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Atomic arrangement characterization of new materials
using high resolution transmission electron microscopy
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Summary

I. Subject

Atomic arrangement characterization of new materials using high resolution

transmission electron microscopy

II. Purpose

Transmission electron microscopy (TEM) is a basic analytical technology
with high spacial resolution and contrast. In particular, high reséﬁution
transmission electron microscopy (HRTEM) is used in order to characterize the
microstructure including interfaces, structures and defects of various
materials, to analyze the atoﬁic arrangement, to investigate atomic species.

The development of new materials with specific or complex functions
incessantly required., For example, devices used in information-communication
industry have become complex and thin together with the development of new
materials as the increase of integration, the decrease of size, and high
performances are required, Therefore, it has become difficult to analyze and
estimate the properties of materials. The analytical technology of the
properties of materials has been required in high level. Because the
properties of devices are determined by the perfectness of the constituent
materials, HRTEM , which is used to determine the microstructures and atomic

arrangements, is an indispensible core technology. The atomic size is
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approximately 1/1,000,000 times of a hair. A high technology from the sample
preparation to observation is required to observe atoms directly. USA or
Japan has established the national center, supported the feéearch of HRTEM,
So, domestic national center is needed absolutely. |

An analytical technology of HRTEM consists of the technology of sample
preparation, the technology of imaging to observe the atomic arrangement by
using HRTEM, the technology of computer simulation and image processing.
Therefore, we aim to analyze to atomic arrangement to decide the perfectness
of the microstructure of various new materials including ‘materials of the
next generation information-communication industry. We also want to develop
the specimen preparation for high resolution transﬁission electron
microscopy, the imaging technology through the optimization of general TEM
operational condition. and the minimization of the various stigmatism,
computer simulation and image processing technology. We want to provide the
developed results to related research institution, to open the equipment
necessary to analysis, to help the development of domestic new materials and
high functional new devices. We want to develop the analytical technology a
well-developed nation level through the fabrication of new equipment and the
improvement of equipment to get over the spacial resolution limit,

So far, analytical technologies including X-ray diffraction, scanning
electron microscopy, Auger electron spectroscopy used to analyze the
microstructure of materials have shown the spacial resolution limit in

estimating the microstructure of ultra-thin and complex new materials. On the

other hand, analytical technology of HRTEM is used to directly observe the
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atomic arrangement of defects and interfaces between materials, the
microstructure of materials with spacial resolution 0.2 nm. Therefore, the
analytical technology of HRTEM is needed in order to analyze and estimate the
perfectness of various new materials including materials for future
information-communication industry,

The present domestic resolution limit is approximately 0.2 nm. This is the
level which one can observe the atomic arrangement of Si and GaAs, which have
large atomic distance. However, it is impossible to analyze the atomic
arrangement of most new materials including metal and ceramic, which are
small atomic distance, through present resolution., The resolution limit in
well-developed nation is approximately from 0.15 to 0.17 nm, A break~1:’:;fough
is needed in specimen preparation and high resolution imaging technology in
order to overcome the .resolution gap in comparison with well-déveloped
nation,.

The analytical technique of HRTEM is actively studi.ed in University of
Berkeley, Arizona, Stanford in USA, JEOL research institute in Japan, Max
Plank research institute in German and used to improve the process, to
analyze the defects, to develop itsl own new materials based on research
results. Especially, as an integration of information technology device
increases, a critical size of materials which determinate the property of
devices is decreasing. Therefore, the observation of atomic arrangement of
materials gets more important. To realize that, many research group are
studying actively the analysis technique of transmission electron microscopy.

However, in spite of the needs for analysis technique of TEM, a domestic
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situation for a development of the analysis technique of TEM is inactive.
Therefore, in this research, we develope the analysis technique of TEM and
produce excellent specialists for TEM. the object of this research is also
that from development of analysis technique of high-resolution TEM we
contribute various material industries containing an information technology

industry.

[II. Contents and Domain of research development

1. 1st year: A transmission electron micorscopy is a very powerful analysis
equipment in the analysis of microstructure of materials. Because
transmission of electron is too hard due to dispersion of electron, a TEM
specimen must be thin for electron to transmit it, Tﬁerefore, in this
research, we deyelop the technique of TEM specimen preparation like the

following.

a. Development of technique preparing cross-section TEM specimen of WSi»/Si,
of which TEM specimen preparation is very difficult due to large difference

of milling rate.

(1) We develope the technique of TEM specimen preparation of multi-layered

semiconducting materials containing Pt, WSi,;, etc. on Si substrate, of which
milling is very hard as compared with Si substrate so a specimen preparation

is very difficult,
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(2) We develope the technique of TEM specimen preparation of multi-layered
semiconducting materials containing GaN etc. GaN is very fragile and its
milling rate is very different as compared with sapphire substrate so a
specimen preparation is very difficult, however GaN is widely studied as

optical device.

b. Improvement and optimization of conventional TEM specimen preparing

technique of multi-layered materials,

c. Development of new TEM specimen preparation technique using only

mechanical polishing

d. Confirmation of whether it is achieved or not that a difference of
thickness is below 20%. In this case we assume that a thickness of substrate

is 10 nm,

e. TEM observation to verify that prepared specimen is very thin and has no

defect and damage.

2. 2nd vear: Analysis technique of high-resolution TEM (HRTEM) is core of TEM
analysis technique and from this technique we are able to analyze
microstructure of materials containing interface, structure, and defect as

atomic scale. In HRTEM analysis technique, to observe atomic arrangement of

-17 -



materials having small atomic distance, improvement of resolution of TEM is
necessary. In this research, we establish the HRTEM analysis technique to
observe atomic arrangement of materials having atomic distance of 0,17nm. To

develope HRTEM imaging technique, we use following strategy and method.

a. Using the existing transmission electron microscopy with the minimum of
the additional investment, we develope the technique with which the atomic

distance less than 0,21nm, the resolution of TEM, can be observed,

b. The technique of specimen preparation that is the results in the first

year is used in maximum,

c. The factors that obstruct the resolution of TEM is minimized.

d. The TEM imaging technique that is optimum to the atomic distance to

observe is developed,

e. The adjustment of defocus is used in order to develope the optimum TEM

imaging technique,
f. We observe the high resolution transmission electron microscopy images of

the materials which have the atomic distance(0.17nm) less than the resolution

of TEM(O.21nm), and confirm whether we develope the technique.
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IV. The results of research and development

1. establish the HRTEM specimen preparation to observe the atomic array.

a. Using only the new mechanical polishing, the specimen preparation
technique was develbped. One side of the cross-sectional specimen is polished
mechanically with keeping the horizon of specimen precisely. And then, after
turned backside out, the other side of it is polished mechanically with being
tilted in a low angle. Therefore the edge of specimen becomes a thin wedge
shape.

After we prepared a multi-layer thin film specimen including WSi;, the
sputtered rate of which is very different from that of Si substrate with the
our newly developed technique, we knew that the difference of thickness
between materials is very small by 1.3nm. Therefore we achieved our goal in
excess as the difference of thickness is 13% (our goal is less than 20%. ).
The difference of thickness(%) was defined as the ratio(%) of the difference
of thickness between materials for the thickness of substrate. At this time,
we made the thickness of substrate as 10nm in order to observe the atomic
array.

In case of preparing the specimen with the existing method, the difference
of thickness between Si substrate and thin film was very large by 59nm. Even
though we optimized ion milling method in adjustment of the rocking speed of
the specimen in ion miller varying the angles between the interface between

the materials in the cross-sectional specimen and ion beam, the difference of
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thickness between materials is large by 9nm until as before with comparison
to the existing method. From these experiments, we confirmed the excellence

of the specimen preparation technique using only our developed mechanical

polishing,

b. The atomic array was observed at the whole WSi, thin film in WSi,/Si
specimen that had been prepared using only mechanical polishing. Therefore,
we confirmed that the specimen with a good quality was prepared, but we can’t
observe the atomic array in case of the preparation using the existing ion

milling method,

c. For practical applications, we directly clarified that the increase of
optical efficiency results in the agglomeration of In iﬁ the quantum well
structure of InGaN/GaN which was prepared using only mechanical polishing,
When the cross—séctional multi-layer thin film specimen of InGaN/GaN quantum
well structural material was prepared on sapphire substrate using the
existing ion milling method, the agglomeration was observed in the part
without In agglomeration because of the diffusion of atoms in the interface
between InGaN and GaN and the preferred sputtering of InGaN which has a weak
binding energy due to a long-time ion milling. But, because these obstructs
were eliminated completely in the specimen which was prepared using only

mechanical polishing, we were able to clarify the precise cause about the

increase of a real lighting-emission efficiency.
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2.Atomic arrangement observation and high-resolution analysis technique
confirming for observing atomic arrangement of new material whose atomic

distance is 0.17 mm

a. High resolution images of various materials were obtained by the optimum
imaging technique in atomic distance of materials. From Specimen deposited
CoGa thin film on GaAs substrate, we have obtained high resolution image that
was observed in [110] direction of specimen that was grown CoGa(lattice
constant a=0.2878 nm) whose lattide constant is a half of GaAs{a=0.5650 rm)
for coinciding metal' lattice distance in Gads lattice distance on Gais
substrate by MBE(molecular beam epitaxy). In that case, because the angle

between {111} planes of CoGa is 70.32° , distance between {111} planes(dm; =

a/V hi+ B+ 1% ) is 0.1662 mm, it is much smaller than TEM
resolution(0.2lmm). But we could observe atoms being separated. Because of
observing the atomic distance that is smaller than our goal(0.17mm), we could

have extra_achievement in result.

b. High resolution images that were observed in [110], [001] directions of
Cu(lattice constant a=0.3600 nm) were obtained. Because the distance between
{111} planes of Cu is 0.2078 nm and the distance between {200} planes of Cu
is 0.1800 mm, those were smaller than TEM resolution 0.21nm. High
resolution images being observed in [110] direcfion of Ni(a=0.3524 nm) were
obtained, and the distance between Ni {111} planes is 0.2035 mm. So the

distance is smaller than TEM resolution 0.21 mm. Moreover, high resolution
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images being observed to [001] direction of Au(a=0.408 nm) were obtained. For
the distance between Au {200} planes being 0.204 mm is smaller than TEM

resolution.

c. For observation of atomic arrangement in atomic distance 0.17 nm, we have
minimized chromatic- aberration, spherical aberration, astigmatism, etc those
obstruct TEM resolution, and influences of vibrating and electric field by
drift of specimen, vibrating of TEM and vibrating of cooling water have
minimized,

For improving TEM resolution, we had sought the condition that transfer
from phase information of specimen to intensity of phase, so we could develop
the optimum imaging technique in being observed atomic distance.

For developing imaging technique that is suitabie in atomic distance being
observed, defocus value is used. Controls of defocus value were obtained from

Fourier diffraction pattern of amorphous and distance to Fresnel fringe.

3. Representative Success Case

a. We have achieved development of specimen manufacture technique for
observing atomic arrangement of materials whose thickness difference was 13%
in cross-section multi-layered thin film specimen. By this technique, we have

obtained high resolution image without contamination and damage.

b. In acceleration voltage 200 kV Transmission Electron Microscopy having
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0.21 nm resolution, by developing high resolution image technique that was
suitable in atomic distance of materials, we have achieved to obtain high

resolution image that could separate atomic distance 0.1662 mm in

CoGa(a=0. 2878 mm) to dot.

c. It is very difficult to prepare of cross-section multi-layered thin film
specimen including InGaN/GaN quantum well structure on a sapphire substrate
by only mechanical polishing. But we have succeeded. So we could perfectively
observe cohesive phenomenon of In atoms that hadn’t been observed for damage
by ion-beam and make clear the relation luminescence mechanism of InGaN/GaN

quantum well structure and In cohesive phenomenon,

4. Other unplaned research results

a. As a TEM specimen preperation methods using only mechanical polishing, we
fabricated TEM specimen to be able to observe a specific region and obtained

high-resolution TEM images which can be analyzed with atomic level,

b. In Si/SiGe superlattice strucutres, the well thickness of the only
mechanical polished specimen is exactly mesured in high-resolution TEM

images, which has no damage during a sample preperation.

c. Using cleavage phenomenon along cleavage plane in some materials such as

Si and GaAs, specimen preparation method was invented to be able to observe
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high-resolution TEM images.

d. Dispersion matrix which has good dispersion properties and ultra-sonic
treatment methods was developed to observe high-resolution TEM images of

carbon nano tubes

V. Application of research development results

1. Specimen preperation methods of multilayer thin films using only

mechanical polishing,

These sample preperation methods were transfored to 4 companys included in
Samsung Electronic company, Hyundai Electronic company etc., Samsung Advanced
Institute of Technology, LG Chemical LTD, 8 universities included in HanYang

Univ., KAIST etc. and have already been applied.

2. Mechanical polishing methods to be able to observe sepecific region in

specimen,

These sample preperation methods were transfored to 4 companys included in
Samsung Electronic company, Hyundai Electronic company etc., Samsung Advanced
Institute of Technology, LG Chemical LTD, 8 universities included in HanYang

Univ., KAIST etc. and have already been applied.
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3. Specimen preperation methods for catalyst powders and nano powders.

These sample preperation methods were transfored to 3 companys included in
Samsung Electronic company, Pohang Iron & Steel company etc., 4 research
institutes included in LG Chemical LTD, Research Institute of Industrial
Science etc. and Technology, 13 universities included in Seoul National

Univ., Korea Univ, etc, and have already been applied.

4, Specimen preperation methods using only cleavage.

These sample preperation methods were transfored to 2 companys included in
Samsung Electronic company, Pohang Iron & Steel company, 2 research
institutes included in Korea Institute of Mechinery and Materials and Dongbu
Hannong Chemical Petrochemical Research Institute, 9 universities included in

HanYang Univ., KAIST etc. and have already been applied.

5. GaN specimen preperation methods using only mechanical polishing,

These sample preperation methods were transfored to 3 companys included in

Jinwoo Tech, company, HanVac company etc,, LG Electronic Institute of

Technology, 9 universities included in Seoul National Univ, and HanYang Univ,

etc..and have already been applied.

6. Applying research results, we have got results such as 37 international
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papers, 12 domestic papers, 1 patent application, 34 international and
domestic conference-papers. Especially, among international papers, 8 papers

are publicated at Applied Physics Letters of which impact factor is 4.184.

7. De?eloped high-resolution imaging technique is very promising methods to
enhance the resolution of Transmission Electron Microscopes (operated at 200
kV) which is prevailed in domestics with the minimum equipments and
investment in equipments. Therefore, this technique is easiiy applied at many
companys, research institutes, universities which have 200kV TEMs. After the
third year development, the high-resolution imaging technique has the more
applied possibilities because this technique contiﬁuously aims at

enhancement,
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W Aashed] gtk wiebd AW F23 g3 FAsH A

£ 388 5ol e4EA golol gtk BHY AR SR mety A

e
2,
il
o%

gol 7zt T}E ¥ olUjz} EU A= YolNE B4 Fiol met sbd AYw
wie dusjor sl7] thEe] EE 9ol tig AlE £u] WP W olzied

l

meby CiEH $UEL JE HelE oty FEY AW HYYLSH )
AS o8 HWs] S8 4 Yt AL 2EE Aol Haolet shATh HEA
el Z1E elel A3 el A oA Alpo] ZtFolol ¥ ast Flo|

o ¢ olggt o] QT EE A& dolFe A2 vl B¢ HAI Al A U

olam AMOZA ZFolol ¥ 245 F EA 542 At IviE uthd 4
o= tiEAo] JbE F2% Alstel Wrh Al Fu] HolA Auk Al % $o|
U o} Al "old e fagel g7 A £E Sof osl B Syo] Hstsls
A9t 25 Qlon oy WAL AW 2ol Qeld MHA AnE spHech

R AW FAZ B goloh $3h Axt Yol A FAW Aol shesich



~

AR AP AW Tl ARY 35, Axl U sig A BA Y Sof upat
A AZEH7) diEel dgH oz welrs oYl

AR AlE EW A mfg Fesith A4 vig} Zol AW Ewo] Aoy
oA U2 d& EE o]BAEC £EX HE AL ouyx] Eab x-d 2R
(energy dispersive x-ray spectroscopy, EDS)o|u} Az} ofui = £A B M (electron

energy loss spectroscopy, EELS)22 33} A& 24 ] ARH ANE g »

otvgt £2 oA & &7t Erbesich ®3 u]a¥d 4

>

39 Axsd 5
ol £41 71 A Aols £ 2 49 A Ayle us Hxl U AW o B3
of AFNAN ¥lmH A KAN7A v ol Al Ede] Hatglo] 9w

L4 SHECl AR Felo RoiEolM nlgkyg Alere UoslA Hoh ulela o

e AR B3t o AW ouixlE JlthY 4 ¢tk

A= W vlay FAZ 2l x| shet zdo] WAL AHe] o]F
ke dol 95 3ty Beldom AT AW Ay Wt k. mEk A
W2 A AL ThE 22N 4T Wert 35 UASlEE e iy o
A 712 BAEStOE 1f BAdo] 2uiE SXHH oS F}

AH }E mo] AT WSt £ glo] WY A 4] ol4y Almo| 2

T T

2

oF & fzolth AHol HolQAY F2l ZA7t AR HPol olujx 4ol 23
g7, $4 2

H TS0l UehtA £40f ogigel A& # ohlz} e HE A

__1?__\_
B oA A= Azl wlo] Fatshe Rus} onjtt delA M F¥E ARE sy

57] oldth REM g3} A/ATEst st wlxdAQ Alwo] ujek s}
t}.
o] L RE 8458 t} BEsE= AHE sl AY Eilssicl w
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2hA Al| A Z S FAHeR Aol g oW 4 JHE HEY A

N

A7 &, HF 24 X7 FAAVNE B3] 43 ot gl o7]o mely

J
o

Aol A oju gt Ho| 7b F23tA 2F= ook st A7t AR wiRelth &
g ojm3t Al Bu7E AR JHeTILE s o] W9l uold Az wHe
ARste A AAAA FdAA of¢ Fasic)

TN 4] "eFolel & 4 gl RN 2R Feo gutdoes
©E% (diopling) [6-11]3F o] AnpY(ion milling) [12]0] o]-&= 3 Qlct. H&
o] Z$ wheel toold HES| BAstnA} 3l 22 dgof g x|A|FAH o} 317] uf
ol HEFE oS FHsIAA st 9 dAAFNIIIE oF5, dAup gHo]
Aol Y2 Helel A B 7t 99E& 271 ofgct [5]. ol dmte 7
Z el AREE WAl el A2} A Zo]. e Ae|d, . &4, 7 g
o] Ak Apolo] L7t whAl T3 Z2 W artifactFo] ExRTE [13, 14].

