sHalasams SUT1-107-56-12-29

v
% N
5, AW ..

“Ne5ginaluiadd®

N
7/

S1UNUMNTIVY

ANINAIUITZUUELUNLASTLADSLTIAR 8L T ULL D SUALAY 2

Y 9

(Development of a Dual Spectrometer in a Single Detection)

lasunuaanyunsITeaIn

unIngdemalulagegsuns

HaUATTuANNTURAYEUVRWINTLATINTIRBUALNEGIRYY



sHalasams SUT1-107-56-12-29

I
N
5 U

~

She TEl"mnnlu‘afla-6

S1UNUMTIVY

N
//1k

ANTNAUISZUUEAUN LRSN3R LT UL DT YALA Y

Y 9q

(Development of a Dual Spectrometer in a Single Detection)

ya
AMTHIDY
v} t2%
AAINUILATINIG
2.05. WUNANG UUUA
A aluladiaigasiazlnnauing
dunIvnInendans

wIngaemAlulaggsun3

NUTNEIATINS

Mans13158 As. glaly Inanen

1ASUNUBANUUNISTILANNUWIINGIBeMALULaTETUNS UIuUTzUIl W.A. 2556
9 9 9 9

naUATBTuANNSURaYaUTE T lATINT IR UALNEGLHEY

AUY8Y 58



AnRANSsuUsENIA

Mdeasellasunueauun1sIden uninedemalulagasun’ Jsednd
JuUszan W.A. 2556
3dy

AUY8UY 58



unAngan1wlne

ainlasiwesdmiunisnsrvianaslugrudususadugunsaliduasaganisidl

1% ' [y 1

M3tlUUsEnAluNEITeALeN) AUDEIUNITVIATE LU N19TTINET MAAT NNTNYAT

v
[ v A

wagn19AT Iz daEn 1Wudu viell ssuvanlastmesilaglusunig Uiy lneun@sinazla

q

[ 1

wupuilumsindgyein egrlsiniu Ingansfidrmdn iliiAaaudssnslunisld
Nuanlasiiwesiianuiigunniu lnsnizegedsluszuuaienninwinsauiinvie
Frequency Domain Optical Coherence Tomography (FD-OCT) @sltaiunlnsiiimaslugnu
a Id L4 YY) = < a fal 1 o o
dunsnsalugunsalnsiadudymin Beanusesadnlasiivesiaiudfglunisimun
AnuLSIluNsanenIwW
| 3 a ¢ < " a a saa

agalsfinny anlasimeosuuuainusias lnswmnizagredaunlaslmesnings
novauadlugrudunsisnfelnimilisiniazdnaziisinigawin 8nns wwIn15veens
1N MERYIwUY FD-OCT leeneveuwslignisanen namudnuaezaiudy anisotropic

Y] &g A o~ 19 a ¢ ! ¢ Y] Ay

vasTanuasiioadinin lngldnisnsizrinanavanawanadinailsdvesianfodnis
nageU T3en11 Polarization sensitive OCT (PS-OCT) Famadiasanaduiufesofonis
AFITUFIUMSUNINgenULalUnasNYetuasndlnat lswduunnd 2 sfialunioue fu
U g.JI = o [~ Y ¥ a 6 1 1
AT duseslranlnsiivwesuinnan 1 szuulunisaienin

lasansilgadunsimuinaiavesssuudunsusaanlnsiwesluseauufianns
anunsansIvindnyaauauneSuvesaadunsusalaviazassdyanamudiululagldssuy
Guswesiiesgniied lngidunsfinwiiazinuinisesnuuuszsuuideuss szuulaseas
Bana wagszuudiannsetindiionsaivaumsiiudeyawaznsdednedeyaludineniiumnes
Fesuwuunadnsnlaazgnitauiresenlugnisldnudussuunsadudyginvesssuy

18N NARYINIILadlnanlsdwuy PS-OCT Tulaniasald



UNANYRANWIDINE

Infrared spectrometer has played a crucial role in many applications, such as biology,
chemistry, agriculture, and materials study. In general, the speed of spectral capturing of the
spectrometer may not typically be important for applications that are only interested in
composition of materials or biological samples. Nevertheless, the recent development of a
new optical imaging technique called frequency domain optical coherence tomography (FD-
OCT) that utilizes an infrared spectrometer as a detector leads to the demand for high
speed and high resolution spectrometer designs.

However, high speed spectrometers, especially one that suitable for FD-OCT imaging,
are not usually commercially available. Furthermore, there is an increasing interest in the
use of FD-OCT to map anisotropic properties of materials and bio-tissues. This can be
achieved by analyzing the response of the medium with polarized light. Nevertheless, the
technique usually requires capturing of at least two spectra, having two orthogonal
polarization states. This often demands two high speed and high resolution spectrometers
to be used as detector of the system

This project aims to develop a laboratory prototype of an infrared spectrometer that
is capable of detecting two spectra simultaneously, using a polarization beam splitter and a
single line-scan detector. The project focus on literature study that leads to custom design
of both optical system, mechanical structures, electronics, and software user interfaces and
controls. As part of our future plan, the developed prototype will be used as a detector in

the development of a polarization sensitive optical coherence tomography system.



PN TTHUTEN N oo n
UTIARGDA IV oo s e ee s eseee s s eees e eess s e ess e eess e eeesseeeeesseseeeseeneeesseens %
UNARALDAMIVIINNT 1ot A
BIVTURY covvvo e 3
ANTURYTUA TN o gl
UTIT L UTIY oo 1
11 AUEEMAETINUBIIUIINITITY oo 1
1.2 AOQUIZAIAUBINITIVE oo 1
1.3 UBULUBIUBINTT IV oo e s s e 2
18 U T U NNITITE e 2
UNT 20 AR AT 0o 3
2.1 ANTNUNIUITIUNTIU (reviewed UEerature)........ccoeeeeeeeeeeeeeeee e 3
2.2 ABANTAMTUNITITY oot et s e ses e es e ee e 4
2.3 DTTODMMUUTEUU oot ese e ee e s ee e eeeeee s ees e ee s ees e ees e eeseseeseeesseeees e 5
2.8 VANNITITNIVUUDITEUU oot ee e 6
UNT 3. NI U IITE oo 8
3.1 MINTIRaRUUTEANSAINUBINITATIDTUAUNMTUIUUR oo 8
3.2 NTADULISUBNARNULUIRN oo eseee et eeseeeeeseeees e eeseeeee e ese s eseseeeeree 10
33 ANNANGIFAYBINTANEAN (IMAGING DEPN)...ccc.iieeeeeceerrrreeeeeeeessssssscsssinieecesnnneeeeseeeesses 11
UNT @, FUNBNITITE e 13
0.1 ATUTIHAITUITY coooevveeeiennisieeeeeeeee e eseseeesssssssssssee s 13
0.2 HANEAUDIIUTVE oo 14
0.3 NI NI UV UUDILATINNT oo eeeeeeeeeseeeseeeeeseseees s eesseeees s eeeseeeeseeseeee 14
R N R [T TS 15
UTTOUTUNTH o 16
T T NI TUE et et e e e e et e e ee e ee e 18



