]
Lo ’
P [}
11-.‘.“- .
- "

B, ]

qq..-_ . “
R o :
E"-l..'ﬂ P .\-ﬂ.-l..ﬂ:l.i.n. ’ . .1.“..-...|L

Py L L

,u___.-l“ ._-_-..._.__". R R P

xS o e Fr . P

...u_. o s ~Fr X . L

e R T e,

o L e T . > e

i . .‘...“ll.h..“ﬂl.l. . lq - e - .u..l...l. in‘ r ".l.._.ﬂ_

. - . . . - - - . 'l . CmLm . r - . - - . .
..u..._.__m).n o Hﬂ.ﬂ..u_.x T e o e T e e .
b N . - &~ . - - - mm . LT, . . tom 4R - . . - . . ..
PN e SR A i TSR M T T 0 s 8 Py ¢ Sy s

et M L _ T IR 5
_._._.L_. L N i P N T : AT & . . -

Y e e T a, Fa S - o 2N N By r,
Twed e T e Ay e 'E o Ty DAY e o P
o Via'e ..n-.-.-_u..ul-“_.-.i‘-“ n......_._.. n.....“ i - y ._“' - . iy .“ -

. - . - 1 LS = er . - - - A a

oo R S S S = S 4 S :
. .—_- lh. . o n_. r . -_.J_‘ ']

ol R .
g -0 |
.\_-... - L.-.L.. - Uh_. i
. ' [ £ -__..n- []

i <% :
S R '
.. . A O
___...........q. Fopom __u_..__x .
.\—_._vl.v: .-.ﬂh.i. .“‘.h-.. ]
- e .
A Tk :
I...- s “.r.-‘. a .-.“‘- r ”
o0 Sy :
Tt LaaTm. K "
Iy | FF. o 27
it LR
s RN

e L Ay
prE (] ¥y -
wooAd e T o
o ey oES

.” . 1 T .:- ‘w Ty

St h
Loy

LY F

__"_._.___. -'x ...r....r."

.n -L“ 14 : .

T .

) .r._" v '

.l.. l.. - L]

T .

N

T T

Ll

Trg.

L]

.I

o
iy
.|1-
-
.._.._ﬂ_.._....” :
4= P
=t
LR
+ onrPe
Wl
Rt
A
ks
T S
ﬁ_..__.. ol
gl
- - i
e A
Cm
.-r.”I..- .
o
I
™. =
W
g,
£oFa
L ale
o
s i
e
i/
i
g
r 1
|—_| 'T
e
]
..\-_._.Iil.._-.n-
v
F ook
L

'
n F

: "
]

. ..
. ..-.}.
R o )
a T .
- ._.._.. ) .__._- . ._..r._._-_”
o 4 r,
i » 4
r ¥ r.
s g
.m.l-.ﬁ-» n_.r_.q . ..-I
s . .,
i 2 P
2
e, |1_.. ...n._.......
N £
L 4 -
™' R ., .
i .__1- . -.._Jn .___._u..._—..___..____.
1-“1I1n-_ gl L P .-.‘._t-.h
._.._l.“..rhl|.r1 L-‘._ . - - -__”.!I. ) l....-.‘. ..H_\..\ ]
.- i VoootoToTe T Tt TR T T T T T T 4 .
"q-l-.. .-_.....__. r r ----.--....._l-.lu...rrfr-._. L .._.1...-..51.H- .-.-.-.---.-.-._.fr...r-. ..... .._“._..|l.....-.|.-l.1 .....q.H.__. l_-._l-__l.”
A . . ._-h..r y L ..-_.-m__.
o . . P . - . . - - ) ] s
r .-_ s - v T - - = uF - = F r,m L c o -
g o e Al S o ol A .._._..n..._”” e Ol b LI
.. .. - ] . ' r . & - e .. b
T A o’ ) L ] et = N I 1..1.1.-1..1._-._-_._.I - C A
vy o .u.....n eyt S e Ly A 3 ak et
P
gl
e
oy
” ."‘... 3
-t..._“.
+
7
T or .
v ..__..___.....“. .
L. R
by
.‘L |1_-
)
-or l.

o -
- SR
LI . . . . wla
L ) e e e . Pt

al e ey 4
.-\.-..1.-..-_. . _.._-‘. - ..l..\...._.-.. .11...[ T I_.Jf..-..l.:J.l...-_hl.. . ’ lH.‘._-...
S - ...--.m T .__.-l..-..nq
ol e T o
- s o O ¥
A - Ty
.... . " __-_-_L.n.. T-—“”q.
. ., St
. " b...nl.._. '
ol ik . A..,.-_..___

OEROn

1“ LA
PR 2
Yanal

<

e g

sl 0 "...__..

uw r
-

L o
Y,
L o
LT T hl_I '

LR L R S

e

=
IR ..-l._-_in._pL..I. r.n.._....\
Lt
o
S Fr gl
: e e
. o
" o r.
N s
r ) L]
r _.L“l...ﬂ.
\.-{-.__-..
ey
.-..._.uE..IIL. .. T
T
TR
r oA

Fy
- .I.nlul-I_._
o
e
" L
¢ +



US RE49,789 K

Sheet 7 of 18

Jan. 2, 2024

U.S. Patent

ERRRRRY RE R

l.i.l. ’

nl..t“___.\#-(..l\inl.l.l.l.l . . . )
P ._.._..4__.,...%-_..__.____..q.___n..E-u.Lr

l. - .u.
' .I.l..-..l-l-...-.-.-‘..l?\ - . . : . N e el
\ ._._.r__...._.. ._..._.n._...t uw- ot L P s  aas anhibhif -
._-.l of o af _l_".\.. .lh.

o i P aa
-...__..r-.__..._‘. o __._. A

A _.n.. AR AR 1\\.“.1"-“._.16\\...__...1.1.1.1!.r-n!!!hh\ﬂﬂ!%ﬁ\ﬁh\iﬁhﬁhﬁ\-.-.-_._

.- - - ' al . .
R e A . T s . ’

' . o -\..Lnxlu . T ._\.lllhllhhntﬂ‘h.\.lll\ A o " ' ' o i * B

T - g T P c . . .

f\f R .-h.li..t...l.t..-u “I...l-.nh

oy ..1_1...-.. ’

u-.t..-l.lll..-uu.-_..._.

AT ’ L [ 20" PP o
B - ARy .
P - - uu .
. - E ron L T
. -f ' . - - - -l- -

. . . ."H\u... : 111.1..‘..‘_.-_-.. 5 R E K
u..t-_..d.” . .I-__.l .\.t.l_\\\ ‘h_. It.nlf_...._f . g .I!.n.-....__u_\.l. . _n..\‘.\-“ﬂ
s y . o o g IR

1.1.1.1.1.1.1..1.1.1.1.1.1-‘.

V. :
4

g ;
e ’
ru L, ot
"“..T...H._ ety -
Al Sy
R nia e
LA A
v T wesl F
N e
AR e Tt
S oo R U
"l rrh

- . " R

v _._“..H_ :
e

.- . F
L 5 ’

. ‘ .
1 - 0 F ] .
. - .
f .
i - d “
“ e _-__ -
ir - F

LN JE I

. _.ﬂ____... ..r.._.

..L..,_.”

' CE i S
.:f_:".y.'"n'. »

oy e a
. .___.L...__.._ )
L] I‘ =
.-‘. ...1 . ] .
B o » :
- -
. .
s . - r
T __..J.__. ') " r
rye i P T A ' T,
wed et P S .
. L 3 - r - . . -
T - L . . - . a .
Wed o e ., g o . - LA
.-Il].-‘ . x Ty oo . . - ‘- - . '] .
- - .. o
et s A 5 g
s g, L T W
-1 L} - L o W Y - - T, -
h____I._. ] .-......n..-l-___.ﬁl-._l__-.._ll.-lu_-i__.ll.lt- 1.-..-_..1\_..-" . :
. . ', .
...1I ..l.—__ ‘L-l_i_ul. l‘_.
s hie .
gt T, '\
L Wt e,
Ty i
" " -
Ty L LRI
r *x oM s
. L -
e I Sy
. .n.-. .-. far
. ._.l..-... [ N
S
- ‘I\.-_I - 3
1 - .
.-_..__-;__ﬂ i
40 P
..-1... - 1.!... u_.
..___-.r____.t.._l.___ ..-...-....lum:.
_-.1...\.._ iy
prs ALD o
T e Sy M.ll...
i l._-_r.__._. ___l..l._....._l '....n.._.u
I
:--._.
r
.
o
URARY o
- .
AR Amr e ' , ) el
4" ad -l r, - P F ol / -.l.li.
P P P a ey - “ )
L e aptr el T
A r s o el . oy !
. . I |
i - 1-‘.. p Tt - : =L
“. "’ u_a” " " 1.....I.__. .ﬁu_l." -
. . . . . — .
. oa A . .
a - A r ‘-
o ", w L.
L] - ] .
oy 1. 1 -1 - . . i,
. ) ' ..I .1!.,. . . )
-.r._-_ 1 - .o ..
u__\.__u._-.__. ___._.. _...I.._.I.._..._..._.-.__..__. i.l{inthththtn...hin...n-.h-}..niuiniu-.niut..,- L.
- “ar
A e L
prye ,_..h...u._,
- . - o
7 ¥
P
e
-1....!.:.
- m g
i.____.___. .. 1.{.:\\ L
Lt A T - T
.|_m..__l.n. ...-.11-..........:. ..._-.\-........L.._._ni. \.._..._...1_..-. -.__..- ...-l ",
) T r [ T
. - r" o lu.. .-...‘.1 o | -
“r_.__. - . . ol . ’ . .._.._.. _..._1_,-
. =" - . a
il T . PR T L
-
L | - _ - . - e R » - A -
I o . Fr . . ..__.nl_.. [ .-F
q._._uu. ..._.‘_.._.n.h._.._......”_....h__..h_.n d Coe g v o e E .___..__._.__. ._1|_._q L .__“.4-..1.
et . . - R o .,“_._un. .:.r_._._. -__-.l...u.-__.q__._.. n‘.“...' il .-._..n... “ e s T Ty R . - T -
9, -_. T e oo orax ll.ll_ -... ...t].l..__. -Iniu__. JP mam n ._-lll_._.. L I R AL I R I S A S T.l o - L - .-I - rrrsar L LT L LN . ]
-.‘ - o, ) - ...l .-.__.._:._.I.._l. - T P .1.n.1.-.| ol - 2. . . . . R .1-,__. . i T, L] .-_-_.
__1..._-"..!.1._- ..1!&._..__..-I..L._-__.|-..-l o~ o, ..;.._..-u. o F ", r .lh
.l. ..- . . . =" o - - . ." oot .-.I . ‘. T . . i
AR I IR e P Py 3 VN e T e Pl
. . R LR 2 : N gr.oF .
o L - - a - A T A oy
cewsy LT A T e g v L N A
el , o R L
s " a
e . __. . -__.1.
o L ’ ok
e % e
Ty - A I.‘.. - . .
J - . - . L
s R
- S R
. . L HI ..
ras . R IR S
-H.Inl..._... ’ Y . T T
o, PR E T e
11_1 . i e T T
o A " s el
. ., E -
e LT 1 r .l..l__.
.—.: h.M_h L o
L : e
M - .. u.l.ﬂ..
: + -, ] -
S > - __.n ‘ula
_u.u.._..._.__.- . w - -
AR LU M .
J__...h..u.__...n_. o
. - Fo'ar
o
|.l1
S
! .-_LH‘I.

Ly

3

o

ey
T
' L]

........J-lﬁ... : .

o rr

A

1,

LE W

y

-



US RE49,789 K

Sheet 8 of 18

Jan. 2, 2024

U.S. Patent

H I‘I
. 'yt
)
]
o
]
)
[}
)
]
o
]
)
[}
)
]
o
]
)
[}
. !
Lt '
) -r - ry R
. ) ..._l..n_. ) ."..__.. .-._.__”._.____.
. r . .
P .
a .H...‘-I )
w5 L ’
: . :
. .1]1. ]
= x .
i Ty '
.\-\\ . L
. x [
. a, .
oy '
g b M
L '
\\ - T .
L . E '
. . .1.1. Kl
-n_ '
" ol
- ) .h.-.. LT -
: e !
. a_ . F.r
R R .” 11111111 .n 11111111 Frerrrrer- ﬂq 1111111 .”..1.-11“. 11111 FrrrrrrrFrrrrrFrFEFEFERERERERRFEFRFREFRFE R rrrrecr .-1".. . t|.1._.
R . . S r
. - . Ce e L™ P
- . . . | 4 L r i
o' L R £ e rid g ey
. . Sl . .- ;s t.._-.___. .,
. A -r ol ,r F i - *
Y s o e i rEE ..:._.\\.._....___. . '
)
[}
)
]
n
]
N
[}
N
]
o
]
- u=
' o
o o
] -
o
]
)
[}
)
]
o
]
)
[}
)
]
o
]
)
[}
)
]
o

A
..._...l

A
~rr.
r l._lu.___“

t,

.__..__..__..-. ..

o

rrr

<

w4

.

1
hhh\n_..-_.t:.._.t:.._. ................................... -

gl o o G S N B S N S o o o o

F A

e p 1L.l-.._...it..-_-...-_....._-_.........l....l.-....l.._:I...-_.I..1..__n - ._.1..l.lml_:r1 -

.

£ ey el el
R _-....-_\_.___.__. RS R .1.1.1.1““1-.&1_.. T Py .
”ﬂ...____...?.___. ..._..4.... o T, Bl e T ._.._-I.n.. ir B . . e - g
-y ] H..H.-.i......!...r.-“\nlru-t...ltu_.n. A “ N JESE WY o st S
. ._..._.____.-._.__..._._.... . .x__.a\.th.._._.__- N A AR e e e L
- dpm pn -~ .. . - h-l-kﬁntﬁlntwmni‘:.\n_.ﬂ..ﬁ:m R :

“ : - h._.._..-_.‘_...._.....1__._..5._._ - .._._T.._._._.__.__.n.-.l\...l.._. S _._“ . .
S S \_.\w.._ pErr s P v -
el AT . _..r . o .m%!.lh_. . n.v(.n“

a1

. .,..._t A,
3
) .lhil'll""'I



US RE49,789 K

Sheet 9 of 18

Jan. 2, 2024

U.S. Patent

M . .
. W L s . . . Fat
" o S Y N T BT E E T gF g gl T o

FIII.I l.'...-.l.............
||F.--_.."m.
Lot S
el e

.

R
1,

1Y
X
»
3

-

w
'
W,

S
T T T TR R LLL LT T NN T

.
-
T

reaEEEE R ER Y "‘l.

1'l.l.'l.l.l.l.l.'l.lllllli'l'l.'l'l_ll_l_llllldldl'l'l.

F
r
F
- F
-
F
1
f- '
1
L ] —.-
. H-
. . .
5. 1
- F
.- 1
. L - k-
4w ooy Ty b

o

.- .

.

--._.'I.
£
i

Ly R

F
._.I...11-...___._l.-_.-..ln_n

. % -
r .
M o
T L
R
LA
" r
x .
.r._n.....‘“.r
s,
. -.n_r
g e
nEW, e,
e Wi
lrr....-.‘ .-“1."1. "
i N W
Tt T
o o e
e A
st
"y ;-..n.l......
r Al il
LIS L SN S R G N
gt el e el e e
LI L A A 1--...1_“ =y
[ ] ; . - mr . o .
. ... S S O T
L BN b ] 4 fn L N
S N S R L.
R o -__.__.1._ ..-__...-. LA® -
” “ ) _...-...-_1. ....1.._____... .1._____... i ___..1_..“ f..:l. ”1
- - | ]
a " - !
. “ . n , M N,
» 1 . .
4 . P w . ”m ¥
.o . - .r
. S v ’ S
' - - . a . . T
Ll.-l. N 1 1 r .
Y - A [ r
gty . F “ - - . . # . M - q
LA A . K - ;o .
+ﬂ...-__.. ....qut.. ddddddsnssmsrrrrrrrr LSy
s gl
P . . .
tl *
....n.\l.
LR
Yy
Tt
h‘...‘uﬁ.- . - .n R
S e,
it e
%1.1.. e gEr e o e A i .‘.._q._.
. T o e R
2 b - .._-1.-__.... ._.__....__-_.__..u PRl ., -___
F ' .-L-l_‘. L .l-_..l-..-. L -_I-. ....I
£, e LR
._.u_._:r.-_.” - Tt . . S DL ALY N
.n.M.......... . ._.___.u.n-_-l.l.-.l -_....--J_-.-.- . e T .....-”.1 Lt F ] - .o e - . l_-.
”“. & ...-.1\.!...1-. !L.-..I.I.-._.. - .r.l..tl.._- . .. .-_-_ .r-_..rt_.
._L-I_. . - - o . . - . . . . . . . . . ..
- i ..q...-.-l..-_.-...u s - .__...._.....1.1._.1_.__.-".1_.---..-.. ...1.1.1.1.1..“-..-.-.-1...l.-.-..__..__..-._._._._...._.-.....1.....-_......_q|.-1.11.J_|.1.11.- _ LTt rR R R rr amEm -
. -J” . 1lqﬁ... .L__\ﬁ\_.-‘._.l ...__.___..-1 I.H._.._....i..._..\__...-....ll T, -l L™ .IH. Bl F oLl "l 1_...1_-_.1 P " - F 1“._.. ..-I.-... ) T o ) -
- -f...__-r-..n.-- - -u..-_..—. L ' ...l.qi__-.-_unIu_-__.l....- r L2 o - . ' Lul 1 - ® ..f
o, = o e A T ) = L R : . e .-. ol

L bt gy o . .
T T e ™

. .-... . .
g - - . L =" ooy il R iy e " s
.w.-_t.-u.-.u.l _.__.1..-\.__.. _ .11._."_-1‘. _‘-._....1” -L._..ﬁ_.__m... ._.-...u- St ”_I"u_-_.__...__.. . -......... " 4 :

..
Fa -
i ER

. . oo, LT

s S

el 5 T T
" -II.IHI.. ...._. 1.‘ i -

lllllllllllllllll

) - ) - - . . . . ) — . r
.__.l1”.nua . ” - . .-i.!n..nqn_.r-...-“._-..-.. P 1.11.“.......-. 1- LT _.u-. .-....n-.a:
. e . R

2

-
L1
[ 3

R R R LY

"

T

T
o
. .

a

-~

LU A L uilf'\w.t.xt.l-t.l LR P VLT R e L

H.__.. r
LW

P
‘_ .
"'1-.':':

e

-IH
<

Y33

R

e

s

Ty

-t”.l...-.

el

T
e g

F
o

>3

o B L Fag

. y . |1..-_.........1-.1- Frrrr PR PR PPl AR TR R ! _”..-rr.-_...r ...... e ] F R FFFERLFR PPl R PRS- 1
keI i RN A _ , RN : e .
e I3 L SR M g
& r - - . - T . Lo - 11_t.||

+ R O [ E - . Tl -
Teat el s o e, S ce e A - S 1

a e . r . L . o . .l_-__.- I - T e e

£ s gry sy -
¥ . A - LN

1 P Sy e
T ..__.._. S - .
o, . raior

s \‘ ..-..-..__..1 .-1....*.-_._-

- "
O g LI R L
St fr .-___JH..!.__.L.H..- ._h.._..l...l‘_.ln.n....-.-.. ! ui-t

F O g )
. P

- .__..1...___
ST
o

-,
-“...:.n. B L

.

"l e wm bdwom bk & & kR &N EE

e o - .
COEC TR N T N T I I I B B B N B )
- [

LU I DL B B B B BN BN BN BB B BN O BN B M B B B B B B B B B B

T -
i -
.‘L-.l..
a -
S ¥
. .__.l_.q
"y -
A e .
. S -
a e .
Sty .
. - .
. -.._n-.L_-._l 1
1..._...—...-1..-..__..1.----.-.-......I._.-!-.l-.-.-.__.......L:...‘..w-.._.l.n-\n..._.
. . r

A ” .u..._.. .
L .
A L,

[ A DD B B B B B B DN BN I N B B e B B B B B |

A

i

P

1

. ..._"...IJ-!-__..,..
C

e, m
O

-



US RE49,789 K

Sheet 10 of 18

Jan. 2, 2024

U.S. Patent

Bk

.ﬁ._.&._y.n..- A
g A ‘
EE R :
X . . .m..
PURAE Tt
t g e
ke AN
. 4 . []
..“.“ aa.”l“.-\.“ ' 1.“..’...'&. i
#o T AN
AR R R R T
- . .. P
A A
. .ﬁ-.\uh .t 1]
i R
ro P RN
“ . Hl.r_.llh- ) ”-._n‘ “
e o P
! - . ] :
”..-“__. ) “. ' '
3 1 m
' . ]
: S .
] ’
m nu. ]
. + B R
of T 1
...w.,”. ...... —...1»..1.___.__..._..1..._..
__.__.__.-____..u.u - '
o "
P s . ;
]
- - - -
e , =t "
.___.u.-n.___m__.. . “ .« 1
' ]
Ao : .
it 2t ¢ "

L]
A0 LK : "

. i .
AR L R A I L e T L Eae S __.-..-1._...__..._.._1.._ ...... Fa' e pareynm ax ek B T T ._m.. aaaaa ._..........:. ._._..__....q...,.'_
i - ) e Tale K3 o ST ) ' - ] '
At B o S , s
' bl IO A ra B I Rl e T - . . F "
o u.:._ “h, oy i A A R
-ﬂ;l;\n ) 1._.r.|.u...1 . . - T e t.n.h . ) u.__ LT
P ) S o R - Hoe R .
e
. __“ ot =, - .o
el - oy o . o :
i o : I A ey - ¢
| q_“”.._.u..t.._.ﬂ . ..-__-.._....._n.l......_t.!.__._.h. T e T bnu_nu..___vl..-l.h ]
g .. . B oy g ot FT .”...._._.__._1. 1 :
- (9 : :
-u--.l.m : ..1.-_1_ . . "
B ﬁ\.“ﬂ_ lq_._-.l“ . .
i, a ! .
¥ Hpew Ta, ,
o N o
. ¥ ) ..
Y - h
¥
e . '
- i »
A i ]
] .
. '
L .._mr...__-.. - ]
L F ]
w e T
. v - ) 4
o A ol A A A W o A oA oy 1 1
F_o o 4
Ao ) L . ]
o ._..n...“__. ._-...1 . ._.1_- B '
. s ._..\....____.. ' ..I..i.i Seg ot 4
. .I...._.l.llnll_ln.l.!.lnkl_.lI.l.l..l.l..l.l.i.l.l.l..l_l.l.l_..ll.lnll. .\_.“._- d ..I..h..l..i_. b
._-,.-..-..__.I...:..Lh_.___ bt a8 o af

tﬁ

ey

porog
v N

P ﬂ%ﬁ |

. r l ‘l.
.- o o
AT 3 Agans
A 3 ....u.....a!“.nqi\hn!. 3
-._h.__.\-ﬂ
S i A g b RN .M

—_' ﬁ ' " 1‘ h ...i t...s...i.,.._a.t..l.."i.b.i.i...i..- in.' _“_..t.nr _.- l -.._._.. -.“..}...}....-.._...tn.r... .q
Aot N e M b e s ot i T Y TR e w8 .
:lii-‘.-.t}‘r‘.luiu.‘.‘ruillla’ ] '_ . 4.-‘....&. H.l...“i_ .1.&... [ i_r”l.-. 1 ﬁa.. d :
) t r 1...%..-. .o "oyt L -. ._. - i
. - B it u 1 ARl N AT - s v
Fiath .ﬂH 1__.__..._. Iy ._...l....-n._.-.l M, Cord s P S - T o L ._.
R e i, W P T T S :
s . s Bl uy N CF
S A St N
i’ F . - S - .
i “.. wh.n ' L A - 1 ..1
i i + - L £ 7 .
L& A e I
1 T __. ) . “-.- |h. :
Y r. W J A - CLF
e a s r. . . . .
s o 5 - n £t
l- ] r .ﬂl T
.“l.. ". .—-...... . __.1- “. “ .h “
. ...‘t..n\ ,.._....._...__..iﬁtfit.hi#ht}htiihkmtfwli __..__._.4 '
R __
Sl |
" W
| ) 1
T
o
S .
! ._...___ 1...1..;.“..11...1,%&1.....#“ .
. - . . . - .
S ol h.-\._-.\ﬁ.fd.... e g r
L.I_-r..- ll.._-qli. a .n._....-...n..nf.l. l__-IlT. 1_L. ”
i .- L] 4, .-l . .
(A .ﬂ P Y, :
. g P PR SO -y !
4 -ﬂ. ' r.ﬂ_.q—.. ' ........-.-.J..._..I_ ! - ...1 - Ay r t.-_“- I..... ..._."“. *
” ol ..“1..1..‘.1: _"-..Tr- . ...__.-..\-.....r. .....nu__.-...r HR . 1 kﬂ. -, ' ' L. ™ .H ”...
ThK ey At PR PSSR ;
) n..-..l. .1..% hsﬁ ’ ..-.% Y S .._._ :.... l...._.._... .... .__:. 'v___. P44 o ...!..-..... ..-l.rq___.: ._.-t“im_.l._ 4”-.“._ ' 1...4-...._-_. u_..‘__..l .._. ........“_.1....1_..._..-_.... r ..... M _._.1_.-_. R P P .1-”.. v
. .’.__1 - p ..ﬂu..-.....t.m___..h_.. . ..hu._h.l_.......l_...»..._...l....‘. " _..r._.._._r.___.. ._._._J..__-r..-..n. ..._.. ..._.-.... ........... Tt _.__.._."_“r...1 . . ...‘....._”-.. " _q.
sl ww ay, At Al T O e AT , v o %
. 4 3 ) c . = - = [ - .
i “u\n_. N E e - L . i i
e .“__.__.m .3.W..Hﬁ11| e .__.ﬂ“.hﬂ__.__.a. e * “..rt u.-.____.__...“ T el K u__..:f. ..;_._.- fﬂ.iw_.ﬁ ., LEr .u.._n__..
R - Talar T A 4T < i = PRI S 2 T O} :
" oAt m T .u__,...._.‘_q Sy r
H.____.u..l“.__. I R » %
. - r T ox. ..“_-_.. .nH -
..____.:-__... L - L
1_.nlul_. . r¥ u...u-uu.-
AN o o | i .-E_.un .u“ .-.-._.u_..
ety L
. .-..r Al - . J.m uﬂ ..1.. .-.1. ...”.
. _. __.. E ] .
e S he
wen LA
h..r._._.}... . u 7 .
. . .—" - .
L LU B T
B ARV
._.._.......__. ] N
Al B t-.n_._ i AL T
LA .- N
A i IR .
o Ty A e
s - - . 111!“
: r - 1 .
i A . 2
L R
. = I.- . |
ALY
o r
o
ERCaY
AL
t..__..h__..q

. -
‘t"‘:lr
-

L% R
'IIH-

o
.l+' 1I

.‘.:_
3

™
TINE

=y

I

I‘.‘l | T
P

L
- Ll



US RE49,789 K

Sheet 11 of 18

Jan. 2, 2024

U.S. Patent

[ x . L.
N Yr e
L ) .l.I

o Fery "l
.1.-.-. .1. - .
. ‘ - - -
" e, 5 .._.___,_ ' “
.............111111111111111111111111111114.1.14.I“1. 11111 - l 11111111 s rrrrr-or lq. 11111111 Frrrren e croEE T .1...”.-11! R R .._I_..-.
Ly - ..,_._...__1.. o A
) - . T e ) - . LT L . oA e - ) ..r_‘..x.il._
. FoFa - F 4 e - Fa : - .\.\ - .
el o o 2 s Ve, Ea LF - a4 e e Ry R P s
.. ) 2 e B A 1_.1.. r.F . ) L . L LT ) . . T ) ?}. l-
- I T S L X = RN T N roomm - r
.___.n\.._ e rary’ " : .__.M_ﬁ " s ....\_.H...\- r...\. v ' ¥t e -“,
. . '

. 11..._.
B
. --‘--
T
e A
- a
ST AT
\I-
- e e o
- LY -
- Ao o : . S Eomr,
. R an i ﬁ}l...u..._ S g e T .
. : ey LA Ty L e
- T et g gt A A et LV .h_..mnM
fa. e
o hll.L-
LT ..11.!...1.1 ara H )
..\.1.._.-\__-_...1 T - R
s . - - >
e e - o
it “re; . - L T
.. S - RN Nt '
T .._uI-__..II-.-..I_. - H .-..\___.lt .II_J_. k-..-il 1.1_.1
- . . Fl .
. - ST v
Jol T - P o
. o - g
L s
H. -...‘._1_._.“_..‘_. I.-.....I -
’ o -

» . T
o ... - ﬁ .....__.._i.w_ ..____.-__.-__..__.-_..n -
(o S s ol - Lo B " A
. - —.... .1I1 . . . 1... . . . .1
A .. g ray oy o - s > “a J...v -
_ v g , ST 1 . g, - "
s PR S -ty ", ™
e R i, o, _
v : Gt . nk L% e
e . I "
\-..1 .1 .ﬂ\m\ﬂ ”__‘ ﬂ._.. .E‘.I. ] 1._1“1“
...... . m ._..I.-I..‘...-l 3 “ \lflll._ﬂ:_
EE )
H.. ..1 .-.“
,.F__, ol -
L -
Fa A -
Wk s g -
A -
._.E.-.nq P .
-_... i__-_p ‘_. N
£ vt
T e
Tl e



Fadddamaaanaaar

X

S

Ll g
LA
LAt saaa
£ e
. .1.'..“L .

