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Abstract

In recently years, smart phones and social media have become more and more
popular. People are now used to take photos with mobile phones and share them via
social network. Mobile phone camera is now an inseparable part of people's daily life.
Since the reliance of such device has increased, lens machining for mobile phones has
become one of the most important issues in manufacturing technology. As smart phone
technology advances day after day, photo quality requirement increases accordingly.
However, most of the available phone cameras use single lens structure, which consists
of multiple optical lens stacking parallelly. The design gives photo with high resolution,

but limited depth of field (DOF) causes unfocused area in the image.

With different aspheric lens in array, the camera can record specific DOF
information from different points, and capture images of multiple focuses. Post-process
then turns the captured images into a single clear photo without DOF. Unlike
conventional mechanical zoom lens, lens array features simplicity and lightweight.
Incapability of changing focal length indicates each lens in lens array needs better
refractive and focus ability, which leads to higher form accuracy requirement. The
purpose of this work is to study the manufacturing process of 3x3 lens array. Asphere
building surfaces using NanoCAM 3D, surfaces analysis and tool path planning are
featured in this work. Proper tool specification will also be tested to optimize the
process. Additionally, the experiments are performed by directly machine aspheric
surface on both sides of the lens. In order to reduce location error in two-side machining
and improve image quality, alignment mechanism is designed in this work. The lens

array of 3x3 is machined by ultra-precision milling machine, using analyzed single-

i
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crystal diamond tool. Measurement results shows that the form error of each aspheric

lens is less than 0.8 pm PV, meeting optical design requirement.

Keyword: aspheric lens, lens array, ultra-precision machining, single-crystal diamond

milling, form accuracy
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=

21 IR
211 =W 4E

I 2 *7 ¥)(Orthogonal cutting)#-3| 7= % Bl4cB 2.1 #r7 » HA|2 744 £ 4 &

AT Ao E] 2.2 4 5 d 21 WP AT L A& o

Workpiece

B 2.1 & 27 R B
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B 2.2

B AR 2 A A R

2021 ERIEREARRLLA
a 1 #L & (Rake angle)
yed Jr#5 & (Friction angle)
¢ 1 *» & (Shear angle)
R FAE A
FP kT2 ) 4
Fo el U
F P (e TR R QA
N e el B KA
F ST R 2 A
Nc LB 7 G o2 A3

11
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dR 2274 n i e BLE TR G a2 A4 4N

F =F, cosg—F,sing

Ng = F,sing+F,cos¢=F tan(¢p+ f-a)

FIon7 @ Ls 7 G324 uli RN

7

F. =Fsina+F,cosa

N =F, cosa—F,sina

N(23) s N4 TFHRED 7 G Bty

F.  Fsina+Fycosa  Ftana+F,

H g N, F,cosa—Fysina F,-F tana

v

et w2t BT AT

sA

sing

Fs =7A =

LB TR w2t N 7T 4T b
Ns:O-sAs:O--S—'Ab
sing
238 (26)~(27)"
rg P HET 6 b T
Oy P HALT 5 bt

N S R

12

2|1

(2.2)

(2.3)

(24)

(2.5)

(2.6)

(2.7)
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At AR R fE = AR R TR D R AR AR

d 2N (2.1)% (2.6)7 @

(F, cosg—F,sing)sing
b-t

(2.8)

TSZ

(Fesing+F, cosg)sing
b-t

O'S:

LR g o 4

d Merchant vk F 4 Frad 4 F 07 » Fv ¥4
pendk B B4 T RE ATk g7 ¥ 1941 & Merchant 73 F 2 2
FORE s e N (2.10)7T o

¢:Z‘§+% (2.10)

212 ok naya

AL LA RIFAMI LG 0 Jid 7 R R BApHER A 2 BRG
1AL LR > AR IR HAL o Bt fL 5 22 i (Chip) o 22 i
SABI ARk o fud S NERY EF PRSI U E FRIEY > R EF ki
TR AR e o 1 B R TR R diER fd S AR
g e oo P ARAl e B R P S AR R I12] 0 2 RARGFAE S e 87
FA55% s 4oB] 23 %77 o d 2@ &4 B 5 17 i A (Discontinuous chip) ~ i 4
*» i (Continuous chip) ~ 7 v # /& (Built-up edge) ~ #5# % *» & (Serrated chip) » =

VLM Rt L e A A iR Ay a 2 5.

13
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B 2.3 * k255 [12]

(1) # & 4§ & (Discontinuous chip)

FPAF A FF LN EE VR R A EF BRI # o Y g
AR ] o 22 A X B AR 0 B b d X EBIE S F N R
PITRR B o 2 B ETA RGBT A A o d T &3 drame R
SAEARREAARL T AL B A 1 Bl G fp ek 27

125 ﬁ;gm;;. e g H 4o o
(2) i % *» K (Continuous chip)

AL I IEE T o N AR RE 1 B do 4 s AR K
RS WAALEFE R LB AT ET 7S S RN I A

Fop i iTh o R EHR P IR ERA 2 R PR A TE L E 7 G

Lo

Frod stpt i A S FAL > FEFS o MEE A R Bg e FE

Flet 7 B g RETA B AL R AR o
(3) 7 v # A (Built-up edge)

BN R R F N E LREFERRIIE - &

BB 7 AN SLE X (g A cha 3 4 EUR 0 R A R

>
“E
RN
e
Rl3

PO PR A AFESRANRT E N ¢ b EpS L M- el

14
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;I“J»,;galq-l}%,jg’ttécl 22 FG o R ES 1Rz 1B A GRS T o Fi R
BUARRE R RS B R RS BB A ik TRET

R eI g o
(4) 424 K+ f (Serrated chip)

B J%j\ % ~Inconel 42 & £4vA i* & &4 B G H B RL i pLpF - &
g 22 g et BAger A e Rk o pow A RS R
(Adiabatic shear) 12 % gL &2 & % (Fracture and rewelding) = f3 ;2 238 o — 4L 01 IR

ok A R e U S VRS E el

2.2 RHFD {ﬁﬁb} r ] 4e 1 HE

221 AgHE el i

Herﬁmk)vd]é\: ﬂ;fﬁd K%'J—'—ﬁ’@ﬁ“’ﬁ? ggﬁylfi;}gﬁg,%?gﬁq
WBRE BT 1 E A G DT e SEF A 1 N SR R B L G kR & RAR
j\;i,\rg s 1?,@1"7" & —H:?rné‘j Z_ ;;j;/’{,ﬁ:o

