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Fabrication of Micro Polarization Optics Device by
Laser Bleaching and Study of Its Characterization
by Microspectrophotometer
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A grey scale laser bleaching method has been proposed in this study. A polarimetric microspectrophotometer (MSP)
was built in this project in the first. Then, the two dimensional micro polarization optics devices with controllable
extinction ratio was made from the polarizer film through laser bleaching via monitoring by this MSP. The
devices made from conventional polarizer films have the special characteristics such as low cost, broadband, high
dynamic range of extinction ratio and high acceptance angle. This work about setup of the MSP and single point
laser bleaching scheme was done in the first. Optimized laser bleaching wavelength and the relationship between
extinction ratio of bleached polarizer film and laser power was studied by the spectrometer. The polarimetric
image distribution of bleached polarizer film was measured by the image camera. Next, two dimensional micro
polarization optics devices based on linear polarizer film was fabricated with 2-axis linear stages controlled
by LabVIEW program. A polarimetric MSP was used as real-time polarimetric analysis in order to control the
extinction ratio and other polarimetric characters. These devices have the potential in the high grey scale mask, high
density optical data storage, linear polarizer based grating and circular polarizer based grating.

FUEHFHN 215 H7 107.6 85



% 1. LD/LB/CD/CB 4% M2 -

ki # W

PVE T IE AR I (R A RIRIR R - R R fm I e 1

=AL-Ap)

Linear Dichroism LD (AA=A,—A,)
PSS B IERZ BRI R IR E HRAZ B A RIS =R - SERCHE R
s 7]+ BB R IRAE RS I (An = n, —n,)
ci L YIE S ~ AlitERIREE N ERIR L - R ERRICRE (AA
ircular Dichroism CD

Circular Birefringence CB

£ ATEERIOCEYE TR ZIAFRIRIITE R » ERGEE A
A - R R BEOLRFE (An = ng —ng)

il

_‘ﬁﬁ

TR KL T SRR R B FE B2
ZEIEEH SR BEABHAMSKALE
TG R 1 bR 2 S PR AT R BR T - TRk TN e AEH
HAEFBEF - MEOEETHEE B EEZ
B - AW 5T AT aT im0 B 2 B A = 10 B 1
(polarization dependence) & —fEFEFFHZEAEETT
- IR T SR E Ry e s 454 (intensity
modulation) B{FHA7#:47% (phase modulation) »
WIFEF Y 3D FE i FE A < il 2 A 67 32 oo
£ (patterned retarder'” ~ FHFE BT 21817 (phase-
shifting digital holography)® - %1% =R >EEE %1 &k
%S (imaging polarimeter)®™ + (R HEFEE S EIIE T
P2 (micro polarizer based interferometer)® + B%s
E2EEEFT (polarization holographic optical data
storage)” » B AR BT T (plasmonic spectra
for information storage)(g) s LR AV R EER 2R

ﬁ%?] — :== "
- (PSA)

St T (tissue polarimetry)®'? % » HLZEIA 41
L HIIE B X AT AR B 2 B 72 2 AR ARFSEE
Bt ACE e EIE A o Btz kot
BT h ) - SEHE DU IR R DR e e iR 5y
MR BIAERTE — G (linear dichoism, LD) ~ [E]
M (circular dichoism, CD) ~ #2475} (linear
birefringence, LB) DL (circular birefringence, CB)
% B R R [ AR AR AR 1 B -

AT FE R FH B B IR 1 Bl AR B i flm #i 7T
o B EM KPR RIRE S - SE R SRR
R (linear polarizer film) DLUK g iz 78 F
(circular polarizer film) fif# - 35 FAEROEA L -
N rHEE RSN R M ER - g iR
HIVY R Z AL FERE [https:// www.bengmaterials.com]
e 1 BRI - FEAEH TS PET R -
PSA JEKBEMEFEET » TAC =FEMEMIHES - PVA R
ZNHEREL PET BEAUIE S - FERCHEHIZER
PVA [ - HEl&HERANRLE RS+ ek

Protective Film (PET + PSA)
Triacetyl Cellulose (TAC)
Polyvinyl Alcohol (PVA)
Triacetyl Cellulose (TAC)

» Release Film (PET + Silicon)

LRIRIR A 27 &8 (KB R ke AEMHA @A) -

86 FHEFAEN 215 HA 107.6



B frDAMm ot BE 2 B E M B AiF B 70 T
& (% PVA) @ IOAZEMEYE (GR ~ GeBRH
) - BEBLEE T o EE2 A PVA 1
BRALH PVA [RIFEA PVA ST REEAE » 255
TR o B W R (A D D5 A L ol
E1E PVA LRYBUEE T B quRHbE 2 B At
e AT DURMCHAT IR BRI T R e & - G
e B 5 [ S BoE - P dmCIR A BT T ae
(FZLZ2 LD F1%) - fotimiRiE Bl LD » LB K
CD %5k - HIZARBR M (R IRIE 82T - 2N
T T ST B P R R U & — R A R R Py
(plastic QWP) » R iR AR IROL - HKIREAS
BHIAE - REREREREEGEG TR - Rk
H P RERF B AOC R RO 2T B AR
PIHIEE R G e 3D Bnan LT KA E T 0 a5 Rk
W ESAHE R - B — %R roll to roll 24
7 EM R Rk AR M S R AT - R (RO
BFEA = R (R OB B B - 703 2 r B H B IS LB
A EGE 20,000 0 HEABANRIRAT#ZZAE
(accept angle) A EE 30 & HIHAE AFE (B LR
M BRI AT ZE Ak FH I R (i P 1 e B B R
Sl v

