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Preféce

You are welcomed to the 21st International Field Emission Sympos ium
at Marseille. This is the fourth Sympos1um in Eurppe, after Cambridge
1964, Bonn 1968 and Eindhoven 1971,

The Centre Universitaire de Luminy has been most generous in suppor-.

ting our efforts on campus and we hope you will enjoy your stay in this

Scenic area.

The Symposium is supported by a national committee, composed of
M. Kern (Marseille), R, Uzan (Lyon), J. Gallot (Rouen) and myself.

We express our sincere grat1tude to those who support the Sympos1um

- financially :

- Ministére de 1' Educat1on Nationale *

- - Délégation Générale & la Recherche Sc1ent1f1que et Technique

- Direction des Recherches et Moyens d'Essais
- Université d'Aix-Marseille III, UER de Recherche Scientifique et
Technique

It is a pleasure to acknow]edge the work of the local committee, in
particular of J.M. Bermond, Mwe Huillier, M. Aydiffren, J. Bardon,
J. Y Cavaille and F. Bel.

We have a good selection of papers and we look forward to stimulating

. discussions.

M. DRECHSLER

# A financial support by this authority is at present, end of May 74,

fairly probable (the Authority promised a support 1973/74, w1thdrew
the ppomise in March 74 and cancelled the withdraw decision in May,
te1ling us we would now have a good chance to receive the support).
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SCIENTIFIC PROGRAM OF THE 21ST INTERNATIONAL FIELD EMISSION SYMPOSIUM

Tuesday, July 2, 1974
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We]coming and Opening‘Remarks

SESSION I  ION EMISSION (1)

Chairman : E.W. Miller

J.A. Applebaum and E.G. McRae.

THEORY OF THE ENERGY DISTRIBUTION OF IONS PRODUCED IN THE
FIELD ION MICROSCOPE.

K.D. Rendulic.
FIELD IONIZATION OF GAS MIXTURES.

A.R. Waugh and M.J. Southon.
FIELD ION ENERGY ANALYSIS.

Intersession and Coffee Break

SESSION II  ION EMISSION (2)

Chairman : D.G. Brandon

T. Sakurai, T.T. Tsong and E.W. I1iller.
THE MECHANISM OF HYDROGEN PROMOTION OF FIELD IONIZATION.

A.R. Waugh, E.D. Boyes, D.A. Coppell, A. Watts and M.J. Southon.

SOME EXPERIMENTS ON FIELD-EVAPORATION.
R.G. Forbes.

EXTENSION OF THE TAYLOR-EXPANSION APPROACH TO FIELD EVAPORATION

THEORY.

R.G. Forbes. ‘
MORE ABOUT MECHANISMS OF FIELD-ION IMAGING : SOURCES QF LOCAL
CONTRAST.

— .

.00 pm

.20

s—

SESSION ITI  ION EMISSION (3)

Chairman : T.T. Tsong

P. Sudraud, J. Van de Walle and C. Colliex.
ELECTROHYDRODYNAMIC AND FIELD EFFECTS GOVERNING THE PRODUCTION
OF CHARGED PARTICLES FROM A LIQUID SURFACE.

J.M, Walls and H.N. Southworth.
AN OPTICAL ANALOGUE INTERPRETATION OF FIELD-ION MICROGRAPHS.
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2.40 pm

3.00

3.20

L. Ernst and J.H. Block.
THE EFFECT OF THE DIRECTED BONDS ON THE LOW TEMPERATURE

- FIELD EVAPORATION ENDFORM OF GE

P. Masri.
THE EFFECT OF THE DIRECTED BONDS ON THE VIBRATIONAL PROPERTIES
OF (III) STEPPED SURFACE OF DIAMOND LATTICE STRUCTURES.

Intersession and Coffee Break

SESSION IV ION EMISSION (4)

Chairman : S. Nakamura

R.S. Chambers.

- DYNAMIC EFFECTS IN PULSED FIELD EVAPORATION.

R. Clampitt, K.L. Aitken and D.K. Jefferies.
FIELD EVAPORATION OF LIQUID CAESIUM,

A.J.W. Moore and J.A., Spink. ,
PATTERNS ASSOCIATED WITH HIGH RATES OF FIELD EVAPORATION.

A.J.W. Moore and J.A. Spink.
THE ROLE OF SURFACE DIFFUSION IN FIELD EVAPORATION.

Wednesday, Jy]y 3, 1974

9.00 am

A
/s

10.00

.40

10.20

SESSION V  ELECTRON EMISSION (1)

Chairman : L.W. Swanson

V.G. Pavlov, A.A. Rabinovich and V.HN. Shrednik. (:lii£121§€:,
HIGH LOCAL DC FIELD ELECTRON EMISSION DENSITIES. APR£aA

G. Regenfus.
DIRECT MEASUREMENTS OF THE TUNNELING LIFETIME OF THE ELECTRON
INTHE FIELD EMISSION PROCESS METAL-VACUUM.

A.J. Melmed and J. Smit,

23

25
26
28

29

32

FOWLER-NORDHEIM SLOPE VARIATION WITH PLANE SIZE FOR (OII)TUNGSTEN 33

G.L. Schrenk and R. Woldin.
THREE DIMENSIONAL SURFACE EFFECTS IN FIELD EMISSION.

Intersession and Coffee Break

34
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SESSION VI ELECTRON ENERGY DISTRIBUTION AND SURFACE ENERGY'

Chairman : A. Van Oostrom

M.C. Desjonquéres and F. Cyrot-Lackmann.
SURFACE STATES AND D BAND IN TRANSITION METALS.

11.10
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K\Bobev a Gaj darova

TOTAL ENERGY ISTR FIELD\EMITTED ELECTRON\ FROM
MOLYBENUM MON RYSTAL ERE wITH O D Si0 BY RIELD
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0. Nishikawa.
THERMAL END FORM OF TIN COVERED TUNGSTEN.,

r’/w.w., Unieni€ cle hies
Belpium -

SUREA2ﬁyENERGX.AN¢801RQP¥_OF\MEIAk,4
L110] Werk. Function ¢ W e meacunsd by Field Eml.snm

SESSION VII  ELECTRON EMISSION

Chairman : Y. Yashiro

S.G. Christov.
THEORY OF ELECTRON EMISSION AT THE METAL-SEMICONDUCTOR INTERFACE,

C.M. Vodenicharov and S.G. Christov.
CURRENT~FIELD AND CURRENT~TEMPERATURE DEPENDENCES FOR AL-AL203—AL

JUNCTIONS IN THE REGIONS OF THERMIONIC FIELD AND T-F EMISSION.

J.M. Bermond.
IN SITU MEASUREMENT OF THE LOCAL ELECTRIC FIELD ON A FIELD EMITTER
USING {T.F. EMISSION.

