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The spatial resolution of an electron optical instrument has its theoretical limit originating from
the wave nature of electrons. This effect is called the diffraction aberration, which complements
geometrical optics valid in the limit of very short wavelengths. In this chapter we shall give a
diffraction treatment of spatial resolution in the presence of spherical and chromatic aberrations,

and examine an optical system as a filter of spatial frequencies on the basis of Abbe’s imaging theory.
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Fig. 1: The image of a point source formed by an electron lens is blurred by the diffraction aberration.
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observed intensity distribution on an image plane is called the ° Airy disk’, whose effective diameter is defined to be
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Fig. 2: Principle of Kirchhoff’s diffraction integral. Huy-
gens’s secondary wavelets are emitted from the Gaussian
reference sphere, and those are superposed on the image

plane.
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Fig. 3: Imaging of a point source. The complex ampli-
tude U;(r;) at the image plane is referred back to the
object plane as U, (o) = Us(rs) /M.
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Fig. 7: Diameter d of the image of a point source as a function of aperture angle a,. The diameter is evaluated (a)
at the position of the circle of least confusion, and (b) at the optumun defocus positon given on the basis of wave

optics.
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Fig. 8: A succession of intensity distributions at decreasing defocus amount from a Gausssian image plane: (a)

a, = 10 mrad; (b) optimum aperture angle (a, ~ 5 mrad) given by numerical calculation.
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(Af)opt (aO)Opt dmin
Geometrical optics %CSQOQ 0.92 (\/Cg)'/* 0.77 Cg'/4N\3/4

Wave optics (V2 = 1)Csa,?

1.29 (\/Cg)'/4 0.50 Cg/4\3/4

Tab. 1: Optimum conditions for the defocus amount Af and aperture angle a,, and mimima of the diameter d of

the image of a point source on the basis of geometrical optics and wave optics.
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Fig. 9: Spatial resolution for a point source is assessed by the geometric mean of the contributions of the diffraction

aberration dp, spherical aberration ds, and chromatic aberration dc.

M ORI THiBLIZEZIC, E—LDRTEEL
TRIEFEAEZEN TN ENDMD ET. TN,
—RiE L 355 T, ERmEGEZ > e, A
RN IR > T L DR EN TV E N5 T
T TOHBAE, L7 K-> TOaNEDEFHx
BETHEM4nm £&0DET. (17) IF—WuEIC
HLUTORT ZEZTNB T, BREINEDFE
DL ETIHERFHEE 722D T,

—fic, ERNICOINADFEZFHNT 5%, T
FIVF—HiEBERC L TEROHEZERGE 55
HEITOET. SO5GIRZTOEIEHERTZET
EHDFEHAD, TTTOHEKDE Cc S AE DK
ERGAIITORO TIEH D FVA. BIGFEDFE
EEMET BEICIE, —MRICHTECRUIE X S RER
BEDPHOFEZITHNETT

11.3 EBFXAERICETZER

HIHICIE, HERICK B ROCRDOBZEZT, £D
RNz EENIC =M RRe L LTIV E L. &l
K SRS NS E T2 HiR S ¥ 2%ETIE, ok
BRTRZELSEND 285, R EOR RO
MO, Whid 2 ab—L 2RI K> THEREN
Bl 5T d. AEITE, WRIORTEZFHIAERD
BRI ZHILET.

ABHT &L B EH

HAER OISR Z Bl S 75 /5L TR b8
&, BRI E DM S DIEHRMEDIREIC KT NS
X9 T, FOWEGEE TEC, K5 XYL E
CIRREZ F{BIT 5 T L WA RDEEITY. 22T,
FITEZBZRET L, RO EAZEERNEE L
TIRASBNEDNhEWVWS T ETT

fEHRf & LT, EFEEE ROTEOHICERFE d
TEVR—=IZHETIT, ThEFRRELTEZET
T ORI F il TR U725 7% Fig.10(a) ISR L
EC

KICHEWNT, BV R—IUSEDERE UTENTER
iRz UET. INSOERmEFBIZAEWVIC TS LE
WV, ZTORERE UT, sBEOAHNCIT B OEH TR
EEINFET. FEO—HITHBT B ORNE & AiHIE,
BEYR=IVHEZDRIIRo>TL 3 ZEREYE
5T L THROLNET.

AR B D, SRS TN T, TREST)T
M SEHITZELES. DL E, BEDHATE
RO E—LDEIIENE S, ThiE, Bibhao ¥y
R—=IV B DG DONAHD, IWEDEEELG mA 721 57
BALABTHD, mOES TR %KM TT. 22
i B TEZTC, E—LONA% a, TIRETH
X, mOEIEMEIRATEZAONET

dsina, =mA (m=0, £1, £2,) (21)
CNBOFTINSEGHIIEHTIE L THEN, R m &

11.3.1

-255-



Journal of Surface Analysis Vol.14, No. 3 (2008) pp. 243-266
T BFAFAF]—BEFAALEEDEFD=d0I-—(F 11 [EF])

BT OTE L NNET. e 2, b a, =0
DEDIF 0 RE—L, RICAHED/NEVWE—LIE+
— RO —LIxETT. Fig.10(b) DX 5 IR TY.

(a) L= "

{h) -
med -
- - 1
D
T
i i e i —
e = =
S — fﬁﬁzj., iR A
P
R e —
e
e
Sarrpln s
"'\._\. 1
o2

Fig. 10: (a) Diffraction of a plane wave by a sample with
the array of pinholes. (b) Diffracted waves are produced
in various directions according to the periodic structure

of the sample.
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Fig. 12: Direction distribution of diffraced waves is given

by the Fourier transformation of U, (z,).
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Fig. 13: An imaging system works as a filter for the Fourier components of the complex amplitude U,(7r,) on an

object plane. The plane wave with the emission angle a, originates from the Fourier component k = sin a,/\ of

Us(ro). The high-frequency part of the Fourier components is excluded by a diffraction aperture.
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Fig. 14: Fourier decomposition of the spherical wave

emitted from a point source.
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Fig. 15: (a) Coherent illumination of a sample by a point
source. (b) Partially coherent illumination produced by

an extended source.
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