AAM B NI FDFT G LET A > 245 WU RNEET ALK
%%lﬁﬁ{ﬁméhlﬁﬁﬁﬂﬁ?éﬂ&ﬁ%ﬁ%ﬁﬁﬁ%ﬁﬁhlﬁﬁ,

¥
R

EERNAR RN SRR £ S SR Y SRR S v

N
e
i

o

e %{éﬁ‘%%l,&_ﬁ'm#@{% I S it p¥=- 3 £ A v e 7 2R K

#4

hde LB dedtF A ded ST A1 B U A HBEE

=

®he o R E
LR <t (macro-) » @ B FE $HASH B4 1 BFZ % &R 77 gL ® ~f (micro-)

# A0 % o (nano-)2 v 3 HCA] > TARGHE - e 3 g RS E a 2 HIE GO e
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EE PR AQH R Pt AR e F BT AUR R
ede 1 BEHE 0 F oAy AR F YIS g R4 0 F)Y Taniguchi[ 1]¥3M 424 R 4 1
T - BHEORLE A Rl 5§ AL FRTREN L AR AR o
BAm TR PAaIHEMITAOLT IAKRE > oERREAl2 102 F

Fé& o

AT B e 1 PRI B E o R RE 1 B e f H hgEE 7 Bt
f:r tr g‘q‘éf ad o fé 4 1 Z_1 fi ¥ orl 3§ /ffy, ’fé‘ i’:t gf’JLTj;Pq {f}i(Fom‘l aceuracy)l;}:i %\, ‘i 7}‘}1*{

& (Surface roughness ) » F]pt Az R4c 1 4% 5 £ & 10T Bag g i ¢

1) AR dR* L TEFRIFDTIEF A FruR S RE\EHPE
3 ~ i

el JkEa

(2) /ﬁamlé H* / ~<» -,; wu,\*;ﬁ' ’ T' :I"gﬁo{vf;!\r’:" Bj 5}@5 ’ /}E\‘ o :}st]xﬂ_gf,/fgﬁ ) i%’%[ﬁﬁ‘;;

MR e
(3) *Hiphie * BinEMBE LB A > FETF FRR R { 4 TR

(4) Epnig* L F < FRITLIITL w4 kS WA 0 RS o LA

AACH B4 A &G 2 4R [13]

(1) P s 1l mFE&BwRIF FELENZ ARG 77" &Y

EI 28 Bhd dojukdR 2 SIE ¥

(2) H»RLHFEFF o FRF A ~ REL IR DEFRT AT 241 > B

WS B RETA MR RO R I G e F
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D E T R R S S R R R B e 2 B R

5938 BATHE B 4 1 AT B AR B o

(B prétEx2 7 Lo R 7 RIFL N7 B T b 14 b Ao

T

/Hf(‘mm,ifg ERA ALK = ‘mﬁf(‘*’f?’ 4pd o

2.2.2 H ﬁﬁb? KR LE:Y

Yt o B e Al RER BRSSO EREL G g RS
m%iﬁ,ﬁ‘%‘r y ded 22903 o - LR Lo d %?%ff%;@giz-ﬁ’»’fg?» 5 > Ex% ?rv}%‘ ’

SRR L KR AR 0 1954 £ ERF R 2T A & LT [14]

m
«

1957 £ B 4p A BHPE T &1 EF L LB o BTt BB e
B0 1 E P H AT R S o @ T A1 £ gt E g R

%022 H#FF 2 fHFA(15]

Lid=] i\ B
R 1.9x10* kg/mm*
iR S >12 GPa
PR A > 110 GPa
i P (R B 0.03 fud
LE3UY 1.8x10* m/s
I 3.52 g/cm’
5 G 1.22 GPa
A Ce 0.2 i3
R R 1.1x10° K
g AR 20.0 W/ecm-K
MR8 3.0x10° W/m
KPR 2200 K
Pt (K 591mm) 2.41 i3
&R UV-IR o
At 5.7 fit
1 1.0x10° V/em
TR 2200 cm?/V-s
AL 1600 cm/V-s
fRANE 2.7x10° cm/s
Bt RO TR B 1.0x107 cm/s
(i 5.45 eV
i kH A 10°~10'" Q-cm
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BT R ARE SR UL R B LR TN LR bl 465

P BB ERE S TR OIRE R PP

ARFHRE LY

FRBAAMHED20E > FRINFREE D FRFLE s il dw

B E S RS B4 L L

PARF I ANE R T T TR g i 2 v
R dod 23 S0F o SR B A TR AT S L AF Rl 7 Bad o

# o

%023 ger 2 L [14]

ot e WY AR
B — TR TRsE
R A — R
mERE—ERR
(KRB — R &

AR — BRI
R —F &N
BiTHR—ROEY
maE— L RER
ERdRME—YIH TR

RRFIE—ARRT)
S — &R
PR — SR
ELRME—REBWR
BEMRR—WRBA

HRHPE o AT @ P A e 1 B E D 4EE 7 SRR )
vl o d WHAMELF RAR C MAEEGE S NAREGEREPE ALY

MR N MR R RS AODE Bk o VERL F R R TS

o BOPIE[16] 5 ¥ b EH ST R AT B b 1 R R 2 7 i (Cutting

edge)[2] > 4= @] 1.1 #157 » # ¢ v L j=(Cutting edge radius, y,) it 5 4574] & 50

nm 2R R SR AL EE R e A R Y R

ool 0 L i Bde LAY AR E L E A LY TR ] };:ﬁa‘h ) EE
BiE e IR 0 BB E RYET 1030k & (Peak to valley, PV) 7 & 3| = fif

FIFFES

Mo Log oA (R
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clearance face

r.: nose radius

1 cutting edge radius
a: clearance angle

p: available cutting arc
1: rake angle

Bl 24 H S4c7 7 527 & B[2]

ERR:BHAB DT RS > B 4P B L & 4osBi(Fe) ~ 45(Co) ~ 44 (Ni)
g 7] i BALE M > BEME TR IR MY PR 2B R
[17] > @ @47 7 & @2 g il Fpt @2 41 GRS F v L ms B2 4
Eh o PRERMFOVIITEFL 1B S ZEEE  RFHNE LAY
B E > B9 R ulatil i & T 245 (Electroless nickel) » B2 X 2 4444 0 2 2
Be 3 10%  mEP)  REAH A S BHRTF o R P P AAH FE SMFF