LS

oo T

- E E s E e E s E.
. Sttt dal St )

P L o
.\-—W . L N o
: .”.,_u,..h. 'l .‘._.r..._.”. ._“_" - M\ .ﬂ_._.
. *n.hl—. . - . i - i - F
"_ ok 5 ....-‘.-I- .ﬁ. . _-m_. -
1 .-r. b} - ..‘ ‘u l. \-..r

- il .
Toa™ 'I'Tl':
£ -‘__q_
in ol
.
11
~
) ) . '- . .
.'h.\ ll:'ll.il:-:‘v.-l 4:ll.l l.-"-"-!\:ﬁ kb s s aan s 4w
§
.*‘
L
_.:I

- o 3
L. L o .-l -
L} ...._“1 “ 111 ‘..__
I IR ) ' - ¥, . S T
. ¥ i - ' . -
£ o LT & s e
PP ' . .“ .;._.t.... . . ...nﬂ ' -”4. ]
s r.t L3 -_..__...1..'..1..'.! - u ..__..1___. - J._l__-n...-_ l_- .|r
n.._._..._... o . [
L .ufi..-.\._.. v '

US RE49,789 K

A e ..____1 : . ..u. .____
..“._"__.....__..u____.. > L .“..______..._tw_q.,._f. pLr s ___3.____1 P RO _...Wm._‘.._.__,.:”._._.....1....__....»..,_,_bh.,,.;...q..Lﬁ..ﬁ. ) JH&...&WH.‘..“K&;_: .___"._._......_. _...._,.m
. . M L e .

Aty + H . : r PR FX ! Iy u . Y Faln' ! R . PR - Lo T
. .__Itv. g . - H ._—hl.l 1q P W .t ) ‘-—._ . . o4 L r g ' L.F ) ! . v:.. &...—.T.rt_‘..-'-.h.“ T . ' .T‘...‘..T ..’__.n‘,...-. . . ....‘ _... ”_.-...1. ....r-.._..._jn._ 1-1“,...”.%. . —.'”“1.-. .—1...... o .'.”T.,.."ﬂ" .r.*_u.nt..r’.”. .-_ﬁ.”.. ..a-.r.?ﬂ\\. .“.'i
W A
el

<
Fa
%
r
&
g*l
k L
-
%
Y

-
.

!

. ' e , . . . . . X . . Ve . . . ¥ e T W ! . T .n.u.m__..
R e I o S A I I R IR ._.____:.__..______.__...__...r.r_ o et LR TR S T R S R R i e ) e Al S M, P oy ..N.M...ﬁ... -

:lﬁ:..__..._“....i . ! . ' . " T, 1.,..,.... , e Lt . Fo ...-..-___ . ) _....._.w.__._.w [N . r.__....:_: 1.:..“..._-. .?:. C byt ..p.t_u.. . \Oﬂf\\u)
T ) P AL S - .y . . Ca " - - ' - .o
B R TR RN AP Sy T . L S,

g P o R S L T B Y A T . .

et R N T A £ +“...h.._.. AT S e e % r
- il il - - r . o . 47 - - il .

ot ' e 2 . o __..-_.1..__

t..-fl.u. ' -
" o L AN R T e .

Ty

I
.8
s
%
£
¥
T
IS
S

;

3

LS
¥
Smii
"E-“'-n 'r““i
W

w5
--J-..;J‘~ w
. §
%

i

2 ﬁ;f’:i

1&&""’4
. ‘:
‘:;

Sheet 12 of 18

X

. g A T o WA e ” o A : Yl T
R AT fae R e LT e T b SR m_u b A k.x. "
Wil . ? . .._:___.__m_ﬁh.w_ - PP R B , s - )

. e .___...._h..v.__ . D AT e - . . . * ML, TR : - e __.____ﬂaa:.h__ . " .- ) R .o o e -

-

-

L
W -
ey
et o0
e

L‘\I-
&4

[

13

"y
sy
. .
: : . . Ay -
_.m. ........... LSRR R S N R R o L . ._.1..H_. - T
"L oAt A R rrg ¥ .
Ve A WOUORE apes :
D A AN e A R :
= M I B e .
LI . ' B | - -
H ~ rn q_u._._-_,_.__q_. - -4 w ...h....“_. ) H -
P 1T s e e .
L £ - - - ¥
N ¥ 3 i -k
P o | w
“ “ ._.__l. . h. *
. L 7 ...a ¥
" - ..1. .“1 m ¥ .
" P it £ i ‘ :
L - i -+ ! : -
- fud R v y $ i R
) l.u_._ —m 1‘... ' ..-.1 P -- |.H._.| wl. 3 r
. “1-...\ ,__....1.._.._........t.....,.1.1._.........1._...u..._.....-.........-..1..!1.1..1“1..1..1.« ._..__.__.. .
& s sy :
- =, '
2 s, . " '
Ll's . 2
L Py .
El.‘-_l .. * 1ulr—_l. .‘.t .l
A S ._ : o - .
.‘- F]
L " a .._.1..\4 “ \\lt-”-n.\l.-_._..__...
.o a u..._..b b r _L.
KA ..___..__.._‘ L o A P b “ s
L ) .. T L L o ol N " - L
a “_.._...__.“_.r. . . ___H.._t»..‘ . .*._____‘._:.-P . R Lo, .__...._.;_n.._. . o oy
. a 4 o .. ' l\. Y
o ‘ i “ >
" : . A ...1\%5 ' 1..-..:u:.. ) S B ’ ..-l-..:-_
' . um -~ 4 [ ' In... - [l n...-_u...l L
Wttt . ’ . ...r._.n AL ! - e TR F d ._-_...t‘_ .
Hants P e \ " RO e My, - _
u__.._lh.._. : SRR g L ey L e - y A
4
B
]
L]
. . . . . ’ by oA
. . .o - b ......l.__ a4 ua oa. AL T L I S R O T I R o u ! o "o [ T T T TR L L o g T R I T P .1_‘".‘__ .”_-._I._..t.t
Y ) 0w, , ot .;_.........1._%r . 5 . - " Co Lo .v.___.__. 1 .___n._”____ ) u ny é o s e FHE PR P b rPudyeyeey o ™ L . PG R ¥or X
.r.l.-.l._.. [ ..-“l.._...-. . —.1?.._.. .lu}._..ﬂr.. - }.v‘t..}:-m:f”. - - o et ‘ W L-...i_.. + tln .l..... .. e . - ._n_ - .': —ﬂr-_. - ' - L . &r....-{...‘.. ! - 2 11 , i‘i.. ' L u , ..l._u’_u'
u:.~t+ . .,ﬂ.:q....,.: Ve nrq.n.,__,_:...}_"__t_._.:._._qr;...u.:.mtf..,tt.ﬁmﬁuu TASFE R F e p b w4y v e BT AR .,._._____....____.__._. I e o T S Rt S il S e St T ] . ux___ -
ATy borgpe LR L e NI ¥ i At e S .._:.“... T e - ¥ | n.ﬂ. ' e g Joa e L Koo, ..“-__Tt. _ .}.}1
._._...".!u..._..-.i.w_..,. . 1'._u...1m. viﬁln.1 . e e - .,._H_w.‘. W Eaihal .1.._... ....._-_.,...:.”...1 T _...._....__.1.__... L N .4...-.-__ . y o w , ry N ”nr. oL ..._“..r... .__J..:H u » ..._-_'.. . .“._. rat. M
-- W +._.. . ¥ ...-...... P - r.....-_._..__ __....-.t....a vt P ; 4. . PR ...._ oo t.._..__ 5 : o x ..1.... 1 ...I._. B 4 . " oL TR 1.:..t P | T b 1-...:._‘.”“1....,. T g ¥
......._,.w_.__... g B .__.n._ ' r ..l_.v_‘w:__-rqq " F L u._._..._m-.._.___.m . u....“_____ ..._.r“.. .__ﬂﬂ..__ T J__. L A . ...____”.__.ﬁ.. : ! .1._.: L M S ___m . o Rt :;.___.._... w L e 4 r e o u_...____.._.
Y "y ek oA . ' o S T TR S v v ‘o i 2 - e . e T - R
.. -+ L - St r L - LT SR % . T S gl - ' . o kA
eyt Y er. e A IO A VA GOV S N - . Ynhoid e SRR i

+ -

%
an

-.1;:‘ )
-t
-

F :‘ ‘-h
b
3
el
A
d
¥

-

“q:

"
i

A
S
o
a
§'\.
§
s
3
4

{-..*l.
n N
L W
o
. o -
ll"
ar
o
B
-
o

‘ﬁ
&
4
N
N
Rk} -
LAY .
o & F F & E R F B N R R 4 d 4

U.S. Patent
i
&
i

E

- -~ a.,‘}
%g

4

.

-

-
o

¥

-5



US RE49,789 K

Sheet 13 of 18

Jan. 2, 2024

U.S. Patent

e

'
’ . . . ' . .. ..-
P b ____1 &Tﬁﬁﬁnraﬁqi}.ir%{ }L#:trilriir#nf:ta:. H\ﬂ)t..n____r.in...l \‘\....t.nw\.._,_".___..,.._.__m
X’ . FEFPELFER TR TR EE e

e . .."l...._-__....-_.r

A A PINST<oal |
S .- \.._.-.....l.l.l..ﬁ.!l...l.
b3 I S ccsivvnics
Al . .-._._..._____.nu__....n ; -

- ... ax

T - LT
W et L
- . \\.-..» \.n.ht-nthk..r}._._-nuu...r.

._-_._..___.h__.llll..l._ﬂ.._.n r
_

L-q._-_.L llnl.lni.l.lii{ll*ltﬂﬂ.ﬁhﬂi.\ I.-ﬂ.!ﬁ!.i.tﬂlaﬂ!iuﬂiﬂc‘\ﬁﬁtrl e

L " fww.t.t..t:r...h...__._}rtt kﬁlﬁﬂﬁ%ﬁ\ﬁﬁﬂ”
IR Wy

/ AL #i&iﬁ%ﬁ%\u{1hk h.__“._.t.ttl._..:_ ] .
,.._.31..: -, x\lkht-w-_ﬁf___ .._.:__..__.:__.ﬂtﬁ _.__...___...Mq. L_._..-__t._-f......tk : .__.._.._..3____.__.__...__,.?.

. %,
. R
: g 1
e ey
“a " "
‘ .
.-T..._...l..b..

C n e ._-_H.__w..-.”ll “.1 _-l.lﬂ_. U_ .
aﬂ....nq R | . S . W3
i

-htut:.... S SV
e __:;{13:{..,‘.,&..:{1%{1 i il
}h.l...-{.‘.vl.

.._ .-. g

AL . S
.“ ._-n.u___ J‘L_"I_._.__ \Tl.il.-_.li ;t.iﬁifl. .—%
“ \-\. ¥ d-l_.-_.. .Ji.._-._ll.#i. . ’ il.nir.-t...i.l___...it___. ' _-lk-q.-l“
.. r ._1.._\. u_._h_. ..-.-.1 i T . ﬁuim#h-h .

- T, ra,c N
e .qu-.__ ) oy Tl
H ' s o, i
u . ..__...._n_-.r. i ._...._.._-u ) . ._ul.-.l..-__. ..!l..ﬁ
. SRR e Wa'
1 »* - ..’Jla.__r - - ) _‘ll____. . .l..ﬂ-t.ﬂ ey n:
; e, ., ., e APE
i . - T . LT L i
n J..In“-q. . ..‘_..__.__...n.-_.1 . Jn\...th.. .____u.n T
“ ' ..-nn.II ' .‘I.‘. - Y .‘._‘. ! .-n’_-...j .
I Y . a '

" Y -
“ o, T “a el
W . ™ e L

“ .H‘..II y n.‘..#ﬂ.-_. ll%qv

...qﬁiiﬂiiﬂitﬂiiiw
R ¥
- l_.._...l.l . _.l".
Grwew %
u__. 4___,_..__.______. P s . “
A Pl .ﬁ.@.” &
A, AL g .
E R e
PGy g /
.‘_._1..___ o RS0 .
5% _‘._..umh._,..vx.w; f "
e .___q.‘{__ . ﬂ__...n-”__itl" ! H
YA A T
- A ' .-‘....1 . .
e LEL 1
- [ T
¥ A :
A ER '
ok M ¥
] - 11. ]
. y ;
. £ y -
- : :
TR 4 : +
- ) A . £
L ST N T T T R
A
.u.....l.
e _
S £l ,
. . ' s r
- .--. ¥ ’
LA L LI
' .n.n.tv.. s _.._-..._ ¢
T .-l. LA ¢
. L PO
T J C £
.__&.M .__‘._. h * -
- ..*W:.—.-ﬂ - L] " n b fon u - ~ ) s LI " o N Aoy ¥ " . A L L N ..“__r.
) . PE AR .
ﬁ . .-:_._.-__.L__. it ....-..1 1.1.-_. nhw | ...l.. 1 wa U ....-_._. ' ..-u . .H..
Wig WL a M S e . ey E s S eV
1i . a . U ..__ﬂ.._.i.q_. . . L, . . .H_ur1 ST Al . ....1. - - T . . '”
+ - . . r C . . . - - LI Y
g TN T o T e e :
. . e . . .
%\.‘ih._. ..t.._-nl_.-L ...1-.q..-:.l.__1|1 -1._-.-.!.-?..._. .Tl..ql.l _n_.....n.r.......-r ., L]
.._.1.“..-.“ + u.......-__"u..uti_..l...-wh..-._ul.n ﬁ.ﬂ.uﬂﬂ.tu...\....-l.l bl e, . . " -
- - .1. . ‘ - lI -
LT ..14._..:..1 -
dek e,
T TE
_wqu_.um . J...ﬂ... 2
L L
- ~ -
.nl_.nlﬁ... .!l. . -
i e,
| ]
BT
h_n.Fr-_Ll...l_kv
¢
)
2 e ‘
i LT
e ey :
HEEL p
avial .._.._m._;_..“ »
W g .
.l.-..s+... My -
R 4 .
P B :
£ e .q.__.__.._.-._..h -~
. I-ill‘llll1l.1lll1lllll1l.-ll1l|l|ll.1.1..--—'-..-..r._l.r.r.r'r.-..l-*-.
| inh , .__.L..r. ...t...- '. -._._I- ._.l..u_..- .*.
¢ e et R Bl e
A S BT o R . GRS L
] v .
g o W
b F KER D v hk e L
e C LE T O O g
i 1 a I
) Fi > ___..,. % h H
1 4 - u pe o
+ B I - - or w. .
+ -4 F ﬁ. M I PR
e - ap T ) ¥ )
o - . . 3 o
.1..-..\. - ¥ - 11 . i +
.Hl_.fu\‘. - .-......l o a ad l...l d s s . .l.l I..l.h....h..i. [ ST L u..u" _
. -
' -
A, .
S
A
M e
- .-H.mﬁ. -
..m_n.__:ﬂ
o g
:n__l..m . ..-..-.. .h..-. .-_.r...r.n .u.ur\__.\.__.l.._....u_.l..._..._-..
ok 3% e . .
T o g e R L T~ T
. . H!;.c " . ..1%.._;_;,;._...1”... R ..._._._.__5___._. JOu oA
..E..... ,.* . n--.-....!._‘. o ...-.-..‘_.u.-..“.ﬁ._..‘a..‘lr‘- .u..}.I._.._.._.l..r......r Wl R o-r. - -...I:. ...i..
A a * . P .
...u.m.______r\_.....x. Wt .._..__ ..._._. : ;....1_._. X h....._._".i..__.... , .nt._.— d__.u_“
..31%.. ) A e T ai .t.__...n_.“..,.....__.._"i...... » ....,L.n:..__t_ L .._.._.:.....__..-_.t_....__.w._.r“..: ..m_......__..-..___...-u_;h R P - tt.“.. .
+, A L. W . .__..__.'_. RN . ' & wr e o »o ok " ) ]
.nn.-.__.p... Mﬂ.._m.t....m.&...‘.mw:..... .u_..._u.,t..‘__.._q.__..__.;_.tf.:__._.. .....__“:._..._w-... T .ﬁ.._._. RS "L .__..___“:.._..__..........5.____.:.1...-___ LN '.,;u.....+____.u..1...._...,..‘..¢m...tm_......... TLRES RS S
#:.“Hh - ...& ......n..__m : - ,._..._"!.____ .__.__._._. n_._..,_hn “tﬂ_ﬂ..,i.,..__.....__ W l_..__...__-_” ..”_._.._.___ﬂ.__......r.{. ....._..______F ..:.___,..____ ___._,...__..__., .1..,: ' ; .__r.... .n_“_a_
AR K AT . . et . F Lo - -
S T %, AR T T e e g g N
TP+ e e e rrl x.¢ T S e B
.....l.-...lw““_.l_..ﬁ...” Ly i..l.-_ .-1.!.__ .u|“|-... . ...lp:_-.. .:".-.. -..1... ..11.l.m1.||+ IH..... JI .“_'H.r
- . . . - . |. oL &ﬂ S 1&...
|.1...‘..nu.“r.vw. n...n h..ﬂr- .”. - H._._.“ ”fI
u_v.rl m. i T N o
- ity u__. CL by
A TR CR T
l-nln |.l...u....r.” .ﬂ-..-. x -_.l 1...-.-111 -
SR TV SRR % .."1.__.. L
Swalx =, LA
i R
St ._._.-.._-_.____ ; .
5&1...1“..-1: ¥ - . r -
v L .
1 . ”h.-.. 1_._ *
L e S
. -.P.‘(M ' ‘.-. t..:-r.._..
P kA
:..n:m.:n_

SR

""!1"- .i’.' “l“‘ R

irmtmatd



US RE49,789 E

Jan'292024

“[IJS':[Hateﬂlt

L .
RS
L
L 4 B

Tye
™,

{3

l.‘F-

N

LS

Hon

SRR
8

28

R 1-‘4._i
R

.
b
‘-..

1ﬂ_..l i
H..u_..,.... 2
. A .
"y A u,
il A : .ﬂ.._ .
SO
r ) % :
H“..l_‘. .%. -lL. . 1‘-.n_---..-_.__l.n....-._
. .—.. i . I‘. .
- ¥ T X
e Y .
g 4 . T - - o s
..-.4.\”_._ ' »‘-. -ll- ", .. Tt .-I__. T
. .ﬁ M_ ‘ " e - s : o o ey
- ¥ e gt - o e ._q..M,. o .1__....n . t_-.._.._..__”._ o T
I_I..I...l-.. e - -l o g -
.1.1 ﬁ.___...”_, | o i ol __.-_.....__.. i ' .._f.__._".._._.”..__.._-.\, -_-._...“1-
v A
ol g e Y o
A s ey P

0%

N
Sy

g

Tyt

o
)
"

My
)

3
WO
_*

- 1 _.1.1._...1

‘.1%‘. ) . . r . " -
-\Jl-(hr\. .|h.__._qu1|-__.|.1u. . 1 . _,__-.l.-.. ...___.-.

. '
v .|i_l |

'::'n
" {;

- .“..n.-.-
. L . F

..‘.-1_1_1.1

L L&D

L3

et

L
"}

i Q ‘r-" .:
b .
L] . ﬁ._ ‘Tl- s‘,\ . e

YO
"
ta

el T

¥

g iy



US RE49,789 K

Sheet 15 of 18

Jan. 2, 2024

U.S. Patent

. ) o - Lt e i N g T "
e LI 1h_..:.“__-_.. .__“.._....___. K 4 “.__. .\.-_.;.“.. o ..,._T.t..._ r.-_.r NI T )

L e A

PROMEE R

l_ P x

PR -

) :

u..h___._..wﬂ..;.__nh.q\. T

y o nﬂ% u

VR P A .

I oy :
..“ .ﬁq__.... " ! u '
gy .
" e .._-_.....«“h.t :
i . . g 11

P G

R FN .thl..q-_. a

Y i _._\_._.. *

PR | o

Ao SR

; e ] .“

-" ' .ml —”. -

. - .“_. ot

L ..—_, i

-- m“ T

ho £ ]

- e rn_ -3

A A N N s

P ’

! . v

1. ”-. [ . “ Mo ”
gl - S

' . . '
[ . - - 4 r LRI 1 R | Ll . L) . 1 . 1 L LR 1 "
1 Ao 1 . I = 1 v 1 g py - = 1 = 1 q TS M PR ..u___ - - W .,..1._......-... . A M H n 4 1 ' 1
L} L] LI R B - - L L L} LI | - -
-

o oy
' t..L... rr T.‘

o N o .
O S P A
" - - Ll 1 h

i . St ! ... ST I - -
“ N SUTI A M o A

' it ' .1... n '
t-'-_. .11.‘.....3."_-_,.&..1..

S T AR v
h-_.r.- A i&ﬁtiitiilﬁﬂ%&t&{ﬁl - - -.1_.._..-__.... . -..1..

-
- o -
-

L T T R R T R L

IR I AR N R

c mow - 2T x, - - - - F

_.-_._Ll.r. ..___.llu“..-... +HL..... ..M.._-..I...ﬂ__.

Ay e .ﬁ.q.n,- T

Lil“l‘h_‘u 1.%..‘.‘“. .H- ||.I Hﬂ_.ll. _
L | - -

w0 1
L I .
e by

4
L

X

r.
-.
i
" E
' ¥
L] L
r m.
1 ..-..l K L. - _ + - M
] - Fa4 L | ¥ ror
P _.“.-7.1 .__“.-.-_-.- .uﬁ.ﬁ..‘h._ ....-..."I.._. - ..1....1“.-..l - .“
A or et y Lo«
T4 .4 o
PR .- e Lo .
A r - . - .
A o o 3 . .ﬁ . M . .
Py Lo o Lo -~ %
r - "] . . . o= [ n
g - . - F £
n___._u... L] i, ¥ M ¥ .
Eabiit ‘o4 . i 4 : HIR:
L4

FrFF PP PR EFRrFrFPFrFr e r+ e e e ey

0 -%- -

iy
2

g e .
LM ! L ..:..P._,.“.-__.....”.. X o t..._..,...' . .
Tl . . FEE N o PR .

£ ' . . ....“r._._..._._-:l..-i..t TN . : 2 ..l'.. \ .
P g A AT M ey AT S e, TR, :
v o Co “...:____..,.q...._ et e sy e RO re) . e :
S o e WA e W I . O |
.r...-. j e l....i__.q._,_.. 1 ._.....__ Py .:..ﬂiu. . ....._1 | LR
" SO R S N RO L .. . . L e Ny . i,
_“1....__._...-. . R _.....__.__1-..”...... WOk PaHuE_® 3 .-.__.1 L A L T N L o e ..._.,.._..._n,...”....t..... +.”..L.”... LR ;......_.m....... .....__- P R I R r.
..1.-.._.._..._. " ”. ......._.__..-...q_._. :1_.”:__... q.-._iiﬂlﬂ_.mﬂ...__- .-.._.‘_”.41 .4.&.1#.. ._._...”.i...i.“.&_rp Iy wtq..___....n.... . . . ” .r . - .”... . . . ] . -..___. . ..w___u._.“_ . _-..-...q. . . . ”-

ELal il | . [ - ' [ ' [ + Nkt s ff’f - L. . . . . . . A

o w L S A S g EEE o W WY ..._...i.i._n...__.._.__—_‘.a.. Vs \ AL AL . he
. o - e TR at : LR AT LI RR r * F o . : R

.-__q__ . L L) ¥ x <, LY ) . . .. Ml . . whow o :
LW Cal P et ¥ o .__%ﬂ A ! Lad T &hﬂ a ...;r.n“_.,. s B ._.H__h.

r T W ' " . K "

e,
ORI

K L

e " _ | ) | B S R T

r
-
..
R
Fan

™5,
>R
]
i""}"'ikhi

3
]
1
N
[
R

e T T T T

I

b

E

RS

- _ar

'
\ - ', -n-.__ -.._...‘. , . ....ﬁ.”...,. S M v EREE B ' ' . . ' s
'

T i i ’ ' ..._Jn.al. . ...vhn.__...
. aph et SRS R

AR

F

N T Tl

=%
o
wx

3

AR O

- &bk _‘:
S

Pl

Tl %

£

-

e

i

*a

*
Y
&

{}

S

L
Sow

W
b

t

%

' . . . o
A A AT F A A Ay P HTEH YA HNYN AN
TR T .

g L oy,

. . - . ' ' - '
4 0 1 2 4 F ] Froa A H AR A HEY Y A AN YA AR AYE M A T
[

T

1I-. = - '
R

aaaaaa

. ' L)
. T R F FFFTE S 7R M FA A = A
) ER ]

# R

R T LA a
Ly TIRERE gy
A .