BFEA TEIM 42 SlsiE olggt EXES Y 4 AU, EZ ked Y

ks

M AA=E F7I2 d3) §F 49 < AV 1 micron 3] FFHAHE 714
AP AA e + e Zlgo] Wasich [15]. olgd 5F Jo9& WHt 9
84 &= FIB(Focused Ion Beam)$} -2 317te] |7} WA} &2 H|E2E U3
FEL= o &3str|ol= AL Sl

olggt AlH A2} A 2TEHE A RAES $FAII7] s AR AlE AF

Wl 7ol AAMsicia sttt

1. 71AY Quoigtg o] &3t A]E A2 Jle Y
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RVEA] AR A" Azel 9ol FaT B F2 2, £, 71V ALY

ddnlg xjolof &g FA zlo] 3} Z2 artifactEo] ¢ A

)
o
2

%
et
4>

o

A Ao ARE HASAY o€ du} WL A AXA U A
2 glom, B3 Ut RS PAY o o we ARe A9 A duige
2 AHE MY AP ol dully WAsts AR At S Aol ¢l )
2o 7 dut $o xolg 2RPo T AAY £ 2tk

AR AutE olgstel T i3 uut AW wEE WAL ea AT Qe
U 226l4 2EE dupge AAzelm T SHI U w2y whE A7 )
of ATE A2Y 4 glol TF wol ol &Ho|

& ofefoll Zeks] dwtdch. JEuh o ¢inl B3

-

T -

WA &gl A T AW

& A&staz} gohd gE e (dinpler)ut Edio)

H:i

£ odnl7|(Tripod polisher)&
Apgstolot Bt
(1) 2t=3t dnt

ZIAR ddupe] AL Ao £ito] HA o= T AE FAI god deTF
Zr}. Z1AA dniE Almo] Al Hol ol Af Al o] dup A& IA
T 4 gtk A" A& A 7] HeEE AL EEol ol «u} wie WA}

S ofel sbx WES 3A EY 4 ool YEY wE AWE ALY 4 ok WY

e
>

IR wHg auE dulsbzlels 2717 UE Aot o2 A& 7 ge=

2 23S golstA 87l gl Hedol Y Y& of&stq Slol= Fe
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HA dAstazat st o] fejute] o] HE g grh LAE Ao A
A& el gloll wiwts] A7, olFA Fel flo 2B AWl wHE

BEY + AT dHY FAE oA JIAZLE AulE ¥l

Sand paper $JollA 18l(grit) Z7]E 600, 1000, 1500, 2000 28 Ho|W ¢
TA A2 ddntE Qls) viEojM AFefx|7t BF ¢old uwizix] oyt i
& ln}d(polishing cloth) $lolA €XHC2 1 /m, 0.3 /m, 0.05 /m Al0; &
4 o83l dulbHo]l ALHo] H =T Aupsts thAoltt, dul mHo| ghAF
AgHo] HE dut Fol B £ & oJEM Y3 eE=HA| UEF oSS
o] &3t A|W-E 7RO MFcl

Thee AR fe|atod wojd oy Ao UhFHE dnpsle whAolch A
g o] whez AW FAZ ¢ 10 w7t € wiztx] Aot HF dnt
FAE A7 silicon 7]%3& 7]1& L2 g Zloja 7|3t W wpupel Fi2et Ants}
€ Algte 59 Fxof whel gepich

Silicon 7]%te] 7% AlHo] whe W %ol I £3} Y=o} AL 1 FA
£ A 4 ot Alwo] AHFS MzE UehlE Al FAIE 15 ~ 20 m °]
I, FAZE O globd BZAAE Urhdw F7F 300 ~ 800 nm FEJF HTh T
globA wehug wA HW I FAE 10 ~ 50 v} "ol THE AR AS, @
shn o) ol 23 23 Wbt ulo] A2aEE o8k,

olFgA S0l AWML =gt HoE E4E YoBE Fe I=E HHSHY

o] duht} "umlF AHE ¥ uf AVE chF7] HIEF I

(2) Eglo]lx= dn}y] Aot
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ol odnt Mol JIAY dueld AHE FHe ¢ WA VED A ol
dut el Yol 4 Ut PRES AW 4 Atk 3 3.1.13 B A A
wol el Eejo]£E Auby|(Triped polisher) AMgsto] AlHe 7S vj$ o}

A AR Antg 4 Utk Si 7ol Gats Ve JEOE shE AWML 1

~ 5 m AETR JANCE Autd 4 dn AWYY AHe BuY & Au),
o] ExtolEE AublR: ¥ AMLE Fa AAWuA BAg slm, 13 2
ABeE £3h AxpdnZ AL WES T A= AN ¥ 4 ok,

Eflo|ZE @nble 2 31100 Q& 2aol @ sl $4Fo] 2y 4 9
£% slojgith dnplel RAlel: ¢FulE dtel 7heulo] wo] YA (Pyrex) &
@7t Bolz el 9@, Al 74 mlelazniEzl YFnlE Atte] ¥} 9

th. ol& mlolaZnlEl: AMS Auky W ol& ZAste AWe] +WE §A

Pud )

7] A% Zolt}.

Al 71] mlolZ2ulElL 120 © HolA Qla o HlRto] ZJ + e Eeay
U(feet)o] & Qlrh W BFEL Az dntg & o AR 7 dAnprt He o
olRE PASIA} she WH WPoE %o Hojop Yrh. o] Ezo|RE ¢}
719 A & ZAL Aot Y (polishing wheel)of g Zlo] gﬁ]i Aupsla 9le=
A" 22t mlol 20l Tol Bol 9 FEae ZelAE wolat: Ho|tt,
AlE zpARre] duix|ut dAnpde] FEshe AT wikist Exolt) ey ol E
ZAgof gt oz} dutrlof] ofsf Anpxiut dnpao] Welal: g wxA|s) £},
T ohE e AWE Fulsly] glalME ARE MEelA i AW 4F%e ®m
T JAMCE odupsiodol Tl WA mEFo] e YAE o] gl AU E
ol X= duprlel fe] AMEe] Fgich favt AuH ¥, whd Amel £
7b oF 500 m7t EHES T $EG JAF duigicl. 2] dutE ¢ls) AoiA

2] 717} 30 m 3M F At clo]ol2= dAnprjoA] Anpsty] Alzpste] Hat dnt
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micrometier

LA
lock nut bracket
‘.( 3 |
! :
el s . '
body —u 1o 7 /, [ screw
/ "l L—; s
plastic feet I T3 1 T
1 H 4
: l: Pyrex insert
specimen —.= ‘
(a) Side View

(b) Bottom View

33 3.1.1 L B Fe| AAESL} A
He 2XE HAFE Egfo|RE ¢nty]
o] & ofefollA viglE 2.
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A 271E E°l8A 0.5 m tio]ol2E dunlx] 712 & Alg3ste] ¢in}3

rol
g
olN
o

57 ulolAZuEES 2As A% BYS SV AW VES| AT 0l
A8t dulg 5] g8l dAubd slold AelFHT 37] 50 nm) Weelel o=
HT-50(Syton, Remet Chemical Co., Chadwicks, NY, (SA)o|i} ‘—;’-%?_?%é(Glanzox)S—
AHgsted dubgicy, |

77 QUi B ABE LT WA AT WXELZ AR AHE T The
Y7ol vl WATL WEolY Alde] whS @] @Rol Ay 4Tl AZer]
RS AFol B AR =G wBsh) flsf pel THSE Aol Bach
FA7L 1 mETh o e AlHol Auby @ o] AlHe] AL ol YES BE
7] 918 o9 2 2ol Bol 12=E AR}

QoA wolut T3 wet W AWE f2l AMEo] Balth duprle] %2 o
HEE ¥3% ¥ 22 vlolazuHE 2Psl] 2 AN Te w2 97}
A 27 el olAle 2V HE AL ulolZZuHES BIET, oluA
shel Qluisiial st AW VR BelAY Wo| EE ¢ W] A Tt the
2 AWE oW T A dutin)

AUl AW FHE vxE WPOE Gohin 2= AP ¥ el Ut A

B glol7l st WAZ Bof WAlTh AME o BEalr] ga] o HHel
F ) 221S8 $AAE UTh e AMES duprlold Holum AlHol

=3
< A2 =F ofMEel @It "ol nALe g olHE, ZgL-TF, &4 oEte

olFA RE AWML I FA} 1 mB WS o} o] ¢ute] Azre HrlHoz
29 4 olth weld ol ddu} Aol WelslE e BE ol dul] it of
4 7 HEES AAY 4 Uk

AT ot &= xo|7} m¢ 2 oy ME TIE Q8T TAHY whd o}
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Z % AHolq 712 ol dulE AMgsIAl 4R YA dujzte g Al S
7 i grol(4w Aolu) EIAIMuAN DEels A BAY 4 ooy
Aujol ojgh ofmgt &4t W] Wi 4T VITY AW AWY £ e A

E2& AE Az S shystadch

A &S J)A Anpsial AlHE F R Y] HE efte

oY
>
N
o

_{

2
N,
)

2 A= si 71 flo siz ol &= Apo|st wf& 2 Pt, WSip Cu ¢
atato] XS clE wlwl A|H O 2 A BST/Pt/Si0y/Si, WSix/poly-Si/Si0/Si,
Cw/TiN/Ti/Sie] MBS Huisldrt, olE AREL Aja7te] 2 AdAnl & oo
O3] UutAQl o] Aupio® AWE AHAY FF BE wuE 3 et A

S A 251717 o|Prh T3 o] Aulr] &3t interdiffusiono]t} intermixingZ}

2 artifact7} -g]?ﬂ WAIEl= SiGe/Si superlattice RS ©¥slgit) o]l §t

g Al2vhol] glojAle] bl AlHE AP AlEE AFsE FE AVe

TAE #33ta, A dulyE ol &3t o2y EAE sHAsHC

Azt dulg Aolo]  ojgt  whxE sfASY] 918§ BST/Pt/Si0./Si,
WSix/poly-Si/Si0/Si A1 8] AFM & & A|H 3} Si sampled] 7|4 dulE dulst
Mo whd A]W, 328|3 WSi/poly-Si/Si0x/Si sampled] TEM THH A|HE& 714 &

upg e g Azstact.
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EgfolZE dnprls I8 3,112 Zth A AHE o] dupgoMe e
wHez Ackstan Fastodch olgA HaH 4
3.1.2(a)2}t ol el UM E(glass insert)ol]l st} o] AHo] fe AME
of #3o] =& FA3tefo} Tch oA Alwo] £2H fe] ANEE Egje|x

dutzle] L Bl F2A0ct Egjo| 2= A 7Y tie] F Al|3} Srte
2 LAds] i UeA] 2 Rk o] 8le) MR o7l ZEE 2AYC

A2l Al 3 staat st XY ol FUsHA £ e A g

fd

W F dnrfol] Eofzich

¢

kil

2

RHE Al FAIE o 500 mo] HEE ThEo) &S dAups|E AR
ZIAMe® Aulgict, 27] dntE 9s) dntAle] 27171 30 (m3 34 E ko] Thol
oHEE ubx|(diamond lapping film)old ¢lulsts] Alztsted 15, 6, 3, 1 im =0
2 Az dAupA] Z71E Eoly dnjgich o] uf dul= 011%*]9:} aiate] &AMS W
A5t7] 18l 2% 3.1.2(b)et o] A sutate g 3ir), ?‘l%‘?ﬂ:% L =4I
g oix]ut Antg 5t7] ¢ls) Aupbd(polishing cloth) $]ollA "343]7}(-'1'- =7} 50
nm) @ete§ql Alo]E HT-50(Syton, Rewet Chemical Co., Chadwicks, NY, USA)o]u}
28 FHA(Glanzox) & *Fg:ffM dAujgict, Egfo]f= dnfe] 9 ol ul thy

S AXA QdeBnR zIoigt 23T HF dujeiAolA AlHe] 2 Q3L u]

—

AR olF ZHAYA £3AYAI} QLER HHT ALHE wHET] o] wiY dn}

ol HFol 2t F A dAnpefl ot W AehE BT ¢sto] ARM BAL

Si sarpleg EciolE dupy|Z oduly EWel wES WU sl QoA

B 7R Si sampled Anisti RFo] whut AWMAYE dupdE ME nopE

BA atstel o] dntstel TRM W AWME A Asigt
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g% Wl dupr Bk AR f2l ANESA wojd F AHE w5 Hol
A 3d 3.1.2(c)8 ol frel AMES Balth o ANEe] RHL og W
7} glo} A%

I el JME x}o],] Z7lo] A %

,_?_
itk ol FL F dut M AlHo] crackS ‘?af*é‘{\l?lﬂ wf ol 732

T Rl 2ze Aol frel AMECl WA ¥AlD 2 Ao AMe PR
th dubrle] fel AMES PAT F AL duje} npRsAE AHAA B 5 A
o ulol22uEle] golE BE R ANES B YNSIEE zAYTE 1 b
27] % AW As}y] 2t nlolATnHES T i 2L wol2 o Mzl
71t}

3im ChololEE QuiziAel dnt AFe olu Yok AW FAA 15 4m
o157t HF 1 m ClololBE AutNE Algslol 2uAYA dupich dnt B
&5 £ AlHe] $YE Foly] Hsled A HY BT 2% 2 ~ 3 HAPOR g =
A7 BTk AT AUE BHY 4 Ut VoIASE SAsk AW Aelg Auc
of AN E A AlFel $HARET zraY Fel7} Wasic)

ABe FAL 3 m BEr HW AHS Bzols Weld ezl AolE
M1-50& AHgslo] B2 Bolmelnal 71% AHsl THE FAM 1 jm o3l &

obPd wizhA] dmbd Sl ohAT dntE Tk dofe] npx]e) gL Ye ofF

s AR, FAR2 P os Este AHE WEStE Zolth Aol
AP B2 BH 7MY A2 gopd Azo] AEet watdg =, 3y

Fn|Bos e H} FI SFHE WAY £ drh duiH xHe ®Edo]



=& AHgslgith Alzte] Tk AWM G TEMO 2 3hsiolct,

_—

Z1A dub ol Gy A A 913t cleaning AAF L o] W A

SkV, MR 0.3 mA, o] U YAtz 8 ° ZZolM 587 o] dulE Faf o

Folzch
olFA AzH Alwe| AFM ZAztel FAAIADZ BH A}E ol dupy, &
3] sector speed control o & dup o Azt Azbe} ulmsieict o] <inlo

AT &4 ATl oM o] W AU wslo] w2 Aol WS E4to]

duht AlsiA s 2| BastD olRE JA dulmios Ayt AwMe] Ao} wja

>

b A7ug @ 23

(1) 71A dutE ol&std A& FA Ao| AA

(7b) ARM &4 Zz}(o]2 dAnpyz} vlar)

% 3.1.33F 2§ 3.1.4014 HEi= vig} o] sector speed control o] ¢npy
22 AR A|He AM ZE B R Aulg xolo] &gt FA Xo|7} o]
BEE UERdoh 2 J1A duints o] &3te] Alwg =gt F-9 AMM Azt
A FAtel= AL UehuA] it & A&7 dnt FAl xfole] BEXQ 20%
Hrh d8 3% s ggskdch

1A dut2 A A]¥ Eo] ofH HelUAAE Helsly] 215t 7IAl dult #A
& YHLE slo] TEM A|HE Azste] O EWe] whg astgdceh 19 3.1.5

= 717 dupde] e IEsls Adelth. Z1A dutdo] TEM Alw Az 2 elA
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A

a9

Heigh: Profile

N
g /L\,/
5 3
Distance: %624 Tooce Do) © Heig: 1167 &
(a)

3.1.3 BST/Pt/Si0y/Si tl&

vlo}
b

(b)

228 AW A2y

utE AFM Z 3} (a) sector speed control o]& ¢lujH oz 4]
H Az, (b) 7]A dujgtez Al Azt

(u}

08

02

Height Profle
)
o,
/”H\\\\E /‘// \\\
¥ =t b
Bistance: 2070 Trace Disarce () Height 565 A
(@)

(&) Height Profils
mo\\ I “\—"ZA‘ 4
L NG ; N
< Lo 13 L]
Diftace: 153 Trace Listance (1) Heigh 535 A
(b)

3% 3.1.4 WSix/poly-Si/Si0y/Si tTiswbul pzol Al% =3}
Holl wbE AFM Z 2} (a) sector speed control ©]-& <inmpH.o
2 Al Az, (b) 1A dAonpztes AW )z |



ole dulel &3] dutslol Wel® oulst g7l WEol of FAleh dujHo] wype
FES Wuslth IUeld & 4 Fol dulvio] SwsiA BRHE Aoy

artifacts glth E 71AH duto] ojs) EW roughnessst A7t Y 4 9

lo

U &8s oA AlFEL] roughness= 4l5HA] ¢itie 2L o £ 9lch I’ AF
oA Uehtes dobdEe roughness= 10 A AT AlF TEM AolA Ad 27}
HA| ¢d=th wiebd - 71A Aol Qs A|He Fdo| A4S YdetiAL AT R

A artifacts AA TEM Aolld UelUxlE ¢on 7143 dntets

ro

S 2
Hol= B30 Qubie obF sharp Sthe A2 @ 4 itk st A Ao}
Hgeld BA S g2t Aelst Best g2 03U 9T 2do] s
o ol AL AW Edel gl £E Hof A f12 U TEM AN Ukt
gttt ol JlBAES A 4 WAl wEol olFAlst FAY 4 glo]
B0l Brhssls]l tEolth of Fo AFHAA oleiy ool AW oS

39 3.15e0ME Ushbd AT A T Aold EAZk @ 4 ok

(W) TEM g Az

WSix/poly-Si/Si0/Si tThE FRE 7|A dAuigrs o &3l A Asidxn
sector speed control o2 ¢upio g A|zlslo] AA] TEM AZE vjastgdct ¢
oM AR otH ARM Zzhe} AA TEM 3 Azt ofF 2 dX|stdch

J% 3.1.68] BA|of AoflA & 4 2 Ko| sector speed control o]& dupygo

E A& A FF Wik Fo] BHLZ Jhesidley 12 E dEY 5 s

oX.

o HER AE dx]= E3tocl X JA dulgte g AjHS A2 B¢
WSiy &S WH¥stA ¥ Jissigdch 2 A2 WSix $2 columnar 722 A #3141

o 4 alrh

o

o
=]
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¥ 3.1.7 J1AdnE
. X ] z{ 2 8}_ . - . -
Aol | 2}8t WSi,/poly-Si/Si0y/Si FZ2)
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B9 ohdel 2 3.1.700M & £ siRol 1A dupteg WS A sty o}

4

1A dAuel ¥ oW ST Qo We e W s FAY

e

AlBE A2 £ Ut

EE 7|IA duimte® AWEE AR BFL o

—

e dojzpges A Ao

BEsy] TEAUY AFde 7R €€ 4 ek 2% 3.1.83 O% 3.1.9=

2

7|A odujzte g A 2HEE WSi/poly-Si/Si0y/Si Fx& RIS A BAFT
th. 23 3.1.82 poly-Si/Si0/Si Ate]®] A& HoiFa etk IflofA & <
%ol Si0, T otef ¢ 57t AW roughness ¥YF ohlet I FY FAE F

2

3 BAY 4 otk 2% 3.1.9& ¥six 34 IZEss Adolth ol dupie

M

rr

g2t Aukg zlojof osf Anprt A HzA| e i T W BHsSI] ©

Zolt}. adolE B7stm JA dAujwrez AW A ag AS grain size,

rln

A% F2, ¥ Z¥, 223 EW roughness & $u38 JFAY = slg F=Y
248 ojulA & At

71A Aupyd- ARt 4 SFL=E 73 Az AFelM AT F4471
wesich Y o] dut Aoj= Edo A dul AN URE 5 U= o
g 71 QEEE ol dut AFM AAY £ dAT o] WPl E I¥A X
gk Zlo] wholal & 4 glzlch oY dHAE st aEsE |
o} ZRzQ REL S wio 1Y 3.1.8 3 Y 3.1.99 T2 7RI
AR A4S & F vk e IEEs BH A F2T {H Fojo] 20
ArhALL Balop Azt 22 A& ojulA|oM= o]’ A Aup pFolM g
Aots 4L o & Bz € 4 glrh 16, 17]. I 3.1.6(b)ollA upx} &4
o] =X xof & ZAE Uehte ol 2d& ¥HY + gk

2% 3.1.102 7IAA dutzbgelA sk ool iy F_ANF ojujx|o]

th 3% 3.1.59 EclolR= dnpHe] ©iH TEM ZAzbofrs UERGR] okx|wh
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2% 3.1.8 7[A o
A

2o 22 4

olgt o B = 2Hgt WSi,/poly-Si/Si0,/8i
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% 3.1.100] H3tA o] LiEla glth o] Egio|RT==E A&l {4
AMEofA uf wojl AlsHe] FuHAu|F o|u|X| 2 A ALl Z|AH Aol oA

2 7 de gau Adgt Y Fo ¥ ool &
&l

o 4>
P>

rr

& .

