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ABSTRACT

A Study on the Defect Measurement of Thin Film
Using Digital Holography

Hyun—11 Jung

Advisor : Prof. Kyeong-Suk Kim, Ph.D.

Dept. Advanced Parts & Materials Engineering.
Graduate School of CHOSUN University

Holography has been developed continuously since the invention allows the
light source to an object irradiated by Dennis Gabor in 1948 by recording
the amplitude and phase to obtain the three-dimensional information of the
object film, and reconstruction. Consequently, record the whole. 'Has both
amplitude and phase information through the image-forming device such as a
CCD camera directly in a holographic storage means to the computer, and was
able to process. To do this, the recorded hologram can be processed from the
type of the object in a reproduction machine that is called digital
holography. In addition, it is possible to set the processing after the data
three—dimensional display, the measurement of the micro—object, and is used
in many fields, such as to record the flow of the fluid. Integrated circuit,
the thin film storage device, a thin film which is used in electronic
components, such as glass or metal on Sub-Strate and insulating ceramic,
semiconductor, materials in vacuum deposition or plating method such as
electric insulating material, a laser beam vapor deposition method by using
a less 1um to create a thin film. In general, there are a lot of this
evaporation method using a vacuum deposition method is a method of
depositing the objects to be deposited in a Vacuum Chamber over Sub-Strate.

Due to this method Chamber naena Sub-Strate, if there is to be deposited on

_Vi_
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the object Particle drop the adhesion of the object shown in the form of
depositing Pin hole or Crack, peel the like. Interfere with the formation of
the device or poor electrical conductivity or permeability, break, degrade
the performance of the thin-film defects, such as deformation of the
microstructure and reduced life and safety also results in a decrease. This
problem occurs, because in order to prevent a thin film with a defect in the
product coming out of the defect inspection it can be seen that the
critical. Thus, the contribution to the study to ensure the reliability and
the test piece by measuring the standard illumination Resolution Target
validation using digital holography, and the resolution. In addition, when
making the films deposited with Molybdenum Molybdenum in Glass Sub-Strate
Sputtering deposition techniques over, Sub-Strate the Clean one that is
produced by two different types of Particle it would be Dirty. Reflective
digital holography interferometers is reduced failure rate of the
semiconductor configuration applies to evaluate a defect in the thin film by
measur ing by, were sought to improve the safety and stability, and carrying
out research to evaluate the energy savings due to the defect and its life

extension.

- vi —
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1= A(xay)+B(xay)COS[(k1 - k2)7"_ (u)1 _WQ)t"‘ ¢y — ¢2] (2-1)

A(x,y)= BIOIHA(Bias) 2%, B(x,y)= BHZItel 2%, k, w, ¢, (i=1,2)=

282+ M 2ol Ib4=(Wave Number), 2+ =12, =J| ?4&tgt(Phase Value)OICt.
HERY S OIE st B AEE |5, JHE et 8 AEE |2t = M, 0 2tE
Lo TR Y AT = HIOIHA 2= JIRAISH 22 E JIXIH eq. (2-2)00 Lt
EtHH HIQF 2801 = &ICH

A(LB y) (Im1n+Imax>/2

B(xay) = (Imin _Imax>/2

HIIM BRI ZEE HOIHA Z2E2 WE 8t Bl

y) =
| 2HE S (visibility)2 LIEHACH 2HEEAe S B0

H&(contrast) &, It A8 &

SH U2 ZIDF M2 T8 322 MR o2 s Hofl sAI0 T2 o =
S 2 = Y= A0ICH. O &= Jl=0ot)| fIotH mel 8HE 0186ttt
22 FAHE ACZ UEIHH eq. (2-3)3t 210 0IE &8t g0l B2 Al2F tol
st &2 g2 PolEH eq. (2-5)2 2Ch.

E, = By cos (kx, —wt, + ;) (2-3)
E2 = EOQCOS (ka —wt + ¢2)

E, = E, + E, (2-4)

E, « Ey,=FEy * Epcos(ky » r—wt+e€;)xcos(ky, « r—wt+e,)

=FE, * Eylcos(k, » r+e;)coswt+sin(k, » r+ ¢ )sinwt] (2-5)
X [cos(ky » r+e€y)coswt+sin(k, » r+ €,)sinwt]

AHZE2 25 Al ZHH X9 ASHR0 Tt Objective2t Subjective Speckle
2 WHM 3o &8 TEA LEHLF=Al Fig. 2-201A SpeckleO] &4 = 218 &2