Lt -

. s . . - .
L L T I o T B i it i B I )

1 o
T

“
'
L]

-
L

"
B
a3
DR

LE E E N EEEE S S SN NSNS &, r s o

o -
a ol b sho ol m d +F Fideh L s Fhd o b

4+

A
_.
- o
L] ‘-T—.‘I
.
- .
L [ I
“r .I‘.._..."Inl.-.-
T ..-. ...Tl.\. .
L . .
" ey
"I A, .
i P
__. .".I..__‘ .
T _ Cr
L} - . L]
A -
T - -
v
o X
T = : {_ ‘-
- -l
: 3
. e

¥ N

-

[

#’.

i
&7

LR T T
[ ]

L

b
A rl

{



US RE49,789 K

Sheet 16 of 18

Jan. 2, 2024

U.S. Patent

. ..,_...-..-_”-____.. . d
4 . r
) %- v
Ca '
m A “. ]
“ _-_.ﬂt....'“ B . .“ l..-...T.
A T g, L et A
-“ . ....I....l..l . -_m...-....fur . .“ .-.\1“..-.1..-
RIRIE 3, SR S G St
. - ¥ A
PP vl
i - -I.Ht..1 i 11....!.1 i
TR S gt
[] *
N T
R S ..“v”“._
" ..u_.-._.-._ " ] i ._._...
v ....I_.hr\ . .:h.-.- ¥
' t.hulu .J “
I- ) -
1 4 ¥,
a R - d .
a , a -
- . h L
L f e
e o nele
- A L ' F ] Lt
.u.__.han_.__.h.,__rx_.__.____.._. .uh__._,___..
. ....,..H__..

o [ "
L ‘ % : S
_— ! m{_l“
o L
Ld o R .t
A L I R T T il T T T T e e B T . TR B B N I AL L R R u“._...__. P
n!.”.nr‘_a ‘.. 1 .. n...n. .. .L i.. ” LS \ . .. . .. ... ”.. |”.-..l.”. . ..... . o .... ...._. " 1 1 ....1. , .”..,.... ..........u \ - . .,. +....,. .....l. .}.““f.
P LI, TN . 'L . et
h.n__u.....w iFT oo __._1...1..._”. n. s it Pt oy i ey
) P 4 . ' T Rl
s h...,._._.,.1 . ..qaxi.,u,_.“.,__ T e T . .,.__...,.__ . cL e hﬂu__. e .
ﬁ-‘.‘.ﬂa ' -.r...n._.-._.ﬁ-'..l._.-._ihi.l -.L...L.__....___ﬂ..'.t ipr ....l..__._.l_._.l._,.-_....._.._. ' =
Wk _...___..__...__.......:_—_..__11 '..-_..__.__......-.___.4.
Soh W *,
£ W _ ffﬂ._.
PP, L *
..._..__n_-_._r. Fu, ' ’ T
. Ja#u.._r. X
o R EEY:
M T
. -
|
e
S
_F_B
.._1_.‘--
o S Wi " A :
- B d u -
o o - .-.....n..-..l.l..l.l..l...n.l..l. ’ .-Iu .1 .\__._i ti-__. “
..w...-.._-.__..__...__......____:__. \___.___._.t._a .._.._-____.U__.n_._ s L -
.\I.\- .-...-‘._I_} .l. 3 .”
S .nm“.._.... - ..n_.h..
rLL s
u____-t\m.\n o s ] - -
. gt
-4
o PYNPETY 4
e . P e ainkidnl #r
n\.—“dll\-l..-___..\u.l-.t..h.ﬁ.l.l.h.lm .lﬂh...l.-.._.fm-..._ .IF- .-.t.l. ” “1...1.-_[:! 1-.......1:1 ..H.inll____...-___...l..lnl.n.-.-ltl It .hrq.
.-i.uu.u.__..-... £
.I..........-..L.n.lhl...\m..m:ﬂ:.‘._nl._m.-.._m ._...w._u.l.._-_..u.-.ﬂ_ . ) o P ﬂ.\‘“lw
Hﬁ.uiuu&mn!hhunh-uﬂ..h.-mﬂnunw .__.____._.___.Llulunu...h.n o< -.-__..-...-.-..._.t._\u_._......_.u.._.rulun.i SeAELELOITEYTTR v
t._. - F ; .
> ;. $% 8 o -
2 g SRR
lulu..inq.ﬂi.i. - : - L L . R e . S W
nh}n nﬂ“\«h & ?{-Hh....._._.._.-.,-..ln.u._._. e . o o P, P e PRt - et
.ﬂ.l.l..‘..l. . -Hiii!-_i...'..l..l.‘.ill_‘.....l.. . - L] - ..-...._-_"” . .-.11_1 e L) .“_-. . ko I -
..I-.l.l_.-_lq..-r.."...l_.‘- . . 2 .‘_..-t..-.n‘n..l..l_.l. LN .-l1.ll ..-...\-- 1._“.-___. -.- o F._.._-.... “ .
Ty, S ) ‘u -
e T i L LU wA s N :
#.{- I{.‘Jﬂ.lnll- - % A= i - - F o o 1; “ ! -
.hv?._!l-.l_. - _lu_‘.l_m_l..-ll_...I..l __‘._ .-.\_.- -.-.._...-. : 1-...-..1.-1. .__ﬂ..._._..-. i “ -
P .1-!“.! . - .I.-r..‘..l .. 1 i -
T “.“ K 5!31..: e -._.u__u._._.n.._r....ll i “ .u_.. h. ’ X ! -
._.u_m ) U-J..f____r_..ﬂ ey P ' ) iy £ :
I_‘i. - oy - 4 '] .-. o a
g \.« s, ac, G99 L g Lo ' : ‘ Lo :
- T Ty e ‘g o ey . i L oy . ! -
u.‘{ _ .‘l.-I.lu'n - .!I.I_.!-.F ﬁ\-.._.‘_ \“-..ﬂ”! .“. “ -_ .. ..1 -_ 1 .
s . _-H.‘U.m_ e T . .\.l.__-.ln o .l.....‘. ¥ i i- ﬂ a r ! .
}ll - o - .!..\.l.-_‘ ' ‘.I...I-\ LI - .n.l. Ca] L] .o 1
o oy, - "y . t.____l..ir B ' S LT e C " }
e W . Aty e _-l-.-__... ddndaddrdrsrrsuuw e i . -
Ty ., e ey e I P s
A ., RV ot ....ul.t....__. i .r
- Ay .__.._.,._.q___1 ' “rm . = T p rae Twa”
. .!i-..‘_-_ ' ..II..‘ .lltnl.i-_. . . r ”_twl"_-_ .._‘\..._‘”. r N
x e i, e oA o
#‘l‘ ' i“ ‘.‘i J’r L] _31 0
TR gy "y -lﬁf% M.wt.,____ 1y
L ) .l.—_. -I..l.‘. (. I_Iu.. Lo
oy Fu *n i .
My - L LV L e b A A
&.......: m.ft. Ty, _.._.-__.__J_., P
o) l.-t. .‘_n.i_ 1.!":“ ' ‘ _1‘. ¥
. .__.,___.,.____........_ ,_f__.i v .}.fﬂ_.tﬁ.. .____._...__._........_._._. ._-__a____._:....._wm
W, Mg, A s u P
. }..,. . *_f _ J&a - " A .{{,__.,}._.3_
o . y . o -
e % o e T,
LT ] ._}.:. .,..Ha.*..‘. ) .__T..:Flf_._l._....._.la_.f._r #y
N, P, Mow T i wov b : S
o o, i, o e o s, s
. ' W .u_._....r, . ' . A ...:_..c....rrt..._.._ VLT . _.1__._...__
o ...tlﬁ% it -, ._.___..._...t....-_ﬂ,__..,. . g A ; e, £ . o - .
.- . . ok £ww \ o . sy
.“_._-IQF. .1.::_.!1. u‘tr_._,ﬂ__. . ___n._u....F .__." d..__.._.____...._._.:_.. 4___{.._._.___.._..”.. Fa “____.r._..__h.,h.r .‘_..._m_... . ' u...__.._J .w.rtr Lo ,u.__t..__..".
Iﬁ*‘x . .J.‘.t. . ﬁ.uiﬁ”t_.m_.. . ...r..___. .._..__...11.1____._.____..___&:_.1.._1.1-.._._._«_.”... ..-_. __-1.1_ t.tl.___”...._“.__kl._.___u.__._ .._.._..__.“.:.:..F.“....“......,....._ L l.ar_.L.. —...__.._. :.___.___1.__.__. 1.._:.... q._..-n..q... _..-_-.l.. 1_..:_.1.:.11.._-.“1.+111h1.”1.+:.n“1:.ih. ....‘.,.._. “.“.,,...,....,_”_. ._.......u...”....-......,. . ...__iu..____uu-1.. ....._._._.:“.4.
.-n&._.{.t‘.. ..I.E_hmj«. . ...t__}:-_ﬂ "____..“L“....-...:._.._-..a."_-..__ i qh......____m..._.. St .....H_h._.. A .._:_...h_nl.....nt St * - ¥ 4....__. #F.Rh. : “ _._.._ﬂi.nu.ﬂ
. . S . AN . . A e R P ey
-, : : s e e M e *a f{_ri.__nf W e - o ‘s "3
e, "y, - A I AT LR L R A .f.,‘__v...} e ___.Ex P ,,..{.“,:, ) Jw..v . o i
.____..lrn. ﬁ___.r..m.l. - . o .__”.r._..___ ”_ .. 1...__.._ .w._.....q.... . ..a.._.u...__." ! ._“._..-.u___.-r ____i. 1.:.. " ....-\__. ..__-__. .__._..___1” ..."._.___ma. ...1.~p.“.:H........ -, .r._.u__ﬂ.”\..__-....._._..u_"..._. R
LNy E A W _:____ r ﬁﬂ T v Y ﬂ.__:.:. e ...v._._._.“_: o T*_.., o, R Pay

i, .. o )
kJril N 1.?.# .-i,u £, .__u..u"
o, ey oL
- R s .ﬁn o
xS + . ' T
ﬁ.h__._.\. ) 1._. lh.. x u_.qh.. ¥4
._i.“_-.-_ ...-.-_.L. - A L]
N, LI - e
Lo o - - = S . LI
o . S 7 e
._.___.h.._.__.h.___..__ __“u,m- e L e
. A * .u...-....-..._. v
el Ny -
- "
s e
. - 1H......
-n
B
e et
- -.l.l-.-i.
L e
Lo



A |
N

US RE49,789 K

=

CTHOT STy

3

B
§:'§

o

/. 3 m |
L___. .. . -_.....-._...__ ” - . .__."_._1.______._.n...-
e " . i . .

e
A
13
f‘} N

TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTT \-1‘.‘-5..-. T..-. .T..-. i F T.‘. FF FrEFrFFrkPF ” -.l [ .Tl & T..-. r ”.Ttl.1. ‘.‘ﬂ ot I‘H‘ H.I..l..“
.............. e Lo ..-l_..___.-.__..____ . L LEF
. . . . . - R S ' . c ol
] l“.-_r. . : .-_L. e r "I..-.. i _\.Ll o AREE . l Ll._.l... p ._____ﬂ.n.q A
1.I_Il..r. Ama - a ¥ _.._-_.._.l” - e a e .”.1....”1 __.1___..-..-__.... : -.rl. 1“1.. : .II.-F.-‘.T . 11_1..-
. F - - a - . u . a . - " . . . .
. . . ‘
oy, L Eid , Y -, ™y u 'y ’ .-“ »
- r ¥ e - - r Y - ____.l'k- -iﬁ
= ...Iil_..l_ln

"-u-"-.-""‘
b

Sheet 17 of 18

“s ~'"§
.*-. v
e e

x

s
-t T T
§£3‘ X
\\.1"

Jan. 2, 2024
Ve

P

E

L

iy

|

R

1\

o

‘:':
A3

U.S. Patent

s
LT
a
LA A |
.__L......__.__. R ¥ .
. - . ..I.I_..I_ni..-.n.l . . f
B . - 1..“.-1.I|n - !1..14\:1.1.41...1111'1!.1:.1:1. .I..-!l.l-.nl_..i.l..lnll__.l_..lln lI.i_._II... .
.wnH_. P ol A m.;.h.....:iuh Riaie /PR wv.nu.‘
e . e T
Lk - \i\. A s enn it ?..ia e PO
i o~ o . - ..__. e .__“_._ u-.nﬂufl.u.r-- \M-Wﬁ.l _.f...lu.l o .1..;-._..&__.._.
T . 4 oy ‘.
- . . . -‘- . r - .
’ u.-.\. K : i - N “ _-l_-__ u_..__.-...__n . u..ut?.-__n_-l - t.l....lil.i.l. _-G
N v ot o I, T ’ iy nl-\. . T L-1.._r....._..l o
e e, ; i AR T Mg N w
L bt -y o e :
. P - . .._.l-., : u Py . o .
d III. L .I.l.-. i'..‘l .l-.u1Il._
i L . ...J-. IJI_.. : ny LT
i ] - .._. " - . - T
ik £ e T, o
..... - LN F] l_.-ﬂ.‘ I 'JI. - gy -
o -ty 4 . - T - \I}__- v
_,__-h&_\.-....__r o _.1 llJl . ilIl_ ..-..IJ.I. - Ay o
L o a . - ..,t..-t.. o~ _._..___.__-h-_u
e . My iy P g
e p - t\. .__-__.lI . 1.._-_.
o - 7 : 2 e, ™
L ¢ 5 A ’ *e. e ., g
el . : L . ’
4 ...-_S\..\m. ., L.....o M, M L
. .-i i} r Y __I..‘ . -I...I l-.n . E-ﬂ.
.“..h.___.u..v,. " L . ....a.._f-_._. . _-J-__.nl... . . .__._!l....#
. et ﬁ__.. _i....._..w \._.__.-_l .__._.._.-\... -_..._..__.-.._n
1 Fa .
5 o i M ..-1}_-.

3
g
7
&
S

f
N
N

r

..l' '\‘I-I..
L

4
3
&

Ky
.__.-M.._-._.._._._...a
v ._.1,..."._1

IR

. - -.ll‘..-

oo 0 .... M3

I K

iy Y e .
cow s



US RE49,789 K

Sheet 18 of 18

Jan. 2, 2024

U.S. Patent

T'.."I."I"I.'.-l

d rwEw .n
"
| s M
PR R “
u...,,i..._w . L
S aawd .
G e “ &
v A ey i
o A L -
oA il S
! : . - .
2 L_n_..w._“.u___..___ Y A e,
S, ! 3 : i T
..H.\nl.....-__. _.-..-..-.._“ ] .-.i....
* e S . B SR
-‘. i .-.. r 1 n\- If.
T T o S . S
o r A i ._-_.. L
x. " - . - i . e
AL A A
" .. T " -n_._ ",
s T i Lt . T -
1‘ = -_.. r . -1.. -
W i “ s e -
R P 4 %, S
"- n “_ . r _-.I 1__-“...1-. . 1.!*. _-._-.I-. . .l.-....-.l
S T T g 7 s e, :
- . [ " L . . . . r
-.l “wep iy B 5 LEE n..n..-nr.n..._..._. . l|h11” \hf\\-._. ] H_u” . !1.1"1. -
lllr.‘ . ’

i
_-..l_ul.!-__.l.__- .
SC L PP P oo
1’ . . -
S
..n-..u_-__....._...1

A0 -, _ AT
___.__.F..__.____ ' o ' ..._.__._-:_..q..- i...__l.wl.lv.l ” L \\.. S " .:. Terrres e e ._.J_ L .....,.”,.. LI o : e iy Trere ....,. " LR RN L _..E T Tead il
___...q... ) F - ....n.“ . ' : ._..1_-_-1“ ' u..._“ e .”“. o . ) . ] . ) - S .1

ol N ra e P m‘w LT e s fool T s i il e v
. : . . .. .. . .. .. . : . .. .. A .. - L lq.w .._.llr_.a-__-..-. i v .__.._._....1_.._.. ) ....\\_._1... \“Lnﬂ._. - ....I...__..” o _.__._..1_.H1 ._......1." -l......._. i} .....l,.. ’

“faram o ey __._____ e . . SRR ) B . . J-. - . g ) e - ra LK R Ayt Prat - LY

. y K o . . .
__..\u.,u. wh#...f L e " o v
ol T L UL .
'a —l— - i .l.l.ul...._._.._l.-..._.-_ ey '
. - e = T

- ..1.
. N
l.'.1r.-.|. b
i
T
-
- [
...._“".-_.-_.. .
i r
1

-uﬁr\.-‘u. -.-\1 “R-l._
a ._.--_.._..”.L.”_nr._...”_.__.__.. L
. . 7%

1

o

' .
4
N R e e R e e T e T e
by Ty N . Fa ' "o

i .-1.“.. Tl T B _-_I..-.__. .“.-..-_1. “

pow e At .nlu_.._. a < Aty

EENETE | n T - o - r

S das A A

. - - ) ..1 - - I. [ - » a .1|

o ows g o o Pl .

“ -_.__.__.__.. n._...‘__... 1..ﬂ..-1.__. et LRI

. Y. . a )

“. “ v ", 4 L

S

23 T PP S

r--x F A4 4 .
. . -.. - Vo - i . Tue " ” |
L LA % . ] RN |
o 6. . A BT oty

.. £ . e '] - ¥ i
- T U .

A
£5
WA
..sw... .. ............_h._.n..-.ru-u._..i.i..n.ntn\l . . Y T
o L.__..ut._._ - i ST : e

’ o . : WA

. . ’ Il‘l.L-lI ) - ’
e T,
-

kS - Ry St A

. - - e ] . e
oo ey L EL A " .u...__u__. L T - .m..;_.“. '
F - . _tn xr Ll . .- P L..II . et I....uI Tt
2. gt iy T T o - e, ¥
o A .-1_-_1.__-.--1. Frdy oM E T -.-l..... - ..l.- . £ T e g
H.._]___m_ g .-.hh.“..!.. R ' r ) B T s I i ¥ c e Puop vt

I T A R R R T R B N RN B I T T T T TR I AL AL R R AL

L. . n - .

KT [ L i -

Ly T e ST - - - r ___Wt..._-__ » ') - .._._.-n“._..‘T " - .

" . . - . et - . - . - - . . Cm o . " . - . . M P .

. .. d .- .. . F ey . - N . [ . R . N . "ty . . -

x-.l__.._. .u.nl...-....u_..r.-....n_..-_.-....-.-_.-.. __.-.-..-.._..__.-ll--.-_.._.__l_.h L .._... ..._.-..q1_.1_1.._._.-.-..-.‘_..-l__.__.-1_._.___.L_.-._..__..._. oo T .“...r..-. \l...l .-_-lr\..‘l - . - . . .-l,.-_.

.- Lo . . e . P PR, . - - . .o - - . - o L . . . - o - S al_

LN EF . . ] S I . . - : ST - LA . . o - - - . F - e - R
.1..___....-..__-.. tit .\-. » “r_l . . r i . o ] t.u.‘ | - -i.l\q—_ _...l-\_. vk .__._.h-...-. 1 1

P . . . - " L . 1 . . -

. r . L LT U\ ._1“
- r - - - . a . . i, T
_l..I.H.1 E . 1... K L.l.. . - - . e e e s . .|.-. . i - ) . :h1 . . o . . C . ..-nri . . - e e L-__. o F _ h.- ..-n!a..‘
-, { .l.__.lq.‘“_l..tlhnuu - ﬁﬂb““ul‘-”‘kl‘_ 1|.‘.-| = I.| .“I”..__"—.'._i _”_” . .._. ff“-?u.ﬂ...l.-.‘ Fam " I.l__l ..-.“.llu.-.-1 ”_ h-“it‘\l-.‘.‘. . |I_Il|1 . da-ﬂk.r . J.-.l -I--.-..ﬂ..r._l . ...-1..._..1.1‘-_1 -.‘ S n‘.n“ 1‘ .|l.r 1 .-51._ R 1.1!. h 1“-.-..1-.1 ..n”.l.l_ “” 1, ] ]
REE -.-.1.-11 "-1...&.—... i M ... . - ......1..' ..w...n‘h}-- . - o ..1 - .1.l|.- . . il.. . . . 1I. -‘1 i r h |1|... .

SO e I P Y| R NS LS~ SOOI : et ook

e i T - - S

A

1%,

k4
Ty



US RE49.,789 E

1
OPTICAL IMAGING LENS ASSEMBLY

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.

CROSS-REFERENCE TO RELATED
APPLICATIONS

This 1s a continuation of International Application PCT/
CN2018/095835, with an 1nternational filing date of Jul. 16,
2018, which claims the priorities and rnights to Chinese
Patent Application No. 201711012647.6 and Chinese Patent
Application No. 201721402226.X filed with the China
National Intellectual Property Administration (CNIPA) on
Oct. 26, 2017, the disclosures of which are hereby incorpo-
rated by reference 1n their entireties.

TECHNICAL FIELD

The present disclosure relates to an optical imaging lens
assembly, and more specifically to an optical imaging lens

assembly 1ncluding seven lenses.

BACKGROUND

With the improvement in performance and reduction in
s1ze of the commonly used photosensitive elements such as
charge-coupled devices (CCD) or complementary metal-
oxide semiconductor elements (CMOS), the number of
pixels of the photosensitive elements 1s increased and the
s1ize of the pixels 1s reduced. Accordingly, higher require-
ments on high imaging quality and mimaturization of the
counterpart optical imaging lens assemblies have been
brought forward.

The reduction 1n pixel size means that the amount of light
passing through the lens may become less during the same
exposure time. However, in the condition of a dim environ-
ment (e.g., cloudy and rainy days, or at dusk), the lens
assembly needs to have a large amount of light passing
through to ensure the imaging quality. A general configura-
tion for an existing lens assembly includes an F-number Fno
(total effective focal length of the lens assembly/entrance
pupil diameter of the lens assembly) of 2.0 or above.
Although this type of lens assembly can fulfill the minia-
turization requirement, the imaging quality of the lens
assembly cannot be ensured in a situation with suilicient
light. Therefore, the lens assembly having the F-number Fno
of 2.0 or above can no longer fulfill the higher-order imaging
requirements.

SUMMARY

The present disclosure provides an optical imaging lens
assembly which may be applicable to portable electronic
products and may at least or partially sovle at least one of the
above disadvantages 1n the existing technology, for example,
an 1maging lens assembly having a large aperture.

According to an aspect, the present disclosure provides an
optical 1maging lens assembly. The optical imaging lens
assembly includes, sequentially from an object side to an
image side along an optical axis, a first lens, a second lens,
a third lens, a fourth lens, a fifth lens, a sixth lens, and a
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seventh lens. The first lens may have a positive refractive
power, and an object-side surface of the first lens may be a
convex surface. The second lens may have a negative
refractive power. The third lens may have a positive refrac-
tive power. Each of the fourth lens and the fifth lens has a
positive refractive power or a negative refractive power. The
sixth lens may have a positive refractive power. The seventh
lens may have a negative refractive power, and an object-
side surface and an image-side surface of the seventh lens
may both be concave surfaces. A combined focal length 112
of the first lens and the second lens and a combined focal
length 134 of the third lens and the fourth lens may satisty:
1112/1341<0.3.

In an embodiment, a total eflective focal length 1 of the
optical 1imaging lens assembly and an entrance pupil diam-
cter EPD of the optical imaging lens assembly may satisty:
t/EPD=1.80.

In an embodiment, the total eflective focal length 1 of the
optical imaging lens assembly and an effective focal length
{7 of the seventh lens may satisiy: -2.5<t/17<-1.5.

In an embodiment, an eflective focal length 12 of the
second lens and the eflective focal length 17 of the seventh
lens may satisty: 4.5<12/17<11.0.

In an embodiment, an effective focal length 16 of the sixth
lens and the effective focal length 17 of the seventh lens may
satisty: —1.5<16/17<-1.0.

In an embodiment, the eflective focal length 17 of the
seventh lens and a radius of curvature R14 of the image-side
surface of the seventh lens may satisty: —1.5<t7/R14<-1.0.

In an embodiment, an effective focal length 11 of the first
lens and a radius of curvature R1 of the object-side surface
of the first lens may satisiy: 2.0<t1/R1<3.0.

In an embodiment, a center thickness CT1 of the first lens
on the optical axis and the eflective focal length 12 of the
second lens may satisty: —0.2<CT1/12<0.

In an embodiment, the eflective focal length 16 of the
sixth lens and an eflective focal length 13 of the third lens
may satisty: 0<t6/13<0.5.

In an embodiment, the radius of curvature R1 of the
object-side surface of the first lens and a radius of curvature
R4 of an image-side surface of the second lens may satisty:
0<R1/R4<1.

In an embodiment, a radius of curvature R12 of an
image-side surface of the sixth lens and the radius of
curvature R14 of the image-side surface of the seventh lens
may satisty: —1.5<R12/R14<-0.5.

In an embodiment, a center thickness CT6 of the sixth
lens on the optical axis may satisty: 0.3 mm<(CT6<0.8 mm.

In an embodiment, a total track length TTL of the optical
imaging lens assembly and half of a diagonal length ImgH
ol an eflective pixel area on an 1image plane of the optical
imaging lens assembly may satisiy: TTL/ImgH=1.50.