dsUgygunn

U 7 2.1 ALAnesTUUTAETINVBIRUNUUTRAUNIU o 5
U7 7l 2.2 LARIN1TINIQUNTUBITEUUAUNIATILADT oo 6
g‘dﬁ 2.3 UaAlUSNTUAMFUNSAUTOYARAZUTZUIANA ..ooorreeeceeeeeeen e 7
g‘dﬁ 2.4 LLammwLUiEJUmsmazummaamﬂﬂmummmqLLa’; ............................................................. 7
gﬂﬁ 3.1 Mmegramsldanuaunlaslinefdealun1nsIudy g IunTUNINAnvesEUnasY . ....... 8
g‘dﬁ 3.2 mmeeszuvanlpsiimesidegilonsadudygransunsnasnuesanadu ... 9
U7 3.3 L‘Uﬁ&JUmauaﬂwmmaaLﬂﬂmmwm’;a}w%’ﬂmasuuummtfuu ................................................ 9
gU 1 3.4 Wiy PSF wlmmﬂmmﬂaqamﬂmmwm .................................................................... 10
U7 71 3.5 nemiuansauduius sy umMsues PSF fuszogynainszanindouilly ... 11

g‘d 71 3.6 N31MWAAY SNR dropped off ?Ja@ivuwﬂsé’ﬂumiaLﬂiﬂ“wmmaﬂmammmim&Jm‘WVLm 12

E‘U 41 ﬂ’]Wﬂ’]ﬂ“UQ’]UiuUUﬁLUﬂIGﬁNLm@iL%ﬂﬂ1u3uUUﬂﬁﬁJﬂ7WLLUU PS-OCT e 14



= o
unn 1. Unun

1.1 anudAgyuaziuveslymninisive

Tudagduszuvanlasiiwesiuvnumddglumsiesevinuaudivesiansieg  lagldnn
ANYALRINENNAUNTAANFULAINANEMIAAUANY  vesdagisriaiy  Fwunsalduenues

lassafamaaiivesianeie tegreudugr sl nsuszgnddnenunilivesaiUnlasiiwesaeldly

aa

N19519193UAY Y IUNITInaonvaILaslulauAILd RERE A PRI R R R

a

figonin
Frequency Domain Optical Coherence Tomography %38 FD-OCT Fadunsldanudisenis

< v o v A o A 1 = 4‘ o 1a I
ﬂ’J’]lILﬁ'ﬂuﬂ']'i"]@ﬁiyfyj’]MﬂLUﬂmiiJqu\ﬁﬂﬂ6] TusgaununANUTanduaUnASuReIWn

[

2813l5An1u srvugudwasinenildaziivasnnaniewnusiannseiing TumeTeI1NAN1eIU
o o P ax ~ A A o o Ao v < & ¢
Anuslunmsdeinedeya  ImmilanranansaiiudnuaUnauninlalagldssuududigesye
a A v [ [y} R} = a I3 3
\AnAsn1seanLuUTTUUlEINsans I TnaesaUnnsumudiuly - Sessuvanlasiivwesananiias

wuuganansaussendldlunsinsgvinaantanadnailsiwduresaiiisenia Birefringence Tuian

= v o [ '

yipsneg  Faesedunisianuumuaiuresauansuvanasniiinanlswtuiireiuegleyaes

WU 1Y W@aiukuIueu Wudu

lassnstyaiuiauimaiinvesssuududsusaainlasilwosnaiuisonsivindy i

<

)=

[ a va [ Y ¥ < & ¢ a
awnasuvenasdunsusalafiavassdygrunvdiululaglissuuidudiwesiiesyniies lneay

& A

M30DNLUUTEUUTIEY Szuulaswaiadena uagssuudiannsetindifieniseuaunisiivioyauas

[

nsdeanetayaludinauiiames antuiiunuaenuardndedan gunsal uasliudiuniauasi

9 9

va

o [ F% [ 6V a a = o Ay v [
Judulunisadiessuu waziiinisusenaussuuuulisUfuianisuwas Janaansilaasilussuy
AusuuluszaueslURn1g waslusunsuiianstuiindygiuriuaeuiinmesinan1sussuiana
Toyasaly

o/

1.2 IngUssaAvaINIsIY

1) ievonuuunaraiaszuvanlnsiimesuvuglagldidumesyaien

2) ledunsliauduasiinduinuzuiin@nwlunise snuuuiazainessuuidanas uas
anunsathldssynaldauasale

3) iethszuufunuuildlduszgndlusnuidoifefauinaialuivesnisinsg

AasantAnIdwanlswtuveiawioly



a) ethszuuiiaundullddudelunsiinevsukazliaudifeadussuunmsaenn

ARYINMIELALAERSHANNAN Y IkaTUARaN1BUBN Yl

1.3 YIULIAVDINIFIY

O AnwuagesnuuuszuudunTusaaUnlnstlwesNaunsans 9 indyaaunnSuvouas

A

a

dusnanliviavansdyanunuaiululngldssuududivesiiiemaien

o asauiuulussavyianisvesssuudunsisnanlasiiinesiae

Y

=2 o

o Wulusunsuududniienismununistufindyaia Ussanana uazdfnsoiugldeu

O  AATIEMUTEANTNINVDISLUUNES 197U

1.4  Usyleninlasuainnisiaey

(Y

nadSaTilivamnaiaulasinsddeiio  Fuuuudunsusaanlnsiwesiiannse
a3 indyanaaunasuveuadunsianlifiazaesdygiamugiululagldssuududwesiiieayn
Clip) %nawmaaﬁuﬁﬂﬁmﬁymawﬂm%’mLmeuﬂamaLUﬂm%’ﬂUw%@Juq fuseAMSIgeEn 70,000
ganndusiodundl vde 140,000 awnedusiolun  dellagtussundunuudinandiey o

WU URN1sBeMaIvetanu I TENG dindviinerdans uninendemalulagasun’ ezl

)

Uszgndidifumsimunssuuaienindavnsienadnalsdeely  eldlumalesesinuands
birefringence 18319819N19F2AN