AP R B RE 21 s R B R 2 s S A o

L
T g

i

d $32 ¥ % ¥4 2k G (Sphere) 5 & & & — B BEFFlC i F

7 2:3% 6 (Asphere)dy cn 8 LT §EFH 6 F BEEE A b G TR b
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WS G TG fed R BB EE G0 R A KRR I & g g
AW 5 23R G [18] o JEF LI ™ (83 APPOTIR G B 48 2hIR G 15 8 5

RSB E G L 4B 25977 > TR CEEER > EAE KA A A

[T
Aﬁfr- ) i’ \\\

AN

e T Av i
1] ! T —
1 . '
oY /
! fts \\
(a) Spherical lens (b) Aspherical lens

Bl 2.5 3h & 4027 230 5 40 o L )

BEE FRGRRG L o BRW G % F SRR Tl AT ot
(2.11)2 338 k2 K20 o & G O [19]

2
Z= X + AXZH AXYH AXE 4
1+,1-C*X? (1+k)

(2.11)
F 4 2Erk e 7 Bend jE 4 & (Radius curvature) & 5 R 0 i & (Eccentricity)
& e B
1
C== » k=1-¢? (2.12)
R
AR(2.11)~ (2.12)¢
Z " Eo i FESag) REAE R BRIET Hhd-B R 0 4oB] 2.6 P7oT
C @ Egbd FL T fpfic N4 BE Ny F

X 0BG 2 R bk TEdE > S A A R R
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—
Z

Bl 2.6 & % %R (Sag) A&7 & BI[20]

L O TR ISR A AER S Kb 0 4B 2.7 Ao 0 7
ek > 2247 Fad 6 > xR4T -

k<-1PpF># & 5 B+ & (Hyperboloid)

k=-1pF > ¥ & % #3% & (Paraboloid)

-1<k <0 fF > & & % [ (Ellipsoid)

k=0FF > ¥ & %Ik @ (Sphere)
k>0 pF > & & 5 & ¥l % (Oblate ellipsoid) » 1 &b 5 > i b
Z
-1<k<0 H5HE
K=0 3
>0 R
K=-1 {{¥HE
\\ K<-1 S
X

B 2.7 - = [4d @[21]
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2.3.2 T £ 7235 (Aberration)

G AR IR G EEE2 L FESGEERLGHLE  SERTAPHS
13 % (Distortion) » ffefnd S F 2 4L 8 L Pk phenP 8 ® L ¥ henf et
KA - R RPILEGADL H 0 AoB] 2.8 17 o B 2.8- ()4 T F 4L 0 F Lk
WA EALGAL mF A A2 ERHA ) F 2 MEE > BPhARE L FAR
oo R g i e Rl 2.8 - (D) e g B 2 F A S S BhARE T S AR

s 0 Pl € ik A 4o @) 2.8 - (C)ehkh s 5 [22] -

(a) (b)

B 2.8 v# % (Distortion) 7+ R BI[22]

dONTR G SR WG T MG FI T AR NS EL G L 2R

AR aZbIR G B A RSk SE NG LR 4B 2.9 1T o
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ho@l 2.10 #7F > BEK G - 2ERF AT LG £ 150 mm(F 2.10a) > 4ok
BH ¢ 4 15um IR (F] 2.10b) o 5 AT I A LT ke A ey
B 4ot B BRI L (B 2.10c) 0 #t & v E ARGRG AT A o R
¥R E- PR 2.10d) 0 PIE2 G gk 2 £ T fLH SRR o F L
o b H IR PE(E 2.10e) 0 @J;‘iéﬂri‘f;‘f%{{t— A2 F PLPEA AL A FEH B R g

Mo PG TR T ek o

10 mm

(NOT T0 SCALEI

Bl 210 B4Rk 3 2RA13 A LI b2 4 5 [23]

PR S as o 2 AR Aol PF lgﬁﬁjxinﬁ HiRiedt S A =S S

u;%t—rpéfay;-k—r,irﬂ* ﬁ;.‘rzi’:é;‘ %;ipﬁ,ggagéhgmﬂg(i;})a@e,;éﬁ

N

1124 a A2 WA THEGAR - LEAGURT R A w5 2450

23
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$e k& (Roughness) ~ & % (Waviness) ~ = i (Lay) ~ ;3% (Form) - 4cR] 2.11 #1

T A i AT

I AP 1%
Waviness spacing
{ WX
Waviness
5 A3 ! [
Lay f | ', I
i
ARk B
Roughness
a‘ﬁ#&ﬁ fal

Roughness spacing

B 2.11 1 &4 9 3%T & B[23]
(1) #e#ER (Roughness)

SEE RS 1R AR AT AL AN 0 AU SRR LG ek

% (Ideal surface roughness)# 2 p #X % o e k& & (Natural surface roughness) - 72 & %

BoARRER 1R A RALR B HEN 1 2 A6 2354 6 R > 4
238(2.13)#7m » B ¥ SEREY AT ek R (mm) > f 5% (mm/irev) > R

57 R BEjn(mm) i p ARG REAR LR R T ilERY 4
TG R ot 1 BB eniRD 7 B anpldh s 7 B R 1 eh A8
FHE A R RILRAG R o P PR 2N T REIZL A iR
e Fbe AR S H U RET Y R Tl - BN F RS AH K%Y K
2 SR V] F‘TF iR E Skt R

f2
R =32R (2.13)

24
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(2) A ¥ (Waviness)

2 R A R 0 A e kiR € perilAs i sk - & 8T
I T AR RE R R E AR F A A DR RR

R

3) = (Lay)

=1

BAel o 1RGPS e FE S HI S P i e kR OE
BIEARFER o BN LB 3 =W E 7 BBEGHD o Pl 33

v TEERINT B LG AR

~

(4) 25 (Form)

LAt R 2 R R G AR > flAhZ AR RIS R p R 8

Bl & ERASGIPEFL S @ §3) 0 P 53550 .

