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gx4gd 209 7|e2 d3A 7 AA(Charge Coupled Device: CCD)9F 22

WEA V)% 4AE ol gste] AAztom AEe] EEIP HNE A3, A

SN

34 ¥ (3-Dimensional: 3D) & AAste], A5 3AY AHE A= wRolt)
aey fAd 22a8y Ao R 33 AERE A7 984 AlEY 4
ojit} 3zt AHE A3 dojob 3= @Al Ak AHES 3AY AHE AT
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(Scanning Tunneling Microscope: STM), QAF7F8 FAL
Microscope:  AFM), HFAF 3% dn|H(Near field Scanning Optical
Microscope: NSOM) So] it}

22 333 (Holography)© 1940t =9 #3tA} Dennis Gabere] & A
rEfith. HAE ERa#y Ve of 1960 tRY e o] TlmEA Y|
3 AL, 453 V), 3 Q14, RO AV &Eokell &8& S8t A
|3t 7wl 24 A7 APHe o Y [1-7. UAE 218y 7|
s AAdaAE 2O A A= AMRete] At EA44 R
=) o3

ARE 75 & v ole 1A FRIaGVdA=E & 5 gldd AA3T
=

A HPH S Goodmanid}t Laurenceo] &JsiA] 1960W  Fwlo]  AokEl  Ao]ar
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ERa9 Y HHe AHE 5 9ol AAsta, Y A & =
Qlate] 3akel e dR R sk tad S8EoklMRE Be #A4ds VA H

Aot [8-12]. 1970 thell Yaroslavskii 5] FA Aoz Sz20dS A= H

|

HE AP AL, Ounraldt Scotts FA| Aoz A= AA daglss A
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= o] Hug AlEIbE Aefo] givkE Aalel vt [16,171.
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olstA Avt. FAHEA= 2 FH AL FAHE Ao} AFe] Fold uwuhA
EA vEepdr A5 2 Eo] dEA A FUAY dA}A & A
B b e AA A Z7)9 vEA SA9 [18-20].
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1. E2d99

SR E 1948 Gaborel olal] AtH AL, el A7t Jdd 19609 o]
SHE e A7 HaE AT 2239 (Holography)w dAAlT= 9] &
Z(Holo)st 71 Wiolzte o] 28 9)(Graphy)7t FA A whEojxl Aol =
Wgolgts o E ZHA AL dth AERAES B ey Ve x
ol olal] HAALA=HE REALE = o] FhvE; Al=E FE P HANAS e
7158ke AR dEode A9 Bl wE e Av] Exx rsdn. o
W 2 adas Al FARE S IAA 25 Y AR AU Faks el o=

gl

e A% g 9 WMstE sAlol 7|EdeE AeR EE1

ANE 7155

s

A7l EEE b A 6% BARHIL ZEY H QUA A E Y
o g Ak £ HAW, SRl A AR o8 A% FUE &

A EA @a AR 5 dvh 19604 dlolA Y 8 AR A oS
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W Ed9 Lohmano] AFH 738 E219 A2 299 HAEHSE A
3191 2™, Goodman¥® Laurence 9o 9s] dAxAgtAAe} AFEHE o]
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oo}, Bl YAYE G AFFA G AFHe] Ae2 HAE FRIAYIAE
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2. gAY =299 dv7

1960 &wF Goodmani} Laurence Eo| 9&] dAx4A3Axtet AFEHS ol &
s OXe ZZaa 7t Aok lowH, A AE Al AXRAFAEAE AR
glord A s A 5 9o, AFEH A AAdel FshE AR

A EA AN, A% 33 e ARD = A7 HAT dxE =

H 109 ¢ OAE EERaHYE we Y2 &H30on, Haddadot
Boyer 52 A& ¢%tE Av|d-e 918l 2ol (Fourier) ¥ S=I1a] & At
3t [2]. Schnars®t Juptneri= A2 AA=Z AAH ZH @ (Fresnel) &2
o) MBS g A A PHS TESIAT [2223] ©] HHLS A FA,
WA AL # 7 @ 29 sl uds A & HAY.  2Ey 27
<89 HAE Z2agy 7|fS 94 del HAE S8 UXE 21
9 ZIRew, &x F wn] ez He ArV|E Qs e e ATk
2 % HAE SRy HAE o] &3 94 il DS AdsE ol

(o3

At [3,24-26]. A= dtue] S=dE o|fsle] FE oiH] JA 2

1) gA4d £2a99 7=

gAE =8y dnQoA dAAFAAZE JEEHE S209 HAEE =
A B (Object Beam) 0%} 7]&3(Reference Beam) R& 744 o] ¢)dte] Folzxt}
a3 33 7o gxdg Tzady dnAS uysd, ARAT A FAE =