— AR

PR B T2 H B2 B A T+ 2 i
Fofiy > R BRI AT DU SRR AR 0 A B R
THE 5 HERREIRAERR « fRaEBR R E G =R DA (&
ARG > RS At T — (B R rTRERY
WroEzEE - ARRT R ERIBERoROEER T - Al AT
DAEGRHIEERE - SR e R s B IR E 5
Ei o HERRTTHRR A B S 2R E - R
ORI THEAM M ARBRI5ESE - SEREG T RER R
RHVEZRE - WH RS IRR R a S A RIaE T F
BB IESH 2R - RIMEEE HERKOLE
R B - SRR RSt B E - N
THEBEZ#ERE - SRR R 2Tt
SR B S I ARIMATERZ — (i A = I EE S
P BRI e 2R I B A B R P i s 2 A
EEA(ERS o —fRBCRKOLERTT I8 W HE A AT

LB BGIT B S > ARl 2 B
AR REEETTH AR Z fmicERa T - DA—fik
SRR SR T R AR R M 2 0 - 10— kP
R EEE= R E Rt BotaE 2\ rot &R S Eh=
PR R AL ~ BRI Z BhRe - AL FRRasE AT
DA e & BRGAF DA ROt 2\ mo E Il - 2
IR RO T RAR RIR R ST - fEES
SRSy - AR ERBS A O - hE BRI
AR IE M LR ERUEA o A AR AR T - AT
FeE SRR M A e Kt IR Z b - a1
TR~ EARTIL B DR Rk B O &
HISE BRSO AEHR RS S fly ST B S ST
A& 2% - 5950 > AWPFEDLE SR E Bl S E—
HEIRIRESTTH: - BTG & Rt B ROE R Z R
P2 e - AL AT DA BT O Z IR LE 70 A

(extinction ratio) °

= - XRkERsY

BA RiRAE BRI 2 —HEP D i 25 KOk T
- HiHRERBEEIERAL 55 E - AR
)~ BARCI S DL E A L s s i - U ERE
WA EER Rk E AT < rT B - RiE
EAENZ ERMEEEA N - SO EEATE 2R
{E MY R IR T 2 By - B &I LH
fiif (laser ablation)'" + SE{E M%) (etched dichroic
polymers)™® '+ Z & S BRI 1T (wire grid
polarizer)®'? + &1L BEBIFZHL i (photonic crystal)
D SEE RSB SV EIEET (photo aligned
liquid crystal polymers)">"'® « Z11[& 2(a) Fix » B4
T2 5 il 3B 5 FH = 3% argon laser B¢ CO2 laser
FEYIEFEENRREERER F o EEm TR a2
) - TR iRt < BUEERY - 2Rt
TR TSR R AR - U R R RE IS H BY
MNEH @ REHFEAREE R ZEE R 25E
BHIRRE - (ROCEILLAIIRIE TR - TR AL R
A 2B R IR 8RR - R R Z S iR i
bl 2RI o R BA EERE
(AT RS BERT ~400 nm) » [AIFF B HHE = 2 RIR
$#fE (high extinction ratio) » #5 RE & FEHI T 12

FUEHFHN 215 H7 107.6 87



(a) (b)

Focuseed
laser

Stretched
polymeric
film

BN R REE R R Substrate
¥ n e )

2.(a) FHZa A (b) IR

MP AR EEN - AEAEIFEA L iRIRE
Fe AT 20,000 ¢ 1 B A R A E IR IR
ZIRAREBEZ A (accept angle ~30 &) ZHRi4:
RMHERRIRIE A2 HE TR S - R
EH YRR A EE S - WETHEARSHREH
HYEHI N EG RO - A IR R e 2 2 E B
B 0 ORI i R 0 AL EE B 3 Bl & 422 il 1 i
#E - HRFHEOEM A S - RimiwiRER
BT EERA SIS - DUk Bl prid Koz =
bt mEZ AR R EEER IR R B
ThEFER R RIRIE FE R EEA - i L7200k
R BRIl - 20E 2(b) mEBETR 0 &R
EOLBIRZEIL » SEPH R AR il < FE D - 1 AT DUEE
FEHEARRRE 2 & - HETR S E R/ N
By 5m*5mo EEHEE (stack) REHRIHMT - ATLL
BEL g _MiRIRTTH: - ER S ERIRIREZ
FHE (B0 0 B /45 FE /90 FE) - [CRER 40 [E 2
EEFT - RINTEERZ 2 @I - & oI U =R

(a)

~zm]j

- High index material
" Low index material

)
2>

’
.f " Substrate (silica) \

D

wescd LU LLLLLL]