HavaIdeATalllngnin lUmeunsTua U sEgEduInTsEAuEIUINALEY 1 AT wazdl

£

gnitidudelunisiSeunisaeuiadmguiuasufifinsuntnAnwidndie 8nvs navesnwidenseil

azle

849

nmhluAnwsieiieiivesannuilundyudug  sudanisusuuessuuiuiuuliiussansam

e ™)

yluluauran

2,



A5ALUN15IVY

c
=
=
N

2.1 NSNUNIUTIUNTTU (reviewed literature)

SLUVBIUAINANYI19TILAIMUU Optical Coherence Tomography (OCT) fialaadu

[
a Y =

walulaglmifgnAnduiulul a.e. 1991 (1] Tngerduananudd low temporal coherence wanAY
LaaffitsAAE1IAALLUUN (broadband light source) [2) Tutlagiiu OCT é¥unstmunegn
53057 wagligniluuszandldlunuiusiigg sgraunsnans wu fun1sunmg [3-5] fugaine
[6-8] suAmnssuiiaiile [9] uazdnunsnaaouamantAvestag [10, 117 Wudu Tunadonn 143
mMsneIANufiRsIfunsunsnaealulamuaud [12] swszgndlddu OCT Bondn Frequency
Domain OCT (FD-OCT) #3® Spectral Domain OCT (SD-OCT )[13] FD-OCT Uu#inadey gy e
spectral interference ﬁLaﬁﬁwm%ﬂ interferometer %Qﬁﬁ;m@iuﬁﬁa AnulnedynIn warA1Ns?
18401590 Leeanlidesdinisaunuaag reference beam 8ndaly [14-16] FD-OCT @31
ANFN1999F19819lAEN1TR 8 LALALESYEA broadband Tluannsgnuatvuiafieds
(sample) ud13ndnyay1as spectral interference S¥i9d ML RUINNFIBE 1AL RAIETIBS
Feanusataliaeldaunlnsfiwesideuas (optical spectrometer) 6’?@Lﬁaﬁﬂﬂmummﬂauwuﬂ‘%
wiudrarlidyandadululauuiiui (spatial domain) ffleuldtuauansalunisasioud
F¥AUAIINANAIY (depth-resolved reflectivity profile) melgiuivesinogne eusznaufunis

a o I

AUNUATLAT UL VUIUAUN LRI 18819 (lateral scan) a7 ﬁﬁ]wmmiaa%’wmwﬁ'@mqﬂmwu 2 4@

1Y 1

wazauiila [17] il YadudrAinddiunmuauss@nsnmni1svingutes FD-OCT laglaniggny
gennuisilunisatenmeessyuu AReAuEINsalunsTIn waztufinan spectral interference
mmﬁaqa %ﬁuas,jﬁummL%waaizwmﬂﬂimﬁma%ﬁum

TugraaneUNrIuun Tean1sWaIUN 9anwUU LLam%ﬁﬁzwmﬂnimﬁma%mmL%faqqé’mé’u

(Y] 1 a o g A = 3 & & = v I3 1
FD-OCT fiupg 1993999010398 9 Fenidunadulilonannainunein1ianudi lun1saun maes s
A a ‘5 P v v 1 @ [ < a 6

sEuuliingady Feannunmthliegisiaisilunisiauianuiivesssuuanlasimesly
Ua9Uu Alunauiainnisidauuinisdiulszdnininuazanulidedygiuvssoulyosuas
Toenza8198 T uLaswasta CCD wag CMOS sauden1swmunludurasnIsidousatazanslou

Toyasnduigesilgssuunauiiunesiienisuszuiana [18-20] 8alunintu seuu FD-OCT lu

'
[

Jaq0u danududouiuduigoy s Welinanua1unsalun1snsivinnuautinumne 1eeiani
ADIN1SVAgOU WonNwioannisaenInauif Feleeassresendenisiudeyadivanlnsiives
aosduuunIvgiulufiasgs wu nisialnanlswdu [21-24] wasnsindnsinistnaduysal

[25-27] Wudu



o o 1

D9aI13TN15A519 AU A NASUABIAUANANAIUAN WAL AYI IR Lasdnelae NSty

LAg7) A7} U

[ 1w

awnlasimesaesdilunisduiindyayas [25-28] wirunusafmvesszuvalUnlnsiinasAaudiegs

g7 q

(%
= a f v v = Ao

Jefoduismsfilimineadludanded fuiu Fadidnifesuninniiaulassnuuussuuanlng
mesliaN1500 193 VAIR Y 1UAIENAD LT IALAE? Lﬂ'aamé]’uﬂqumsm%m Fafdvanwanedsi
Qﬂﬂ’@umsﬁuiumwmaﬂﬁmum WU 1914 polarization beam splitter [23] n191% 1x2 optical
switch [22] n1sldmatia optical modulation [24] waznsly Wollaston prism [21] Hudu
shausmisfiazaiieszuuieawaufiiuuy OCT uwuvanansansadulnanlsiwduves
wadluseduosu fiRnistuiimninendomeluladaund msimussvuanlnsfinesanumiaged
finsmovaustlugudunsusn Sududwddyuardnly Wewinszuvanlasimesifinnnug:
avddlvginegildonlussdufos fonswiniu fervuludondeddldiumngundn dadl
mseenuuuszuuanlnsimesliaunsansninaesannsuauaiuly szanmnsafisszavam
MehuessEUL TNfneteanuainsnvesszutlumsiinsevinuaRvesagdely 39357

zdenldrawmalinnisesniuulagly Wollaston prism [21].

2.2 350150 UUN57Y

nsrnfurunieldlasinist Wuiinsesnuuunaradsssuvanlnsiwmeslusedu
vesUftRns Inesruuftadatuduludnuastesmatiudiugosseg iusznaududussu Tng
fldaudsznoundniidrdyiie Wollaston prism Lnsafs laud uazifuiwesuasuuu Line-scan 713
Sruuiinigauinni 4000 finwa wagarusansiaindygin wlasdyyralliduninea wazae
Toudeyadnanaunuuiinealudsneniiumesldfenuigs neddunoudsd

1) wuudnaesvessruvanlasimesgneanuuukasnagaulseansainaielusunsy
renfinned iefmunamaudAfidesnsuesdiulsznauieg vesssvuanlasiines laun
Wollaston prism NIRRT way Laud

2) WalaszuuNiuseanNEn MM INADINITHED FITUNTERNTANEINUTENOULAYINIHHY

[
[

IngeruduLaraunsal muAuaudRnoenwuull

3) rgudruvianuaunuszneuiudussuuateuulfizsujiinmaasaduasmuuuuiiongdi
sDeN153nszidsuauas (Alignment) Lagn1sinnsunusaiunasunsassaiunnsulmnungay
ian logazngreulvdanuuaniswesgusanasudesiign Lifinswmaeuiuvesassaunnsy

P ) -

waglvinuliven1snsIadunniign

4) WuIsEUULERNABiuE1SALIS (Hardware Interface) WazszuuAndaiugldau (User
Interface) TAMumuIzaunalulive 1A Na@sAINTUNISTONAD ST UULATNITAIUANTE VLAY

