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Methods of making optical films and optical stacks are described. A method of making an optical stack
includes providing a thermoform tool centered on a tool axis and having an external surface rotationally
asymmetric about the tool axis; heating an optical film resulting in a softened optical film; conforming the
softened optical film to the external surface while stretching the softened film along at least orthogonal first
and second directions away from the tool axis resulting in a conformed optical film rotationally asymmetric
about an optical axis of the conformed film where the optical axis coincident with the tool axis; cooling the
conformed optical film resulting in a symmetric optical film rotationally symmetric about the optical axis;

and molding an optical lens on the symmetric optical film resulting in the optical stack.
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Methods of making optical films and optical stacks are described. A
method of making an optical stack includes providing a thermoform
tool centered on a tool axis and having an external surface rotationally
asymmetric about the tool axis; heating an optical film resulting in a
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softened optical film; conforming the softened optical film to the
external surface while stretching the softened film along at least
orthogonal first and second directions away from the tool axis
resulting in a conformed optical film rotationally asymmetric about an
optical axis of the conformed film where the optical axis coincident
with the tool axis; cooling the conformed optical film resulting in a
symmetric optical film rotationally symmetric about the optical axis;
and molding an optical lens on the symmetric optical film resulting in

the optical stack.
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25362 » HMAHREM 2536a /N HAMERE 25152 0 #HARERE
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tE o RAEWEME 2536 THBRABGEE - E—LEHHI > A
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[0148] ARBEYBAGTAMAATSDNBERMEL—K
S (B > LT AR DU P R TR 2 2 LRI Y B T
AT EE RN TEES (SEEBBR) REHRE > RTRE
FA BRI ES - |

[0149] [ 27A HEMRER 10 L ERETBZIELER
2700 > EIEE  LHER 10 2 EERELAR 12 BH0 SRR
2700 = E IR LR E B BASCEER 18 BRI HIREEERR 16 - ¢
B2 2700 GEETSEE 2731 0 BUHEERAREZETEER
g EEERRERTESEEARZ PERE - B 278 RAERRR
2700 = G » SLERB G 2700 Z BB REEEAI 2 BR 26 B
BE SR BRI 28 -

[0150] [ 27C ftB sk 2700 2 5—FRE - BRBER
2731 BEERE 4a -~ 34b « & 34c 0 HERFHABREZ BHRAFRZ
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FRISTRNE - AR 36 TR N2 BOEREVHIR A H R 30 2
E Y048 40 DL 60 [EZ S TSRS -
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(0152] sl —Ramn e
— IR

iﬁ%éﬁﬁfﬁ‘ﬁﬁ@ﬁBZ%ﬁl‘ﬁZ@%EW\
RELER - [ B 75 7 AR ot 4 2 433
ZEFRE TS R R AE 47

BENERER -

P e

]

P B A & %2

R M

MAXZ RS B

F 5 200 2B A -
ENEZERE 216 L - HEREE 224 - 226 -~ 214 -

L s g

B 216 ZREHTZ EFGHHRER | ik 2 JFRERE  £o%E=
FZEEENE - BB EH k &
1/c{%-36.82391 mm - % 1 F| B LS

%% D-E~F-~G-H- ...
HRE+EEr =
HFZEEHEZSE -

0.042435 >

=1

Surf, Y EY F &R (mm) EFE(mm) EfR(mm) $EHH B
OBJ |[STANDARD [4#E[R R 0 0

STO [STANDARD [4E[E 23.8204 15 0

2 [ EVENASPH |-36.82391 [2.19729 [POLYCARB46.22652 |0.04243522
3 |EVENASPH |-36.82391 |10.34174 48.50417 [0.04243522
4  |EVENASPH |-36.82391 |-10.34174 [MIRROR _ |58.17894 |0.04243522
5 EVENASPH |-36.82391 [10.34174 MIRROR  |44.64956 |0.04243522
6 EVENASPH [-36.82391 [2.19729 |E48R 60 0.04243522
7 EVENASPH [-36.82391 |2 62 0.04243522
IMA [STANDARD [#& g 54.72404 [0

