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ABSTRACT

In this thesis work, we have developed a miniature head-mounted optical coherence
tomography (MH-OCT) imaging device to perform OCT angiography (OCTA) on the
brain in a freely moving mouse. This device utilizes the microelectromechanical system
(MEMS) scanning technologies and a wavelength-swept laser light source with a central
wavelength of 1310 nm, an optical bandwidth of 95 nm, and an A-scan rate of 400 kHz
to provide two-dimensional scanning on the sample. In the experiment, we compared the
OCTA images of mouse brains under the three different physiological conditions and
further observed the changes in the diameter and flow of the cerebral blood vessels.

In addition, we have also developed a benchtop swept-source OCT (SS-OCT)
system with a small footprint imaging platform for human ear imaging. Using a laser light
source with a central wavelength of 1060 nm, an optical bandwidth of 87 nm, and an A-
scan rate of 100 kHz. The axial and lateral resolutions of the OCT system were measured
to be 5.14 um and 30.01 pm, respectively. The small footprint imaging platform can
support an imaging field-of-view (FOV) of 2.1 mm x 2.1 mm using a MEMS scanner and
gradient index (GRIN) optical components. We performed OCT imaging on tape and
human fingers, which respectively showed the structural characteristics of each sample.

These results successfully demonstrated the feasibility of the developed imaging platform
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for imaging the human ear. In the future, we will integrate the developed imaging platform

into a single probe imaging module to help doctors diagnose the functional integrity of

the human ear.

Keywords: optical coherence tomography, miniature OCT system, OCT angiography,

microelectromechanical system scanning technologies, and in vivo animal imaging.
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transmitter

processor

o ————— microphone

Bl 111 4 1§53 B ol b g 2 % [40]

Cochlear implant
Internal

. —
/ I receiver
to processor ._/

transmitter A

s cochlea
WITH IMPLANT
ELECTRODES

B 112 21333 G0 48~ %35 [40]

1.6 % %H#

PHm2 e FERLCT 5 - £ HP aw"#?ﬂ,m%5 - Y V. T
2 OCTA RIZ~ g3l OCT jsveriph A2 A1 3+ B4 % - 448
o3 TR HF g e 2 RIZ U2 KT IR RO ¥ = %

%
FRRERE G E R R ITHRES RS I R LRI AREY -

i

11
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“F AFRANEFRITRE

21 XFRBEEFRHFG AN

KB TR e AR 1991 # d iRy 523 & 1esn ). G Fujimoto Foik ¥ 5
S A R ONF F ek F S (NS - OCT e dede ki p 2 F e end w4t
Se Sy S F St AR A e B R RIT] eh T i glie (7 ASL ) 1§
EA P e RO T R o @R T KRR > OCT it 43 T prig il B e
M= WP B GgRIT R 5 1~10 um[41] > d 32 OCT 03 f#47 & fopeid & i
AR H S RN T EEL P F AR ¢ R PA2]~ A K FH43] 7 P44

%3 fL[45]% o

22 %5 kR R F R AR

OCT s MihA A 45 MEA LRI H &R > SEBF LT HEE - HRE
HOF e iR REF o0 F T RY REHE 5 k42 L (Optical path
difference, OPD) &k a2 F 33 & B P P& » j*g;i 4 F i E o

#= 8p e OCT & %2 i i 58k B e 9 %7k 47 49 #(Time-domain OCT, TD-

OCT)[5]> H Z B8 4R¥ 2 SN B 23 =7 chF S e A4 0 Am B8 % i
i B o F]8t AL F Fercher %32 % % 1995 # % ! Fi kB 8k F

N

#F(Fourier-domain OCT, FD-OCT)[46] > # * $F 4§ # & ¥ =i % > 4 & 53 btk &
He e F b 2 e G RESHETFAT S B2 ER 3;1%% EAE > F
Ak B A MR B S K ARACR S JEIT A4 it X [47] -

B % OCT j sién% 4 % 2 FD-OCT 5 A#ie B % » XA FD-OCT 1 & & &
B AR 0 ¥ - A5 N R F R B YT #F & is(Spectral-domain OCT, SD-OCT) »
i % FAE kR 2 ok 3 (R (Spectrometer) 42 TR EL 0 ¥ - L FAEN R E R AU R

## #a #(Swept-source OCT, SS-OCT) » & * FFAg ;% & Jj e T g3\ 3k i J2 B (Balanced
12
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detector) & £+ L o

22.1 LT P UE F4H #(TD-OCT)

B 2.1 5PNk F A UTR 4 ok b2 4{# v H 3 iF R I G KRR R AR
J1 ek i Ak B (Beam splitter, BS)4 = 7 g & » 4 %[ ik &3 (Sample arm){e
%% #h(Reference arm) » HE RN A F SF 49 PF 8 R FR{c 5T S
ek £2 £ (OPD)4p ™ fie > &A A 24 7 I P& Bhent 3Bt o 2R 128 3% 4 B (Detector)
%ﬁﬁﬁﬂ%ﬂ&@ﬁé?%ﬁﬁ&ﬁ%ﬁ%ﬁ@mﬁ%ﬁ%ﬁ§&$ﬁ%%%r
2wtk o d N FRIFFHE S @7 TD-OCT & siens ffuik R fr & ac R £
A o

Scanning
=== reference

‘ \ : mirror
|

Photodetector

B2 P L 8 e S0K 4 Ak 7 2 FI[48] 0 BS:A kB

222 #B L F R A EE #F4H #(SD-OCT)

AE SR A ETE R Y ¢ 5 A Pk £ OEHE X R 2 2 TD-OCT
TEH ISy 2 B F T3 § 0 K SR OF w40 R 8 S fhF 5
kg4 3o @ F AR B Sk ¢ (Grating) A 2 F ek £ o0 Efid kR P

BB B & anusl > Bl 22 S8 R F b Urk i de vk IR

13
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Reference
= miirror

light source e
Grating §—

Array detector

B 2.2 43 5N L F 67K 40 4tk sior £ BI[48] 0 BS: 4k E

2.2.3 #4E L £ B UK 4F 55 #7(SS-OCT)
3 I+t SD-OCT » #4758 % 5 0 34 85 545 Adi #4041 5% 6 0 0 21k o ey o)
WA ABREREPN RAEFH PO L o FILREE T A RAERSHED AL AP
WL B BRNF I RS d Bt BT Bl 2 £k R
YEZENRENRSFER SR G B 23 S RE R AR LT R
A
22 SD-OCT #p vt > d 2 SS-OCT & * 4 3% £ 70 & 5 L B g &
P EELE ] BT BRB D F A B FEBIrEERE A RBIE R F
SS-OCT & St =t Fid ¥ & w3 L /| o