ABUNILADS imﬁqmmL%’J’Lumiﬁqchu%ayjaamﬂm%’mﬁi’mvl,é’lﬂﬁmamﬁama%



5) Weszuvawnlasiwesgnasivadaauysaluas Nezandunisaasunazdudu
Uszavsnmaesszuuinduluamunesnuuuliviseli dwanduunssly

6) MNUUsTULTES AUy salasgnilUUszendldluauininesdeswioly

2.3  N1999NLUUISUU

sruvdunuuanlnsiivesidaglignesnuuuiiienisldnusmfvuvasiiiauasaweslalen
%iln Superluminescent Diode %38 SLD 283u3% Superlum, Inc., Ireland #sdiAueinduwasly
grudulsInaseuagu 800-900 ululuns lnsflarnugneduade 840 wiluiwes Jadu
wastidauanfofuduililunisesnuuuiaraiaussuuoaminviauiifiseuadinanlsd
moly
szuvawnlnsiimesuseneusie (3uUil 2.1 Uszneu)
1) Inwesnoaduunes vminisulasainunasiuiafidesnsinanaiu Tngosnuuuld
yunvosaeadminvuaduuguinaslasUszana 7 fadiwns lneduiaaingaliiagayined

wrazfinwareuduessuwas F9ilvuin 10 lulasiuns

SLD Broadband light source
Ao = 840 nm, FWHM = 60 nm

B T

Wolléston
prism

Horizontal polarize /\ Vertical polarize

Spectrometer

Single line-scan camera

Focusing lens

Wollaston
prism

Blaze grating
1,200 I/'mm.

Silver mirror

a v o =
ETJVl 2.1 .ﬂ'TWLLaﬂﬂigUUIﬂEJTJNGUENG]ULLUU‘WW@JU’]SUU



2) Wallaston prism vhsihiuenduaseeniduaesdmiiilnanlsedudanni

3) nsvangziiouuad vnuthazvounawudazdulilunnnsenufidumiafeatfunielndifssuy
nsnRsduReaty uilidyunnnssnuseiudilugud 2.2

6) inamie vmihiinszneuaseoadamiianueniadusieg senludeuidnaty Felddenld
\NIARLULAsTauTiiAuuwLY 1200 Wuseladwns weldldnisnszarevesaueninauly
Ignniign

5) @udTEs vathitsauasiaesdil iUl faiutarfinwaveuduwesuuuun Tneden
anugnlAalildelndaiidnniivun 1 ingavesdumeindes dsussanamlaglinisduiuge
Inianameud diffraction limit focus spot Taguaalvigalifadnnivuiafiniwansanils e
saerumswosaudlunislinuaie illdidenlfiaudidmuenlita 75 mm

6) i uwosUFIBUNTITA Ynthfinsadudyuraanaiufiedwsludineufiamediiie
Uszanawa Tnglussuuduwuuil fiddolddonlfidureiuuuunnionsiin complementary metal-
oxide—semiconductor (CMOS) Tutaa splLd096-70km vo3USEN Basler Vision Technologies,
Germany Mitlvunefinwaldn 10x10 lulasins S1uauiidu 4096 fnwa Wil ldanesudidai
GRIRREGR il nsdenldidumesaiin cMOs Sdedludunmnuiivesnsaseduduyn Sumns

[y Y ) a 4 I
ﬂUﬂ'ﬁW@JuqLUUﬁLUﬂIWiNL@@?ﬂ?WNLi?QQ

Fiber
collimator

Loy =8
\\ R
Polarization F
beam splitter

Line scan
camera

Focusing

Lens ‘
Mirrors

JUN 2.2 uanansdnnsgunsalvessyuvanlnsines

2.4  RANNISNI9IUVBITEUU

szuusuluugnesniuulagiaenldvannislidwaininaeadiumesgnuenaanianniumiy
yfinvaalnalswduniy wallaston prism (Thorlabs, WP10-B, 20° Beam Separation, 650 - 1050

nm AR Coating) Fsalatvzihanaandainfumeyulssain 20 93f1 310U TEnseanasioulany



godlrlunnnsenui N ARSI UUUMILINIARIMUUALYDY MIBLNANNTENUNA1aTY 1nednang

Suashinasasvouarnnsanaduaasaiunasuiliidiudouriudusdlusui 2.1 301U laudsunas

Y
[

gy liAaduasliluannsenuuuwiazinigaresduigessunas dyginaunniuwazgn

g7

wlandudgyaraidnoasardsludineuiumesiiugunsallasdyain J9ssuuianunvzgnaIuny

yey )
Tngnislusunsuuuunauii Fefinddelanmuniuieadieldsruduianlasiimesuuudnyuynun

Y
=

Tnganziaaniguil 2.3 Falusunsudananduimiiuusdyaguadnasusenluasdygyindn

menauandlugun 2.4

o LL Grab FFT01 v3_Dual spectrumuyi =] x |
fie [d2 Yaw BPropct Opwsts ook Wndow Il
b Al 4 [gl]
Seuto Nuve e
g0
Fearme Rame.
R AT
0 \1&7
{30000
sanls) i £
)
nees)
1w
— e o
Dual Spectrum Spectrum - ]

1800 | 2000 ‘2200 2400
Sensor Piels :

JUT 2.3 uanslusunsudmsunmsiiudeyanasyszanang

Spectrum 1 m
Spectrum Spectrum 2 -
4000-

Wavelength

JUN 2.4 uansnmUSeuiieudauaesauna Sungnu U



UN?l 3. WaNISANLUIUIY

3.1 msmfmaauﬂ%zﬁw%mwmamsmw511mﬂnm%’mwv@

szuvalUnlasiweignaanuwuuiiteldlunisnsiadudygiunisunsnasauuaidnnsunass
wanalugun 3.1 wazgun 3.2 Fuilndyanaadnesunialauseneulumedyainninudadouriu

aguudyqruanaiuveswnasinie Fendn dygrunisunsnaealulawuniiud (spectral

'
! % a 1Al o

interference) Atuanalugun 3.3 Feanguuansliiiuindygiadaninlddvuinauniiawes

Y

sUTesdy a1 lndifsiu ell drundsianalwesdyaiuniaesainsausuilisulalaenis

T U

Y v
aa o v

1HONT290INNYAVDUTULLDI LU UL e?iﬂuwuazyigmmaaﬂéfgﬂ’mﬂﬁm?{auﬁ’ﬂm&Jmm@?ﬂa

dieliinedensdunauaziiouiioy
é’ip,ﬁg’lmaLUﬂm%’mﬁizuUmmmi'mlﬁﬁﬂmm’amazL%amm%’mﬂawiazmﬂnm%’mimsﬂizmm

