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Goal of Lectures:

a) To discuss basic physics of ESD and PSD o
Structural information contained in Electror

b) To demonstrate utility of electron stimulated Stimulated Desorption Ion Angular
desorption ion angular distributions (ESDIAD) for Distribution (ESD]AD)
determining molecular structure at surfaces
-
¢) To discuss specific examples: N .- H* o*
"\H Hye N~
Y A o
* H20, CO, NH3 ... on clean metals N 0

) s \ ,
11 !
* influence of additives (impurity atoms) on / / / / (";
structure and reactivity

adsorption on semiconductors

oxide surfaces



Outline of Lectures
L Introductory remarks -
IL. Basic Mechanisms of ESD/PSD
- Experimental observations
- Generalized "3 step" model
- Redhead-Menzel-Gomer model
(valence excitations)
- Knotek-Feibelman model
(Interatomic Auger decay
in maximal valency materials)
- Generalized Auger Stimulated Desorption
- Coulomb explosions
- Cross sections
III. ESDIAD
- Bond angle/ion desorption angle relation
- Experimental procedures
- Perturbations on trajectories:
image effects, reneutralization
IV. Specific examples:
A. H>O on surfaces
B CO on metals
C NH3 adsorption: role of impurities
D. Adsorption on Silicon: H,0, HF
E PF3 on metals: dynamical effects
F. Negative ion ESDIAD
G. Beam damage in surface analysis
V. Future trends
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T. Basic Mechanisms

GENERAL EXPERIMENTAL OBSERVATIONS IN
ELECTRON AND PHOTON STIMULATED .
DESORPTION

Some of the basic expsrimental obssrvations (1-10) that charscserize
slsctron sad photon stimulsted desorption of sucface specias are s follows :

1. As indicated schematically is Figure 1a, bowbardment of solid
surface coutaining adecrbed layers with electroa or photos besms of
sufficient energy (e ~ 10 1o > 1000.4V) can canse desorption of ground
siate neutral stomic and molecular iragments, positive and negative jons,
and metastable speciss. In addition, dissociation or “cracking” of surface
molecules aad surface diffusion of sdecrbed speciss can be induced by
slectron bombardment. Becaues of the asee of detaction of ions, most
ESD/PSD studiss have concentraied on messuruments of ios desorption.

2 Most ESD/PSD processss have crom sectioas that are smaller than
those for cloctron- sod photos-iadwosd dimociation sand jonization of
gassous molscules. For 100eV electroms, typical cross sections for gas phas
dissociative ionization are ~ 10" '* cm?, Typical aroes sections for ESD of
adsorbad molecules arv in the rangs 107 '* to 107 cm’. o general, cross
sections for desorption of neutrnl spocus are much isrper than crom
sactioas for ioas, by factors of 10-100. For ESD, an ioa yiald of 10~ * ions
pot incident electron is considersd large. :

3. Mot ESD/PSD ions are atomic, with H”, O*, F*, and Q" the
species having the highest yields. Negative iona of sach of thess spacies are
lhn-(ll).blnlhﬁtmmnlllymlhlhnblpoﬂinbu
The dominant molecular ions obesrved in ESD/PSD of various adsorbed
monolayers includs CO* and OH*, ESD/PSD of condensed multilayers
often result is larger, mors complex ions siso [s.g C,H; from condensed
c.u.,(m.b}mN;mmu.un}mmdc&
Li, and Na have been obsarved (L4a-—c)

4. Whereas energy thresholds for the ESD of neutral specats are a8 low a4
5 eV for CO from W, thresholds for desorption of ions ars higher.
Thresholds for ESD/PSD of CO* fkom W and H* from condensed
CH,OH are 15-20 ¢V, while O* from adsorbed CO has an onset in the
rangs 23-30 8. The desorption of O* from the surfaces of certain maxical
valency metal oxides are relatad ¢o core hole iomization in the metal cation,
typically 25-45 eV for 3d transition mwetal oxides New chanmels for
dosorption AT Meem 1O APPSAr 3¢ emergies above dewp core ionization
m..;o'mcounomom)nm.v.m
positive ions are also observed above core hols thresholds.

s. lon kinetic cngrgics are pemerally in the rangs 0-10 oV.