According to another aspect, the present disclosure pro-
vides an optical imaging lens assembly. The optical imaging
lens assembly includes, sequentially from an object side to
an 1mage side along an optical axis, a first lens, a second
lens, a third lens, a fourth lens, a fifth lens, a sixth lens, and
a seventh lens. The first lens may have a positive refractive
power, an object-side surface of the first lens may be a
convex surface, and an image-side surface of the first lens
may be a concave surface. The second lens may have a
negative refractive power. The third lens may have a positive
refractive power. Each of the fourth lens and the fifth lens
has a positive refractive power or a negative relractive
power. The sixth lens may have a positive refractive power.
The seventh lens may have a negative refractive power, and
an object-side surface and an image-side surface of the
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seventh lens may both be concave surfaces. A total track
length TTL of the optical imaging lens assembly and half of
a diagonal length ImgH of an eflective pixel area on an

image plane of the optical imaging lens assembly may
satisty: TTL/ImgH=1.50.

The present disclosure adopts a plurality of lenses (e.g.,
seven lenses). By reasonably distributing the refractive
powers and the surface types of the lenses, the center
thicknesses of the lenses, the spacing distances on the optical
axis between the lenses, etc., the above optical imaging lens
assembly has at least one of the beneficial effects such as
ultra-thin, minmaturization, large aperture, and high 1maging,

quality.
BRIEF DESCRIPTION OF THE DRAWINGS

By describing non-limiting embodiments below 1n detail
and 1n combination with the accompanying drawings, other
features, objectives and advantages of the present disclosure
will be more apparent. In the accompanying drawings:

FIG. 1 1s a schematic structural diagram illustrating an
optical imaging lens assembly according to Embodiment 1
of the present disclosure;

FIGS. 2A-2D respectively illustrate a longitudinal aber-
ration curve, an astigmatic curve, a distortion curve, and a
lateral color curve of the optical imaging lens assembly
according to Embodiment 1;

FIG. 3 1s a schematic structural diagram illustrating an
optical imaging lens assembly according to Embodiment 2
of the present disclosure;

FIGS. 4A-4D respectively 1llustrate a longitudinal aber-
ration curve, an astigmatic curve, a distortion curve, and a
lateral color curve of the optical imaging lens assembly
according to Embodiment 2;

FIG. 5 1s a schematic structural diagram illustrating an
optical 1imaging lens assembly according to Embodiment 3
of the present disclosure;

FIGS. 6A-6D respectively 1llustrate a longitudinal aber-
ration curve, an astigmatic curve, a distortion curve, and a
lateral color curve of the optical imaging lens assembly
according to Embodiment 3;

FIG. 7 1s a schematic structural diagram illustrating an
optical imaging lens assembly according to Embodiment 4

of the present disclosure;

FIGS. 8A-8D respectively illustrate a longitudinal aber-
ration curve, an astigmatic curve, a distortion curve, and a
lateral color curve of the optical imaging lens assembly
according to Embodiment 4;

FIG. 9 1s a schematic structural diagram illustrating an
optical imaging lens assembly according to Embodiment 5
of the present disclosure;

FIGS. 10A-10D respectively illustrate a longitudinal
aberration curve, an astigmatic curve, a distortion curve, and
a lateral color curve of the optical imaging lens assembly
according to Embodiment 3;

FIG. 11 1s a schematic structural diagram illustrating an
optical imaging lens assembly according to Embodiment 6
of the present disclosure;

FIGS. 12A-12D respectively illustrate a longitudinal
aberration curve, an astigmatic curve, a distortion curve, and
a lateral color curve of the optical imaging lens assembly
according to Embodiment 6;

FIG. 13 i1s a schematic structural diagram 1llustrating an
optical imaging lens assembly according to Embodiment 7
of the present disclosure;
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FIGS. 14A-14D respectively 1illustrate a longitudinal
aberration curve, an astigmatic curve, a distortion curve, and
a lateral color curve of the optical imaging lens assembly
according to Embodiment 7;

FIG. 15 1s a schematic structural diagram illustrating an
optical imaging lens assembly according to Embodiment 8
of the present disclosure;

FIGS. 16A-16D respectively 1illustrate a longitudinal
aberration curve, an astigmatic curve, a distortion curve, and
a lateral color curve of the optical imaging lens assembly
according to Embodiment 8;

FIG. 17 1s a schematic structural diagram illustrating an
optical imaging lens assembly according to Embodiment 9
of the present disclosure;

FIGS. 18A-18D respectively 1illustrate a longitudinal
aberration curve, an astigmatic curve, a distortion curve, and
a lateral color curve of the optical imaging lens assembly
according to Embodiment 9;

FIG. 19 1s a schematic structural diagram illustrating an
optical imaging lens assembly according to Embodiment 10
of the present disclosure;

FIGS. 20A-20D respectively 1llustrate a longitudinal
aberration curve, an astigmatic curve, a distortion curve, and
a lateral color curve of the optical imaging lens assembly
according to Embodiment 10;

FIG. 21 1s a schematic structural diagram illustrating an
optical imaging lens assembly according to Embodiment 11
of the present disclosure;

FIGS. 22A-22D respectively 1llustrate a longitudinal
aberration curve, an astigmatic curve, a distortion curve, and
a lateral color curve of the optical imaging lens assembly
according to Embodiment 11;

FIG. 23 1s a schematic structural diagram illustrating an
optical imaging lens assembly according to Embodiment 12
of the present disclosure; and

FIGS. 24A-24D respectively 1llustrate a longitudinal
aberration curve, an astigmatic curve, a distortion curve, and

a lateral color curve of the optical imaging lens assembly
according to Embodiment 12.

DETAILED DESCRIPTION

For a better understanding of the present disclosure,
various aspects of the present disclosure will be described 1n
more detail with reference to the accompanying drawings. It
should be understood that the detailed description 1s merely
an 1llustration for the exemplary embodiments of the present
disclosure rather than a limitation to the scope of the present
disclosure 1n any way. Throughout the specification, the
same reference numerals designate the same elements. The
expression “and/or” includes any and all combinations of
one or more of the associated listed items.

It should be noted that in the specification, the expres-
s1ons, such as “first,” “second,” and “third” are only used to
distinguish one feature from another, rather than represent
any limitations to the features. Thus, the first lens discussed
below may also be referred to as the second lens or the third
lens without departing from the teachings of the present
disclosure.

In the accompanying drawings, the thicknesses, sizes and
shapes of the lenses have been slightly exaggerated for the
convenience of explanation. Specifically, shapes of spherical
surfaces or aspheric surfaces shown in the accompanying
drawings are shown by examples. That 1s, the shapes of the
spherical surfaces or the aspheric surfaces are not limited to
the shapes of the spherical surfaces or the aspheric surfaces
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shown 1n the accompanying drawings. The accompanying
drawings are merely illustrative and not strictly drawn to
scale.

Herein, the paraxial area refers to an area near the optical
axis. If a surface of a lens 1s a convex surface and a position
of the convex surface 1s not defined, i1t indicates that the
surface of the lens 1s a convex surface at least 1n the paraxial
area; and 11 a surface of a lens 1s a concave surface and a
position of the concave surface 1s not defined, it indicates
that the surface of the lens 1s a concave surface at least in the
paraxial area. The surface closest to the object 1n each lens
1s referred to as the object-side surface, and the surface
closest to the 1image plane in each lens 1s referred to as the
image-side surface.

It should be further understood that the terms “compris-
ing,” “including,” “having™ and variants thereof, when used
in the specification, specily the presence of stated features,
clements and/or components, but do not exclude the pres-
ence or addition of one or more other features, elements,
components and/or combinations thereof. In addition,
expressions such as “at least one of,” when preceding a list
of listed features, modily the entire list of features rather
than an individual element 1n the list. Further, the use of
“may,” when describing the embodiments of the present
disclosure, relates to “one or more embodiments of the
present disclosure.” Also, the term “exemplary” 1s intended
to refer to an example or 1llustration.

Unless otherwise defined, all terms (including technical
and scientific terms) used herein have the same meaning as
commonly understood by those of ordinary skill 1n the art to
which the present disclosure belongs. It should be further
understood that terms (i.e., those defined 1n commonly used
dictionaries) should be interpreted as having a meaning that
1s consistent with their meaning in the context of the relevant
art and will not be interpreted in an i1dealized or overly
formal sense unless expressly so defined herein.

It should also be noted that the embodiments in the
present disclosure and the features in the embodiments may
be combined with each other on a non-contlict basis. The
present disclosure will be described below 1n detail with
reference to the accompanying drawings and 1n combination
with the embodiments.

Features, principles, and other aspects of the present
disclosure are described below 1n detail.

The optical imaging lens assembly according to exem-
plary embodiments of the present disclosure may include,
for example, seven lenses (1.e., a first lens, a second lens, a
third lens, a fourth lens, a fifth lens, a sixth lens, and a
seventh lens) having refractive powers. The seven lenses are
arranged 1n sequence ifrom an object side to an 1image side
along an optical axis.

In the exemplary embodiments, the first lens may have a
positive refractive power. An object-side surface of the first
lens may be a convex surface. The second lens may have a
negative refractive power. The third lens may have a positive
refractive power. The fourth lens has a positive refractive
power or a negative refractive power. The fifth lens has a
positive refractive power or a negative refractive power. The
sixth lens may have a positive refractive power. The seventh
lens may have a negative refractive power. An object-side
surface of the seventh lens may be a concave surface, and an
image-side surface of the seventh lens may be a concave
surface.

In the exemplary embodiments, an image-side surface of
the first lens may be a concave surface.
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In the exemplary embodiments, an object-side surface of
the second lens may be a convex surface, and an 1mage-side
surface of the second lens may be a concave surface.

In the exemplary embodiments, an object-side surface of
the third lens may be a convex surface.

In the exemplary embodiments, an object-side surface of
the sixth lens may be a convex surface, and an image-side
surface of the sixth lens may be a convex surface.

In the exemplary embodiments, the optical imaging lens
assembly of the present disclosure may satisty the condi-
tional expression I/EPD=1.80. Here, 1 1s the total effective
focal length of the optical imaging lens assembly, and EPD
1s the entrance pupil diameter of the optical 1imaging lens
assembly. More specifically, T and EPD may further satisty:
1.58<t/EPD=1.76. The smaller the F-number Fno (i.e., the
total eflective focal length { of the lens assembly/the
entrance pupil diameter EPD of the lens assembly) of the
optical 1imaging lens assembly 1s, the larger the clear aper-
ture of the lens assembly 1s, and the greater the amount of
light entering the lens assembly 1n the same unit time 1s. The
reduction of the F-number Fno may eflectively enhance the
brightness of the image plane, so that the lens assembly can
better fulfill the shooting requirements when the light 1s
isuilicient (e.g., in cloudy and rainy days, or at dusk), and
thus the lens assembly has the advantage of large aperture.
When the lens assembly 1s configured to satisty the condi-
tional expression I/EPD=1.60, the lens assembly may have
the advantage of the large aperture. Thus, the amount of light
passing through the system may be increased, thereby
enhancing the illuminance of the image plane. At the same
time, the aberration of the edge field-of-view may also be
reduced.

In the exemplary embodiments, the optical imaging lens
assembly of the present disclosure may satisty the condi-
tional expression |112/134|<0.3. Here, 112 1s the combined
focal length of the first lens and the second lens, and 134 1s
the combined focal length of the third lens and the fourth
lens. More specifically, 112 and 134 may further satisty:
0.061=112/1341<0.28. Reasonably distributing 12 and 134 1s
conductive to improving the optical performance of the
imaging system.

In the exemplary embodiments, the optical imaging lens
assembly of the present disclosure may satisiy the condi-
tional expression 4.5<12/17<11.0. Here, 12 1s the effective
focal length of the second lens, and {7/ 1s the eflective focal
length of the seventh lens. More specifically, 12 and {7 may
turther satisty: 4.94=12/17<10.02. By reasonably distribut-
ing the eflective focal length of the second lens and the
cllective focal length of the seventh lens, the deflection
angle of light may be reduced, thereby improving the
imaging quality of the optical system.

In the exemplary embodiments, the optical imaging lens
assembly of the present disclosure may satisty the condi-
tional expression 0<R1/R4<1. Here, R1 1s the radius of
curvature of the object-side surface of the first lens, and R4
1s the radius of curvature of the image-side surface of the
second lens. More specifically, R1 and R4 may further
satisty: 0.35<R1/R4<0.63, for example, 0.40=R1/R4=0.63.
The range of the ratio of the radius of curvature R1 of the
object-side surface of the first lens to the radius of curvature
R4 of the image-side surface of the second lens 1s reasonably
controlled, which facilitates the system achieving the detlec-
tion of the optical path well.

In the exemplary embodiments, the optical imaging lens
assembly of the present disclosure may satisty the condi-
tional expression —1.5<R12/R14<-0.5. Here, R12 1s the

radius of curvature of the image-side surface of the sixth
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lens, and R14 1s the radius of curvature of the 1mage-side
surface of the seventh lens. More specifically, R12 and R14
may further satisfy: -1.1<R12/R14<-0.8, for example,
—-1.08=R12/R14=-0.88. By reasonably controlling the ratio
of R12 to R14, the aberration of the system can be easily
balanced, thereby improving the imaging quality of the
imaging system.

In the exemplary embodiments, the optical imaging lens
assembly of the present disclosure may satisty the condi-
tional expression TTL/ImgH=1.50. Here, TTL 1s the total
track length of the optical imaging lensassembly (1.e., the
distance from the center of the object-side surface of the first
lens to the 1image plane of the optical imaging lens assembly
on the optical axis), and ImgH 1s the half of the diagonal
length of the effective pixel area on the image plane. More
specifically, TTL and ImgH may further satisty: 1.40<TTL/
ImgH=<1.48. When the conditional expression TTL/
ImgH=1.50 1s satisfied, the size of the system may be
cllectively compressed, which ensures the ultra-thin char-
acteristic of the imaging lens assembly.

In the exemplary embodiments, the optical imaging lens
assembly of the present disclosure may satisty the condi-
tional expression —2.5<1/17<-1.5. Here, 1 1s the total eflec-
tive focal length of the optical imaging lens assembly and 17
1s the effective focal length of the seventh lens. More
specifically, T and 17 may further satisty: —2.1<t/17<-1.8, for
example, -2.07=<1/T7=-1.98. By controlling the negative
refractive power ol the seventh lens within a reasonable
range, the positive astigmatism in a reasonable range may be
obtained, which can balance the negative astigmatism gen-
crated by the six lenses (1.e., the lenses between the object
side and the seventh lens) before the seventh lens, so that the
imaging system can obtain a good imaging quality.

In the exemplary embodiments, the optical imaging lens
assembly of the present disclosure may satisty the condi-
tional expression 0.3 mm<CT6<0.8 mm. Here, CT6 1s the
center thickness of the sixth lens on the optical axis. More
specifically, CT6 may further satisty: 0.4 mm<CT6<0.7
mm, for example, 0.46 mm=CT6=<0.61 mm. By properly
controlling the center thickness CT6 of the sixth lens, the
optical element may be ensured to have a good processing
characteristic. At the same time, the total track length TTL
of the lens assembly may be ensured to be kept within a
certain reasonable range.

In the exemplary embodiments, the optical imaging lens
assembly of the present disclosure may satisty the condi-
tional expression 2.0<f1/R1<3.0. Here, 11 1s the eflective
focal length of the first lens, and R1 1s the radius of curvature
ol the object-side surface of the first lens. More specifically,
1 and R1 may further satisty: 2.1<f1/R1<2.6, for example,
2.20=11/R1=2.55. By reasonably controlling the ratio of the
ellective focal length 11 of the first lens to the radius of
curvature R1 of the object-side surface of the first lens, the
deflection angle of the edge field-of-view at the first lens can
be effectively controlled, and thus the sensitivity of the
system can be eflectively reduced.

In the exemplary embodiments, the optical imaging lens
assembly of the present disclosure may satisiy the condi-
tional expression —-0.2<<CT1/12<0. Here, CT1 1s the center
thickness of the first lens on the optical axis, and 12 is the
cllective focal length of the second lens. More specifically,
CT1l and 12 may {further satisly: -0.1<CT1/12<0, {for
example, —0.08=CT1/12<-0.04. Reasonably controlling the
ratio of CT1 to 12 1s conductive to ensuring the processing,
characteristic of the first lens and the spherical aberration
contribution of the second lens. Thus, the 1imaging system
has a good 1maging quality 1n the on-axis field-of-view area.
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In the exemplary embodiments, the optical imaging lens
assembly of the present disclosure may satisiy the condi-
tional expression —1.5<16/17<-1.0. Here, 16 1s the effective
focal length of the sixth lens, and 17 1s the eflective focal
length of the seventh lens. More specifically, 16 and {7 may
turther satisiy: —1.44=<16/17<-1.08. By reasonably control-
ling the ratio of the eflective focal length of the sixth lens to
the eflective focal length of the seventh lens, the residual
spherical aberrations obtained after the balance between the
sixth lens and the seventh lens can be balanced with the
spherical aberrations generated by the five lenses (i.e., the
lenses between the object side and the sixth lens) before the
sixth lens. Thus, the fine adjustment on the spherical aber-
ration of the system is realized, and the effect of reducing the
aberration 1n the on-axis field-of-view area 1s achieved.

In the exemplary embodiments, the optical imaging lens
assembly of the present disclosure may satisty the condi-
tional expression —1.5<17/R14<-1.0. Here, {7 1s the eflec-
tive focal length of the seventh lens, and R14 1s the radius

of curvature of the image-side surface of the seventh lens.
More specifically, 7 and R14 may further satisty: —1.3<17/

R14<-1.1, for example, —1.28=17/R14=-1.14. By reason-
ably controlling the radius of curvature of the image-side
surface of the seventh lens, the third-order comatic aberra-
tion of the seventh lens 1s controlled within a reasonable
range. Thus, the comatic aberrations generated by the six
lenses before the seventh lens can be balanced, so that the
imaging system has a good imaging quality.

In the exemplary embodiments, the optical imaging lens
assembly of the present disclosure may satisty the condi-
tional expression 0<16/13<0.5. Here, 16 1s the eflective focal
length of the sixth lens, and 13 1s the eflective focal length
of the third lens. More specifically, 16 and 13 may further
satisly: 0.1<16/13<0.4, for example, 0.11=16/13=<0.38. By
reasonably controlling the ratio of 16 to 13, the spherical
aberration contribution of the sixth lens and the spherical
aberration contribution of the third lens can be reasonably
controlled, so that the imaging system has a good 1maging
quality 1n the on-axis field-of view area.

In the exemplary embodiments, the optical imaging lens
assembly may further include at least one diaphragm, to
further improve the imaging quality of the lens assembly.
For example, the diaphragm may be disposed between the
first lens and the second lens.

Alternatively, the optical imaging lens assembly may
further 1include an optical filter for correcting color devia-
tions and/or a protective glass for protecting a photosensitive
clement on the 1image plane.

The optical imaging lens assembly according to the above
embodiments of the present disclosure may use a plurality of
lenses, for example, the seven lenses described above. By
reasonably distributing the refractive powers and the surface
types of the lenses, the center thicknesses of the lenses, the
spacing distances between the lenses on the axis, efc., 1t 1s
possible to effectively reduce the size of the lens assembly,
reduce the sensitivity of the lens assembly, and enhance the
processibility of the lens assembly, so that the optical
imaging lens assembly 1s more conductive to the production
and processing and applicable to the portable electronic
products. At the same time, the optical imaging lens assem-
bly with the above configuration also has beneficial effects
such as ultra-thin, miniaturization, large aperture, and high
imaging quality.

In the embodiments of the present disclosure, at least one
of the surfaces of the lenses 1s an aspheric surface. The
aspheric lens 1s characterized 1n that the curvature continu-
ously changes from the center of the lens to the periphery.
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Different from a spherical lens having a constant curvature
from the center of the lens to the periphery, the aspheric lens
has a better radius-of-curvature characteristic, and has
advantages of improving the distortion aberration and the
astigmatic aberration. The use of the aspheric lens can
eliminate as much as possible the aberrations that occur
during the imaging, thereby improving the imaging quality.

However, it should be understood by those skilled in the
art that the various results and advantages described in the
present specification may be obtained by changing the
number of the lenses constituting the optical imaging lens
assembly without departing from the technical solution
claimed by the present disclosure. For example, although the
optical 1maging lens assembly having seven lenses 1s
described as an example 1n the embodiments, the optical
imaging lens assembly 1s not limited to include seven lenses.
If desired, the optical imaging lens assembly may also
include other numbers of lenses.

Specific embodiments of the optical imaging lens assem-
bly that may be applied to the above embodiments are
further described below with reference to the accompanying
drawings.

Embodiment 1

An optical imaging lens assembly according to Embodi-
ment 1 of the present disclosure 1s described below with

surface
number
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1s a concave surface. The third lens E3 has a positive
refractive power, an object-side surface S5 of the third lens
E3 1s a convex surface, and an 1image-side surface S6 of the
third lens E3 1s a convex surface. The fourth lens E4 has a
negative refractive power, an object-side surface S7 of the
fourth lens E4 1s a concave surface, and an image-side
surface S8 of the fourth lens E4 1s a concave surface. The
fifth lens E5 has a negative refractive power, an object-side
surface SS9 of the fifth lens E5 1s a convex surface, and an
image-side surface S10 of the fifth lens E5 1s a concave
surface. The sixth lens E6 has a positive refractive power, an
object-side surface S11 of the sixth lens E6 1s a convex
surface, and an 1mage-side surface S12 of the sixth lens E6
1s a convex surface. The seventh lens E7 has a negative
refractive power, an object-side surface S13 of the seventh
lens E7 1s a concave surface, and an 1image-side surface S14
of the seventh lens E7 1s a concave surface. The optical filter
E8 has an object-side surface S15 and an image-side surface
S16. Light from an object sequentially passes through the
surfaces S1-S16 and finally forms an image on the 1mage

plane S17.

Table 1 shows the surface type, the radius of curvature,
the thickness, the material and the conic coefficient of each
lens of the optical imaging lens assembly in Embodiment 1.
The radius of curvature and the thickness are both in
millimeters (mm).

TABLE 1

material

abbe
number

COnic
coefticient

refractive
index

radius of

curvature thickness

herical

S1 aspheric

S2 as

STO Spl

S3 as|
S4 as|
S5 as|
S6 as|
S7 as|
N as|
N as]
as|
as|
as|
as|
as|

S

sp
sp
sp

nunwvwunnn
-1 N A s Lo DD e O

reference to FIGS. 1-2D. FIG. 1 1s a schematic structural
diagram 1illustrating the optical 1maging lens assembly
according to Embodiment 1 of the present disclosure.

As shown 1n FIG. 1, the optical imaging lens assembly
according to the exemplary embodiments of the present
disclosure includes, sequentially from an object side to an

image side along an opftical axis, a first lens E1, a diaphragm
STO, a second lens E2, a third lens E3, a fourth lens E4, a

pheric
herical
pheric
pheric
pheric
pheric
pheric
pheric
pheric
pheric
pheric
pheric
pheric
pheric
nerical
herical
nerical

infinite
1.6825
8.3068
infinite
4.6640
2.6839
24.2341
—3.5372
—3.5773
41.7512
12.0879
5.1346
7.3861
—1.3762
—3.7331
1.5688
infinite
infinite
infinite

infinite
0.7887
0.0328
0.0350
0.2172
0.3484
0.3401
0.0300
0.2177
0.1745
0.3352
0.1816
0.6069
0.3036
0.3500
0.2340
0.2103
0.5740

1.55

1.67

1.55

1.55

1.67

1.55

1.54

1.52

56.1

20.4

56.1

56.1

20.4

56.1

55.7

64.2

0.0128
3.8896

—7.9131
—1.7896
25.7166
7.3000
5.6401
—09.0000
46.2401
—79.5381
—07.8337
—8.4969
—2.2333
—0.6678

As may be obtained from Table 1, the object-side surface

35

fifth lens E5, a sixth lens E6, a seventh lens E7, an optical 60

filter E8, and an 1image plane S17.

The first lens E1 has a positive refractive power, an
object-side surface S1 of the first lens E1 1s a convex surface,
and an 1mage-side surface S2 of the first lens E1 1s a concave

surface. The second lens E2 has a negative refractive power, 65

an object-side surface S3 of the second lens E2 1s a convex
surface, and an 1image-side surface S4 of the second lens E2

and the image-side surface of any lens among the first to
seventh lenses E1-E7 are both aspheric surfaces. In this
embodiment, the surface type x of each aspheric surface may
be defined using, but not limited to, the following formula:

(1)

ch? .
X = 4 ZAihi
1+ 41— (k+1)ch?

