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We present angle-resolved photoelectron spectra and surface state dispersions for thexcleaggdh-
structed (111) and (100) surfaces of diamond. For the (100) surface a surface state is found in the gap of the
projected bulk band structure arou¥dwhich has a binding energy of 2.7 eV¥t(relative to the Fermi level
and a dispersion in thE-Y direction of 0.5 eV, consistent with theory. Ata surface resonance is observed
at 1.4 eV binding energy. No surface states were observed above the valence-band maximum. Our results on
the (111) surface show a strongly dispersing surface state that reaches its maximum 0.5 eV below the Fermi
level atK. This result implies a gap of at least 0.5 eV in the surface electronic structure, which has conse-
guences for the surface reconstruction in terms af-aonded chain mode[S0163-18207)03416-4

[. INTRODUCTION to a wide splitting of occupied and empty surface states such
that the former lie below the valence-band maximum
When systematic studies of diamond surfaces began in thiéiroughout the surface Brillouin zor{€B2).*? The only ex-
late 1960s the similarities between diamond and silicon surperimental information available so far stems from angle-
faces were emphasized and research concentrated mainly E#folved photoemission spectaRPES performed by Wu
silicon. Recent developments, however, have rekindled tht al'® on diamond (100) & 1 surfaces. They identify two
interest in diamond as a semiconductor material that mighgurface related features that disperse with emission angle.

offer novel applications due to its energy gap of 5.5 eV The surface structure that evolves upon terminating each

exceedingly high heat conductivity, and a hole mobility thatSUrface atom by one hydrogen atom without destroying the
dimer rows(monohydride dimer row reconstructipis be-

is higher than in silicon. The key development is without - !

" . " . lieved to be the stable (100) surface during CVD groWth.
doubt the possibility to deposit Iarge.areas of th|n_-f|lm dia- ndeed. a %1 reconstru(ctiorz i< observed ogn diamc?nd sur-
gqeon:SiIirg:gécg)garsofehsa;’; b1)_/h;as \ﬁrliiya?gocgeg:cﬁev\;a\\/zoéaces that are prepared using a hydrogen plasma in a micro-

Pos b o 9 ) open t Ywave reactor at temperatures that are characteristic for CVD
to utilize one of the unique surface properties of d'amondgrowthw'” or grown homoepitaxially on single-crystal
namely, its negative electron affinity in the form of cold diamond!® The termination by hydrogen atoms was con-
cathode emitteré.'l’_hese pote_ntial applications have led us t‘?firmed by high-resolution electron-energy-loss spectroscopy
study the electronic properties of diamond surfaces. In th'?HREELS.lg Most theoretical papers agree that there are no

paper we report the electronic structure of clean, recongccypied surface states in the projected band gap for the
structed diamond (100) and (111) surfaces. Diamond sur-

faces are conventionally prepared by polishing with cast iron
wheels using a suspension of diamond powder in olive oil.
After transfer into UHV and annealing at about 500 °C a
1X1 low-energy electron diffractioLEED) pattern is ob-
served for the (111jRefs. 2 and Band (100)(Refs. 4 and
5) surfaces. It is generally believed that these surfaces are
terminated by hydrogen. Upon annealing above 900 °C th
hydrogen desorbs and the LEED pattern changes on both
surfaces corresponding to ax2. reconstruction.

The accepted model for thex2l reconstructed diamond

(100) surface is that of-bonded dimers as shown schemati-
cally in Fig. 1. This structural model is similar to that of the
2x1 Si (100) surfackexcept that most calculations favor