HEUCH. AHZES D= ZAH(Image Plane) RI0A A= AME9 =0 &

Collection @ chosun



JI XL = Il ANEAOISl Hel2 M2 28 Z2& A0I2 JHelctl 2

PN
AAFE 2O HZ2 Viewing Plane@! AB Planelll 4% AHZSMH &

Ol20 HE2H0IE2 0|23t U. Schnars@t W.JneptnerJt Objective

>

AJIE eq. (2-6)2 20l HSIULL. HIIA A= ZALZ = dloIMel DHEO0ID [

2 SH2 Za8 A0 Hel, ps SH0l A HFOICH [6]

AL
Sszmfﬁ

Q'(x+Ax.z)
* Qx.2)
el
|
L
1 P
. Object
llurninatifn
Wavefront

(a) Objective Speckle

bject
llurnination
Wavefr

Lens

(b) Subjective Speckle
Fig. 2-2 Formation of Speckle Pattern

Collection @ chosun



0z
o=
A
i
>
0P
ol

ro
Ir o
]
HU
ny
0z
e

0x

W
10
0y

M T

rr

>
=

0z

Z mn
wa g
o

=

Mo M oq
lo
ol
]
o
O

10

paad

&

[

ol

=

Ct.
| Primary Maximu
X =AF ALO12] XHel)et
(2-7) = 20l

w0
lo Mo
M

S

(
= Subjective Specklel AJ|= eq.

Bessel Function<

S ww=1.22(1+ M )AF

OOI0IA a1
olct. AHZe
25 €. 2
Ct. 2HZ29 A=
Field2t2l g ot(
HIA &t SEA
JHE o1& & el 371010

gl = t=l el 0lA

DA
otutel a3 Hg
HHOA Subjective Speckle
CCO JtOictel =2t4A30|2
2HE Al

SO

39

o

J

Iy

=2

ot 1 Adle
o AJlE= eq.

2=
==

=
o
|0
HU
4

0x
nE

2 I

rir

o

lo
ro
0
N
0
ol
=)

H

rir

1o

kel

2
=2 H

10

ro

04>

2

>
=
2

i
1l
1
0
Ul
_O'j

ol

|0

0z
10
ul
=
A
fon

3t
ro

& 30|

ol

(ftetAl Subjective Specklell =J|

met

s

First MinimumAtOl2l D12l
4\_ %\OD;' D:U\PD:IQ“/\-| o:l/\-l |

olEtt.

of W&, F:

H

= "o

M Ot Ol&=0I0d Uniform
NME AHZ2 AD|JF 2412
g JHel AHISO0l =ME WMot

Ssubon 0bfect=1~22(1+M )}\_]% (2_8)

ZStiE 0 f-number Ol [HE CCD CellOl E@d&H= AHZ2 3AJIE Fig. 2-30

LIEFHLHRACEH. AHZES2 AJIJF CCD a4 IAJIEL &3 HR0 Z2Le= 48X
AHZ2IME 2 Integrated &&= SmoothedE AEHZ ZEEH EIC.

Collection @ chosun



45 | — — Magnification x0.5
--- Magnification x1
4 —— Magnification x2
3.5
g 5l e
[} -
N e
v 2.5 f g
Q@ Lo -
T 2t L -
Q Pt -
j= — ///
v oy L i T
1} g e
05 L e
0 e L L
0 0.5 1 15 2
f-number

Fig. 2-3 Subjective speckle size on the CCD image plane

Collection @ chosun



=
=

ADx|

WS
—

G

A

b

‘Graphy ' 2

Ol al_ cc

I.

27241 (Holography)
"Holo'2+ DI

cc

=
=

H 2 Z
dHets

TR A TM A R E BT NS NBE WA E R
_A_l__gAm____E gl &5 W R OO ol ©© i© ﬁma_e © D KO
oD BE = . R RWS U g