Here, x 1s the sag—the axis-component of the displace-
ment of the surface from the aspheric vertex, when the
surface 1s at height h from the optical axis; c 1s the paraxial

curvature of the aspheric surface, and c=1/R (i.e., the
paraxial curvature c 1s the reciprocal of the radius of
curvature R 1n Table 1 above); k 1s the conic coeflicient
(given 1n Table 1); and A1 1s the correction coefficient of the
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i order of the aspheric surface. Table 2 below shows the R1/R4=0.63, here R1 1s the radius of curvature of the
high-order coethicients A, A., Ags Aoy Ajns Ajss Ay Ajg, object-side surface S1 of the first lens E1, and R4 1s the
and A,, applicable to the aspheric surfaces S1-S14 1n radius of curvature of the image-side surface S4 of the
Embodiment 1. second lens E2.
TABLE 2
surface
number Ad A6 A8 A10 Al2 Al4 Al6 Al8 A20
S1 -9.6100k - 6.4354F — -2.2752F - 4.9383F - -6.8363FE - 01  6.0365E - 01 -3.2970E - 01 1.0100E - 01 -1.3360FE - 02
03 02 01 01
S2 -9.9670L - 1.1211E - 1.8602E — -9.7186E - 1.8102E + 00 -1.9196E + 00  1.2028E + 00 -4.1341E - 01  35.9939F - 02
02 0l 01 01
S3 —1.78%7L - 34329 — -4.8103F - 743288 — -1.1333E + 00  1.2693FE + 00 -8.7261Fk — 01 3.2940E - 01 -5.2440E - 02
01 01 01 01
4 78170k — -2.1530L - 1.1801E - =-5.0751E + 1.2193E + 01 -1.7899E + 01  1.5876FE + 01 -7.7921E + 00  1.6308L + 00
02 02 00 00
N —71.9840L - 1.3189E — —-8.5200L - 242928 + -4.5264LE + 00 5.3997FE + 00 -4.0601Ek + 00  1.8226E + 00 -3.8096L — 01
02 01 01 00
S0 3.5613E - -2.0127E - 9.6660L — -3.4935E+ 7.4444FE + 00 -94690FE + 00  7.0676L + 00 -=2.8355FE + 00  4.6899E - 01
02 01 01 00
S7 —3.6800L - 7.6484E — -4.3323F - 1.1785E + -2.0201E + 00  2.4372FE + 00 =-2.0035E + 00  95575E - 01 -1.8947E — 01
03 02 01 00
S8 —1.2773L - 1.1835E — -2.2444E - 3.0869E —  5.4935F - 01 -1.0628E + 00 98617 - 01 —-4.7910E - 01  9.7996F - 02
01 01 01 02
59 —2.2027L - 2.3157E -  -5.0670F - 8.9234F — -1.2931E + 00 1.1957E + 00 -=-5.7771E - 01 1.1223FE - 01 -8.3000FE — 04
01 01 01 01
510 -1.7177E - 1.9157E - -4.6011LE - 8.6283F — -1.0810FE + 00  R¥.3132E — 01 -=-3.6968E — 01  R.7028E — 02 -8.9300F - 03
01 01 01 01
S11 -5.0510kE - 3.6812E - -2.3171FE - 48139 — -3.2615E - 01  3.3309E — 01 -1.2318E - 01 2.4682E - 02 -2.0600E - 03
02 02 01 01
512 —1.5094E - 2535118 -  -4.2149F - 44916k — -2.8015FE - 01  1.0389E — 01 -2.2650E - 02 2.6860E — 03 -1.3000E - 04
01 01 01 01
S13 —1.3929LE - 1.5506E — 29978 -  -1.1730FE - 1.1160E — 03 2.5100E - 04 —-7.6000FE — 05  7.6500E - 06 -2.8000E — 07
01 02 02 02
514 —1.1865E - 7.1242E — -3.3840F - 1.1731E - -2.9400E — 03  5.1200E - 04 -59000FE - 05 3.9700E - 06 -1.2000E - 07
01 02 02 02

Table 3 shows the eflective focal lengths 11-17 of the 14 R12/R14=-0.88, here R12 1s the radius of curvature of the
respective lenses in Embodiment 1, the total effective focal image-side surface S12 of the sixth lens E6, and R14 1s the
length 1 of the optical imaging lens assembly, the total track radius of curvature of the image-side surface S14 of the
length TTL (1.e., the distance from the center of the object- seventh lens E7.
side surface S1 of the first lens E1 to the image plane S17 TTL/ImgH=1.48, here TTL 1s the total track length of the
on the optical axis) of the optical imaging lens assembly, and ,, optical imaging lens assembly, and ImgH 1s the half of the
the half of the diagonal length ImgH of the eflective pixel diagonal length of the eflective pixel area on the image plane
arca on the image plane S17 of the optical imaging lens S17.
assembly. 1/17=—1.99, here 1 1s the total eflective focal length of the

optical imaging lens assembly, and 17 1s the eflective focal
TABLE 3 45 length of the seventh lens E7.

CT6=0.61 mm, here CT6 1s the center thickness of the

ggg _;:;; é(?fgmn) j:gg sixth lens E6 on the optical a)Eis..

£3(mm) 5 68 ImeH(mm) 116 11/R1=2.20, here 11 1s the effective focal length of the first
f4(mm) ~6.03 lens F1, and R1 1s the radius of curvature of the object-side
£5(mm) ~13.67 50 surface S1 of the first lens E1.

f6(mm) 2.18 CT1/£2=-0.08, here CT1 1s the center thickness of the first
£7(mm) —201 lens E1 on the optical axis, and 12 1s the effective focal

length of the second lens E2.
16/17==1.08, here 16 1s the eflective focal length of the
55 sixth lens E6, and 17 1s the eflective focal length of the
seventh lens E7.

The optical imaging lens assembly 1 Embodiment 1
satisfies at least one of the following conditions.

{/EPD=1.58, here 1 1s the total effective focal length of the £7/R14=1.28, here 17 is the effective focal length of the
optical imaging lens assembly, and EPD 1s the entrance pupil seventh lens E7, and R14 1s the radius of curvature of the
diameter of the optical imaging lens assembly. image-side surface S14 of the seventh lens E7.

£12/£341=0.06. here 12 is th hined focal lenoth of 60 16/13=0.38, here 16 1s the effective tocal length of the sixth
the! first lelns Elj alfflethe slesco;dcijelills 1-131; aiza Bin%; tl?e lens E6, and 13 1s the eflective focal length of the third lens

. . - E3.
f:l?; Eﬁed focal length of the third lens E3 and the fourth In addition, FIG. 2A illustrates the longitudinal aberration

curve ol the optical imaging lens assembly according to

12/17=4.94, here 12 1s the effective focal length of the 65 Embodiment 1, representing deviations of focal points of
second lens E2, and 17 1s the effective tocal length of the light of different wavelengths converged after passing
seventh lens E7. through the lens assembly. FIG. 2B 1llustrates the astigmatic
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curve of the optical imaging lens assembly according to
Embodiment 1, representing a curvature of the tangential
image plane and a curvature of the sagittal image plane. FIG.
2C 1llustrates the distortion curve of the optical imaging lens

14

surface, and an 1mage-side surface S4 of the second lens E2

1s a concave surface. The third lens E3 has a positive
refractive power, an object-side surface S5 of the third lens
E3 1s a convex surface, and an image-side surface S6 of the

asse.mblytaccordi.ng to Embo@iment 1, representing amounts s third lens E3 is a convex surface. The fourth lens E4 has a
of distortion at different viewing ang}es. EIG. 2D 1llustrates negative refractive power, an object-side surface S7 of the
the la(‘;gral CO]O_E c%rvgi of the 10pt1cal HagIng 1;:115' a;sembl;; tourth lens E4 1s a convex surface, and an 1image-side surface
ALCOTCING to EA0 tment i representing exflatlons O S8 of the fourth lens E4 1s a concave surface. The fifth lens
different image heights on the image plane after light passes . . . .
, ES has a negative refractive power, an object-side surface S9
through the lens assembly. It can be seen from FIGS. 2A-2D 19 N . .
, .1 - - - of the fifth lens E5 1s a concave surface, and an image-side
that the optical imaging lens assembly according to Embodi- frce S10 of the fifth lens H5 ; face. The sixth
ment 1 can achieve a good 1maging quality. SUI a(_::,—“- ol the t Cl15 Bo 15 4 CONVER sutlace. 1Ue SD_(t
lens E6 has a positive refractive power, an object-side
Embodiment 2 surface S11 of the sixth lens E6 1s a conveXx surface, and an
5 image-side surface S12 of the sixth lens E6 1s a convex

An optical imaging lens assembly according to Embodi- surface. The seventh lens E7 has a negative refractive power,
ment 2 of the present disclosure is described below with ~ an object-side surface S13 of the seventh lens E7 1s a
reference to FIGS. 3-4D. In this embodiment and the fol- concave surface, and an 1mage-side surface S14 of the
lowing embodiments, for the purpose of brevity, the descrip- seventh lens E7 1s a concave surface. The optical filter ES
tion of parts similar to those 1n Embodiment 1 will be ;¢ has an object-side surface S15 and an image-side surface
omitted. FIG. 3 1s a schematic structural diagram 1llustrating S16. Light from an object sequentially passes through the
the optical imaging lens assembly according to Embodiment surfaces S1-S16 and finally forms an image on the image
2 of the present disclosure. plane S17.

As shown 1n FIG. 3, the optical imaging lens assembly Table 4 shows the surface type, the radius of curvature,
according to the exemplary embodiments of the present -5 the thickness, the material and the conic coefficient of each
disclosure includes, sequentially from an object side to an lens of the optical imaging lens assembly 1n Embodiment 2.
image side along an optical axis, a first lens E1, a diaphragm The radius of curvature and the thickness are both 1n
STO, a second lens E2, a third lens FE3, a fourth lens E4, a millimeters (mm).

TABLE 4
material

surface  surface radius of refractive  abbe CONIC

number type curvature thickness index number coellicient
OBIJ spherical infinite infinite
S1 aspheric 1.6934 0.7548 1.55 56.1 —0.0460
52 aspheric 5.6686 0.1078 —-11.9183
STO spherical infinite 0.0400
53 aspheric 54212 0.2300 1.67 20.4 —18.2078
54 aspheric 3.5559 0.2183 -6.5924
S5 aspheric 10.4477 0.4711 1.55 56.1 61.8278
S0 aspheric —15.2323 0.0700 —80.7875
S7 aspheric 45.6790 0.2525 1.67 20.4 99,0000
S aspheric 9.8325 0.1640 42.6534
59 aspheric -14.4916 0.2831 1.67 204 99.0000
S10 aspheric -15.4206 0.1586 —73.8173
S11 aspheric 0.8826 0.4951 1.55 56.1 37.8164
512 aspheric —1.6547 0.2791 —0.922%
S13 aspheric —2.858% 0.3262 1.54 55.7 -1.4621
S14 aspheric 1.6811 0.3033 -16.1601
S15 spherical infinite 0.1100 1.52 64.2
S16 spherical infinite 0.5561
S17 spherical infinite

fifth lens E5, a sixth lens E6, a seventh lens E7, an optical
filter E8, and an image plane S17.

The first lens
object-side surface S1 of the first lens E1 1s a convex surface,
and an 1image-side surface S2 of the first lens E1 1s a concave
surface. The second lens E2 has a negative refractive power,
an object-side surface S3 of the second lens E2 15 a convex

E1 has a positive refractive power, an s

As may be obtained from Table 4, in Embodiment 2, the
object-side surface and the image-side surface of any lens
among the first to seventh lenses E1-E7 are both aspheric
surfaces. Table 5 shows the high-order coetlicients appli-
cable to each aspheric surface in Embodiment 2. The surface
type of each aspheric surface may be defined by the formula
(1) given 1n Embodiment 1.

TABLE 5
surface number A4 Ab AY Al0 Al2 Al4 Alb AlR A20
S1 -2.5350E - 1.0145E - -3.1309E - 5.6998E - -6.6437E - 4.8971E - =-2.2201E -  55676E - 02 -5.8600E - 03
02 01 01 01 01 01 01
82 -5.7620E - 5.0630E - 8.3859E - -2.1507E - 2.8456E - -2.3303E - 1.1650E - -3.2450E - 02  3.8530E - 03
02 03 02 01 01 01 01



US RE49.,789 E

15 16
TABLE 5-continued
surface number Ad A6 A8 A10 Al2 Al4 Al16 Al8 A20

N3 —-1.2819E - -=-14773FE - =2.2369F — 6.7720E - =1.3000E + 1.4322E + —=R.7899F — 2.7052E - 01 -=-2.9030FE - 02
01 01 01 01 00 00 01

54 ~7.5860F — =2.7090F - R.O357FE — =3.4884F + O5854FE + -1.6845E + 1.8140E + —-1.0869E + 01 2.7806F + 00
02 02 01 00 00 01 01

S5 -7.1420F - 1.1944F — =R.0707E - 2.2062FE + =3.4885LF + 2.6573E 4+ -=1.0300E - =1.3225FE + 00  6.1824F - 01
02 01 01 00 00 00 02

56 -1.0921E - 35019 — =-3.8527FE - 1.0732E + =2.2377/FE + 3.0822E + -=-2.4136E + Q4R839F — 01 -14123FE - 01
01 02 01 00 00 00 00

~7 —-2.5378E - 5.1600FE — —1.8389F + 4.1775E + -=-6.5243F — 6.8301FE + —-4.3455F + 1.4329F + 00 -=1.7397FE - 01
01 01 00 00 00 00 00

S8 —1.9886EF — 24443 —  =2.7913E - =7.2550FE - 5.5365E — -6.778R%E - 4.1268E - —-1.3907FE - 01 2.2527E - 02
01 01 01 02 01 01 01

50 —-1.7260F — 3.1883FE — -=7.9364F - 1.9253E + =3.5565EF + 410078 + =2.7863F + 1.0264FE + 00 —=1.5815FE - 01
01 01 01 00 00 00 00

S10 -1.7197E - 4.5801F - 4. 12R81EF - 4.2585E -  =-3.0715FE - 3.9925E - =2.2613E - 6.0136E — 02 -6.1600FE — 03
01 02 02 02 01 01 01

S11 -1.4290E — -=1.7641LE - 1.5278E - 1.7267E — =5.6933F - 5.8103E — =3.0034E - 7.9629E — 02 —=R.5R00FE - 03
02 01 01 01 01 01 01

512 -3.1100E — =7.8940F - 1.6942FE — -=1.7014F - 03437FE — =2.91R80F - 5.0730E — —-4.4000FE - 04  1.3200FE - 05
03 02 01 01 02 02 03

513 —-2.8553E - 275394 — =2.11553FE - 1.3942FE — —-6.1360F - 1.6676FE — =2.7100FE - 24200 - 04 -=-9.2000FE - 06
01 01 01 01 02 02 03

14 -1.5178E - 1.2222FE - =7.2300FE - 2.8620F - 7.3000F — 1.0720E -  -=-6.4000F - =2.9000F - 06 4.2600F - 07
01 01 02 02 03 03 05

Table 6 shows the eflective focal lengths 11-17 of the
respective lenses in Embodiment 2, the total effective focal
length 1 of the optical imaging lens assembly, the total track
length TTL of the optical imaging lens assembly, and the
half of the diagonal length ImgH of the eflective pixel area
on the 1image plane S17 of the optical imaging lens assembly.

TABLE 6
f1(mm) 4.15 f{mm) 3.88
f2(mm) -16.33 TTL(mm) 4.82
f3(mm) 11.43 ImgH(mm) 3.34
f4(mm) -18.87
f3(mm) -411.43
f6(mm) 2.64
f7(mm) -1.92

FI1G. 4 A illustrates the longitudinal aberration curve of the
optical imaging lens assembly according to Embodiment 2,
representing deviations of focal points of light of different

wavelengths converged after passing through the lens
assembly. FIG. 4B illustrates the astigmatic curve of the
optical imaging lens assembly according to Embodiment 2,
representing a curvature of the tangential image plane and a
curvature of the sagittal image plane. FI1G. 4C 1llustrates the
distortion curve of the optical imaging lens assembly
according to Embodiment 2, representing amounts of dis-
tortion at different viewing angles. FIG. 4D illustrates the
lateral color curve of the optical imaging lens assembly
according to Embodiment 2, representing deviations of
different 1mage heights on the image plane after light passes
through the lens assembly. It can be seen from FIGS. 4A-4D
that the optical imaging lens assembly according to Embodi-
ment 2 can achieve a good 1maging quality.

Embodiment 3

An optical imaging lens assembly according to Embodi-
ment 3 of the present disclosure 1s described below with
reference to FIGS. 5-6D. FIG. 5 1s a schematic structural
diagram 1illustrating the optical 1maging lens assembly
according to Embodiment 3 of the present disclosure.
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As shown 1n FIG. 5, the optical imaging lens assembly
according to the exemplary embodiments of the present
disclosure includes, sequentially from an object side to an

image side along an optical axis, a first lens E1, a diaphragm
STO, a second lens E2, a third lens E3, a fourth lens E4, a
fifth lens ES, a sixth lens E6, a seventh lens E7, an optical

filter E8, and an image plane S17.
The first lens E1 has a positive refractive power, an

object-side surface S1 of the first lens F1 1s a convex surface,
and an 1image-side surface S2 of the first lens E1 1s a concave
surface. The second lens E2 has a negative refractive power,
an object-side surface S3 of the second lens E2 1s a convex
surface, and an 1image-side surface S4 of the second lens E2
1s a concave surface. The third lens E3 has a positive
refractive power, an object-side surface S5 of the third lens
E3 1s a convex surface, and an image-side surface S6 of the
third lens E3 1s a convex surface. The fourth lens E4 has a
negative refractive power, an object-side surface S7 of the
fourth lens E4 1s a convex surface, and an image-side surface
S8 of the fourth lens E4 1s a concave surface. The fifth lens
ES has a positive refractive power, an object-side surface S9
of the fitth lens E5 1s a concave surface, and an image-side
surface S10 of the fifth lens ES 1s a convex surface. The sixth
lens E6 has a positive refractive power, an object-side
surface S11 of the sixth lens E6 1s a convex surface, and an
image-side surface S12 of the sixth lens E6 1s a convex
surface. The seventh lens E7 has a negative refractive power,
an object-side surface S13 of the seventh lens E7 1s a
concave surface, and an 1mage-side surface S14 of the
seventh lens E7 1s a concave surface. The optical filter ES
has an object-side surface S15 and an 1mage-side surface
S16. Light from an object sequentially passes through the
surfaces S1-S16 and finally forms an 1mage on the image
plane S17.

Table 7 shows the surface type, the radius of curvature,
the thickness, the material and the conic coeflicient of each

lens of the optical imaging lens assembly 1n Embodiment 3.
The radius of curvature and the thickness are both 1n

millimeters (mm).




surface
number

OBlJ
51
52
STO
53
54
85
50
Ny
58
59
510
S11
2

surface number

S1

82

83

54

85

S0

Ny

S8

59

510

S11

S12

S13

S14

TABLE 7
material
surface radius of refractive abbe CONIC
type curvature thickness index number coeflicient
spherical infinite infinite
aspheric 1.6801 0.7742 1.55 56.1 -0.0224
aspheric 5.1923 0.1168 -9.3561
spherical infinite 0.0400
aspheric 5.6121 0.2300 1.67 20.4 —25.5929
aspheric 3.6551 0.2044 -8.1217
aspheric 9.3440 0.46%9 1.55 56.1 59.8335
aspheric —17.7217 0.0700 —-89.5502
aspheric 28.5631 0.2505 1.67 2-0.4 34.2567
aspheric 8.5630 0.1561 38.8580
aspheric —20.0000 0.2892 1.67 204 81.6473
aspheric —19.8393 0.1719 -99.0000
aspheric 9.1229 04878 1.55 56.1 324787
aspheric —1.6995 0.2707 -10.2471
aspheric -3.0210 0.3178 1.54 55.7 -1.4137
aspheric 1.6601 0.3045 —15.2913
spherical infinite 0.1100 1.52 64.2
spherical infinite 0.5573
spherical infinite
As may be obtained from Table 7, in Embodiment 3, the
object-side surface and the image-side surface of any lens 2
among the first to seventh lenses E1-E7 are both aspheric t1(mm)
: - . {2(mm)
surfaces. Table 8 shows the high-order coeflicients appli- £3(mm}
cable to each aspheric surface in Embodiment 3. The surface f4(mm)
type of each aspheric surface may be defined by the formula f5(mm)
(1) given 1n Embodiment 1.
TABLE 8
A4 Ab A8 Al0 Al2 Al4
-2.5110E - 1.0818E — =-3.0971FE - 5.5640F - -6.3575F - 45669 -
02 01 01 01 01 01
-5.0320F - -06.4500FE - 8.4655F - -1.9261LF - 24587E — —=1.98R2LE -
02 03 02 01 01 01
-1.2023F - 1.1884F — =-2.0927E - 7.1792F — -1.3992E + 1.559R8E +
01 01 01 01 00 00
-7.0790F — -6.8650F - 9.5569E — —4.0189F + 1.OR73E + —-1.8731F +
02 02 01 00 01 01
-5.9600L - 5.9986LF — -6.2202F - 1.8806F + -3.4013F + 3.4044LF +
02 02 01 00 00 00
—1.2867L - 2.1240E -  -1.0013E + 2.1955FE + -=-3.2117F + 3.0916F +
01 01 00 00 00 00
-2.6235F - 5.0293F — -1.4849F + 25300 +  =-2.5912E + 1.4054E +
01 01 00 00 00 00
-2.0817E - 2.8366LF — —-3.8914LF - 8.0413F - 49164 - =-7.4772E —
01 01 01 02 01 01
—-1.3891F - 1.6107E — =2.6656FE - 71.4229F — —1.8758E + 2.6417E +
01 01 01 01 00 00
-1.4675FE - -3.4440F - 2.6558F -  —4.0922F - 2.8134F — —-7.3580LF -
01 02 01 01 01 02
-3.9900F - =-2.3724F - 3.4309F — -1.9006FE — -1.4980FL - 2.8339F -
03 01 01 01 01 01
1.0208FE — -1.0144L - 1.9555FE -  -1.8663F - 9.6083F - -2.6920F -
02 01 01 01 02 02
-2.8510F - 27288 -  =2.0701FE - 1.3592F - =5.9610LE - 1.6088E —
01 01 01 01 02 02
—1.5834F - 1.3546FE — =R.7290F - 3.8R896LF -1.1770LF - 2.3080LE -
01 01 02 02 02 03
Table 9 shows the effective focal lengths f1-f7 of the ©V
respective lenses in Embodiment 3, the total effective focal £6(mm)
| L. . £7
length 1 of the optical imaging lens assembly, the total track (mm)
length TTL of the optical imaging lens assembly, and the
65

half of the diagonal length Img

H of the effective pixel area

on the 1mage plane S17 of the optical imaging lens assembly.
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TABLE 9
4.22 f(mm) 3.92
~16.52 TTL(mm) 4.82
11.28 ImgH(mm) 3.34
~18.46
2157.54
Al6 AlR A20
~1.9996E —  4.7892E - 02 -4.7600F —
01
0.8900F — -2.7480F - 02 3.2560F —
02
~9.9462F -  3.3538E - 01 -4.4970F -
01
1.9715E + -1.1538E + 01  2.8850F +
01
~1.4350E + -2.2399E - 01  2.9631F —
00
~1.7060E + 4.1643E - 01 -1.4020F —
00
~8.6700E — -4.2226E - 01  1.5230F -
03
5.0053F - -1.7380E - 01  2.6967F —
01
~2.0439E + 8.2287E - 01 -1.3479E -
00
~2.3500E -  3.1480E - 03 -1.4000F —
03
~1.7499E -  5.1120E - 02 —5.9000E —
01
3.7640F — -1.7000E - 04 —65.000F —
03
~2.5800E —  2.2800F - 04 —8.5000F —
03
~2.7000E —  1.6900E - 05 —3.8000F —
04

TABLE 9-continued

03

03

02

00

01

02

01

02

01

04

03

06

06

07

2.67
-1.95

FIG. 6 A illustrates the longitudinal aberration curve of the
optical imaging lens assembly according to Embodiment 3,

representing deviations of focal points of light of di

e

‘erent
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wavelengths converged after passing through the lens
assembly. FIG. 6B illustrates the astigmatic curve of the
optical imaging lens assembly according to Embodiment 3,
representing a curvature of the tangential image plane and a

20

surface. The second lens E2 has a negative refractive power,

an object-side surface S3 of the second lens E2 15 a convex
surface, and an 1image-side surface S4 of the second lens E2

1s a concave surface. The third lens E3 has a positive

curvature of the sagittal image plane. FIG. 6C illustrates the ° _ _ _ _
. . S 5& Dl . , refractive power, an object-side surface S5 of the third lens
distortion curve ol the optical imaging lens assembly | _ '
according to Embodiment 3, representing amounts of dis- E3 1s a convex surface, and an image-side surface S6 of the
tortion at different viewing angles. FIG. 6D illustrates the third lens E3 1s a convex surface. The fourth lens E4 has a
lateral color curve of the optical imaging lens assembly ;, nhegative refractive power, an object-side surface S7 of the
according to Embodiment 3, representing deviations of fourth lens E4 is a concave surface, and an image-side
§,1f:erent image heights on the image plane after light passes surface S8 of the fourth lens E4 is a concave surface. The
tﬂn*ouEh the. 161;? asse:mbiy. ltcan bf]ajlseen ir O? FIGSE 6‘:":1? fifth lens ES has a negative refractive power, an object-side
that the optical imaging lens assembly according to FEmbodi- - B
P HAsHIs . TDOLY At - 15 surface 59 of the fifth lens ES 1s a concave surtace, and an
ment 3 can achieve a good 1imaging quality. _ _ _
image-side surface S10 of the fifth lens ES 1s a convex
Embodiment 4 surtace. The sixth lens E6 has a positive refractive power, an
o | | | object-side surface S11 of the sixth lens E6 1s a convex
An optical imaging 161:13 assemb}y accorfilng to Embth- »o surface, and an 1mage-side surtace S12 of the sixth lens E6
ment 4 of the present disclosure 1s described below with o convex surface. The seventh lens E7 has a neeative
reference to FIGS. 7-8D. FIG. 7 1s a schematic structural _ - _ - S
. . . . . . refractive power, an object-side surtace S13 of the seventh
diagram 1illustrating the optical 1maging lens assembly o _ _
according to Embodiment 4 of the present disclosure. lens E7 1s a concav_e surface, and an 1mage-side surface S14
As shown in FIG. 7, the optical imaging lens assembly 25 of the seventh lens E7 1s a concave surface. The optical filter
according to the exemplary embodiments Of the present ES haS dIl ObjECt'Side Surface SlS Ellld dIl image'Side SU.I‘faCE:
disclosure includes, sequentially from an object side to an ~ S16. Light from an object sequentially passes through the
image side along an optical axis, a first lens E1, a diaphragm surfaces S1-S16 and finally forms an 1mage on the image
STO, a second lens E2, a third lens E3, a fourth lens E4, a ;0 plane S17.
fifth lens ES, a sixth lens E6, a seventh lens E7, an optical Table 10 shows the surface type, the radius of curvature,
filter E8, and an 1mage plane S17. the thickness, the material and the conic coetlicient of each
The first lens E1 has a positive refractive power, an  [ens of the optical imaging lens assembly in Embodiment 4.
object-side surface S1 of the first lens E1 1s a convex surface, The radius of curvature and the thickness are both in
and an 1mage-side surface S2 of the first lens E1 1s a concave millimeters (mm).
TABLE 10
material
surface  surface radius of refractive  abbe CONIC
number type curvature thickness index number coellicient
OBIJ spherical infinite infinite
S1 aspheric 1.6929 0.7193 1.55 56.1 —0.099%
82 aspheric 6.2949 0.0984 -16.2736
STO spherical infinite 0.0400
53 aspheric 5.4549 0.2300 1.67 20.4 —8.0637
54 aspheric 3.5446 0.2248 -3.9727
S5 aspheric 13.9387 0.4856 1.55 56.1 56.0398
S0 aspheric —10.6543 0.0600 57.2530
S7 aspheric -&7.3703 0.2466 1.67 20.4 —-99.0000
S8 aspheric 15.8550 0.1684 34.0353
59 aspheric —12.2494 0.2837 1.67 20.4 R7.6792
S10 aspheric —18.2539 0.1452 10.2729
S11 aspheric 10.14%81 0.5160 1.55 56.1 43.3042
512 aspheric —1.6827 0.3108 —10.5698
513 aspheric —2.8%603 0.3232 1.54 35.7 —1.3827
514 aspheric 1.6674 0.3026 —16.7588
S15 spherical infinite 0.1100 1.52 64.2
S16 spherical infinite 0.5554
S17 spherical infinite
60 : : :

As may be obtained from Table 10, in Embodiment 4, the
object-side surface and the image-side surface of any lens
among the first to seventh lenses E1-E7 are both aspheric
surfaces. Table 11 shows the high-order coelflicients appli-

«5 cable to each aspheric surface in Embodiment 4. The surtace

type of each aspheric surface may be defined by the formula
(1) given 1n Embodiment 1.
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TABLE 11
surface number Ad A6 A8 A10 Al2 Al4 Al6 Al8 A20

S1 _2.5800F —  1.0865E — -3.5138E -  6.7315E - -8.3500E -  6.5883E - -3.2197E — 8.7814E - 02 -1.0140F - 02
02 01 01 01 01 01 01

32 _6.2480F —  9.9910E —  9.0788FE — -2.6462FE —  3.8786E — -3.5028F —  1.9258F — -5.8840F - 02  7.6400F — 03
02 03 02 01 01 01 01

S3 ~13177E -  1.6835E - -24957E -  7.2560E - -1.3738E+ 1.4515E+ -7.7477E — 1.4665E - 01  1.3634E - 02
01 01 01 01 00 00 01

S4 _7.5470FE — -4.3040FE -  1.0885E + -5.0563E + 1.4662E + -2.7060E + 3.0635E + —1.9343E + 01  5.2285E + 00
02 02 00 00 01 01 01

S5 _8.9620F —  2.4116E - —15112E+ 4.7468E+ -9.0751E+ 1.0071E + =5.5574E + 5.9752E - 01 4.8979E - 01
02 01 00 00 00 01 00

S6 _1.1733E - -1.1623E -  7.0810E -  1.0801E + -4.2291FE+  7.8223E+ -7.6858FE + 3.8581FE + 00 -7.8080F — 01
01 01 03 00 00 00 00

S7 _29272FE —  75147E - —3.5448E +  1.0605E + -2.0599E + 2.5822FE + —1.9902FE + 8.4883E + 00 —1.5242F + 00
01 01 00 01 01 01 01

S8 _1.8046F —  1.7187FE — —8.1840FE — —-4.4769E — 1.0441E + -1.1093E +  6.3482F — —1.9095F — 01  2.5334E — 02
01 01 02 01 00 00 01

S9 _1.9603F —  3.6782FE — —8.0634E - 1.6715E+ -2.8011E + 3.2028F + -22697E + 8.6785E - 01 -1.4164F - 01
01 01 01 00 00 00 00

S10 _1.9583F —  S5.3010FE —  1.2246FE — —1.7709E — —4.9240F —  2.4633FE - —1.8148F — 5.5222FE - 02 —6.2500F — 03
01 02 01 01 02 01 01

S11 _3.9140F — -9.1390E - —1.1181E —  7.026E - —1.2754E+ 1.1743E+ -5.9780FE — 1.6068E - 01 —1.7790F — 02
02 02 01 01 00 00 01

S12 ~1.8100E — -3.1820E -  1.1872E - -1.6136E -  1.1427E - -4.6090E —  1.0739E — -1.3500FE - 03  7.1700E — 05
02 02 01 01 01 02 02

S13 _2.9839F —  3.1043E - -2.6363E -  1.8559E - -8.5520E -  2.4251E - -4.1100E -  1.8400F - 04 -1.5000F - 05
01 01 01 01 02 02 03

S14 ~1.4746E —  1.1305E — —6.5200E —  2.5753E - -6.7400E -  1.0800E - -9.0000E —  1.8500F - 06  1.4400E — 07
01 01 01 02 03 03 05

Table 12 shows the eflective focal lengths 11-17 of the
respective lenses in Embodiment 4, the total effective focal
length 1 of the optical imaging lens assembly, the total track
length TTL of the optical imaging lens assembly, and the

half of the diagonal length ImgH of the eflective pixel area
on the 1mage plane S17 of the optical imaging lens assembly.