[ % ‘:L‘.' oCtions 418 YeTY ensitive to the mods of bonding of 4
moleculs 1o the substrats surface. [n gemersl, cross sections for rupture of
intarnal boads is adsorbed molecules {e.g. the C-O bond in adsorbed CO
bound vis the C atom 1o the subsirase, or, the H-O boad in adsorbed H,0)

are higher than cross sections for rupture of metal-atom bonds (e for
fractious! mmonolayers of adsorbed H or O on & metal surface). ESD cros
soctions for desorption of O * from mewl surfacos are higher for adsorplion
of O oa siap and defect sites than os stowmicully smcoth surfaces.

7. ESD/PSD ions do not generally desorb in isotropw distributions.
Rather, they desorb in discrete cones of emission, in directions determined

by the orientations of the surface molecular bonds that are “rupiursd™ by
the excitation

™ 2\ 2/ o
w

Generalized Mechanism of ESD/PSD

V(z) > “- *A-‘-
M+A

Z>

{. Fast initial excitation, -10"38s (core or
valence ionization)

2. Electronic rearrangement ( -107%% ) to
repulsive state with lifetime of 107%4s

3. Modification of charge state, trajectory
(image force, reneutralization)
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T hreshold Enersz'e,.s ﬁr ESD of neu.fra./s, tons @

Tadhead - Menzel- Gomer Antoniewrnca (Fewlneretal., Phys.Cev. 3a¥ (1481))
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Mechanisms of lon bFormation: FPhoton

Stimulated Desorption @
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Synchrotron Radiation Facilities:
NBS SURF-II

Advantages of PSD for threshold
measurements: tune radiation to
break bonds selectively.
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Electron and Photon Stimulated Desorpti
(ESD/PSD) from TiO,: -

- desorption of O+ from a
clean substrate

Knotek-Feibelman mechanism:
- ionize Ti 3p

- interatomic Auger decay
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“Covlomb Explosion” i “Molecades
C#{,’I+ x-r'cui —> I"“"iHL +CZ+ + IHY
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T GeV
c** 4pey
H* 34eV

Pb(CHﬂ,**X-mj — sz‘“' +3’."r"C“*
+ 0.4 HT + /8. F e
Kinetic Energies;
Pbt < 0.65 eV

Ct 1I3eV
H* 25 eV

Quanhtative Aspects of ES)H @
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ESDIAD  Apparatus

—\\ N\ Grids
" Quidrupoie | I = N =
A
Schematic of ultrahigh vacuum ESDIAD appars-
tus. The sample § ean be rotated. ESD ions e mass analyzed in the quadru-

pole mass specirometer. ESDIAD paiterns are displayed using the grid-
microchanne] plase (MCP)-fuorescent scroen arm, &
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Dynamical Effects

n ESDIAD,

ion beam direction determined by
orientation of molecular axis,

\ /H*
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Fig. 4. H* ESDIAD and schematic
1o 1 5i(100) surface (33). (A) H*

(20)

ion beam width determined by vibrational
amplitude (bending, rotation)
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models illusirating the bonding of OH
ESDIAD (perspecuve and contour plots)

at 300K, (B)H* ESDIAD at 140 K. A schemaric bonding modet in which
H and OH arc bound to buth ends of 3 $i{100) dwmcr (32) is shown at the
botrom. The four H* beanus in (B) are duc 10 ESD from degencrate dimer
configurations. The decrease in rosolution of ESDIAD ag K is due o
increased vibrational motion of the OH specics,



Perturbations om Ton Trajectories

(o) Tmage force =Y
[ax
&

FPP7 7777

(c

The presemt calculations treat the repulsive potential as an infinitely-sieep
repulsion acting upon the ion at a posilion 5, where 1 is the distance of the
ion from the surface image plane at the instan the jon is formed {ie., it is
related 10 the ground swaie equilibrium separation of the adatom from the
surfsce). For large ion-surface separstions s 3, the ion moves in the
Stisaclive screened imags polential V) (1), approximated by 1)

Vi{s)= —el/4{s + &), ()
Here &~ is the Fermi—Thomas screening length. Since the potential F(s) is
long range compared with the repulsive potential, €q. (1) is valid for all 5 > s5,.
For simplicily, we assume thal an ion, formed at o has iniual kinetic energy
£, and moves classically in the image potential only. However, it should be

noted that E; is a fictitious quanuly since the deiailed shape of the_ repulsive
potential 1s unknown. A beiter-defined quantity is £, the final experimentally-
measured ion kinetic energy at large distance from the surface