Narrow line width Scanning

re mem== reference
mirror

Sweptsource BS

Photodetector

Bl 2.3 #4558 k& b 2 80k 45 % 57 R BI[48] ) BS:A kB

14
doi:10.6342/N'TU202103609



2.3 ™k # -+ ik (Low coherence interferometry)

OCT s it il + kT 5 A NJEHE - * 1 # 5 & (Michelson)+ # ik & &
¥ Lo 4oB® 2.4 #1704k B (Beam splitter, BS)#-3k fr e x Btk f 4 S R Frhfo &
Yo DREA R MR b - Az R A D T ELd Bt BT

Reference Reflector

CZ_/_"m
E; 2%z
hJa%‘q\ E,
A ZH J‘S..’\/r |}C(_—)3<){r.. i|
2
E; .\'{k.(ﬂ)(‘“t or) , . j
Light Source // ¢l > Sample
[vors e 20—z, \° )

Beamsplitter > N\
(50/50) rs(E)

)

B 2.4 % i #&(Michelson)* # ik 7+ & BI[6]

[ ) ip=p <‘FR +Eg

Detector

AR Em S ENTHLE > T WS R F MEOTH L Ey Y FHF
RCEH S F BT S5 Eg o Fid R BT R UsbE R S T sl Husla R
Ip(k,w)ZRTHFT > A1t > F 47 5> 4250 2.1
Ip(k, w) = §<|ER + Eg|?) = §<(ER + Eg)(Egr + E5)") (2.)
HPek=2n/A5 ¥ o =21v5E &85 > pi BREFRAR(ZB/ILFE) (e
B Iy (k) T S AR 2.2

s(k, w)

Ip(k, w) = 2( &2,

el(kzr-wt) 4 %Zg—l renS(k, a))ei(Zkzsn—wt)|2) (2.2)
> =

Hes(khw)id RF g B orga F 84T 3 F 85z 5 2 8 BT F 4 aniEdE
Ton m o8 N K OTHFF S 2y 5 # X FIHREF 0K FUEYE
d 32 BN 227 i SR TR RV BRI ERLARFFRERS S uvT

15
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Y Rw T E N 23

Ip = 2[SU)(Rg + Ry + Rsy + +++)]
+ f [S(k) =1+ RgRs, (e'2F(ZrZsn) e_iZk(ZR_ZSn))]

[5 (k) XN sm=1+/ RsnRsp (e'2KEsn=7sm) . g~iZk(zsn=zsm)) | (2.3)
HeS(K): RRAFH LR > Ry 5 F B4 enk 645 » R i H &k 85 5 Rg, 5 1k

Fo kN E BPS Ry 5 e % m g ek 5 o g & Buler’s formula > = 425¢ 2.3

= 1) 1L 48 Y 145 _\ .
VA FE?PT"J-i}\‘-

Ip = 2[S(k)(Rg + Rsy + Rsy + )] “DC terms”
+ g [S(K) IN_1 \/RrRsn(cos[2k(zg — zs,)])]| “Cross-correlation terms”

[S (XN e 1m(cos[2k(25n — Zsm)])] “Auto-correlation terms” (2.4)

K3 A 2.4 B a0 F oaps# £ d 2 nad (DCterms) ~ + #78 (Cross-correlation
terms)% p -+ #7378 (Auto-correlation terms) st = o B jRIE A — ¥ BIE 0 KA K sk
AR § BRI E Y AR A B R P ST etk e
F IR enE b2 Med Tt o F I 5 OCT & ff? B & & Pt » Bt 4o
BB T Bankfr L 2 orig r kRaUE > F IR hk ) BHRSY A R D
Foofdkz TA4AL Tl o or i F o3 E NI o p F R SRS BIRAE R &
WEL A T o ¢ F R OCT & i@ % #(Artifacts)[49] s 24 > ;‘gd F B
RSN ROERE L =R o R @k BEE R D F S E] % GRVEERL
DS B E BB R 4 F IR o

BRAFLRGFRArads FELEFFOREEM ST AT L A
2.5

(k=ko)]?

S0 = (Is(k, 0)[?) = 2=e (2.5)

EFRSK)ETE - FiEde 5 Sfky(Z2)do™ 4258 2.6 #757:

16
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1 (k—ko)]z Fourier transform 2 AR
S(k) = me Ak Y(Z) =e (2.6)

B K 2 Bl GAcBl 25 4T 0 o s RRSOR AR R ARG RIRA BT 0 ko A

ke sl g e

1 S(k) 0 7(2)
I T . [
A
N y \ / \
M7 / Y Fourier transform / \
/ \ / \
J/ \ /
/ \ f'
= / \“ - 0.5 / l‘c ‘\\ _
N / Ak o\ B / A\
[’ —‘\ - /’ \\
/ \ Inverse Fourier transform / \
AN / \
o= 1 1 | 0k 1 | 1 —
ko k 0 z

B 2.5 12 = B Sy M %2 = 2 B[6]

2.4 LB UK L
2.4.1 #he fZ247 R (Axial resolution)

OCT i Suchph (R4 B T & 5 RRPb A& Bl > 4Bl 25 #7 » 7 47 5
> g 2.7:

2/In@) _ 2In(2) 3

Axial resolution = [, =
Ak T AL

2.7)
HP Qos kiken? o & > ANG R IRHE ¥ anL 4% > B (Full width at half maximum,
FWHM) o 2 4238 2.7 7 125 o 1245 B 22 %R 52 F 10 0 21k 0R Y St &

XD B26 5 kR kR P 24T R 00 SUE o
25

20} ¢

15

Resolution [um]

10

0 50 100 150 200 250 300
Bandwidth [nm]
Bl 2.6 7 I ¢ b £ ek R R dh f245 B B 14 [26]
17
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2.4.2 ¥ + f3+7 & (Lateral resolution)

OCT i siinffw jR47 R & — S lgilcsitple » R g - a2 aaiih > &
FRESEFBA-L L2 /25 B > 7 0471 52 4250 2.8
Lateral resolution = 4:1‘;; (2.8)

BYfRRESENEIE di REEH L »HERADNE L - o fdfrR> 71U

Fx BE 3 s ende e 34 2 (Numerical aperture, NA) €& » 7 14 & 57 5 & 423% 2.9
Lateral resolution = 0.37% (2.9)

2.4.3 ¥ i7(Depth of field, DOF)

%0 H v f315A 0 OCT hsienBifs B RESHEHE iz M #7114

T s A2z 2.10:

0.2214
. S[sin~tva)
sin [72

DOF = (2.10)

1 %‘&@‘Eﬁ,ﬁ’lﬁ”zfﬁibii,ﬁ > OCT i bend ‘}?}é’}‘}ﬁ’?fz AR R R T R é’} EA

Yo 2.7 217 A R K B IRE R v 347 R Ok % o

25 | : :
1500 nm
1300 nm ------
1000 nm - ----
7 B -
20 800nm - - - - 1

Lateral resolution (pm)

0 | 1 1
0 500 1000 1500 2000

Depth of field Z (um)

B 27 7 & cnBiREF w347 & cobd %[50]

18
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2.4.4 .5 (Field of view, FOV)

OCT =& fsiif AW ¥ 1 3Ed Y H hB e L F -5 APl R E S 6fodp
Bk AR T AT LSRN 211
FOViaterar = 2 f * Omax (2.11)
H O O o s MBS Fdy & B o Betl 0 ¥ 24 H TR E kB A A F
S Ao B 2.8 o o

Sample Arm Beam
(maximum scan angle 6,,,,)

max
.

Objective Lens
(focal length f,
=» numerical aperture NA)

| Lateral Resolution

Axial Field of View
Fov 0.221.1

axial = 7
Ly sin"(NA) *
sin” P e R . &
\

ox =37.0 7

Axial Resolution
2In(2) A
oz =lc= T AL

R E—
Lateral Field of View
FOViyerar= 2/ Omax

Bl 2.8 — & OCT /i stk mxfchsk 8 A % 7 3, FI[6]

25 kBT R
KT Ff REMAPG SR wp V2B R E PR beiE B S ¥
FHR T s ok § 2 %7 R 4 45 ##(Optical coherence tomography, OCT)[5] %
% > 2 ¢ Jr & #F H & (Galvanometer scanner, GS)[51] v i #% T & 4t
(Microelectromechanical systems, MEMS)## # % [52, 53] F1 H # 45 & & 48 < fvfEi7 &
AR LR o
Ei%%ﬁ@“ﬁ%ﬂ’*iﬁOCR%%m%%?%ﬁﬁﬁ%%@ﬁﬁ§j

fde 0 dos OCT % BARFUE B » o _bLfFh REFPHRE S 28

19
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BOCT st | FhipF- 1 MEMS & REMRF 5 7 &R % OCT

jsd MEMS #4s thibibioe % 1 R85 ko Hu LATHA fnaE By 4

[54]

2.5.1 =43 tk(Galvanometer scanner, GS)

FEEAF s R ¥ 17 B i g (Close-loop) i sk il % = 34p Tenib i & & >
UL R R AT R R PRORUL HA R g - Ui 28
B RIOTRELS S ok HEOEE N E - b RERSR KT BESRE
(Moving iron actuation) 52k 2+ » B4 TR 4 k4 BRI R B4R 0 B d St
ghehgdr fodr it > B Jo 8F 5 < 2 PU[B1] > #o 48 3¢ R cniR BT de R4- ] 2.9 7

7’]" o

Driven Coil Winding

Moving-lron Rotor

Magnet Magnet

Stator Driven Coil Winding

Bl 2.9 #4550 k& iR F e kT 2 BI[55]

2.5.2 P87 % 3v(Microelectromechanical systems, MEMS)# # &

g;

i

REEY A

if—*’ﬁ@ﬁéﬁqiﬁk?b(&%&d \%@\"I/% ;é‘_“' %%3’..0—_ %;,_ ;i{ﬁv
(Electrostatic actuation) & MEMS # 45 k& 2 3 2 » 7] 2 @l + { % % & CMOS 4p

20
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L F & gk 3k B (Comb-drive actuator)[56] & 5 ¥ £ > 4-®] 2.10 frow o H RIZ
AAUF A R PR ARG T F DT F e RBI R R AR T A
AT A A2 RS SRR B ARG Y LF M4 AR

W st h MEMS # 4 k0 Tl i & % 3% ) 4R 4 (Endoscope)[57] 4 4 FF

Electrical Wire Injection Mold

[,

—

Optical Fiber OQuter Sheath  GRIN Lens MEMS Die (c)

B 2.10 (a)= #h MEMS & &+43 cndF dy & + 82 ficds (Scanning electron microscope, SEM)

o tj~ (0)FF 4 ek B B e R ¥ {o(C)#F 51 v & Bl {ope » [58]

B 7" 1k #5 (Electromagnetic actuation)g_12 7 3% it #r & 4 g 4 B ke g

BHLEBESURLE LT A LA A HA 0 - 5 B3 R $ (Moving coil

actuation) » ¥ — % # £ ;' 3k # (Moving magnet actuation) o % — faK - 4c R 2.11 7
Tk Rl BREE R BRI A EAT=BllLn E9iiFm+ ]
Bim¥ R L 5 BT AB oL B > L5 AE D f= R A eiEd o n 5 B
PP o AEF e TRt e AT E e o RS A S o i b R

_

I F R N R R T o (Ni)frsh(Fe) S st ecniins > & )

HEe R b demd 2 Bip2 WP B4 E D] T § Rk BHEAS T

py

G 75 % [59] 0 4o 2.12 oo
21
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flexible printed circuit permanent magnets
( (FPC)

driving coil sensing coil torsion bar

(backside) (backside) /hinges

fixed frames

magnetic yoke

metal base
Iad wies moving plate A
(backside) &P X v

electrode pads
(backside) I mm

B 2.11 & Bl k& oy &Ko & B2 SEM £ 14[60]

Current Magnetic Ficld (H)
Source 3

Y

Magnctic Material

Torsion Bar

Integrated
Planar Coil

Anchor
Insulating

Layer

=\

Substrate

Bl 2.12 B R g kot 2 BI[59]

R 7 ;% 1k $ (Piezoelectric actuation) s/ I & ) #* B T s> B T ikl dosd dc i
4-(Lead zirconate titanate, PZT) ¥ " 3 #8484 2 T av % 4 3 £30R T HR P

ERBTHEAL S L& HWA G D f DAY ST L Ui s

v

f
B[61] > 4o® 2.13 #75n o fed SRR LR E A % R 4P
PR AR E LTRSS ARG BT RS A MEMS 5 R A

LR S RN

22
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Bimorph cell

3rd torsional spring

Amplifier

Mirror

Signal Signal
gencralor gCHCI ator

1st torsional spring

2nd torsional spring

Bimorph cell 8iz2:9.3X 9,3X10.5mm

Bl 2.13 BT ARE ¥ ko 7 B[61]

# T ;Y 3 & (Thermal actuation) A_d & +142472) = g BR g4 > 20 S A0
EAHRSD BR8P RLEEFARTRAMGAEZ L HETREZFERY
VP k2 B FI R Gl A B0 A A AP HRME AR e 0 Fluetid SRR

2

5 %[62] > 4@ 2.14 “7 o

heigher thermal expansion

\

lower thermal expansion
heater
’ heating

e ER
!
1 !