WA 600 9arendsanny warldnuniiswesdyyiudilndidssiuiifnainlsaiuyes

'
LYY a

wasndauas LaylnalrssivdyarunasuisulasaiunlasiinosseAunigiasd dyarunisunsn

a0nNANAWINTITULALlAY TEUUAULUULARITIAINA1H1020952 U UM I TITUANA SULAT
a o = o i v = & A v

ANUazBenvRsaUNATIEY Feruaunsadnanilagnasiaaeudnase Weussenaldseuuanlng

Amasdmsuszuunisanenmsnvdlulaniasaly

Sample

A 4

SLD Broadband light source Beam Reference
Ao = 840 nm, FWHM = 60 nm "| splitter |~ arm

y
3

A 4

A A

Wollaston
prism

Horizontal polarize /\ Vertical polarize

Spectrometer

[y

JUN 3.1 sregunisldauannlasiivesidedlunisnsiadudyarunisunsnasavesaunn sy



Fiber collimator
from the light
source

Interferometer

CMOS line
sensor
Wollaston
Prism

Focusing
Lens

JUN 3.2 ameaeszuvanlasiimesideeien1snsiadudygunisunsndenvedanay

3500
I———-Verticalpolarize
3000 4 ‘ l |l — Horizontal polarize
2500_. lll ‘ !‘I
® “'rll "y!‘;';'
3 = Hli“! | \‘ui‘ e
g |"| \."‘J”’
s a0t LR
) “M “ “ \”' l,l“'w
1000 + "':41!'3:1." ‘ U I:: \"“1" k
| "M'M’" |
A MUY AL::; R,
500 .(eri‘“j‘,‘lhi ' |'I‘ , bb\\""ﬂ;‘ﬂl‘v
% w0 20 s 4o s o 70 800

wavenumber (cm-1)

JUN 3.3 WisuWleudnuazvesanasuainmadulilaessuuduwuy

luszuugenmineIwuy OCT Ay aadnasuunsnasnazgninluiiunisudassies
iethlUafadudygrunmesll - Jwadnsveansudanwsvesanasugnnsaduldlagssuy
suluuiidnuurlndiAesiudawanduguin 3.4 Fauans Point Spread Function (PSF) ¥a@es

o Ay o sw o O A v o Y = v <
ﬂ@@ﬂZUVIﬁSJW‘lJﬁﬂ‘UﬁL‘UﬂG]iiJ“Vlﬂfﬁ’eN‘VliJIWﬁ’]liLGU‘EJ‘LJLLU‘UGNQ’mﬂu FIYUIAAINUNINNUBY PSF azidu



v o

mifmuamduenasseuuadenmeely  Inedyauninsivialaiegluuaanunidmindidesiu

Feaziinarannukiugvainsmulnanlsdwturaanmiaesle

10 Horizontal polaization
Y7 —— Vertical polarization ﬁ
y
/|
8 0.8+ H
2 H
= E]
£ 06 l i
m 3
N !
& 0.4 - '
o 11}
s 1 f 1
T 3
0.2 - ¢ 3
i 3
0.0 —M

0 200 400 600 800 1000 1200 1400 1600
Position of PSF (pixel)

JUN 3.4 Wisuiigy PSF Ailsannisudasaiunasuiuug

3.2 NSARUMEUANARINLUIEN

Tunslduadnlasfiesluszuudeamiuy  FO-OCT tu sSuludosiuuinarwdnaded
duusiuaug 1 ﬁm%maaé’zyzy}miugﬂﬁ 3.4 J9NIMUUINTIIVRS depth pixel amsariilalag
Ms¥asuvtsves PSF veaUnasudildannnisvin Fast Fourier Transform (FFT) vesdayey ounsn
dondsalnady  Aivuiinansyezsanudniiuanseiulaelitinstvunszezanudnlietiuiug
mnmsusulilasiiies 91nturinsndennsiiitewanuduiussening dumawes PSF was
svazanlulasines @‘i’aLLaﬂﬂugﬂﬁ 3.5 i nnslauduiusanunsamauduussEIng
LNUR (Sraufniea) FULALUDY (ST8EN1IMNULLNEN) ILENANSMVUIAYDS pixel 31NANAINTU

299051 ?ﬁamﬁlﬁﬁqﬂa'n%gﬂiﬁumiﬂ%’uaLﬂamaqLmuuaumﬂﬂﬂwjalﬂLﬁuﬂ’sﬂmﬁﬂﬁLLﬁﬁﬂ 9910

Y} O A

HANISNAABINUIN ELNAMLLLIANTBIY 2 deyeuaudiauiawindu dufslinsvidunssiiievasidu

o

Wuheniu duRsvindy 0.82 lulaswasdeiinea Feaznisudindye i PSF Adalaazdeuriuiu

woRMynMWMUIANan  Feanadnavyilvanansaldanudusuulunisiessilnanlsisduniusas

AUNUIANLANAE TeoE1usuEN

10



14004 " m  Horizontal polarize
® Vertical polarize ./'
= 12001 N
X | 3
o P
~~ |
© 1000 o
S 3 o
‘G 800 a
E A
© a
‘S 600 - o
c -
Rl L
= 3l -
8 400 -
a -
200 4 P
) 4
4
0 Y T Y T v T v T T T T
0.0 0.2 0.4 0.6 0.8 1.0 1.2

Distance of micrometer {(mm)

JUN 3.5 nemluanaanuduiussenineiimiares PSF fuszggn1aninszanadeuily

3.3 AUANGNEATRINITEIEAN (Imaging Depth)

o

Tun15UsEYNATTUUAULUUINDNTNTIITUAY 1N TE UUENENMNARYINT e kAl na g

Wy dyaraanasunialaasgndeuiuimedyauniuiasendt  spectral  fringes  vinlwt

UsgAnSamenu spectral resolution vessyuuiinnudrgdusgnsnn Wesandutadeiivun

=

anudnasgavesnisaenn  Jadulumudediinvesnisinseuvedyaaugusetinungufves

= o 1 5o i

Nyquist sampling limit #UAD FYQIUNTAZNDUNUIMNALNLNNANNING xRN USAUALA

=p

= o Yo v v v

gauuuanesy  Swnduseddmauenvesannasungaunuluiie  dielinisindaaimds

jmd)}

ANNYNABIDY
Tulpsen1sil ANUENYRINTANENIMLARINAIUAURUST¥NINANEIRY PSF UagTees
AMUAN  (INATLABUALIUIVDINTZINIUAIUD19DY)  FINANMUAUNUSIUNTIN L@ 1UTONIAN