[0153] LR ZREHEMLERE 235 (Surf. 1)ETBILE
FHBRE 230 (Surf. 8 3 IMA) RER T HLHE AL NEE FHRE -
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Surf. 2 ¥j‘ﬁ§ﬁ’}’%—*%§*@ 224 » Surf. 3 &z Surf. 5 $IESNE 3R H 2260
Surf. 4 F Surf. 6 %J@ﬁ/z\%—‘%@ 214 » H Surf. 7 FEFYRE 216 © B
@l R E 2 BTLE - EVANASPH (519 S R0JERE (18 1 > BHE
W TER 1 ZEMRE) o EEGHTER | ZSH o ZEE - #
W smosiER 1 2 2Bk B IMA (SR ERE 230 -

[0154) E—EFER 212 fE#Up% Zenon E48R ¢ HEEF 1532
i . BB EIER 220 EMBECRHEE - HEH 1.585 ZTH
5 . B EE(R 32.26271 mm o IR 00 ¥ - MG 27.14 mm (B
BT 230 7 EAS[4 5428 mm) » F#fh 2.13 > S (eye relied) (S
WREE S EREER) {4 238 mm > AREHFEE eye box)

(BEEE 235 2ER) A 15 mm - |

(0155] HEEEERHELARTRNMRELSIHGERA
B P S S T R EE DU 20 R AR A
AR R TR Y S L -

(0156] HEAGENERERES 0 EXRY  BHTAY
G R SR - B 486 nm & 656 nm 7 BATE AL IR
e E o 3.4 MUASE RO - HAEMR AR R 2L 012
St -

o2
[0157] FEsI—FEUUA LR AL 200 ZHBHRE - E2NTLZ
RS ENE ERE 216 b o BENKE 224 - 226~ 214
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b 216 ZREFTZEFEBHITER | R JERERE - £ 2 kE 3
SR ERA T I EEZSH - Rh 2 HLEEMRER 1 &
B R 3 PZIERESEAGEZEMG un &7 1 RSERENX

75 o
=2
Surf. $HHE FER(mm) ERE(mm) [k EfR(mm) SR EH
OBJ |STANDARD |#[E -250 500 0
STO [STANDARD [fE[E 15 6.848 0
2 EVENASPH [-23.17192 [2.5 POLYCARB [25 0
3 EVENASPH |-18.85196 |4.691073 26.56958 [0.5582269
4 EVENASPH |-19.44056 |-4.691073 [MIRROR  [30.63103 |-9.582783
5 EVENASPH |-18.85196 |[4.691073 [MIRROR  [24.31869 |0.5582269
6 EVENASPH [-19.44056 |2 E48R 31 -9.582783
7 EVENASPH [-19.44056 [0.621 31 -9.582783
8 STANDARD [&[§ 0.281 PMMA 28.60935 [0
9 STANDARD [f&[E 0.01 28.66299 |0
10 |STANDARD [#E[E 0.7 N-BK7 28.66585 |0
11 |STANDARD &g 0 28.79723 |0
IMA [STANDARD |4 [§ 28.79723 [0
=3

ZIH A BB SH Surf.3: 5 Surf.4 567
A2 D 0.000000E+00 0.000000E+00
"4 E 1.245489E-05 -1.462422E-04
16 F 1.393604E-07 [ 9.569876E-07
8 G -1.860081E-09 -6.019644E-09
210 H 2.407929E-11 2.373262E-11
12 I -1.266371E-13 -5.331213E-14
" 14 ] 2.853295E-16 4.901801E-17

(0158 & HEch REEEMLEEE 235 (Surf, 1)EBY
TS GRE 230 (Surf. 12 3 IMA) FREEH Y B AN EE FI%
B - Surf. 2 HENE—FE 224 > Surf. 3 & Surf. 5 HENRE—£H
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296 » Surf. 4 & Surf. 6 HERE—RE 214> H Surf. 7 HENRIRHE
216 - Surf. 8 % Surf. 11 ISR ENPERE 230 LZRESE -