4.65 um
—

lodide diffusion

Photolithography

S PSR A R AR AR -
iR ERE RN - BRI E IeSs - W H A
JREEZEFE T » N Z AR Ed ah sz 28 - RIS S
SERGEEARZ (over etching) BXERZIANE - DA HH
JRIFF R B8R - FrEhZIFE A 28 R U] aR 4]
(under cut) HIEASFRAEHREE » (8 LLa &G pk 42 5
(cross talk) EERCE LT - & 3(a) A » X
Bk E ARl U H ARSI R BB BAEST - Dt
EEMERETAREEY] St ey M
EE TE & TM A RFIZEESR - I Aie 2
R B AEF TR - AR 2 TR -
br TSR ERER AN - HATUEE /A 100 nm
SN AR B2 I E 2 R - SB— R
R e B e M Bl » 208 3(b) Frs » FIH
FERE R R E TR S B AOEM (RS R EE N
JR100 nm) » FAEEZK B EHR < PRV T R 2=
HEREE AR AR AASAEBIR R E
PEMEE (linear dichroism) » A2 £ W9 IE A R IR IK RE

(b)
1.1 Wiregrid Polarizer Design Space

™

Figure 1.1 lllustration of a gold wire grid
polarizer in a substrate with low refractive index
values for n and k and the different parameters

3. (@) A F a9 (b) kik k4B EMBET A

88 FHEFAEN 215 HA 107.6



M EE P Rtk TT R < U - B ASHRIRIR
RESEITIATOR S BRI 23 S R B
mEEE o AR T S 2 lRikoT - BEEA
TR RIRS A AfE20dB BT - H%Z
S BIR OB LR ERIE - CEEHE
T HEERER - HIATEFI A EIEORERE (B4 e-beam
8¢ FIB #f2) » RSLHEEME o SO FRft—ER
R E L AR SR &V BOEEUlT - 208l 4 F
ENRID e R RV A= B A Zs AR S s by
DUR R st s PER T 2 A & » A RDEES B (5
m s T EARANESRY 2R - RN BRI UV &
JEOLTRE #G TS TOERIES IR - SRR
b 0T A (twisted * FL{5E retarder or rotator
ZFEE) g HAR IR A - #EEEICE UV R
MR IR TT A - e PH S R [ e i = Rl
{F R HEY o SRR R T AR A] ROk
P EHE R AT 250 nm v EREERTE 70% - AR
LA 100 /o4 » #En]E i —EEHER T2
1,000 » ARG BN o A FE R it 2 Bt sk
— A TIELERZE - JICGR K ERIREREE
L RERESEOROEE TR - SR E BT R R
JE - CEENE - RIIHREL AR DL R R BRI
SR H AR Z — 258 P R G ER e n] BE g E Bk

4=——p (° reference

® 90° reference

TTEMERZITE - B HEROLRE AT DA R
o R - ARIMAE R ER T Y AR 2 (R R R
Mgl - B2 A (1A 7 F e BB P S NEE T T B
F5T - HI Ll BEROtR RS REI H AT R E -
NEffERRIRDEEZ E R EHITIRE - AT ER
A BRI ER S B - ] DUE ) EATIE s
P At AR EAGTHEE - ERHER
IREAOERE G RENR - I BA A E RS
B TR A AR B P R R R -

M~ HRHE

AREtE L F T B RS R IR T R
otREZ G R et 29 IO EEFFER =
FHE RS i m R B S TR FEH P& B2 K
B B SR A R EBEER - DUREHE
ez SRR E R A R R =N A e e R R
FATV RN A ~ TP BT 2 TIERFT
e

FPREHERIR T R - AR FTEE
FRMEfRIRE - (linear polarizer film) « & i =1
REGTIEATERIM ARG - KA 927 %
FE RiEsE 2 fRIRIE A 2268 (protective window

spin coat azo-dye SD1 (1% in DMF)

/ 90° linearly polarized UV light
; L

0

! 1 ]
second substrate -| first substrate Hsecond substrate| —'l first substrate Q|second2ubstrate

0
first substrate 0
I .5 g
UVO clean
20 mins

input light
UV blocking filter l l l

I3

second substrate

externally laminated
O . .
0" linear polarizer

(800 rpm, 10 's,
then 3000 rpm, 40 s)

liquid crystal E7 5 um spacer

first substrate |

<4mmmm |second substrate

alternative positioning of the linear polarizer,
corresponding to the case where the polarizer is initially

(140 °C, 20 mins)

/
I l 0° photoaligned SD1

0° linearly polarized UV light

| ||

(st subsirate
| sm——— B W mask

90° photoaligned SD1

laminated and subsequently spin-coated with SD1

4. 625 iR 5 B A A IY T (photo aligned liquid crystal polymers)!™

FUEHFHN 215 H7 107.6 89



% 2. Xk b & AE AT 2 g o

{5 fdfi P e

1. EETIN T

RO A
(dicroism polarizer
film)

NARIRAA IR (FE - B 42

K 1000 IT

2. mfReE L (AT 5 ~20,000) -

. APEVELE (~400 nm) H 7 ES S

%12 (UV/VIS/NIR) °

L BT  JSEA
5 TR T -

2. SRR AR R R L
R R - 2 P
P -

(photonic crystal)