ﬂ’)’mgﬂﬂ@ﬂﬂﬁiﬂlﬁEJﬂ']‘W‘lé]"\]’mﬂ’ﬁﬁ?ﬂ?im’]ﬂ’ﬂ’m@\ﬂ]@ﬂ PSF 73lA1anas 10 dB #se 10 LV]I’WJ@Q@’N?,JQG

o

Ngaves PSF (Wewnddeendn 10 dB azlianunsouenseninedyinidenisiasdaynyion

' 2 s

’iUﬂlubLVg]J) F9NNIANNEURUSENITAMAIANNANYBINITENEANIAINNNSLUAINELE 5B

Y

doyaaaunasuviag FanuhianlnalAgaiu lnedinudngegauszunn 1.1 Taduns

11



—— Horizontal polarization

104 n ¢ Y
Vertical polarization
808-
=
@ 0.6 -
©
D
N ]
©
£ 0.4 -
L
2
0.2 l‘}

0.0 —r g :
0.0 0.2 0.4 0.6 0.8 1.0 1.2
Penetration depth (mm)

JUN 3.6 N3 Muans SNR dropped off vaeszuuddldlunmsiiassianudngegnveinis

arennle

fiall arwAngeaaiinngldslddulumuiieanuuuly dufuaindazannsndeadulddngs
2 feAwmsnniuiy Swgldduiunmudluwarusuussely Tnensdiuussansnmduidauen
yesanlnsimeslinte WU Fufeserdenmsdduadliiusyansnmninin eghslsfiny szuu
sunuulutlagiu duinfsmedmiunsiesgilasaevestanluiinalndy fiuia fenudnld

A 1 dadiluns deanunsaldianesinuaudfnisinmasauuinusunuRivesianla

12



unil 4. @3UNan1sIY

4.1  AUTINHANUITY

¥
a A

nelalasan1sided AuddelaaidunisAne) 9nwUU wazHauIsTUvaNlastwmasd1nsu
LY =

N19M3199Ud gy Y ranaslug uBunTILIAY9dY (800-900 UlulLAT) FIa1U1T0ATIVIULATTUTN

dyauaUneiulifiazaosdygralundous du dreausinds 50,000 ganasuseiund visil

' [
1 o =<

sruvalUnlnsilinesidedyaruanimundu ldvannisuenduasiimadivesanlnsimesiagly
gunsaluUsduasstin Wollaston prism @eanansaiendiuwas 2 ariilnadlswdunsaindula lng
ponuuuszuUlvadeeanasineniuLd luannsznunuinalndifssduuuiuRuen sn R
ey lnednduasiyunnnssnulialiwindy dieliduasiazviounininsafuenaintudy 2
awnesunlifidudeuriuiu nduldiaudnunausazana Suliluanuuduessunasiuunnl
a d! 1 U % b %4 % VYal U

WWien Geannsasudyanaaunasuniondulaviaz 2 dyane

[

MnNsveaeiudayaiiiensivaaununInvesdyaaanasulseuiisuiu 2 dygyin

g7

WU ﬁ'myzyﬂmﬁgaaaammaaaaﬂLLUUWﬁWMM”iNLngﬂiwiéﬂﬂﬁﬁmﬁ’umﬂ Tnafivuindey o
Tngszana 600 adeainnu Tnsdufinldasounquinanpduimuaesundsiuiouas dufe
Uszanas 100 wiluns 8nwadalgsunistuduin deldlunisnsasudyanamessyuugenman
fifuu FD-OCT seuvazanusadenmldnudngaauszana 1.1 Safuns el ssuudiuuuuae
QﬂﬁmmsiaL‘l‘jmLﬁaLﬁmﬂizﬁw%ﬂﬂwsuaﬁsw@fmmmL%ﬂ MaIen wagAUanvesdyyunaly
el madnaranansnthduuuawninsfinesildlulszndlunsadssuudisnmdarig
anufilaglduadlnanlsdisenin Polarization sensitive optical coherence tomography (PS-OCT)
sold Geszuvdrenmfainanannsaldusslenilunsdnwifemedinmidesnsinuauauls
vesiiedefinevauostauddnailsdly enf meTainer maneluladinunsieiisuardn? wasna
nsunwg WBudy Seszuu PS-OCT azfigauilundvesauazain sindwesnisdienm ftuneuly
nMswIeudiegeiiliduden warausadien waufifvesiiesifidinldlagliiindunsevie
nat19.A8 e (Non-destructive and non-invasive) 3ununziildlusufidesnisnsiafnniunas

a a a ada I3 = a a a a & A
Lf\]iiylL@UIWW@Q@QN%’J@TU’]@Laﬂ MNIDNINMNANU LLagLﬂﬁﬂ‘ULWﬂUﬂW?LUaSULLﬂaQGU@QLu@LEJE]GU'Jﬂ']WI‘U

annazengg nula

13



4.2 NANARYDINUIYY

1) sunuuluszauiesufuifinisveass S1uau 1 szuu Judussuvanlasiinesninus,

guilensnTaTudyaaaUnasuladunssawuuniouiugesann sy NTAY

o

anuslunmstuiindyaaanesunuuguszana 55,000 gaunasuseiund

=
r L
|

E=

— " ! B : 1 -
Py VR
o " oy k. W s e -

JUN 4.1 ammsldnuszuvanlasiinefidadlussuumenimuwuy PS-OCT

2)  dnfAnwgidunuladnisiaueiinnusuaeinuelun1seoniuULALAT T T UULTILAS
Tuszauneaufuianis 9auou 1 au loun
" ngAIng wazd 59 D5510146  dnfAinwiszaudsagienanvivimalulad
s a € o0 v a a s a (% IS L]
wgoswazlnmoulind dtindyinermans uwninedewmelulagguns
3)  YnauessuUiuMUUITRUTUluNS U Bainn1sseAununA 1 Ase Wiieidunis

Wataswalrinddeluavduinaula Innunddrusinlunisldnuwasiauissuuse bl

4.3  NISEELWINAIUILVIILATINIG

Wauenaidslugluuuluameslumsussganddnnisseiuunuwd - International
Conference on Photonics Solutions (ICPS) 2015 Tuwte “A High Speed Dual
Spectrometer Design by using a Single Line Scan Camera and a Polarization Beam

Splitter” au Wity Usewelng senineduil 6-8 nangray w.a. 2558

14



4.4 NISANYIIVLLNULAY

=

Av a ~ Y] P Ay v o v Y] P
FuAduiunuunIsNauIssUUaULUUN P anTlasantstaely Taeduniswmurssuulag
UseAnSn 1Bl Taudamsiansiauswilieiunguidedu Mieites ienmwmelialvig veq
N15UsEYNALdsUUAULUUTTRWNTUTUNTalUaYRIIWITENaAIUN SN NLaE AT BRI 0E 1
FINN N1TEAIMNNTINTWNE NITemanaluladinens sautensiesevinuautaveddan
P ~ ~ ) o 5
fne Fadiwkuaunailaedanuy fail

1) WawwedansUssiiadyaaninlalagssuuduwuy  delvidygaaunesutgninlag
Y] P ) v ~ a & ) A '
anwaglnalfesiuliinniian  leednsigiannindnuinefiaielagssuuaienImwuy - FD-
ocT Aldsunuululasinisiblugunsalnsadudygyia

2) UssgndldrunuvaiUnlansiivesinenisimnssuvaenmiarnsauiiflnglduadnanlsd
WUy PS-OCT ieldlumsiiaszinudnuazauiu birefringence vosian vise \laile

I

15



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

UIFTUIUNTIY

Huang, D., et al., Optical coherence tomography. Science, 1991. 254(5035): p. 1178-
1181.