A. Septier and H. Bergeret.
HEATINF OF A SUPERCONDUCTING FIELD EMITTING CATHODE BY NOTTINGHAM
EFFECT

H. Bert eret, Nguyen Tuong Viet and J, Sayag.
FIELD EMISSION FROM OXIDIZED NIOBIUM PLANE ELECTRODES AT
295 AND 4.2°K

N. Rihon.
FIELD EMISSION FROM PLATINUM TIPS INTO GLASS.

Intersession and Coffee Break
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4.30 pm

4,50

5.30

5.50

SESSION VIIT  ELECTRON EMISSION

Chairman : S.G. Christov
LL.W. Swanson. Page
PRACTICAL TF CATHODE STUDIES. 46

Y. Teisseyre.
PHOTOFIELD EMISSION OF PURE AND BARYUM-COATED TUNGSTEN. 47

R. Meclewski and Z. Dworecki.
GROWTH OF POTASSIUM SINGLE CRYSTALS €N THE TUNGSTEN FIELD EMITTER. 48 -

A. Cetronio and J.P. Jones.
A STUDY OF COPPER LAYERS ON I00 TUNGSTEN. 49

0.L. Golubev and V.N. Shrednik.
FIELD ELECTRON MICROSCOPY OF INITIAL LOW-TEMPERATURE STAGES OF

CONDENSATION ON Zr ON W, Ta, Re AND W ON W. 50

S. Ranc, M. Pittaval and G. Fontaine.
STABILIZED FIELD EMISSION FOR ELECTRON GUNS. 52

Thursday, July 4, 1974

9.00 am

9.20

9.40

10.00

10.20

SESSION IX  SURFACE DIFFUSION

Chairman : A.J. Melmed

J. Bardon and M. Drechsler.
A MEASUREMENT OF THE SURFACE SELF-DIFFUSION COEFFICIENT IN SPECIAL
CRYSTALLOGRAPHIC DIRECTIONS (W). 53

H. Roux, Yu Thien Binh, A. Piquet, R. Uzan and M. Drechsler.
A FE-MEASUREMENT OF THE VARIATION OF A SURFACE SELF-DIFFUSION
COEFFICIENT BY ADSORPTION (Ni ON W). 54

Vu Thien Binh, H. Roux, A. Piquet, R. Uzan and M. Drechsler.
SOME NEW RESULTS ON THE EVOLUTION OF TIPS, 55

K. Bobev and V. Gaidarova.

INVESTIGATION OF THE SURFACE DIFFUSION OF SILICON AND ALUMINUM
OXIDE ON MOLYBENUM BY MEANS OF FIZLD EMISSION MICROSCOPE. 56

Intersession and Coffee Break
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SESSION X SURFACE STUDIES WITH FIM

Chairman : D.W. Bassett

H.R. Johnson and R. Morgan.
THE EFFECT OF SPUTTERING ON FIELD ION SPECIMENS.

H. Gruber and E. Krautz.
FIM- INVESTIGATIONS OF VANADIUM.

M. Leisch and E. Krautz,
FIM INVESTIGATIONS ON ZIRCOMIUM.

W. Polanschiitz and E. Krautz.

FIM- STUDIES AT HIGHER TEMPERATURES OF F.C.C. METALS Cu, Ag,

Au AND Ni, Pd, Pt.
T.J. Godfrey, R.J. Lewis, D.A. Smith and G.D.W. Smith.

ON THE NATURE AND DISTRIBUTION OF DOPANTS IN TUNGSTEN LAMP
WIRE BY COMBINED FIELD-ION AND ELECTRON MICROSCOPY.

SESSION XI ~ SURFACES STUDIES WITH FIM - METALLURGY (1)

Chairman : A.J.W. Moore

K. Faulian and E. Bauer.
FIELD ION-AND FIELD ELECTRON MICRQOSCOPE STUDY OF HALOGEN
ADSORPTION ON TUNGSTEN.,

A.G. Tyson, J.P.G. Farr and H.{. Southworth.
FIM STUDY OF ELECTRODE REACTIONS ON IRIDIUM.

T.T. Tsong, P. Cowan and G. Kellogg.
THE RANDOM AND DIRECTIONAL WALKS OF SINGLE ATOMS AND ATOMIC
CLUSTERS ON METAL SURFACES.

D.W. Bassett.
FIM STUDIES OF Ni, Pd AND Pt MONOLAYER GROWTH ON (IIO)W.

D.W. Bassett and D.R. Tice.
ADATOM CLUSTER STABILITY ON (IIO) TUNGSTEN.

A.J, Melmed and R.J. Stein.
FIELD ION MICRQOSCOPY OF SILICON.

Y. Yashiro.

FIM STUDY ON THE TEXTURE STRUCTURE OF ROLLED TUNGSTEN SHEET.

59
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SESSION XIT METALLURGY (2)

Chairman : 8. Ralph
D.A. Smith and Y. Ishida. Fage
RECENT STUDIES OF GRAIN BOUNDARIES BY FIELD-ION MICROSCOPY. 79

N, Nir and D.G. Brandon.
HIGH VOLTAGE FIELD=ION MICROSCOPY OF GRAIN BOUNDARY JUNCTIONS. 73

K.L, Wilson and D.N, Seidman.
IN=SITU FIELD ION MICROSCOPE STUDIES OF IRRADIATED TUNGSTEN. 74

D.N. Seidman and J.J. Burke.
FIELD ION MICROSCOPE OBSERVATIONS OF THE THREE FOLD SYMMETRIC
1

DISSOCIATION OF za (ITI)SCREW DISLOCATIONS IN MOLYBENUM. 76

Intersession and Coffee Break

SESSION XIIT METALLURGY (3)

Chairman : L. Krautz

A. Hildon, R.J. Taunt, R. Sinclair and B. Ralph.
FIELD-TON MICROSCOPY OF NICKEL AND COBALT BASE ALLOYS. 78

M. Yamamoto, S. Nakajo, S. Nenno and S. Nakamura.

FIELD-TON IMAGES AND COMPUTER SIMULATION OF ORDERED N13M0 ALLOY .79

B.N. Ranganathan, R.J. Bayuzick and P.F. Packman. 0
FIM FATIGUE STUDIES OF IRIDIUM AND TUNGSTEN. 8

G.G. Summers and H.N. Southworth.
DEFORMATION STUDIES IN THE FIELD-ION MICROSCOPE. 2]
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SESSION XIV  ADSORPTION

Chairman : V.N. Shrednik

J. Zebrowski.
INVESTIGATIONS OF THE ADSORPTION SYSTEM Pb/W.

J.M. Bermond, J.B. Brosse, and M. Drechsler.
SOME NEW RESULTS ON THE ADSORPTION SYSTEM Pb/W.

G. Bergeret, il. Abon and S.J. Teichner.
ADSORPTION OF AMMONIA ON MOLYBDENUM : IEASUREMENTS ON
SINGLE-CRYSTAL PLANES.

M. Domke, J. Block and M. Drechsler.

FEM STUDIES ON THE INFLUENCE OF THE FIELD ON ADSORBED
GASES (0,/M).