2o R g EMNR R G A AR S H AR
>0 AR 2,12 7 0 HiEde R KR E A E ) et A (profile) B 0 & # A Rl
FHAEHE AT BRI SN CFERDF L 7 BB R o d T Ao
o RDE R Al Wi ERY L3 7 M- Tk BN FA 1A (A

s L& o

v b v Roughness

Y
NW
Waviness
%58
M
L
Bl 2.12 AmAER ~ R A2 F e foank 2 57 & BI[23]
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242 A oifekER & 22
% % ek (Surface roughness)F 3% % 27 3 5 > H P B @ % chdk 7273 =
oo A ulE Y e AT R (R~ 207 ek (R 3 St e R F A

(Rp)» M ™ Auzp = 4o iR Sl 2858235350
(1) ¥ < &-TIide kA (Roughness average > R))

de BT sade gk B (RN AL S P M T9E(CLA) > & F RS E i
Tiof(AA) B E SN L Al AESa Y RY L F-FoEM %S A
FET G EpE o 4ol 213977 > P E 3 R 0T

1 ecL
R, =T, I¥]ox (2.14)

He oY ¢ GMIWMF RS LEAELR -

AREREL

(2) 357 134k (Root-mean-square (RMS) roughness > R)

Mo B2 7 L BHAcE 213 957 > g F N 4eT
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1 eL
qu,/EjOdex (2.15)

BHe b YL PRIV RFATIER > LI ARLR -
(3) & =ik A 3 & (Maximum roughness depth » R;)

i%F R~ Rpax ~ RpZ #8472 o 4ol 214 9557 o R G52k & RPN H3)
g B B E B BB JEAE ) Ry 5 AR A LN B 48 3 & MGk B a3
B RpaABERLP &V w2 PenthAjnb 83 R - R R A7

o RRER F R -

b Rmacr  |Rmax2 |

74 |

RN‘) lRma.‘

—_——
'
b

b e e —

I
l
L

L vy L L T L L ;.

ke E\;aluation fength ZF{E Eg—""’

F 2.14 R~ Ryax ~ Rp %8cm 4 F[23]

243 AR R LT

A54% 4 & (Form accuracy)* s 5k 35 4 » WA F F4he1 m2 1 B 4 G B
EPza1tie LR o gmEY PAYEIN B E > RS ke 235
-~ e F
EAGAARGEL o AR FL LR F RN R AR SR e e
Lo el 21547 0 U R A G YRILE L § AR (5 ko g 2
7

kB2 thi @ (Peaktovalley s PV)A 7 4 £ 6 2384 » - U PV & k4 7 o
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ATH e L HFL B B KB E B LTS A RHY - B

FREWE L4l ¥ 6 S RF R G E LA SRS AL T

E L Bl ARG R S AT A 3 HThE & dp 9k o

KR

v /\/<

PV

W FA\ \\N/
ﬁ$¥ﬁi

B 2.15 Ak & T & B
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Chapter3 % &% ' %

AR 3] EAEHEBIRTTLRENE LB TPl H R 2 3R iR

2o mF32 awmi i &iEr 2 CAM A {74048 -

31 F&=KA
311 ARH®4e1

B AU R4 8 5 Nanotech 2 @ 974 & > % 5 4|5 % Nanotech
B50FG™ » 4] 3.1 #77% o st w AT Hor 14 X~ Y 112 Z b S S 34TSR
CET AP RS s BTATES M FEARE RS RE LR 1

A fh(C hh) ~ BRI b FREFE ARG FRIER A R ER RS

7 o A LT NP G 2 ATH BAPT BN A AR 7 RIR K Mt
I AghE AR A AT R R B A T S phie 1 2 ATH RHET 4R

S 5P TR BF 100 B2 CCD &Y £ip k5o 4ol 3.2 967 0 it 4
hger 7 L2 R E_i:iﬁ-?iﬁ?fiﬁﬁ%»iﬁk;‘;@_,iﬁ?w%.ﬁgw. L6 o 4%
DM Aed 300 A o RFHRE Y w AT B a1 8 5 H LT IREET
CHfi HEa # i X-Y-Z = phie b2 T S48 4e 1 3x3 2 "L 7| HLE -

FEw CCD & Bipll SBBRH R RS 5 PTLEHR o
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B 3.1 42 % 4r 1 % Nanotech 650FGY?

Bl 3.2 Nanotech 650FGY?> CCD # _F £ ip] & st2 4

30
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% 3.1 424 B 4v 1 # Nanotech 650FG"? 3% 4

BB % I Nanotech
A5 Nanotech 650FG "2

X~ Y ~ Z §hF s

(a2 X:350mm~Y : 150 mm ~ Z : 300 mm
fRiT R 8 pm
S max 2000 mm/min
FER X103 pum/350mm ~ Y : 0.5 pm/150 mm ~ Z : 0.3 um/300 mm
LR
EER max 10000 rpm
FE max 85 kg
R R 650 mm
C $h# i
= #2. 360°
i3 R 0.01 arc seconds
g R max 3000 rpm

FR#RZ FHEILP

125 A § <25nm

iR max 60000 rpm
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312 A RERIK

A5k Rk 5 ® B Taylor Hobson =~ # 4 & » # 5 A]%L %2 Form Taylorsurf PGI
1240 > 4o 3.3 #5777 o AR BEHEY R TFFLEF BRI 22 4 5 R £
BoARRAE R o FOF N R T ATH R PR R B A G AR R o B o R
L2 pm P R A T 7 R S KT e(X) (42200 mm » £ 5
$h(Z)742 125 mm > (2457 A 7 £ 0.8 nm > i fe 3 & 32975 - F ik ¥ A

AERIRER e 25Kk FERVE Lo kR o

B 3.3 254 £ plik Form Taylorsurf PGI 1240

32
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# 3.2 A5k £ Bk Form Taylorsurf PGI 1240 4% 4

R % # B Taylor Hobson
A% Form Taylorsurf PGI 1240

R phs R (X)

(2 200 mm
Bk e 0.125 um ~ lpm
Bt EMRFL 100 nm

LE @i (2)

ZRI$H 12.5 mm
fRr R 0.8 nm
FE-R 2 um radius diamond stylus
EREAIE 0.05 um

Je 5 22

% e (RMS) 1 nm

BALE R P2 EEA 0.5 arc minute(£35°)

313 & &k o KA

T bR s R AL S P & Keyence 2 @ #8518 5 VKO700 0 4Bl
3.4 97T o %k E f TR E B At BT R K R B X-Y-Z
Frd ¢t REFERE2Z 2METRPE G 2 f#% BEE @ ~%,3$+§ v TR RSN

WET RRALE - B BREE o 2 RMEE R R BT 2 3000 B 0 Z phiiEis

‘%

B ¥ iE 0.001 um > ¥ &

=

o
auv

W R BB 24T 0 R Y & 33475 - Bk

MR FE LRSS YR e R ke SR WEE -
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B 3.4 35+ e & B A VKIT00

7 33 @ &£ RS VK700 R4

R Keyence
3% VK9700
X B LR S i
R E L T8 (2048 x 1536 H?)
a4 & 200x ~ 400x ~ 1000x ~ 3000x

FLERE  #i
Z #hAR M B2 R
R E

EHHR(0)