symmetric, nonbuckled dimers for diamohd? whereas in

silicon tilted dimers are establishédDespite this consensus  Fig. 1. Atomic structure of the idealleft) and the 2<1,
about the atomic structure of the (100) surface, remarkablg-ponded dimer row reconstructed diamond (100) surface. The
differences exist as far as its electronic structure is consurface atoms are filled and the surface unit cell of the reconstructed
cerned. Theoretical results range from an almost dispersiorsurface is shown by the dashed line. Mirror planes are indicated by
less surface state band in the middle of the bulk band“gap m.
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et al®® for the 2x 1 surface over a limited range of angles.
They observed a surface state at an energy of 1 eV below the
valence-band maximum, which showed an upward disper-
sion of about 1 eV from the center of the SBZ wkhin-
creasing in thd011] direction. However, they did not trace
this surface state throughout the whole surface Brillouin
zone.
The large bandwidth of the surface states seen in the pho-
toemission experiments leads to tirebonded chain model
of Pande¥® as the structural model for the hydrogen-free
diamond (111) surface, again similar to the reconstruction of
the silicon (111) surface. The surface atoms, which are sec-
FIG. 2. Atomic structure of the idedleft) and the 1 recon-  Ond nearest neighbors for the bulk terminated surface, be-
structed diamond (111) surface according to the model of€OMe nearest-neighbor atoms and form chains in[ 4]
m-bonded chains. The surface atoms are filled and a surface urfiirection(Fig. 2, right. The resultingr interaction along the
cell of the reconstructed surface is shown by the dashed line. If ghains leads to a dispersion of the occupied and empty sur-

dimerization in the chains occurs, the mirror symmetrys lost. face bands of several eV. However, as long as the distance
between adjacent surface atoms in the chains is equal, i.e., as
monoatomically terminated dimer row reconstructidn? long as no dimerization in the chains occurs, the surface is

The question whether higher hydrogen terminations of theyredicted to be semimetallic with a vanishing gap at khe
(100) surface do exist is still under debate. A termination ofpoint of the SBZ2® A dimerization has no effect on the size
both dangling bonds by hydrogen, which would result in aof the surface unit cell, i.e., the LEED pattern would remain
1X1 structure, would be accompanied by a strong repulsio2 x 1, but is expected to open a gap between occupied and
between the hydrogen atoms on adjacent surface atoms deenpty surface staté§.An indication for such a gap in the
to the small interatomic distances of the diamond latticesurface band structure was found by Pepgpéte carried out
(1.54 A as compared to 2.35 A in siliconTherefore, the electron-energy-loss spectroscop§EELS) on diamond
dihydride surface is found to be unstable in some of thg111) surfaces and reported an energy gap of 2 eV, which
theoretical investigations? The experimentally observed could be observed in the characteristic loss region of
1x 1 structuré>*®might therefore just reflect the periodicity annnealed sufaces. Nambgaal2® combined ultraviolet ex-
of the bulk material under a disordered surfatén inter-  cited photoemission spectroscopy and EELS and compared
mediate surface termination with hydrogen atoms that wouldheir results to the calculation of Pand&yThey also postu-
show alternate rows of dihydride and monohydride terminajated a gap of about 2 eV in the surface band structure that
tion is predicted theoretical% but not confirmed experi- supported the model of dimerized chains. The occupied
mentally. states, however, did extend up to the Fermi level. Strong

On the ideal, bulk terminated (111) surface of diamondexperimental support for the model of dimerized chains
every surface atom exhibits one or three dangling bonds perame from ion scattering experiments by Deetyal > They
surface atom. Of these alternatives the one with one danglingere not able to explain their data without assuming a strong
bond per surface atom is usually considered exclusively fodimerization between adjacent surface atoms along the
energetic reasongrig. 2. Initial LEED measurements on chains. An analysis of LEED intensities, on the other hand,
diamond (111) were carried out by Marsh and Farnsworthsupports the model of undimerized chaffis study of the
and Lander and MorrisohA 1Xx1 LEED pattern was ob- unoccupied surface states seen in two-photon photo-
served on the as-polished surface. Both observed half ordemissioi® was unable to determine whetha a gap is
spots after annealing, but could not distinguish between @resent in the surface band structure. Theoretical papers dif-
2X2 reconstruction or three, 120° rotated domains of aer with respect to dimerization depending on whether they
2X 1 reconstruction. Later Derrgt al?? were able to ob- base their calculations on experimental data or perform total-
serve a LEED pattern on a sample that showed a clear onenergy calculations to obtain the minimal-energy structure.
domain 2x 1 reconstruction. Hamzet al> performed elec- A fit to the experimentally determined surface state energies
tron stimulated desorption in combination with LEED on of Himpsel et al?® by Vanderbilt and Loui& results in
(111) surfaces. The desorption of "Hions took place at dimerized chains. Dimerized chains are also obtained if a
considerably lower temperatures (830)°@mpared to the band gap in the surface band structure is assuargsdori.?
occurrence of the half order LEED spots (1000.°They  Only one total-energy calculation obtains dimerized chains
concluded that the desorption of hydrogen is a necessary butith an energy gap of 0.3 e¥? while most authors postulate
not sufficient condition for the reconstruction of the (111) undimerized chainé°and a semimetallic surface.
surface. Pioneering work in photoelectron spectroscopy of To summarize, there appears to be agreement on the gen-
diamond (111) surfaces was published by Rstal?* They eral structure of the hydrogen-free, reconstructed diamond
observed occupied states extending up to the Fermi level ifl00) and (111) surface. However, considerable controversy
the fundamental band gap. These surface states evolved uperists concerning the electronic structure of both surfaces.
formation of the 21 LEED pattern. Upon exposure to Moreover, on the (111) surface an additional dimerization
atomic hydrogen the LEED pattern reverted tg& 1 and the may be present that is connected very sensitively with
surface states in the bulk band gap vanished. Angle-resolvethanges in electronic structure.
photoelectron spectroscopy was carried out by Himpsel In this paper we present angle-resolved photoemission
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data for the hydrogen-free,21 reconstructed (111) and