X,

X

N

Rl

3

A g AAY = QAT Ant Aol o] 4l

dirh olsy EAES Ezlo|ZE dulz AW AW ¥ oje W ARE E
Ol o] & W YAt AL Wi B AZ FY o AntE HEFLEN AAY 4
oltt.

5 ol cleaningstgich. 1% 3.1.10(b)e] Het@ulF oju|x|efM & 4 9l
%ol 2 3.1.10(a)ellA HHHY o]FHE°] AHAR ZARE omAE Holx
oith. ©|& cleaning?] Z}= HAZ TEM HAlof FeHE LEldTE

ole} o] B Al Hamt o] cleaning 3H: o] f: o2 dnlo] ol¥ wHE
< AAsZ S8 ol Aul A S HAFOZ 3o} = ol UAARE o]

2d EFL AN o] AuEx 47 AAEH7] "gelch e 1A duiz &

%

38 ¢S FiEo] o]2 dntE s @D}ﬂ&]' HE 71 917 wiEolth metA o
2 cleaning 753t 8t BA St= Al £t

Cleaningg 2. 3tEE A% 714 drntel oz F48H o2 FEol &L 4
2, A dotellE UehA] QUd artifact7t 2388 UERA He F9E 2
g 3.1.110] vehigct o A Id 3.1.7Y AEE o2 A A
0.6 my, o] ¥ YAZE 12 °A ZZAA] 10E Tt o] Anldt AHozRH
dorh I8l 3.1.6(b)ellAd Uehtd Eto] =X FHo e A 2 2d2 Atel
ZAgt A dubg Fu e AEY ¢ FE2 o2 A

oigjo] Hg|a o dute] o3 A AutEA] Q& tungsten silicide =gt ot
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(b)
a3l 3,110 7|A dutE AzH
WSix/poly-Si/Sio2/Si A|H 2] H&} of
n|x}: (a) o]& cleaning A, (b) 5%

7t o]-& cleaning.
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TREol Fof WP ¢ £ Utk EW 933 ol dAuto] s Si T FHol
Be £4% dUSS ¢+ Atk oS HIB o@e AAHYLY cleaning o]

Bt o UE Aafelrt. metM 2dE& AAYE 5-9 cleaning olF B 4

2t FQE o] FolAof st eyt ZAoletd FE3] VA ot WL REY 4
it

ARHOE 71A AubdE o] &ste] thE W zjmel slntnt wwE ztY] o]
At S= zlolof ¥ TARE AAY ¢ ddon, ol dnt ¢WHAE AX=] 97
wZoll WAl &4 (radiation damage), AW 7ld, EHe| u] Hetd T3 ¢
o2 dute] wE THE AAY 4 Adrh EF JIA Aut 2P} o] ¢lut 3

& ZUTL2H J|A dubfolA st 24 FE3] AAE £+ ek 3}
Z|qt thE Ao =2|¥ SiGe/Si superlattice®}t Zo] %37t intermixingo] Al%t
AL @RI olg3t intermixingo] TEM EXojA o & Exo]7] w&o] o]

A& HESF AAA e ol Frth

2) 71A] dukg o83t &4 gle Al AF}

o] 2 qdml oM HZT &do] WA £ U& Zolet AMHE AMREA

i

SiGe/Si superlattice(SL) +ZE zt: R E Mudsdtgcr}. SiGes/Si SL FR&] o]
2 dut AP YR 4 9 artifactE H3ta o] & 4, A A ¢35}

of 71A dupy Be =T TEM T AlEE A Rpsigln, ER O AXE wlashy] ¢

1A dutE AZE A|H S FHE strained SiGe layer?] FAE3F FHE AALS)
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gom, ol dnpjos AMY g TR HOBRE o2 W it &4
)l SiGe &3} Si %2 intermixingZ} interface roughening?] %E% | 2+3Hed T},

71A Anubgre 2 SiGe/Si SL T2 TEM thd Al# g = ztsigdct 13 3.1.12&
NAGEIO S AR TEM B Al WAoF 43t nBals Adolth WAlof A
R ohuel AFds A A MBS U 4 ot 2Ess %Oﬂ/ﬂ Si 7]utellA
5B SLo] FAE F3o] [HY 4 Al

o2 ¥ AME upyrie dutEQl o] AupH O E SiGe/sSi SL 2] TEM Thd
ABE Aastdt 23 3113614 ol dupgoz xzY AlHMSel TEM T

ZAztet 71A dAuigto s Aztgt AAe} TEM AE wlastgc)

-

3% 3.1.139] 7|A <ot A g AlHe] nRels AL ofF 7R3ty Ado]

A L W ol At A Al LEas AlAE Sie Zol

==

ol dolziem A JA] T3] tt. o2 o] yof 23] SLY Z FEo
A intermixing, @ o] W ouix|o] oJa] WA dol o iéterdiffusiono] o
ojy7] wiEolth, 2% 3.1.13(b)8] 5 kV o] ¥ Hete 7}@}1/\13 s R R
$ SiGe 2 ol E FAER Yol oo AW A4 rough sﬂa‘;t}. T3 ohzel 7

EU+S ouAs} e ¥ 4

W% FEE The AR WY sjTelq W 2
Th o] AL Alwo] T gr2ul wra] 23]3 wWe o] W& uo} AE &Ag
daodvks A Wi 27 3.1.13(c)®] Z$E= internixing t,’-; interdiffusiono]

el A" Ag X7t BE-ehA] Rstn, BAs] Adolzstn wEA/E YEr}

e

3

VoA HHY olux S IS 4 YA VEW oA TEM 4L ojYA v

i

¢ BE @A Rstolch ol¥ Al W wRA F A wwg A

flr
ko

% 3.1.13004 o] jof &3] Alwo] ulgAst AU, artifact7} A +
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(b)
ag 3.1.12 1A dAunigte g A28 SiGesSi
superlattice +Z&] ThH TEM A}zl (a) WHA|o}

%, (b) ILE3MF 4.
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32

o ol A% dojil=x]| ottt O 3.1.14% 7]A ddn} @ o] <lu}

b

A 213t SiGesSi SL& AFAHA olu|AE & + e ATdls dolth 7IA o

opgte 2 A 23 F(27 3.1.14(a)) & wl23AM 4 kVE o] Anl3

o
o)
o
[
)

3.1.14(b) )= intermixingS Hsla= 433 AXE St x|z o

—

ol ¥ ¢t ARI gold4F, T2 o2 W Uatzbo] AAFF Hfdch

]2 9lo) 23t intermixingZ} interface rougheningo] o] W Aotej u}a} of

O

YA W3] dobrgith. a7l 3.1.15& 7[Al dupet o] Anpyo R At 7

)

Ze] AlRold A DEshs S Bl SiGe 3 U (002) 3 +F SUos
aRsted 19 demolch, TEM AelA SiGe 3& Ged] WAPABI} Si 2rh A
Si ol W3l o5 UheTh oldl® o5 SiGe 3¢ (002) 32 +8 Ko
ZRsisirt. o AT SiGe o Si 22 intermixingo] ThE A ARE F
O 3% 3.114(a)olA 1A dnigie s Az ASE (002) 3 47 AL 93

ol e BEEE ZETie 28 ¢ 4 Atk & 24 39 ARS o}F sharp st}
=z

I Y 4 orh. wiE o] dnpy o AR FALE ko] F7iytel whel (002)
Z 47l SoldS ¢ F Arh 3 BX A 71A dAntE & 2t3E AlHof vls] 4

25l YA UElWdth o2& intermixingol]l &3] SiGe Fo] ol Holzlon
interface®] rougheninge| dojytl= AL wajFEct o]gdt intermixingS o]
H dgto] F713tel wet F-rtstct

olgA =R (002) Z4¢ WEE Ttk o]RE& Z SLY average
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g 3.1.15 o]& ¥

# of SiGe (002) layers
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intermixing®} interface roughening.
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periodic thickness& 2ju|sl Z1oE A o] AT HE Z AlHo] thit SiGe 9
B3I FHAE AArY 4 ¢lt}. SLR average periodic thlckness— SLe} H3t EA
Z43% 2Jul& Ay} Strained SiGe?] FA|+= strained SiGe?] #A|'H ol

e
ES
2R A2t F42RE ALY 4+ 9len, strained SiGed| Aol £ A=}

th, Aat Azt strained SiGe®] AHo] £3Ql Az} )g¢9)rzgep4 Bge 7zt
5.4716 Az} 0.10]%th.

Strained SiGe ¢ F7( /)= SiGe 2] (002) & 4o &3) AAHW i
2L Aog FAHL)

[= [HT002)F] X asiger /2

A7|M  agg. = strained SiGe2] Aol £l Ax} Adolrh. Zzbe] ol
ths] TEM &8s J225E AR SiGe 3o FHE Fotd 3¥ 3.1.168 1
g2 Llepgdc). SiGe F& FAl= ol wof &%t intermixing®} interface
roughening 2 2 Q3] o|& U Ao] F7tgtel utet F71HE ¢ 4 dlrh

ol{gt AlW A oA WS SAolu AlF el u|FAS, 12

fd

intermixing®} interface roughening 5 T8} artifacts= A AT Bdzt=
TSI TEM £ Al ZARH i g elA He Z224E 288 £5 AUtke A&
o 4= glrh, E3 TEMOZ SLojA 2] average periodicity &3 A| 7|A dupie=
Hzshes Zo| 7HA ARt Y dS #Hdstaurt

TEM Al Az o] glold 2 Wi ofE AHEE BAMst=u, el 43tz
e Bao] Fdalste]l uwhel clEZAIRE oA AHE o] JpxRl HollA
intermixingo] &7 dolihs thE whube] Al Azt glojA 7]A dAmpgte g A

A AHzaste 714 $40 FAAE /A2 o uolrt it AR systemol A
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Aol I3 ulel E J% FL EY J5E e A4 Aol B

Aol &7E L glrh 53] FRFA A o]8EHE AXNEL IAHE FUI8 A7

Ae 54 24 7led 275 gt

olg} ol WiEAl AR ZF FRAUNZ B4 WiHolz ¥ 4 glon
2% B3 99 td AW 1 micron o[} AVAHG 7R AP A BE
4 e Jlgol Wasith, 27K gt AlH Ao L o]t £ £
&2 £40o] &7}l FIB(Focused Ton Beam)3} -2 317te] | E o] §3fofgt
bssitin & 4 gk,

= AT oA AUF A7t JA Auirvke o3 AlHE AP ol &
St o] A2 TIE EE F44™ T iy AHY s g YoilA] Aunte
gt eakg F2) godA IRE 4L e

& F=2 g Aue Az

>
ad
fifo

&+ A AEE 7IA dupdE Ad3ich

Si trench 72 ZH:= sawple] 53 ol Basly] 91T TEM vl Alde =
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oy

3 39 A dupiez Aztsigdct Az AAL Uehie 2 9 @y
olu 5L I 3.1.173x 2@ 3.1.180] Vel 2 3.1.178 Al Agry
B @ Aot HFE, I¥ 3.1.18& SiH dntel F AW A AHFLS HAE

oho @SR sHe 53 Gdol Felot TEHA U AL TololEE Hes

_79_



FHAE rh & droMe BHSIA St XL 5¥WE] FEASAL ottt
=2 F AR} = x| Ho] A|He] Fot Bo] 0A 3ty 2 mm X 4 mm 27

2 Adtela, €2§ AREste] 13 3.1.17(a)ollM el Zo] Fel AMEL Qide
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A2} 3t 2| Ho] fel ANES] EHrl offe] X3t

S sl3 WEstAl S FRo| R ANES FUOE uiPFKe| OEF Fry

3 71} wlolazule FoI4 A”eld B T ulolzzulgle] Bepas ¥ o7l
Aol d wastnA ste A ZE o7l HEE uolazulgE =¥ thy
Itk A"l F7he ololAZulE s Agshal gkith

Aup ¢AE BASIAL SHe Aol QY wrhx] tlolobEE dnbx|(diaond
abrasive film)& o]&3}o] 30, 15, 6, 3, 1 micron &2 & Oiu]-vh:]- ClojotR =
AutolAe] Qlup WL Y 3.1.17(b)9} BTk o] AL WSt} s WY
o}2] (erosion)& # 43} 317] 93t Zojr},

dulrl el uwhet WHSLA st Aol ot F2WEAE =Y 2

B

#Hu] 7 (inverted metallurgical microscope)S /\}-8-5}04 FAI 2 ZARgCL #Hn)A
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°% ol dujdel Yye ZW Uest YoH vlolaTu|E S Algsiel 2R
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AL AASH] g3 Aubd flol B2 FE3] slo] f ulgl o dvigich ¢F o
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mm d wf7hx] dokE jich
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U AT g 2 A

71Al Aok o83t Si EWX|(trench) T2 53 9dodg wslr] 9% TR

F

T AlEE A 53 YoM 4FHoz AAsigry. 27 3.1.19%
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T V92 A ~ U ol LIUTH TEM AlE Ao glojA B Jhs dYS
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= UEhR gk JglolA B utel o] Si ujfel a-Si/Si AldolA fxhujd

of MBI VHHE 2T ATdls F& dol, ¥ Alno] A=A LS

Ofr

% olth o] AIE ol dn} HHeE AT AzbRr} BAH Aolth As of
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3. HAE o8 Al A2y s

B AToME SiCaAsS AR sqte] T ZANL Wal AMe wAw
(cleavage plane)& uwiel HAEE TAIS o] &3l A 7|3t 9o o8 AR

TE AEE THE ok Yol Exlshe wE AlRel4 WrjEs ze

N

28 %)

d HoR wA 9 ok 2 HAEOR Histe 7]y AHe wEof

(e

T $EN 2Rl 42 BUY 4 U= AW ALde Auuct
A A3 4o (cleavage plane) uiet H7)

(cleavage)®ith. ulE< TR Z¢ 53] 977t & HEZ o8 o|&sjo] AM

[~.J

-

& A7t Wol B3 4 AL WEZ ofF ¢l AE 4 Utk of WIS Vst
s AW Fuleld Azo] ojmyt ool AL U] %k Zo] BA
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A WL way 2vte) AnE e sk ol dnt ol HlE g st
o "oy M @ JPE AN URE 47 T8 £ e AAF dupy),
Hulg 4 WaEnA, stdn, AL oH S ziekst Auldl, Wrlze 2y,
Clolol2E 2, WAz} 2 kgt FFolth 3 UMHOS 5 « 5 on HE
o ol e 27t AFT YUols T AWE VE ~ ATk HA WOz AHS
UEE o Sb AVE BB U A VR WE A el ABE BE 4 2
2, ABe] o] AUk AR artifacts} A WA ep=c} spAlT spY =
He Aol ZAR T X7} T3 ks dodo] WAzl ofF Be wHow
Aol Uths AMolth Iela ZAY ABe P FxHuZ AHes

ARgElole UR £247] diel, g 3HdnBos FA7 ghe A Ay
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gAY WOz WA HAE ¥ T, 2 YAUSE WAHE st #71Qe A
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A, 1A F2 ol dnt e AXNA U AW BASY| W) olF Aol
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+ HAEE (110)22, 7|2 glofA B Hile <1100 Wges dojut whaFo]
Aty el zzte g AepA|A "ch (111) 2 Z|elA 2d Hoe <1100 W3

L2 dojuiA Ha AX o] AAFY 2o ZeA|A Hch (111) HYE
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¥ 3.1.1 AR ¥AH
C AEIE A% 7
Clojold= =2 Si, Ge, TlojojRx= {111}
A elolE L2 | GaAs, InP, 7nS. InS {110}
Bilatg 12 CaF, {111}
NaCl % NaCl, Mg0, LiF, KCl {100}
Fd 3= 34 {0001}
AL 49 = Fe, W {001}
Sk 2z Te, Se {0001}
Stz 234 3=z Cd, Zn, Be {0001}
¢ -CuGe {10-11}
AR TR As, Sb {111}, {110}, {11-1}
Bi {111}, {11-1}

..90_




TR 7)ztol A B HiiHL {110} Heog yis {110} H& wel doju} A
o] dzty el xztow zelx|A Hrl

AnbzE o QlubHolA] 110> wWaroz Washd (001), (110), (111) Hol chgt
FEE EZHUSII YO BE ol F& Z|nh} HIUF N=A TS F2 U100 ¥

Yoz WHUTHL T ST WH Yol gloW 1 URL ¥ 4 Y= W

=\x.l-.',
N,

2,
Flo
rﬁ
2
o
114

7] 1M e ofe] TAE glotok ¥

H oAl 7] dul, o8 2Zo2e 2], BRIY 780 &3 2

=

R Wzl g gy akg dujEegH AlEE A Ste Zolth AES
HAH-E whel dxisls] 3 WHo| A EHESF 3t AHS AU wf o] o] ¥y
e & 4 Y JFo] HEE Uth H&Ho] Y YAF o] &3t BAstaA
3t= viut oW 28 oo} (hand-lapping grinder)e] A|H A¥(sample stub)oll &
th dubpe] AW AYE 0% Wol Aupe LS J|ELR AWo| 2FT
U s E dtrh B3t Falgt ¢l 15 ~ 30 mm(ELE 600 23!) AnpAE Eolx
AHMg dAujgict, Wt FART ¢ 50 m o FAL TN dutg FA5tn
A EAE gelgith dutre] £FE dite FA gtEh @UHH LR Gadse

L 85 ~ 90 mu7}R], F4£E 75 ~ 80 mm7}tx] dulgtcl

=
o
=]

B8

N
-
X
b

sl el AlBe 7 W ol8stel WA WAz e ZEel g wike] A
eEo0% ddustel Jgel] of AN} ol YEB Ttk oot Yol W wa
3} e 7%, & 470F sl Side] ATAHE Um o] WEtes ARG 9
ARITh Rele) Wl Wwst Az P AEE 12 ~ 15 ° EE (001) F4

712te] 7-%- 18.5 °& ¥t}
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HAEE Adstn I chgo® WAL & dojuls W wa 24 (Miller
index)7t &2 $2 FAH & Mg AAgdolct. e ZAeT Wiz} A
371 Asid e HAEI 2 428 AU A4 AFUL ule} HAE sjo} g
th A& Sol, T4 22 tholol2E AR 1z WAHE {111}0]3 (001) 7]
oo Hrd W 42 <1105 Wolrh. x4 Hal {120} WE wa} HHE s}
A HE qAE (11113 vlad A2 22 & AUA Bk 23 3.1.21004 8 Zo]
{120} A& whet HAE 3ty glsiMe (001) F4 7]zbollA <110 wakzh of
18.5°7F El= 210> UFLE HAs dojUsE Utk F 110> Wzt 18.5 °¢
BHLE 2AYAE ol A7t HEF gl 23S Pt ool Yol A
Heol2] gdom WIt2e T8 Ad AHL S} vf$ olF A Hrl.