R. Vanselow, J.P. Ross and M. Gara.

GROWTH AND DESORPTION OF ALUMINUM OXIDE LAYERS INVESTIGATED

ON TUNGSTEN (I10), (II2), AND (I00) PLANES BY MEANS OF
FIELD EMISSION MICROSCOPY.

A. Cetronio, J.P. Jones and E.W. Roberts.

A STUDY OF DESORPTION OF GROUP Ib METALS FROM TUNGSTEN
BY FIELD EMISSION MICROSCOPY.

J. Polanski, Z. Sidorski and S. Zuber.

ADSORPTION OF BERYLLIUM ON TUNGSTEN : MEASUREMENTS ON
SINGLE-CRYSTAL PLANES.

Intersession and Coffee Break

SESSTON XV SURFACE REACTIONS

Chairman : R. Mignolet

F.W. Ro11gen, il. Gierlich and H.D. Beckey.
FIELD INDUCED REACTIONS IN THICK CONDENSED LAYERS.

J.A. Panitz.

FIELD DESORPTION MASS SPECTROMETRY OF CATALYTIC SYSTEMS.

P.R. Davis, E. Bechtold and J.H. Block.
SULFUR SURFACE LAYERS ON TUNGSTEN INVESTIGATED BY FIELD
ION MASS SPECTROMETRY.

H.J. Heinen, F.W. R311gen and H.D. Beckey.
APPEARANCE POTENTIALS OF FIELD IONIZED MOLECULES AND
FIELD REACTION PRODUCTS.

W.A. Schmidt, J. Frank and J.li. Block.
FIELD-INDUCED FORMATION OF SURFACE COMPLEXES ON Au, Ag
AND Cu.

Fage
82
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Saturday, July 6, 1974

SESSION XVI ATOM PROBE

Chairman : HM.J. Southon
Page
I, 9.00 am E.W. Miiller and T. Sakurai.
SOME RESULTS WITH THE MAGNETIC SECTOR ATOM-PROBE.' 95

1.9.20 E.W. Miiller and S.V. Krishnaswamy. . :
A HIGH-RESOLUTION, ENERGY~FOCUSED ToF ATOM-PROBE, 97

%_ 9.40 J. Gallot, J.M. Sarrau and A. Bostel. .
DESIGN AND PERFORMANCE OF A FIM ATOM PROBE. 99

k.lo.OO S. Nakamura, K. Kinoshita and T. Kuroda. - j
ATOM-PROBE FIM STUDIES OF FIELD EVAPORATION. 10

§.10.20 Intersession and Coffee Break.

SESSION XVII  ATOM-PROBE AND POST-DEADLINE PAPERS

Chairman : J.H. Block

Q']O.SO am P.J. Turner, B.J. Regan and M.J. Southon.
FURTHER METALLURGICAL APPLICATIONS OF THE ATOM- PROBE 101

. 11410 R.J. Lewis.
A FOUR-CHANNEL SEQUENTIAL GATE FOR TIME-OF-FLIGHT MASS
SPECTROMETRY . 103

11.30 R.J. Lewis.
FOUR CHANNEL SEQUENTIALLY-GATED DIGITAL TIMER. 104

?}11.50 H.0. Andrén and H. Nordén.
AN ATOM-PROBE CONNECTED TO A REAL-TIME COMPUTER SYSTEM - 105

2.00 to 4.00 pm SESSION XVIII  POST-DEADLINE PAPERS AND DISCUSSIONS

M. Kalafi,
CALCULATINM OF THE BINDIMNG EMERGY OF METALLIC ADATOMS.
£
» F, Ukuyama.
VAPOR-GROWN TUNGSTEN WHISKERS ON TUNGSTEN FIELD EMITTERS
INDUCED BY VACUUM DISCHARGES. 106

g W,m‘

* Paper not to be presented orally.
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THEORY OF THE ENERGY DISTRIBUTION OF IONS PRODUCED

IN THE FIELD ION MICROSCOPE
by
Joel A. Appelbaum and E. G. McRae
Bell Laboratories
Murray Hill, New Jersey  079ThL
U.5.A.

The secondary structure of the ion energy distribution (IED)
in the field ion microscope is described theoretically. The process of
field ionization is treated as one of electron tunneling from the ionizing
atom to a flat single-crystal face of the microscope tip within the
Bardeen tunneling approach. The potential used has the correct three-
dimensional form near the center of the ionizing atom and it reduces
correctly to the sum of field and image terms far from the surface. Close
to the surface the potential is parameterized in a simple one-dimensional
form. The electron scattering by the crystal is represented by a complex
amplitude reflection coefficient R, which is evaluatéd semi~empirically
using, LEED data. The semiempirical procedure is based oﬁ the dispérsion
relation satisfied by R. &

Numerical applications to W(01l) surface for the imaging gases
He, Ne and H2 are reported. The theory accounts for the existence of
pronounced secondary structure in observed IED's and calculations reproduce
the observed secondary peak positions within 1.0 eV rms. The improvement
in the description of peak positipns, relative to previous theory, is

attributed mainly to the inclusion of the phase of R. The sensitivity of

measured LED peaks to the phase 1s demonstrated and it is proposed that
the field ion microscope can be used to measure the phase of electron

reflection at crystal surfaces.
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Field Ionization of Gas IMixtures
Klaus D.Rendulic

Technical University, A 8010 Graz
RechbauerstrafBle 12, Austria

In the past a variety of gas mixtures has been used
for imaging in the field ion microscope. With the
discovery of field adsorption a more quantitative
interpretation of the imaging properties of gas
mixtures has become poséible.

An investigation of the mixtures He-Ar, He-Kr and
He-Xe shows that Argon as well as Krypton enhance
the ionisation probability for Helium. The addition
of Argon to Neon as imaging gas causes some image

promotion at very low fields.

An analysis of the change in image brightness with
the use of gas mixtures allows a quantitative
definition of the term "Best Image Voltage".

0 b ‘«/MwL baiyCTnded oyl g 70 bocnbaid, ff%zz[ ¢

zﬁjyﬁi &ﬁ? Z/?% 44; /r ! /}{,# 4,,, a //qovLZ Aéxﬁ



FIELD ION ENERGY ANALYSIS

A.R. Waugh and K.J., Southon
Departrent of Metallurgy and Materials Science
University of Cambridge

U.K.

An electrostatic deflection-type energy analyser
suitable for use with & field-ion microscope has been designed and
built. The instrument Has high résolution and high transmission
(AE/E <1/2000 at an acceptance whole-angle of BO;AE/E G(AQB).
Usé of a channel-plate detector in the focal-plane of the analyser
allows simultaneous measurement of all ion eﬁergies in a band
300-1000 volts wide, with high detection efficiency.

The analyser has been used to study the energy of
field-ionized gas ions, and of field-evaporated metal lons, under

a variety of conditlons. The existence of ionslfrom the 'forbidden

region' in mixtures of He—H2 and Nee«H2 has been confirmed.