(100) diamond surfaces with the aim to derive the dispersion
relations of the occupied states. Our approach differs from
that of previous work in that we do not start from mechani-
cally polished surfaces. Instead, we employ a chemical pol-
ishing process involving a hydrogen plasma that yields a

superior surface finish. \Q
Il. EXPERIMENTAL DETAILS %

diamond (100)
H-terminated

A diamond (100)
annealed at 1200°C
hv=35 eV

lil; *

The samples we investigated were natural typefilé.,
boron-doped single crystal diamonds with polished (100)
and (111) surfaces. For thd11l) surface we also used a
cleaved sample that gave results identical to those of thg
polished surface. As it turned out that the polished surfaceq
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did not exhibit dispersing features in ARPES experiments 37.1 S6.9]
they were subjected to an additionex situ dry chemical 40.5 2051
polishing process by exposing them at a temperature o 43.9 43.4
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800 °C for 15 min to a microwave hydrogen plashha®
After this treatment the (111) surface showed a shaxd 1
LEED pattern indicating a bulklike termination of the sur-
face covered with hydrogen atoms. After annealing at

1200 °C a three-domain 21 reconstruction occurred, _ . .
which is characteristic for the hydrogen-free surface. Th uth[011]) of a diamond (100) surface, preparec_i N a microwave
(100) surface exhibited a two-domainx2 reconstruction (rygr:ggen plasma at 850 °@eft) and after annealing at 1200 °C

immediately after the same plasma preparation as performe

on the (111) surface. Diamond (100) prepared that way i

s S . -
terminated monoatomically by hydrogen, as was confirmed® th_e[Oll] direction is explained in Fig. 4. The _Sp‘?c”a are
by HREELS recently}® Annealing at 1200 °C has no effect dominated by a sharp peaR) at near-normal emission and

on the symmetry of the LEED pattern of the (100) surface® b_foe?d structure between 4 eV and_8 ev bingjing energy for
However, the annealing temperature is well above the temEMISSIon angles larger than 20°. Figure 3, right-hand side,

perature necessary for a complete desorption of hydrogef!0Ws @ set of spectra under the same experimental condi-

(1050 °0.2° Surfaces so prepared were free of any contamifions after annealing at 1200 °C. Two new features appear