(dielectric photonic
crystal)

AW N =

. BHIE EE RT3 3,000 ©
CENBERGRREE -
. BB EWEEEAE 2 R IR

5 -

4. BRZHZAE (~30 &) -
5. URIRIE B AR/ N SRR
JE » AIDABEL 2 pm A -
6. ZEIATF AR -
2. EE AR T EMREE 1. RiRAMEIIEEFER - 1. FEREZ BV - B
(etched dichroic (dicroism polarizer | 2. i fmotE HL (AT S5 20,000) - 59 °
polymers) film) 3. MEFRAH (~400 nm) EIRESE | 2. RETFRE S -
{2 (UV/VIS/NIR) ° 3. BRG] - BB
4. BRZBZ A (~30 &) - BHAEANE -
5. AJBER/INR TR 10 um * 10 | 4. JEF A 0] > EY)RERH
pm ° B -
5. SRR SRR -
3OET- RS | MEEICT R | 1R EEE (295%) - 1. SRS -

2. BT /MR 100 nm
3B AR -

4. e £ OBk
HIEfr (wire grid

polarizer)

KRR BB
St (sub-wavelength
metal grating

FENEBER SR EE
- B EFEEAE MR

REEZ (0 E / 45 & /90 & /135
) o

1. B RT/IMA 100 nm » 82
&5 (BE-beam, FIB 55) -

2. FIE LB ~100 -

3. BEEREE ~65% °

4. NFHEZ FEBUN ~10 & -

5O RS
VIRV (photo
aligned liquid
crystal polymers )

WL+ (liquid
crystal)

CFOLRBERSIREE -

EEAHE ~250 nm °

CREHRE R -
- AR R R R o (R

AR e fRIRIRRE (full

stokes vector) °

Pra=aN 7
1. ZEEHR ~70% o

2. (iR ¥ EE ~1000 ©
3. RO RN 2B -

&3 FRENE

B | B B L TRV S B 2 R DUR R AR L TE 840 -
L 0 R B TR T R S R R R B RO R B RUH 77 % - A B AR P R0 2
SHEETIS -

ey | NSRS AIRFREFREE + DL MM AT P B AL B

PEEH - AR E LS MR B PG - TR RIRE Fr —HEMRE R SRR E - A RIREEROE
s FIERY B 2 (o P S e K RS R N 1 A RR e 51 - FHE AT B I R B R L 2 IR R
TELA R ERE A RO EIRER T (BEL 256 GT) °

90

FHEFAEN 215 HA 107.6




/
e

™~

~—

-

_—v

5.8 MBI R (&) B bimikith (F) X +&H -

laminated polarizer film) » 3518 .2 B B DREF RIE
Al 1 Wem® BY 0.4 J/em® - W18 5 BEEFR @ 45
MR EEGRE PVA RIRESRF - EERE
HEHITRLERN PVATE - Wi B E (MoR ~ 3
KR - BT e B HEE 2 AN PVA H
PEVR AL PVA BRI PVA 73l 5 A A
RIMET M 2 IR R T A2 W m s (E R T
M _E o T AE PVA _ERyRiEE T sk bE 2 H
Tt - BRI AT AR AT B HB RS T 1A e
SrE - HEERE T REDEs & - FI R AR
MR RICIEH B R IIRE » Tt IRiRiE & R R 48
EER R RIRIE A 8n - RSN T — S
IR Fr{E fsl U3 & — I RAEEIE - (plastic QWP) »
R ROCE e ROE - IIBERGE AR - IR
TE e R EGR G TEROE -

{7 9 P RE R B AR R R ROt < oot - &
R RSP # R K 3D B L R T KA B
BRI  E R E R - B R R 1T
R M R - e (RO B B SRS fr o
Bt - A gy B FLAF IS Pl S Al sz 20,000 0 H.
BAEW KR T2 A (accept angle) A&
30 & HNEREE R - AR R
PR IR IR (R B SHE I TR L B - I
THHART S E e i R TT A AT TE R IR 2 THE 1
TRk o fRIRIE R BB 2 E R 6 NART
o EEDEEG ABMEEET - RS ERYEE
EREIRE T RIRE S AR ey a & 23]
FHEZEFEAER - mMEEZmHE s
IR e B W il 25 R 12 - OREIRZ
FIEHFEAR - Rk 2R TR - KR
BT 2 325 St 8 P2 T T D) =R S IR [T Z R B -
e RIRE GO R RN B R - R BRIk
fE P ARG L2 B « ARHF9ER tH— AT B B
T3+ BERTRLAIMDEE SHE R B R B Rl TRk
I DU & B3 RRBROL AL E - (F R