22kl =9 8l AV



Wl = AADFEA
=) = 7% / ]
Iﬂ%ﬂJ
P a [ b b C b

23 3 OA" 2209 AES ovA AN PAE a BAS @Akl
A, b ARG AGAGLRA Aol Ad, & AAAF LAt F Aol

o] Ae (3.
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I (x,y)= |R|>*+|0)*+R*O+ RO* (2.1)

oF 2o [13,18].
PEAZE AL OAd 2089 dn| 4o 43

Olesm)= [ exe| 3 (€+ 17| (e Mo )l = Mno) Oufey o)y iy (22

D , = 237 O dEAZMO) 9
AbBlE BAE, M2 gl & o]t 2 (22) dWz9 HEuFgSF
exp[i—g(ff-i-n%)} 8(&,—M&,) 8(n,— Mn, )b =43 002 T4 3 (Convolution) o] T},
2 2.0 R 7|5%, O EA%, R, Ot 7|39 EA432 TR0
3, Qe RO A JERI EAFe] AHEE 00t 2 (2D
AR &2 Ve Ar|ela, EAl &2 =AF9 A7|elH, A WA JI} F

WA e AR FAN G FA el @k AA By A FL 747 H

dutd oz UAd graddes FRAHESE VS8 AR AAATEAE
AbgETE A AT AR AFSS FHAE N XN, SA737] Azx Aygy AxA

stantel WA 27 Lx L2 FolAth AABTaAe] qele] e A3y

N N
L (k1) = IH(x,y)rect( - Y Y @ kAx,y— 1Ay) (2.3)

b 2o [27].
A (23)2 7IEdH Al o3 S AEIE dAAdaAtel ¢ sty

HAEs Hel 7|55 s AS dndn. 23 4a)s 2Hd 49 d

o
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(a) 49 3dd =219

u

(b) AdAAgaAtel 7|5 =19
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mlo

(Zone Plate) &3ol| 93 2198 Ho F1 9o (b= IASF 50 x 50

o AAAFLEAR 7EH 2ol [311-12].
2) A9AE =99 A4

AEAQ TRaAe /2D Fradd xAs: Ao 3349 Aol A4

4o 2 A A5 71ERdH EEE AT LE ol &5,
W= RI, = RIRF+ RIOP+|R*0O+ R*O* (2.4)
o} o] FAAT} [13].

A QAo A A 3 F oA F2 IR A Fola, A HA F2 3

o A 2 Aot OY 5= S2a% A4 Al 209 A 9 A

v(6.n)= Aexp| s (€+77)] 25)

< [t yyesp| A (242 | exp| S (o)

dz dy

o} Zr} [2829].
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a9 5 EROY AL ¥ JseE 72 (3.
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o714 Az wgelar, A=expli2nd/A]/(iAd) & FFelvh 2] (25)%

IH(:U,y)exp[l—7T (x2 + )} (2.6)
Ad
S Fuge F7 &/ 9 n/Ad o& FEd WE Aot} [2,30-32]. UukA o

=
Z 2 (25E A7 et g Fglod W3 (Fast Fourier Transform:

U(m,n)= Aexp[z—ﬂ(m2§2+ nQnQ)] 2.1
xFFT{IH(k,z)exp[ﬂ(kQAx%ry?Ayz)”
& 2t oA k1, m o, ne AF(0=< k,I,m,n=< N)ola, I,(k,1)e 2

239 AAAFEAe] 7158 DAY gRaeld, 4 QNe Bafolnm

AR e

b

Ilm,n)= Re[¥(m,n)*+ Im[¥(m,n)? (2.8)

(2.9)

Zol Fojdrh. A (28)3 4 29F olgdte] 22U 34 e A &
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3 A% A%
be] WAL —m<v < molTh

9] o]Are] z+e 1At ¢l [31-33].
Wgol 9% F3elr)

A4 JuE olgatel UA BA AL BAfE:
A7) vheak 2ot (341

RGPS I P D R

(2.10)
A9 ABE 93

A0 A A —w<gln) <wo] =HA k. A e el AA

el Aol =

A{ypn)}=ypn+1)—y(n), (2.11a)
Alk(n)}=k(n+1)—k(n) (2.11b)
I 2T} [34].
21 (21003 2 (2.11)& AFgstE 22 9489 2=
AW ()} = A{pn) I+ 2rA{ky (n) } (2.12)
o2 Yerd 4 glow A (212)5 tA] 7 A4bAle| &85 H,
WA W)} = WA A{p(n) = Ay (n) H-2m [ Ak (n) }+ &y (n))] (2.13)
W 7t
Zlo 2] (2.13)

A7 QRS sl et Aol
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—1< A} < 7 (2.14)
areba] 2] (2.13)0 A 21 [ Ak, (n) }+ k()] = 0 o] 1,
Ap(n)}= WHA{ Wy ()} }= W A{p(n)}} (2.15)
o] ®t}y ol AFI £ A A wEgeolth. W{A{plm)e A 9%