TABLE 12
f1(mm) 4.02 f{mm) 3.85
f2(mm) -15.97 TTL(mm) 4.82
f3(mm) 11.14 ImgH (mm) 3.34
f4(mm) -20.14
f3(mm) -57.01
f6(mm) 2.69
f7(mm) -1.92

FIG. 8 A illustrates the longitudinal aberration curve of the
optical imaging lens assembly according to Embodiment 4,
representing deviations of focal points of light of different
wavelengths converged after passing through the lens
assembly. FIG. 8B 1llustrates the astigmatic curve of the lens
assembly according to Embodiment 4, representing a cur-
vature of the tangential image plane and a curvature of the
sagittal image plane. FIG. 8C illustrates the distortion curve
of the optical imaging lens assembly according to Embodi-
ment 4, representing amounts of distortion at different
viewing angles. F1G. 8D illustrates the lateral color curve of
the lens assembly according to Embodiment 4, representing
deviations of different image heights on the image plane
alter light passes through the lens assembly. It can be seen
from FIGS. 8A-8D that the optical imaging lens assembly
according to Embodiment 4 can achieve a good imaging

quality.

Embodiment 5

An optical imaging lens assembly according to Embodi-
ment 5 of the present disclosure 1s described below with
reterence to FIGS. 9-10D. FIG. 9 1s a schematic structural
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diagram 1llustrating the optical 1maging lens assembly
according to Embodiment 5 of the present disclosure.

As shown 1n FIG. 9, the optical imaging lens assembly
according to the exemplary embodiments of the present
disclosure includes, sequentially from an object side to an

image side along an optical axis, a first lens E1, a diaphragm
STO, a second lens E2, a third lens E3, a fourth lens E4, a

fifth lens ES, a sixth lens E6, a seventh lens E7, an optical
filter E8, and an image plane S17.
The first lens E1 has a positive refractive power, an

object-side surface S1 of the first lens F1 1s a convex surface,
and an 1mage-side surface S2 of the first lens F1 1s a concave
surface. The second lens E2 has a negative refractive power,
an object-side surface S3 of the second lens E2 1s a convex
surface, and an 1image-side surface S4 of the second lens E2
1s a concave surface. The third lens E3 has a positive
refractive power, an object-side surface S5 of the third lens
E3 1s a convex surface, and an image-side surface S6 of the
third lens E3 1s a convex surface. The fourth lens E4 has a
negative relfractive power, an object-side surface S7 of the
fourth lens E4 1s a concave surface, and an image-side
surtace S8 of the fourth lens E4 1s a concave surface. The
fifth lens ES has a negative refractive power, an object-side
surface S9 of the fifth lens ES 1s a concave surface, and an
image-side surface S10 of the fifth lens E5 1s a convex
surface. The sixth lens E6 has a positive refractive power, an
object-side surface S11 of the sixth lens E6 1s a convex
surface, and an 1mage-side surface S12 of the sixth lens E6
1s a convex surface. The seventh lens E7 has a negative
refractive power, an object-side surface S13 of the seventh
lens E7 1s a concave surface, and an image-side surface S14
of the seventh lens E7 1s a concave surface. The optical filter
E8 has an object-side surtace S15 and an image-side surface
S16. Light from an object sequentially passes through the
surfaces S1-S16 and finally forms an 1mage on the image
plane S17.

Table 13 shows the surface type, the radius of curvature,
the thickness, the material and the conic coetlicient of each

lens of the optical imaging lens assembly 1n Embodiment 5.
The radius of curvature and the thickness are both 1n

millimeters (mm).
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TABLE 13
material

surface  surface radius of refractive  abbe
number type curvature thickness index number

OBJ spherical infinite infinite

S1 aspheric 1.6750 0.7273 1.55 56.1

S2 aspheric 5.8618 0.1060

STO spherical infinite 0.0400

S3 aspheric 5.5840 0.2300 1.67 20.4

5S4 aspheric 3.5200 0.2132

S5 aspheric 2.6027 0.4765 1.55 56.1

S6 aspheric -9.4775 0.0600

S7 aspheric -51.6312 0.2581 1.67 20.4

S8 aspheric 13.7361 0.1634

S9 aspheric —-12.6335 0.2824 1.67 20.4

510 aspheric -16.9533 0.1672

S11 aspheric 9.6674 0.4857 1.55 56.1

512 aspheric —1.6945 0.2925

S13 aspheric -2.9293 0.3256 1.54 55.7

S14 aspheric 1.6659 0.3046

S15 spherical infinite 0.1100 1.52 64.2

S16 spherical infinite 0.5574

S17 spherical infinite

As may be obtained from Table 13, in Embodiment 5, the

object-side surface and the image-side surface of any lens

among the first to seventh lenses E1-E7 are both aspheric

surfaces. Table 14 shows the high-order coeflicients appli-
cable to each aspheric surface in Embodiment 3. The surface
type of each aspheric surface may be defined by the formula
(1) given 1n Embodiment 1.

surface number A4 Ab AR Al0O
S1 —-1.7260E - 6.8051E - -2.2949E - 4.4964EF -
02 02 01 01
S2 —5.7290E - 1.5112E - 3.6099E - -1.1342E -
02 02 02 01
S3 -1.2131E - 1.2347E - -1.2959E - 4.6878E -
01 01 01 01
sS4 -7.3950E - -6.9700E - 7.0336E - -3.3506E +
02 03 01 00
S5 -6.5670E - 5.9553E - -3.3307E - 1.3721E +
02 02 01 00
S6 -1.1346E — -4.0930E - 1.4215E - -9.5%878E —
01 02 01 01
S7 -2.4432E - 3.7026E — -1.1876E + 2.2278E +
01 01 00 00
S8 —1.8359E - 2.3274E — -3.0643E - 1.7276E -
01 01 01 02
SO —-1.6250E - 2.1360E — -2.8721E - 6.2611E —
01 01 01 01
S10 -1.6941E - -7.3110E - 5.1071E - -9.0683E -
01 01 01 01
S11 -3.2230E - -1.6901E - 4.5289E - 5.1759E -
02 01 02 01
S12 2.8779E — -1.5061E - 2.1817E - -1.6309E -
02 01 01 01
S13 —2.7308E - 2.2675E - -1.3912E - 8.4432F -
01 01 01 02
S14 -1.5661E - 1.3081E - -8.2490F - 3.6520E -
01 01 02 02

Table 15 shows the eflective focal lengths 11-17 of the

respective lenses in Embodiment 5, the total effective focal

length 1 of the optical imaging lens assembly, the total track

length TTL of the optical imaging lens assembly, and the

half of the diagonal length ImgH of the effective pixel area

on the 1image plane S17 of the optical imaging lens assembly.

24
COIIC
coeflicient
—-0.0623
-10.3301
-11.2212
—4.4226
74.8032
49 4828
—99.0000
53.6477
8O.3588
~72.9299
37.6323
—&.7349
-1.4382
—-15.1421
» TABLE 15
f1(mm) 4.05 f{mm) 3.94
f2(mm) -14.97 TTL(mm) 4.80
f3(mm) 9.98 ImgH(mm) 3.36
f4(mm) -16.27
S0 £S5 (mm) _76.47
Al2 Al4 Alb AlR A20
-5.6729E - 4.5059FE — =2.1933E - 5.8548E - 02 -6.4900E - 03
01 01 01
1.5791E — -1.3998E - 7.7662E — -2.4310E - 02 3.2580FE - 03
01 01 02
-1.0693FE + 1.3614E + -9.6208E — 34927E - 01 -4.7830F - 02
00 00 01
1.0202E + -1.9903E + 23804E + -1.5835E + 01 4.5041E + 00
01 01 01
-1.7753E + 7.6472E - 2.8857E + -3.4441E + 00 1.3474E + 00
00 02 00
2.5269E + -=3.6575E + 3.2872E + -=1.7407E + 00 4.0778E - 01
00 00 00
-2.6523E + 2.0459E + -8.0582E - =2.8R830E - 02 9.0787E - 02
00 00 01
4.0842FE — =5.0568E - 2.5393E - -=5.1220E - 02 2.9410E - 03
01 01 01
—1.6848E + 2.5613E+ -=-2.1179E+  9.1352E - 01 -1.6137E - 01
00 00 00
8.4206FE — —-4.6180F - 1.6512E — -=-3.8510E - 02  4.4030E - 03
01 01 01
-1.1239E - 1.0955E + -=5.7944E - 1.6147E — 01 -1.8530FE - 02
00 00 01
6.2391E — -84900FE - -1.6200E -  6.6000E - 04 -6.0000E - 05
02 03 03
-3.7110E - 1.0919E — -1.6700E - 1.5000E - 04 -=5.7000FE - 06
02 02 03
-1.1160E - 2.2480E - -2.8000E - 1.9000E - 05 -=5.2000FE - 07
02 03 04
60 . ,
TABLE 15-continued
f6(mm) 2.68
f7(mm) -1.93

65 FIG. 10A 1illustrates the longitudinal aberration curve of
the optical imaging lens assembly according to Embodiment

S, representing deviations of focal points of light of di

.

‘erent
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wavelengths converged after passing through the lens
assembly. FIG. 10B illustrates the astigmatic curve of the
optical imaging lens assembly according to Embodiment 3,
representing a curvature of the tangential image plane and a
curvature of the sagittal image plane. FIG. 10C illustrates
the distortion curve of the optical imaging lens assembly
according to Embodiment 35, representing amounts of dis-
tortion at different viewing angles. FIG. 10D illustrates the
lateral color curve of the optical imaging lens assembly
according to Embodiment 5, representing deviations of
different image heights on the image plane after light passes
through the lens assembly. It can be seen from FIGS.
10A-10D that the optical imaging lens assembly according
to Embodiment 5 can achieve a good imaging quality.

Embodiment 6

An optical imaging lens assembly according to Embodi-
ment 6 of the present disclosure 1s described below with
reference to FIGS. 11-12D. FIG. 11 1s a schematic structural
diagram 1llustrating the optical 1maging lens assembly
according to Embodiment 6 of the present disclosure.

As shown i FIG. 11, the optical imaging lens assembly
according to the exemplary embodiments of the present
disclosure includes, sequentially from an object side to an
image side along an optical axis, a first lens E1, a diaphragm
STO, a second lens E2, a third lens FE3, a fourth lens E4, a
fifth lens ES, a sixth lens E6, a seventh lens E7, an optical
filter E8, and an image plane S17.

5
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refractive power, an object-side surface S5 of the third lens
E3 1s a convex surface, and an 1mage-side surface S6 of the
third lens E3 1s a convex surface. The fourth lens E4 has a

negative relfractive power, an object-side surface S7 of the

il

fourth lens E4 1s a convex surface, and an 1image-side surface

S8 of the fourth lens E4 1s a concave surface. The fifth lens
ES has a positive refractive power, an object-side surface S9
of the fifth lens E5 1s a convex surface, and an image-side
surface S10 of the fifth lens ES 1s a convex surface. The sixth
lens

E6 has a positive refractive power, an object-side
surface S11 of the sixth lens E6 1s a convex surtface, and an

image-side surface S12 of the sixth lens E6 1s a convex

surface. The seventh lens E7 has a negative refractive power,
an object-side surface S13 of the seventh lens E7 i1s a

concave surface, and an 1mage-side surface S14 of the

seventh lens E7 1s a concave surface. The optical filter ES
has an object-side surface S15 and an image-side surface
S16. Light from an object sequentially passes through the
surfaces S1-S16 and finally forms an 1mage on the image

plane S17.
Table 16 shows the surface type, the radius of curvature,

the thickness, the material and the conic coetlicient of each
lens of the optical imaging lens assembly 1n Embodiment 6.
The radius of curvature and the thickness are both in
millimeters (mm).

The first lens

surface

number

OBlJ
51
52
STO
53
54
85
S0
Ny
S8
59
S1

RO RORORORN
DO AW~ O

surface

type

spherical
aspheric
aspheric
spherical
aspheric
aspheric
aspheric
aspheric
aspheric
aspheric
aspheric
aspheric
aspheric
aspheric
aspheric
aspheric
spherical
spherical
spherical

E1l has a positive relfractive power, an

TABLE 16
radius of material
curvature thickness refractive index abbe number conic coefficient
infinite infinite
1.6526  0.7744 1.55 56.1 -0.0179
49179 0.1227 -7.9777
infinite 0.0400
6.0435  0.2300 1.67 20.4 -28.3104
3.7495  0.1965 —7.3895
87775 04612 1.55 56.1 59.7351
-23.7448  0.0700 —O&.8063
17.7789  0.258%8 1.67 20.4 RO.8404
7.4627  0.1456 33.5544
201.7599  0.278% 1.67 20.4 99.0000
-497.1700  0.2044 -99.0000
8.5562 0.4943 1.55 56.1 28.5352
-1.7358  0.255% -10.1241
-3.1243  0.3115 1.54 55.7 -1.4066
1.6285  0.3050 -14.5668
infinite 0.1100 1.52 64.2
infinite 0.5578
infinite

As may be obtained from Table 16, in Embodiment 6, the

object-side surface S1 of the first lens E1 1s a convex surface,
and an 1mage-side surface S2 of the first lens E1 1s a concave
surface. The second lens E2 has a negative refractive power,
an object-side surface S3 of the second lens E2 15 a convex
surface, and an 1image-side surface S4 of the second lens E2
1s a concave surface. The third lens E3 has a positive

TABL

surface

number A4

Ab AR Al0

S1 —-2.2990E-02
82 -4.4900E-02

9.6412E-02
—-1.4090E-02

—-2.9850E-01
8.1942F-02

55

5.4329E-01
-1.7777E-01

object-side surface and the image-side surface of any lens
among the first to seventh lenses E1-E7 are both aspheric
surfaces. Table 17 shows the high-order coellicients appli-
cable to each aspheric surface in Embodiment 6. The surface
type of each aspheric surface may be defined by the formula
(1) given 1n Embodiment 1.

=, 17

Al2 Al4d Alb AlR A20
-06.2498E-01 4.4%874F-01 -1.9448E-01  4.5436E-02 -4.3200E-03
2.3282E-01 -1.9819E-01 1.0449E-01 -3.0790E-02 3.8680E-03
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TABLE 17-continued

surface

number Ad A6 A8 Al10 Al2 Al4 Al6 Al8 A20

83 -1.1630E-01 0.8568E-02 -1.5952E-01 6.0029F-01 -=1.1718E+4+00 1.2694E+00 =7.7053E-01 2.4000E-01 =2.7720E-02
54 -7.0630E-02 =3.7810FE~-02 6.6015E-01 —2.6832E+00 T7.4011E+00 -1.3205E+401 1.4426E+4+01 =R.7536FE4+00 2.2675E+00
N -5.2210E-02 1.7792E-02 -4.3394FE-01 1.3392E4+00 =2.4129E+00 2.2781E+00 =6.7545FE-01 =5.0271E-01 3.4176E-01
S6 -1.1854FE-01 1.5745E-01 -7.5891E-01 1.5284E+00 =1.9096FE+00 1.3801E+00 =3.3095FE-01 -=-1.8477FE-01 9.6125FE-02
N —-2.4843FE-01 4.7234F-01 -1.4941E4+00 2.8342E+00 =3.4064E+00 2.5451E+400 -=1.0222FE+00 1.2813E-01 1.7206E-02
S8 -1.8674FE-01 2.3413E-01 -3.2258FE-01 5.7694FE-02 44253F-01 -6.6750FE-01 4.3720E-01 -=-1.4424F-01 2.0347E-02
89 -1.4461E-01 2.1000E-01 -4 9195E-01 1.2525E4+00 =2.5242E+00 3.1256E+00 =2.2424FE+00 R3625E-01 —-1.3428FE-01
S10 -1.4717E-01 -=-4.0000E-04 1.6840FE-01 -2.7910FE-01 1.9195FE-01 -4.6170E-02 =3.6100FE-03 2.3R850E-03 -1.0000E-04
S11 -9.6500E-03 -=-1.8147E-01 2.0645E-01 -1.4400E-03 =3.1467E-01 3.7506FE-01 -=2.0770E-01 5.8326FE-02 —-6.6600E-03
S12 2.4436E-02 -=1.2564E-01 2.2571E-01 -2.0861E-01 1.0152E-01 =-2.5130FE-02 2.3990E-03 1.2200E-04 =2.9000E-05
S13 -2.8427E-01 2.6953FE-01 -2.0218E-01 1.3204E-01 =5.7670E-02 1.5471E-02 =2.4600E-03 2.1500E-04 =7.9000E-06
S14 —-1.6R803E-01 1.5103E-01 -1.0319E-01 4935702 -=1.6240E-02 3.5450E-03 -4.9000E-04 3.7500E-05 —=1.2000E-06

Table 18 shows the efiective focal lengths f1-1f701 the
respective lenses in Embodiment 6, the total eflective focal
length 1 of the optical imaging lens assembly, the total track
length TTL of the optical imaging lens assembly, and the
half of the diagonal length ImgH of the effective pixel area
on the 1mage plane S17 of the optical imaging lens assembly.

TABLE 18
f1(mm) 4.21 f{mm) 3.95
f2(mm) -15.46 TTL(mm) 4.82
f3(mm) 11.80 ImgH(mm) 3.34
f4(mm) -19.51
f3(mm) 215.62
f6(mm) 2.69
f7(mm) -1.95

FIG. 12A 1llustrates the longitudinal aberration curve of
the optical imaging lens assembly according to Embodiment
6, representing deviations of focal points of light of different
wavelengths converged after passing through the lens
assembly. FIG. 12B illustrates the astigmatic curve of the
optical imaging lens assembly according to Embodiment 6,
representing a curvature of the tangential image plane and a
curvature of the sagittal image plane. FIG. 12C illustrates
the distortion curve of the optical imaging lens assembly
according to Embodiment 6, representing amounts of dis-
tortion at different viewing angles. FIG. 12D illustrates the
lateral color curve of the optical imaging lens assembly
according to Embodiment 6, representing deviations of
different image heights on the image plane after light passes
through the lens assembly. It can be seen from FIGS.
12A-12D that the optical imaging lens assembly according
to Embodiment 6 can achieve a good imaging quality.

Embodiment 7

An optical imaging lens assembly according to Embodi-
ment 7 of the present disclosure 1s described below with
reference to FIGS. 13-14D. FIG. 13 1s a schematic structural
diagram 1illustrating the optical 1maging lens assembly
according to Embodiment 7 of the present disclosure.

surface
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As shown in FIG. 13, the optical imaging lens assembly
according to the exemplary embodiments of the present
disclosure includes, sequentially from an object side to an
image side along an optical axis, a first lens E1, a diaphragm
STO, a second lens E2, a third lens E3, a fourth lens E4, a
fifth lens ES, a sixth lens E6, a seventh lens E7, an optical
filter E8, and an image plane S17.

The first lens E1 has a positive relractive power, an
object-side surface S1 of the first lens F1 1s a convex surface,
and an 1mage-side surface S2 of the first lens E1 1s a concave
surface. The second lens E2 has a negative refractive power,
an object-side surface S3 of the second lens E2 1s a convex
surface, and an 1image-side surface S4 of the second lens E2
1s a concave surface. The third lens E3 has a positive
refractive power, an object-side surface S5 of the third lens
E3 1s a convex surface, and an image-side surface S6 of the
third lens E3 1s a convex surface. The fourth lens E4 has a
negative relfractive power, an object-side surface S7 of the
fourth lens E4 1s a concave surface, and an image-side
surface S8 of the fourth lens E4 1s a concave surface. The
fifth lens ES has a negative refractive power, an object-side
surface S9 of the fifth lens ES 1s a concave surface, and an
image-side surface S10 of the fifth lens E5 1s a convex
surface. The sixth lens E6 has a positive refractive power, an
object-side surface S11 of the sixth lens E6 1s a convex
surface, and an 1mage-side surface S12 of the sixth lens E6
1s a convex surface. The seventh lens E7 has a negative
refractive power, an object-side surface S13 of the seventh
lens E7 1s a concave surface, and an image-side surface S14
of the seventh lens E7 1s a concave surface. The optical filter
E8 has an object-side surface S15 and an 1mage-side surface
S16. Light from an object sequentially passes through the
surfaces S1-S16 and finally forms an 1mage on the image
plane S17.

Table 19 shows the surface type, the radius of curvature,
the thickness, the material and the conic coeflicient of each

lens of the optical imaging lens assembly 1n Embodiment 7.
The radius of curvature and the thickness are both 1n

millimeters (mm).