A]

g

< @7 3t YF AW 2AL APl U Boldlrh. Aol £AL4

5 MRS 2 d dS U2 Yol 427 gifoltt, EF AHo] FAS

g8

{120} Bo= W77t doluhx] 3 oial WA {111} H-g uwie} Hrj7} oyt
A "ok Zu ARE AFUIE oEe FET UF oA dulsiys o "o}
T U dAE AEE oA A 2o 2AL Zoltl. dul ¥ A s
dolls WA Wy 242 Zx2 £u ¥y 2347 U AA Bl AT
A7t B2 ) Wgo] ohlrng Jute 2212 Y o, xIE o] &5}
YL TH22 5 ~ 6 MY E(groove)E o IA oo} it} EE o] golx
WHLAL st AlE Rl g0l sIlAA] ¢YEE FoJE st ¥ Mos
27 & UEE ARThs o W FRE AL WEsl g wER Zo| Er
BT U e 23X & wlz} tlololBE #2H T o] ¢ 0.5 my} HE

of AR Holst HE& Yk vl Fo| AL4E o, AHL woly
P& w WriFoA Fo| Holx] ¢lolo} it}

a2 Z%, {111}/{120}2] A U= v]7} 0.650]2F 100 un FA| 2] A]Bol| A
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I
£,

rnmanipmana P

2 3.1.21 (001) 4 7Z|gtolld HAAHE {111}3 AR+ 2F
A {120} 49 TBAZE RojF= 23, 7|3t glojr B i
uld

ek [110]12F 3F [210]0] 18.5 °& o|-&ch.
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2] Zol7t Holx= 35 mZ 210> WHE wet & Tofof {111} B Hijst
2] o3l {120} o st "y, |

HLE oMM Eo HolAYU 7tdste] dulolr AHE E%M':ﬁﬂ. wojdl AJH-2
OtAIE B3t dULIEE AFYTL HEL HAlo &elol= KE Y 4
of $FTE ALth AV & 2AZo] & Ho| olef 2 JEE 3l AHS &3}
ol= #2] gl weth sEz] FAdl & aAeH, Hs PN A= 2
271g°] HoE doPle A& wa, BRI FAsIL Al¥e et A

=9 BH2og gopErh, 2AnA st & Ao| #el &elo|=9 stztele] ula}

BYHES ¢ ok SIS wEEOE FoYsl AHE F20 of H T sy
WAE ol gstel dFo| FAY Yol JBIAES BTl AHo] SALEE 4F 7

Aol LT ol HA=EF ste Zo| o3tk UnzA & wleidE 22 by
o2 AR

AT 2Zoll A tlo]ol2E Zg o] -85t ool I 3.1.2200 48} o] 4|
Holl A 2t Zof sl watz) BasA £ Wl B W of ‘*l?‘zoﬂkl sl
2t she B2l 1A} Ay 23 A oy We] aabdold 2 m = Hojd 3
A 2L vh= & HEESE tih & AU €& JHY o o] ¢&e] AHal
Folld ZAZ H2 HAAY &8 AU wEe] Axjduly el HygsiA|
Ue Foolth miety st st Wit 2z B2 A ol sz
2] QEE BWHslAl M= oA 2 mn oA oz HEoA 3L spsic) oW
e AlHE & Fol @7t o] F& o] &3t AJHE Wi Wy Hchyit} R=
A =3 2o ¥AdEE wel zt2A =HdE F 243 "ol 12 ~ 158 o] A
Hrt.

(001) & 7|%ke] 79 ol wisko] <K110po] ¥ #i7] Zro] 18.5 °7} S A
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(111) ++4 71ke] - (001) 7|2t A BH S AX A@E Hzely, )
el S el HHo| ohd {110} W& uwely TlololBe ZeH ES
ol HAE st FEL ¥ ey HAE (111) W whel {4z dojuss
ot J|atol £ HE 35268 ME ghA "o}

Aldo] HotEd AW ¥y weksl AT x| wake] Wi R Ak wake] n
LA o] F= W7l2E RAelE WEA Hch o] ¥rl2e EMeE AR S
o|-&3to] 500 wi F=o| wWigE Hsle £} AxYn|F AWos HAY AE

%

ZApRtTE

U

H oAl B o] Hols AHuhd ZoA, Hw Awel

2

B W FoA BT Mo FAE AT FAs} g A T
Boll whel 2ty ERH7E Uehiad "ok AR AAgxjelel Bo] Ye @
o7l BEEE Ay AWOE Y 4 otk ALY Bzl 2w

dod AW g whEgict

Al A A dAEnZ et Bo] WItRe WAL o] &8sl M AW 2
mm X 1 mn B} o] Fel TJ2|=e 2AAIE Aojrt wd Aol AS thy
o] Mol WA Fol, WE AW AL Wl B @ Fo| 1elzo] Hgst

wt

olof gtk UF Zd AlEE AW Axcfo] gy wf AlHo] &4 YA Hr},
ol#tt iR TE 22 XZES gt —’13*17171 g o2 WHEC] A

th Jel=e] dRES YUY the Ao 2 Alelo] 2zt nFsHE WYz P
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)

slojof gith & AWE WHY £ Y& 71YE L] st e 2el=o] B
e} z7ke FAlo] AAAIE B,

olgA e 2ZAEL I AAL, LAY ste PSS 4FEl 2
g A 9t 2@u s A Fulsten o 30 ~ 45 Fo| 2asle] Fu)
Alzto] Bl B7l wjBel £8% AW Fu] Wy Fo shiolth EY of WL
ol AESH, Sy uyt We g ©Es] 2o X 2 m AES JWY 9o

H H7] df ol o& {83 welth

s R

) I Al A%

(7h) Si 71%e o 75~80m7tx| Amb, GaAs 71T oF 100m7x] dAmtstgich A

o Al Uelths 239 482 HARIL o 18.5°8 o] F=F sigith

(Lh) <110y =H7iszt Azefx] 43 <210>0] 18.5°7F HEE & thgy 23] ¥

32 me} tlololRE Zg ol&3te 5~67) = F& A dth
(th) Al”oflA & =pZo] &t Wol ol JIEH 3l A|HE &2ol= /2 ¢l
Lt} ZAjRA sHe & do] Rl &elol=e M #elE wet FEEHES ¥

the &glole g oR FEHA AR wEth

(2h) Y 27 tlo|olBE g o|§3te] AlMolA et Fof WA Y3t ¥

BeiA £ U3 FEsiaat she ElEE 2AMe o HF ol iAo
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E5 @St} sl RolM 2 mo o] WoiA o & shytch

(2h) &7l2& HUAE o] &ste] M= AHS 2 mw X 1 m ERY =y}

aperture 12| Eof of ZAlE o] &3t EQlt}

(8h) olZA WEojd Mg ¥ WujFoT WY A T E2RYs BHHA B
AR Bgo] st AlHe] L)

919 AwA Yo wlel mE: dPe HYduFes AP Hel 11
3.1.23 ~ 3% 3.1.250] Ltehyicy, |

3% 3.1.239 (a)& Al”elM 7|3t &L dubgt Abdolth WA AW} #e o
nhd o] B70E A3 Wado] FR317] WRo] dAupAY AW AM R
ALg3fof Atk B APoldE SiC dupx] 1000¥e]u 600ME o] &ttt 1Y
3.1.23(b)E 71T &g dujyt ¥ 23ex URL ue thololEE AT L o
g 7l @ Zlelth 2y 3.1.24(a)s AWM E o] W Wo| oz FHEE ¥
of Aug &etols Rl flol 3 BARR st E Ho| §i] &alol=e AR
AelE ool AYHER U ohe GdolS wpEoT RedUA AWS wa 37}

T Apxlolth. 37 3.1.24(b)&= AUH ZZHE tlololBE g o] &dte] AlHojA

1z

Bt Foll A a3t BREA FS @ Zolch olgA & the TEstazt k=
tER BAE] FEel A Yol AR U=E FAstnz sHe TolA 2 m
ol "o Rell P& 713l HIAE st HAE o]8% AW A o] Ao wyH
Th 3% 3.1.25(a)% (b)= HAY AJHE Y2 UNS o] &sle] Melg)t Ajm
= 2on X 1 mn Bf T2 =0 o FAIE o|&3 £ Fo Apzlojr}. Hsiaxt

st ddo] w$ Wrl2ge B 4 gtk
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(2) Amorphous Si/Si whd A]H =z}

$l1 Al A2 PUE ofBste] Sioglof HFA Sig YA WS oy

o

o83t TEM T 7bsd AW AFstgch. AW A”e] PATIHAR Y]

oY

A}

4S 38 3.60] Uehigicth 2% 3.1.260] oshd slutel Siz} utmbel u]AA si

AotA 8 4 gk B yoHe ) AW S AzSE FA &

i ﬂllo
-

FHE ¥ ¥ + e 2¥ 3.1.26004 o] A EFHE WHHC) o] AJHo
oY 22lE 4& 27 3.1.279 Uebch uFA sizt 23 Sig FHsHA

W= glom AW Azt Fol B 4 A artifacts FHHA| et
(3) InAs/GaAs B A|H =z}

219 AlB|AE Y& 0|83t InAs/GaAs FAHE A|S Az}sigdct. G=bE A
W] FF ol WA s o] 2le] o8t ofabd Rofo] dIdA HY £ =
ol ook ey 2 Ad¥el s AR Alwe ZAe(2y 3.1.28) o3t
artifacts= THEA] QIglrh, 2% 3.1.282 InAs/Gars BAFE A]M o] WHAjo} Ato]
Th 2% 3.1.280] 9i3td InAs ¥AE S EWSHA BH & = glon InAs YA

of 37l @ 4=t BYY TEFAER FIEA BAHUch EF o] AW B

IS Ae a7 31,290 UELWACE
AEFOR, E Ao 72 AHEA Y] o] dupr|E o| &3] ¢
WS o] &t AWM A2slgch AZH A= 23 Hajop AL &

dom I TRl 4E 2 4 QUh of WHL wEstn pusiel A2t v
83} A2e 34 EY 4+ AL A" A3 PPIH 2golut YR WstA o

on HEZ Aut S atof A duiHE Tl Aol gl + ek
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TEM ©HHA[E L] = Zbo] glo} dAulkze] o]zt wol U o8 AHEE FA4H
T Aol dulgEaiolE Fof Folop A gL FREMo| JHe3}
th olE #l3l wH AlHe] ofFA] Mzt Ztzof wet 33 3.1.302 Zo] AH

ALEE

fN

¥ 4 ot BANE QWA ion-nilling FHol FHAINE T

th W AEE ol FA] o] YA oleu 43 WRHE du} = A

J

ol& &o1F7] 28l AW & HH3] HA(2rpn)ItEF 3t dut A AA el
2|3 ol FA] Mo] o]zt Hyt Wk AlwMo]| W] A (10rpn)stES
ZAPL 2N Aulbe xolE LAY £ gt

Si 7]%t glof siz} dAut&x Xlozt Z Pt, WSip, TiN 5&] =iuto] ZHH clE
AR 5kV, 0.6mA, RZAMA o] dAutr] YapHe] Z=E HWRAA A
YAtz 2A& F¥ F, sector speed 7} 2rpmel GG WHAIF|HEA o] wpE
o|F A Bt sputtering rateE AFMOE F313 dulg xjol& HAISI= XAS
Berh o]g AlM TEMOZ sl dubg Ajols} ThE t}E bt Rabmxignl
B AEE Azl glo] olF AMEd FA A 20% o2 2F AWE AY £

A= 7le HYIrL

b d7ug ® A3

(1) AR ZEo] me ddubg ol
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Y dae
2 rpm

0. 807 120 160”81 8

BN AdET
10 rpm

D

S EN

A g EE
7% 3.1.30 ol FA] Ae] Z2ol wel WHY A
B BAAGES Ushis BAE
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lon-milling Al AlHCZ QALEE Ar iond] A} Z4EE YubH 0 g AlmA 2o
AHEEE ZEQl 87, 12°, 14°% #siA|EA Qubol wlutz ol 7|ulo g 4}

Zzo] ge o

o
Ll
rlr
v
2
ki
o
2
=
Y
k1
i
44
o
o
iui
[
o
w
w
rlr
N
o,
>
ot

ntEEE UEhiR dokd si a8 FAS wdduPgos wasigc)
AAN Zh=7t 8°, 12°, 14°Q0 7§ sputtering rate Z}z} 1,263um/h, 3.838um

/h, 5.887m/h2 UElMITE A3bolA & 4 olSo] abule] o] oW duisw

Ol

b 4= Sdolul dupg Ao WolH $43 AIE HojF: gapy 12°2

ion-milling®] & Atzte = AAstAc).
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Milling angle0ll (& sputtering depth

spultering depth{pms hour)

8 milling angle 12° 14"

At=1.263um At=3.838un At=53887um

3% 3.1.31 Milling angles(8°, 12°, 14°)o] w}&
sputtering depth®} F&tdn|A Apzl
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(2) chEutato A Y] sputtering rate ARM 2472 2}

BST/Pt/Si0,/81 &2} WSix/poly-Si/Si0y/Si FZ2] thEutubolrde]l 2zt x| 7+e)

sputtering rate®] xlo|& 2| 43}517] 98] gtollA] T sector speed WZE ¥

o

o] &3to sputtering rate xto|E H4 sl 2AL Falydc),
Sector speed 2rpm % & 0°/360°, 120°/360°, 160°/360°% 37}x] U Qlap
A=+ 12°2 3k 5k, 0.6mA ZAMNA 247 Zob Ar iong o]-&3}H

ion-milling ¥ sputtering rate x}o]& AFMOE His}gic).

(7}) BST/Pt/Si0y/Si &

BST/Pt/Si0/Si RollA= Pt 2} BSTY| sputtering rate®] x}olz} o] LIA] A]
"A|Zto] olaFo] 9l XEEA sector speed WEE o] &35lo] BSI/Pt 8.2
sputtering rate R}o|&E HAIATIE= W& AT Ar ion& o] &3t Qo
A 2T A YA Z= 12° A 242452 sector speed 2rpn A S 2z}
2} 0°/360°, 120°/360°, 160°/360°2 HEBAIAIPAN AHE A2t F AFME o] &3}
sputtering rateE Ztz} F3IJRQIcE 2@ 3.1.32¢0] AFM ZAZ}E HojEcr} o)
A & 4 gl%o] sector speed W RFt zZto] HZ4E BSTS} Pt Alo]e] sputtering

rate Xjol7} Ztashs A& ¢ 4 ddrh

(L}) WSi./poly-Si/Si0/Si &

WSi./poly-Si/Si0z/Si FZolME WSi oF Si 7te] ddukg Xp7b AN Alma| ol

olgi&ol glch o] thy et AlWE gloet Zo] Udaby Zx 122N 24
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()

& sector speed 2rpm L Ztzt 0°/360, 120°/360, 160°/360 M 3}A]A 7=
M AEE AHZAFE APME o] &3l sputtering rate® ztzd Fajmpoit 3l

3.1.330ll 4 ARMS] ZE RBoFch ore] BST/Pt/Si02/Si Fz2o] T ubulola] 9}

o] sector speed 2rpn®] G o] AHSE WSie} Si 7t sputtering rate x}o|7}

N
P
—O'l_l‘
rlr
oY

o
o

HojZ3 gtk

utebr sputtering rate x}o]7} & thE wtupe] 129l AL sector speed 2rpm

—

FHE 160°/3602 IA sHFE Zo] dulg oS HAZ & 4 oort EI ¢
of ] 8 Qlabzt 12°9] Si 2| &9 sputtering depth 7} 4im Q1 RE o]-&s}e] 2
Zte] 27oA ol FAE Y dutg XolE ol FolM WESET FajRoct =

M o 4 Fo] dutg Hol7t & tizumyzd A$ HHe QYapy Az
%)

Pﬂl

sector speed WZYYPE o] &3t ¢dnlg x}o]& 5% o]uf

¥ 3.1.20] 2 A}E Festdc)
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A
P Qe e ;‘1 e e ]
S WA
K { T e
“iemis 399 4 TueeDaxe It M
'A) lagh: Profits
200)- —_—
W ety Ay
i o
i e
W TS — T y:
Pilane #204 Fon Fame(r) Hesgh SM3
&) He ght P~ filn
000~ AW
- K o
1 S N T RN
009 < S
} w — : 75
IO A)A o Ditrnce() ) Sl Lk

% 3.1,32 BST/Pt/Si0,/Si tTl&wtul 2] sector speed H
Zof ulE ARMZAZ} (a) 0°/360°, (b) 120°/360°, and (c)
160°/360°
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Height Protile

0 e
ﬁ‘/é - ‘L//\\

4 3
Trace Distence (1. }

¥
Heght: L1y

Distance. 285,
(w) Height Profile
e
d \\_ {L——-——~—-\‘
28 ‘
2 Y
- H 4 t ¥
Distance: 336 A Trace Distawe (1) Hege 14694
{u) Height Profile
[1
0.
3 : Tt —
Dittence: 1 B Trace Distance () Hodt S5 A

J% 3.1.33 WSi,/poly-Si/Si0;/Si tTj&wte} F=Z2] gector
speed HZo| wlE AFMZA N} (a) 0°/360°, (b) 120°/360°, and

(c) 160°/360°
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E 3.1.2 AEIA 745 Hie] o £ xo] W WES

BST/Pt/Si0z/Si TFZu}al  |WSi/poly-Si/Si0y/Si ThEubm
FAAI(A) | WEE&(%) |[FARI(A)|  HES(%)
no sector speed 400 2 5299 26.5
120° /360° 300 1.5 2687 13.4
160° /360° 210 1.1 122 0.6

% WEg= Frfato] /4mx2
(EA0l: o] ZARZ FAAll, 4m ¢ YA 12° A] 24 ZHE<H sputtering

d T, x2: A]Ee] SiH ol )
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(3) TEM &34 Az}

gl Al %A 9] sector speed MZ ZZ1(160°/360°) 2} sector speed Z2& A&
stA] b2 kel whw(0°/360°). 2  BST/Pu/Si0/Si  THE  wbubamizl
WSix/poly-Si/8i0,/Si tThFtat A& #|2slo] Ala] TEMOE JHE slac). (2
H 3.1.34, 2% 3.1.35, 2% 3.1.36)