E=E,~ V) @)
with
V= —e3/4(s, + k"), 3

the image potential at the initial ion-surface separation #,. Note hat ¥, (i.c.,
45) is not uniquely defined, bus can be estimated by using Gadzuk's procedure

In this section, we derive a classical equation for the trajectory of a low
encrgy ion leaving 3 metal surface under the influence of the image poiential,
to extend the previous results of Clinton [1] and Madey [2]. These authors
followed an ion formed a1 the distance 5, from the surface, with initial kinetic
energy E, and initial desorption polar angle #, measured with respect 10 the
sucface normal. They concluded, from momenium and encrgy conservation
laws, that st large distances from the surface, the (measurabie) desorption
polas angle # is given by

1n
m._m%(ﬂM )

1+ V/E, ’

with ¥, defined by eq. (3). Furthermore, if cos®# < |V,|/E,. there is no solution
of (4) and hence no desorplion. Thus, the condition for desorplion is

8, <4, = arccos VIV, , (s)

?ec%ﬁwc I'F Z_;_ < {VI,
2m

Ss

@

MiBkowé, Vulbanic,| Madey : Surtice Sec. (¥1 285 (1984); 167 vas(r8é,

L 48200

1
0 0
.

ng,TrmdMqMWhnhmhn’m

The main conclusions of this work can be summarized as follows:

(1) The ima ential invariably causes an increase in the d. -
Lion angle @ of an ion leaving & planar meial surface; the image poisutial does
not_influence the azimuthal . The amouat of distortion of the ion
trajeciory by the image potential is directly related 1o the parametsr [V,|/E,
whichde{inudn“llteﬁ.lh”ohheimnpp«nw.(v, is the ion potential at
the initial ion-suslace separation, and E, is 1be initial kinetic energy.) Larger
values of [¥,1/E, kead to large distortion of tha teajectories.

(2) For monocnergetic. monodirectional ions there is a_critical angle for
desorption #,, which depends on |V,i/E,. For initial desorplion polar angles
‘°>l¢,lheim|epunﬁalwiubendlh¢iﬁmblcklolhcwdlﬂ.lndﬂﬂpeil
impossible. For #, =4, the polar angle of the final Irajectocy is § =90,
paralizl 10 the surface.

(3) For ions desorbing with a range of energies and angles (i.¢., with finile

energy widih E, and angular width 4_), the results are more complex.
(8) For &> 4, ie, when the initial bond polar angle is greater than the
cut-off angle, a sharp cut-off of the resultant angular disiribution does not
occur at #=90%, Rather, the angular distribution is peaked a1 &, less than
90°. and the ion inlensity ai 90° is very Jow. Experimental evidence for this
phenomenon has boen seen in ESDIAD of H* from NH, on Ni(111) [2.18.19).
(b) The FWHM and the peak posilion ¢, which characterize the (inal angular
disiribution are nor unique functions of the strengih of the image potential,
IV\l/ £y The ambiguity is mosi apparent for large values of ¥\’ g, and for
large values of initial polar bond angle &,

The latter conclusion mesns that the ariginal surface bond polar angle &,
and the angular with ¢, for ion desorpiion from an adsorbed molecule cannot

always be determined unambiguously from \he experimental ESDIAD mes-
surements.

e W



L) Cenewtral 'J‘.’}’""
Assum phans 4 .

We adopt here the Hagstrum non-local type of reneutralization, ie. we
assume that the electron which purticipates in the hopping process is delocai-
ized within the substrate conduction band. This model implies that the
rencutralization rate R depends only on the ion-surface separation =, and this
dependence is usually modelled by ’

R(z)=Ade™™, (2)

One can see that this model of rencutralization affects only the polar angle
dependence of ESDIAD: the azimuthal dependence is unaffected.

The ion survival probability P, i.e. the probability that the ion desorbs
without reneutralization is given by

P-cxp[—j;wR(:{r)) d:], (3)

where z(1} is the time-dependent ion-surface separation in the classical
trajectory approach.

It 15 reasonable to assume that ion desorption is caused mainly by a strong
repulsive central force [2.4.11] acting between the ion and a surface atom. The
repulsive potential is of the Born-Mayer type

V(r)=8e b, (4)
where r is the distance between the ion and a surface atom.