Ix = 6x
0.001 pm

FELF B4 ~ PRD &

XY #0.02 um ~ Z # 0.014 pm

314 B A AcE

F & 11* Keyence = & ihdlc B lcdt K a4 1 =en1 F 4 G 0 B

i

D

5

H

550 0 4% 5 e B 5 VHX-2000 » 4B 3.5 9757 o Bl B ALK - i (g
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ERR & 3 S

BAPE > BF7E 1007 3 1000 B o w5 £ 3.4 4975 o

B 3.5 Bt BEscs VHX-2000

% 3.4 #ei Rl VHX-2000 4 4%

gjg/;s/%k; \lf%ﬁﬁgﬁ_,’@\ ]g%?%%‘,ﬁ‘frgxégz'ri‘

R % Keyence
A% VHX-200
1/1.8 3] 211 § % CCD ¥ i 8 B
%% 0 1688(H) x 1248(V)
i At
4 oc& % ¢ 1628(H) x 1236(V)
F %4 % 1600(H) x 1200(V)
Fofs 3 3 iR
HHaEF 15F/S ~ 28 F/S
AT /& 4P © JPEG/HD Photo # & 5% : TIFF
FRRE G 200000H)F & x 20000(V)F F (i EPF)
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315 S 4T TReE7

=~

* g %6 ¥ chLH FHET 2 7 (DIKU Diamond) fl i c8 v ¥ & 4

8o
. o, B
® k4ed Ik G LR KT RS 0 4of] 3.6 47 0 47 2 7 § & 5 (Nose radius) &
0.237 mm > Waviness - ** 0.2 ym > 7 i#3 »% & & (Window angle) 75° » % ¥ &
(Rake angle) 0° » 4 f4 & 15° (Clearance angle) » Bl 3.7 & H L dEr3hge” 7 «

wA R TRBEN AT B G e

Bl 3.6 H §4E7 skée

B 3.7 H hser ke 7 27 LH
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316 Ha4prd

AR %Y hikr Contour 2 7 i ehd Hger d 7 4e1 1 2T 5 w2
Ttk i o Aol 3.8 #7F o B 7 2.7 # LT (Nose radius) 5 0.108 mm »
Waviness -] > 0.05 um > 7 #f 3 »x & & (Window angle) 120° > ## % & (Rake angle)
0° » 44 & 15° (Clearanceangle) * Bl 3.9 = H {Lidffr 2 7 7 %< |l » ¥ L%

IRTETE [E RN TSI

B 3.8 ¥ & 4072 7

® 3.9 Eaaa@gc?fﬁ? 7 4w R E
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317 1 E4

AP HITR Y N1 B R A PMMA B4 (R AP MY fr) 0 2B
2 60mm > & A& 1.5mm > 4ol 3.10 #77 o kB % PMMA B2 4 2§ 2k
By FRRTE Q%Y 0 it fadhatizi o KRS A ERS i

£ v R F G R P R A 3.5 977

B 3.10 k& & PMMA /& 5 #

% 35 (85 PMMA R4 HHRL1EF

Bk ¥ 37 b P RBR FOPIE ik
> 92 % 1.412 73 MPa 6x10° mm/°C
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32 FEHREHWAL

ARH R BFE A& BALCONC (w7 LR ifes > 4 i =
w1 tha el o AP %iE* 3 K Nanotech 2 # B % e17 NanoCAM 3D
RFERASIHM A 22k e ST 2 07 LT 584 6 4ol 3.11 47
77 o NanoCAM 3D ¥ % S 4z R4c 1 %2t eny EREANHM PEBLE Y

SN EN G ol b R TN R AN TR A BB

M B~ CNC BEF R i 7 4r 1 o

AR BRBE R G MRS K TR f[\’,sa?ﬁﬂ%“\ﬁxﬁ%] »> 3 NanoCAM 3D
Ao 4B 3.2 97 o A €K AW R E T R Y 27 B R

el pEA A F o doB 3013 Ao o BT R 27 ﬂ%ﬁﬁa?]% I gt ik 314

S F R A WA ER > heB] 305 40A 0 A A R E P R KE R

-

Total Sag (mm) @
D
=

@

0, ]2 &
Ogy Al

.\‘__/f 0, Oe g L

g

- ~— o 2 5

-
,L,_ S
= =
Priec eSS
5 -
” 20 Gaph Saa00

B 3.11 NanoCAM 3D 3% T/ w
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© ™

Change Segment Type ...
Asphere

Segment Mo.: 1 - Asphere

Term Walue Results

Radius -6,445973999995499 .
Concavity : Convex
Cunsature -0,155135593162492 Max Aperture: Infinity
Conic (K] -46,933149 Start S5ag: 0.0
Edge Sag: -0.030486
Sag Range: -0.030486
Outer Aperture 1.0516 Start Slope (deg) : 0.0
Cuter Aperture / 2 0.5258 Edge Slope (deg) : -9.899211
Offset ¥ 0 Slope Range (deg) : -9.839211

Inner Aperture 0

201 0
202 0
203 0
204 -0.060368 Tnvert Asphere
205 0

206 -0,431685
207 0

nAo 4 47dnne

2
Z=f(x)= i + Ay x + Apx® ...

1+ .Jl —(+E)lx’

Clear Polynomials

Invert Polynomial Terms only

-

Bl 3.12 2Lk 5 o & 28k T

Parameters Yalue

Permissible Max Tool 55 4 p_0.477 Theta=0.0
Radius (mm

Min Part 5ag (mm) 0.0
Max Part Sag (mm) 018

Min Part Sweep (deg) 0.0

Max Part Sweep (deq) 4501114

Primary Clearance
0.0
(deal
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Ball Tool

Edit Tool

’ Choose From Library
i) Name

BallMillTool
BallMill 2

Ball End Mill 1

Selected ID

| ?( Delete from Library |

| @ Load this Tool |
| @ Save to Library |

EML 2: EndMill

Processes Using Tool: 1

Tool Name BallMill 2
Tool Description 7.
Tool Radius (mm) 0.237
Tool Length (mm) 1.0
Sweep Angle (deg) 90.0
| 7< Clear

-
a5 End Mill Process Definition

EndMill

Cutting Parameters

| MC File Format |

Prolog/ Epilog |

Parameters Rough =
Tool Selection Tool2 : BallMill 2 ~ | [Tool2: BallMill 2 [

Toal ID To101 ~ |22 -
Tool Direction Edge_To_Center ~ ||Edge_To_Center -
Cutting Direction Clockwise | [Clockwise -
Select Mist Nozzle M26 ~|(mz6 -
Radial feed (mm/rev) P o002

PV imprint - Tool (nm) R ;135021097

Ra imprint - Tool (nm) N os24102375527426

Angular Output Type [Constant_Angle | =]
Angular Increment (deg) I

Angular Chord Length (mm) R - r
Milling Spindle Speed (rpm) _ 42000

Start Feedrate (mm,/min) _ 150

End Feedrate (mm/min) e

Cutting X (Start) (mm) b o

Lead-In Distance (mm) _ 0

Lead-Out Distance (mm) _ 01

Rapid Plane Feedrate (mm/min) [ 200

Total Loops _ 1

Depth OFf Cut (mm) . il

Permissible Tool Radius : Infinity
Part Sweep : -0.80021 deg to 0 deg

Finish Cut Results:
Mo. of Revolutions: 211
MNo. of Points: 75960

Quput NC File Path

D:lens Array\Surfacel \FOVG0EmIMain.NC

| | ‘ Generate ‘
Browse...