TRNRER R R b S BB BE 2 2 A - FHIARSE AT RR
ThEEE TR . —HEEY R iRTT i - A7
ST AT 2 IHA G P 2 IR RS R B DA R = IS S PR
fl - MPRETERTREZIER - Bl & mE IR S SR
H RIS - FEET AT S B RE A LL IR FE
BRI SREAEZIERENT (HE 256
(27T) AR BEE RN ~ SRS L2 M ROt
il Kz e et B B S AR SO FE R ERET - 418l 6 27
BEFR - FEEE RS BICRE E SHOERES &
VE R #5612 B (pump beam) AR ZEHIHER A
R PSS MU R HDE SR &I Z A (probe beam) -
KRR SO G | NS - RS RS R
ERfRIRE A PETENEAEN - BHEE A
() R B o2 B B S 2 H 5 5 I R B U
T e ERUTHABARE (shutter) 4% F AR (E Ry I IR Y
F T2 AR EE - S AM VIS o 60 P T4 il 2 A S
(polarization state generator, PSG) * & & — F & H
i ROH B 223 et < & — IR AR #5
FH v R AT R 22 T B (R A1 2 AR R A TR A2 2 Rk
KRG - B 57K/ B RIRDARZETE /A i fmimik
RE - A FIRIR ASHEEH RIS FERFRZ
225 FEHERE BB B B S - B
AT DGET THERIRE B R IEE  DIEEE T
A A R IR 51 oT A - S50 —AHDEES - BERISE N 2
KRR T o R B0 A — R 8 R i 7 A A
#H PSGLAK 55—l A i A (polarization
state analyzer, PSA) Z2f&El PSG —fx% » HETTlFIE
Frita) - #5EH PSG K PSA ZHATL - i B AEeqt:
& CCD » 7RI A DLE MRS ESEHERE - &
e AR RO R R M DU R iR R M e B oy
i S AT ARE B R A e N B e 2 H Y -

FEim g E R s B M KNIGHT
OPTICAL 7/ R HIAE 1 25 Tl i B o A 1 I 8 7
an - HAHBARUSANE 7 frs - HAR UVIS B
(w38 Fr i R #E Y 400 nm — 800 nm - {RGHARE

FUEHFHN 215 H7 107.6 91



Spectrometer
400 nm—800 nm

—I |— iris
CcCcD beam splitter
<> tube lens
P%;:} P
Shutter  pgg QWP
dichroic beam splitter
Laser
P QwP
objective lens
olarizer film
P """“""*I___I 2D stage
control
QWP
PSG
\ P
[e———
-« =': aperture stop

Halogen Lamp
400 nm—800 nm

6. FHIF G WM G BRIR T A BMIRBAMRALZZAZ FER -

100
geivele al | L Al |
B
10
SN |
S Graph Legend:
g A = Single polariser
g B = Two polarisers, axis parallel
g C = Two polarisers, axis crossed
= 0.1 T
a/
0.01
0.001
400 460 520 580 640 700 760

Wavelength in nm

7.8 A VIS Rik &R Z A -

FHEFAEN 215 HA 107.6



PUAR B I B R BB - IRTIAEAL I B LRI L
BE AT 20,000 (~2'%) DAL - TEHALL VIS fRiRIEA
ST E BNE A P S E R IR TR - BT LUERR &
FEESAECELIEEERN EEI SR ER
2% DUR B EE A Rl > B i F o ke fm A
B (polarimetric camera) 2 JEM -
fRIREROEIE G RN T - FENRRHER
ez ae B L ES S AH R 2 B e 2 (R
T A HIR T — T R R B e B Al
B DUE S AL S R R 7T 2 AR B 43 A
% o ZEFEHFEREAZBRIRTHER ST
25 um—100 pm ZfH » HAETWARE [FRF AR ME
iR LU e e R IR T RERRTOE RS £ R4 - Al
AW ETAERERRS - EHRENEARRR
B RO ENE - BT AR RO R
TERBNRFEEIEZ - B T I AR E T 5
TER®‘ZMIRIRTTH: - RLETEEERIRE - KE
I8 P 5 e Ui i 2 FH S B B N B0 2 R v Ry ==
U5 0 BER IR IEFEIFEE RS R » g
— SR RIRA AT - BROLRS AT R K
& S 277 Y B AL R AR (R ik 722 AR BEAH (polarization
state generator, PSG) » {EVISRIOE 1% RS EEER Sl
IRFENTIEEH (polarization state analyzer, PSA) » 13l
PSG E4A L ERHRIRINGE - MG R R
HRNFERIRIREEZ EAHEE - FEH PSA ZKfig
M@ fmicoT R 2 fmicikRE - B EFEH R
Mr T EN AR A R VY5 & — R R AL B i i)
BB GE s =l RSB R SOERE
EERE - BIR[EARIR < TR RIR AR E
DUR A BRI R A0 & A G
ol 1 Fr 28 B 1 B B (A DA R B AR R = )
% FFEHITH T RS A AR R R A
TEANEEES - I 2 fSEATEE S B R
IREEROLFE Z AT B 7 KEMEE G ST ~ 7]
PE =g L B AR IRES (pattern micro
polarizer) * ‘B 57 K P B 41E H (i m IR 2] -
DURe =B EE Eb 2 SR MR el B g e e il B L A
SEIERITRET - WhE B fRIRE R & T E K E
= A [ = A R R S AR IR M S 53 AT - A
R AR ANE A R IR T 2 R e i