4. Conclusions

The plots of figs. 1 and 2 are based on a limited range of parameters
appropriate to one system, ESD of oxygen on W. However, the results of our
calculations support the view thalt quantitative conclusions of bond angles
based on ESDIAD measurements alone depend strongly on the measured
value of polar angle 8,. In general, for values of &, less than 30°-40° or so,
one can determine the initial desorption angle, consistent with the assumptions
of the simple models. For_measured angles much greater than 50°, it _is
difficult and in mosl cases impossible i ilal initj
desorption angle. It was found earlier [6] that the peak angle and width of an
ESDIAD beam can be insensitive 1o the sirength of the image potential at
large values of 8, and the reneutralization effects iMustrated above in figs. 1
and 2 introduce further complications, as do the presence of steps, defects and
other surface topographical effects. We conclude that at Jarge values of 8. the
main utility of ESDIAD is qualitative, i.¢., to identify that the CBD is strongly
inclined with respect 1o the surface normal.
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Fig. 1. Calculated effects of reneutralization on electron stimulated desorption ion angular
distribution (ESDIAD) using parameters appropriate for ESD of O* from oxygen on tungsten.
The dashed lines show the angular dependence of the survival probability P for different values of
a/b. assuming isotropic initial ion angular distributions. The set of solid curves for various
chemical bond directions &, and various g /b is enveloped by the corresponding curve for £. The
dotted curve represents the angular dependence of P for ¢ /b — 0.
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ESDIAD Peak Shift, A=8p-6,
&

1 1 1 1 1 1
w0 20 30*° 40* 500 GQ° 70* 80
Chemicat Bond Direction 8,
Fig. 2. Influence of the image potential {curve 1) and reneutralization processes (curve 2) on the
shift of the ESDIAD peak, A =8, -8, as a function of 8, The peak shift A is defined as the
d:ffgrencc between the measured peak position 8, and the ground state chemical bond directior
0. ic. Am 8, ~ 8,. Curve (3) is the resultant shifi with rencutralization and image interaction
effects caleulated simultaneousty for & =2 The shaded area represents the region of the

resultant peak shifts when 8 varies from 0 (curve 4) to infinity (curve 5). Curve (6) is the sum of
the ¢curves (1) and (2).



Summary

- ESDIAD provides direct information
about surface structure.

- ESDIAD sensitive to orientation of
H- ligands; LEED not useful.

- ESDIAD sensitive to local bonding

geometry; long range order not necessary.

IV. Specific Examples
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"The Interaction of Water with

Surfaces: Basic Aspects ”

Jn:'3u¢ features of adsarbed H,0: large
dipole moment, strong affractive infecadions

Mz .83 D Q

On a surface :

-"'f'etmheclm.l"mo/ec.a’e
- 2 flone pa.fr- arbitals

- band via O
~H- bonda'@ interachons

In contrast, isoelectronic NH, :

- larae dipolc moment
- one lone par orbital

resssrs - (e.puls;ve lateral

interactions

Outline

L

Clean Metal Surfaceé

A. - Molecular vs. Dissociative
- Strength of H,O Adsorption
Bond
- Theory
B. = Structure of H20 on Metals
- Long Range Order and Local
(Azimuthal) Order
- Examples: H,0 on Ni(110): Dimers
H20 on Ru(001)

II. Additive-Dosed Surfaces

- Influence of O, Br on Order
- Hydrogen Abstraction: OH
- Dissociation Induced by K

1. Oxides

- TiO»
- High T¢ Superconductors



Dissociative vs. Molecular
Adsorption of H,0

H,0/Ag (110)
The rmochemical Pr&ﬁl § ctions ; ” 2R '
ivB VB VIB VIIB A/r\ B U8

S,
& Quadrupole
s

N

ALZ5%5 5 770700

A a8k dg i ald

R

\?\*\‘.