=3

B 3.15 4c1 %8® T
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| S1-FOV30.NC - 5%

(Sl )

BEFR HEE =250 (BEV

HAH)

GO1 ¥0.0 ¥2.00000000 F200
Z5.00000000

( LEAD IN BLOCES )

GOl ¥-0.2 E0.63848081 20.2 F150

CUTTING BLOCES )

(

£0.63848081 10,00000000 20,
£0.63838193 Y0.01114300 Z0.
£0.63808860 Y0.022238254 Z0.
£0.63760090 ¥0.03341525 Z0.
£0.63691899 T0.04453771 20.
£0.63604307 T0.05564656 Z0.
£0.63497341 Y0.06673339 Z0.
£0.63371033 ¥0.07780934 Z0.
£0.63225423 10.08885754 Z0.
£0.63060554 Y0.00987811 Z0.
£0.62876478 V0. 11086320 Z0.
£0.62673250 T0,12182446 20,
£0.62450932 T0. 13274355 20,
£0.62209592 V0. 14362216 Z0.
£0.61949303 V0. 15445696 Z0.
Z0.61670146 T0, 16524466 20,
£0.61372205 ¥0.17598197 20.
E0.61055571 V0. 18666561 Z0.
£0.60720340 ¥0.19729234 Z0.
£0.60366615 T0,20785892 20,
£0.59994504 ¥0.21836214 Z0.
£0.59604119 Y0.22879378 Z0.
£0.59195581 ¥0.23916567 Z0.
£0,58769014 10,24945966 20,
£0.58324547 Y0.25867761 Z0.
£0.57862316 V0.26981641 Z0.
£0.57382462 ¥0.27987297 Z0.
£0.56885131 10.28984423 20,
£0.56370475 Y0.29872713 Z0.
£0.55838651 Y0.30951870 Z0.
£0.55289821 ¥0.31921593 Z0.
£0.54724151 ¥0.32881587 Z0.
E0.54141815 Y0.33831561 Z0.
£0.53542990 V0.34771224 Z0.

09799616 F150
09799266 F150

09798916 F149.
09798566 F149.
09798216 F149.
09797866 F149.
09797516 F149.
09797166 F149.
09796816 F149.
09796467 F149.
09796117 F149.
09795767 F149.
09795417 F149.
09795067 F149.
09794717 F149.
09794367 F149.
09794017 F149.
09793667 F149.
09793317 F149.
09792967 F149.
09792617 F149.
09792267 F149.
09791917 F149.
09791568 F149.
09791218 F149.
09790868 F149.
09790518 F149.
09790168 F149.
09789818 F149.
09759468 F149.
09789118 F149.
09788768 F149.
09788418 F149.
09788068 F149.

999
999
999
998
998
997
997
997
996
296
996
995
995
995
994
994
294
293
993
992
292
292
991
991
291
99

99

99

939
989
939
938

( PAREING POSITION - X )

( PARKING POSITION - Z )

0.12
0.09
gg
e .00
o 0
B
{ - 0.0

Bl 3.16 4c1 B BT

Y

o
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W 308 #%te1 7 R M(3r 1 s d 2 4)[24]
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Chapter 4 & ‘5|45 8] (¥4

AEERANLER LRI T Do £ 27 AR R K-

S 4] ;ﬁtu Za e ALl > RSN SR HRESFTRR G E

41 7 &AD

*F D G FE 3x3 AL ER ehde 1 B A7 o %ﬁv} NanoCAM 3D & = 2t &
Wt oo T G EFAITIIE RIIR]  ERSNEE 27 BRI AR R
SERAET S G A1 A2 G B8 RIHEEH 0 RO ES el P
REL e Bil R P ATH B PR A T2 B R4PT s a7 4R N 3x3
ZZWFIAEE > T L BARG 2R HRED<08um PV T o R BAL Y e @]

4.1 #7177 » BT R4cB) 4.2 #7157 o

B 4.1 7 %&pe i B
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#

N
I
?‘\45
*—1?5
2
—
i
I

;)
1‘1“53\
5
?‘\45

4.2  3x3LINBLEKE ARG K Sk

4.2.1 3x3 “i?l]ﬁ‘gﬁz‘;:—:‘;,l.

AF AL 2 3X3 LA ISR TR LRI B e
(Lens)ie = » 4o 43 #7m » & — £ 5 chd 6 % § 223k 6 540 4oB 4.4 7 o
R B 45977 0 R PG A I G K0 g2 2k g 25 2 NAcE]
4.6 %71 0 B P e oL 14dmmo e FEESZ 1.8 mm o
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Lens |

S TFTTRIT S FAIA

——

0.250 £0.010

Lens 2

Bl 433x3 "LAGBFEH T 27 X B

Lo
Surfoce 1 Sur-Foce 2

/
I )
7]

Surfoce 3 surface %//(

B 4.4 3x3 “L7|4 5 Surface 2 7 7 B

Surface 1

IR

Surface 2

Ll
—

0.150 +0.010

ot

e
—

0.600 £0.010

0.056 +0.010
0.600 +0.010
'0.050 +0.010
0.250 +0.010

Surface 4

Bl 45 L76eF C +F
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I ~ T4 H ~ 7’ H ~

AR S il 7 S R

] 3 v Saoin N 7 > \

s FOVEO cleennge FOVID™ wbveper FOVOHD™ perenanes

\ t Y § [ i '

\ i ,I \ H // N
Sxiz Sxiz 1.40mm
T T e

’ H N ’ i N ’ \

t & v : v £ \
st FOVEO ks FOV30® bt FOVEO v
\ s [ : (Y : '