Fercher, A.F., K. Mengedoht, and W. Werner, Eye-length measurement by
interferometry with partially coherent light. Optics Letters, 1988. 13(3): p. 186-188.
Lee, E.C., et al., In vivo optical frequency domain imaging of human retina and
choroid. Optics Express, 2006. 14(10): p. 4403-4411.

Nelson, J.S., et al., Imaging blood flow in human port-wine stain in situ and in real
time using optical Doppler tomography. Archives of dermatology, 2001. 137(6): p.
741.

Lim, H., et al., High-speed imaging of human retina in vivo with swept-source optical
coherence tomography. Optics Express, 2006. 14(26): p. 12902-12908.

De Boer, J.F., et al., Two-dimensional birefringence imaging in biological tissue by
polarization-sensitive optical coherence tomography. Optics Letters, 1997. 22(12): p.
934-936.

Schmitt, J.M., S.L. Lee, and K.M. Yung, An optical coherence microscope with
enhanced resolving power in thick tissue. Optics Communications, 1997. 142(4-6): p.
203-207.

Mariampillai, A., et al., Doppler optical cardiogram gated 2D color flow imaging at
1000 fps and 4D in vivo visualization of embryonic heart at 45 fps on a swept source
OCT system. Optics Express, 2007. 15(4): p. 1627-1638.

Ko, H.J., et al., Optical coherence elastography of engineered and developing tissue.
Tissue Engineering, 2006. 12(1): p. 63-73.

Kim, S., et al., Simultaneous measurement of refractive index and thickness by
combining low-coherence interferometry and confocal optics. Optics Express, 2008.
16(8): p. 5516-5526.

Lee, B., et al., Simultaneous Measurements of Refractive Index and Thickness by
Spectral-Domain Low Coherence Interferometry Having Dual Sample Probes.
Photonics Technology Letters, IEEE, 2011(99): p. 1-1.

Born, M. and E. Wolf, Principles of Optics, seventh expanded edition. Cambridge,
England. 1999: Cambridge University Press.

Fercher, A.F., et al., Measurement of intraocular distances by backscattering spectral
interferometry. Optics Communications, 1995. 117(1-2): p. 43-48.

Choma, M., et al., Sensitivity advantage of swept source and Fourier domain optical
coherence tomography. Optics Express, 2003. 11(18): p. 2183-2189.

De Boer, J.F., et al., Improved signal-to-noise ratio in spectral-domain compared with
time-domain optical coherence tomography. Optics Letters, 2003. 28(21): p. 2067-
2069.

Leitgeb, R., C. Hitzenberger, and A. Fercher, Performance of fourier domain vs. time
domain optical coherence tomography. Optics Express, 2003. 11(8): p. 889-894.
Bouma, B.E. and G.J. Tearney, Handbook of optical coherence tomography. 2002:
Marcel Dekker, Inc.

Lee, K.S., K.P. Thompson, and J.P. Rolland, Broadband astigmatism-corrected
Czerny—Turner spectrometer. Optics Express, 2010. 18(22): p. 23378-23384.
Schmoll, T., C. Kolbitsch, and R.A. Leitgeb, Ultra-high-speed volumetric
tomography of human retinal blood flow. Optics Express, 2009. 17(5): p. 4166-4176.

16



20.

21.

22.

23.

24,

25.

26.

27.

28.

Potsaid, B., et al., Ultrahigh speed Spectral/Fourier domain OCT ophthalmic imaging
at 70,000 to 312,500 axial scans per second. Optics Express, 2008. 16(19): p. 15149-
151609.

Cense, B., et al., Polarization-sensitive spectral-domain optical coherence
tomography using a single line scan camera. Optics Express, 2007. 15(5): p. 2421-
2431.

Lee, SW., HW. Jeong, and B.M. Kim, High-speed spectral domain polarization-
sensitive optical coherence tomography using a single camera and an optical switch

at 1.3 pm. Journal of biomedical optics, 2010. 15(1): p. 010501-010501-3.

Baumann, B., et al., Single camera based spectral domain polarization sensitive
optical coherence tomography. Optics Express, 2007. 15(3): p. 1054-1063.

Fan, C., Y. Wang, and R.K. Wang, Spectral domain polarization sensitive optical
coherence tomography achieved by single camera detection. Optics Express, 2007.
15(13): p. 7950-7961.

Zotter, S., et al., Visualization of microvasculature by dual-beam phase-resolved
Doppler optical coherence tomography. Optics Express, 2011. 19(2): p. 1217-1227.
Iftimia, N.V., et al.,, Dual-beam Fourier domain optical Doppler tomography of
zebrafish. Optics Express, 2008. 16(18): p. 13624-13636.

Makita, S., et al.,, Dual-beam-scan Doppler optical coherence angiography for
birefringence-artifact-free vasculature imaging. Optics Express, 2012. 20(3): p. 2681-
2692.

An, L., et al., High speed spectral domain optical coherence tomography for retinal
imaging at 500,000 A-lines per second. Biomedical optics express, 2011. 2(10): p.
2770-2783.