I

I

top view |
driving current

|

heater

F conducting line
B 2.14 #7551 dF 8 ko L HI[62]
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3.1 K%+ kKE OCT 3R

Bl 3.1 5 ke ¥ 0 EAGS o OCT ks > &% AT i 5
(Microelectromechanical systems, MEMS)# # ;% ehd-8 = Jr v m &3] § & (Vertical
cavity surface emitting laser, VCSEL)z_ 4% 4§ ;% & /R (SL134050, Thorlabs, Inc.) > # *

kA 1310 nm o Ffp i 5 400kHz - £ E 5 95 nm o

L | Referencear
i Circulator Polarlzatloncontrolle‘ ﬂ
——  Light Fiber coupler | |

____ source | —

Fiber collimator |
— e — . Mirror |
Circulator | Polarizationcontroller [ — — — — — — — -
I
Fiber |

collimator|
B

Fiber coupler

Balanced
detector

Computer

OCT signal
K clock

A 2 A 4
=)
«Q
=
o
=

A trigger

. |Frame trigger ~—{ _ _ _ __ Samplearm

acquisition MEMS controlling signal

=

Sweep trigger

B 3.1 B ks S0CT i % 7l

A 3SR iR 4R D - W T70/30 & kvt ek g & F (Fiber coupler) » #-
Btk A B R4 0 - i ke x f Si3(Sample arm) 0 ¥ - if & | %% =4 (Reference
arm) > % 18 = 1 ¥ %k % (Circulator)fr— B 50/50 A kvt ek idim & B > ik p &
R L N T T S 4 T ;F‘,z wA A hE R MR I T L 350
MHz 2_ T #73% & 3 |z B (Balanced detector, PDB430C-AC, Thorlabs, Inc.) » #4 {5 £ i
1 % @& #c i B (High-speed digitizer, ATS9371, AlazarTech)# 3 5 % 355 » #1567
T BIRE F ARGV N E SR RSB ET R

24
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3.2 Bip= X E ek
321 (k& it
3.2.1.1 k¥ & E(Fiber collimator)

G OCT s 4 Ho B RS2 hT (74 & > (2 £k gk )k i
BAZ BT T pRGA e BEE) ] st g P AR R B
TR PR d N B S DA AP TR T AP T kR
# ¥ % (Fiber collimator, AC Photonics, Inc.) % fi# /-t 48 > H 2 & 7 X B {cp R 47
b4 % 1% 4t (Gradient index lens, GRIN lens) 2 & # T 7k & » igf~ i hip$ a0 2
St o T L BT e e OCT R A ¥ o hfmy P ARy 3 F

LK F /5 05 mm ek E B> 3 GRINlens /2 5 24mm & & 5 10mme

3.2.1.2 &8 3 x 32 R (MEMS scanner)

Mt 7k 2udF f9 R (Mirrorcle Technologies, Inc.)¥ 7 atk % & F 3% &= ‘A
Xk FH o B - HRERRK R 0 MEMS 4% & ¢ { /] - A3 * MEMS
Frd ket E e 4 5 15x15mm? > H F 542 /55 1.o6mm o &5 SEFR LA 5
+4.6° ApE N E A LEFR LR L9200

322 k&EHEFR

BRSO AP FARETE B Foupg A L I REEE
o Bk B B R OCT Bl s chhl &t - 24 i g # ZEMAX (Zemax LLC)#k
BMAR RS agedt> v A - 224 R G B RO T R Tk

AR B M blAdef L feR Bk FEE > 2 MEMS 4 KX E 5 =7

&-

Fendfs £ R(BRER S 0022 4600)RTF XF L > BI32 BT % H

fr ZEMAX fic#t °

25

doi:10.6342/N'TU202103609



(a) (b) Spot Diagram @131
2.1.36
um Spot1 pm Spot 2 pm Spot 3

RMS radius: 2.498 pym  RMS radius: 1.978 pm  RMS radius: 2.498 um
GEO radius: 5.963 ym  GEO radius: 3.953 ym  GEO radius: 5.963 um

Spot 1 (4.6")

Spot 2 (0°) FOV = 4.04 mm

Spot 3 (-4.67)

scanner

Achromatic lens (AC064-013-C) Sample

Back focal length = 11.146 mm Focal length = 11.299 mm

B 3.2 (2)1 &8 7 ZEMAX % 3 fr(b) R L T 6 % o )

323 R BREHER

AP T - ET MR R E AP A A R Pkl B B
SOLIDWORKS 3D % [l i 4 (SolidWorks, Inc.)3 3+ b #& » & J5d At % 7
(Stereolithography, SLA)#rend + 4] 3D & % #(Form 2, Formlabs, Inc.) % if = pt
P HEC] AT E25um - 5 e § 5 453 KokRED B4
% % 4 (Achromatic lens) B & =% e £ F /T 5 42.67mm > # B 3.3 B 1 B &
8 1 B8 5 - SOLIDWORKS ¢ B

(a) (b)

Fiber

collimator
MEMS

scanner

Achromatic
lens

B 3.3 # 54 (a)F #E 5 fr(b) SOLIDWORKS 4 @)

26
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324 HEHRE
Rt A ey g S Ak R R e

¥ 3] OCT 3% # enfe 5 > d 3]
%: y ,ﬁ?}‘fr\_}‘ﬁﬂ"fklfaf%W%‘:F)%WE-GJ_ET a?y,{ﬂ{té’%-Q-I]}mprj’]ﬁ;}ifr&&éﬁ_ll—ﬁ’-

£ 5% % ¥i(Cage system) »

Rk A EE 1R LS ER Y e R BB S kS
T2 b p flenget 1 B oA k]

i E bk E ELF AR Ky 4

Feri e gk {0 4o@] 3.4 A1oT

Nhid

F_
-rx\1.

ok RO R

Cage system

(b)
Kinematic mirror mount —— Light path | _
B 3.4 (a)k BB E B ~ (b)F SHERET X Bfr(c, )i 5 R
3.2.5 s A K
Akt - BEEL N EE R A S ,i'{%'\;}
THAERY I ASERGAIE- Tl R FRE T AF L RNLG T
e BHEEH i