T E R EEEFEEN LabVIEW Z 30T » #8851
RS BV oo A A R IROT I 2 B E - 2B A
FfT#E F B B e B F e B —HEM R - THRT
B IR R SR A R IRRE S - DU AT
&~ RS TEZ SR R e B e ettt - FE
B8 — A I 2 A IR iR B O CRE R B E W
% AGEST E BT REIE L M RIR T 2 (R
YEARRE 3 -

5~ #EREAETER

AT ST HR R B PR R s i & B O
s B B T G B ' L LBk T 8 i L A — R R
RIRCETTH: - BB R RIRIE S EEE - M
(EfE  RARMOTIT DU RIREL - AL A4
TERT 258 LARAR G R b - SR =AERDR
BHL O MR 2B - 2R - REAREE
FIRCHIES ~ BURIRMESIRIRG T - s A R 256
il ~ BEOCREENEFEL AR EER Z Rt
TR - FF2SCERY] T R A BO R Rk
TEBERAT L - PIANEE SRS ~ #RMEARA] ~ R
R BOUMHET H DUR O ER i L A B
il - CERFFEAEE YL T R LAV RAROLEE - AT TE
EHMRIR T Z IR - R A iR KPR
B E BT -

SRTMOCRY AT TR BB LA B T R~ SO
R RCR ~ B BBETR - (LERDTE R IR
TERVEHE] » ERDEE » RO  EPPLE - B
FHEELUR AR S EAEEREEZAIER » TRIAEH
AV FEE AN FEIHDERSAT - KA E P BAROEEE LA
KFRCERIEREAAE iRV - (HEHEER
JEER DL ok B2 B B IR AT A e DA R ARHUR:
R S EAOTEE Rk Rt R E T
HmiRRr 1t - BT AR EHHOCE 2RI 1P
T (EER BRI (RIRDIRE LA R AR R 4
AR HIEREAIR - AW 7eE i —BEROERERM -
AR EHHEEOL LRI RIREFE - B 8RRt
LRSS T © HRMAHEROEE © fRIREE
B RIREOHTEE  JCRE DA B ST R -
BHPLIRRFEA RS - HRFTAT el - ke

FUEHFHN 215 H7 107.6 93



B STAGE_and_Shutter_Repeat exposure times.vi Front Panel *

File Edit View Project Operate Tools Window Help

> [@] @[] [ 120t apslietion Font 2o~ |G [~ ] [85-][2
. : . =

BT

VISA resource name
% =l
X i
io g
KRB fum) ¥ FEHE (om)
:ln 40
. Exposue time|  Repeak
::u Ho
RUN STOP
Xil +1 Yﬂ-i.l
2 L
X position. ¥ position
| I

(b)

B 8. (a) RIS EHTE G MBMAERESEZ 24  (b) LabVIEW A -

A RES AT ER I R A O R L T = - BN
W A AT B P A (R AR B RV BN BR 0 - il & B 5T
EE M DURIRIE RS - GBS E R IR
Bt -

“ AR AR B B R AL E T RS
o BIANVR SR  RRE 2B w R A B E
Tt fRiREs o FF2HEMY PVA FE A= LB
HER LUK B270 SR - TGRS RO
A ELAR I - PVA R Fr G401 3 2 22 05
HIFH B P ELS - 120 Edmunds optics @ —ftHI{R
IR Frl A S EERYSEE (UV-VIS-NIR) » AN[H]
AR HERI TR ER - FRIDEREIHRE
M HEGREFELUR A » ARWFFE L] R IR
{ERMFFE AR - AWFFEATE A PR IR AR Edmunds
Optics fmit #86-178 YL © By T FFEFHi#E - 5%
Rk Fr =S RS E &R 180 um © & 9 %5 PVA
fRiR A ST S - LRI PVA [BHEER
25 um ° & MERIR A SR 750 nm SRR IR E

94 FHEFAEN 215 HA 107.6

9. PVA & ¢4l #LHE -

P R 9000 - 6 A ETIEOEEE (Meadowlark
Polarview 3000) ¥ R B frfiR o 14 A TS R
Tl 10 > HAmiRFE R Rir Tt > #&fm 5 0.001 -

11 B RIRATE 10X VI8 T » FERHRELAR
MEfm iR A EEE R R R - AEIRRIRECT



mendow“‘“‘k 9ptlcs EE%CALRBEXJLEF:ﬂ F‘%‘E‘IQFQNTERFACE

Data chart Polarization elipse Large numeric Phaot

Crientation of majo

B 10. ¥y 3% 6 4& (Meadowlark Polarview 3000) & R & ey 42L& R & R -

100 =
— Ml — T_linear polarized

90 - —@— T_unpolarized

T (%)