1. E.W. Muller and S.V. Krishnaswamy, 19°® F.E. Symposium,

Univ., of Illinois at Urbana-Champaign.
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THE MECHANISM OF HYDROGEN PROMOTION OF FIELD ION]iZATION*
T. Sakurai, T. T. Tsong, and E. W. Miller
Physics Department, The Pennsylvania State University

University Park, Pennsylvania 16802

Tt is found that at the field strength where hydrogen promotionl
of field ionization occurs, the>field ion image spots flicker. This
obsefv&ﬁion led.us to propose a new mechanism?of the hydrogen promo-
tion.

At or below 78K the surface becomes saturated with atomic hydrogen.
at a partial pressure of 10-8 Torr. Atomic hydrogen.is chemisorbed
both in the surface sites and on the apex sites. At the promotion
field, the hydrogen atom in a surface site may flip over to an apex
site to form a hydrogen molecule, which will enhance the. field ioni-
zation of helium atoms. Thus a better definition of the promoted image
spot is due to a well localized ionization disc above a hydrogen
molecule. The field is however high enough to field desorb the hydrogen
molecule and the scintillation effect reflects a dynamic process of
replenishment and field desorption of hydrogen molecules,

This mechanism has now been confirmed with a new ToF.atom~probe
experiment. By applying a voltage pulse of appropriate height, one
couldy observe the field desorption of hydrogen molecules provided a
DC holdihg field is just in the range where hydrogen promotion occurs,
When the DC holding field is slightly below or above the promotion
field, no hyd¥ogen eould be detected since there is no field adsorbed

molecular hydrogen.

*
Supported by the National Science Foundation.

1. E. W. Miller et al., J. Appl. Phys. 36, 2496 (1965).
2. T. Sakurai, T. T. Tsong, and E. W. Miller, Submitted to Phys. Rev.
Lett.



Some Experiments on Field-Evaporation

A.R. Waugh, E.D. Boyes, D.A. Coppell, A.J. Watts
and M.J. Southon
Department of Metallurgy and Materials Science

University of Cambridge, England.

Some aspects of the field-evaporation characteristics of a
number of materials have been studied by means of the field-

" under a

desorption images formed by the evaporating ions
variety of experimental conditions. Images showing complex but
very symmetrical patterns of bright and dark regions have been
obtained.3 The patterns are altered only in detail by varying

field-evaporation conditions or by the presence of residual

amounts of the inert imaging gas.

A number of possible explanations of the image characteristics

will be discussed, including local space-charge effects, limited
surface diffusion prior to field—evaporation,4 geometrical
effects on local magnifications, and surface electronic effects
as well as possible instrumental artefacts.

The present results support the earlier conclusion5 that it
will be very difficult to achieve a detailed correlation between

the positions” in which ions appear in a desorption image and the

e

surface sites from which they originate. However, the results

have interesting implications for atom-probe experiments which
will be discussed together with data on field-desorption imaging

of single atoms and atom clusters, grain boundaries, particles of

15



second-phase precipitates, and retained solute atoms.

,ff?{. R. Walko and B.W. Mnller, Fhys. Stat. Sol. 2 9, X9, 1972.

5,

5. J.A. Panitz, J. Vac. Sci. Technol. 11; 206, 1974

3. E W Mﬂller and T T Tsong, Prog Surface S01ence 4, part 1,
1973, figure 12.
4, A,J.W. Moore and J.A. Spink, Surface Science, in press.

5. Reference 3, pp. 49-50.

16
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MXTENSION OF THE TAYLOR=WXPANSION APPROACH TO FIKLD EVAPORATION ThiORY

~-Richard G. Forbes <
University of Aston, ﬁépt- of Physics, Birminsham, U.Ke

Possible extensions of the theory put forward at last yearts Field

smission Symposium will be outlined. gome refinements in field-evap-

oration terminology seem advisable, and are stated overleaf.

1) Bxperimental and theoretical estimates of the quantity Pl (the "first
partial puissance of field evaporation") may be made for materials other

than Tungsten:

:Materialz MO; F]_t-;h = 1@7 ey }l]é}cp = 1o4g 201 ey
W 2.8 eV 2:0; 260 €V
Pt 1.9 ey 1.3y 103 ey

e experimental estimates derive from Brandon's1 results near 63 K and

88 K respectively. The comparability of the estimates deserves note.

2) Closer analysis of the experimental results for Tungsten, given last
year, suggests that the partial puissance }ul mey be higher for kink sites
than for adatomse This is to be expected if the atomic volume approxim-
ation2 is valid, and the critical evaporation field is higher at the

kink sites than at the adatoms.

3) It will be shown that the ratio, ﬂa/ﬂb, of the field evaporation
probabilities at two sites, 2 and b, on a ntypical field evaporation

endform® is given roughly by:

ﬂa/nb = exp (M, - Mb)/kT
where (Ma - Mﬁ) is the difference in the Puissances for the two sites.

Further expansion gives, in about & second order of anproximation:

My My, = exp [{,u,]t;@f + P‘t2)6f°%(fa+fb) - P%éfc(l-fa)} /i ]
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T S

may not be an 1ntr1n51c result of fleld evapo“at;on, but coqld have

[P .

4) Numerical substitution suggests that observed "artifact vacancies" {
E
|

some other causes other uses of the formula can be sug“Q§ted. N

et

An Alternative terminology of field evaporation. If m atons are

at risk of evaporation, then the number (j) evaporated per unit time is
given Dby: J = m kn s where -

k, is the lvaporation Rate-Constant, measured in sec-l;

m is the population at risk, in atoms (or sometimes in layers of atoms)

j is the Evaporation Current, in atoms/sec (or sometimes layers/sec.)

An egquation for the evaporation rate-constant can be written in

various formss

k= exp (M /kT)
k =~ = exp[@uifn} %pifi)/ki] (2 second-order form)
kn = exp[(%ng),vgfki] (2 first-order form)

The suffix denotes the site, and other symbols have names and meanings -

Puissance, M, 3 M, = kT lﬁ‘An‘ - Q,

Local Evaporation Field, Fﬁ g defined bys kh(Eﬁ) =1 secml, or M= 0

Local Field, Fh 3 the field acting on the atom &t site =n

. . C C
Froctional Qverfield, f s £, = (F, - F)/F

First partial Puissance of field evaporation, Pi S OPp, =

ﬂ;o
Second pPartial Puissance of field evaporation, Pﬁ; 2 —-¥§‘

s
1

Hquivalent gnergy Density, P s Pn=(Fh)2/8“

vVolume of field evaporation, Vi : Vﬁ = %%n '

Fractional field difference, 6f :  6f = (Fy~ B)/F,

Fractional evapor&tion-field difference, §fc= (F; - F%)/F;

There is & relationship between pi and Vﬁ H yi = Vi .'(Ei)z/en :

the Atomic Volume Approximation is to replace V; by the atomic volume, {.