P

H,0 Desorption Rate {arb. units)

f;:)l//;ééjy SRA th "'A; %
B J . oo |
/ Dissociatve jy Borderline i Mofecular A/ \ 27|
1.8
Experimental Observations: - 09
IVB VB VIB Vi3 l/v"f'\. I8 uB AL 0.45
2 E R 15 AN w9 idi 0.18
///é v y Ma /// )?%/./?;‘.Zn’. 0.06 -
w | a1 P a3 |fad] '3{5"-":'45"'- f.'.g_:{'.“: 48 | t | | h
2 | No [ Te [Bal|REe ] L B 350 °
72 {13 % % |: ‘ni ;'_-_-_“b'.,;'ﬁ- 80 : 100 150 200 250 300 0.
HE | Ta W D) O [ R PANG g Temperature T (K) -

V/4 (rgsfa/ ﬁce-c/c;encfeuf f ' /
Nt B
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Thermal Desorption of H,0
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Log F“Jﬂ".i‘!;f&é'g)_-‘ The smallest cluster: the water dimer o,

Ni, Cu(110)
q d Schematic ESDIAD
-

Short ramge , local order (€ $3/42) ; Sﬁ?ﬂe

~ Mmolecular orientotien on Surfece

related b spbstate s\,mmd‘v ~ Model for H,0 Dimer
Pl ' 0011
¢ — ) I
Q\-- N ‘\ 1‘ /“*
\ \
SR %
‘\ N q
- ajl.lﬂvf“! W “J/QS OJJ/O"' ESD - actlve ®
po/o.r bond ama/es Hhe Savuc for ESD - inactive O

Mnion‘lj of melecules



[001] i
m Dl mers

A)
Bilager
B)
0) ®
® ®
® ®
() @
® O
G et Layw O

@ Second Layer H,0

# EID Active Hydrogen
O ESD inactive Hydrogen

€

H* ESDIAD Patterns

Angle Kesolved UPS (Her ) @9
H,0 on N/ (110) : evidence for- dimers

= H0 monomers, hydrogen - bended clusters
qgive T UPS peaks : 15 3a., 15,

- H0 dimers give ¢ UPs pesks
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Hexagonal Clusters on Ru(0001), Re(0001)
Schematic ESDIAD:

‘*t

BRI
2
*\':' >
el

L

P

&,

Model for Bilayer Cluster:

@
Infiluence of additives on surface structus,
In gas phase,

What happens on surface?

+

Theory (Lang, Norskov, Holloway)
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H* ESDIAD: Influence of Br on the Structure and
Chemistry of H,0 on Ag (110)

(a) H,0/Ag (110) ) H,0 + Br
(b) Model for Orientation of H,0 __2___ ) T2 T or




Hydrogen abstraction @ ( :
Ho0(a) + O(a) —-> 2 OH(a) '

What is the structure of OH(a)? ? I I ,
> .
2 ' 290K
g M g 20Hgq =22 Hy04 + 0gq
TITTTITTITITIIT Eo3f-
H* ESDIADm:n';cJIHO’o o:l;'th‘:isot)mctun and §' § |
H,0iAg (110) H0 + O %a ,/ \\
© 02} / \
g _%l \\
) %
o1} )/ \ |
\ N
] \ a
\\ ‘
:’ | \1 E
i’ i I I S
— R 02 03
i g g Oxygen Coverage {monolayers_
Ho+0—20n | %", 8", Y Similer data.: Cu(re)
o - -9-] b
H‘(m) :
N (1ie)

P (100)



Dissociation of H,O on K-dosed Ptlin)
(Kiskinove, po'f'u-g , Bonye!)

' Ld L L4
Pt{1tl} «K +H;0
T =305K

7 On038

—r—
Ol1s)
hw 212518 0¥

ne | T . Gy2028

. wxe G218

Qs T .

L

PHITN e K + HO
T+ 305K
B 30207 Ras W

MONOLAYER

aQk /
._..;__l/ 1

Q a1 Qa2 a3 Qs
POTASSIUM COVERAGE 6,

@)

BORURLIZED THTENSITY

@)

Interaction. of H,0 with, Tio,

T=300K
60 A6V 10 120 81 (1)
‘|fl'.
-
CLEAN
XY
100 L H,0
h O3
\_\ / 8%
clean \\\ /‘/

ELECTRON DINDING ENERCY (W




n(E)

An(E)

Interaction of H,0 with La, Sc;.t(‘uo\;g ' ¢

(T~ 40K ) | ‘
T oo . ‘Summary :
@  hvesoeV 5 ' . '
T:300K .° Strength of Adsorption Bond
< - 50-80 kJ/mole

- Bonding via O Lone-Pairs

« No Adsorption in Vacuum, T$300K

Structure of HO
- Long-Range and Azimuthal Order

13 10 5 0

Binding Energy (eV) Greater for Strongly Bound H2O
Differerce Spectra, Influence of Additives |
(b} w A - Molecular Reorientations h
"\‘-\-....a' e oo - Long-Range Order

‘J ' \\ - Change Surface Chemistry
} Oxides -

- Material-Dependent Chemistry
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IV.  Specific Examples, continued.