\ | / \ H ’ N H A

1.40 mm

1.80 mm 1.80 mm

Bl 4.63x3 74 Epd P H o 2 2hak o B EE T LB

422 ake XSk

d 421 7 4 AR %A e L F AR > LT L Slied: 41 ~4

4.8 517 > M P L FBA N 2R(2.11) 0 T E ISR IR G A% o 4B 4.7~
B 4.10 =57 -

% 4.1 Surface 1 -FOV30° 2 2t3¢ & % #c

$-¥c A

3 e iE (mm) 1.0316
Radius (mm) 6.445974
Conic Constant (K) -46.933149
4th Order Coefficient 0.060368

6th Order Coefficient 0.431885
8th Order Coefficient -1.174296

10th Order Coefficient 2.222253
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% 4.2 Surface 1 - FOV60° z_ 2£5¢ & ¥k

5% g
3 ek iE (mm) 0.9334

Radius (mm) -1.001203
Conic Constant (K) -6.715386
4th Order Coefficient -0.882568
6th Order Coefficient 1.759872
8th Order Coefficient -0.552524
10th Order Coefficient -3.339198

Z(mm)

-0015

-0.020

-0.025

-0035 +

-0030 £

Surface - Multisegment

'Asphere(Clnnvex)

00

L L | i L
+ + t t t
0.1 02 03 04 05 06
X {mm)

Surface - Multisegment

Asphere(Cancave)

L 4 +
t t
01 02 03

I
t +
04 05 06

(a) Surface 1 - FOV 30°

(b) Surface 1 - FOV 60°

B 4.7 Surface 1 - FOV30° ~ FOV60° z 2£3% & 7+ R, B
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% 4.3 Surface 2 -FOV30° 2 #-3k & % ¥

3% iE
F 2e?HiL (mm) 0.7766

Radius (mm) -1.751861
Conic Constant (K) -38.869429
4th Order Coefficient -0.140502

6th Order Coefficient 4.013924
8th Order Coefficient -16.068748
10th Order Coefficient 39.440314

% 4.4 Surface 2 - FOV60° 2 2L & %%

3% g
3 Pt S (mm) 0.7060
Radius (mm) -49.912177

Conic Constant (K) -45141.671762
4th Order Coefficient -0.538356
6th Order Coefficient -0.567560
8th Order Coefficient 23.736333
10th Order Coefficient -93.878381

doi:10.6342/NTU201803736



Z(mm)

Surface - Multisegment

Aspheré(Comex)

00 0.1 02 03 04 05

X {(mm)

Z(mm)

Surface - Multisegment

Asphﬁere(Convex)

(a) Surface 2 - FOV 30°

B 4.8 Surface2 - FOV30° ~ FOV60° z_ L3¢ & + 3. B

(b) Surface 2 - FOV 60°

% 4.5 Surface 3-FOV30° 2 #-3k m % ¥k

e S i
3 P iE (mm) 0.6186
Radius (mm) 15.514329
Conic Constant (K) -26643.226438

4th Order Coefficient 1.970529
6th Order Coefficient -12.070398
8th Order Coefficient 111.805610
10th Order Coefficient -435.468481
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% 4.6 Surface 3 - FOV60° 2_ 2£5¢ 6 % #c

Z {mm)

-0.005

-0.010

-0015

-0020 +

3% g
3 ek iE (mm) 0.7560

Radius (mm) 1.000941
Conic Constant (K) -13.571707

4th Order Coefficient 0.909895

6th Order Coefficient -6.276257

8th Order Coefficient 22.332986
10th Order Coefticient -34.354782

. Surface - Multisegment e Surface - Multisegment

-001

-0.02

-003

004

Z {mm)

-005

-0.06

0.00

-008 +

: Aspheré(Convex)

I 4 } I I I I 4 b
+ t t t t t t t t t +
005 010 015 020 025 030 035 040 00 01 02 03 04 05

X (mm) X (mm)

(a) Surface 3 - FOV 30° (b) Surface 3 - FOV 60°

Bl 4.9 Surface 3 -FOV30° ~ FOV60° z 2L3% & 7+ R, B
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4% 4.7 Surface 4 - FOV 30° z_ 23k & S-dic

3% iE
3 P2t (mm) 0.7126
Radius (mm) -20.339785
Conic Constant (K) -23343.878420

4th Order Coefficient 0.466794
6th Order Coefficient 5.529264
8th Order Coefficient -36.401434
10th Order Coefficient 104.859064

% 4.8 Surface 4 - FOV60° 2 2--3¢ & %%

$-¥c g

3 ?<?hiE (mm) 0.967
Radius (mm) -1.182630
Conic Constant (K) -2.063552

Aperture (mm) 0.4935
4th Order Coefficient -0.182240
6th Order Coefficient 0.142362
8th Order Coefficient -1.895999
10th Order Coefficient 3.192337
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Surface - Multisegment Surface - Multisegment

0016 T " ; 0.00

Aspherel(Convex) ;Asphere(donvex)

0014 +

-0.02
0012 4+ s
¢ -0.04
£ 0.008 + T -0.06
£ £
N 0006 - N 008
0.004
-0.10
0.002 +
-0.12
0.000 —jm
-0.002 I t + I -0.14 + t + + t t
00 0.1 02 03 04 05 00 0.1 02 03 04 05 06
X (mm) X {(mm)
(a) Surface 4 - FOV 30° (b) Surface 4 - FOV 60°

B 4.10 Surface 4 - FOV30° ~ FOV60° z_ L3¢ & ++ 3. B

43 7 ERRLTERIISRG

431 7 AP

/\ -
\a\
had
d
if
3
¥
A
\m}
&
=
W
&
2
&4
&
T
j:
P
bl
.
i
A
N
Sy
2
%

=1
(\x
Y
3;-5\
[N
z
=]
)
@]
2
W
o
=
oo
N
@\
¥
—
Y
T
O~
~
|
W
=
k=1
&
&
Eos
i)
&
gl
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0.03

sag (mm)

-0.02

Total Sag vs. Radius

00 0.1

# 4.9 Surface 1 - FOV30° ~ FOV60° 7 £ H$::E 3%

(a) Surface 1 - FOV 30°

(b) Surface 1 - FOV 60°

Parameters ] Value

‘ Parameters l Value

Permissible Max Tool ~ & 2
Radiis o Infinity at R=0.0, Theta=0.0
Min Part Sag (mm) -0.030486

Max Part Sag (mm) 00

Min Part Sweep (deg)  -9.89921

Max Part Sweep (deg) 0.0

Permissible Max Tool 0.98818 at R=0.183 Theta=0.0
Radius (mm) '