Bifo £ % R X

Gy R W el

/;I‘E ‘g/_L‘u:‘ , _&r%ﬁ"%ﬁg\l OCT ,:‘i ‘:f\;‘;‘_, )
B D FE R g e RS

oL ZERIG A REAT A YR B B R e e T

m X
A BE OB 35 A e
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(b)

\7‘:?;

B 3.5 @F 5 2 Fr(b) ksl e 6 R L

32,6 E&RPpT LiF

PORBRRNGIL F i E 0 AP X R(CSTBLOTFIN Y A E s A R
Hlogfegd  BFHEFA (R 0.17Tmm) g 35T 2 0 ki Pgrat

N

LERSE A REFALFRALE GBI R FLE G F ARG

Sz r e lemeF s B0 A FHkEFRES 2% L | ¢ (Institutional
Animal Care and Use Committee, IACUC)#+8 > B 3.6 B+ 7 % B %G % frg £

% 4 % £(CSTBL/6)SE "

3

i
X
;;
Py
G
;}
=
471»
E
fm
A¥

B 3.6(@)%% $EELNL
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33 Bigsihks 23w

SEFETRT SN RN ST I SRS ST S

e S Ap 07 0 PR B 2 [ nd 43 TR o

E’ofa'rization
- controller /

34 A B2HEE OCT & &

B 3.8 5 AR L A U7 #F 4 #T(SS-OCT) 3 B a4 B & ik %o &
R FFAE SR R (AXPS50124-3, Axsun, Inc.) » 2 ¢ ik £ 5 1060 nm » $F 4 iE 5 A
100 kHz » #7 % % 87 nm » kR <nfy &5 d - B 8020 4 %t ik 448 & E (Fiber
coupler) » #- > SF A i~ SR L 0 A B WAEER R B
(Collimator) % — & 5| crsk 8 A 2 » £ ¥ 5= B 50/50 4 %t chk k4 & B 43z
R RSB DT oA 2 Z Y Renk bpk > A FOrE 4t HRugid 475 200
MHz z_ T f§73% & £ {2 B (Balanced detector, PDB460C, Thorlabs, Inc.) i ] » #X {5 @ £
I B A B F 5 400 MS/s e1F i #ic i+ B (High-speed digitizer, ATS9371, AlazarTech)
A S it R L RS ELEd RRE Y R E OCT $HR i -
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Frame trigger

Data
acquisition

MEMS controlling signal

=

B 3.8 + 1

35 A B AR EAE SRR
3.5.1 f 5=

3.5.1.1 # & ZE(Collimator)

*IREE P OCT & L7 HE R

Liaht Fiber coupler I
sogrce I <O IMirror l
. IC llimator

Polarization Reference arm |
controller :::::::::::::
I
| Mirror |
a3 3 Fiber coupler |collimatpr |

alance:

L
detector I MEMS e GRIN rod Al w|
Computer scanner \J |
OCT signal Sample |
K clock Digitizer —»

Sweep trlgger 9 L I . S ﬂnp_le arm

A * H - i 4t (Aspheric Lens, A375-C, Thorlabs, Inc.) % i =& # & 1T (7 5k

% % ZEMAX (Zemax LLC)#i 88 P FE T R A3 e 2 B 40 % — B o cNEEHE L JF 5
FE s BFE s LRSS 5.882 mm o

(@) (b)

Fiber

A375-C

B 3.9 # 3 ®(a) SOLIDWORKS %

30
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3.5.1.2 #8874 3u¥F # R(MEMS scanner)

A f g+ MEMS # # & (Mirrorcle Technologies, Inc.) 4t % = <+ 4 15X 20 mm?»
BFEMEELFSmm R BRFR AR GL27 R XEFRHER G
54°0 ¥ ¢b s Bt - BARAN S { MEMS Ffy k¥ EAH 3 ki~

B g s LSRR E e 2 o] 3010 47T e

®l 3.10 MEMS # 45 ik f-H & & 2. SOLIDWORKS % ]

3.5.1.3 ¥ R 375+ % #% (Gradient index rod, GRIN rod)

AP 4S5 2 mm & 455 % $ (GRIN rod, SP646-CRN453-7150-2,
GRINTECH, Inc.) > # 31 & d 34 & 7 (Glass spacer) ~ ¥ & 375 5 ¥ 435 4 (GRIN
relay lens)fr# & 37 %+ 5 47 4 (GRIN objective lens) 7% = » 4] 3.11 #7755 ©
BHBLDERLZ 05mm A H &k FIZ R BPDFRT
GRIN ¥ ## 495 7 - H o #0005 - BREZENELL > d 30 5 e
ERBF b BRI GRS TR RFSERES ML LiTe GRIN ¥ s
SR %0 E R S 101.214mm 7 GRIN ¢ #3547 9 L E JEAL B @ % o
FERAEDER BRI TPHAGREPEF A G AL Ed RRG
5726 mm fr1 TR 5 10 mm s GRIN $ £ R & e &1 o #-% B GRIN £ 5 ~

ERAAAEL 22mm g FHiREaY o BE R L 10744 mm o
31
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)
A B Cc

A : Glass spacer, thickness 0.5 mm, one side AR coated @ 950-1150 nm

: GRIN relay lens, 1 pitch, length 101.214 mm, NA 0.1

: GRIN objective lens, length 5.726 mm, working distance 10 mm, NA 0.5,
one side AR coated @ 950-1150 nm

D : A+B+C, diameter 2 mm, length 107.44 mm

E : Stainless steel tube, outer diameter 2.2 mm

0O W

B 3.11 GRIN rod & & §35 2 7 %, B

3.5.1.4 HRATHFH L %

BSAPER T - BAE QMR B ELL 6 R PRAG
PR AT RORE B RITH S £ SR AU R A RS A
»+ 5k B i (Stereolithography, SLA)$ e 3D & % #%(Form 2, Formlabs, Inc.) % i£ =

pt B e B 3.12 B 1 4 % SOLIDWORKS 3 B °

B 3.12 B AR ATE S 1 L 5 % Ko W

352 K E g

AR P i 2Lk G 1% 4 (Aspheric Lens, A375-C, Thorlabs, Inc.) % # 5 % & &
BE BRI G L B P bR A LT A AU B ER S 22,5
gk B4 e MEMS 48 & > &£ F #5182 w1} ¢ £ 15 st(Hastings triplet achromatic

lens, #45-251, Edmund Optics, Inc.)#-% & » #+:& GRIN rod =p % > ¥ 127 L §E
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PR G B H > A REARS cMEMS Hd RE R 2287 b odfd & RIS

