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coupling ¥ ruler 27 72 & 7iehg A=A ol 28sto] RS R AARHES AlASHA:

& Aol A AR 2=RA AN 4 9] 1/3.2" SM jl=Alof] 222 A8l 22 AR Aaf, E kg o]

that RS B A ) FAIO] AL 10T ~ +60T )4 2)
o ok 2 AAE A=A AHITLIE 5.5 mm v$

FheERg- g o] 280 7hed AR 7|didch

A7 2] A3kl that QALK ABFL< 10um) % TFEEAIH
TFAolek wEkd & Ao dite FHE shelE 2 AAl

ZFA|o]: Athermalized optical design, Zoom lens, Phone camera, Optimization, Aberrations
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(Q=E) E et 243 FoAe LEny A4 — Gz

B ApolA] LERAS Slat 71EAl A wHoE
A0 A TS BARE F AEL ol g @
o Ade PeAE WY Aste] BE F 9
oA AS Hzakstn Holg 4 A shEek! ueba
B A S Aol & Fapete] s vl Aug
S otk 1A F FAL AR 24Fo] nHHe]
Sl AlEolA ThE AMEE o FAA A%HoR o )
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NE ¥ th Zol AT 5 Stk A=l 7=25C
£ 7IeA R AL olF F 9IA 22 AAste] FEHA o 3E
HHER), SHFA®D), =dEn) % vFHe| sag 4H(Z) 59
AA AeES ety FHe 2rwshe 4xbo] 24 E,
a4, TAFA L ¥/ 5-& WS 12k A

APA4EL (1+aAT) o) F3te] ¥zt 7]
A, o z¥zro] AAo] 7k 9l g0 AuWalALo],

FHE WSS Yehdth 1¥ 1 9
FASTE k=091 ] Re] LmHsle] uh2 A=wo| Y

HskE (1+al)& olgste] AAYYsh= 2 HolErh
& B 2o tsiM= thE F 914 1, 38% 77 43
stk 7t7e) & 9130l el 2wl ot 2AE] YR
£ Code-V9| 7M8-2(fictitious glasses)S ©]-83}o] &3t
th & FHAIE A3y Aol mE AARSEol daf o
go) sloz Ar geh

FEW Wt R =R(1+aAT) (1)
=48 W3t 0 =n+dn/dTAT ©)
SAFA W3t =t(1+aAT) 3)
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91 Aol ShFEl v W ALS Thewt o] Fofzit,

hQ/R 4 6 8 10
7= + Ah* + BhS + Ch® + Dh'0 +- -,
1+vV1—(1+k)rY R?
ok B?= 2%+

o% W] g AAusse] wslere AAwsSo
(1+aAT7)& 27 Qegtomn 2e 4 k.
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At HlE&R Alojsto] WMIA7= WS Ueith 1
=5 WS olgsto] A el 222 AHA
o AAF/1.4)9] ol ® 12 A5
TrSA|ACE & ARIRAEE BHOE HojFal it} 11
2 29} F 194 FolAl singlet AR &L ZalAE A
A<l E48Ro|1L, 3 20] AL EAHEALS F7IsHtE I&
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(rdy s1 21)/ (rdy s1 22) = (1+aAT) =0.997795 &)
= (% A loA 1" IEWH) /
(F A 2014 1HE FERE)o| L,

ZOOM 1 (7=—10C)

ZOOM 2 (7=25C)

ZOOM _3 (7=60C)
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(rdy s1 23)/ (rdy s1 22) = (1+aAT) =1.002205 6)
= (F YA 34 1HY IE9Hs) /
(F A 2014 1HE] TERH)

olmLE, o] 5o et ATEAL 247 Tt o] ZFofirk

@Qa = (rdy s1 z1)/ (rdy s1 22) —0.997795 )
Q@b = (rdy s1 23)/ (rdy s1 22) —1.002205 8)

webAd 9] A~ @)= Folrl AltEHEC] Q=
@b=0g WHEsHes AAsto], =Mt it SEH
APAILE g%t %7 a4 of FEVE 2ot
a1, S uf ARl 2 Al S A3}t 59k HFEN
742 HslslA gt (1+aAT) o) o3 AFH vl J4 &