20
10 =1
0 T I T I T I T I . |
400 500 600 700 800 900

Wavelength (nm)
11 Rk A 69 F &R MR AR -

FUEHFHN 215 H7 107.6 95



1000 —
—m— (O deg
—®— 10deg
— A

800 - 20 deg
—Ww— 30 deg

600 —

400 —

Extinction rations

200 -

12. 4k b <A ¥k Pl 0% K Bl 47

A REAE BRI ZEE R KL 30% » AL INEHY
FRESAE AR 850 nm HYR TERER KR 50% » 1E
900 nm HY[ENL T @ ZRERAILGER] 65% @ {HiEL
S R IE LR B ERE 50% @ SEEHREE
RIEREE - SRR A A RIRAEE - TR RIR T
HIZEE R RN 60% » 1L ROCHISEE: - #77E
AR 2R 2R Ry g FRIc =0 P RYRI S - (HER
% 850 nm ¥ » PLRGFE A AR R 8170 - fRiR
Frix EE R R R b o

HEE A - BB E N E AR AET
HiRiRAF RIS ETEM - B 12 BEEE
o EIRE 400 F] 730 nm B - {RiRH R SR
£ 1F 730 F] 760 nm Ef - [RIRILIEENHER
BAR(E » £F 760 £ 850 nm * {RIELLEEAT T -
{£ 850 nm %% AERRIRILE B—2 - TEHER
i EERIRIRLL R 880 ¢ #AEEH NIRRT A
HHHE (ABTAER 0) 0 7 750 nm WYL ERE - kiR
REPERZHRE (RIREA 100) £ 350 nm » {7
RAERANAENEZEHHEES - @EHEA
30 & -

96 FHEFAEN 215 HA 107.6

N I v I
400 500 600

1 N I v I
700 800 900

Wavelength (nm)

A SR 1R R RE RO E T RN B 12 - DA
B R R e B H AT ER P Rt L B — R AR
MOVERTTHE - Ry TR IKEE ZERR Y TAC
FH b EFEHER NG IR LR - F SR
ZERMMOE TR o WS EE B H A DR i B Y R R
MR - RFEG R R R R AR - AE 13 -

14 E5HFAH 405 nm ~ 532 nm DASz 632 nm ¥
Frimte FrEf TR e RS R - T e B (R R
Fr R B BRI RK » bR iR A B RF P R R RS
"y R EEDUR = AT A B RE R E o 1R IKIE
HEREUEDL R S # B E R FE AR =] -

TEfRiREEF - BERRIR RN B R B RS [ ]
Tt — - A DI E R Rk G DR =
MEREUTEHL b - TEICER F » R EE AR 8
TCF - BRI B EIAERY © 68 FRARZERES Bl %]
REMURIR A DRl Ath B i A SR B Fek 512 AE A O 2R 1T
BRI v RO AL R de R 4 T = B G R
i P Z ARIRFFIE o 3 SR AR Bl & B RO R A
i B P Re S B F S IR BRI LA
S AUHRI ~ MRS AR ST - AEl 15 -



13. 5 F 4 F ST R R RIE R R S RBIRA AN RE -

14. 4 B E49- 0k & & 405 nm ~ 532 nm VA Z 632 nm /T2 G eG4t R -

15. #1H &4 % & R R ey ke ik A

DAQ # & A BIEE 43 A i F O IR iz EE DA R
R LRFE - AR PER i DR R P R b RE S B E
H AT AP R IR EL AU SRR IR 2 TT i - [B 16 R2f
7 AR HRFO R IRIRA R - nTDUE I — mm@m%
7R B ORI INE (0 £ 1000 ms) »
FHEOWREE1 -

1

o A ho B A

L dddd s .
... ‘ .
4 4 4
b4 4+ o
bt d 4 + 4
XI1ll..
.e 1434
e

S R&RAK ~ WA BT

HHER BB B D N B AN EH ENEE
& 17 FEENEHE PVA RO 2 Rl -
17(a) F 2R R B LIERARAGR - [B 17(b) fHiE
H IR A R OEIF B 2B 3R B (R - L3
1B E AT AT ER 2 BEOCRE A ATl - Ry
W YR ] ] DA E FR AN R EAE B B — #E B R i

B

FUEHFHN 215 H7 107.6 97



1.0

. os8fL
S
S
c
o
‘B 0.6 |-
8
S
)
c
o
> 04}
(0]
N
®
g
[e]
z 02}
0.0 . L . 1
0 200 400

600 800 1000

Exporsure time (ms)

16. 1% ] DAQ AT FAHIZ G ik i 2 Fif F Uk L oF M Bl A% -

]ﬁﬂ Fati s G s P R AR LR (5 3
S EHER 0 2 1 A H AR 360 FERIMET
& TE;%E%E"] + A FERES B E H B A R K RS
MR O —AERE R IR S - [8 18(b) Rl
£ 405 nm ~ 470 nm 632 nm * 632 nm * 650 nm LA
J2 780 nm HETTEE BHEH ZASE o #HEEAER - At
FRRRE—ERNE AR o W FEH LS AR S
OERE AT RIRFEEE - DUE S| e R R
IR TTHEIE - BEOLEE R B ERF AR B
YLLK G - B PRI R R IR F DU fRdi
ek - SR A B 5T B Rl n] DL E H B A AR
IR LA EE R AR S -