ARG 002 £1°)R3=R L F i - Bl 3.13 B7 0 #5347 i fv ZEMAX ik

(a) (b) 1 |Spot1 (1)
dt—— Mirror Q_})Q Spot 2 (0°) lFov = 4.568 mm
0~ 7/

Col Achromatic lens Spot 3 (-1°)

)

GRIN rod —
scanner
16.277 mm 16.165 mm 5.655 mm

(c) Spot 1

um

+ 1.0900

RMS radius : 8.929 RMS radius : 15.338 RMS radius : 8.929
GEO radius : 24.688 GEO radius : 26.515 GEO radius : 24.688

Bl 3.13 (a)# =8 ZEMAX % 3 ~ (b) GRIN rod 4 £ 8 2x % Blfr(c) B & T & thsk

b o)

353 H A BREER

5 e 57— B#E ®(A375-C, Thorlabs, Inc.) ~ = & & #¢4% (PF05-03-MO01,
Thorlabs, Inc.) ~ — B #ct8 Tk $edF f &k (Mirrorcle Technologies, Inc.) ~ — B i ¢ £ %
4% (#45-251, Edmund Optics, Inc.)fr - & # & 37 8+ 5 # (SP646-CRN453-7150-2,
GRINTECH, Inc.) ° 28 3% % %Lz » s\ € % A SOLIDWORKS #t %8 + ficke = 5%
PR R B RS R AL FBRETH SAEE B AR d B T ERE
BAtiakFge Ft el NRBELAT T oB 314 4T o SRR
Fd giefi- ;AR PHIRETARE[NF v BE LS FE A B

B 3.15 B0 kB F RS -

33

doi:10.6342/N'TU202103609



Sample arm
1. Collimator
2. Mirror

3. MEMS scanner
4. Achromatic lens
5. GRIN rod
6. Mirror

Reference arm
7. Collimator
8. Mirror

9. Fiber optic component tray
10. Polarization controller

|Achromatic

W] Jens GRINjrod Mirror

B 315 s Ry > 29§ ML XL

3.6 4B AHKE FIRRY

Y4 é 5 - BB B(A375-C, Thorlabs, Inc.) ~ — i & 4% (PF05-03-MOI,

\\\Xr
oy

Thorlabs, Inc.)f== B & i* 44| % (Polarization controller, FPC030, Thorlabs, Inc.) % % >

H e

\\\Xr

S BN YAS TR 3 MR SRR A N S Ei

PR T 4r@ 3.16 #71 o
34
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7

Colllmator

Polarlzatlon controﬂer

& \d
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Yr® FHRE*

4.1 B3 kR OCT h sufFis
i 2 SS-OCT x %uenghe 247 & (Axial resolution) 5 22.9 um » ¥ w 247 &
(Lateral resolution) 5 24.1 um » 45 & 4 5 4x4mm? > &% F ¢ FH4E:8 LR

FEE3mme § 2H A FRE L 250uW pF > B X T IEFgacR 2 99.1dB A

EREE LAT A B B kT A OCT 5 MenB RIB LR § &4 &
'L‘"}%,‘o

3
)
P
Ee)
)ﬂ.\
<
8_.
L
Ly
5
Iz
1<
Y
N
ik

% b fo %o F 282 ensk 47 X (Optical path
difference, OPD) » &+ # R3E -2 w0 » Bl 975 R 0 ik # FHp e frb f &

gAY Rk F e kR R

Reference arm

Polarization j2.91 c 3_3% i
controller !—_M i

0.805 ___Samplearm _
1.3 pm _ 1.907 Mill'ror
400k FC2 17.38
SS-laser 1.914

5,039 WS mirror |

Polarization ___'__
— Jumperwire 9.25 contro"er 8.78 m
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(b) Reference arm

i
Polarization | RIN i
controller |

Unit: mm

1.3 pm
400 k FC 2

SS-laser

| Polarization —
— Jumperwi re m

controller !

Bl 4.1 SS-OCT ,x xe® jp| € eh(a) % # Ffr(b)k s £ & > FC % % 448 & B (Fiber

coupler) » CIR % 75 % % (Circulator) » BD & T ff73" s | ¥ (Balanced detector)

OCT i sueh & % (Depth of focus, DOF) £ 4g B LT & 7 R¥ &< hR L& & -
PR AR RSN EES G B AFara > @ DOF Bt g gt ehlic B30
(Numerical aperture, NA) o 2% f4 i i ec s = (5 B &2 & B4 2. Y enjed > TR & &
w48 &k 5o B HE R By TR D L > % (Full width at half maximum,
FWHM)® % DOF 4 & 4.2 #775 °

Depth of focus
1.2 T

Intensity (a.u.)
e o
o [=-]

e
kS

O 1 1 1
-4 -2 0 2 4

Position (mm)

B 4.2 SS-OCT ,% 24 DOF % 2.17 mm
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TA @ * — f87 v 2 (Knife-edge technique) & Bl gir # > 1 & § {|* 3
HREDTH LER LSBT B F &5 W(USAF 1951, Edmund Optics, Inc.)&:8
o HEPIEF w8 L gk T 0 E P8 % P47 S Bic(Edge spread function, ESF) »
¥H BT - PRpcs ¥ 1 R A7 5 #c(Line spread function, LSF) » & 14 $H 5 #5750 #c

BLug »F R & G OCT kel o f245 & o

12 Edge spread function 12 Line spread function
(a) (b)
w1 17 w1
0 2
Sos Sosf
S - g
o 5 0.6
T 0.4 To4f
E E
<} o
Z02 Z0.2
0 ' : ! . 0
-0.02 0 0.02 0.04 0.06 0.08 0.1 -0.06 -0. 04 -0.02 0.02 0.04 0.06
Distance from edge (mm) Distance from edge (mm)

B 4.3 OCT i ¥i(a)i¥ % %475 #ie(Edge spread function, ESF)fr(b)4 # 4% I #c(Line

spread function, LSF)

AP REESD LY A F R RRRAAEDRTL RS
2 73 kA2 L (OPD)ehddie » + 3 2E ¥ (Roll-offbr ] 4.4 77 o & Rl¥ B2Xi2
FTREINPREORFEN B A LT BTN ERELTLEL ERT ST
BT ERIIDFRAEF - ROF UEIE S TP EHABRT ki L kR A
Sy - BEE L MF L OCT ik sendhe f247 A o