nation as monitored by x-ray excited core level spectroscopy?€tween 1 eV and 3 eVB,C), one of which 8) exhibits a
All temperature measurements were carried out using an ofp€a dispersion as a function of emission angle. We ascribe
tical pyrometer. As diamond is transparent to the wavelengtﬁr_‘ese new structures that evolve upon annealing to the intrin-
used by the pyrometer, all temperatures are given for th§' surface states of the cleanx; reconstructed surface
tantalum sample holder on the backside of the diamond™-bonded dimer row reconstructipn
sample. The actual temperature of the sample surface might T 0ne attempts to trace the energies for structieand
have been considerably lower. C as a function of emission angle or, equivalentlykpf the
Angle-resolved photoelectron spectroscopy was carrie@f@rallel component of thé vector, one faces the problem
out at the TGM 4 monochromator at BESSY. Berlin. As anthat both structures seem to join pealkat normal emission.
electron analyzer we used the Toroidal Energy Analyser of’€akA, however, is unambigously related to the bulk as it
Leckey and Riley’® which has an angle resolution of about @PP€ars in the spectra of the annealed as well as on the hy-
2° and the combined energy resolution of monochromatofirogen terminated surface. If this structure originated from a
and analyzer was typically 200 meV. All measurements werdlirect transition between bulk states, the corresponding ini-
performed inp polarization, i.e., with theE vector of the
light in the azimuthal plane of the energy analyzer. The mea-
sured binding energies refer to the Fermi lefgl, which - II .
was determined on a clean polycrystalline gold sample and
spectra were taken before and after annealing at 1200 °C, I
i.e., on the hydrogen terminated as well as on the clean dia- [()1 1]
mond surfaces.

~
~

FIG. 3. Angle-resolved photoelectron spectfiav= 35 eV, azi-
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IIl. RESULTS AND DISCUSSION
A. The (100 surface :

A set of photoelectron spectrah =35 eV, azimuth )
along[011]), taken on a hydrogen-covered diamond (100)

2X1 surface, is shown in Fig. 3, left-hand side. The relative FIG. 4. Surface Brillouin zone of a two-domainx2 recon-
orientation of the SBZ of the two:21 domains with respect structed diamond (100) surface.
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as prepared annealed at 1200°C s r X Y,
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FIG. 6. E(k)) relation for the topmost surface state on the dia-
T T I T P T mond (100 surface as obtained by usinhw=50 eV (black

10 8 6 4 2 0=E 8 6 4 2 0=E squarel compared to a calculation of the band structure of the
F . . . . . .
F oA face stategrosses, thé™-Y direction; circles, thd™-X
Binding Ener Intrinsic sur Sy { ’ '
9 ergy (eV) direction. The shaded area is the projected bulk band structure.

FIG. 5. Normal emission spectra for the as-prepdieft) and
the annealedright) diamond (100) surfacé denotes a direct tran-
sition between volume states a@dthe surface state.

Moreover, as the directioh-Y is the direction along the
chains in real space, a larger dispersion compared to the
I’-X direction is expected. This is confirmed by the experi-

tial state i ted to sh di ok inand th K mentally observed dispersion relation.
lal state 1S expected to show a dispersionkjnand the pea In Fig. 6 we also compare our experimental results with