ok o] o s ¢Jojo) fll= Hof Ttk %
= A8 AT o ok
3t 1o|A] Ro] efl 22 =50 ARG T=25C(F $IA
2)of|x 2] 2-HA D (ef)E 50 mm=E A3} FH o] Qefl_z12
o} Qefl 232 T=—10C(F 912 1) & T=60C(F 1A
ollA &, & B 204 vhEsljof & A WS} gk
o]il, o] ghZ ®=9] 2HAH () oJjo]ofof qhtt. 7 H| 7}
F/149 A=9] HA ZAAEL §= +£0.002 mmo| B & o &
o oA wkEsfoF & 23 ®S) gho] 2 A&l £
0.002 mm=t} 2t=5 AAsto] 23A 2o et LEHAS
Yot Algx7dolch

AFx27 Qg ~ @r= FRAFAE Alojsks A W2l 4
AL vt Ao it AFHIE AR A& 50,
g=(as122)/(aslz1)=(14+aAT)®=0.99339960]1, o]=
(F 1A 2004 1119] 4z} vt Al [ (F YA 1A 1
He] 42k vlFH Aol dgEE, E3F r=(asl22)/
[(as123)=(1+aAT)*=1.00662962 (F %] 204 1H
O] 4z} v Al) / (F 1A 3ollA 1719] 421 B]H A
golh wheba] ool it ARt 22 theat Zh
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EFL=49.997 mm T = -10C
EFL=50.000 mm T = 25C
EFL=50.002 mm T = 60T
16.67 MM
a9 2 HHoR 2w B HAAHE gk singlet =2
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% 1. =Wl w2 AP}t (1+eAT)E FET AARS
gt Az

efl 22 = 50
Z237g @efl_z12 = ((efl zl)-(efl z2))

A3kl gt @efl_z12 >-0.002 <0.002
A=A @efl 232 = ((efl 23) - (efl 22))

@efl 732 >-0.002 <0.002

@a = ((rdy sl zl) / (rdy sl z2))-0.997795

@a = 0.0

@b = ((rdy sl z3) / (rdy sl z2)) - 1.002205
S b — 00
Hste] Hg @c = ((.rdy s2 zl1) / (rdy s2 z2)) - 0.997795
EL ~

@c = 0.0

@d = ((rdy s2 z3) / (rdy s2 z2)) - 1.002205

@d = 0.0
) A2 %q Z f)(?) sl z2) / (a sl zl))-0.9933996
Haste] Gzt @? = ((;1 sl z2) / (a sl z3)) - 1.0066296
Agtz4 ’

@r = 0.0
Qg=(asl22)/(aslzl)—0.9933996 &)
Qr = (asl 22)/(asl 23) —1.0066296 (10)
Qg=0
@r=0
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2.2. Ruler
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2E AAdaEe] WEAIA T At A S| Wi, E3F
A o] ExIghol whet =24 RS T A
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Erste] wg shvjetiEe] EA1H
il :6H?a_‘t'o“%’§% A} etk ZhEtEE S Sl
A= gl 7|HREe] 2rewstel disf 71 wigtsit. of
9] "= 9 ]:r“:““: S ShaE AQdE v
Jo| 34 WHsle] A=

= E‘ii}*]ﬁ‘i}. EE??_ = ZhEtell A ol
A&8h= Piezo H VCM W4 9] Ag24 24752 4
ge Fassly] el 271 A e 7Sl FEeR
a7gskal Qlek mEkA ARg2mo whet fl=o) 12} S4d0]
Ll HalE ke 27] ) g2 mjEe] 279
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2 ool wsbl Hek eje wsksl BAE Az
of eERA AA} Hey Basict
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25 E Aulhe Heide] BHS4E HolR
th 2ol disl FetAE Ao 2HE HIKdn/dT)=
2 fAHE oF 20 ~50uf =L, ﬁ%%ﬁ]ﬁdl/dﬂt +r
AAET oF 108 HE FE o 4 ook 3 3 BT
E4 AR BAE W xo] the 7AWsE Helg Hol
th & QA= St (holder) W 7+4 H(spacer) F=2 AZHA]
AHHEEE BFIS) 10T 0Tl el 219 U

2 42,0 imo|t}. =, FBL(Flange Back Length)S S+k35}7]
HoH SUE ALgetT] E Fhiebg Axol4 Te] 2ol
7 2o Lsmm e 497k A ¢irk. meby sk
whe Erjo] Zo] WalRAFBL)S 25 £2.0mO2A, ol