The remainder of the lectures in this series will be
concerned with additional examples of the structure of
small molecules on metals and semiconductors, the
structure of oxide surfaces, negative ion ESDIAD, and
beam damage in surface analysis:

B. _CO on Metals,

a. "Standing up" CO
- terminally bonded CO/Ru(001)
- terminally, bridge-bonded CO/Ni(111)
- virgin CO/W(110)
- dynamical effects in ESD ion yields: resonant
charge exchange

ESD of (O on
ot N Q)
co* ICie Co001)
w (119)
P (ar0)
6, — and Co¥ /Ni (o)

co

ARt hw Qo ' adsorbate - su.bstrate interact am

dominafes ne:dm/ga_-hoh .

At bk éco; resonant c harge echqmje_
a«jéw shucture effects doninate.

#9)

b. "Inclined" CO
- CO/Pd(210): inclined, ‘bridge-bonded CO
Top View Section View of C Sita

—) [120)
| i’

- CO/W(110) steps

- CO/Ni(110)

- CO/Cr(110)

- CO + Na/Ru(001)
Key references to CO:
CO/Ni(111): F.P. Netzer, T.E. Madey, J. Chem. Phys. 76
710 (1982).
T.E. Madey, J.T. Yates, Jr., AM. Bradshaw
and F.M. Hoffmann, Surface Sci. 89, 370
(1979).
W. Ried! and D. Menzel, Surface Sci. 163,
(1985); M.D. Alvey et al., ibid., 165, 447
(1986).
N.D. Shinn and T.E. Madey, J. Chem. Phys
83, 5928 (1985).

EELS, UPS evidence

CO/Pd(210):

CO/Ni(110):

CO/Cr(110):



X

&

C. NH3 on Metals: role of impurities - NH3; + Na on Ru (0001), Ni(110).

a. Adsorption on clean surfaces a) b) “¢)
- NHj3 on Ru(0001), Ni(111), Ni(110), Ag(110) @5) %}0 %8
+ +

H\ /H e A A

H ,
H\&,H | O O . O
Ten T Hydrogen Nitrogen Oxygen Sodium

- NH;j on stepped Fe(100): "inclined* molecules
Key references to NH3 on metals:

NHj Ni(110): F.P. Netzer & T.E. Madey, Surface Sci.
119, 422 (1982).

NHz/Ru(001): C. Benndorf & T.E. Madey, Surface Sci.
155, 164 (1983); Chem. Phys. Lett.
101, 59 (1983).

b. Influence of impurities on bonding of NHj3 NHyFe(100): C. Benndorf, T.E. Madey, and A.L.
- NHs + O on Ni(111), Ru(0001) Johnson, Surface Sci. 187, 434 (1987),
H’
H 7 H H
H N\ '/ H \ ,/ H,
el v o

777777 77777777

2o

Y 2L e

210 g o
G Oxygen

B A

. Model for the oxygen-induced azimuthal orientation
of NHy on O/Ru(001).



@)

- Adsorption on Si(100): dissociation of H;O, HF, NH;
across the dimers.

Langmuir, Vol. 4, No. 2, 1988

H

X
X=F,OH.NHx
; {c)

b 4

44

1 (a)

At

Figure 1. (a) Model of the unreconstructed Si(100) surface. (b)
Model showing the formation of the rows of silicon dimers. (c)
Model of the silicon dimer, showing dangling bonds and a model
of the dissociative chemisorption of HF, H,0, and NH;. (d) Model
of the stepped surface. Note the terraces of dimer rows, 22 in
our case, with the dimers terminated by dangling bonds,

Model for HF.

NTLNRTY

HIORPTION ANGLE

(c)

Figure 6. (a) ESDIAD of a saturation doses of HF on stepped
8i(100) at 230 K. (b) Model showing that the F* emission is
parallel to the surface dimers, i.e., along the azimuth of the Si-Si
dimer bond. (c, d) The polar angle of the ion emission at 130 K
(and thus the Si-F bond) is 29 + 3° and the fwhm is 19*. Note
that the ion emission peaks are sharp, indicating the silicon dimer
is not in two different asymmetric forms. The intensity versus
desorption angle plot, ¢, was taken with a compression field (due
to a 80-V bias applied to the sample) and is a “slice” through the
perspective plot a. The polar angle was determined in other
experiments where there was no compression field.