11).(}. Brandon, Phil. uag. 14, 803 (1966)
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MORE ABOUT MiCHANTSMS OF FIKLD-ION IMAGINGs: SOURCES OF LOCaAL CCNTRAST

Richard Ge. Forbes
University of Aston, Depts of Physics, Birmingham, U.Ke
If thermodynamic equilibrium existed, the gas concentration G at
a point where the field is (Eb+éF) would be given in terms of the concen-

tration at a point where the field is F_ bys

6/G, =  exp [(%aFi o 1/kT . 26F/FO)/kT]

This formula, and the experimental evidencel, suggest that gas distribution

effects should significantly affect local image contrast, at low temperaturesﬂ

However, the theory has been criticised (e.ge by Schremk, private
communication) on the grounds that in the critical surface, some .45 nm
above the electrical tip surface, the field variations (and hence the

gas=concentration variations) will be negligible.

A "typical imaged high-index plane" has been modelled by a 7 x 7
point-charge array, and field values above this have been calculated.
A plane .45 nm above the array is taken as a crude representation of

the critical surface. The field ripple in this plane is insignificant.

However, when & layer of field-adsorbed helium atoms is added to
the array, the field ripple in the chosen plane is estimated at 2% .
Substitution into the above formula gives G/Go ~ exp (10) o« Though
due allowance mast be made for tﬁe non-existence of thermodynamic
equilibrium, it seems likely that near 5°K the gas concentration
variations will be the dominant influence on iom-current variations.

Obvious naiveties in the model seem not to seriously affect this result.

To discuss what the local imaging mechanism is at higher temperature,
one mist estimate the size of Transition Rate variations. However, it
is difficult even to show that Transition Rate is higher over protruding

atomss 1
"ReGe Forbes, J. licroscopy, 96, 63 (1972)
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Electrohydrodynamic and field effects governing the production of charged
particles from a liquid surface |
P. SUDRAUD, J. VAN DE WALLE, C. COLLIEX, Laboratoire de Physique des
Solides associé au C.N.R.S., Université de Paris—-Sud, 91405 ORSAY (France)
If the emission of charged particles from the free surface of
liquids maintained in a high electric field has been recognized a long
time ago (Rayleigh (1), Zeleny (2)), it has gained a renewal of interest
during these last few years, mainly for the development of electrostatic
propellers, and various authors have underlined the possibility of using
these electrohydrodynamic sources as bright ilon sources for ion probe
systems (3) (4) (5) (6). With this latter goal in mind, we have under-
taken a systematic study of the various modes of extracting charges from
liquids and the purpose of this communication is to present some preli-

minary results which we have obtained in our new experimental cell.

Two geometries have been systematically investigated : the stan-
dard capillary configuration where the liquid meniscus shapes itself into
a tip under the influence of the electric field, and another situation in
which the field gradient is localized on the layer of liquid which wets
the extremity of a metallic tungsten tip flushing out of a golden glass
capillary. This configuration is thought to reduce the radius of the
emissive center, promoting field evaporation with regard to hydrodynamic

effects. Tt also allows to limit the instabilities.

We have studied organic liquids of low vapour pressure, the
conductivity of which can vary noticeably between strong insulators
(pyralen) and conductive substances (Nal doped glycerol), and extension
to liquid metals is planned for the next future. Our experiments consist
mainly in photographic observations of the liquid spraying, electric I/V
characteristics registrations and mass flow measurements, from which the
charge-to-mass ratio of the emitted particles can be evaluated.

Several typical regimes of emission have been observed according

to the nature of the liquid and the applied voltage. In the case of pure



glycerol, for instance, an increase of voltage involves successively

- the elongation of the meniscus into an ellipsofdal shape ;

— the occurence of hydrodynamical instabilities leading to the emission
of droplets, the frequency of this process increasing quickly with the
voltage ;

- the setting up of a stable conical profile ending into a fine conti-
nuous jet, the diameter of which may be a few microns. In this case, very
stable currents reaching the microamp are measured.

Doping glycerol with NaI reduces the two first regimes described
thereabove and modifies clearly the last one : the current, and consequently
the specific charge, increase and the continuous jet opens into a diffuse
divergent beam at some critical distance from the capillary end. The magni-
tude of the field is a fundamental parameter which determines the apex
and the semi-angle of aperture of this emission. An ultra-high speed photo-
graphic observation of this zone seems very promising to understand the
exact nature of this effect.

We thank Prof. R. Castaing for having drawn our atbtention on the
capabilities of this new type of ion source. This work has been performed

with the help of the n® 73/884 DRME grant .
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an Optical Analopue Interpretation of Field-ion Micrographs

J.M. Walls and H.N. Southworth
Department of Physical letallurgy and 3cience of liaterials,
University of Birmingham, P.0. Box 36%, Birmingham B15 2T7T
A relationship has been shown to exist between the structure
of a single plane on the surface of a field-ion emitter and the
geometry of a binary zone plate. By relating the established
focusing properties of the zone plate to those obtained from the
projected images of such planes in a field-ion micrograph, it has
been possible to obtain new information on local image magnification.
Further, it has been shown that the entire system of planes

making up the field-ion imaging surface may be interpreted as an
interdependentnmiré;mttern formed between overlapping zone
plates. The essential properties of such moifé zone plates have
previously been established in an analysis of the moiré pattern
formed between zone plates superimposed on a flat surface. When
a similar analysis is applied to the field-ion image it becomes
possible to obtain further information on the precise topography
of the emitter surface. Applications of this analysis include a
new method of measuring local radii of curvature, the correlation
of field evaporation rates of different planes and the moiré

simulation of field-ion micrographs.
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The effect of the directed bonds on the Tow temperature
field evaporation endform of Ge

Abstract for the 21th field emission symp.

L. ErAst , J.H. Block

Fritz-Haber-Institut der Max-Planck-Gesellschaft Berlin-Dahlem

While the room temperature field evaporation endform of a Ge tip
is as expected smooth and spherically rounded off, the 80°K
endform disposes sharp ridges along certain principal zones (1).
Along these zones the rate of field evaporation is relatively low.
Inspecting the atomic arrangements of several planes belonging to
these zones, a definite relationship could be found between this
decrease of evaporation rate (i.e. the tendency to formation of
ridges) and the relative positions of next neighbour sites of step
atoms. Regarding the positions of the next neighbours in the case
of the (111) plane there are two kinds of Tattice steps. Only
perpendicular to one of them ridges are formed at the field
evaporation of a [lllj oriented tip at 80°K. Atoms along this

step must have a greater force constant (i.e. smaller < uzz)
belonging to displacements in the direction of the field, than
those along the other kind of steps. Calculations performed

confirmed this supposition.

(1) L. Ernst, 3.H., Block, to be published
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The effect of the directed bonds on the vibrational properties

of (111) stepped surface of diamond lattice structures.

P. MASRI, Laboratoire de Croissance Cristalline-
UER de Luminy - 13288 Marseille Cédex 2.

We study the vibrational properties of (111) stepped
surface of diamond lattice structures with a simple model.
In the case of (111) surface, there are two kinds of lattice
steps. A calculation of the atomic mean-square displacements
<u®?> is made, by a simple method, for an atom on these two
kinds of lattice steps. The results are discussed in connec-
tion with their consequences on the low temperature field

evaporation endform of Ge.