Jo ¥

(BHE, $AVSS, dn/dT, di/dT)

TE =2 E(n,) EA = dn . s al . g

—x10 —x10

L -10C 0C 25C 45C 60C ) ar ar

58 59 &4
L-BAL35 1.58884 158889 1.58900 1.58909 1.58916 61.2 46 6.6
L-BALA42 1.58288 1.58292 1.58300 1.58307 1.58312 50.4 33 7.2
D263T 1.52292 1.52295 1.52300 1.52304 1.52308 54.5 22 7.2
#Fo1g Betad 24
E4SR 1.53460 1.53360 1.53110 1.52910 1.52760 55.7 -100 63
SP1516 1.61770 1.61670 1.61420 1.61220 1.61070 26.0 -100 70
# 3. 37| FEE ALY 247 22 & A HIKAFBL, ATHI, ©¢]: mm)
HZ: Holder A A: PA6T a:i;?;j](?(::)*

ex -10C 0C 25C 45C 60°C

FBL 1.4979 1.4985 1.5000 1.5012 1.5021

AFBL -0.0021 -0.0015 0.0000 0.0012 0.0021

hvi! 7 As.
Xz Spacer 24 PC o f;ffi—’i]zé)"

o -10C 0cC 25°C 45C 60°C

THL 0.4997 0.4998 0.5000 0.5002 0.5003

ATHI -0.0003 -0.0002 0.0000 0.0002 0.0003
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of tiet 2E=EAL o7|M HFA] FdTh Al 274 A 1A
Aut e 2d" Jide olgste] d=dAE ¥

mmQl tele-photod Fo1A| 0] 5L 21l glom, 7} d=dt
O] A= f, = +3.1045 mm, f, = -4.7678 mm, f, = +3.0034
mm % f, =-3.3915 mmo|t}. 1Y 4= 27]H4A A= AN
2% -10C, +25C % +60Cof|A] MTF tf defocus 5= 1+
Btk ARS-25 9] WA 23 A HSEHABFL)E
Z|tf £0.0162 mm=A| & 7hH|ekg FaHA oA 58 7t
24 E HR)0.01 mm)E Hlojdth weba] 7he} EE
Al FdE Eohd, 230] Yol AS I 4= & Ao|
o} 3 4= 27)AA A2 RSt WE 13} §4 Wt
FolaL, 3E 4ol & = Qo] Ao HAAY 5 =4,
AT, FENY o2 x| ugsich

E kg Azxe ARERE 25T oA Algtzd 9 A4
s TEA7|= A0 ARERE A Fof dial] Foizl
SOl A MTEZF 30% o)/, 244+ 0.0l mm ©]
Y& wEsfof ek AR -10C ~+60C H$jollA 1/3.2"

TTLS5.43mm —

RN

BFL

Telephoto type LENS

F/2.9, EFL4.48mm 1.09 MM
993 SENAS s 2 27|44 Az PR
(GM: glass mold, P: plastic lens).

General Lens Tooooo o DIFFRACTION LIMIT | ayRLENGTH WELGHT
AXIS 656.3 N 10
DIFFRACTION MTF . 0.8 FIELD ( 26.92°) | 587.6 NM 29
_ 546.0 NM 23
_ o N _
ORA POSITION 1 27-Feb-09| — - — - — - — - g L-0 FIELD (32.41%) | 435.8 NM 11

