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D. Gabor, Nature 161, 777(1948).

A NEW MICROSCOPIC PRINCIPLE
By Dn. D. GABOR

Research Laboratory, British Thomson-Houston Co., Ltd.,
Rugby

T is known that the spherical aberration of electron
lenses sets a limit to the resolving power of electron
microscopes at about 5 A. Suggestions for the correc-
tion of objectives have~been made; but these are

diffieult in themselves, and the prospects of improve-

ment are further aggravated by the fact that the
resolution. limit ig proportional to the fourth root of
the spherical aberration. Thus an improvement of
the resolution by one decimal would require a correc-
tion of the objective to four decimals, a practically
hopeless task.

The new microscopic principle described below
offers a way around this difficulty, as it allows one
to dispense altogether with electron objectives.
Micrographs are obtained in a two.step process, by
electronic analysis, followed by optical synthesis,
as in Sir Lawrence Bragg’s ‘X-ray microscope’. But
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Fig. 2. {&) ORIGINAL MICROGRAPH, 1 -4 ML DIAMETER. (b) MIcro-
GRAPH, DIRECTLY PHOTOGRAPHED THROUGIH THE SAME OPTICAL
SYSTEM WHICH IS USED FOR THE RECONSTRUCTION {(d). AP. 0-04.
(¢) INTERFERENCE DIAGRAM, OBTAINED BY PROJECTING THE
MICROGRAPH ON A PROTOGRAPHIC PLATE WITH A BEAM DIVERGING
FROM A POINT FOCUS. THE LETTERS IIAYE BECOME ILLEGIBLE BY
DIFFRACTION. (d) RECONSTRUCTION OF THE ORIGENAY BY QPITCAL
SYNTHESIS PROM THE DIAGRAM AT THE LEYT. TO BE COMPARED
WITH (b), THE LETTERS HAVE AGAIN BECOME LEGIVLE



A. Szoke, AIP conference proceedings Vol. 147, 361 (1986).
X-RAY AND ELECTRON HOLOGRAPHY USING A LOCAL REFERENCE BEAM

Abraham Széke(a)
High Energy Physics Laboratory
Stanford University
Stanford, California 94305

ABSTRACT

Three dimensional image of the c¢lose vicinity of an atom can
be obtained using characteristic x-rays, photoelectrons or Auger
electrons emitted by it. These methods (some new, some old) are
shown to be a natural extenstion of holographic microscopy. An
algorithm is proposed for the reconstruction of the image by

computer.

Figure 1: Scattering geometry;
emitter is at the origin, ry
points to the scatterer i,k is
the direction to the observer, .

and 04 is the angle between k *
and ry.
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220 8.531 8652  831-898  0-45 Phys. Rev. B 71, 224104 (2005).
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XFH system with analyzing crystal

X-ray fluorescence
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Exambple of X-rav holoaraphv SI Ge Comparison of the plots of the
" d Jrapiy 0-99970.001 intensities of first neighbor Si

Facility: SPring-8, BL47XU between the experimental and
X-ray energy: 14.5 ~ 17.0 keV (0.25 keV steps) the calculation

Dlstance (g.)

Cluster model using simulation
Atomic number: 98

Distance to 1st neighbor :2.38A
(taken from XAFS data)

Atomic arrangement far from 2nd
neighbor is same to that of Si crystal.

Atomic image around Ge obtained from
experimental hologram



Current performance of X-ray fluorescence holography

Experiment

Calculation
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Holograms of In; .o:Ga, osSb and reference sample of GaSh
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Intensity reduction by fluctuation of atom
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Toy model of lattice distortion around impurity

Sb Sb Sb
(@)

Sb Sb Sb Sb

Sb Sh

Sb Sb Sb Sb

Angular displacement of atom is much larger than radial

displacement.
S. Hosokawa, et al. PRB 87, 094104 (2013).



Uil -
AT 5T 4 —



W EFHRAT S5 T4—

Inverse photoelectron holography, Internal-detector electron holography
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A. Uesaka et al., Phys. Rev. Lett., 107, 045502 (2011).



B

At
i

B

- AIERER B AESRT L

Electron source (SEM) SEMFAERTE

N=[T=—= L

A AR E
Column — -

/ HV r _Hv | :::ze x [60000000  |6000000D Condien

Beannnon Peaking Time 8
Set | (5000 y [25000000 25000000 ! -
e z [53985063 63985063 gain 75 st condition |
| 1000 T 10 0 time_ms [ 250
Mag Set
X-ray Detector = i TSTART [ X START [ soo000m
- [ ot 1000 GetPosition | SetPosition XY | TEND [ 7a000 X_END =3000000

SetPosition | Sall'lumsl'-‘usitiul T_STEP 1000 X_STEP 1000000
Ohj Lens Set | (11125 SET, |y 5B RSTART [ o Y_START [ 2400000
R_END 359900 Y_END 25200000

Obj Lens Set | 2048

y |~ e

R_STEP 1000 Y _STEP 100000
* kepler 11

ls Le

Probe Cur Set | 830 o  R_Step © X_Step o 2 END I—
nd J T Step © PSte
- __ Samp|e = e F—{:HE'-?' 1I!'_‘-_l’ _}mnp
Va7 o — .
e BIE A= 2 —FER
Version

\. Read
. s o Revision Property Start
< < o &RTF I B Stop
O -_— e -— 7 5 < < ° C:Documents and Settings\Administratons 2.5 by

] ] \uesaka_data\d_1519_15_Sthitest SAVE

\ ' C:\Documents and Settings\AdministratonT A0k SaveFlleName

‘\uesaka_data\d_15\3_15_Sthitest testfile.txt
Save to Desktop

Condition ;;,?)ﬁ:f i FEEXERARTRIL

»AccV =4.00 -~ 10.00 kV

>M tTi s o S

250 maioints X 10 * AT —UBIEOR, E— ARSHIBRE
3umLlAZE =R




Measured hologram of SrTiO,

a [001] Electron standing b [001]
wave line

Forward focusing
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Reconstruction of atomic images around Ti
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Hologram and nucleus image

Hologram



Characteristic of neutron scattering

Neutron scattering lengths and cross sections

Isotop conc Coh b Inc b Coh Inc Scatt Abs xs
e XS XS XS

H -3.7390 | --- 1.7568 | 80.26 | 82.02 0.3326
Pd 5.91 4.39 0.093 | 4.48 6.9

Imaginary part Absolute

T = TN
4 " 9.9
) & ‘4" e

Atomic images obtained from the calculated hologram.



Calculation Experimental
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1) Strong holographic signal was observed owing to sample cooling.
2) Diffuse scattering was suppressed owing to sample cooling.
3) Accurate hologram data could be extracted.

We can identify elements by the sign of the scattering length.



Wealls'd

Qll

* [RFDREEROT 50 4 —(F, HEXLREALDOFEHmI
BT H=ZRTIRFEINZERRILTEHIENTESH, BROZER
DERREIF0BATHY . RFDELSEFITHLBETHD LD
BHENH D,

¥ [RFRREROAT ST 4 —E. F—/V FDY A FDRE.
R FEADEE. T/ BEFRDORERICHEETHS,

* HAXIEAROT 5T 4 —ICEAL T, MY BEHTRMTAHEL
S, CRAMRLZHHS, —FH. FAEF - PIEFRAO
J274—1F HLLWFETHY., SEOEENRAFTNDS,

|-