TABL.
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material

abbe

number

CONIC
coeflicient

refractive
index

radius of
curvature

thickness

infinite
0.7364
0.1091

infinite
1.6770
5.6504

1.55 56.1 —-0.0566

-9.5792
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surfaces. Table 20 shows the high-order coe:

surface

type

spherical
aspheric
aspheric
aspheric
aspheric
aspheric
aspheric
aspheric
aspheric
aspheric
aspheric
aspheric
aspheric
spherical
spherical
spherical

(1) given 1n Embodiment 1.

surface

number

S1
N
53
54
55
50
Ny
S8
59
S1

v v o
P ho — O

respective lenses 1n Embodiment 7, the total ef

A4

—-1.9030E-02
-5.4640E-02
—-1.1890E-01
—-7.0740E-02
—-6.6870E-02
—-1.0324E-01
-2.4602E-01
-1.8124E-01
—-1.6076E-01
-1.5446E-01
—2.3350E-02

3.3003E-02
-2.6632E-01
-1.6128E-01
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TABLE 19-continued
material
radius of refractive abbe CONIC
curvature thickness index number coeflicient
infinite 0.0400
5.5717 0.2300 1.67 20.4 -11.291%
3.5890 0.20%80 -4.6149
12.1907 0.4758 1.55 56.1 75.4970
—-9.4060 0.0600 48.6557
—58.4894 0.2539 1.67 20.4 99.0000
12.4212 0.1608 51.3574
-12.7628 0.2891 1.67 204 029118
—-16.5685 0.1617 447911
9.3158 0.4868 1.55 56.1 35.401%
-1.7122 0.3004 -9.0470
—2.9542 0.3262 1.54 55.7 -1.4352
1.6722 0.3045 -14.7187
infinite 0.1100 1.52 64.2
infinite 0.5573
infinite
As may be obtained from Table 19, in Embodiment 7, the TARIE 21
object-side surface and the image-side surface of any lens
among the first to seventh lenses E1-E7 are both aspheric 1 (rmm) 4.10 i{mm) 3.21
Ficient ; f2(mm) -15.89 TTL({mm) 4.81
_ | _ cients appii- 25 £3(mm) 9.80 ImgH(mm) 3.38
cable to each aspheric surface in Embodiment 7. The surface f4(mm) _15.37
type of each aspheric surtace may be defined by the formula fS(mm) ~86.08
TABLE 20
Ab AR AlO Al2 Al4
7.5352FE-02 -2.5016E-01 4.8666E-01 -6.0904E-01 4.8019E-01
1.2288E-02  2.6543FE-02 -7.7780E-02 9.9760b-02 -8.4420E-02
1.2950E-01 =-2.1427E-01 7.7503E-01 -1.6828E+4+00 2.1105E+00
2.4680E-02 7.2864E-01 -3.2732FE4+00 9.7183E+00 -1.8780E+01
8.0941FE-02 —-6.9384F-01 2.0745FE4+00 -3.6917E+00 3.3671E+00
6.9140E-02 2.0517E-01 -1.0637E+00 2.6216E+00 -3.6931LE+00
4.2832F-01 -1.4790FE+00 2.9561FE+00 -3.6749E+00 2.7958E+00
2.1875E-01 -2.3501E-01 -2.3922FE-01 9.5595E-01 -1.1901E+00
2.5397E-01 -4.9472E-01 1.18R0E+4+00 -2.6258E+00 3.5744F+00
1.4282E-01 7.1051E-01 -1.2868E+00 1.3156FE+00 -8.3280E-01
1.9653E-01 R&.8314E-02 4.7121FE-01 -1.0930E+00 1.0875E+00
1.5378E-01 2.0922E-01 -1.4299FE-01 4.3131E-02 1.588R0E-03
2.0595E-01 -1.1276E-01 6.6190E-02 -2.9530FE-02 R.2360E-03
1.3708E-01 -8.8350E-02 4.0417E-02 -1.2900E-02 2.7510E-03
surface
number Alb AlS A20
S1 -2.3186E-01 6.1452FE-02 -6.7700E-03
52 4.5863E-02 -1.4180E-02 1.8750FE-03
53 —1.5152E400 5.7618E-01 -8.7480FE-02
54 2.2425F+01 -1.4954E+01 4.2738E+00
S5 —5.6571E-01 -1.4283E+00 8.4680E-01
S0 3.2825FE+00 —-1.7308E+00 4.0448E-01
S7 -0.7928E-01 -1.1882E-01 1.3513E-01
S 7.5466F-01 -2.5232E-01 3.7370E-02
59 =2. 7909400 1.1589E+4+00 -1.9827E-01
S10 3.3780FE-01 -X8.1750E-02 &.8720E-03
S11 -5.8336FE-01 1.6465FE-01 -1.9120FE-02
512 -4 .6000E-03 1.1260E-03 -9.0000E-05
S13 -1.3600E-03 1.2300E-04 —-4.7000E-06
S14 -3.7000E-04 2.8100E-05 -9.1000E-07
Table 21 shows the eflective focal lengths 11-17 of the TABI E 21-continued
ective focal
length 1 of the optical imaging lens assembly, the total track f6(mm) 2.69
f7(mm) -1.94

length TTL of the optical imaging lens assembly, and the g5

half of the diagonal length ImgH of the ¢

‘ective pixel area

on the 1mage plane S17 of the optical imaging lens assembly.
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FIG. 14 A 1llustrates the longitudinal aberration curve of

the optical imaging lens assembly according to Embodiment

7, representing deviations of focal points of light of different

wavelengths converged after passing through the lens
assembly. FIG. 14B illustrates the astigmatic curve of the
optical imaging lens assembly according to Embodiment 7,
representing a curvature of the tangential image plane and a
curvature of the sagittal image plane. FIG. 14C illustrates
the distortion curve of the optical imaging lens assembly

1S-

according to Embodiment 7, representing amounts of ¢
tortion at different viewing angles. FIG. 14D illustrates the

lateral color curve of the optical imaging lens assembly

according to Embodiment 7, representing deviations of

different 1mage heights on the image plane after light passes

through the lens assembly. It can be seen from FIGS.
14A-14D that the optical imaging lens assembly according
to Embodiment 7 can achieve a good imaging quality.

Embodiment 8

An optical imaging lens assembly according to Embodi-
ment 8 of the present disclosure 1s described below with
reference to FIGS. 15-16D. FIG. 15 1s a schematic structural

diagram 1llustrating the optical 1maging lens assembly

according to Embodiment 8 of the present disclosure.

As shown 1n FIG. 15, the optical imaging lens assembly
according to the exemplary embodiments of the present
disclosure includes, sequentially from an object side to an
image side along an optical axis, a first lens E1, a diaphragm

surface
number

OBJ
S1
82
STO
S3
NE
S5
S0
Ny
S8
59
S1

ORORRGRRR,
AR W RO

STO, a second lens E2, a third lens E3, a fourth lens E4, a
fi;

f1

th lens ES, a sixth lens E6, a seventh lens E7, an optical
ter E8, and an image plane S17.
The first lens

object-side surface S1 of the first lens E1 1s a convex surface,

E1l has a positive relfractive power, an

and an 1mage-side surface S2 of the first lens E1 1s a concave

surface. The second lens E2 has a negative refractive power,

an object-side surface S3 of the second lens E2 15 a convex
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surface

type

spherical
aspheric
aspheric
spherical
aspheric
aspheric
aspheric
aspheric
aspheric
aspheric
aspheric
aspheric
aspheric
aspheric
aspheric
aspheric
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surface, and an 1mage-side surface S4 of the second lens E2
1s a concave surface. The third lens E3 has a positive
refractive power, an object-side surface S5 of the third lens

E3 1s a convex surface, and an 1mage-side surface S6 of the

third lens E3 1s a convex surface. The fourth lens E4 has a
negative refractive power, an object-side surface S7 of the
fourth lens E4 1s a concave surface, and an image-side
surface S8 of the fourth lens E4 1s a convex surface. The fifth

lens

ES has a negative refractive power, an object-side

surface S9 of the fifth lens ES 1s a concave surface, and an
image-side surface S10 of the fifth lens E5 1s a convex

surface. The sixth lens E6 has a positive refractive power, an

object-side surface 511 of the sixth lens E6 1s a convex

surface, and an 1image-side surface S12 of the sixth lens E6

1s a convex surface. The seventh lens E7 has a negative

refractive power, an object-side surface S13 of the seventh

lens E7 1s a concave surface, and an image-side surface S14

of the seventh lens E7 1s a concave surface. The optical filter
E8 has an object-side surtace S15 and an image-side surface
S16. Light from an object sequentially passes through the

surfaces S1-S16 and finally forms an 1image on the image
plane S17.

Table 22 shows the surface type, the radius of curvature,

the thickness, the material and the conic coeflicient of each

lens of the optical imaging lens assembly 1n Embodiment 8.
The radius of curvature and the thickness are both 1n

millimeters (mm).

TABLE 22

material

abbe

number

CONIC
coeflicient

refractive
index

radius of
curvature

thickness

infinite
0.6789
0.0977
0.0400
0.2346
0.2027
0.4580
0.0700
0.2631
0.1356
0.2662
0.1553
0.4670
0.3590
0.3083
0.3026
0.1100
0.5554

infinite
1.6681
6.4700
infinite
6.3252
4.1795
130.2306
—7.5496
-15.3798
-314.8320
—-8.3601
-13.4416
9.9106
-1.7365
-3.0354
1.6296
infinite
infinite

1.55 56.1 -0.1076

-14.5084

1.67 204 -13.9417
-7.9043
99.0000
53.9205
99.0000
—-99.0000
51.2127
—-78.7624
44.5943
-13.46660
—-1.3098

—-106.7446

1.55 56.1

1.67 204
1.67 204
1.55 56.1

1.54 55.7

herical 1.52 64.2

herical

sp|

60
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herical infinite

As may be obtained from Table 22, in Embodiment 8, the

object-side surface and the image-side surface of any lens

among the first to seventh lenses E1-E7 are both aspheric

surfaces. Table 23 shows the high-order coellicients appli-
cable to each aspheric surface in Embodiment 8. The surface
type of each aspheric surface may be defined by the formula

(1) given 1n Embodiment 1.
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TABLE 23

surface

number A4 Ab AR Al10 Al2 Al4 Al6 AlR A20

S1 -2.7000E-02 1.3381E-01 -4.7609E-01 1.0048E+00 -1.348E+00 1.1376E+00 -5.8510E-01 1.6553E-01 -1.9570E-02
82 —6.0890E-02 -4.5000E-05 1.4826E-01 -4.6498E-01 &.1381E-01 -8.9752E-01 6.0390E-01 -2.2540E-01 3.5723E-02
83 -1.3370E-01 2.4910E-01 -94772E-01 3.7054E+00 -8.9618E+00 1.3295E+01 -1.1864E+01 5.8601E+00 -1.2288E+00
sS4 -7.0870E-02 -9.3510E-02 1.3573E+00 -6.4228E+00 1.9222E+01 -3.6966E+01 4.4062E+01 -2.9617FE+01 &.6336E+00
85 -5.5950E-02 -1.4029E-01 7.2036E-01 -3.5267E+00 1.0430E+01 -1.9359E+01 2.2043E+01 -1.4172E+01 4.0089E+00
S6 -1.3976E-01 -1.5729E-01 1.6681E+00 -8.1718E+00 2.1503E+01 -3.3904E+01 3.2455E+01 -1.7436E+01 4.0322E+00
87 -3.0373E-01 5.7895E-01 -1.9464E+00 4.0577E+00 -5.6361E+00 4.8159E+00 -1.5019E+00 -8.6748E-01 5.9068E-01
S8 —1.8090E-01 -2.1730E-01 2.5574E+00 -9.4381E+00 1.8761E+01 -2.2527E+01 1.6492E+01 -6.8388E+00 1.2376EFE+00
89 —1.6898E-01 -2.8920E-02 1.3734E+00 -4.3093E+00 6.6017E+00 —-6.2090E+00 3.9630E+00 -1.6668E+00 3.4116E-01
510 -1.8094E-01 -1.1353E-01 7.5605E-01 1.2196E+00 5.9388E-01 4.9136E-01 -7.3783E-01 3.3389E-01 -5.3470E-02
S11 -9.4500E-03 -2.5279E-01 3.0755E-01 1.1036E-01 -8.5286E-01 1.0697E+00 -6.4076E-01 1.9293E-01 -2.3430E-02
812 -2.0570E-02 =-3.7170E-02 1.7938E-01 -2.8558E-01 2.3254E-01 -1.0782E-01 2.8998E-02 -4.2300E-03 2.6100E-04
S13 -3.0751E-01 3.4077E-01 -3.1625E-01 2.3588E-01 -1.1315E-01 3.3205E-02 -5.8000E-03 5.5300E-04 -2.2000E-05
514 -1.5369E-01 1.3093E-01 -8.9180E-02 4.3295E-02 -1.4420E-02 3.1540E-03 -4.3000E-04 3.2200E-05 -1.0000E-06

Table 24 shows the eflective focal lengths 11-17 of the

respective lenses in Embodiment 8, the total effective focal

length 1 of the optical imaging lens assembly, the total track

length TTL of the optical imaging lens assembly, and the

half of the diagonal length ImgH of the eflective pixel area

on the 1mage plane S17 of the optical imaging lens assembly.

TABLE 24
f1(mm) 3.92 f{mm) 3.82
f2(mm) -19.35 TTL(mm) 4.70
f3(mm) 13.09 ImgH(mm) 3.36
f4(mm) -24.30
f3(mm) -33.93
f6(mm) 2.75
f7(mm) -1.93

FIG. 16A 1llustrates the longitudinal aberration curve of

the optical imaging lens assembly according to Embodiment

8, representing deviations of focal points of light of different

wavelengths converged after passing through the lens
assembly. FIG. 16B illustrates the astigmatic curve of the
optical imaging lens assembly according to Embodiment 8,
representing a curvature of the tangential image plane and a
curvature of the sagittal image plane. FIG. 16C illustrates

the distortion curve of the optical imaging lens assembly

according to Embodiment 8, representing amounts of dis-
tortion at different viewing angles. FIG. 16D illustrates the

lateral color curve of the optical imaging lens assembly

according to Embodiment 8, representing deviations of

different image heights on the image plane after light passes

through the lens assembly. It can be seen from FIGS.
16 A-16D that the optical imaging lens assembly according
to Embodiment 8 can achieve a good imaging quality.

Embodiment 9

An optical imaging lens assembly according to Embodi-
ment 9 of the present disclosure 1s described below with
reference to FIGS. 17-18D. FIG. 17 1s a schematic structural

diagram 1illustrating the optical 1maging lens assembly

according to Embodiment 9 of the present disclosure.
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As shown in FIG. 17, the optical imaging lens assembly
according to the exemplary embodiments of the present
disclosure includes, sequentially from an object side to an
image side along an optical axis, a first lens E1, a diaphragm
STO, a second lens E2, a third lens F3, a fourth lens E4, a

fifth lens ES, a sixth lens E6, a seventh lens E7, an optical

filter E8, and an 1mage plane S17.
The first lens
object-side surface S1 of the first lens F1 1s a convex surface,

E1l has a positive refractive power, an

and an 1image-side surface S2 of the first lens E1 1s a concave

surface. The second lens E2 has a negative refractive power,

an object-side surface S3 of the second lens E2 15 a convex
surface, and an 1mage-side surface S4 of the second lens E2
1s a concave surface. The third lens E3 has a positive
refractive power, an object-side surface S5 of the third lens
E3 1s a convex surface, and an image-side surface S6 of the

third lens E3 1s a convex surface. The fourth lens E4 has a
negative relfractive power, an object-side surface S7 of the

fourth lens
surface S8 of the fourth lens E4 1s a concave surface. The

E4 1s a concave surface, and an image-side

fifth lens ES has a negative refractive power, an object-side

surface S9 of the fifth lens ES 1s a concave surface, and an
image-side surface S10 of the fifth lens ES 1s a convex
surface. The sixth lens E6 has a positive refractive power, an

object-side surface S11 of the sixth lens E6 1s a convex

surface, and an 1mage-side surface S12 of the sixth lens E6

1s a convex surface. The seventh lens E7 has a negative

refractive power, an object-side surface S13 of the seventh

lens E7 1s a concave surface, and an image-side surface S14

of the seventh lens E7 1s a concave surface. The optical filter
E8 has an object-side surface S15 and an 1mage-side surface
S16. Light from an object sequentially passes through the
surfaces S1-S16 and finally forms an 1image on the image
plane S17.

Table 25 shows the surface type, the radius of curvature,

the thickness, the material and the conic coeflicient of each
lens of the optical imaging lens assembly 1n Embodiment 9.
The radius of curvature and the thickness are both in

millimeters (mm).
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TABLE 25

surface surface radius of material
number type curvature thickness refractive index abbe number  conic coeflicient
OBIJ spherical infinite infinite
S1 aspheric 1.6562 0.6938 1.55 56.1 -0.1366
S2 aspheric 7.0991 0.0933 -14.5353
STO spherical infinite 0.0400
S3 aspheric 6.6566 0.2326 1.67 20.4 3.0678
S4 aspheric 3.9957 0.2121 —-3.4649
S35 aspheric 33.3863 0.4559 1.55 56.1 99.0000
S6 aspheric —-8.6820  0.0700 61.8981
S7 aspheric -32.6449  0.2499 1.67 20.4 22.6435
S8 aspheric 19.5229 0.1578 49,7187
S9 aspheric -11.1681 0.2980 1.67 20.4 83.6636
S10 aspheric -16.5667  0.1557 14.42777
S11 aspheric 10.1120 0.4563 1.55 56.1 44,6883
S12 aspheric -1.7208  0.3271 -11.4462
S13 aspheric -3.0226  0.3009 1.54 55.7 -1.3309
S14 aspheric 1.6395 0.2919 -16.1993
S15 spherical infinite 0.1100 1.52 64.2
S16 spherical infinite 0.5447
S17 spherical infinite

As may be obtained from Table 23, in Embodiment 9, the
object-side surface and the image-side surface of any lens
among the first to seventh lenses E1-E7 are both aspheric
surfaces. Table 26 shows the high-order coeflicients appli-
cable to each aspheric surface in Embodiment 9. The surface
type of each aspheric surtace may be defined by the formula
(1) given 1n Embodiment 1.

25

wavelengths converged after passing through the lens
assembly. FIG. 18B illustrates the astigmatic curve of the
optical imaging lens assembly according to Embodiment 9,
representing a curvature of the tangential image plane and a
curvature of the sagittal image plane. FIG. 18C illustrates
the distortion curve of the optical imaging lens assembly
according to Embodiment 9, representing amounts of dis-

TABLE 26

surface

number A4 Ab AR Al10 Al2 Al4 Al6 AlR A20

S1 -2.2620E-02 1.0553E-01 -=3.7553E-01 7.8141E-01 -1.0466E+00 &.8543FE-01 -4.6094E-01 1.3307E-01 -1.6160E-02
82 —-6.0040E-02 —-1.0330E-02 2.0487E-01 -6.1586E-01 1.0285E+00 —-1.0673E+00 6.7380E-01 -2.3631E-01 3.5264E-02
83 -1.2715E-01 1.9884E-01 -=5.0188E-01 1.9033E+00 —-4.6772E+00 6.9937E+00 -6.2273E+00 3.0508E+00 -6.3124E-01
S84 ~-7.2510E-02 —-6.9990E-02 1.4853E+00 -7.8475E+00 2.5424E+01 -5.1810E+01 6.4338E+01 -4.4436FE+01 1.3136E+01
S5 -8.4960E-02 1.2516E-01 -1.1373E+00 4.4366E+00 —-1.0823E+01 1.6138E+01 -1.3829E+01 5.7840E+00 -6.4253E-01
S6 -2.1479E-01 5.3499E-01 -2.4030E+00 6.3186E+00 —-1.0998E+01 1.2640E-01 -8.9673E+00 3.4515E+00 -5.3232E-01
S7 -3.2318E-01 6.8338E-01 -2.2423E+00 4.2313E+00 —-4.4320E+00 1.5752E+00 1.8228E+00 -2.3198E+00 7.7517E-01
S8 -2.1930E-01 2.5688E-01 3.2200E-03 -1.6873E+00 4.5341E+00 -6.1466E+00 4.7670E+00 -2.0287E+00 3.7102E-01
S9 -1.7134E-01 1.2516E-01 3.4906E-01 -1.4318E+00 2.0855E+00 -1.6302E+00 7.2452E-01 -1.7717E-01 2.0883E-02
S10 ~1.7822E-01 =-9.1830E-02 6.9725E-01 -1.3950E+4+00 14778E+00 -9.1275E-01 3.3653E-01 -6.9360E-02 6.1290E-03
S11 -8.6500E-03 -3.7510E-01 7.9218E-01 -9.1083E-01 4.8218E-01 -2.1400E-02 -1.0577E-01 4.9792E-02 -7.3900E-03
812 5.1810E-03 =1.4263E-01 3.5248E-01 -4.3468E-01 3.0218E-01 -1.2372E-01 2.9730E-02 -3.9000E-03 2.1500E-04
S13 -3.0314E-01 3.2065E-01 -2.7383E-01 1.9151E-01 -R8.7630E-02 2.4717E-02 -4.1700E-03 3.8800E-04 -1.5000E-05
814 -1.5355E-01 1.3084E-01 -8.7770E-02 4.1201E-02 -1.3150E-02 2.7380E-03 -=-3.5000E-04 2.4600E-05 -7.0000E-07

Table 27 shows the eflective focal lengths f1-f701 the
respective lenses 1n Embodiment 9, the total effective focal
length 1 of the optical imaging lens assembly, the total track
length TTL of the optical imaging lens assembly, and the
half of the diagonal length ImgH of the effective pixel area
on the 1mage plane S17 of the optical imaging lens assembly.

TABLE 27
f1(mm) 3.79 f{mm) 3.87
f2(mm) —-135.56 TTL(mm) 4.69
f3(mm) 12.67 ImgH(mm) 3.36
f4(mm) -18.32
f3(mm) -52.64
f6(mm) 2.73
f7(mm) -1.94

50

55

60

FIG. 18A 1illustrates the longitudinal aberration curve of 65

the optical imaging lens assembly according to Embodiment
9, representing deviations of focal points of light of different

tortion at different viewing angles. FIG. 18D illustrates the
lateral color curve of the optical imaging lens assembly
according to Embodiment 9, representing deviations of
different image heights on the image plane after light passes

through the lens assembly. It can be seen from FIGS.
18A-18D that the optical imaging lens assembly according
to Embodiment 9 can achieve a good imaging quality.

Embodiment 10

An optical imaging lens assembly according to Embodi-
ment 10 of the present disclosure 1s described below with
reference to FIGS. 19-20D. FIG. 19 1s a schematic structural
diagram 1illustrating the optical 1maging lens assembly
according to Embodiment 10 of the present disclosure.

As shown 1n FIG. 19, the optical imaging lens assembly
according to the exemplary embodiments of the present
disclosure includes, sequentially from an object side to an
image side along an optical axis, a first lens E1, a diaphragm
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STO, a second lens E2, a third lens E3, a fourth lens E4, a
fifth lens ES, a sixth lens E6, a seventh lens E7, an optical
filter E8, and an image plane S17.

The first lens E1 has a positive refractive power, an

object-side surface S1 of the first lens E1 is a convex surface, °
and an 1mage-side surface S2 of the first lens E1 1s a concave
surface. The second lens E2 has a negative refractive power,
an object-side surface S3 of the second lens E2 1s a convex
surface, and an 1image-side surface S4 of the second lens E2
. . - .. 10
1s a concave surface. The third lens E3 has a positive
refractive power, an object-side surface S5 of the third lens
E3 1s a convex surface, and an image-side surface S6 of the
third lens E3 1s a convex surface. The fourth lens E4 has a
negative refractive power, an object-side surface S7 ot the .
fourth lens E4 1s a concave surface, and an image-side
surtace S8 of the fourth lens E4 1s a concave surface. The
fifth lens ES has a positive refractive power, an object-side
surface surface
number type
OBJ spherical
S1 aspheric
S2 aspheric
STO spherical
S3 aspheric
S4 aspheric
S5 aspheric
S6 aspheric
S7 aspheric
S8 aspheric
S9 aspheric
S10 aspheric
S11 aspheric
S12 aspheric
S13 aspheric
S14 aspheric
S15 spherical
S16 spherical
S17 spherical
45
TABL.
surface
number A4 Ab AR Al0
S1 -1.7380E-02  7.7566E-02 -.2.8554F-01 0.0469E-01
852 -6.2860E-02  ¥.9000E-03 1.1926E-01 -3.9342E-01
53 —1.3630E-01 1.7966E-01 -3.1396E-01 1.1530E+00
sS4 —8.2400E-02 -7.8900E-03 9.9858E-01 —-5.1836E+00
N -7.9330E-02 1.6065E-01 -1.4462E+00 5.8240E+00
S0 —1.7268E-01 1.9280E-01 —8.8212E-01 2.0155E+00
ST -2.9779E-01 54750E-01 —1.8255E+400 3.8506E+00
S8 —2.1558E-01 3.6186E-01 —6.5395E-01 6.2028E-01
59 —1.8084E-01 1.1928E-01 3.7779E-01 -1.6145E+400
510 —1.9847E-01 0.1582E-02 1.3811E-01 -3.1057E-01
S11 —2.3980E-02 -2.1877E-01 3.5142E-01 —2.6565E-01
512 -1.9100E-02 -4.3450E-02 1.6225E-01 —2.2485E-01
513 —-3.0199E-01 3.1892E-01  -2.7941E-01 2.0261E-01
514 —1.5254E-01 1.2322E-01 —7.6850E-02 3.3295E-02

38

surface S9 of the fifth lens ES 1s a concave surface, and an
image-side surface S10 of the fifth lens E5 1s a convex
surface. The sixth lens E6 has a positive refractive power, an
object-side surface S11 of the sixth lens E6 1s a convex
surface, and an 1image-side surface S12 of the sixth lens E6
1s a convex surface. The seventh lens E7 has a negative
refractive power, an object-side surface S13 of the seventh
lens E7 1s a concave surface, and an image-side surface S14
of the seventh lens E7 1s a concave surface. The optical filter
E8 has an object-side surface S15 and an image-side surface
S16. Light from an object sequentially passes through the
surfaces S1-S16 and finally forms an 1image on the image
plane S17.

Table 28 shows the surface type, the radius of curvature,
the thickness, the material and the conic coeflicient of each
lens of the optical imaging lens assembly in Embodiment 10.
The radius of curvature and the thickness are both 1n
millimeters (mm).

TABLE 28
radius of material CONIC
curvature thickness  refractive index abbe number coeflicient
infinite infinite
1.6490 0.6904 1.55 56.1 -0.1181
5.91R80 0.1016 -15.7506
infinite 0.0400
5.6983 0.2300 1.67 20.4 —7.0855
3.5428% 0.2082 —-3.9431
14.2190 0.4622 1.55 56.1 —-23.9406
-9.7417 0.0600 58.7646
—119.8980 0.2407 1.67 204 99.0000
10.0940 0.1493 -70.8319
—-65.0945 0.3006 1.67 204 —-99.0000
-61.8179 0.1830 -99.0000
10.1306 0.4706 1.55 56.1 44.5735
-1.7183 0.3213 -11.9523
-3.0241 0.3042 1.54 55.7 -1.3600
1.6394 0.2907 —-15.7329
infinite 0.1100 1.52 64.2
infinite 0.5435
infinite

As may be obtained from Table 28, in Embodiment 10,
the object-side surface and the image-side surface of any
lens among the first to seventh lenses E1-E7 are both
aspheric surfaces. Table 29 shows the high-order coeflicients
applicable to each aspheric surface in Embodiment 10. The
surface type of each aspheric surface may be defined by the
formula (1) given in Embodiment 1.

-, 29
Al2 Al4 Alb AlR A20

-8.1997E-01 0.9609E-01 =3.6082E-01 1.0257E-01 -1.2110E-02
6.7405E-01 -7.1367E-01  4.5798E-01 -1.6266FE-01 2.4514E-02
=2.7793E+00  3.9676E+00 -3.3025E+00 1.4884E4+00 -2.7783E-01
1.6731E+01 -3.4440E4+01  4.3488E+01 -3.0018E+01 9.2406E+00
-1.4636E+01  2.2568E+01 -2.0366E+01 9.4812E+00 -1.5474E+00
—2.9087E+00  2.5489E+00 -94930E-01 -2.0031E-01 1.8613E-01
=5.1559E+00  4.2182E+00 -1.7133E4+00 3.9857E-02 1.2704E-01
-1.7674E-01 -3.1684E-01  3.9401FE-01 -1.8547E-01 3.5077E-02
2.0098E4+00 =2.5092FE4+00  1.3608E+00 -3.7880E-01 3.9035FE-02
2.4267E-01 -6.3750E-02 -5.2000E-03 3.5010E-03 -6.2000E-05
-5.8380E-02  2.3261E-01 -1.5984E-01 4.8651E-02 -5.7000E-03
1.6350E-01 -6.8010FE-02  1.6380E-02 -2.1400E-03 1.1700E-04
-9.5650E-02  2.7733E-02 -4.8100E-03 4.5900E-04 -1.9000E-05
—-9.7300E-03 1.8120E-03 -2.0000E-04 1.0400E-05 -1.3000E-07
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Table 30 shows the effective focal lengths 11-17 of the
respective lenses in Embodiment 10, the total eflective focal
length 1 of the optical imaging lens assembly, the total track
length TTL of the optical imaging lens assembly, and the
half of the diagonal length ImgH of the effective pixel area
on the 1mage plane S17 of the optical imaging lens assembly.

