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Table 1: List of surface arnalysis techniques

1. Elastic scattering techniques

Acronym  Technique - _ Probe Det. .
. - particle  particle
EELS Electron energy loss spectr. “i¥. Electron . Electron
HREELS - High resolution EELS ' " Electron :,Electron
SEM . Scanning electron microscop . Eleétron - Elecl:ron
1SS (LEIS) (Low energy) ion scatt. spectr. Ton Ion
_MEIS = Medium energy ion scattering Tlon - Iom
RBS . - Rutherford back scattering " Ton “Ton'
ICISS ~ Impact collision ISS ‘ Ion Ion
NICISS - Neutral ICISS Ion Atom
ERD (DRS) Elastic recoil detection (Direct recoil sp. ) Ion .Jon
FIM " Field ion microscopy Atom . Ion
2. Diffraction methods
LEED Low energy electron diffraction Electron  Electron
RHEED  Reflection high-energyelectron diffraction Electron  Electron
HEAD Hehum atom dlfnchom , Atom Atom
3. Iomsatnon methoda
AES a Auger electron spectroscopy Electron = Electron
AES - Photoelectron spectroscopy ‘Photon Electron
ESCA - Electron spectroscopy for chemical analysis = PES. Photon Electron
Ultraviolett photoelectron spectroscopy - Photon Electron
- Angular resolved UPS . Photon  Electron
.. X-ray photoelectron spectr -+ Photon  Electron
Sntfaeo dxhndodx‘ alntxptnm ﬁnae atructure *: Photon * - Electron g

- Near edgc X-m duq-ption ﬁne structure

Field el
AN
raking ) .
: Eﬁ%éoﬁn si&iwmula. ed dmmt:on
: ; M 'S stxmulated desorpt:on ‘ '
ESDIAD ™ ESD jon anguhr distribution
SIMS = Secondary ion mass spectrom.
SNMS Secondary neutral mass spectr.
FABS Fast atom bombardement spec.
ERD Elastic recoil detection (Direction recoil sp.)
5. Charge exchange methods
INS Ion neutralisation spectr.
MDS Metastable de-excitation spectr.
STM Scanning tunneling microscopy
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(a) SINGLE

(b) DOUBLE

o

{c) TRAPPING

-

(d) PSEUDO-TRAPPING

Fig. 9. Some trajectory possihilities seen in s surface seattering.
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THE CHANNELING OF ENERGETIC ATOMS IN CRYSTAL -I.A'I"TICES

NUMBER OF PARTICLES NOT YET STOPPED
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Fig.

- according to the Born-Mayer potential,
roctions of the incident porticles are given en the curves.
The vertical bors give estimates of the statistical un-

certainties in the calculations in the tail regions.
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for 5-ke¥Y Cu dtoms slowing down in o static Cu lattice

Mark T. Robinson and O. S. Oen

Sl(?lid State Division, Oak Ridge National I_.tav.lm:.'a.tory1 '
Oak Ridge, Tennessee
(Recgiued 5 December 1962)
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Clussieal Rutherford shadow behind cas aiom

A simple and illustrative phenamenon is the shadow behind a repuk
scatiering centre fn an external, parallc] beam of particles. The sealier
is assumed 10 be classical (cf. (B.4) snd (B5)) and we suppee that Ul
is » screen perpendicular 1o the beam, sl a distance f behind the scatle.
centre, This idealized experiment may be said o represent 8 pair of at.
the sealiering centre heing onc ator, the sccond stom being placed in
sereen, 5o (that we ask for the pruhability of hilling the second alon.