Dynamic Effects in Pulsed Field Evaporation®

Robert S, Chambers
Coordinated Science Laboratory and Department of Physics
University of Illinois at Urbana-Champaign
Urbana, Illinois 61801

In the Atom Probe a voltage pulse, typically with a rise time of
one nanosecond and a height of 1 to 3 kV, is used to field evaporate
atoms from a surface and to initiate time of flight measurements.
Although much interesting information has already been generated by
this technique, some unresolved difficulties remain. Particles appear
to evaporate on the leading edge of the pulse, the pulse shapes effective
in the evaporation have not been measured, and higher charge states are
found, contrary to the predictions of present theories,. h

In measurements on field evaporation of tungsten we have now identified
a new effect--the total field required to maintain a constant evaporation
rate appears to be a function of the parameters defining the field pulse,
decreasing as the magnitude of the field pulse increases. The experi-
mental evidence for this surprising phenomenon, the conditions affecting

it, as well as possible explanations, will be presented in detail.

% Supported by the Joint Services Electronics Program (U.S. Army, U.S.
Navy, and U,S, Air Force) under Contract DAAB-07-72-C-0259.




FIELD EVAPORATION OF LIQUID CAESIUM

R CLAMPITT,K L AITKEN,D K JEFFERIES

UKAEA CULHAM LABORATORY ABINGDON BERKS UK

Experimental and theoretical studies are reported on the
mechanism of field evaporation of caesium ions from caesium-covered
emitters. The research is particularly relevant to liquid metal
ion sources which operate on the principle of field evaporation from

multi-point emitters.

The shank of the emitter is immersed in liquid caesium the
meniscus of which can be moved relative to the emitter apex. The
thickness of the liquid film at the apex is varied in order to study

the ion flow characteristics.

The experiments permit measurements of the following: current/
voltage characteristic, angular distribution, mass-to-charge ratio

of the emitted ions, temperature-dependence; Rayleigh-Taylor cone

emission. In an additional experiment in a scanning electron

microscope studies are made of film flow and thickness, and the effects

of electric stress., ﬂ
At threshold the emission is pulsed, the frequency depending on

field and film temperature. Pulsed-field experiments give a measure of

the field-enhanced flow rate.

26



Calculations were made of the temperature for differemt emitter
geométries and operating conditions, and from these the loss of liquid

by thermal evaporation has been calculated.

27
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PATTERNS ASSOCIATED WITH HIGH RATES OF FIELD EVAPORATION

A.J.W. Moore and J.A. Spink
CSIRO Division of Tribophysics,
University of Melbourne,

Parkville, Victoria 3052, Australia.
ABSTRACT

The anomalous field ion images consisting of bright bands of
variable width parallel to the <l11> zones, previously reported for
tungsten pulse-evaporated in helium at 78 K, have also been observed .
with neon as imaging gas.

It is found that when the ratio of pulse height to total
evaporation voltage is raised to a certain level traces of residual
gases if present in sufficient quantities, can produce, with tungsten,

images with intensity distributions similar to those found with

28

molybdenum after slow evaporation. These are attributed to preferential

adsorption of the residual gases (HZ,CO) on different parts of the
specimen and, depending on the nature of the adsorbate, leading to a
promotion or a reduction of the ionization probsbility of the imaging
gas. It is pointed out that before an image can be described as
typical of a particular element or alloy, the conditions of prior

evaporation should be carefully controlled.

It is also found that concentric ring patterns can be obtained
even when continuous rapid evaporation takes place while the camera
shutter is open. Examination of successive cine frames show that the
rings collapse intermittently and their integrated exposure on the

film gives rise to a pseudo ring pattern.



N
o

THE ROLE OF SURFACE DIFFUSION IN FIELD EVAPORATION

A.J.W. Moore and J.A. Spink
CSIRO Division of Tribophysics,
University of Melbourne,

Parkville, Victoria 3052, Australia.

ABSTRACT

The field ion microscope has been used to observe the
sequence of evaporation of atoms on (111), (332), (433) and (411)
surfaces of tungsten. Atoms with many different types of surface
co~ordination were observed to evaporate. The relative probabilities
‘of evaporation (P) for each type of atom were found by processing
the considerable data using statistical procedure adapted to give
probability limits for the P values.

For (111) surfaces the results showed that the p values were
the same with helium or neon as image gas, and that in general
differences in p values between differently co-ordinated atoms at
78 K were observed to be greater than at 20 XK. At both these
temperatures however, the atoms with high surface co-ordination
generally had lower P values. The atomic arrangement of (111),

(332) and (433) surfaces allowed prediction of surface diffusion
paths. With atoms in (111) surfaces an easy diffusion path was
essential before evaporation could occur. In general, for those

atoms which had a diffusion path available, p values were relatively



lower when the path had a saddle point protruding from the surface
and which allowed the atom to be subjected to a higher field. On
(411) surfaces diffusion paths are less predictable and the

correlation with p was less.
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High Local DC Field Electron Emission Densities,

V.Ge.Pavliov, A.As Rabinovich and V.N.Shrednik

A.F.Ioffe Physico-Technical Institute, Leningrad USSR.

The highest field emission densities ( j:IOgA/cmz)
have been obtained sofar at pulse operation.The dc j at
steady state operatioﬁ has amounted to IO7A/cm2 and to-—
$al current of & tip I to 7.5°T0 ALY/

Our experiments were carried out in conventional
glass gealed=off Miller’s field electron microscope with
the conducting glass anode coated with phosphor.The pres—
sure of the residual gases was IO_B-IO—9torr.The thermal-
field built-up tungsten tips faceted by iIIO) and {IOO}
planes were used as FE cathodes. We obtained dc I up to
2:T0™°A,The lion's share of I was emitted from the tri—
hedral corners formed by {IIO} and {EOO} planes, l.e.
fron {;II) and {II}} regions, or from microprotrusions
in these regions. /2/

Emitting area S and j were calculated from the
Fauler-Nordheim plots, which were taken in the current
range 10~8~10724. The calculated § amounted to 8 T07A/cm®
at T=3.8 T0 2A. The calculated S=I0"12-10"*cn® coincided
with those obtained by field ion microscopy measurements
for microprotrusions. At higher j and T the emitting
surface changed, which was seen from field emission pat-
terns and from F-N plots. Therefore, J could be only ap-
proximately estimated. The estimations gave j IOIOA/cmB
at I up bto IO“QA. The stable currents of such level were
obtained during several minutes, with the time limitted
by heating the glass of the tube.

We explane the stability of the emitter and the ab-
sence of vacguum breakdown at such high j by good removal
of heat from the small emitting area.

I, E.E.Martin,J.K.Trolan, and W.P.Dyke, J.Appl.Phys.,31,
5,782(1960) .