TABLE 30

f{mm)
TTL(mm)
ImgH(mm)

f1(mm)
f2(mm)
f3(mm)
f4(mm)
f3(mm)
f6(mm)
f7(mm)

3.96
-14.69
10.66
-13.97
1779.54
2.73
-1.94

3.89
4.71
3.34

FIG. 20A 1llustrates the longitudinal aberration curve of
the optical imaging lens assembly according to Embodiment
10, representing deviations of focal points of light of dii-
terent wavelengths converged after passing through the lens
assembly. FIG. 20B 1illustrates the astigmatic curve of the
optical imaging lens assembly according to Embodiment 10,
representing a curvature of the tangential image plane and a
curvature of the sagittal image plane. FIG. 20C illustrates
the distortion curve of the optical imaging lens assembly
according to Embodiment 10, representing amounts of dis-
tortion at different viewing angles. FIG. 20D 1illustrates the
lateral color curve of the optical imaging lens assembly
according to Embodiment 10, representing deviations of
different image heights on the image plane after light passes
through the lens assembly. It can be seen from FIGS.
20A-20D that the optical imaging lens assembly according
to Embodiment 10 can achieve a good imaging quality.

Embodiment 11

An optical imaging lens assembly according to Embodi-
ment 11 of the present disclosure 1s described below with

surface surface

number

type
OBJ

51
52
STO
53
54
85
S0
Ny
S8
59
S1

ORORORORORN
DO AW~ O

aspheric
aspheric
spherical

asp!
asp!
asp!
aspl
asp!
aspl
asp!
asp!
asp!
asp!

heric
eric
eric
heric
eric
heric
eric
heric
eric
heric
eric

asp!
asp!

spherical
spherical
spherical

Neric

reference to FIGS. 21-22D. FIG. 21 1s a schematic structural
diagram 1illustrating the optical imaging lens assembly
according to Embodiment 11 of the present disclosure.

As shown 1n FIG. 21, the optical imaging lens assembly
according to the exemplary embodiments of the present

disclosure includes, sequentially from an object side to an
image side along an optical axis, a first lens E1, a diaphragm
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STO, a second lens E2, a third lens E3, a fourth lens E4, a
fifth lens ES, a sixth lens E6, a seventh lens E7, an optical
filter E8, and an image plane S17.

The first lens E1 has a positive relfractive power, an
object-side surface S1 of the first lens E1 1s a convex surface,
and an 1mage-side surface S2 of the first lens E1 1s a concave
surface. The second lens E2 has a negative refractive power,
an object-side surface S3 of the second lens E2 1s a convex
surface, and an 1image-side surface S4 of the second lens E2
1s a concave surface. The third lens E3 has a positive
refractive power, an object-side surface S5 of the third lens
E3 1s a convex surface, and an 1mage-side surface S6 of the
third lens E3 1s a convex surface. The fourth lens E4 has a
negative relfractive power, an object-side surface S7 of the
fourth lens E4 1s a convex surface, and an image-side surface
S8 of the fourth lens E4 1s a concave surface. The fifth lens
ES has a negative refractive power, an object-side surface S9
of the fifth lens E5 1s a concave surface, and an image-side
surface S10 of the fifth lens ES 1s a convex surface. The sixth
lens E6 has a positive refractive power, an object-side
surface S11 of the sixth lens E6 1s a convex surface, and an
image-side surface S12 of the sixth lens E6 1s a convex
surface. The seventh lens E7 has a negative refractive power,
an object-side surface S13 of the seventh lens E7 1s a
concave surface, and an 1mage-side surface S14 of the
seventh lens E7 1s a concave surface. The optical filter ES

has an object-side surface S15 and an 1mage-side surface
S16. Light from an object sequentially passes through the
surfaces S1-S16 and finally forms an 1mage on the image
plane S17.

Table 31 shows the surface type, the radius of curvature,
the thickness, the material and the conic coetlicient of each
lens of the optical imaging lens assembly in Embodiment 11.
The radius of curvature and the thickness are both 1n
millimeters (mm).

TABLE 31
radius of material
curvature thickness refractive index abbe number conic coefficient
infinite infinite
1.6412 0.6986 1.55 56.1 -0.1192
5.7580 0.1026 -16.4815
infinite 0.0400
5.4284 0.2300 1.67 20.4 ~7.9765
3.4584 0.2055 —-3.4895
13.0646 0.4471 1.55 56.1 37.588%6
-17.9056 0.0650 -99.0000
39.5440 0.2793 1.67 20.4 -62.8799
16.3602 0.1737 47.7653
-12.1547 0.2692 1.67 20.4 R7.3608
—18.7459 0.1845 -64.7304
10.5842 0.4978% 1.55 56.1 41.4357
-1.7131 0.2741 —11.0587
-3.0050 0.3066 1.54 55.7 —-1.3581
1.6121 0.2976 —-15.7143
infinite 0.1100 1.52 64.2
infinite 0.5504
infinite

As may be obtained from Table 31, in Embodiment 11, the
object-side surface and the image-side surface of any lens
among the first to seventh lenses E1-E7 are both aspheric
surfaces. Table 32 shows the high-order coellicients appli-
cable to each aspheric surface in Embodiment 11. The
surface type of each aspheric surface may be defined by the
formula (1) given 1n Embodiment 1.




surface
number

51
82
53
54
85
50
Ny
S8
59
S1

v v o
ot b — O

A4

—-1.6240E-02
-6.3190E-02
—-1.3608E-01
-7.9540E-02
-7.9240E-02
-2.2401E-01
-3.0103E-01
—-1.8959E-01
—-1.6698E-01
-1.9234E-01
-2.3410E-02
-3.1300E-03
-3.0455E-01
-1.5685E-01

41

Al

7.0344E-02
1.1604E-02
1.8562E-01
—-2.5910E-02
1.6525E-01
4.2030F-01
5.64606E-01
2.3251E-01
1.0682E-01
5.4477E-02
-2.4441E-01
-8.8940E-02
3.1545E-01
1.3077E-01

AR

-2.6148E-01
9.7205E-02
-3.9985E-01
1.0713E4+00
—-1.3571E+00
—-1.9596E+00
-1.9663E+00
-2.5152E-01
2.8352E-01
1.6822E-01
4.9879E-01
2.015311-01
-2.6327E-01
-8.3160E-02
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TABL.

Al0

5.4968E-01
-3.2132E-01
1.5701E+00
—-5.2608E+00
5.3378E+00
5.0196E+00
4.6390E4+00
-1.8550E-01
—-1.0654E+00
-3.5857E-01
-6.3858E-01
—-2.2562E-01
1.8306E-01
3.6409E-02

42
H 32
Al2 Al4 Al6 AlS8 A20

_7.3946E-01  6.2268E-01 -3.2092E-01 9.0937E-02 —-1.0720E-02
54132E-01 -5.6494E-01  3.5854E-01 —-1.2624E-01 1.8889E-02
_3.8063E+00  5.7667E+00 —5.0323FE+00 2.4024E+00 —-4.8255E-01
1.6271E+01 =3.2328E+01  3.9608F+01 —-2.7157E+01 8.0043E+00
“1.1373E+01  2.0927E+01 -1.9571E+01 9.7706E+00 —1.8691E+00
_1.0869E+01  1.3811E+01 -1.0781E+01 4.6252E+00 —8.3228E-01
_7.4520E4+00  7.9855F4+00 —5.2942FE+00 1.9057E+00 —2.8973E-01
0.5978FE-01 -1.4359E4+00  1.1311E+00 —4.7758E-01 8.6829E—02
1.4622F+00 —1.0733E+00  3.9277E-01 —3.5080E-02 —1.0150E—-02
2.9158E-01 -1.0800E-01  2.5089E-02 —8.2900E-03 1.8160E-03
4.9699FE-01 =2.6359E-01  1.0016E-01 —2.4950E-02 2.9750E-03
1.4146E-01 —5.1430E-02  1.0732E-02 —1.1900E-03 5.3100E-05
~8.3550E-02  2.3428E~02 -3.9200E-03 3.6000E-04 —1.4000E-05
_1.0670E-02  1.9720E-03 -2.1000E-04 9.9900E-06 —5.5000E—08

Table 33 shows the eflective focal lengths 11-17 of the
respective lenses 1n Embodiment 11, the total eflective focal
length 1 of the optical imaging lens assembly, the total track
length TTL of the optical imaging lens assembly, and the
half of the diagonal length ImgH of the effective pixel area
on the 1image plane S17 of the optical imaging lens assembly.

20

25
TABLE 33
f1(mm) 3.97 f{mm) 3.95
f2(mm) -15.02 TTL(mm) 4.73
f3(mm) 13.91 ImgH(mm) 3.35
f4(H1H1) -42.12 30
f3(mm) -52.79
f6(mm) 2.74
f7(mm) -1.91

FIG. 22A 1llustrates the longitudinal aberration curve of
the optical imaging lens assembly according to Embodiment
11, representing deviations of focal points of light of dii-
terent wavelengths converged after passing through the lens
assembly. FIG. 22B illustrates the astigmatic curve of the
optical imaging lens assembly according to Embodiment 11,
representing a curvature of the tangential image plane and a
curvature of the sagittal image plane. FIG. 22C illustrates
the distortion curve of the optical imaging lens assembly
according to Embodiment 11, representing amounts of dis-
tortion at different viewing angles. FIG. 22D illustrates the
lateral color curve of the optical imaging lens assembly
according to Embodiment 11, representing deviations of
different image heights on the image plane after light passes
through the lens assembly. It can be seen from FIGS.
22 A-22D that the optical imaging lens assembly according
to Embodiment 11 can achieve a good 1imaging quality.
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Embodiment 12

An optical imaging lens assembly according to Embodi-
ment 12 of the present disclosure 1s described below with
reference to FIGS. 23-24D. FIG. 23 1s a schematic structural
diagram 1llustrating the optical 1maging lens assembly
according to Embodiment 12 of the present disclosure.

55

As shown 1n FIG. 23, the optical imaging lens assembly
according to the exemplary embodiments of the present
disclosure includes, sequentially from an object side to an
image side along an optical axis, a first lens E1, a diaphragm
STO, a second lens E2, a third lens E3, a fourth lens E4, a
fifth lens ES, a sixth lens E6, a seventh lens E7, an optical
filter E8, and an 1mage plane S17.

The first lens E1 has a positive relfractive power, an
object-side surface S1 of the first lens F1 1s a convex surface,
and an 1mage-side surface S2 of the first lens F1 1s a concave
surface. The second lens E2 has a negative refractive power,
an object-side surface S3 of the second lens E2 1s a convex
surface, and an 1image-side surface S4 of the second lens E2
1s a concave surface. The third lens E3 has a positive
refractive power, an object-side surface S5 of the third lens
E3 1s a convex surface, and an image-side surface S6 of the
third lens E3 1s a concave surface. The fourth lens E4 has a
positive refractive power, an object-side surtace S7 of the
tourth lens E4 1s a convex surface, and an image-side surface
S8 of the fourth lens E4 1s a concave surface. The fifth lens
ES has a negative refractive power, an object-side surface S9
of the fifth lens ES 1s a concave surface, and an image-side
surface S10 of the fifth lens ES 1s a convex surface. The sixth
lens E6 has a positive refractive power, an object-side
surface S11 of the sixth lens E6 1s a convex surface, and an
image-side surface S12 of the sixth lens E6 1s a convex
surface. The seventh lens E7 has a negative refractive power,
an object-side surface S13 of the seventh lens E7 i1s a
concave surface, and an i1mage-side surface S14 of the
seventh lens E7 1s a concave surface. The optical filter ES
has an object-side surface S15 and an image-side surface
S16. Light from an object sequentially passes through the
surfaces S1-S16 and finally forms an 1image on the image
plane S17.

Table 34 shows the surface type, the radius of curvature,
the thickness, the material and the conic coetlicient of each
lens of the optical imaging lens assembly 1n Embodiment 12.

The radius of curvature and the thickness are both i1n
millimeters (mm).

TABLE 34
surface surface radius of material
number type curvature thickness refractive index abbe number conic coeflicient
OBIJ spherical infinite infinite
S1 aspheric 1.6368 0.6978 1.55 56.1 -0.1191
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TABLE 34-continued
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surface surface radius of material
number type curvature thickness refractive index abbe number conic coeflicient
S2 aspheric 5.7298 0.1028 —-16.7004
STO spherical infinite 0.0400
S3 aspheric 5.3950 0.2300 1.67 204 -7.9391
S4 aspheric 3.4031 0.2045 -3.1585
S5 aspheric 11.9768 0.4273 1.55 56.1 33.1956
S6 aspheric 100.0000 0.0650 -99.0000
S7 aspheric 11.0278 0.2783 1.67 204 -35.9270
S8 aspheric 154004  0.1793 89.0948
S9 aspheric -12.6749  0.2610 1.67 204 87.5077
S10 aspheric -20.9226  0.1963 —-99.0000
S11 aspheric 10.3194  0.5021 1.55 56.1 42.4025
S12 aspheric —-1.7145 0.2653 -10.9203
S13 aspheric -3.0009  0.3030 1.54 55.7 —-1.353%8
S14 aspheric 1.5936 0.2901 —-15.6887
S15 spherical infinite 0.1100 1.57 64.2
S16 spherical infinite 0.5429
S17 spherical infinite

As may be obtained from Table 34, in Embodiment 12, > FIG. 24A i

the object-side surface and the image-side surface of any
lens among the first to seventh lenses E1-E7 are both

aspheric surfaces. Table 35 shows the high-order coet
applicable to each aspheric surface 1n -
surface type of each aspheric surface may be defined by the

formula (1) given in Embodiment 1.

mbodiment 12. T
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llustrates the longitudinal aberration curve of

the optical imaging lens assembly according to Embodiment

12, representing deviations of focal points of light of dii-

terent wavelengths converged after passing through the lens

assembly. FIG. 24B illustrates the astigmatic curve of the

optical imaging lens assembly according to Embodiment 12,

TABLE 35

surface

number Ab AR Al0 Al2 Al4 Al6 AlR A20

S1 -1.4420E-02  5.8328E-02  -2.2036E-01 4.6401E-01 -=6.2591E-01 5.2639FE-01 =2.7046E-01 7.6127E-02 -R8.8700E-03
82 -6.3200E-02 1.0365E-02 1.0113E-01 -3.3138E-01 5.6127E-01 —=5.8938E-01 3.7619E-01 -1.3319E-01 2.0041E-02
83 -1.3583E-01 1.8423E-01 -3.9722E-01 1.5816E+00 =3.9708E+4+00  5.9412E+00 =5.2412E+00 2.5294E+4+00 -5.1357E-01
S84 ~-7.9920E-02 -3.6300E-03 R.8641E-01 —4.3594E+00 1.3594FE+01 -=2.7436E+01 3.4222E+01 -2.3885E+01 7.1622E+00
S5 ~7.7760E-02 1.3463E-01 -1.1467E+00 4.5245E4+00 —-1.1454E+01 1.8127E+01 —1.7135E+01 R.6299E+00 -1.6539E+00
S6 -2.4825E-01 5.5658FE-01 -2.5078E+00 7.0824E+00 -1.3517E+01 1.6976E+01 —-1.3167E+01 5.6618E+00 —-1.0329E+00
S7 -3.1361E-01 7.0620E-01 —-2.7089E+00 7.0846E+00 -1.2641E+01 1.5041E+01 -1.1275E+01 4.8087E+00 -9.1042E-01
S8 —-1.7584E-01 1.5842E-01 -7.0100E-03  -7.5617E-01 1.9530E+00 =2.6181E+00  2.0132E+00 -84612E-01 1.5239E-01
S9 -1.7130E-01 1.4790E-01 34917E-02  —-4.1790E-01 5.6992FE-01 -=-3.63371E-01 6.7390E-02 4.1375E-02 -1.6240E-02
S10 -1.9690E-01 1.1871E-01 ~7.6880E-02 1.2201E-01 =2.5342E-01 2.6379FE-01 -=1.2553E-01 2.4995E-02 -1.2500E-03
S11 -3.3320E-02 -1.6708E-01 2.8210E-01 —-2.9849E-01 1.7105E-01 -6.2290E-02  2.0035E-02 -5.9200E-03 9.1100E-04
812 -5.3000E-03 -=7.0400E-02 1.4942FE~01 —-1.5643E-01 9.0951E-02 =2.9930E-02  5.4000E-03 -4.7000E-04 1.2800E-05
S13 -3.0506E-01 3.1576E-01 -2.6300E-01 1.8255E-01 -8.3170E-02  2.3271E-02 -=3.8R00E-03 3.5600E-04 -1.4000E-05
814 -1.5689E-01 1.2924E-01  =7.995013-02 3.3529E-02 -=9.2200E-03 1.5290E-03 -=1.3000E-04 1.8700E-06 2.8900E-07
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Table 36 shows the ef
respective lenses 1n

ective focal lengths 11-17 of the

Hmbodiment 12, the total eflective focal

length 1 of the optical imaging lens assembly, the total track
length TTL of the optical imaging lens assembly, and the
half of the diagonal length ImgH of the ¢
on the 1image plane S17 of the optical imaging lens assembly.

f1(mm)
f2(mm)
f3(mm)
f4(mm)
f3(mm)
f6(mm)
f7(mm)

TABLE 36
3.96 f{mm)
-14.51 TTL(mm)
24.88 ImgH(mtn)
56.90
-48.92
2.73
-1.90

"y

3.91
4.70
3.35
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representing a curvature of the tangential image plane and a

curvature of the sagittal image plane. FIG. 24C illustrates

the distortion curve of the optical imaging lens assembly

according to .

“mbodiment 12, representing amounts of dis-

tortion at different viewing angles. FIG. 24D illustrates the

lateral color

according to

curve of the optical imaging lens assembly

Embodiment 12, representing deviations of

different 1mage heights on the image plane after light passes

through the lens assembly. It can be seen from FIGS.

24 A-24D that the optical imaging lens assembly according

to Embodiment 12 can achieve a good imaging quality.

To sum up, Embodiments 1-12 respectively satisty the

relationships shown 1n Table 37 below.
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TABLE 37

Conditional Embodiment

Expression 1 2 3 4 5 6 7 8 9 10 11 12
t/EPD 1.58 1.60 1.61 1.65 1.69 1.62 1.67 1.74 1.74 1.75 1.76 1.75
1112/134 0.06 0.18 0.19 0.20 0.20 0.19 0.20 0.16 0.12 0.12 0.24 0.28
12/17 4.94 8.49 R.47 8.31 7.75 7.93 8.18 10.02 8.03 7.59 7.86 7.66
R1/R4 0.63 0.48 0.46 0.48 0.48 0.44 0.47 0.40 0.41 0.47 0.47 0.48
R12/R14 —0.88% —(0.98 -1.02 -1.01 -1.02 -1.07 -1.02 -1.07 —-1.05 -1.05 -1.06 —-1.08
TTL/ImgH 1.48% 1.44 1.44 1.44 1.43 1.44 1.42 1.40 1.40 1.41 1.41 1.40
t/17 -1.99 -2.02 -2.01 -2.01 -2.04 -2.03 -2.01 -1.98% —-2.00 -2.01 -2.07 -2.06
CTé6 (mm) 0.61 0.50 0.49 0.52 0.49 0.49 0.49 0.47 0.46 0.47 0.50 0.50
f1/R1 2.20 2.45 2.51 2.37 2.42 2.55 2.44 2.35 2.29 2.40 2.42 2.42
CT1/12 -0.08% —-0.05 —-0.05 —-0.05 —-0.05 —0.05 —-0.05 -0.04 -0.04 —-0.05 -0.05 —-0.05
f6/17 -1.08% —-1.37 -1.37 -1.40 -1.39 -1.38 -1.39 -1.42 -1.41 -1.41 -1.43 -1.44
{7/R14 -1.28% -1.14 -1.17 -1.15 -1.16 -1.20 -1.16 -1.19 -1.18 -1.1% -1.19 -1.19
f6/13 0.38 0.23 0.24 0.24 0.27 0.11 0.27 0.21 0.22 0.26 0.20 0.11

The present disclosure further provides an imaging device
having a photosensitive element which may be a photosen-
sitive charge-coupled device (CCD) or complementary
metal-oxide semiconductor (CMOS) element. The imaging,
device may be an independent imaging device such as a
digital camera, or may be an imaging module integrated 1n
a mobile electronic device such as a mobile phone. The
imaging device 1s equipped with the optical 1imaging lens
assembly described above.

The foregoing 1s only a description for the preferred
embodiments of the present disclosure and the applied
technical principles. It should be appreciated by those
skilled 1n the art that the mmventive scope of the present
disclosure 1s not limited to the technical solution formed by
the particular combinations of the above technical features.
The mventive scope should also cover other technical solu-
tions formed by any combinations of the above technical
features or equivalent features therecof without departing
from the concept of the invention, for example, technical
solutions formed by replacing the features as disclosed 1n the
present disclosure with (but not limited to) technical features
with similar functions.

What 1s claimed 1s:

1. An optical imaging lens assembly comprising, sequen-
tially from an object side to an 1image side along an optical
axis, a first lens, a second lens, a third lens, a fourth lens, a
fifth lens, a sixth lens, and a seventh lens,

wherein the first lens has a positive refractive power, an

object-side surface of the first lens 1s a convex surface,

and an image-side surface of the first lens is a [convex]
concave surface;

the second lens has a negative refractive power;

the third lens has a positive refractive power;

cach of the fourth lens and the fifth lens has a positive
refractive power or a negative refractive power;

the sixth lens has a positive refractive power;

the seventh lens has a negative refractive power, and an
object-side surface and an image-side surface of the
seventh lens are concave surfaces; and

a combined focal length 112 of the first lens and the
second lens and a combined focal length 134 of the third
lens and the fourth lens satisiy: [112/1341<0.3,

wherein an effective focal length 12 of the second lens and
an effective focal length 17 of the seventh lens satisiy:
4.5<42/17<11.0, and

wherein a radius of curvature RI of the object-side
surface of the first lens and a radius of curvature R4 of
an image-side surface of the second lens satisfy: O<R1/

R4<1.
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2. The optical imaging lens assembly according to claim
1, wherein a total eflective focal length I of the optical
imaging lens assembly and an entrance pupil diameter EPD
of the optical imaging lens assembly satisiy: I/EPD=1.80.

3. The optical imaging lens assembly according to claim
1, wherein a total eflective focal length I of the optical
imaging lens assembly and an effective focal length 7 of the
seventh lens satisty: —2.5<{/17<-1.5.

4. The optical imaging lens assembly according to claim
3, wherein an eflective focal length 16 of the sixth lens and
the eflective focal length 17 of the seventh lens satisty:
-1.5<t6/17<-1.0.

5. The optical imaging lens assembly according to claim
3, wherein an eflective focal length 7 of the seventh lens
and a radius of curvature R14 of the image-side surface of
the seventh lens satisty: —1.5<17/R14<-1.0.

6. The optical imaging lens assembly according to claim
1, wherein an effective focal length 11 of the first lens and a
radius of curvature R1 of the object-side surface of the first
lens satisty: 2.0<t{1/R1<3.0.

7. The optical imaging lens assembly according to claim
1, wherein a center thickness CT1 of the first lens on the
optical axis and an effective focal length 12 of the second
lens satisty: —0.2<CT1/12<0.

8. The optical imaging lens assembly according to claim
1, wherein an eflective focal length 16 of the sixth lens and
an eflective focal length 13 of the third lens satisty: 0<16/
13<0.5.

[9. The optical imaging lens assembly according to claim
1, wherein a radius of curvature R1 of the object-side surface
of the first lens and a radius of curvature R4 of an image-side
surface of the second lens satisfy: 0<R1/R4<1.]

10. The optical imaging lens assembly according to claim
1, wherein a radius of curvature R12 of an image-side
surface of the sixth lens and a radius of curvature R14 of the
image-side surface of the seventh lens satisty: —1.5<R12/
R14<-0.5.

11. The optical imaging lens assembly according to claim
1, wherein a center thickness CT6 of the sixth lens on the
optical axis satisfies: 0.3 mm<CT6<0.8 mm.

12. The optical imaging lens assembly according to claim
11, wherein a total track length TTL of the optical imaging
lens assembly and half of a diagonal length ImgH of an
cllective pixel area on an image plane of the optical imaging
lens assembly satisty: TTL/ImgH=1.50.

13. The optical imaging lens assembly accovding to claim
1, wherein the effective focal length 12 of the second lens and
the effective focal length [7 of the seventh lens satisfy:
7.59<f2/f7<11.0.
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14. The optical imaging lens assembly according to claim
1, wherein the effective focal length {2 of the second lens and
the effective focal length [7 of the seventh lens satisfy:
7.59=<f2/17<10.02.

13. The optical imaging lens assembly according to claim 5
I, wherein a total effective focal length f of the optical
imaging lens assembly and the effective focal length [7 of the
seventh lens satisfy: =2.1<f/f7<-1.8.

16. The optical imaging lens assembly according to claim
I, wherein an effective focal length f6 of the sixth lens and 10
the effective focal length [7 of the seventh lens satisfy:
—1.44<f6/f7<-1.08.

17. The optical imaging lens assembly according to claim
I, wherein the effective focal length {7 of the seventh lens
and a radius of curvature R14 of the image-side surface of 15
the seventh lens satisfy: —1.3<f7/RI14<-1.1.

18. The optical imaging lens assembly according to claim
I, wherein a total effective focal length f of the optical
imaging lens assembly and an entvance pupil diameter EPD
of the optical imaging lens assembly satisfyv: /EPD=1.76. 20

19. The optical imaging lens assembly according to claim
1, wherein the combined focal length 112 of the first lens and
the second lens and the combined focal length 134 of the
third lens and the fourth lens satisfyv: |f12/{341<0.28.
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