[0159) 55— tEiEHE 212 BB Zenon E48R > HEHF 1532
R > BT CEREE 222 MMRERERES - HRA 1585 Z 35t
% o fEFE4 17.560 mm > FEF 4 00 & > REEEMR 14.36 mm (&
S 230 T E& M 28.72 mm)  F#fh 2.55 > HEER 15 mm > HIR
EhEiE (SLEEE 235 ZER) 4 10.0 mm ¢

[0160] myeEEas LARTELHREZ S ERRERA
B — B b T Bl BB 0 SR 20 B2 ARAEA
RS —tERB R E R ERRPZEEL

(0161] HEBLZGEXMEEEESE 90 EZRY - BHTEY
1%%%@&%%5%@ . Bl 486 nm B 656 nm 2RI ESRENME
i A 10.8 MAHIERAS G RGEMERERZRE 24 0.38 B

otk -

TP 3

[0162] B —TEIE{EI B AR 600 ZHEREL - HENRE
614~ B 616 Y RE DT £EHGHHRR | Frt ZIFRERE ° x4 R
% 5 FIHERESERER I EE LS Sz e EENNES 1
KB 2 FE -
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x4 _
Surf, [$FEI FE & (mm) |ERE(mm) [#k BER ST W B
OBJ |[STANDARD [f&[E R 0 0
STO [STANDARD [f&[R 19.43519 15 0
2 EVENASPH [-32.97361 [6.734839 |POLYCARB [42.67275 |-0.6680006
3 EVENASPH [-32.97361 [-6.734839 [MIRROR __ |49.63501 |-0.6680006
4 EVENASPH [-32.97361 [6.734839 |MIRROR  |42.06153 |-0.6680006
5 EVENASPH [-32.97361 |21.79455 - 146.89222 |-0.6680006
IMA [STANDARD |f&[g 66.72897 |0

%5
ZIEAME HRESE Surf.2,3,4,5
2 D 0
4 E -2.231952E-06
6 F -1.907497E-09
A8 G 1.062720E-12
rA10 H -5.475949E-15
rA12 I 6.686581E-18
A4 ] -4.780909E-21

(0163] MERPZREHEEILLEET 635 (Surf. 1)FIRIL
EEBRE 630 (Surf. 6 5 IMA) BERZHHEAFRNET LHIX
B0 o Surf. 2 ¢ Surf. 4 WRENSE—FE 614 > H Surf. 3 & Surf. 5 &fE
5 ZRME 616 -

REEfR 35.0 mm > EF(% 90 - EEEE 4 33.3 mm
(RERE 630 ZEHK(h 66.6 mm) » F#fk 2.3 g HEE(4 19.4
mm - HIRBIEE (OLRERE 635 ZERK) 14 15 mm -

[0165] HEGREZHNHBENTREHEEZ S THEERA
HIE— MR LB PRy "i@ud\ﬁé\é’ﬂ 20 EZ AHAA
WIRE— BB RE_HEBERB P LE o

[0164]

79
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[0166) NEZGHEMWREEES 90 ERE - BERZFERY
e FE R OLEEE « £5 486 nm & 656 nm T ENERBENRE
EEEA 29.5 MONEATE HAAEREEEREZGHE 2L 09 H
4rkb e

EHl 4

[0167)] REEI—FEELIREELLR 800 IR A 5wt as
AL = Sk E RS 862 X 55 T ERE 866 L HE—NSZ—KE
ERNBNRARCEL - w4y SR BN TORBER 822 25N
—FFHE 824 L BAENS Y —HEBSRRENE RER 822
S R 826 b - HEENRE 864 - 866 - 824 826 ~ 814 ~ }
816 » R EH Z &EFHITEN 1 P> JEBRERE & 6 IR 75
MR ERER I EE ISR - 25 o 7 iy 44 R JE ORI A 6