An cuample of nearly isolaicd alumic paiss is found g fur ne:
neighbours in the diamund lattice, Le in the (1 1 1)-directiun. Soch |
may abe he reganied as mcnmplrlc sirings, with succensively lwo veci
amd to unuccupicd silcs. Fhe puic effect can oecur not sierddy in a3 w
wiomic sulatancr ke 5§, bul ol in eg Z8S, where all § aloms sre shiv
dry Zn stoms in une dircction, snd cunvencly in the uppnile direetie

For simplicily, we consider merely Rutherford scaltering, corresponding
to impael paramcters p X a. Lel Lhe seoltering centre be placed on the
z-a1is, the beam being parallc] 1o this azis. A pnrlidc with impac! para-
meler p hits the screen at a distance ¢ from the z-axis, and for small angles
of deflection r is given by

r-pee @

where & = Z,Zu'JE. The distabhce r has v minimum, rge = 2)/5d, fur
- lll_d. The sheduw region therefure hos a parabobic shape, 23 & function
of the dislance J, wince ila cdge is ol r = 7, w '3,

Ia erder te hil the centre.of the sereen, we must Lill the beam Ly an
angle vuu = 2VB]d = v,}/2, where yy b given by (2.9). The Intcnsily
digiribution on the screcn is casily obtained from (2.11). Let f{r) be the
intensity on the sercen, the external beam containing one particle per unil
orea. Then, for lavge », f(r) tends 1o unity, wherens f(r) = 0 for r < 7y,
The parlicles alming at r < r_,, are pushed josl oviside r,,, where f(r)
has a peak, In facl, ,

@1

Ol e

-

0, £<ran

The shayp edge ol 7 = .r.,'. is Llurred when quanial corrections are taken -
inte secount, the blurring remaining amall only when x = 2Z,Z,ufv is
Jarge compared to unity (ef. (2.29)).

Tbe number of particles missing on the sereen inside £, Is arl,,.
The number mining inside ¢ Is ar” ~ [1_ 2xedrf{r) = 21— (1 - o1,/ )P
For lacge r this implies that only half the missing number i3 compensated
in Nutherford seattering with p « d. It is cwsy to show Lhat, for screencd.
atomic fiehls, the full compensativn occurs far ¢ lurger than a. In fact, when
{2.6°) belds, u 75 per cenl compensalion is oblsined for r « Ca. Thus. for
fast particles obeying o1, {2.2°) Lhe compenaation is Sivided in lwo equal
parts, one uecurring ar r = 2(bd)', or p2 vil'2, and the other al r~Ca,
or w ~ Cald. i
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. oben: Photographische Aufnahme der von einem Cu-Einkri-
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Abb., 2.4: Fihrungselemente des Io! ..strahls der LLOKI-Apparatur
(1) ATOMICA Ionenduelle, (2) Ablenkp.. .cen, (3) segmentierte
Blende, (4) Brennpunkt, (5) Magnet, (6) Einzellinse, (7) ver-
stellbarer Spalt, (8) Probe, (9) Analysator, (10) Detektor
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electron yieid

10 20 30 40
electron energy [eV]

Electron spectra fromHe++ ->Pb(111) (full lines) and
Het —>Pb(111) (brokenlines) for different angles of
incidence and Ei;, = 1 keV.

The abcissae of the Het* curves are not to scale.
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electron vyield
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electron energy[eV]

Calculated electron spectra for Het+ — Pb(111), Ex, =
1keV, impact angle as parameter.

The following table lists the relevant spectral contribu-
tions together with the maximum values of the respective
transition rates:

AC(1,0) 3.0 x 1051

AC(2,0) 1.7 x 10151
RC(2,1) 9.6 x 10Ms™!
RC(2,0) 4.2 x 1014571
AU(2,2) - He**(2s%)!S |1.7 x 10%s™1 §
AU(2,2) - He™(2p*)'D | 8.3 x 1085~ §]
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Abb. 20: Die Uberlebenswohrscheinfichkeit der untersehicdlichen Molekilarten (Ya) abs
Fuktion der Austrittsarbeit (¢) der Ealiumbedeckten Nif111)-Qberfliche. Zum Vergleich
sind auch die an der Nif110)-Obcrfliche erhaltenen Werle ecingezeichnet.
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Abb. 21: Die Joncncusheute als Funktion der Awsfrittsarbert der kaliumbedeckten Nif111)-
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