P, V.N.Shrednik, V.G.Pavlov, A.A.Rabinovich,and B.M.SHailtin
Izvestia AK.Nauk (ser.fiz.),38,2,296(I1974): physica
status solidi(a),23, I(I974)(in press)e



DIRECT MEASUREMENTS OF THE TUNNELING LIFETIME OF THE
ELECTRON IN THE FIELD EMISSION PROCESS METAL-VACUUM

S —— [

G. Regenfus

S e f

Sektion Physik der Universitdt Miinchen

Munlch Germany

The observation of the angle q% of spin rotation /1/
relative to the momentum in field emission from different
metals with varying tip orientations under high magnetic
fields dellvers a direct measurement of the tunnellng life~

16~ 12

tlme T~ 1 - 3 ' _sec in good agreement with other

experlments and calculatlons /2/.

Our measurements show that T depends on the shape of
the tunneling barrier, i.e., on the work function ¢ and the

width of the barrier.

/1/ G. Regenfus, 19th Field Emission Symposium, Urbana-
Champaign, 1972

/2/ J.W. Gadzuk and A.A. Lucas, Phys. Rev. 37, 4770 (1973)

w
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Fowler-Nordheim Slope Variation with Plane Size for (011) Tungsten
A. J. Melmed and J. Smit
National Bureau of Standards
Washington, D.C., USA
Fowler-Nordheim slope determinations for (1070) planes of
Ruthenium as a function of plane size were reported at the 20th Field
Emission Symposium, and the results were analyzed by considering the

(1,2) As the succes-

angular distribution of field-emitted electrons.
sive Ru (1070) net planes constituted a system of surfaces with alter-
nating topography, we felt it was necessary to study also a system of
successive net planes with non-alternating topography, as an experi=
mental control. For this purpose we have chosen to work with (011)

Tungsten p]ames, which are conveniently accessible in a wide con-

1

trollable rahge of sizes in conventional FIM specimens.
Fowler-Nordheim characteristics were measured for W (011) net
planes as a function of plane size using apparatus previously de-
scribed.(]) Plane sizes were varied from diameters of about 120 A to
zero size, usually in about 4 field-evaporation steps. The results
agree with qualitative expectations,(]) and quantitatively further our

understanding of the factors which lead to scatter in single-crystal
|

plane work functions determined by FEM methods.

1) A. J. Melmed, J. J. Carroll, J. Smit, and E. W. Plummer, 20th
Field Emission Symposium, Pennsylvania State University, August

1973.

2) 0. W. Gadzuk and E. W. Plummer, Rev. Mod Phys. 45, 487 (1973).

N
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THREE DIMENSIONAL SURFACE EFFECTS IN FIELD EMISSION*

George L. Schrenk and Richard Woldin
National Center for Energy Management & Power, and
Department of Mechanical Engineering & Apphed Mecha.mcs

University of Pennsylvania
Philadelphia, Penna. 19174

This analysis investigates how a surface potential with a periodic variation along the
surface effects the local tunneling probability on specific crystallographic planes. The
potential in a narrow layer near the surface will exhibit the atomic periodicity of the
lattice near the surface and this periodic potential variation must be introduced into
any realistic quantum mechanical calculation of local tunneling probabilities. For

the field ionization process, a three-dimensional rearrangement collision formalism
was used and a spatial variation of the tunneling probability on a given crysyallographic
plane was found;.1 numerical results from this calculation have been presented previously.
For the field emission process, a three dimensional calculation of the total normal
energy distribution has recently been carried out. The normal current density is
calculated in the usual manner from the barrier penetration probability, obtained

from a series solution to the three dimensional Schrodinger equation after separation
into Mathieu and Airy equations. The construction of a Brillouin-zone frorp the
Mathieu equation energy eigenvalues and the associated non-spherical Fermi sur-

face constitute the foundation from which the manifestations of surface as well as

bulk structure effects in field emission total normal energy distributions have been
calculated and will be discussed. Numerical results will be presented to gfve in-

sight into the significance of deviations from the‘clé.s'sical Fowler-Nordheim pre-

dictions.

1. Sharma, S.P. and Schrenk, G.L., Phys. Rev. B, Vol. 2, No. 3, Aug. 1970

Sharma, S.P., Fonash, S.J., and Schrenk, G.L., Surface Science, Vol. 23,
pp. 30-57, 1970

2. Sharma, S,P., and Schrenk, G.L., Sixteenth Field Emission Symposium, 1969.

2
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SURFACE STATES AND D BAND IN TRANSITION METALS

S ! M. C. Desjonquéres*

- | Laboratoire de Microscopie Ionique
| Faculté des Sciences de Pouen

| 76130 PMont-Saint-Aignan (France)

and

F. Cyrot-Lackmann
Institut Lauc-Langevin
B.P, No. 156
38042-Grenoble Cedex (France)

The Tocal densities of states (LDS) on clean low index surfaces of some
transition metals : name]y,miiiwﬁi;khcp Co and bcc Fe, are studied. They are
obtained within the tight-binding scheme using a moment method and a continued
fraction analysis. The d band degeneracy is fully taken {nto‘account. The
effects of charce transfer are also fnvestigated : the perturbation potential
arising from the charge réarrangement near the surface, assumed to be Tocalized
on the surface plane, is calculated self-consistently by means of the Friedel's

sum rule,

The surface LDS are found to be often quite different from the bulk one

and strongly dependent on the cleavage plane. Indeed, sharp peaks, with an
energy near the atomic level of the rﬁeta19 are obtained in the LDS on non-dense
planes of cleavage. These peaks are absent from the bulk density of states and

... from the LDS on subsurface layers, they are therefore interpreted as arising

from states localized near the surface. In addition, surface states broaden
7 the bandwith in the two metals (Ni and Co) with compact crystalline structure,

whereas for bcc Fé'fﬁerse1f—consistent surface potential is not strong enough

to modify the bandwith. The effects of crystal field integrals are also studied

for bcec Fe and are shown not to modify the subsequently obtained surface states.

Experimental information about the density of occupied states on the surface

obtained from spectroscopic techniques will be briefly discussed, Tor instance,

field emission, which is very surface sensitive, has shown some evidence of surface

states on W.

% and Institut Laue-Langevin, B.P. No. 156, 38042 Grenoble Cedex, France
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ELZCTRON-SORPTIVE PROPERTIZES OF Si0 AND
A1203 ON W,C IN HIGH ELECTRIC FIELD
Kalojan Bobev
Centr, Lab, Agrophys. Res.,Shosse Bankja 5,S0fia 24,BULGARIA
/Abstract/

Surface diffusion of Si0 and A1203 was studied by means of
field emission microscope. The crystallographic nonhomogenity for
coverage of W2C with these adsorbates was shown. Between the adsor-
bate covered surface and the clean one no motion of the sharp boun-
dary was observed. At increased temperatures two adsorbates aren't
distributed by the pattern appropriate for the hexagonal structure
of the tips. Additional plames occur but the hexégonal structure
of the image is not completelly expressedo