33 3.1.34(a)®] wAlok AollM & 4= 9l5o] BST/Pt/Si0y/Si FRo|ME Pt
o] AA ueht AdSE ¢4 Atk 2L} sector speed MZE 3t 13 3.1.34(b)
oAM= Pt grain o] Holw I3 3.1.350]4 8} o] BST/Pt AW HEE thrql

ol
Py

rr
fr
3
2l

s HE & + Atk ¥Siwpoly-Si/Si0ySi FRoME 1l

3.1.362] BAo} AollM et o] ¥Si. %°] sector speed HRE 3}x] 4L A|Ho

7

Me ZA UehUi HRE st @3 715§ contrast® UEhls A o £ gl

glch. whebr, sector speed HRE 31| Q2 AW F clZuluiA€EL tfxn

4

e BE BT Erbesidn, ot el AN ATelME & & QgiSo] o

ak& Aozt 2 ARES T iy TRoME AR HE St thEs
ol T FAY AWE @& + glon RE uutg sl Erisdc

Aol He olFAE AlolY IEdEs A4S 4 + Jdon, uepq Ad

At
o

TEY BE= A & 47 gl 2y 2ol RoxKo] sector speed
HZ(160°/360°)F 3to] =21t AlwoldE dnlg xjo|7t 2 olEREPE FY

LAY AEE @S Yo AR AL EE £ Qo] o|EEY A
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%! 3.1.34 BST/Pt/Si0y/Si Fx& whdH =i|okAr (a) 0°/360°,
(b) 160°/3860°
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(b)

3% 3.1.36 WSi./poly-Si/Si0y/Si #+Z¢| %A
mxjokA} (a) 0°/360°, (b) 160°/360°
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5. 71A dnp/ol &yl Aot 2y Al| Hzhy sy

-

Bt GaNe B P} S49 wpsxz HL3EHD A3, =Y I F

tn
o

VI Qe 3 UE A upA Do] FULTA UV, HA Folx Gan uup
of AH8EIT gtk VA7 ol §HT Gl GaN e Amoloje} SicE o] &5}m
STk SiC 71%HE GaNst Azt 44 X7t 2x| 9hn Jlate] Eol Fhsslel B3RS
BolshAl & 4 Utk Aol Yot Aol unan Amjolo] Ve AHEHL o
Bt Badol A Uolxlxl 7] thEel F2 Alstolo} 71 AMgEIT Ytk A}
Tholof 7R CaN filnzt wlmstel Azt 44 Hol7k 23 & WY A4 jo|7}
A7) wiFEol F3& AFoA B} A, FHZ AY, inversion domain boundaryl}
e 4Ry U Agks FUUCL HIol 1AL, L 2 caNsALE 7] 9]
SIH FXol wAsls AU Aolo] it AT Wirs] AW Fof Yk A
o UL VUKL =Y Wt FEY A7E Fif ol AT Aojshy &
H3l7) siAE AR T2 27 GRS o18% A7 WHolch

Apmtolol 713k glol 4AH GaN wute] TR AW Fule AR oldeg shAx
slch. Atzjolo] 7lxe BATE S AlBo] golAWA Zeo] whustn GaN
shetol] wls) ZE7h 4Es 271 Wl GaN el AlH Ful BFolMel wdnt
gol 37 o7k LA Aok webd w3 Yuy Ade EAS 3 A @
NRos WHsH] flsiie HHHY AW Fu] BYS B ANY F} 27
Heh EY 2ol Asle]l WEE Foly] AT BRLZ AU B2 WU HIPE,
FLOG 5& ol 8% GaN Hue 4 nlol2E oj4te] $7E uhukg 7xz ot ol

B AlEe TEM B2 AR 2 FAL 4 YoM A Auie} Ao
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ol 7] diEe 2T FAE 7 2ty TR AW E9)7 FosiAc),
£ APolME dnt 27t ol =3 Abuolo] 713k $lof GaNo] AW T A

Holl A dntoll 23t &4+& F2] dodA Fapztdn]Zos nEss 4

ne
o

=]
—_—

T e o3 I AIE AP S JpUch ol flE dollM AP JIA @

-

ol &% AW AP g ¥ T oA dupgt ¥ AW HH 428 x2HY

=
Z AU LR o|2 ddnpsle AlR AL Ayic
o d7ug % 2y

A% 3.1.37(a)= Ao el 3 ¥ AELR 10m7HA] 7|AF At
T T F ATHY ol AutE T Aj¥Hola 17 3.1.37(b) = & FAL 20/1m7]]-
2] 7143 dnlE ¥ F 605 sector speed control& ©]-&3t o] ot AFo T
o™ AW TEM Zzjo|th, o] F AHA R&o] ¥ 3.1.37(a)ollME e
ol M= AlHe FA 27} ESAste] Eul™ AJHY whxprt A3l 2 oA & ¢
A BgE BoFz, ¥ 3.1.37(b)e X7 JAH dutH ezt FAUA
sector speed control& o]|&% o] ¥l unlE A2 3o} BT HF AW
ZJel7l 2 o] ¥ dut AP ez FYUIA| UL oluAE EA Hrh Y,

sector speed

#

% 3.1.37(c)e Edto|REE o] g3t} Smrtal s1A dut
control & o83t WAHOE FYY olMAE P& 4 Uths A HelF:

TEM Ablelth. meld 4 o] AHlg Bol $UHOE EelolEEE o g3te] 7]

_‘10’_
S Fustd AFTHA whyel os Suld ZHcTt HA FL2 onAE EE& +

g

the 2e o 4 9ok

_'-4

0l
A

&0 2 #H Y o] 2y dnt 2AS F3}U] Sl F2 ERAE T 7A
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.- RIS 007m

3% 3.1.37(b) 20m ZIAF Ao} -+

sector speed control o]2% dn}

%l 3.1.37
control o}l <lu} (120°/360°)

ol + sector speed

(¢) 5m ZAH
Y
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A dAolE 3 AWE 7}1A] 3 v} sector speed control S JHA| I o] L Hul¥
A& A Zstdrt. 2 Foll AMM FB-& dto] FH thxpe}l gropx HEe =g
ottt 3% 3.1.3804 ERo] Zt 2 we} ohE AAE dch fAdFe
E 7|zkz} wlgt o]l odnp ¥ cixE | 23PH 120°/360°2] sector speed
control & ©o]&¥t o] dmprt 3000 ALE Jp¥ AL whAE EAFI g3
160°/360°2} 0°/360°¢] Z Ao ztz}t 4074 Az}t 6538 A9l Tx}E 7z Qth
upetd bzt 7)gb Ate]d] AHolM MAste A¥} I LA EA3] 9T

TEM A 3o A&= 120°/360° sector speed control& o]&3to A ZH A|HL 7ix|z

de

=

DAY S 71z} gtah alolofa] dojubs dubg AolE FHadfsle £2 1
35 oluA & AL + Arh

ol grolxl oo &S ZA3PA 0°360°, 120°/360°2} 160°/360°2] sector
speed control® A2tH KM 7}z 1,8, 20 2.3 m? Zk& 7Ach 160°/360°
2] sector speed control® A Z}H ABoA 1E FAE 712 TEH JHQ9 Fol
712 |l &, ¢olld dF FAR o S JH AW e, oMY A
o] Amp} gAY 5& A7) fI3lAE= 80°% sector speed control& o]-&%

o2 dutzoM 2 Ao FHY F¢ FH I YW E4& WY

olg|dt AFM AE AA TEMCE #FHQIs Hokrl 7 3.1.37(c)oflAl=
120°/360° sector speed control& ©o|&3}e] G2 o[n|zx|E 73] UHFJME
Hl&3t ZEAES omAlE d& 4 drvke ZE HAsGy, EZ I9
3.1.39(a)ell A E KiZo| 7]z} o] ARolA £BE W= FRS AEdE
olulA] AES @& = Arh o] S 01%6}1*1 Aol A WAgE A9l s
N ¥pat o]l Exfste

W AYY UEE Y 7 U= AT FLY AT AEE AZTY 5 UL

44
ofl.
_?[_:‘
3
A
i)
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i
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lo
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)
fijo
44
20";4
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X
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EIF 3% 3.1.39(b)E 160°/360°%] sector speed control& o] &3}o] A& A

HOE 4.5 /m o] wpollA 7R olu|x] &
st 2o /LB o8 A9 U= #AE

sto] A3 FaApe] Ao 2 =222 &
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Dixecv 10, Trce D 1 . ° o
a) 0°/360
) Hegr Potile
t
Ir
14
| T macats) o
Dotancei4 M Heigt T4 b) 1200/3600
th) Honght Rotde
%/
Dinarce 409, ! "l‘b“‘l"zfml.)

el c) 160°/360°

33 3.1.38 AFM Ho|¥]
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Y AR AN AT ARSI
2RI ML RIS WAL 56408
by . Pl NITREPIVIN LS
H -auuun-u»m.;. :S 2i4sis?

39

pdsr2aysarns 150s worape
Mpotsriand brescen.
s aiab ALAA
poraraacoiint MRS
3aemamsans sos i

AP
AT

Yy
JAs T
R

YAl
R
-‘xvi“eﬁ

)

2% 3.1.39(a) Eglo] X298} sector
speed control ©]-2¥ <¢in}(120°/360°)E
ol gstel WE AW nBE T3} A
2z} "o AR

2%l 3.1.39(b) 10m Z]AA Aot +
sector speed control o]&¥ <¢in}

(160°/360°)
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.= Al Az Ay

UubEQl WA AWte Yol B AW 2 277 BF L Br} WA o}
Azpol BIY 4 Q7] UiRo] SEY dut golE AxAnIG AWS ALY £
otk Jau, U AW Az, EUES AAY 4 Uk 2els gold 2L

THEC] ME Gl Aol denz, o&ES H IAMIIe o] ulf F4as)

Anbsel Bk AW A 2e, oME, o, RS 53 22 Bihule] Eue
Yl XA 7] (ultra-sonic) 2 AT FAHE wizkr]  HEY ARE
sonication(2&3t A% Hel)g Wt of wl, Buel FEst YR Ustd 2US
ol N2 97|7] 43, UF dshd Jg= ol AxdnF ez FAY 4+ e
ko] A7t Folgol o] oYt

g, B Al Ao AFREE =& 2| 3,05mm0] 100 ~ 200 w4l
Fol ¢k u]AA wiAgto] Q3A gt w[FA wvhAu2 Axpyoe] A FHsial,
Aol 23t &S ] o3, £ AIRE AR 9¥E ¥t} -

2 dFoAME AE Azl o8 BaUERE A¥eAM 223 IF Al ¥

L
% 3.1.402 dubEd % A8 o[xHAR FIAA FAH L EUS
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Ao Z & Aoz AHzste] FUHAAGEn|F 2 qAY Apziojr),

niEol] At w4 +
aV=fFE 2] ZAdnt Be ojdnte] 3 &AL F7] wiEe] ol

Yoz E AW AHZo] ofrh

whebd, 713 glof AE vAUeREE 2eltte) TRy g} shutshut
g IE sfof AXshe BY AW AR AW FHE st Aol BE&Fo

2% 03.1.412 dutzql Buxg AHRYPew pE Zolth F, 7|ut o 84X
HOEIAULRFEE JAAoR gojuo] oekge] Wi 2417t F¢t sonicationd}o]

Ay A=

oﬁ‘.

& AMoEA Pah=FE YAEe] EaE o BA 9

dlo

& @+ o

33 3.1.42& 7juolA BAUeREE 23R 42 YEjdA JduES
BT 2417 B¢ sonicationsld @i ABolh of o, AXWHE ARG A
o17] siolol AFER |THe] RHE AmxdmolZ, cl7)o] AFEE B e

smiojth, % 3.1.420] 3¢ 3.1.41ETH:= $53 24 548 HoEE ¢ 5+ 4

oo} e WO E)E o ME, ojutg, ZR4E et Batujo] o
w4t BEE dotroirh 21 3.1.433% 17 3.1 44 BAUE 4 oME, F
5oz A1eside W AAHNZ Adelt. 2% 3142, 29 3143, 1
3.1.448 vt o, %S AR ¥ 3.1.427F 24t A= M 55

o 4 olvh. 2% 3.1.45= 23 3.1.42¢ —E—'&}]—‘g— AR o)t}
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a7 3.1.43 7|zto g HE ElAULR
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2 2 4x17 Azl 0.17m 2Es T3} Ax@nZ 2]
& B8 9 Nz 9z wd B

1 AEY A LA Ao HAd AY =274 Ad

fllo
:‘.2:
%
o,
Ch
)
=
oY,

SApsith 2e Z3 HujA e i o BREos 2AE gt =, 22 ygaw
el ER Flo] gl gl, Eajo] ujx|: Yol wtz WeY FMo] HEE st I

& @ Z(condenser lens), 3z|of] H¥(Fourier transformation)& F HE AAt
ste Ad¥E ste Ad 2% A=A thE WZ(objective lens), zla, tiE
Z(objective lens) Rt E&= Hrjrl ZXFEtell HA| oz F3 oo ¥
2 Sl= gt R T FAL glZ(projector lens)E FAdE o] gl Rz Az}
dulZ = 27 3.2.1. 0] Uehd Za Fo] A, A& WX, dE AR, wiee
=°l7] 21T o2 718 Tl R Go2 FF ojF 3} KA 445l Arh
7)o Ao ZAIE =(illuninating) Ax} W& HsIA st A=} W 27|
& ZFY 4 U=EE 3= J4 Rl J(condenser aperture), AJHE golA 23z}
St Ae|d 4= Q= AlHAl(specimen chamber), Az} Al A% 2R o8 A
71 At 3E AAY + A= o2 ZA|7|(detector), WA A A} (electron
diffraction pattern)®] & A, E& Y FE MHsle] ZHY ¢+ UEF 3t
& Z2|7f(objective aperture), H|&t Ajo} ¥ A(selected area diffraction)Z

el "=of o A Hrid Aol o F9E A9 = A st= T =

AL
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Wy oY L‘LJ e [

(source) —— (high voltage)

e — o=
(aperture) (anode)
E ol aA=
& Y= — S o
(cond enser lens) (double lens)
ANE —
(specimen)
(objecﬁve%m) (ape rttlxr g)
=2l
—— (aperturc)
Z2H ™AL A=
(intermediate

electron lens)-

(pro_;ector ens)

___Fs_ Ab
(fnslimege) =3} M%) o
(electron optical system)

23 3.2.1. %3} Az Wy 2z,
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7f(intermediate aperture)2t, 42t HAYE 7|8Y 4 Qe 71§ #x] Fo|] £7}

o} glct.

A =of alrt

T2 Az duFelde F3 ol npsiA 2 4% depHEE ARESHA]
T 7t "HepdEo A v FAE ol&shA] a1 He|Rl(hairpin) FelY 7t
Ul EofA e Y& AR} enission electron)E o]-&3ict, BAR HHE
oA Hrt o gi o 2 UE A7 sl dole “o’é ARE 27 il
o 34(work function)7} W2 stels #ApE.ajo] =(lanthanum hexaboride, LaB6)
& F2 AT 37 3.2.2. 048 Zo] WElHEE U2 A= 2-%e 9
St WYE $E(Vehnelt cylinder)& XU <alo i <wiut BEo Hto]

(=]
=

Ze e ¥3(anode)d] 22 FHE AUHEA, HE Axls WAl FAF AR &
%3

2
X
o
L]

o] 20 keV¥] AURE, EE EAE 1Y T3 A=} Bu|FoAet &
o] & MeVe] oA E s ™t

o] 7t&4H Hxt W& H3 ol HA AU 4H(convergent) Zt& ZHstA 3t
3 E U] 37E 2Fse 9EE ste F2 F F o1y <& PE(condenser
lens)® 4% ZXWA(illurination system)& 2|1} A|Hof] =WstA Hcf E3
of & 7/ A& HzT Y REA= AlHo ¥A= A=} 1Y FAHtilting)
2} o]}%(translation)o] 7Vs3t=s & Fr}

A2t @ulB2 oA e d=T o] Hol gledl, Axp @nlp d=E Az}
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AE o]&3fA TwESojzict Aal:= AHSIE W dxjolBE A AA(electrostatic
field)\} 2} Al (magnetic field)E o] &3le] Az}e] olF HEE WiAZ £ Ath
a8eg, B3 Azl dojg R JdAE Axtes AxPA AR 9sie] M=o

2t HolZ e A=RE AA

BN
X,
2
Vsl
e,
+
¥
hy
et
I 12
¥,
rlr
fin
e
=,
>
oo
i)
rr
2

& o|&3te] wter) Telx, ¥ Fu|ZF Az} Hol
FL dze Az &9, & FU £ SHoA vz 2 oy S Ao
ol qrh &, Azl du|RY A=E F3 dn|7 =BT} of 104 v ¢f vhwch

AFAolE AEE Ya wiz|7h Helshy W Fols IF Lt RAEHES
Heol, Al® XA ) £ AWE dshs AP F2E J|EolA 13, WH 99L=
ANHE ol F3la, AW W7, Jid, AR, At g 5& JhesiAl st #
X Eo] glon, AHo| B F ode] A UEF 37 gl AA L2 Y243}
= Yz Ax To| HiEo gttt AWE AFAEoE BHASI] A= AR
ZE(drifting)o] 2nm/sec o|3tE Al A th7t JIAH LS Qrgsiolol Tt Al
H F9lole AW Axiete] BE 2olA 47l A=t wE ARSI AR o
4 2277t $ase] ok

A|H-& At AR} 3@ AHdiffraction pattern)3} AH(imaging)& WEW ¥ A

o F7 dzeh T A=Eo] ool HriY AN & BT ol okl A

(objective lens), $A} @lZ(projector lens), ®% It 5 @ Hist AAZ 3

HEle) otk ShAIT o WY AAlM Qolubxm gt RE WAL Fal I
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(electron wave), A]H(object), R sPUIZ ZAH 3shLte chast 1

i)
lo
b

o H
>

¥ 4 gled, 37o] Oy 3.2.3.0lth. 34 £EME UZoln] Mo

Y HEEe EAOlL, 1 $Zo AZ, Fub xA

rd

H(back focal plane), 12|31

o¥
)
=
=3
o)
[1,0)
[0}
e
o)
o]
®
2
N
-
&,
N
==
O
—_—
™
—_

UL 4 W(inage plane)oll Al A& THEC) oldA Zulg =% AxjSuro s

L

Folzl Ao] Aok Af(bright-field image)olt}. 2], Almlo] AR #AL A
Ve AHHo2 wfd™ AzH(lattice) T T glovg Axte] W7t Ag| d9t
A=} m}(electron wave)?| u}A of whel BefI(Bragg) B2, nA=2dsinf;
(A71M ne Foli, fps #A W 3H A= 71 Zx)of ot 2050
A0 F2 AAd2} &d A=t e ztx) wel 23 3.2.3. 004 AHos
EX " 3E Y(beam)o] oA EI o] W(bean)5& 2B W(focal plane) ]2

ZHolAM =F "Hold Aslol HES UEA HEu o HEBo| ulz sy

(electron diffraction pattern)g =t HEZo|t}

HE FE UEEA 2F 98 Ad ARAEE B 4 HojlA AN vzl o) 7]
oftrh. T 2 oAl Za](aperture) 2 $3} M} WUgk ZASEE slo] A
< THEH FA|o} A(bright-field image)o] I, ZINE 20,05 HAY w