Roll-off with dispersion compensation
T T T

1
(a)
12
1k 4
3
508 - 1
2
£ 35
§ 06 3
= >
04 E’
2
0.2 £ 0= 1
‘ 0.075 0.1 0.1250.150.175
0 Optiacl path difference (mm)

05 g oy ‘ 2 25 3
Optical path dlfference (mm)

Bl 4.4 SS-OCT 4 %:(a) roll-off fr(b) & — 1 % < % B
38
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APTEAAF LT RS F DR RAE R ROET 0 8 R
AR eF 3 d 3 fe (Signal-to-noise ratio, SNR) %k /& %_» * SNR @& 5 M5 # 5

M F 2 1L B o B 4.5 BEm SS-OCT 4 seen@ itk » % 4= F& ¥ 5 250

UW PF > B x enT3agac R v iE 99.1 dB > B & 8 AT gV kg B sk )
B Ay
102 SS-OCT 1.3 um Sensitivity
o o
’_:100 B o Fo) 5 O Max
=] o ° O Min
5 98- (o)
> o o Avg
v 96_
= g © i o o °
2 94 @
[
7]
92+ O
90 1 L 1 L 1 1 L L 1 1
0 50 100 150 200 250 300 350 400 450 500

Reference Arm Intensity (uW)

Bl 45 t3 b 53 sg7 7 ol B g ac i

42 RS Gk S99 o 4 5 4 OCT B!
BB R R B BB BEAE Sho B 4.6 fo@ 47 wra o0 5%

% OCT i sechd ffothas o B 4.6 B+ 5 — %5 M %4 (Scotch)shif & & ¥ if> 7 12

9]

PESIEEUEIEEE S P ) TSIt A

B 4.6 ¥ £ 5 OCT 2 (4000 x 500 A-scans per volume) > +* ] = % 0.5 mm
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B 4.7 (a)-(e)B 7 1 4 #f4p ¥ fo & dpda ek £ 5 v en-face OCT Fij >

o P BRI AR F AL S B A T e

Bl 4.7 (a-c)* dpdp ¥ & (d-e) 3 dpdp " i £ 5 fr en-face OCT - 1$(4000 x 500 A-scans
pervolume) ° EP: % & % (Epidermis) ~ DM: E & % (Dermis) ~ PNF:iT#% ® 47 (Proximal

nail fold)f= SG:/# H’?(Sweat gland) > +“ 5] * 5 0.5 mm

4.3 B % OCTA #i

AirEd Bk kAT OCTA R ifendk > B4 fs o fk 5 4 4mm? > fp-sih
s> > B B-scan 7 1000 = chihe s > ABH DT - B i E 2w o
S BEHLEE EAF T T 5 Bscans 0 AR S b o BE T 500 B
B oo F 07 B A BT (Anesthesia) ~ £272(Wake)fri# # (Movement)is- = f& 4 12
2T OCTA B B o % 4Bl 49 “r7 o

LA A9 ¢ T URBE] K R AR T B § F kA

“mj:

BT LEAE & 3E brige| o e A F] & Frps Al (Isoflurane) & § dcRiréika g ahie® o A
:tj—%ﬁjéfkb}i—ﬁ%ﬁm‘\;:%*ﬂkL ’d’%/\'uﬁ mi%'éflé B_'gt’g’-;g ;m‘-r
ﬁﬁ’ﬁ?%ﬁ%{jiéﬁﬁ%%% D JEA B A F B FT S B B (S B R

o F g B R A o e Bd e fri@dr A 4 gein € '8 i OCT i Seen§ AT R o
F ¥ ;A
40
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ERP P §REDFH AN E D fosh 2 BERE D BB T LR o

Anesthetized state 'Isoflurane

B 4.9 QS ~ (b)EEARr(c) i 5% i T ¢8R %5 OCTA ¥ 2 Ap ¥ s(d) B " 3 A

FOFAEY o BB PHRC DL F B S 0.5mm
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44 LB LG EE OCT i s

SR PISEK OCT s 54l 5 A mpE 197 %4 OCT kst
gR*INERERZ LRE > 4oB 410 (977 0 FFL PR RER 0L

=8k f2 £ & (Optical path length, OPL) 12 F 3% @ = 2. &3k 42 £ (Optical path
difference, OPD) » 4r% k42 % ~ + » P 7 & @ 74 2 £ R ek Bprsm o

$ ¢4 B 4.10 (b)5 7 » 35 BRI R OCT 3 69 5 (3 6 s o ol 41 634 55
U RER AR EAR N ARGk H o }fﬁhﬁ bt 7@‘*‘}%6‘; < & %< OCT %

HP EH DA R DFER o

@ .

: Sample arm |
— FG2 2075 Collimator Mirror pIENS Lens SR Mirror :
2075 50/50 | scanner rod 1
Unit: mm Polarization e -
' controller 2075
.532075 s 'Referencearm !
2073{ 80/20 FC3 12075 ) ) 1
50/50 I Collimator Mirror I
e |
2073
Polarization
controller

2074 2075| Ralanced
50/50 detector

2075 2073

by L o- .

I sample arm .
. ! 13 4.91 .69 .2] .04
102 BE2l | Collimator Mi MEMS o L 2 GRIN Mirror I
50/50 || irror scanner €ns rod :
. . L o e e e e e e e e e e e e e e e e e e e e o o e e o = =
Unit: mw Polarization
controller

15 - | Reference arm :
80720 4‘ FC3 |1 o . 1.3 1.29 I
50/50 |1 Collimator Mirror |

L e e e e - — - 1

Polarization
controller

4ﬁ—m Balanced

0.52 50/50 detector

1.05 0.75

B 4.10 SS-OCT % %@ g £ th(a)k S £ B fo(b)k # & > FC % %448 & % (Fiber

coupler)
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A pl € 7 22 OCT i st iF(Depth of focus, DOF) » & # &-x8 ¥ ek Bf45
BEFHREEITH o F RT3 v BB E o el F o g f ks 5 & (8
HEE ey (TR X L 275 DOF o R %8 % 4o Bl 411 4on e

Depth of focus
1.2 T T :

Intensity (a.u.)