Min Part Sag (mm) 00

Max Part Sag (mm) 0118662

Min Part Sweep (deg) 0.0

Max Part Sweep (deg)  26.744014

% 4.10 Surface 2 - FOV30° ~ FOV60° 7 & #tiE 3k

(a) Surface 2 - FOV 30°

(b) Surface 2 - FOV 60°

Parameters ' Value

‘ Parameters ' Value

Permissible MaxTool g 76044 at R-0.3988, Theta=00
Radius (mm) i :

Min Part Sag (mm) -0.027036

Max Part Sag (mm) 00

Min Part Sweep (deg)  -5.655798

Max Part Sweep (deg) 0.0

Permissible Max Tool . o 5
Radiis fin) Infinity at R=0.0, Theta=0.0
Min Part Sag (mm) -0.008149

Max Part Sag (mm) 00

Min Part Sweep (deg)  -4.200691

Max Part Sweep (deg) 0.0
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# 4.11 Surface 3 - FOV30° ~ FOV60° 7 & 4L{ti¢ %

(a) Surface 3 - FOV 30° (b) Surface 3 - FOV 60°
i Parameters Value 1 Parameters Value
Permissible Max Tool - % 4 Permissible Max Tool - % A
Raditl [ Infinity at R=0.0, Theta=0.0 Raditl [ Infinity at R=03925, Theta=0.0
Min Part Sag (mm) -0.016433 Min Part Sag (mm) -0.064984
Max Part Sag (mm) 00 Max Part Sag (mm) 00
Min Part Sweep (deg)  -9.899892 Min Part Sweep (deg)  -15.572685
Max Part Sweep (deg) 0.0 Max Part Sweep (deg) 0.0
%+ 4.12 Surface 4 - FOV30° ~ FOV60° 7 £ faiE %
(a) Surface 4 - FOV 30° (b) Surface 4 - FOV 60°
i Parameters | Value i Parameters | Value
Permissible Max Tool g 55071 t R-03663, Theta=00 Permissible MaxTool 1.6t ot R=0,0,Theta=0.0
Radius (mm) Radius (mm)
Min Part Sag (mm) -0.000191 Min Part Sag (mm) -0.111283
Max Part Sag (mm) 0.012842 Max Part Sag (mm) 0.0
Min Part Sweep (deg)  -0.134956 Min Part Sweep (deg)  -26.501677
Max Part Sweep (deg)  9.715662 Max Part Sweep (deg) 0.0

KB 4.7 ~@B 4.10 ¥ 12 g2 5] Surface 1 - FOV30° ~ Surface 2 - FOV60° ~
Surface 3 - FOV 30° -~ Surface 3 - FOV60° 17 2 Surface 4 - FOV 60° e2b-3k & 3% 3+ ¢
5093 F)pt 7 B X7 ¢ % P4 o Surface 2 - FOV60° 12 2 Surface 4 - FOV

3023k G K LA ?%ﬁﬂ NanoCAM 3D ~ 47sc 594c 1 W & 2.5 % 7 # L

i

oo MR Y $dF B ch s Surface 2 -FOV30° » g2 28 ¢h 45 v b 3] » e F] 5 F

P
&3
e
s
P
N
i
A-
~N
bl
[
3
o

W OBEEDRE o R (B RERZ WA TR E
B Av 3 iR VAR R T K,ért ThIPEIPEF 0 7 B
ARTEEAEFER - Tk o 7 QR IT L E2ZA KRR Flt A 4Er 7 2

PFo g & k7 By g 2k B P Waviness > 14 M4 1 pFER 4 AR A o
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dA 49~% 4129 T @ae s @A ARG RFEAL FH2 kA

7 B LTS 0558 mm o 7 E v g ok R R < 3 26.744° o

— Rk G el EF Ed A Nl > ed B 45T A0 AP ERATEG B
Syt TG 2T o TG 3 2ake ¢ iR A B 5 Surface 1-0.15 mm
Surface 2 - 0.05 mm ~ Surface 3 - 0.056 mm ~ Surface 4 - 0.1 mm > & &_& ¥4 1 2L
o % H LT €5 3F7 s te o 47 BB T JF At
Btk oA PRSP S e f B AeB 412977 0 BIY Y ORE

A FLELIFALEZFR B d REIIR -

Surface - Multisegment

Rédius(Con'cave)

03 +

Z{mm)
o
N

Flpt @ PRl Bk ] o L BDF DA ARSIk G chy o 0 7
Fd 2ok g 2 BB EER A bk G f S Rem R o RS SR A F %
B EEEE AWL 14mm 22 1.8mm > d *fc] 2 FFEER S Bipaksiaka 2 4
F o FRER l4mm2 BEEE TR 0 3 E B ded 413977 o d £ 413
VR rEo k2 o BT EEA S 03684 mm 0 ¥ AL 2Erk e 2 G oanji o gkt 7§

gz % R T2 ARG T BEAES F 012 0.3684 mm o SR REF] ¥
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W B 2

i

¥

i

=

dvon Hor BTS20 7 R BB 4.13 #roT o

% 413 22 kad o @A F 2 B H o BT RS

B+ 0 B SR (mm)

Surface 1 - FOV 30° 0.3684
Surface 1 - FOV 60° 0.4666
Surface 2 - FOV 30° 0.6234
Surface 2 - FOV 60° 0.6940
Surface 3 - FOV 30° 0.7814
Surface 3 - FOV 60° 0.6440
Surface 4 - FOV 30° 0.6874
Surface 4 - FOV 60° 0.4330
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Surface - Multisegment Surface - Multisegment
025 T T T T T T T T T 020 T T T T T T
Radius(Concave) Line
020 - ]
0.15 4 R
015 - ]
- 010 + B —_
E_ E 0.10 4 R
N opos I 1 N
0.00 : :
— 0os | ]
005 1 H B : ]
-0.10 b b t : b b b b b 0.00 + + + + + +
00 01 02 03 04 05 08 a7 g 0g 1.0 00 01 02 03 04 05 0B 07
X (mm) X {mmy)
(o] (o]
(a) Surface 1 - FOV 30 (b) Surface 1 - FOV 60
Surface - Multisegment Surface - Multisegment
0.10 010
Asphere(Convex) Radius{(Concave)
0.08 : : 1 008 1 R
0.06 - 4
006 + g
. 004 1 ] _
§ E 004 g
No002 4 N
002 4 i
0.00
-0.02 ] 000 r7 \\_/
-004 + + + + t t -002 + + + + t + t
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