Tto g A& W ¢ajob AH(dark-field image)o] ® T} 28] 1, vl 23 2 23|
E 5y g4 Y BREE AMESte] F2 w3 34 W] 7k (interference)
£ Q1% 914 AHphase difference)® #to] wEo] A& st pEs|s =3}
Az}t #o]Z AH(high-resolution TEM image)o] St}

HMAZE AUAL ole EXlof tigt BRI ARE Faisle] Tk xH wHolMe 3
ol ®a o] HAEYe FEI 4 W(inage plane)ol A& TIA] Abo] Hrh, & 4l

& ZHreal space)?] EX|(object) Ex AW Eglof WE(Fourier transform)L
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& ¥4 W(diffraction plane)ol A 3] HA = Zzlof L7HFourier space ) of] A]
®] oA AH(reciprocal lattice)7} E31, o] FHHAL T} —%‘—8101] Ho] Eof 4}
*(image plane), & A-FZHreal space)ol A Ato] Hr} = o] A9l (ideal) sz
AolMde SA(EE AH)7F 2 4o vehtA "} AEss T3 Hx @
mZ gellME uiE o] & olgsty AAS stk 2wy
(aberration)7} HBITET} 3loy ofF ulo|4Ael A=A =w HujAe Lajs

of Wolz|A o] dx} widE & 4 ¢A Heh

Ll izl oy

2

O3 3.2.4.& 929 48 B FL Folrl. Axtd(source)ol A W&

&2 7 FH(spherical wave)EA Ao g WA Urtm, Eajo] HaystA Aat

[N
i

HA Rt six|qt =] x4 WH(focal plane)o] T}¢d(source)S Tu =l

UL AAEL FYSA AWINEE ANES Bl FRsA YA AL £

3%

th olAE BAold Fache Aud Wold AN Bajo] wrt HusinA

= oj 7l =
e "old ¥ wWold dolUnE thE A= glols A %:,Lz}ow way 4+
frh. 2eiu, 2% 3.2.4. 0042 2ol BAE AU A WastA Wsists A

THelectron wave)oll thE AZE T EAMA wzd szt

o
by

dg Fouold 2H WoE TojBolk aol' tE Aze oot}
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MA@
(electroh source)

wi

o
By

e g A= 25 e = sy o
(focal plane of (condenser lens) (object) (objective lens) (diffraction plane)
condenser lens)

P
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Axr "ol #AAH(diffraction pattern)3} A image)

flo
N,
o
01'
2L
rlr
M,
)
2]
=

(electron wave)®} EA[2te] 4% 2o 23] AAHT ARE iz mpdz) 34
37t o Aelg z2Aste 98-S Yt
Aol U2 THE o] &3t HAA Ey4e USE AL = Bz
(objective lens)s= @o|ZolA 713 F4alo] & s=olr} o] ﬁH%%ﬂZﬁOﬂ Lo 2]
Z9} Aapget FAE Fobs) BE, o3t g

Fopgetdngoe 033 24 J5e st oEAxA A3, Aol % A

3 HdE EAof] ZWEsl=(illuminating) <43 =(condenser lens), tj&slxz
Ho 2= Hrfrt zFytel HA gong 22 Hrjsts L st ygA= =
€ FARIZ(projector lens)ol, & W& e UE B So] 7=l gt}

FHEOF A fAlstA, FRAzdo R E AL 4L el gEAzI}
3L, 7)o FE3t YT WS AW 2P FE= ALAZ, thes] vl I
A &ol7]l 213t A8 7Y F73Z(internediate lens) Y FAlI =9}, HXE u
E+= Az} (electron source) o] 715 o] glt}.

=, z}aln]ﬁoﬂ;q‘— el E(filament)oll A U2 ¥} Aapd2 z1¢tel] o)
7r&Ee] Al —‘15-34?5}71011 SR CUAE Heth A dol ol FAY B4

ZHEEE AL 37|& ZASA Y& o]5(translation)d} 7]
EY(tilting) 4 AEF sFEc}. el A< =z 7i(condenser aperture)”} ¢lo]
Axgn|Fole ABE YoM zsn AHl¥ 4+ & AWM (specimen

chamber)o] o131, Mztsh Aol HTHEOET AHylE Aatst BE AAY 4 2

rr

o A7V SFEX7I7E Al Tl Fabx]o} glch



of A7l= A dAE Mulsts] ¢Js] thE Z2] 7 (objective aperture)7}
Fetzddoel olvk Jeln iBURY Adel Arle £Y Qi Q¥ gde A
Eisty] 918l A|gtrlof ze|sf(selected area aperture i Z7F Zg|7))7} Abdof
otk

Bl x

AzrAn G d=2e] ARE 2P 2 A= 2FARE 2HY 4 grh

mretA Aldolut Yt Odje £ A= xFALE ARE Al Yuut

44
1
-~
o
ot
1
o
o
&
2
r
W
N
=
u
A
N
N

of Uthtes Aol HAdAte] 23& 23% +

Az Wn B W=7} ol A Azehw, AZo| Soi FRIL 100% AE TH
RAZ  old” otk It MA  HFZReME, PH  SXH(spherical

aberration), A <X} chromatic aberration), B|Z $x}o} L ;M=o 43}

BN

(aberration)t} ®RE A (defocus), 7% HZLU & Re|7(objective aperture),
8 ZH(convergence angle)3} 2 g 4¥ ol Szt FHE 100% ¢} At
stz & gic),

AA Hzo Mol ol BAHAEE £HYYor I 2stel, oA A ¢

“F(microscope transfer function) T( dgk., Jk,)E AHE3Icl FHo]ZF A g+=

Z2] 273 w(focal plane)ol Q&= EA|e] F+ Fubg(spatial frequency)E A4

L

2= dup} F43] ddst= AE Ve = 4TS L
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(1) &¥x23A(defocus)

Y2 (defocus)o] A 3h= die Al 71A] #hdo] oluh. ZFo| Bre Atefol A

HA HzolM EAN7IA Azl aF WA 3}

ra
nf
P
n%
2
A
i
[J
O
o
[>
{4
r\‘U
o

w30 A=l Y7IAe] Agl bE WA etz AR xHo] wxHol o

Ch R "=o] 23 Azl & WA = gxdo] Ak Jau, o] A 7Al:

(3.2.1)
i ME AU gojA, 4 H(image plane)7tR| 8] Ael7} AbutZ WY uf =
Z2] xF A WE gfe=

Af54b§ (3.2.2)

L8 F po Wi fo] HIE HBAY 4 9lrh ad] W3 44

Aféda§ (3.2.3)
o2 EANY 4 gt
AMMtE 2P E 49 T2 E4(transnission function)& gxE Azld =
+ 2 f ©E o JA¥ste] wEolx| e molBE g AH(defocus)H EA T3}
e 2 22 T @b Zdd AvprK(Fresnel propagator)E EEFA
(convolution)3}o]
¢ alx, ) =¢o(x, y)*P 4(x, ¥) (3.2.4)

E Yepdct dnjZd A $4(microscope transfer function): 27t = 31A

- 140 -



FAAM EAIH FeolBmZ 9] Aol o WS Fajof WHHsIH

4 (dky, Ak)= 9,(4k,, Ak) P 4(dk,, Ak,) (3.2.5)
olz, o] uf =Z#\d Hz}R}(Fresnel propagator)?] Fejof H¥o] Hu|Z AY 3¢
Foltt, webA, "2F 4o #HnF dAd e

2 2
T(4k,, 4k,)=exp —27rz’AAf(M ) (3.2.6)

2 kS gk $42l 9]/ (phase) HEE LEhdlTh

(2) 3+ 4=x}(spherical aberration)

dze) AL zs} BAE 4o duh} FAsHA AAAIE AE Ueh) F

slZ 4=x}(lens aberration)® EAJZIcE Ad 283t A= £x19] shvs 3w

fr

4XH(spherical aberration)Qldll, o] A& Fo]j oW A 37} A= F4 A
Ex FF0A oH Z=E JIXAL st EA T Aol A H(image plane)
3t Hog ZAyol  F9, ¥ 3.2.5.04 Ueld Zz} Po] o] e 2
A% F3YE=E Yehls A& Bt FE5S el dAsle W(bean)& 323
£ u, o] Z=E 3AF Zo st HAx dReM o F AxE FHAste AR
= Rz AAU A osf o o] FEo] Hol M= XFHET} WARoAM F
Aol o 7i7kE Aol Z2Fol WEoATE. 2eiA, 4 W(image plane) 49 ¥ 3

o] Hx|A Heo EE= 3uk(disc of confusion)E wWETE ZEE ub(disc of

).

confusion)®] ¥IZ L Atgl Zto] u]Hgict, o] YuH(disc)e] =77} =9 #3ls
(resolution limit)e] ¥t H =7} Hrl A HojlA L& EA 9] HollA] dut 37]
2 Fxlstd, BA e EF {ute] iR

S&r=C,6° (3.2.7)
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IM dr
| t
= ‘ e = EE dE teA AW
(object) (objective lens) (disc of confusion) (Gaussian image plane)

a9 3.2.5. ¥ $x4}
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2 ‘ "k! 3. 2. 8

oli, FH A7t ol RN Yz Hol HAL oY A Y4

T(4k,, 4dk,) = exp(iy)
2 4 2.9
_ exp{znz‘(—z;fx% + csﬁi—)—ﬂk )} (3.2.9)

(3) 4 4=x}(chromatic aberration)

tiE WZ(objective lens)®] AF iodlH B4t Fiel H7d T 23y Ea
(spread in focus) ¢ f7} A7|A 3 E3 A=} #o|ZH 2] 714 AU (acceleration
voltage) V.ol WE o7t A7 Azt oy HEFo] dojirt, wietd, t}
£ oUxE AY FAES TS TPS ARES 37 3.2.6.3 Po] A= TIE

Mol 28& wHETh EY HepEoA U AXAEE oy 241 JUE Adck

-~

2L ofyz] 4 SUE AT 2 4 o fe the 2ot

Sf = CC{(%)ZM(

B,

1/2
2, oU~2l
7 )+ )} =/ (3.2.10)

A71M CG= M 2} Al4=(chromatic aberration coefficient)o]C},

gtoll o] ¥z (defocus)} I $2}(spherical aberration)o]] &3] 71L& ¢

- 143 -



3% 3.2.6. N A
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A A= Al 7hof wlel EHst= ZQld] d|s] A 42} (chromatic aberration)ol 23|

(r

A7 214 Ak Azt mhet Eein A% WRTh A $ajo o) 27 e
AUAE AU ARE 2zo] A +247} ol A7 4 BEIL o] A5l Az
AUxle] RE @4ol wel NS T YAA HF 4 FHUTIL AZs,

A bl og Z2me] W PSS A

X (Gaussian distribution)E 3JIE2ZE

r-lr:

o]ZAE& #Hu|Z AY ¥4=(microscope transfer function)ES Y= ZHEZ(damping)

2 nhEcr), ulelr, o) AY $4(microscope transfer function)s

—>

T(4k) = exp[——ﬁ?fﬂel]=exp{—%ﬁz(8/)2/12(dk)4} (3.2.11)

2 AP ol 2 4k ol shgshs FRE AolM e Azl AR & 4
o BT FRE oujstn] 2t WAt U7} 2E Ae WEJ| 8] ol o
o A 1A glo] We|A He FRolth

(4) &8 sl2 = & Rz 7)(obfective aperture)

Hul Ao g BFog ReJ)(aperture)E 24 EHEd XReE AHE5HH

Za|7) % FARE Asiz] BitA oz A= s (resolution limit)S

AstA 71 A "ot g, B 2719 27} ohd AAY {3 H=2x FAA L
< BEE XutiA HEE 73 A7) AR {T 2718 A= gt =2

e e Az B e g3}E Jepdch Ze2|7f ¥4(aperture function)E
pdx, y)etz ¥ of, Ze7t de WuBH Held dE F(microscope
transfer function)E Ze|7/l §4=2 Felof HWIHo|RZ

T4k = $,(dky, Aky) (3.2.12)

ol Ze|7/rt 2l ©@xA(defocus) W T 4 X}(spherical aberration)&} A =
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fr
L

(chromatic aberration)”} ¢} Z2] #HulH AHY §r(microscope transfer

function)+=

T(dh) = B.(dRexoliddbexo(~F anBHan’)  (3.2.13)

— 2 4
rx(Ak)=27r{—AfAi2kL+CsA3 . } (3.2.14)

o|t}.
(5) 48 Z}(convergence angle)

o}

A5 =% o]® AL E¥(Gaussian distribution)E AUl ot olg}

AA A= Alge] Aty of BF £3o2q dashs A AL Yatshe

£

flo

ol A4 BEEE slAn YAste FAEE E TE 7 (dawping) §4E WHET)
D:}E}*-], o] 43S HnlH Ay ¥4 (microscope transfer function)B =
- 2
(4R =exp|~ =& (adh+ CA2KY] (3.2.15)

2 EAFgT) 7oA e 2F UL B £8 4o E <4 2| (condenser
aperture)®] A7|& AW 4] & HoZ AL uf 7HEo] A= utzolr}, o g
HET YAt Mg ZZbo] st sty A4S gAstedl s EXo ulg
TFEAE delste] ©T Zol HF o] HI gk ol E Rof sl AR F
AF oA 22 Al ulAgt 4 BRI A dA ¢ Ao whal Abetzch ulel
A, & o8 At £ ZF ££& AYUe d@2 #dn)E A Y<4(nicroscope

transfer function)=
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T4 = 3 ,(JF)exp{ z'x(ﬁe))exp{ - % 7r2(6f)2/‘12(dk)4}exp(— ﬁ—j—; 2)(3.2.16)

o]aL of 7] A
- 2
x(Ak)=2n[—AfAi4—2—’?L+c¢3 {fz} (3.2.14)
o]_';w_
g=(—AAdk+ CA34k>)* (3.2.17)
olt}.

4 wzke] 7l B Folu N Anel 2o wldRE, 47 e

A%e FAZAA HE F Ee HE ity 3718 SHsE & + s

O 3.2.7.004 98 A=27 US of T2 A= d follA FFA 22 Az
of Ul el A x,_x’, y, yol th EA ¢1 & F 471 A4S ¥ of A& A

U BHE Aol 2dol WA Hrh A a7 Aze] FAolA x2t g Az

fr

Atgt zho] e y AL AU Aol € uf 4%l 2ol %A He BF

32
fr
Y

2

>,
2
X
rr
rOI‘
m
2,
o'
o
£
ox.
4

olXdEe ol HA EE «it& wEA Hrh

2

(o]
S Mo
o
m

] 18 4xtetz stz AX AnjRF Y R F ¥ A(pole-piece)?] 3}
7t FUstA] BAU E mA FHol 48 thAe] =HA ReiAU £e 2 A
A3}7h FAol(charging) ¥ of &tk

a8y, o] e ofE exjet Wl "nZF Y uE £A B IU(stigmator)
2 Apgstod A s g 4 vk WA g4 vwe] gt Fe UL o
2 A3 ] Tashd o] spatatelo] Tald FFY(Fresnel fringe)rt #ARCL

o] ER7t ZE Wl ohsl wBgel glol F Ushtes 23e shd wd 4

- 147 -



Ukl & a9,

B HE

Mz o

a3y 3.2.7.
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A5 g 4 olch = vRAE A vute] 9y FERIAES o] &8t AollA o

78ol&o] ¢ Wydol glol UBlUES xdste vl £a& ¢gd & Uth F

g A7V AREE AMESt] wIRA A A Aeste] HAYE d9g o HA
Aol wld 27t glod el FE uvehds ol 833 4% o] HES =23

Az Folles Azt AJagog o]Ffoj AxtdnY ZF(colum), A

]

et A|lAvlE zAsHe AlZIg Aol AU F&(console), AAtHu| o
o b= o

&o] Wost AYS T2t AL ZF7(povwer supply), AA T2 IFE #

ol
rr
g

1.3

Hetylg ZAE 39 ZFAX|(high voltage generator),

o

e Boa X
o d

ZsHe AZPE x| (vacuun pumping system), XA WPste A& Woshe
48zt 3| (water chiller) Fo] =85l et

1ge) NS WA WSS T ATUZ Ax, ALIZ FA L Tl
A71E ol ABATE, BT ol T Aelvt HES FEY AT A
gl &, i%dl*i AF A71S D=9} WH(valve)d 2E BEf Fol ek IFX
Aol A 319 h—% YAANAE F2 2] AP

28 B 2308 A g W2 AP g2 AYgo® HE MM wAF

2 gt dulFeld FPe AL A Z2E utet ZF W SloM of
HWBEL R, & AxFolA Alzsle] FARZAA oiXE £AR sl & 44X
2 gtk wy oldFe PP ¥ F 9F ¥PL Yokl 1 T ol thAl B

& 3fof grh
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) AAF

rlo

AAE2 AEA2Y glof olon AxE WAdste 8 Pob owt A7} 2
PeltlEs] Tol WESHA ol YUtk AW HAY UNEoHE ol Wi
(thermionic emission)& ©o]&3lo] A=LE WAt}

LaBs HelHlEolxs Ha¥  depHEe] steld @il Eelo] =(lanthanum
hexaboride) A& &o] 7|0l Hol& WEE HxE WA 7t}

gol2 &AM YeHNEE Jtdste A2 HIAHE o 91% A7 A
(work function)®EtT} o] & ofUx], & du|Z HF IF {22 W&o| I
T AUAE ZEF 517 AT Holrh. HeWIE FFste ARE A F71
A7IE wEste Az += FA FUIHA "ok 2y dad £ s Aty
71 A2 Hol AFE ©l FVHIAE AR 7t AL Z7slA] = Aol
U EE: X3 (saturation)E iclia gtc},

YeldE ul2 ofejoji 02 ulojo]AH (biased) UFS TelS(grid) HYL
= WY E {98 (Wehenelt cylinder)o] Qltt, WWE QFof B}‘°l°l-é(bias)—§~ -]

T UepEoA wad A FoA £zt ZedAM oux|st ot =izt
olefF AWoZ Yerhe A& HolFo] HUE dFo] dF9 A dYe 31A 9
th AAtgnZoMe detHEY g2 EE0l HUE UFof AelE vlojoja
£ 24325 ®of glth

et EE YT whe] Jtdstd dF4os WeplErt &) 4ok 53
LaBs 232 dFZo] oFsty] widol M3 stdsfiol gcl. =3 WIAHNEE o
7tEstd o wolA|7]= st} HeRIES +¥& A HHAIEE X3 ol

A HeES ARgStojof i)
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(7h) HEE A3 71dsto ol £Fo olEA = ¥ute] WeiHEy
2eo] Uehdtl, AAs) AFE F7IA7A $Hs =W

Fe ABE oS T ol WelHNEY AFRE 2P

(W) HeHEZ 233 olgel e Aejod Heimi=Ee 24 2F Ua}
(centering control)& Alg-3lo], 3 AUuto] Hol el EL TLo| Folo] vt
BE UehHAM £ EF(halo)o] the] HEE xAsicl HUEE cjy

[«]
[=h=1%
A3 Ts AT VEW T TF AH FAEL FY9 W Hol AR

(th ThA E3hd oldlE WelEe] ARE ZAW ThE, uloldAE AW 23
stof Welrl=el mofo] 3t Aleist HES Yok WellEe] AF B uolojx
o Z2UT WehNEE T 4 Utk HlololAE ZEse] WUE YFOE G
Be AR AUsA Slol WeEs} o wolxw Aol usts el ou
A 237} O WelxA Bl YehNEs} B3 o5t Al FAHEF Hjolof