0.2 : : : : :
-6 -4 -2 0 2 4 6
Position (mm)

B 4.11 SS-OCT % %= DOF % 5.58 mm

#d 7 v (Knife-edge technique)frj# 17 & i#l3# 4 (USAF 1951, Edmund Optics,
Inc)kplE e 3R > B 412 QBT T 5 PR FHAEAEIHIH LB
BREBEBHE L RRE ISR I v 8L kM F > BRFERGET - AT
BB HE RELE2TIEI R fEITR

Edge spread function

@ | )

Line spread function

=y
N

-

=]
©
:
o
®

30.01 ym

Normalized value ESF
[=] [=]

_ g e c
Normalized value LSF
o
[=2]

I
=

=)
o

e

[

So
-
<

I : I 0
-0.12 -0.08 -0.04 0 0.04 -0.08 -0.04 0 0.04 0.08
Distance from edge (mm) Distance from edge (mm)

B 4.12 OCT % ¥i(a)i# % 4% 473 #c(Edge spread function, ESF){=(b) #§ 4 & #ic(Line
spread function, LSF)

43

doi:10.6342/N'TU202103609



Bfs o BPIE Tk Seen® AT (Sensitivity) & % (Roll-off) » 5 7 A p {3 1k
B ST GRS AP EEA LY R ene oA P ihe § S
45 E S 110 pW B> B4 T iagara w2 99.7 dB > BBl AT st ki
JC B sk Rl T B PR 4B 4.13 T o

SS§-0OCT 1.06 um Sensitivity

106 T T T T T T T T T
O Max
O Min
104 |- (e) Avg |
o o
102 - o .
3 o o g
s (0)
=100 - fo) |
2 o
2 o
‘® 98 i
c
] o
a
96 - o o =
u o0 7 o o o .
R [m]
92 1 1 1 1 L 1 1 1 1 1 1

20 30 40 50 60 70 80 90 100 110 120
Reference Arm Intensity (uW)

Bl 4.13 A% ]F?;i",;g‘%;é < T dgp) {8 ff”%if(}i

i B v (Roll-off) 4 & 40 Bl #r7 » AP ¥ HRRTI € F B K
AFZEIDETH S ST F DY R kfem, ¢ ERIH LAk
BALLFEE RELRIOFF - T gk TUREZ GRS €7 TEE
Bis R 414 (@7 Hxr- BEE N LE DT L OCT 4 Suehdhe fR47 R -

12 Roll-off with dispersion compensation
. T T

L

Intensity (a.u.
o
[-;]
|

1
- |(b)
3
04+ =
205
§ 5.14 ym
£
02 -
0 0,044 0.046 0.048 0.05
N L | Depth ()
0__7"‘. A sl A A A 4 A A A ALl FPR TR IR S TV R
0 05 1 15

Depth (mm)
] 4.14 SS-OCT % #i(a) roll-off fe(b) % — 1 % 2z [
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45 A B fg;;’lzi g’a":ﬁ}%‘fr’x B+ ii;, OCT ®51
B 415 B+ - ¥5P % 3F (Scotch)shiE 2 5 Brifo B 7 X SRR £ ki
TCERARLE RELE AU J{d ARERF e R TR F HEOEE VLR

B RIS K i -

B 4.15 B3 £ 5 OCT 2 1%(2000 x 500 A-scans per volume) » +* & ¢ % 0.2 mm

=

4.16 Bt 0 jEEP Dy ¢ £ A T frddpdp i OCT ®if &R

Bl 4.16 (a-c)*dpdp ¥ & (d-e) S dpdp "L & 5 {o en-face OCT - §(2000 x 500 A-

scans per volume) » EP: % A & (Epidermis) ~ DM: £ A & (Dermis) ~ PNF:iT 4 ¥ 47
(Proximal nail fold){f= SG:# g!j"\(Swea‘[ gland) > ** &) % 5 0.2 mm
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$7% B2 AREY

51 %

-gg

BRI LY AP LT RE R AR F R AOCT)frikctd T % 5L (MEMS)4F
B HRE S 1 - A R R o1 ¢ ik £ 1310 nm 4 i & 400 kHz
FeAE 595 nm R A N kR 473 B en OCT & 3e¥ 3 % 99.1dB e ack - # ¢ »
PRk SLenihe 1347 B foi e 21T A A B[ E2.229 um fr 241 pum £ ik G A 5 4
x4mm?e te OCT B i % % & 7 BB T § & B4 F fo & 7 £ 45 chfz 3
Heodbiso bbb oY A G EAEAH B X RAXEPEIN XV RITZFIF

A3k GET e OCTA Foffe s - HBBRNGINGL F €3 F/E2mE

l
ﬂ’&’fx

Toby BT L b A OCT 4 sehd o & > % s D2 i o4 0 & o &
HAFT o ek cnd v A4 ¢ £ 1060nm ~ #F 4 i 5 100 kHz {o4f % 87
nm =7 Axsun £k > gtk & Siendhe f247 B fof v f#347 & 4 %4514 pm {- 30.01
pum 2 Ffs o ff 5 2.0 x2.0mm* e 2 P fEa FERY LA SSRGS
22 22mm (7 &6 FER)cL R 107.44 mm e B 376 i (7 L BRI
BECBLBERLRARE RS 3T HRFEE ART TREREIRREETAZ
T NS AR E RO E K OCT ik ¥ MBRED A 2 F
FREERSRF U S h QBT Ao B el WO EM D S AR
BAE o~ £ B B G 1 R e TR Pt R ke L F AN g 0 41

T R EE AR ©

52 AkE¥Y
AL Az AR T Aa 3 0 50 wlgPE-l‘?s"k‘y'«‘:’_’j.ﬂs}rg)\i/{-]ﬁ-é;}—#
PR GRS RARR L R Y R B S YR

Bir g KB A EEL A - A2 Ao PEAL AR 5.1 T o 5 A 0 AR
i 3 2
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)3

SOLIDWORKS ##  #73% 3% th s et o 8 2 it § h 97 chk 8 A > £ 8
MEMS 4 RI| B RITHFH2 B L B~ el LRES (ST aked - ¥
ol g T AR Ll hinE > kR MR R
KR EF BT NP IREEY 0 T A 4 g (Dichroic mirror)#-+7 Lk feif i ¢
ko AT ARSd SHFE AT AT £ 5L E5 (Complementary
metal oxide semiconductor, CMOS) & g k& 48 & = i* (Charge coupled device, CCD)z
RPBIEL > otho- B2 AN {n e BRI FRELTFA atmaig + oo
PAFNEREOR R A BFEE LT DIDE AP RZ LM
Wengfet1 B> i REEAEY VOUHE B AT EFHD B N FE Y AT
T R SR R N S T Y
AR E P BTN BM P ARG IFE A SR & T OCT 2 it k2478 o

S TN =T Ut RSN SRS TE P S BEL S RN

S A PR o

Depth: 30.48 mm

Width: 18 mm

1. Collimator
2. Mirror
3. MEMS scanner

4. Achromatic lens
5. GRIN rod

Bl S.1 23 FRan A B AR ES 2 4~ L B
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