N FERREERR

FESE R FE M E A L B R RITRF B P
R P T e V5% 9 5 e I PR R e tmﬁﬁizﬂf i
BRI AL AR e P50l PR P2 Al Fr O RARE LE 7>
LA R AR IRAFIE o B f i DAUR R B IR Bl
FTEUE AN FIRAIS Lo AR 0 ZHEB ImARRES ] - LER
Ei| Eadant 3& GRNENISEISENES npiE=IP Y4 it Yy

F BRI LE o 11 B R B DR BB

98 FHEFAEN 215 HA 107.6

E4=
oy

A RAFRAL L F M (MOST 105-
2221-E-492-019&MOST 106-2622-E-492-004 -CC3
&106-2622-E-492-024 -CC3) » 1 K3+ 45 AEH]
A7 B ERHZE - A LRERHARELR
RAL B AR B A A A — R -

2ENRK

1. Chao-Te Lee et al., Optics Express, 18 (26), 27079 (2010).

2. Tatsuki Tahara et al., Optics Express, 18 (18), 18975 (2010).

3. Viktor Gruev et al., Optics Express, 18 (18), 19087 (2010).

4. Junpeng Guo et al., Applied Optics, 39 (10), 1486 (2000).

5. Matthieu Dubreuil et al., Optics Express, 15 (21), 13660 (2007).

6. James Millerd et al., Proc. of SPIE, 5531, 304 (2004).

7. Baoli Yao et al., Applied Optics, 44 (34), 7344 (2005).

8. Wei Ting Chen et al., APL, 98 (17), 171106 (2011).

9. Nirmalya Ghosha et al., Journal of Biomedical Optics, 16 (11),
110801 (2011).

10.In Hee et al., Journal of Biomedical Optics, 15 (1), 016028
(2010).

11.J. Hossfeld et al., Optical Engineering, 32 (8), 1835 (1993).

12. Viktor Gruev et al., Optics Express, 15 (8), 19292 (2010).

13.Zhi Wu et al., Optics Letters, 33 (15), 1653 (2008).

14. Takashi Sato et al., Applied Optics, 46 (22), 4963 (2007).

15. Graham Myhre et al., Applied Optics, 48 (32), 6152 (2009).

16. Graham Myhre et al., Optics Express, 18 (26), 27777 (2010).

17. Xiaojin Zhao et al., Optics Express, 18 (17), 17776 (2010).



—— Oms

—— 10ms
—— 20ms
—— 30ms

—— 40ms
——50ms
—— 60ms
——70ms
—— 80ms
—— 90ms
—— 100ms
—— 110ms
—— 120ms
—— 130ms
—— 140ms
—— 150ms
—— 160ms
—— 170ms
180ms
—— 190ms
_ 200ms
] ——210ms
1l ——220ms
—— 230ms

b —— 250ms
~—— 260ms
—— 270ms
—— 280ms

100

10 §
S
=4
S
[]
2
£
(2]
C
g

= 1k

0.1
400
b

(b) 1.0

0.8
c
S
[
R
£
0
C
g
el
[0}
N
T
£
o
P4

500

—— 290ms
800 — 300ms
—— 350ms
——400ms
——450ms
——500ms

| ==@== 470 nm
el 532 nm
|_eipem 632 NM
4~ 650 nm

- smge= 780 NM

el 405 nm '

Exporsure time (ms)

17. (a) PVA B 6 BA R FEAF LR B E 4R & (b) % & 405 nm ~ 470 nm ~ 532 nm, 632
nm * 650 nm YA & 780 nm = F i% F LR L F ] B AZ o

80 100

FHEFAAN 215 H8 107.6

99



(a) (b)
65535

Intensity

(c)

65535.0 ¢

65535.0

6%3 \

o,
%5 :
()
)

65535.0

64897.0

o™
18. (a) R EHE G PVA BAEILHEZ 24 (b) s & 405 nm » 470nm ~ 532 nm > 632 nm * 650 nm
VAR 780 nm X @ & F & F L0 R RE R B AR -

ARCEEABIRARENETR o AR 5T 58 A B & B 5L R K SR P
MAMEL  BABRRXTRAA KGR BLH AL o
ERBEARFTOREERERERE ‘ x___, Chen-Liang Fan is currently a M.S.
NHK o - student in mechanical engineering at
Chun-Jen Weng received his Ph.D. in ‘ National Chiao Tung University.

electro-optical engineering from National Chiao Tung
University. He is currently a research fellow & team
leader of optical instrument at the Instrument Technology

Research Center, National Applied Research Laboratories.

100 FHEFAEN 2155 107.6



MFHEEEHBAIRBREETWE
Bt HABEXT R A RERERT
B G0 0 A B SRR E M AR AR AL B
é o

aas: Yu-Hsuan Lin received his Ph.D. in

electrophysics from National Chiao Tung University.
He is currently an associate researcher at the Instrument
Technology Research Center, National Applied Research

Laboratories.

AR K 28 & % B oL R B RS T

Wt HAARZTRAARREHE

HRFCEIFRE o

8 Yu-Hsin Lin received his Ph.D. in
. mechanical engineering from National

Chiao Tung University. He is currently an associate

researcher at the Instrument Technology Research Center,

National Applied Research Laboratories.

FHEFIAN 215 851076 101