o) =R W 20 00 Mo = S = 10J m._m
W= or s U R =R Mg ol 0o W B DD
%MAOE_D?]% I7s) a._ﬂmm___o____uewmam_o_:
0 = = o Rl = - o8
ARG TR R R T
Aao.ﬂatﬂmmJ;I@M%%@Mﬂo_ﬂx
s =W Py Pogwa S Py
%N%Najg__ommo_mu&mmuem_m___ﬁmi
= = g W T S L B e — © — O
WS Ryt S gmg @ 53 _ oo
f:ﬂmuj__o____o_e_u._ ™ | gz w0 g_.;OM_wmoLNne
N H < - = - & ! = —
s AWy womS NS pma T
s W _ R 57 55 B © K TS = - o U=
3 H%.:ol_aggmﬁ |1H§Aoe._ﬁme}.
© 2 o, KK T B e e
o W R oy Lo ur 2 om0 Ol _ 00 o] T
R R R
sR T E Wy W &, RGSTSDwE
ESgom plgrn LT ype” nxEagn
= o o X n - 2 - RS @0 o 3 <
o0 Jm 5o 2 oo o 0 T = W
oF 0 o o LA = H s T o 2
SET LT H T W Ry e s . B
= e =
Ww 2 =< x Jo = X oW oo o] o0 ol Jo 2
Jpw = = ® = R 0 o O A = W = o
_= 1o ol B _.:.__L_,..o o ol ol P o ~ 2
2R _AFx " molstg WR ooy o ow
E__ﬁumﬁoﬁ_mamoﬂmé_n_o_”_x:f o Dy o KO
Mg MW gy =5 & =@ 3E 5 R ™ o~
oo mMy s T 5 g EgEl 8T
o czspo®s Tz BN =4
gL PR B W Ry Ny I FRT
e s W1 [t || R ol _ 20 10 I3 ® oS
B o0y _ O _zMA oo E SR
0 W oF o A @ B0 R R o8 g A M5 F <
PR T E oL 00 F WA R W o w U S
r%mmzr_:JuOmoo_E_uH%H__Q_Eﬁ.mUMm_
0o M2 R o o Ry I - Do = A
= < o i &M K 0 81 RO M B X NH
S < B DWS W OE MWW T SR K 0T K A O

Collection @ chosun



! (Wave Equations)
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I (Spherical Wave and Plane Wave)
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M 3& CIXIE &=21eiIl(Digital Holography)
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CCD
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(b) Michelson Interferometer

Fig. 24 Interferometer
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2 AMUAM B 2 ZEDO 2oHA CCD It ZLatH HESe H20I

0 B2 S M2 NEFHLOIC (B +|EL)E, = 20l SDHE O 0X 31=O0|

Ch. 2270200 THAOIA D2 A0l OFLICH |E2E, = WA ST ol

2
0z
ﬂH[]
12
=
o
=)

ol&k(virtual image)2 &S LIEFHCH D2l EXE,lS 2

Kol =0l oA LFCH HLFotEH ANl OI0IK &2 == S2XHel 0ls =

-

20X Ei MR0ICH. [etM H=EX %22 AHe AS 2| AoHA XL Ey
S Yl (conjugate)Al2ICH. Fig. 2-59 (c) 2 220 Al2 U2 2L,

Er(z,y)h(z,y) = (B’ +|Ex)E "+ Ez*?, E, + Ey*|Eg [ (2-17)

eq. (2-15), (2-16)0IAl Wavefields Sl& S EAUXICH =& (focusing)0l S XX
= ZUCH. WavefieldsES MBI RIHAM= Fig. 2-50lA= 208 HHUA O
A OI0IKIH AFOIS dof Hel2tE E0A US JR0 stz =XH8e

O

x

]

20l MIIE [ DS HAS & 4 ATt A4S 2
g (

(Light wave)2l 3IEUAM £=2OZ2 AL E eq.

— 13 —
Collection @ chosun



o 1 [ [ 1 o
IK£W)=-71/ /ahkqu%@4D—ww4—J—£pPﬂw

. ccD -

Virtual image Real image

‘- » -
sy Calay Ll

d d
(b) Reconstruction with reference wave Ep

. e
wrel
C.o“-\“ga‘e
. ccD -
Real image Virtual image

& . -
< > >

d d

(c) Reconstruction with conjugate reference wave Ej
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Phase shifting method
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2. Unwrapping Method
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Fig 2-8 Comparison wrapped phase and unwrapped phase
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Fig 2-9 Compar ison wrapped phase and unwrapped phase graph
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&t g0l EAJF &= ol HHOZM 012 Letoz Aggs d#e [ A
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Fig 2-10 Principle of least square method
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M 3 & Experiment
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Table. 3-1 Standard Test Piece (BS-2) Technical Data
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2. Resolution target

CIXE ==z AAEHS Zdols d2E2 20t Edmund opticsAt2l Negative

Target2 AI20IFCH A0 A2 Fig. 3-22 Table. 3-20i1 LIEFLHRACE.

|

TIRTIRII N L

| |.‘

Fig. 3-2 Negative USAF 1951 Test Target
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Table. 3-2 Resolution Target Technical Data

Description Negative USAF 1951 Test Target Technical data
Substrate 1.5mm (0.06") soda |ime glass with beveled edges
Flatness 0.0001" or better