o
%6

Surf. [JHAE A% (mm) |EFE(mm) B8 BER(mm) EEER
OBJ |[STANDARD {f&fR R 0 0
STO [STANDARD [f&FR 11.01475 9 0
2 |EVENASPH |-16.25782| 2|[POLYCARB | 21.26634 0
3 |EVENASPH |-17.44541| 2.513635 23.93589| 0.7369043
4 |EVENASPH |-16.75009] -2.513635|MIRROR " | 25.75788 -0.1016067
s |EVENASPH [-17.44541] 2.513635MIRROR 23.35747| 0.7369043
6 |EVENASPH |-16.75009 5|E48R 24.5425| -0.1016067
7 |EVENASPH |-12.77019 1 26.71183] -0.491206
8 |EVENASPH |-157.2536 6|E48R 30.82226| -11.8657
9 |EVENASPH | -18.4783| 6.867862 31.77972| -0.4304748
IMA |STANDARD |f&[R 32.24099 0
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=7

ZIERAE B2 Surf.3: 5 Surf. 9

2 D 0.000000E+00 0.000000E+00
4 E 3.286842E-05 1.398664E-04
6 F 1.861485E-07 -5.794668E-07
r°8 G -1.944055E-09 1.220044E-09
™10 H 1.540250E-11 -9.383593E-13
12 I 0.000000E+0Q0 0.000000E+00
r*14 J 0.000000E+00 0.000000E+00

[0168] Bt eh 2 RE B BH M 835 (Surf. DAL
FEREETE 830 (Surf. 10 3 IMA) B2 M A M REE LXK
80 - Surf. 2 HFENE—RE 864 » Surf. 3 & Surf. 5 HENE —FRH
866 > Surf. 4 K Surf. 6 HENE—FH 824 » Surf. 7 HIENEE
266 » Surf. 8 {FEFFRTE 814 > H Surf. 9 HENETE 816 |

(0169] fEEE(% 19.180 mm » WEF(& 82 F » @IS (R 15.89
mm (HERE 830 Y ESH 3187 mm) - FHE 2.12 « SHER 11
mm » EEREVEE (EMIZE 835 2 HR) (49 mm -

(0170] B GRESH LBHEBAMEEZ S EHREETA

SN — B T BT LU 20 B A A
SRR BB S L -
KB AGENMRARLS 80 E2HE - BHTEY
B RERMRE - B 486 nm B, 656 nm 2 S B0 E 7 K%
ER AR 14.9 TS HBASE - HATERBEER >4 0.52 5
b -

[0171]
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B 5

(0172] HBEBI—TEEBIR AR 200 ZHEREG - HWHZ
EESWENECEREA 216 ko HERRE 224226 - 214
R 216 TEAET 2 EBEEITER | FEZIFRERE LB HHEA
%8 D~ E~F-G-H- L.PZEEENE « £ 8 FIHHBILILERT
Y mE T SH P HEEELRALEPITE -

=8
Surf. JEAE 3R (mm) |[EE(mm) [#E ER(mm) HEFER
OBJ |STANDARD |fE[R 4R 0 0
STO |STANDARD $EfR 25 15 0
2 EVENASPH |-40.49115 |4.85538 |E48R 49.67147 0.7502449
3 EVENASPH |-40.49115 |8.498641 54.28738 [0.7502449
4 EVENASPH |-40.24456 |-8.498641 MIRROR 163 0.2694101
5 EVENASPH |-40.49115 [8.498641 |MIRROR 50.62275 |0.7502449
6 EVENASPH |-40.24456 |5.013904 |POLYCARB {63 0.2694101
7 EVENASPH [-31.18185 |14.48671 67 -3.575525
IMA |STANDARD &R 102.1176 |0

(0173] HEh s REEEHEHEERE 235 (Swuf. DEAILE
2t 51T 230 (Surf. 8 B IMA) B gE T A AR YR E BHIRE -
Surf. 2 BFENE —FHE 224 » Surf. 3 & Surf. 5 WHENE “F | 226 °
Surf. 4 Ez Surf. 6 S FEINES —E 214 » H Surf. 7 HENRE 216 - H
R ads BTE 2 IS TLE » EVANASPH {hiEH I fyFEaRE (& ZEBE
HIRR AR 1 2R o B EHTES ] ~ S8 c 2B
e AR 1 228 k0 B IMA RIERERE 230 -
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[0174) E—Y2iE88 212 5%l Zenon E48R » HEFH 1.53 >
et S TREAN 220 MEEREE o HAK 1.585 THk
K o B 42.7 mm o I 100 B > MEEE (R 50.94 mm (e
T 230 2 EfE (5 101.88 mm) > F#f53.25 » i E (% 25 mm > RS
HE (EHIRE 235 2 EE) % 15mm -