FREQUENCY 140 C/MM

1.0 ‘ ‘
0.9

0.8 ABFL : +0.0162

00 0.01000 0.03000
ING POSITION ( MM

(@) &= -10Ce)A] MTF 54

General Lens Toooooc DIFFRACTION LIMIT | aARLENGTH WELGHT
AXIS 656.3 MM 10
T4 o (6.0 587 by
DIFFRACTION MTF T0.8 FIELD (26.98°) | 587.6 N 29
546.0 NM 23
T o (3240 . ]
ORA POSITION 2 27-Feb-09| — - — - — - — - g L-0 FIELD (32.47%) | 435.8 NM 11
FREQUENCY 140 C/MM
1.0 ‘ ‘
0.9
I I
0.8 ABFL : 0.0000 mm
0. I
" v
Q0.6 —
b SN
U |7 N
L -
AD. -
T .
I 4 N
00.4 7
N .
7 \
0
\
e N
0.2 = A —
<’ - \ 7/
0.1 -
— N ~—
-~ . L L . M
~0.05000 ~0.03000 ~0.01000 0.01000 0.03000 0.05000
DEFOCUSING POSITION ( MM
o
=
(b) &% +25Co) 4 MTF E4
General Lens Toooooo - DIFERACHION LIMIT | aAVRLENGTH WELGHT
AXIS 656.3 NM 10
o - T 0.8 FIELD ( 27.03°) | 587.6 NM 29
DIFFRACTION MTE & a6 0 0
T 5 5 . ]
ORA POSITION 3 27-Feb-09| — - — - — - — - 5 10 FIFLD (32.53%) 1 435.8 nm 11
FREQUENCY 140 C/MM
1.0
0.8 .
ABFL : -0.0162 mm
0.7
M
Op. =
D —
U L ~
L, - .
2% 7 -
T : \
1 v .
004 7 N
N p N
0. -
e \ o
R
\ - <
\ N
0.1 -
<
W ]
- L L L A L A
~0.05000 ~0.03000 ~0.01000 0.01000 0.03000
DEFOCUSING POSITION ( MM

(¢) &= +60Cof A MTF 54
39 4. 27147 A= Ag-Lo] W MTF o defocus E4J.



(AR & rhlehg 29 Webfle] LEng 44 — - $9d 9 153
4 274 Azo) SEwsie] Be 14 54 W —— |
(AEFL, ABFL, T+$]: mm) ' 108
0.8F AOI=24.8" at
Algee -10T +25C +60C 1.0F
0.6
Sass EFL | 44862 | 44790 | 44718 T RI=44.1% at
= Rils
dn i AEFL |+0.0072 | 0.0000 | -0.0072 0.3F 1.0F
(el &gt
ar BFL 1.6027 1.5920 1.5813 AL 5
- =25.5 at
EFL, BELH} [ appr (400107 | 00000 | -0.0107 S
Z A =5 EFL 44811 4.4790 4.4770 RI=67.1% at
dt ) AEFL  |+0.0021 | 0.0000 | -0.0020 0.8F
()0l &%t
ar BFL 1.6026 1.5990 1.5954
EFL, BFLYSF [ appr 40,0036 | 00000 | -0.0036 AOI=23.5" at
- EFL | 44804 | 44790 | 44777 elephore e NS
.9, . 39mm 1.04 MM
AR ) AEFL  |+0.0014 | 0.0000 | -0.0013
(Lo o)at "
a7 - BFL | 16009 | 15990 | 15971 219 5. S=EA AAE 132" SM E vhvehg A2l S
EFL, BFL¥SE [ xpm (100019 | 00000 | -0.0019 (AOT : 3349 AW JARLE, RI @ FHFFH)).
i dt AR EFL | 44896 | 44790 | 4.4684
an adt dlv ® 6 222 AHAAH 132" 5M E 7iatg sz AAAY
AT’ 4T dT AEFL |+0.0106 | 0.0000 | -0.0106 (10C5CI60C)
of oJgt BFL 1.6032 1.5870 1.5708
EFL, BFL¥ 3} ABFL | +0.0162 0.0000 20,0162 HHS &4 (mm) 57| (mm) FAE
=A4H HH FetA g
N o . | +1.85193/+1.85236/+1.85279 |0.72383/0.72400/0.72417 | L-BAL3S
T " 3z =z 0] E 3z loF "l 2] A A A}©.
3 5.132" SM & 7hul|ehg 29 S3EARE B HH A A 2 |+23.13308/423.13842/+23.14376 0.056
e ZRAY | HHEA A 22 3 0271
el
o 1/3.2" 5M Image Sensor(®5.67 mm) 4 -3.90112/-3.91070/-3.92028 | 0.44890/0.45000/0.45110 | SP1516
PE RS ©5.9 mm ©5.9 mm 5 [+22.07077/422.12498/4+22.17919 0.422
AT 55 mm 529 mm 6 | -3.15036-3.15732/3.16428 | 0.99780/1.00000/1.00221 | E48R
F/2= F/2.8 ~3.0 F/2.9 7 -1.18018/-1.18279/-1.18540 0.490
T B~ ). .
ZX*HE] 432 ~ 4.66 mm 439 mm 8 +7.20448/+7.22040/+7.23632 | 0.44901/0.45000/0.45099 | E48R
' : : 9 | +142768/+1.43084/+1.43400 0.235
Al okz+ 63 ~67 deg. 65.9 deg.
A . T v 10 il 0.300 D263T
= . o K
Ml - mm “re mm 11 B 1.100
Z LA H
A=A 4l (H] 5 H) 1GM+3P prees o 0.005 (defocus)
Zwgepy) 45% o] Ak 44.1%
_ L - ~ 0, - 0,
V=St LO~+05% 0.70% A5 AgslA BA7ls 2ol Wasit 12)a oulx]
40% o] A+ R : 47.3% . _ ~
0.0F al 8(") lp/rr?m T 47.30/;’ Aol drkshe F=3Alol AztE B aatE 2 )
0% oIt Y 7] 3l ol WA Az uAAAY v HE HE5te] &
(] . . 0 — — - -
MIE | 08F @160 Ip/mm I : 43.5% TAFE WESES Sk EGE Lm0 et 2HE 3
40% oA R 524% 17 A HStE 243t slal A4S SEE
(e} . . -
1.OF @140 Ip/mm T - 309% T & A Aze) vl {ElEs Hgetdnt Al 2
HoflA] A3t 2EHA WS Zgote] 2mHslo|
2 IFLE 5= X% Skod = = 1]
SM E sjulehg dze] BRARES Feiah o] & s 7 e o= 8 MES HESR 5 AT % nuler ¥
= ofolr} He og Hgsta HZsts zeYste] d@l=o] BFL
= ool
B W 2P st o exnd dAE skt
kya o3 o o = 3
32 &% U LEEHN ™M 359 95 g2 99 S Tl 2R AAE A=
o] dAAFoltt. A=o] FAu] F2.90]1, @M= AL
2EHsh= AAHS 7hE RSB E o] FARPHE L .
2 Wobul uo) 2 ExjelE obaAel A oxsi g Sass mold(l) + plasties3) oft. 2 S Ewmud dAE
22 = o= i
L R e e N 132" 5SM £ 7jjekg dl=o] FAEo|n, & 6& W=
SAE A= At vt Wt A olsfiet 4= ik wh