Ao WehuEe] AFE 2 Erh

~
oy
A
e
[N

duZe) BN A= olelol BE T B&A=S Atk FAY A&
Zg olgsid Algol wlAE Az o5t U F1271E wind dA =Y
4 gtk A9s) A4A=E Wehis A=A Aol AL Fol HEE st W

& Eolt 4SS 33, FHH Y&KAZE o] Hol oy AV HUFHEF sty
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ZAsts HEE Trh wlebM oW wig o] oA

i

)iy

iy

oF
.mo
N
wr
1

Bo

2} Z

&)

Al o]l

®/

-~
_-0

7o

=

o](coarse focus control)@} o] A

Elr 4
LU = |

z4

SEX

»

o

(illumination spot)o] HEE

=2

3t

1

EA Q¥ (crossover)Zt dojite 2] #e

AHg5}q

}o](translator control)Z&

S
=]

offy

FH e Fol BB FHA LAEF Fch

offy

2} H 33 Y (correction coil)

Y (deflection coil)

10°

mr

e JRHE LR AXA

%
glict.

o

=
=

ZAso] u] @43}

2.
=

g ZA I AefellA

B 9

(mp) =

& Husty 1 F4o] 3y Filol HES T} o AFL H

olsted Uy ThYA 2W G FAlol ¥

X
=
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() F& zeNY & dFe FdAA oA 3

(over-focusing) ¥E+= & X3 (under-focusing)

ze|70Y Zol

g
ZH

1

T}

-

W

3} dAst=

AxAu R 24

A "t

=
=

2 3t} EoluAY &

o]

zeHe F

<
ZB

1

o=

N

N[
)

i
o
ojy

ch

HeES] 2

2
T

gtk o] wf 2ol gt

Fol MY 2e Ho] U=
(7holMe] 2718t cheA Bk,

B4

” o
&

E

1<

THA|

g U= HEW ke,

o

=2

Iz

(zh) #lell = (Ah=t (oh) 8] ABE =HEolst A 3

Hel 3718 WA o 2WPo| Ag AT 222 olofo T},

ARE 27 sH Y4E 27|t (vagnetic field)o] o 73 A=e) 2HA

2|7 o Fopxich
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ARE 2okl w4 olvh Wz AIoKY Gold EFIE WAk Ly

(helical)?] Z& uwlgl 7j2g ==X9] w&& vlEA =4 a‘i_yl-n}oﬂ A7l Abo]

HAstA ok A A Aol HA FAE dotry] -rlSH HA 4=8 %
d AES AHs] EFste RS HA

3] o3 lojof Firh ufgo wE Y ¥
il

E A (rotation calibration)o]g}il 3t}

o

=}

&S vl Aol ALY dojuhx] = AAHuAE gol 1911:}. ojd F o

2 83 glol 397 wiRo

YoUpA] ehi(rotation free) ®ulZolME A4l 10° kel 2 3lHo] aojuh

B2 3R} 5l A=E 5] fiMe HH B3e o F& 2] Frh

(1) TRl Ta W AU Uur AL Agslo] W] el A

2¥g BYs| Lok Bz 2 2y 23 Wl Abgstel A=
A A2H L FF2H0E wiPHEA AHe] Q= oy sty THE
ZogA wash 2E 32 okl flol A @ Tel=u AR e
Ao ALY o] T Zd &5 (Fresnel fringe)7} UEehddch tEA= 23

23 £Hol2 T ERJ} AAIES sol 28e wach

(Th Al® B = AU Yo s Zo|n Saze] ARE Ze w, Bz

o] 7Hg=Ate] A e = BE

™

W, 2 HtEA o} glejop & nel=

to] Eojx] 9l #lFM(pincushion)olt} vjd T E&l (barrel distortion)o] Q&=
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o}, 235 (resolution)

(1) 78 %3ke} #7380 23 Lol

HA Bilsd =003ty dof ze|sfel A= A7jete] UAE HBste ol

g stet.

fir
2
N
o

3

3% 32,8014 Y &S AU PUU 279 9=2F AY 3}
27 woj ol Zalzlol olal Aol Heul, zelAel 2o s) A=el FA
M T WA ol FE EE 4 Fo] FAo| Hu A=e A/E ARY

A

th f% dzs Bl Azo4 o Wzel ¥u 23 W & Felo Il 7}

s ZeAE E AT T med, 9 279 dzs 2y 379 dAzelct

Az ¥y 23 Wel A=e Azlel RTE s zaAS Felvkn AAsH
Hrl

83 sl=o] ALY Ea Aol ¥t A F e}l It oA A ol AAfo] H

Lz Asrd oS3 gl 4Rt 425 golx o] Zt=rt g o O¥ 3.2.8.
of A

k=K sin 6= ksin 0= ‘51/1“‘9 (3.2.18)

mE 7z BW & Folof Bl of FHel zelAel WAL
Adk= ksin g (3.2.19)

olth. I 3.2.9.(a)oll M2t ol Ak BN F AEAE AHEs}e o] ZEAE
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7~
e-eé—e—e-e-e—-—-——

~k
|
¢
k ‘2
] $
\
¢ \
3
[}
?
°
°
¢
[ 7HE =210 I
! : (imaginary aperture) !
! ! .
EA Fad= ke g il
(object) (lens) (back focal plane)’ (image plane)

%l 3.2.8. xEJhet A= Ir|ete] HAE U FE I¥
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N

P A R [

1

0.61 (= 0.611 )
ksing sinQ

(@

3% 3.2.9. (a) 9F=} FPeA F HARAE A&t UEhd 2270
(b) (a)ollAe] Ze|7fof thgt A-F3telre] e EX.

(c) dlde] VAE HEMFE I3,
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—>

XY £ ok o] zeJiY T3} Age dk FUAA

1, 4k, <dk= ksiné

$(AB) = ¢(dk,, Ak y)= 0. Jb>db= ksin 6 (3.2.20)

olch. AZIM kSt Ak, Ak BTN F HEAZ BT LR o r 423

6 ‘dwolth 4 "HolM A me] Are Felof Fe] £ $+E Felo H
Bl dojr2R

Wr, 6= [ p(dBexp{—2ridk- PNadh (3.2.21)

W7, 0)=n|aup-L2E720) (3.2.22)

2nrdk

ojtt. o] ZY Zx FXE ¥ ¥ 3.2.9.(b)o M} o] AFTeA vEF o]

r=08La  oojei(airy) Wme mEL A WM P Haot

0.61 _ _0.61 _ 0.61A _0.61 ., -
=4k T ksing — sing 1 ST H& Al HE = o] Mt} o

SR, BAl dold Wel Y42 BAPE ¢ L A Zo| 93 /T 279

A=E ALt AL shd A4 oy wge] »=-Lb8 o1 oojei(airy) @
H(disc)E WEA ¥Hrl

T BN o] E OIS wE} R4 FAEHE @ Ho] EAY uf o] o4 A
x Aol oole] TS TEA Hr} B At £ Ho| A AL stA Hw

A2 dollA o] z Aol sigste ofloje] dxto] H

st
X
rd
fijo
o
,
rin
iul
-n
=2
2

o] A2ste] ¥ oofloj] e Wl FEe 4 Hol TIE Y

-
o e
1]

_%_
b A3 gel I 3.2.9.(c)sh Zol YAY WE 4 AN F B T8

ol WAZL Wi 47D o] VAS HAS Astd WE Bajse @

it
+

Az #del $A(Rayleigh limit)ef #rch o] wf £ 23X *}Ol-‘ll A&
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0.61 _ 0.614

= e g Ol T 379 W22 A7l HA Rese uAE
_ 0.614
Or="ging (3.2.23)

2 EAZIT) 0|2 xe|viel HA 3] TtEo] M ZolB= xedf Ee A
B3 (diffraction resolution limit)o]g}sl it}

A AdollA el Y42 FEAShE FL T A7 e A2 A H(inage
plane)oflA Z& HREE UBhA Hrh 4 "HollA & Y3H(disc of confusion)
< BN HolM 3t 2712 BAstE, A He] 5 dute] RS

or=C,6° (3.2.24)

ol Gt FH 4x} A4(spherical aberration coefficient)Qltl]l Az} =lZofA

(r

F2 4 m FEFE Apolth RS A% o}F N A 3o ure}
Heth FE 43 A4 lmdd Aze] 4 Hold xt HH E3hs r=0.1mE

dosid 9 Aol A dEs

< (X )"3 (A0 my 5007 rad=0.3° (3.2.25)

107°m
olojo} with oldl ZAL WEAIN st Azo] Yalste WY ZEE

5%107rad(0.3°) o|3t2 ATslr] AshA A=e) T 2 wWol 2 thE zals

e

(objective aperture)& AHEshed], T3] YArtsEls AxP7L Wxle]] &3) Atgtol
Y oo Az o RELS 1° njgy] Z=2 AgtEER, abtd Az upe] FEJF 3
thA] iRl ket AA dE zesle W2 2F o dled xEA
(aperture) 7t 2 W (focal plane)old THE ARstad BAl 48 BE Hold B
23} o' Ztx o4 o A= mE AT Z ul&e TEY] fAME o
& 3 Z(objective lens)ol HIZH JI7hE 4 mm Azlo] EAE FA EHed 4=

t A ZAF glenz o] Ao xeJle A77t AR A& & £
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g7i7t SAE ¥ 2mn 2 HolA Urhd ReERY RF 2
¥ apertuve=(2 mm) X (5x10 73 rad) =10 "% mm= 10 xm
o|c}.

Z &7 (aperture)= AZ7t +3A%te A AR F A Zto] dX 3k ol 3

(1

Agrsteg EAY F3} ¥4 IxHhigh order) Felof HEE AYA|Ach.

a8 B, Ze|sl(aperture)E AHESHE AS ENe U AU BEof izt AR

i
4o
i
il
2
He
2
off

o] Ljux|A Mt} Zel7/l:= HARHreciprocal lattice) 23t

P
mt
o

& (focal plane)ollq 23 F9lo| dF FIolMrt M7t Fad
T UEE 3l S ¥tk AZAe} AR FA2 FF o WAl glem= o
AR FelM 227t el e BRE Adste A2 "al%zioﬂ*i ofF u A%t
BEE Qo 2zt Zrh. ZFolA Hef1(Brage) 3dE W(bean)S HH W

A=} WE|(general reciprocal lattice vector) gwm © AW Z+F

| &l = Udw OIS AAzIA (hkl} ® 2ALS Fold Zolch wl zely
2 3A W (bean)HT} Wo] QL B WE MTsE AN (2200 W AR
T o mAg ARE Qg 4 th zaAt Ausie ZEE ol AL Zmolm

2, sinf=67t =Ho ze7it HAo] g8 L2

o] Hrt}
T 4}(spherical aberration)e] &J¥t ezt FHAH 3 FsleS A
Ztxo whel A2 uit)g HEkch 918 F 7 R Hsko &gt £ Esls(resolution

limit)e] &

6r=[(0.614)+(C,6H%"” (3.2.28)
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ola, # grol A7t € wf J1F 2 2

o{r
=~
(0]
wn
e,
j
hy
o
5
g
[
o
e
rr
Y,
2
2

Tebd, GF =00] H& 4S8 AW, ol wel AE 6'=0.77-Cyrelch
o] Zt= Zt& U Alof tiYstd Hd L2 T F LY

or=0.91(CA%) (3.2.29)
& ¢S + Utk ¢ AL Ay HH W 3 A4 (spherical aberration
coefficient)7} 22 #ZRE AMEstH Ealso] F4HE o & stk £ 715

A &l 3 ol HOHEE oa] Ralso] PaHTh Base FH £3
A4e) 174 ol WeAStL Tgel 3/4 gol MR TS Folt R £1
A4S Zol Ezbuch WA At} of Zol YL &Al sl &

AEHS 3¢ Hx} #HuolZ(high-resolution high-voltage electron

Ju

)

_,_.
rr

microscope)?] 7|2 glgjojt},

AF7RE 23| Az FE i oY Fue AT st @A

(defocus), A 4=x}(chromatic aberration), =¥ ®}Z}(convergence angle)of 2]%t
Bajse ZAsignh. E3 Al 9o XEEE Az}t @3 (probe)] 7] ¥FES
= AL gl whebd, ©HY 73AA

or=[{(87 Y2 +{(87) A +{(87) ) +{(61 I} (3.2.30)

2) H=2x £3) gtA(Scherzer resolution limit)
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el Zhersl HaAz FE 4ald] g Hay AT Azt wxd

(defocus), A1 4=x}(chromatic aberration), 4@

rn:
2
(@]
@]
=3
<
[(])
=3
oa
10}
3
o]
[}
4]
]
o,
[¢]
rlo
—n
>

stk 2 oldl BAT Eel Behsel dug wA A9t wens aye
5 Az} @ujB e FF o] BE L4E5& tf nEstoof gt 1 €
o Aol cigt FH xpe} ©xHe oA3rg FTEAE AW 4 (contrast
transfer function)E TFA|s}3 ZERIAE AdY 342 Arf Jto] 1/e Bt 2

bl

.

F 3l (spatial frequency) B#|7l HlZ == oo 4AE& At Ao
Hg P47t 0o HiE F7 Fuldo] sidsts A2l H=H Bl A (Scherzer
resolution limit)Z

(87) Seherzer=0.66C/* #*/* | (3.2.31)

= gelgth olzie] BY AT MPL Theel Lk T4 A AulB A

(1) FA} A3} W= ZLAHprofected charge density approximation)

s Ao e L3 ¥ A H(Fraunhofer image plane)Ql 7194 A H
(Gaussian image plane)oll of® Az| whg Hojx gle HolAe] gl ozt 23
o] ¥of b A2 Zd(Fresnel) HALCZ ¢]4H(phase) FRE E& + olth

= (defocus) 48] X F(amplitude) BELU ZE X, B3 ¢ & ol &

'~

23 AolA 2 4o WZo] oY Wk AE Urhi & T4e} 2Ho| Ve
7492 4} W (Gaussian image plane)ol Q= el TEFojrt. Aol vt 7t

Sa 4 "ol gt Ae uUshie s ABe uwiE Exe =3 ¥4
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(transmission function)®,
Wx', ¥)=¢(—x", —) (3.2.32)

o|3, B A 3t Ho] ’IRA Afo) wie} A XAt ule] AE WIIE e}

Px', ¥y)=1ik exp(z’}’kdﬂ ex p(ka—x—zZ—fL) ~(3.2.33)

olth 9] Aol M4 a ake) ik exp(z’;lkﬂf) o BAstd wad | gold v}

X

Ae
fr

o] AZ
Hx', y)=o(—x, —y’)*exp(ka—ZAfL) (3.2.34)

oltt. EAE ¢AME s, T3} ffz‘-’f‘-'
| #(x, v)=exp{if(x, v)} (3.2.35)

of thal LEZHE 317 Y2AE HFE Im ujh)o] o 2riz 3hd gxd o

ol o] AFe

Wz, ¥) =eXb{iB(—x' —-y)}=l=exp(27rz}e—2—d7L

—y Y. —
= exp{ip(—x", —¥)I1+ 4”k{ CHC axx )+ A axyz y)}]

= explif(—%, —yW1+5L v2B—x, —)

(3.2.36)

I=9¢" ={1+-F5 g~ —y’)‘}2

(3.2.37)
=144k vip(-x,

-y

oltt. o7]A,
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v2B(x, y) =2k, 2 v V(7

Ve B (3.2. 38)
=—2nk, SV e
ojm, k=ko=1/ Ao]EZ BIZAE HoA 3 A=
~ A48z o(—=x", —V)
=1 2V, . (3.2.39)

2 EARCh o AolA 2R 4o Zeg o vehle e 7 299 AHs
AE p(-x', -y/)olrh. = @n|Zo] 2z =t shut shute] A3t weg 2y
2= ol

+ g FEZ B3s(resolution limit)o] Frhd, Ast dxsl Hur}t g A

Sol vl B X7t Ho 7 YAES FHL 4 UA "ok F Hx Yy

)

Aolld @xte] Ael UE £XE B 4 QA Hol UASS BaY & g I
2

=ul, o] Zo] HiE E3ls T3} A= #HulZA(high-resolution transmission
electron microscopy, HRTEM)®] 7] A} flgjojt}. ¢ Alej wlE2d aBsis &
n7g g2 A=l dnjF e B |, AlHY FA z, @A f, A" U 4z £

=
F 9

i

X (-x', -y’)ol we} WA =He A o 5 )
o AL Ao sidE sz — 0282 313 82—‘3 A o] 2 (proper
differential) dz2 ¥}Em $F & HEslo] B A ‘1‘7/’1] to]] O|EEE

el olFA shd EAY &7 W z=ro] A Y WKL

- - t
¢x, v, D=-exp@ni k, - r)exp[Zm' 2%0 fo WVix, v, 2)dz} (3.2.40)

t
7t Aok 28 A2A Adelre ®AF As, fo Wx, v, 2)dzell Uigt BRE= 4S

t
7= —TAI‘/LVZIO V(_x”_y” 2)dz ‘ (3.2.41)
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‘
o] Hrc}. ¥ szo W—x", —y', 2dz2 EAY FAl A3l YUW=(projected

charge density)& EA[Zr} o] FP A3} Wxo Tyt 2t TRE A L}E}L}

E5 3t7] flshMe dAb AAF Y (bean)d] WS

[1n]

e Ay Fo=7 sjof &
th.
3% 3.2.10.(a)2 %01 T g HAE W ¢, shT dhE Z2A viel &

UYEo] e FPPrd e

it
2,
X
fr
ox
flo
[J
i)
w
[g%]
o

b)e} ol A=W hkie)
F712 Uehhe aolth olzie Felo] gto] ol F Al we A% F e
Wel P42 Azl W27} Flo] WBE rin Azuch £ A W g4

ol Felof MBS cos Yaol7] WBol WY STt xS gy WHLE Hod

Hx', ¥) =f{5(dk+ g hkl)+3(dk gzlml )}exp(-—27rz'kx'd)d(dk)
= exp(2mix’ hk’)+exp(—27rix' gzhkl)
= 2cos (2mx’ g;,k,)
(3.2.42)
ol Hx&
I=4cos*(2nx’ £ hkl)=4cosgzr(—x’—) (3.2.43)
oln Ae ZE EEE 73 3.2.10.(c)8 2ol @ 24 dwd FANE gudl &
2%t Hy3 EFLE Uehd Aot} o] EFHE Fxl &5 A(lattice fringe

image)oletal Rt Aol 10nm njgto]i YA} ol AxpHol F3PstA FHP =
A%l A Yxel E uf &7 Al I FY ¢lAof sigd Holth O
gLl o2 AlE2 ot} £ wiEel FAF WA ot AollAe] Hxt ¢
ek 1 of 18] 3 BAE gl Wl SFH f127 A A& B XA o]
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®

33 3.2.10. (a) ¥ {3 A 9 shust ol E = o 23" A
(b) (a)o} 22L& thE Z2AE ol &ste] & FEE of wEol&

e
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S thE #1171 et

(2) SEAE AY T4(contrast transfer function)@} ¥ T4(envelope

(7)) ZEAE AW ¥4 (contrast transfer function)