(0175] B eRERH B ANEBLMRE S 5 ELEEHIA
BN — B TR B LT - $DUNRGY 20 B A A
MR — BB RS et 5 | .

[0176] HBAGIENAMEERES 100 [ 55 - BEHTBY
g RTE R MR - B 486 nm J 656 nm 2 AT E @ LS
ERAE 119 JIAMEASE  HAEMAER 5824 029 &
S -

(0177] BHHERGER 230 BFEL Y FEEYE - BHwHE

JERRIE 235 BZ B R EB/INL 1 B -

THl 6 ZEH 8

[0178] DBEF (F# 6) - APF (EHl7) REFNSY > —HiE
BEEEEZ APF (HE 8) BHBMMNBTELENEEYIETS
SRERRA MR - BREEB U SR NS T A 5
ERNEHEMZREE - KEBZHEES 63 mm Y HER 87 mm
HE R PAE o S IRBUR IR B s NP B BN | - ERNAR
KBRS B RNESE Y ES LR E N HE - ER6 7
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o ERRRESEL  EEERRARPZNERE T - APF A T
%J‘%Eﬁ%ﬁ , BUUSyZ — RS E BOLBIRE -

(0170] B B MAAC F FHEETGE 2tk 1T
e P B 72 DU AR B BE R B AU By BL T AL 1681 ZERET A
ZIhRE L SNEERKERRBEABEER » HhREGEHZE
1.02 £% > E?«%’c?ﬂ%é@?‘%&EZ@ZH%E}%%\DEL%E‘&Z?@%E@%%H@ o B
RIS EL | B AR RS 320FE 380°F(160CE 193°C) ; Al
R = 18 ) 5 R B M ERBUAE= 330°F & 365°F (156 CE 185°C) °

[0180] &X# A~ DBEF (E#I 6) & APF (&HI 7) 51w
%%%*%KZ?Z@%@%?&‘%\T%?i@ﬁﬁ@ﬁ#%%E’\Jﬁlﬁﬁ%ﬁﬁﬂ{é
(Lambertian) YRS ° M HE B A R G 58 2 B B s 2 3 AT (R
JeEs %*ﬁﬁi‘n’:%ﬁZBﬂ%ﬁﬁEﬁEﬁiﬁ%ﬁﬁ%%ﬁzBE@T@EHB‘Z%{EE’\J%JE"T ° 1
EET > WEREGES AR BEERSEART - DBEF B
BEY  RENBEHEYREER APF BEG - fia - £ 70 EZAE
T » APF #AGEE LS5 E - FiF DBEF BABHEACRIR -
£ Krauss-Maffei (Germany)Ffi 2 37 2 {H{E B /K PR G HIRE S
T A B - FTRZ SR T ARG 6 HEBERT
##(6 base lens part) » EL{#f Bayer MAKROLON 3107-550115 5%
B # s ( T B 15 available from Bayer MaterialScience LLC,
Pittsburgh, PA) WL BEH - HHEHUEF S BR 5 8 o & =
180°F(82°C) ; YABEIEE= 560°F(293°C) ; HEIEIGRT= 1.56 B ; {RFFHY