ohA] =R A0 27] dACA W= Alx 9 =YY

[
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o I AR & 5 STk

33 85 ¥ 2HEY it 2M

a9 62 2=HA AAE d=9 FXtFats tjH] MTF
545 HolErh 1§ 604 & 4 q%e] 1.0 FieldofA] =t
QKo MTF gho] F7Hak= 180 Ip/mmojlA] 20%0] 2|2k

ol= AlAQ] Ao iR FiHet FAolA A7
2] ofeth 2R A A= 3 BEAAS B4
A1}, $2b= & BAE o 53] gt -1.7% oW
82 BAEoH, AR ARl aikE yeRhlE TV-¢
Tt H -0.7%0 24 uj$ Atk 27 SolA] Hizol
ojulz| AlAo| QUAlsH= g4I AAMIE(AODE 25.5%
ojsto]al, FHFFH|(RD= F 4 44.1% o]ifolth wetA
AOl ¥ FHFFH= Q72 AS BE WHAIch 19 7
2 2ERA AA" A=Y ARgEEo| wWE MTF df
defocus EAJo|th AFE2% -10C ~+60T oA BFL H3}=F
2 A +0.0094 mmzZA] 3-E&Fx}F o2 A, ESF 1.0
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Athermalized Design of Compact Optical System for Phone Camera
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In this paper, we analysed what effect the design variables, such as refractive index, central thickness and radius of curvature,
had on the first order properties and image quality of optical systems when temperature changed. The optical parameters were
varied at each temperature, then the coupling and ruler methods were used to design an athermalized lens for a phone camera.

This concept was first used to design the lens for a 1/3.2" SM phone camera. The designed lens satisfies all the specifications
for a phone camera, and the variations of the back focal length(ABFL) are reduced to 10um for a temperature range of -10C
to +60C. Also, the TTL of 5.5 mm results in a compact system. All design concepts and results discussed in this paper are
expected to be useful in development for the phone and CCTV camera.

OCIS code: (080.2740) Geometrical optics, optical design; (080.3620) Lens design; (220.4830) Optical system design
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