Surface Quality

40-10

Coating

Vacuum—deposited durable chromium, density 3.0 or

greater

Minimum Resolution

for 38-256, 38-257, 55-622 & 58-198: Group O,
Element 1 for 36-408 & 36-275: Group —2, Element

Maximum Resolution

for Standard: Group 7, Element 6
for High Res: Group 9, Element 3
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3. Molybdenum &+8} AlE& ™
AEEHZ Particle |20 O Z&g=2 =EHoILOA
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GlassE &=HIGHH 222
tOd Fig. 133+ 142 20| M & oL,
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Particle2 S0 st
oS,
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Fig. 3-3 Clean Molybdenum Thin Film

Fig. 34 Dirty Molybdenum Thin Film
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1. gtAte OIXE g2dl AAE
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Fig. 3-5 Digital Holography System
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2. Surface Profiler

[

0] Xl 28 U= TE D=0 28t HEEs B8 S8 AlAdoz2 2 o3
KORTherm Sciencell uSurf HE2 AIZOIILCH. O AIABRIE2 AXel &AL

ol 2430l AMABICZM Table. 3-30 A Surface ProfilerOl CHSI

Fig. 3-6 Surface Profiler System

Table. 3-3 Surface Profiler System Technical Data

Optical, non-contact

Confocal Multi-pinholes system
technology

. . Dynamic real-time synchronization & User friendly
Simple operation

inter face
Vertical resolution (1nm),

Nanometer accuracy _
Lateral resolution(0.31 um)
Precise acquisition of complex geometry

Robust technology

& Insensitive echnology to mechanical vibrations
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2. AFM

IO ALOIQl Interaction(Bend or
QE AZEI|(PSPD)2 =HEO2M
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M= PSIAALSl XE-200 System 22 E 0|ZotH =422 ZHoOIULH

Fig. 3-7 AFM
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Table. 3-4 AFM Technical Data

Contact AFM, DFM,
SPM Head Non-Contact AFM, FMM, Phase Image, Force vs. Distance
curve, DC-EFM, Current AFM, |/V spectroscopy
Scan length 100um( low voltage mode : 10um)
2um /sec to 200um/sec or more Vertical range : 262 #mor
Scan Speed
more
Resolution < 0.15nm (Low voltage mode : < 0.02nm)
Zoom optics 500X
Stylus Tip 5 imor more
Sample size Up to 200 mm x 200 mm, 20 mm thick
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M 4 & Experiment Result

CIXE 220l AMAHCZ HE X& AIgE 25 m H9s SFoIN
B 2202 AXF MY LYOR Fig. 4-1 (a)% Fig. 4-2 (a)9 20l 2
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8
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(a) Digital Holography System
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(b) Surface Profiler
Fig. 4-1 Standard Test Piece 3D Measurement Result
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Fig. 4-2 Standard Test Piece 2D Measurement Result
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(a) Digital Holography System
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M 2 & Resolution Target
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(a) Hologram image (a) Unwrapping image

Fig. 4-4 Digital Holography System Resolution Target 20 Measurement Result
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Fig. 4-5 Surface Profiler Resolution Target 20 Measurement Result

Collection @ chosun



21
41
a1
=21
101
121
141
151
121
201
221
241

261
221
301
321
341
361
3IEl
401
421
441
461
481
501
521
541
561
581
601
621
641

(a) Digital Holography System

Kitech

1.00

[um]
0.60

0.20

-0.20

-0.60

-1.00 1 L i

—— Profile

- 0.20 pm

0.0 160.0

320.0

480.0 640.0 800.0
[(bm]

(b) Surface Profiler
Fig. 4-6 Resolution Target Profile Graph
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(a) Digital Holography System
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Fig. 4-7 Clean Molybdenum Thin Film 3D Measurement Result
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(c) AFM
Fig. 4-8 Clean Molybdenum Thin Film 20 Measurement Result
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Fig. 4-12 Dirty Molybdenum Thin Film 3D Measurement Result

(*ICollection @ chosun



(a) Digital Holography System
800.0

[pm]
640.0
480.0

320.0

160.0

0.0 160.0 320.0 480.0 €40.0 800.0

[pam]

(b) Surface Profiler

(*ICollection @ chosun



B Tepograpky 080 4 4| Zoom : HOX

(c) AFM
Fig. 4-13 Dirty Molybdenum Thin Film 2D Measurement Result
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Table. 4-1 Avg. Roughness [nm]
_ Digital Holography Spatial
Specimen _ AFM
system Profiler
Clean Avg.
86.2 1.50 1.56
Roughness
Dirty Avg.
108.5 9.96 37.89
Roughness
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