Key reference:
A.L. Johnson, M.M. Walczak, T.E. Madey, Langmuir

4, 277 (1988).
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- PF3 on Ni(111) and Ru(0001):- hindered rotor a. Test molecules: PF3, (CF3)2CO, NF3 on Ru(000.
b. Method: time-of-flight
Low Coverage PFy High CO'"GOOTF'"" inci de"f <
(n.-o.suo"m‘: ‘n,""'“’x :‘" oy Scatbrade”
g . (g2 / 0
,5:/ To ~3ons
. F 2"_ ~ fdns

C. Results
- negative ions detected; yields comparable to
positive ions

Ion Yields
(ions/electron)
F* Yields F- Yields
PF3/Ru(001) Laxi0-4 L.2x10-8
K < oone e | NFg/Ru(00D) 2x10-5 6x10-7
:numm”ow
e HFA/Ru(001) 6x10"5 ax10~4
(multilayer)
Key reference: HFA/Ru(001) 5 ax10°8
M.D. Alvey, J.T. Yates, Jr. and K.J. Uram, J. Chem (monolayer)

Phys. 87, 7221 (1987).



&

- F- ESDIAD gives highly structured patterns related to - Positive and negative ions give complementary
surface bonding geometry information. Negative ions come mainly from

undissociated molecules, positive ion yields

F* ESDIAD from PF3/Ru(0001) are higher for dissociation fragments than
for molecule .

PF3 Temperature Dependence

i ESDIAD
2
5
£ 08
m/T =49
200 200 300

Temperature




Negative lon Formation Mechanisms

/
F
P
]
Dissociative Attachment
\o' _ X ) /
“CF F F
S — g 4 .
P P P P
1 | ] |
Dipolar Mechanism
. 4 /
F Fu2e F
T \ i

*Harpooning’

Key reference:

A.L. Johnson, S.A. Joyce, and T.E. Madey, Phys.

Rev. Letter, in press.

G

Surface analysis techniques such as electron-
excited Auger electron spectroscopy (AES) and x-ray
photoelectron spectroscopy (XPS) are often plagued by
radiation damage effects that change the surface
structure and/or chemical composition. Damage-produciny
excitations compete with information-producing excita-
tions in the surface layer during measurements, and the
resultant beam damage can be a serious perturbation in
quantitative surface analysis. The following aspects of
radiation damage are discussed: (1) the role of valence- - r.
and core-electron excitations in bond-breaking and
desorption, (2) cross sections for damage and the critical -
radiation dose for damage, (3) relative damage rates in
AES and XPS, (4) examples of beam damage in surface
analysis, and (5) remedies for minimizing beam damage.

Refereace :
T €. Madeﬂ wm L. J::):l , o 'f'or ﬁna./ﬂf-cq,{

Elea‘rw NJCNSCOP'-[ -1987F (&ALFM“‘“
Preca, (987) P. 3487

C. 6. romtave and T.E. Mﬁd{‘j App!.
Sucface Sce- 7’ 7y (I‘i‘&l)
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Beam Damage in AES

Material D¢(C/cm2) T(time)
Jet
Al1,O3 10 3h
Cu,Fe pthalocyanines >1 >15 min
107} 0.06 10 min
NaF, LiF 0.006 60 s
LiNO3s, LiSO4 0.05 50 s
H,O(F) 0.01 10 s
Native oxides 2 x 103 2s
CsH12(F) 3 x 10-4 03 s
Na3A1Fg 10-4-10-3 0.1s
CH30H(F) 2.5 x 104 03 s
(F): condensed film
o the dose (C/cm2) reported for beam-damage
T: the time in which damage will be detected under

electron irradiation by 1mA/cm?

What else is exciting about ESD/PSp:

1.

Instrumentation

-digital display (Sandia, Pitt, NBS)
-ellipsoidal analyzer

. New applications

-substrate structure (oxides)
-adsorption on oxides, semiconductors

. Mechanistic studies

-PSO : synchrotron radiation
broad energy range, polarization
-materials degradation
-Dynamics:
Desorption of negative ions, neutrals
(including metastables) |

. Theory

-classical and semiclassical
-first principles calculations
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