A= 5.5 %) ; {REFEE J7= 11,000 psi (75.8 MPa) ; AN RE=15%b -
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B9 ZEH 11
[0181] AZL EAEH 6 BEA 8 hHT IS 5T 1550 2 Bk BBk
MR BRI - BREE 50.8 mm ¥ EKR 38.6 mm Y %
FE o KEHRE2t DBEF (FH] 9) - APF (EHI 10) R
% (EH 11) - f5F Axometrics AXOSCAN {833t (7 B &
Axometrics, Inc., Huntsville, AL) HE&BEARZRILEE - HREE
A BRI HE R T LAES 20 mm EEERARIEEAZE
B BHEARTIEAY BRHEMYBASR (BRHEEEHES
BABEREREN @ EEEHH 2R/ IERE) - DBE ZRAS
Rk 1.707 F > APF ZBABEG 0751 & BGMENREZBAE
Rk 0.931 [ - {EIEHEA 2 HEEIEE 10 mm 2R IERREMN Y 2
REF 132 mm 2EE - |
[0182] BUF ABIREEEHINEE -
Bhp 1 h—EXEARG EEE:
—RRE
— SR ; |
—H—NEHE  HRENWZEGREEZAEEE B BLEER
S-S RE M RE R S EEEaS
—$—KBES K
—WYRHE  EERBEFREET  ZHARHBEAED
30% 2 — P BT HEE R

g
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 goeEns > EREREE-CSRBREYEMREZMEESE
R T EL B AR R ARE - R ERRES

s ERRRNE HEELBHEE B -RAEREILER
’E.tﬁ%]‘ﬁﬁ-*ﬁxﬂﬁ”ﬁﬁj‘nﬂkﬁsz‘c Y5d
Uy —NEES  ERERRRHRGEERE AR
Wil 7 ] o
G 2 BRI 1 ZHERAG  EP-BERESRPAERE B
ZOCRIRE h— LA YEE -
BRG] 3 RN 2 2B RS APRBRRA S —RUREER -
BHEN 4 GEHH 3 ZHBRE o BT S AR (R B B L B

By o
BRG] 5 REWH] 2 B 4 PE—FEZHBLE > ATRBEREE—
BRFT -

Sl 6 ENR | Y HBAG  EPRBRRAE AL HER
i DS Y A SN 2 B RS G -

EWEl 7 REN 1 ZREAG b PRESSEIREBER
o BEHRE G A -

Sl 8 BENEH] 1 B T PE—EYBRE L PRE R —
B R 0 AN BREERE Y — L RR Y —HERE
S -
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BHB 9 RES | E 8 PE—FZNBLLG  H PR AHREEH
BB B B RGY — B -

BHif 10 BB 9 ZHBARLE - s L8 2 HE DTk
AR CERBERZ R -

BHO 11 REER 1 2 HRAE% > HPE R mEREUES—
THZIREZ— AS Y -

HHB 12 REWS] 1 ZHBAS P —-BEFREAREERE &
TR ZHRERIZ -

HHBI 13 HEHG | £ 12 PE—FBZNHEBLG  HhgE—ren
BE—TZEE-BNSZ —HEES  ZE_NSZ —RIEESK
ENZMrRESEzEZaRmzM -

Bl 14 REHS 1 ZHBRG B P —REFREAREaRE %
FRIRBHEREZI -

BHafl 15 BB 14 ZHBRE  HPRERLEZIGEMERN

Hy o
EHBI 16 GEMG 14 ZHBRE - H P RER 2 AET R
S

BHiBl 17 BREHS 14 ZHBLRE  HPZERAEZIGHEERL

S

BHsl 18 GEWRS | £ 17 FE—FEZHELL > HPUNIREE
r—FR M EH Rt -
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eif] 19 GEMH 1 B 18 PE—FHZHBLRE » HPERRERNK
BET  ZEWHRHBEEED 30% 2 —FHEELHE -

R 20 REHE] 1 B 19 DE—FZHBLRL  HPREBIEMNK
EEAeE)—BENREE -

FHH] 21 GBS 1 B 20 FE—BEZHBARY - HPHER{EATHX
KEae—T REREE -

EHH] 22 HEHE] 21 ZHBLE  Eh I REE AL 400 nm 2
700 nm -

SR 23 HEHE 1 B 20 BE—FZHBRG - HPRER{EK
HEEE LI RHE -

WG] 24 HEHEH 1 B 20 BE—FZRBREG - HPREB{ETR
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