Al Az "ol A @7 dAsMe Ay FACE vl ofx, dnd W

[o]
©.
27 ofe 23, sk Aok A2 AR HFHZ A HY FPgol
d

=¢8]
23 Fu|Ae] Fdo] & o] glojof ditl, T} o] ZAL t} AUFslE FL
FEsS o)A AL dr] PEC £L A HolF AL B3 o] A NS

BSA s17] AsiAE, AHON AYlE SRz} wnlFoN A4 Al oW 23
& B oA Aol B NE olBL, AYW Y2FL stefo} k.
Qurgel AME Yt AT ALY 4 QomE of BAe T} Yok

#(x, v)=exp{—u(x, v)}exp{if(x, 3} (3.2.44)

O

131, o]R& eldd] ZF(Taylor series)E HJsIH
H(x, v)=1—pulx, y)+iB(x, y)+ - (3.2.45)

o] "t} olRL Y7l FHHOE wldE & 1A AN I Fuke
#(x) =1— u gcos Qudkx) + iB gcos Qrdkx) + -+ (3.2.46)

7t "k 91 Ao Felof H#2 T4k A7 F3 uz At Ad 2 3

Ay 27
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WEDR) =5 (= 1t 220 (3.2.47)

Rt Asta, A4 delld e mte o Uzt 27y 53 oA mHEojRtta A

Hx) =1+ Ek%( — o+ 18 4) T k) exp 2 ridkx)

=1+ Ek—%—(-,udﬁz'BAk)eXD(ix)exp(eriAkx) (3.2.48)

=1+(—u g+ iB g)exp(ix) cos @rndkx)
=1+(—u 4+ 18 ) cos x+ isinx) cos (2xdkx)

ola, & HolM ute] HEg Aalsid

I = §(x)¢" (x)

=1~ 2008 2(dR) 1 ucos (dhe) — 2sin 7 AR)B gycos @) + -+ >+ - 49)

olth. H714 AFE Uehle U p4(x)8] Yol e AR cosy(d)E 29
AEE 2 7= duht # Ads) F& A& dehie A=z, AZ ZEgga
E 3¢ ¥<(amplitude contrast transfer function, ACTF)2}3L 3}i, Exj¢ ¢
A Ba(x)] ol Qe AR sinydh)S EANY AL 4o ZH=of dup} 3
Ads) F& AAE UehiEs AAlE, 94 ZEGLE AyY §4(phase contrast

transfer function, PCTF)2}3L Blt}, o 7]A] $J4} ZEERIAE Ag &=

. 2 4
sin y(dk) = sin[27r{ _ Af,iié’—sz + CSA3—(A—4kL}] (3.2.50)

o1, mEsls Mzt VB Aolds BAY 4 olgsle] ANHEZ of gat
ZEelAE WY Y47t ol Fosith of sy EENAE JY ot dold

o] =7t ASl(potential) 7t Y LE = Qo) Yol E ZANEE Ux

——t

o Sixold Felmct AA Hrh A ©st -lol® 4o ZEot U del 28

oM F7IstER fz} XA FelBct wA ol Uzt AL ALl A7} v}
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2 3 A5 g, Ad #7001 A Al F el iyt FRE A
31x] RSIER Hojre dat MidE & 4 ¢A Heoh

EZE o] 94 BEAE AW U= Ak FFO|BE xHE 4kE EAFIAL y

o

Zolth ¢l ZEAE Ad $4E e, Z gk F 24 dFHA FolA AN
& dup & Al F& A A& Ueh) F& 2o "ok 39 3.2.11.2 7t
& qto] 200 kvol FH 42} A4 G7F 0.7 mnQl JEOL JEM-2000EX #m|Z o) 9]
A AY ¥y HEE 74 3% 38 F F FIha(spatial frequency) 2 LIEL
W adojcl. 1%}01]24} FEAE Al ¥4 (contrast transfer function, CTF)+&

wol st Qe

ol A

flo
s

rr

e Aoz Uehlddia, Fglel HHlste 7t

N

ey

3 $4E vehlz, T g4 3 F2 AoE uUehided o F2 AAH

o

2

ZEzAEY] A Uehiz gtk o] A 7t thE A=) 23 ol gt
3 BZshA addel velhy g AY ¥4E oldsrzt o 4th o] 1z 9
Holle FZol ol T3} ¥ 0000] gleta BAstn 7 B 3d F2 o] 93
ol dk=goll sFEE flxlo] EAlct, 2HBE, 4k F ol e 4 Hel
s o 74 PES vz Aol 2o dste ARl s HE WUl
AAZ o oztE UA HEe 948& 22 YUehd Holch

A Ad P uld £ goE FHol ofsl 4F i ol FA o &

B o] ¥ St AHEAZl £33t QQd 4 otk Ad @ gho] t1oF o

i
oy
N

e Az} HulFe] AZ7} ARA BEAR 9 FEE A= a1 Fofl T
2247t glo] 100% 22 MestA Heh JgBE2, dxe] wid &
o= T2 AAEI HsiME 4k WS FEM 2 e O
kol lojAY olell 7t7te 3tol HES stojof gt} o] e ol
4 e o8 Hs Folde tRE duFolu AHg 2 miet o] Ho 9

o] A&7t WEAZ 4 glou, fushA W= 2HL AMRAL Hite iR
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rr

ZAo| 7hs¥ Meolrh. I EER, FoX Wn|F Y zAdM = ¥xFE 2-d)
of ¢ & ol £1of 71742 3ol H=F Tt} A T ZE ol T4

of £10] ® 4 glen® YHxHE 2Hs de U+ A ko] l/eXr} A

o

Uehtes 4kel H97t 7 4Al € die 223 UE HEA Yz (Scherzer

defocus) 2}l &}31 o] Zh

AfScheﬂer 1 15(Cs/1)1/? (32 51)

L
td

I 2 Al mpe] s AXo] Hrh gt oR nFde S €7
218t KA ¢xA AL ulE 424 YA (Scherzer defocus) ZZoltt, FH
23} A4=7} 0. 7Tomo] L 7H: Aol 200kvel HujZA & A=Y mhAte] 2.5X107nmo]
B2 23 ©xFL 1.2x%(0.7x10°%2.5x10%)"% = 50.2nm7} "l Y
3.2.11.2 JEOL JEM-2000EX Hu]ZoA HEX ©xd 27 @23 -50.5nnol A
o] ZEAE Y Y4&F vehd adlolth
o] {EA Y2 ZAdA ZEALE AY 49 o] U 019401%1 A&

2 0] He Ak°ﬂ Este 714 S 2Esle A GulF AodAs S 3

2J3tal o] & HBA 3] 31A(Scherzer resolution limit)gt3 F-EtT} o] HEX

(89 sehorser=0.66 C 1A% (3.2.52)

o] 174 ol vldsta st 3/4 ol wel Hidch

e
3
%,
)
)
4
e
o
%
)
>

(W) 224 ®w2A(Scherzer defocus)® #H 22 #3] ¥tA(Scherzer resolution

limit)e] A4t

x( 4k)7} -120°2} -60° Alo]d o, ZEetAE AW ¥4 sinx (4k)7 -1l



7W7bE & ZHA "ok o] of siny (dk)= vlaZA Y& ¥l Ak 2 S
7417 wjRolt}, ERF, dy( Ak)/d k7t 0012} siny (k)= Ae] HHEH(flat)

o] "t} uhelA,

dsin (4B ddk=0 (3.2.53)
x(dk) =~ %’5 | (3.2.54)

o] F RASERE HEA Y2H Afcrerzers ALY F A3, Afschersers
O seroser= (5 CHVP=1.15(C.) " (3.2.51)

oltt.

olgd HEA ™xAHolA, x(4k)7t 00] FHE,

x
(i
m
)
[>
m
3
aft
ol
ul

siny ( 4k)7t 32 F3 Ak &3 s 4ke] e
Ak=3%,,— C, VA (3.2.55)
o] ¥, o] wl] 4k H4+E H=A B3] ZA/(Scherzer resolution limit)

( 8r)Scherzera]':J_'— 8}—?—: 1 {k‘\%

(87 seherzer=0.66 C, 123 (3.2.52)

olct.
(cth) ¢]¥] ¥¥4(envelope function)

oA 2t 8 24 FEXE AUx dnjE HdY ¥4 (microscope transfer

function)+=

T(4R) = 3L AR exo{ix(4B) exp| — 5 (09244} exp (- z2j—z )
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(3.2.56)
o3 7]

q=(—ddk+ CA34k°)? (3.2.17)

— 2
x(zl/e)=2zr{—4f,1i42’¢+c5,i3 {1’?4] (3.2.14)
9 dae o] ZEUAE AW Y42 Uehigch 99 Aod A= A $xt
of it A W % exp(—5 AONUALRY)E AAAL 2F Y42 BAT ]
ol o Y4E kol whet 2w ZEAE AP thetde B RYE Uth
7] o] o] ¢4+Z 2y ¢4(envelope function)z}il FTh YA U] 3 2

2
BEX oS Ayt o3k u Ha) 3 exp(—nz—;% QoA EZF FEAQ YfT

H EAF i, o ¥E A E skl ¥ 7t "rh o] F U F
E o] oy 7t sled 2 3.2.11. 004 o] ] #4Tt &2 FX Fiho
A 243 ZHEE 2SS 7 Ade= yehiddch o] o3 ©ey dE¥2 w2
3 Fuppold AW U4E FH3] A 9SS ¥rh o IHdME
lorad®] cighs] e £ WM E £ I Fufdre A 7t FH3]

-~

AATE Hol Eoh 2BE, F& BFd sle g2 FT FupolMe
EgtaE Ay P49 Aol gol AEE Y2 ¥ 2Fsl Fisg gl
A stolx, 23] el M AT AA TEeIAESY Ado] A x| ¢lot 4
X Bils Paol 2F ol HA gerh & FFHA dulF e A
3o} 4@ 7 gRBol A7lE ¥l T4 el AE vz AA oA 3}
Luo] @ gtk 2d 3.2.11. 004 AAFd TEGAE A2 TEJAE Y

g0} 2lm| 4o o FAHI FL Mo Urifdrh o] I Y4= F
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oft
e
oy
2
ol

528 yehdich,
of 93] §h4e) Zha) Et: Autslel ofm T FT4 F Ak olAolAE A

olA #7l= 8 HEHE ZY ARelM AH

)
nfl
to
o
A
Ho
_(3[_:’
X,
_o'l:
|d
e
iitad
X,
i

gdel 227} gl X WojRe] A4 A= U 2H wdof share zels)
7} 28t A & 2AE Aol =3 A Re v 58 A=) A%k
TR = ¢ L 4F) (3.2.57)

= 3tuy 9y g2 uvebd 4 ola pdAd ey 22 BE uehdoh

(3) 2 2o WX} Ao A HAa 2

i

Y2 HEA Y2YRT 202 AL FrAE LEGAE AY P4 3
£ A5 S 93 Y B4 gol HeS o] Hi 4kl ol A &
S BTh WAARE 0T A4 ZANAE ulx HE2X VA Yo TEzlA
E Ay gae drf ol vewtt 2A Ueide kel delt WA Ueite @

23e] A% QA "ok o] gaze
4f, = (BEE c 2 (3.2.58)

ol o71A n& Foli nx0Y wir} ulE HEH YxYHolrh EZ a2 TEZE
E Ag &4 A ghol 1/e Bt & 4k Hsivh ¥A Vehvs =Rt 4k
ol 2 F3t Fulgeold A 9] gho] *lo] Ele X8 Jisolth

HEA 928 2A04 A4S s dale Fa) W] Hoje I Fups
Hel UM oz Ay =yl o], Yoz 1Ess 42 o] oM 2

4& §A "k 2, o] wY il s slEA 28 WAott. HEA

~ 174 -



HEEEch o SoR HxyEE I 2t ZEHAE dd o Ao 3ol
17eBtt 2 4k7t Y2 BelolMde 471 dotx, sjdAte] B A Hof 3
Bl dkojARloletE ZEIAE He 47t e F3E Zz 2 A e
JPAEE stE, 2zt 3A o] HRef o) ANl E W EEJNLEES A A

FA Z Helja A Hol E
EAEE # A ¥ 4 UEF 2HY Y2 S WAY A8 AR Ao
23l A 2Zolela st

HEE dxte] #x7F Oti2 Aol UetyA Hch o

cA
4d*

_2d
Af ootimum = 2 [(#+0.115)+ ] (3.2.59)

E FolXA AJ[AM nd Aol A T d= A B HH FE v=Es 2
e A %Aolvt. s BEY Y UAT Al HAA AN 2HE
ZA%e | 4ol utel depzich

TEY AR WA Aol élalel A 208 ANS st HEA 28 &
ATt o 22 o] tiyt FRE Ad LT A o) Fe @

=
B0l 9la, o] A4 WS vl ol A d=pY YR E acviE FHe]

Jel3, SERIAE AY @471 00] He 4ke]
- 2 2
— x(Ak)=2n{—Af,zii2kL+ cs,isi"—fL} (3.2.60)

oA F& + ol A Y4 glo] 0ol TE2AEEF A AdstA| X rt

Al
e

o,
rlo

gz ol mel delxBE ZEAET} 00] He 4k USE FF0lo,
2Ee

gLE A H4E vlasty gxd e dobd 4 olrh o] ®xH

L
A
hs)

2 &3] AL LRslE Aol NeA] AB SHgA] JE HAY e =
A7, o) HIAA Aol Yt &3 WES B HA/A HFA o] B 3

Hgol M ZEILEE Aol 00] Ho =7t 00] H 4kE FEIUch
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oo
e
-
i
1SS

7t Bz doj3 Y Eeles Asshs o4 #Had)

dulB e E3lee Haste Mpah, Al wdSa 5 Hastsla, A#
o drift, AujFe] AF, Yzhpol A7 A%, A7 Fue Azt o &
#lsh vl Si AFANeL olF FelolHBAY HALE o83 uASa g
A drift B3 71&& st o| 24 vld£a @ AW driftE HAste B

sleE A3lsts R4S A A
) TR +a ¥ vl Ay

dulF o) Ealse Aslste el $3 3 uARAE WA 23R} 22
of met ¢As A ¥ 4 Y& A RS Hals B YsiNL uHS [
R BE J)&e) AL W Hurl WsFoltt. ey HelF B Ao Sapaz)
dol3 Au) 44 uld4a AA oRE s ¥ £ Q). weld B dol
A si uBA 2SI ol Felof HBAY HAAE o|gsle] HulFe
Fallsg Asists vdSA AAS Py

ZNdstaict,

)
0
B
&

3 435 Has U AASE Jee

BB aEslssdel Felo WEH At HAdog Uehdrh ofr)A E3}

BEe] TAE Uehdct. R HolZo)A wldexlst Eaf8tA] ok

Ao HESS VAT dP R vehdy, £x7) Exsts F Pl BT

Fol ohd HFo2 Ao eld Felo] ayol dojch watd, Eld Hefo
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HANS Ao FEE 1005 ALy 5 glon Aue] FHY FRE AL

c
oM && + gA Hch uletd Eils ¥de fside sAE AAstd {3

—

 Hefe] wFA HAo] Polx| RAUA A S JFH Y 5 e A
Bals 4e golokat gTd Fuglol M2 FUY FRE L 4 vk A
gl

AHn|F Ao ol uid £xe] AALs B Holw F23 Jleo] H

£ dFolME As iono] FUH B si ARE ol &t FAMAAF Al

i)

& AAstdnh, AR YubEe ARG AAH dnp F 5k, 0.60A 27
o4 Ar ion QmHE stk AWV WP Si AWEL FIEBL 200V JEOL

JEM2000EX Szpaxteim Aol uld 4+t level e HEHAI7|

rE
fd
2h
g;’
off
ox
o
ne

grl. o]z si H|BA AEHYSAL digital image® WE F Scion image

programS o|-&3}e] FFT(Fast Fourier Transformation) H¥¥ A4S d4lch

(W) d7uig 2 2

A 23} levelg HAIIHEA si wAAe] nEs) 5SS uh 500,000 wjolA &

agl 32,128 FAAER Y uE it level WHAT|EA @2 Si W] F

Ao nEes Aot REsSAIN Hoix: Si wAAY imagentoTE B
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A A AA AFRE HAY + gk weld Si v AR 2Bss abe] w4
B FHHE sl oA @2 si vAA 2BsSAS digital imaged} A]A
Scion Image programs ©]-&3to] FFT(Fast Fourier Transformation)E& A]# 34}t

&k

o

3% 3.2.13& 1% 3.2.129 Si v|FA TEsjSAIS FFT HEB| 7 3 "Abo|t},
3% 3.2.139 HAMNAM & £ gl%o], $a7t AARR e HAALL Aol

ohd #23 ElFEA & &

A
X2
1

Lo38 3.2.1360M 27t AA H A
< A3 e 1Y 4% HANE HoFn of RAM uEdLxr 2
AAEA UEE LYo Uetdch wmeld B doMs o7y Esis &
Th 242 =P A& FH3H] 9lsiA FEI $512 Ado] Washy Si v|¥A
2 HAYE o8It FEY 3 AES Y 4 U TIeS HE s}
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(b)

28 3.2.13 8™ Si nEs)sAte

[e]

FFT(Fast-Fourier Transformation) 3]
A (a) ¥ F$a7E AAH FFIT A
2 (b) v]BFx}7 AAHRA] Q42 FFT

<

}

i

O)'
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(2) Wz WStol W ZE2}AE AY P4(CTF)S) W

LE}AE AQPSE Uoly AP 23 ol YA W7} Weh e,
ZEGAE AY W4 FEo| 3] 2R BY BEIH PN 7] TRl 4
za

dojF e Els Brh 2 WA S JRl AMEE RHsI] 93

= dFodM e & A7 AMEH Fabdxtg |7 JEOL JEM2000EX (200kV)e] of &
A &, FHFLIAL(Cs=0.7), 8 Z(convergence angle=0.1 mrad) 5& YollA]

B CTF Aof thg) F Y2FVL WA FRFupsol i CTFY F= st

L

U

beict,

.;L

il

(W) d7u8 9 23

I3 3.2.1400A4 ©EXxFH vl u}E ZEAE AY 2] HIE plot 31
tl. 28 3.2.14 (a)- JEOL JEM2000EX (200kV) FAxIHu|7 e H=2H ©xH
ZZAQA -502A 04 2] stetdElo] alE ZEZAE Ay o], Umx|E ©@RA

ZHS Z+zF -700A, -900A, -1100A, -1300A, -1500A ©2A oAl ZEIAE

,
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¥ 3.2.1 Y YR T2 W Azpars

Materials Structure Lattice constant
Cu Face-centered cubic (FCC) 3.6 A
Ni ‘Face—center‘ed cubic (FCC) 3.524 A
Au Face-centered cubic (FCC) 4.08 A
CoGa Simple cubic (CsCl structure) 2.878 A
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¥ 3.2.2 B A7 HAAL

Materials plane interplanar distance
Cu {111} 2.078 A
Cu
Cu {200} 1.800 A
Ni Ni {111} 2.035 A
Au Au {200} 2.04 A
CoGa CoGa {111} 1.662 A

% 2 7ol AFEH FAAAANAY Bals: 2.1 A (7Y 2006V)
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CoGa (111) ©X3 Ik -1,654 A
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