Hel A A Atele] mE#d Afy)id Rk azEz vE Brhed A

ol glutd, A 942
vlm)=p(0)+ X WAL} 2.16)

dogow, 9 o] oF A ABAE olgdte] 7 & U

3. =kl gAE Exay

= AAAREAY BE 99 AET £ ok, 9 3
3 AN APHRE AE G gevld 9T At ox F FRadgy:
QA B" B Sgel Wyd FERH ol gt ALT 9 Aol s
SA, AGAGEA AA 1/4 Wl A o] Ao AAe] P A
Atk [311,12). SRR 349 HAY 94e Ade] gaAE Al &
2aes e PAskel, 93 84 B 5 ge A AT U FeulE Has
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b A WS o] 83 dA A F Al W2 3 e SO SAHo
2 9 a4 Fe Has AAE ¢ JoH, dabdAe] hdste] tAE &=

EAF : Oz,y) = ao(x,y)em“(m“l/), (2.17a)
NEH : Rlz,y) = aplz,y)e ™" (2.17b)

ojmZ, 4 (2.1) vt 2ol AeH
L(z,y)= @&+ a2+ 2aza,c0s (0, — @g). (2.18)
4 (218)o14 A ot =4 Fol A HAolA A FH Fow =
Foln. A e Auw sael Adss, AAATEA Hdo] ue)

~2apa0 ~ 2aza, A0l e vk AAAFAEAGNA AR FAY 2D 4

71 Bt 1,2 et 2T

Y SV (kAx, 1 Ay). (2.19)

A7l A Ble) A7) Hate AARTE A (218)014 3 HA st = oA F
& W3 gt AR Fopdvh, AApAg A SA R F = IRl A

A (2195 AAstel 9 Ak 3d Fe Hask & 5 vk

I'(kAz,lAy)=1, (kAz, 1 Ay)—1 . (2.20)
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T
o
A
o,

1% 8ol Aot Ho] A Eo] M= UE ARA SHEE wel FHo] 71

& ABE Agshe GEE BARAE aesaq,

OPLg(z,y) = n.h(z,y), (2.21a)

OPL, (z,y) =n, h(z,y) (2.21h)

o} Zol BHE Aols T & vk 7A nok m, & Nue| FHES UE
Bl

OPD = OPLg(x,y) — OPL, (z,y) (2.22)

= (n, (2, y)— n,(x,y)) h(z, y)

5 gl gE 9L
2
oy (z, 4 ) = 3 X OPD(z,y, \,), (2.23a)
1
2
by (@, s \y) = ~ X OPD(z,y, \,) (2.23b)
2
9 2.

2 (222)¢F A (2.23)8 o] &3te] hlz,y)dl thate] A]shd,
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h(z,y,\ )= o, g = ) (2.24a)
AQ
h(:c,:l/, )\2)— 27'('(718 (a:,y, )\2) —n (.T,y, /\2)) (224b)

o1, 7MY hlwy )k hlzyh)E 23, F 3 Mgk Aol ozt vfg- At
A, on () =0, (@yA,) =n(zy)olth. F, ABS Basls F 339 Hols)
ELX] %To: 75]“?‘ ﬂxo]—oﬂ @% %@% nS(ZC,y,)\l)ﬂ- ns(xayv)\g)% DH*CI)‘ EL]];]]?:S— %k%

vt A (2240004 hiz,y,A)— hlzy\)= 0] B2

M &y A2y

ns (l"y)_nm(w’y’/\l) r ns (wﬂy)—nm (x;y7)\2) (225)
o} o]l AP 4 9o, nol thate] AelEd,
_ nm ()‘2 )A1¢1 + nm (}\1 ))\2¢)2
n, (@)= Mo = i, (2.26)
— 21 —
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S A3 Aol o

A=
- T

(2.26)

Al
A

KeN
=

PR BN

S

i3

g

s

_ZTI

KeN
=

Far, 21 (2.26)

S

[36-41].
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ABSTRACT

3-dimensional Information and Refractive Index
Measurement Using a Dual-wavelength Digital

Holographic Microscope

Digital hologram technology uses semiconductor recording device such as
CCD(Charge Coupled Device) to obtain hologram information of the sample.
Moreover, it could acquire 3-dimension information of the sample by using
numerical 3-dimension image reconstruction method. However, opticist must
be accurately informed of the refractive index and 3-dimension shape of the
sample to get 3-dimension information from digital holography method. To
solve the problem, the experiment was done by using two wavelength digital
holography microscope which provides precise refractive index and shape of
the sample. As a result of using two wavelength digital holography
microscope, the experimenter could calculate refractive index of the sample
using different phase of hologram, also, measured refractive index and
3-dimension shape simultaneously to get the accurate 3-dimension

information.

Keywords : Digital holography, 3-dimension image reconstruction, Phase

unwrapping
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