Total energy distribution of the electroms in the plane (1100)
at various thickness of adsorbates were measured,Additional maxima
were observed on the energy curves. They change its place depending
on the thickness. In the case of thin coverage there are one basic
maximum and two additional maxima on the curve located below the
Fermi level. In the case of increaéed thickness of the layer the
basic maxima are shifted towards the lower energles by 0,15-0,20eV,
while at higher thickness the maxima are shifted by 0,35=0,55eV be=
low the Fermi level.The influence of the temperature on the‘course
of the TED for thin layers of Si0 and A1203 is demonstrated,

The appearance of additional maxima on the energy curves is ex-
plained by resonence effects and the penetration of the electric
field into the layer.In the case of very thick layer the intensity
of the electric field raises and a transition may occur determined
by the expansion of the energetic levels.These additional maxima
may be considered as mexime of the lower energies of the "gize -

resonance’ effects,
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POUAL S aREY DISPRIBULTION Of wloby crd iy ad ade O 0tleoo sl
OLY 51y, aUle LUNQuﬁYbrAL COV.R.D wWltn Ala()3 AND 510 BY rirli) blessiln
niCROBCOFL
Kalojan Bobev and Valentina Galidarova
Centr. Lab. Asrophis. Res., shosse Bankja Y, solia 24, SULAILA

/Sunnary )/

‘'he investigations on coverage & of 1 to 8 monolayers were
carried oube AL 4 to 4 or so for 510 a basic maximum below the maximum
{or clean surface were observed, as well as two additional maxima
shifted by 0,20 4 0,35 eV below the rermi level. for the adsorbale

410, at © from O to 5 a basic maximum below thalt for the clean ko
[

3
gurface and another Utwo maxima with energiles aboul 0,15 and 0,30 eV
below the Ferml level were registered, 1u lthese cases the adsorbatle
layer plays the role of an additional potentional barrier for the
¢lecbrons btunneling through it. ''he Fowler-Nordhelm plots remain
parallel to that‘for clean Mo, The additional maxima are explained by
resonance effects /eleclron~phonon of electron=—electron/ during the
electron Lunneling through the adsorbate layer.

At coverage & up to /-6 monolayers the basic maximum for S510 is
by ~ C,4 eV below Gthe I'erml level,On the curve there are 3 additionadl
mexima « one below the maximun tor the clean surface, and anotier two
at e~ 0,55 and O, V0 eV below the Fermi level, For AlZO3 the basic and
the addibional maxima have aproximately the same location. llie helght
of the maxima varies wibth the alterabtlon oi the layer thickness, 1lThis
could be explained with the particular excited state ol the adsorbate
layer alt the penetration of the electric field when The layer thickness
corresponds to the Debye length. During the electron tunneling throush

the adsorbabe resonance inelastic interactions occur as well,
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THERMAL END FORM OF TIN COVERED TUNGSTEN

Osamu Nishikawa |

'”’ﬁépértmentwofwPhysicg”ww'anywww'Mﬂim
The Pennsylvania State University

University Park, Pennsylvania 16802, USA

In the course of studies of the ordered rearrangement of surface

2

atoms induced by foreign adatoms, it has been realized that the
profile of the thermal end form is considerably modified.2 A very
pronounced effect is observed for the Sn-W system. The character-
istic feature of the modified profile is a dark and flattened (11I)

area, which is the brightest and most protruding region of a clean

tungsten- tip.

The coverage of the observed surface layer is a monolayer or
less and the formation of a two-dimensional alloy appears likely.
The depression of the (111) area also suggests that the surface

energy of the region is significantly reduced.

During a heating period of 1 to 4 min. at 700°C to 950°C a
positive field of 0.3 V/i to 1.5 V/i has been applied. Above a
critical field strength the (111) area is being built up character-
istically. Experimental results with [01l]- and [111] ~oriented

tips and a tentative explanation will be presented.

1. ©O. Nishikawa and T. Utsumi, J. Appl. Phys. 44, 945 (1973).

2. O. Nishikawa, to be published in Jap. J. Appl. Phys.
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SURFACE ENERGY ANISOTROPY OF METALS

( R, Kumar and H, E, Grenga)
School of Chemical Engineering, Ga Tech Atlanta Ga 30332 U,S.A,

Field-ion Microscopy was used to observe the thermally annealed
end forms of iridium, tungsten, platinum and &-=iron, The angular size
of the facets that developed on annealing was measured and corrected by
the method given by Muller and Drechslerie From the corrected facet
sizes the surface energy anisotropies were,calculatediﬁ A qua]_iﬂative
agreement was found between the measured anisotropies and those cal=
culated using Morse and Mie potentials., A~more nearly quantitative

agreement was found using pailrwise bonding model,

It should be mentioned that for iridium it was necessary to use
a higher temperature (1360°K) than that previously employed by Brenner2
in order to obtain the equilibrium end form which agreed with that predicted

by surface energy considerations, Tip blunting did not occur at this

higher temperature,

Kinetic measurementgﬂere also made for the growth of some facets
and a computer program was developed to determine the model for surface

diffusion on field emitters,

1, A, Milller and M.Drechsler, Surf, Sci, 13 (1969) 471

2, S. 5, Brenner, Surf, Sci, 2 (1964) L96
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Theory of Electron Emission at the

Metal-Semiconductor Interface

by 3.GsChristov
Department of Physical Chemistry,Bulgarian

Academy of Sciences,Sofia 13,Bulgaria

Prqvious treatment of electron transitions through an insulating
region (vacuum or dielectric) between two conductors 1-3 is extended to
include electron currents across metal-semiconductor interfaces.A
generalized formula for the transition probability is used which is valid
for any energy value and for arbitrary band structures ot both the conduct-
ing and the barrier regions.General expressions for the current density
are derived which apply to the whole range of field and temperature
variation (Field,T-F and Thermionic Emission).A rather general energy -
(quasi)momentum relation is used to compute accurately the parameters
entering these expressions for a Schottky and a modified barrier potential.
iany body(polaron) interactions may be also incorporated in the current

density equations.

1.5.G.Christov,phys.stat.s0l.,42,583 (1970)
2.3,G.Christov, phys.stat.sol.(a) 1,371 (1971)
3,5,0,.Christov,Contemp,Phys.13,199 (1972)
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Current-Field and Current-Temperature Dependences

for ALwALEOB»AL Junctions in the Regions of

Thermionic Field and T=F emission

C.M,Vodenicharov and S.G.Christov

Department of Physics and Physical Chemistry
Higher Chemico-Technological Institut
Sofia 56, Bulgaria

lleasurements of the current density as a function of the field

and temperature for ALmALEO ~Al, junctions were carried out in the three

emission regions:thermionicszF and the extended fleld emission region
under conditions where the Schottky image potential well describes the
berrier at the metal-insulator boundary.For the purpose AL203 =layers,
obtained by anodic oxidation with thicknesses from 50 to 150 2 were used.
The dielectric constant ( D=8,9 £ 0,1) was known from independent measure-
ments.The effective electron mass and the metal-insulator work function
were determined in the regionlof thermionic emission.A fair agreement
betweerd the experimental data and the equations of the general theory

of electron emigssion from metals in dielectrics is obtained in the whole

range of field and temperature variation,






























































































































































































