17



U52IAUNIY

UQ‘ = '3 < 6 a aa 4 o U a a L3
ATNUUANA  UNUR  (Panomsak Meemon) UUDITIEAVNVINENE  d1UNIVINYANERNT

2 a a £ a

wInedemalulaggsuns awnsEnwseaudsayaes Ienssumansdnda (@1v1ieanssulid)
neairimnssumans smivendodedna Tl wa. 2503 andulud wa. 2547 T§¥unuiuiads
FaassinensemsainemansuasinelulaBuiend  WefnwdelusediutSyaln (Master  of
Science) wazUsgeynen (Ph.D.) Tuaw1ivn Optics 90 College of Optics and Photonics,
University of Central Florida, USA Ufidn3anisfinun w.a. 2553 ndmunisdnwissiuuSyayien
wElgvhanuduinided Optical Diagnostics and Applications Laboratory, Institute of Optics,
University of Rochester, USA 1Jwa1 1 U neusnSusiuniaduenaisd luaivuinalulad
iawosuagiwladng diiniviinemans Tud ne. 2550 quisdagdu annauddeitanutungy
AABAD  N1T90NLUUTEUUITNUAY  Laaliun1simunse UUaeA IWaLLAMIBLAIBUNTLIALAZNNT
UsegnAlLTaTINSUNNEUag T ine

anuiiAnsie: 01esIvIs 2 Fu 5 tee C2-537 aivineluladiawesuaslilaniing d1indu
Inenmans svningrdomeluladau tavil 111 ouunminedy o, gsu3 0. fleq 9. uaTIIvAIN

30000 9. 044 224 544 %59 Email: panomsak@sut.ac.th

18


mailto:panomsak@sut.ac.th

AMANUIN N LBNEITNITLNELLNINAIIU

19
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ABSTRACT

We describe the design and implementation of a dual beam spectrometer. consisting of a single line-scan camera. reflection grating. focusing optics, and Wollaston prism. In our design.
two orthogonal polarizations of an input broadband collimated light beams was separated by using a Wollaston prism. The two beam paths were controlled and directed to incident on the same
reflection grating but at different incident angles. aiming for two diffracted angles that were not overlapped. By passing through the same focusing lens, the two beams were then focused on a
single line-sensor of a CMOS camera. The two spectra were aligned to be completely separated and located next to each other on the same line of the sensor. The spectra of two orthogonal
polarizations were imaged on 2800 pixels of the sensor array, exactly 700 pixels per spectrum. The technique for optical alignment of the spectrometer will be presented and discussed. The
properties and similarity of the two spectra were measured and compared. In the current 1 the two or 1ly polarized spectra can be 1 ly captured at a speed of
55 000 spectra per second. The development of the high speed dual spectrometer that is capable of simul di of two orth 1 polarization 1s an 1 part to be used for the
ofa based 1on sensitive optical coherence tomography that will be further investigated in the future.

INTRODUCTION RESULT AND DISCUSSION

Spectrometer 1s an important optical equipment for measuring properties of samples or
materials. It is applied in many researches such as biology. chemistry. agriculture. and material. In
addition. it is also frequently used as a detector of Frequency-Domain Optical Coherence
Tomography (FD-OCT) [1]. FD-OCT is an optical imaging technology that is capable of non-
invasive high speed high resolution cross-sectional imaging of both biological and non-biological
materials [2.3]. FD-OCT captures the interference between light from sample arm and reference arm
of Michel: interfe in fi y domain by using a spectrometer. Consequently,
spectrometer is the important part of FD-OCT. which defines the performance and high speed
detection of interference signal.

In this research. we have designed and implemented a high speed spectrometer that can
simultaneously detect vertical and horizontal polarized spectra by using a polarization beam splitter
and single line scan camera. The charactensncs of the two spectra. such as axial resolution and
depth, were d and

Figure 3 LabVIEW interface for capturing spectrum.
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EXPERIMENTAL SETUP

The FD-OCT system was built on the Michel inter as il d in Figurel. A
superluminescent diode (Superlum. S840-B-I-20) was used as the light source with a central
wavelength of 840 nm and a FWHM spectral bandwidth of 60 nm. The output light from the light
source was split by 50/50 beam splitter cube (Thorlabs. CM1-BS014). where 50% of light power go
to the reference arm and another 50% to the sample arm. In the reference arm. a silver mirror was
used for reflect the collimated light from the light source. The sample arm consisted a collimator. a
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dual axes galvanometer mirrors(Thorlabs. GVS012) for control area scanning. and a focusing lens
(Thorlabs. LSM05-BB) for focusing the sample beam on the sample. The light backscattered from
the reference mirror and sample were combined at the beam splitter cube and delivered to the high
speed The isted of a Woll prism (Thorlabs, WP10-B) for
splitting vertical and horizontal polarized beams [4]. a reflection Blaze grating with 1200 line-
pairs/mm (Thorlabs, GR25-1208). a focusing lens of 75 mm focal length (Thorlabs. AC508-075-B-
ML). and a high speed line scan CMOS camera (Basler. Sprint spL.4096-70km).

Fousing len:

SLD Broudband light source
Ag = B40 am, FWIIN = 60 nm
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% b 50 o
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Figure 4 Interference spectrum of
‘horizontal and vertical polarized beams as
detected by the implemented high speed
dual spectrometer.
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Figure 5 Axial point spread function (PSF)
obtained by Fourier transformation of each
interference spectrum in Figure 4.
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Figure 6 The relation between position of

the axial PSF and distance of micrometer for
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Figure 7 The relation between amplitude

and penetration depth of horizontal and

calibrate scale. vertical polarized PSFs.
Hurizontal poluriz Specific Vertical polarize
Pixel size (um) ~0.82 ym ~0.82 pum
Axial resolution ~55 pm ~55 pm
Penetration depth (10dB) ~1.1 mm ~1.1 mm
Table 1 The of Optical (OCT) with high speed dual
spectrometer.
CONCLUSION

In this works. we have designed and implemented a free-space FD- OCT with
high speed dual spectrometer. The spectrometer is capable of simultaneous capturing
two spectra by using a single line scan CMOS camera. Each detected spectrum
corresponds with horizontal and vertical polarization that has been separated by
Wollaston prism before entmng the sp The of each

such as axial 1 and depth. are similarly. However. the
characteristics of both spectra is still poor as compared with theoretical values.
whtchwxllbeﬁuﬁermvmgmedandopmnzedmdwﬁ!m The developed

Figure 2 Photograph of an experimental setup. spectrometer will be used for devels a P OCT (PS-OCT).
REFERENCE
m AFMCKWGWMSYEIM&WMMMW ACKNOWLEDGMENT
‘backscattering spectral interferometry." Optics 117, 4348 (1995).
2 DHmng.E.ASme P Lin J. S. Schuman. W. G. Stinson, W. M. R Hee. T. Flotte, K. Gregory. C. This h was d by Unt of Technols and the

A Puliafito, and J. G. Fujimoto, "Optical coherence tomography.” Science 254, 1178-1181 (1991).
B1 'K.S De:.KP Thumsun.PMemm.dePRnnmL"‘ {1l ion optical with

Op'nslmus!ﬁ 2221-2223 (2011).
[4] Cense. B.. Mujat. M., Chen, T. C.. Park. B. H. & de Boer. J. mem—mmvemal-«hm
coherence tomography using a single line scan camera. Optics Express 15, 2421-2431 (2007).

HaglthduunoanarchPmmummdemlRmchUnwmtmejectof
Thailand, Office of the Higher Education Commission.




"E’Taamniuiaﬂ"‘