position should change as the photon energy is varied. Thige g rface state dispersion as calculated by Fuiemu
is demonstrated in Flg..5 for the normal emission spectra; 4112 7o do so we adjust theory and experiment using the
(kj=0). PeakA moves in both sets of spectra by 1.6 eV sirongly dispersing featurB, which agrees to within=0.2
when going from 30 eV to 50 eV photon energy, a move-ey with the calculated surface state dispersion over the range
ment that corresponds to the dispersion of the topmost van k whereB is observed. This incidentally places the cal-
lence band 45) along thel'-X direction of the bulk Bril-  culated valence-band maximum 1.0 eV bel&y. Experi-
louin zone. In theiw=50 eV spectrum of the annealed mentally, an upper limit folEg— Eygy can be given by in-
sample bulk A) and surface state emissio@) are clearly  spection of the normal emission spectra of the annealed
seperated. From the spectra taken with=30 eV it is evi-  surface in Fig. 5. The minimum binding energy of 1.2 eV for
dent that the surface state is degenerate with bulk states atbulk derived feature is seen &w=230 eV. Therefore,
kj=0 and thus forms a surface resonance afitipwint, the Er—Eygy has to be less than 1.2 eV. Our alignment of
center of the SBZ. A closer look at the sharp maximum intheoretical and experimental data to a common energy scale
the w=30 eV spectrum of the as-prepared as well as of thes thus compatible with this limit. The surface stdeis
annealed surface reveals that it is shifted by 0.3 eV towardeelated to the formation ofr-bonding orbitals?
higher binding energies after annealing. This shift is induced We suspect that the surface state feature reported by Wu
by a change in surface band bending, which is a well-knowret al1® at normal emission and Franet al3’ (namedS; in
effect of annealing of hydrogen passivated (10Bgfs. 15 their papersis indeed due to a combination of the surface
and 37 and (111) surfacé&*°of p-type diamond. resonance) and the direct transition from the bulk valence
In Fig. 6 theE(k)) dispersion relations of structures band (A). Both groups used a photon energy of about 40 eV,
B, andC are plotted as they were obtained from the spectravhich results in spectra similar to the one recorded with
taken ath w =50 eV. The dispersion of structu is sym- 7Zw=35 eV in Fig. 5 where no clear distinction between
metric aroundk;=1.25 A~* with a maximum dispersion of surface and bulk related features is possible. The binding
about 0.5 eV betweek=0.7 A~* and 1.9 A", Structure  energies of 1.5 eV and 1.4 eV reported in Refs. 15 and 37,
C shows a weak dispersion of about 0.25 eV with a shallowespectively, are in accordance with the binding energy of
minimum atk;=0.6 A~1. On account of the symmetry of 1.3 eV measured dtw=35 eV for peakA on the annealed
their dispersion relations we identify these two structures asurface if one takes the dispersion of bulk related features as
surface states belonging to either one of the two rotated dademonstrated in Fig. 5 into account. At the boundary of the
mains of the X 1 reconstructed surface. PeBks symmet-  surface Brillouin zone Y in our notation Wu et al'® mea-
ric with respect to the boundary of the surface Brillouin zonesured a binding energy of 2.4 eV for the surface state, which
of domain | (Y,, see Fig. 4 whereas structur€, having is slightly lower than the 2.7 eV determined here for struc-
double periodicity, would be consistent with a surface statdure B. However, the general form of the dispersion relation
on domain II. is the same.
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O= S
hv=50 eV P [ B Experiment, hv=50 eV
45.4 e | X Theory ]
w 4y X X
o I i
\w Zoosp XX XX
° e my
33.3 = i il
\A/.’\.b__ - 1.0 } ><- x * |
37.4 o) L ]
e— B 15k [ ] ] a 4
41.5 k5 [ | ¥ ;_6 L 8
45.6 o 20 *
. o /
49.7 T 25
54.0 m 30 . : :
~———— -3 -2 -1 0 1 2 3
58.2 i1
62.5 K 1 (A7)
s .
| 66.8 FIG. 8. E(k)) relation of the structure seen in Fig. 7 for positive
L DL DL DL B vt and negative angles. The crosses represent the resultsabfiaitio
5 4 3 2 1 0=E -2 molecular-dynamics calculation of the surface states of the clean,
o F reconstructed diamond (111) surface. The shaded area is the pro-
Blndlng Energy (eV) jected bulk band structure.

FIG. 7. Angle-resolved photoelectron spectrum taken at 45.4°SBZ where according to all current calculations the upper-
taken from the as-prepared diamond (111) surface compared toraost occupied band of surface states reaches its highest en-
set of photoelectron spectra frofi+33.3° to 66.8° taken from the ergy (i.e., lowest binding energy as will be discussed be-
surface annealed at 1200 °C. The photon energy is 50 eV at norm@w. The fact that experimentally the uppermost occupied
incidence of the incoming light and the measured azimuthal direcsurface band approachBgs by no more than 0.5 eV implies
tion is[110]. a surface energy gap of at least that magnitude. Moreover, no

other dispersing feature was found closeEtpat any other

The calculated dispersion of the same surface state in thq‘ point.
directionT-X is shown in Fig. 6 as open circlé§Structure The overlapping SBZ’s of three>21 domains are shown
C does indeed have a weak dispersion as predicted by, Fig. 9. For domains | and Il thé; vector along[110]
theory, but the energies are considerably differentXAhe  crosses the boundaries of the respective first SBZ at an angle
energies differ by 0.5 eV. We note that a very similar surfacegf 60° and meets the Brillouin zone corneK,(,) at
state4¥vas observed on .(_100) surfaces of silicon. Johanssqu:2.5 A~ in the adjacent SBZ. From here it runs back
et al”" observed an additional flat surface state beradled | i finally at k=5 A~! a Brillouin zone center I{) is

B in their publication close to the valence-band edge on ar@ched again for both domains. The trajectories along

smglg-domﬂ 2< 1 .reconstructe.d. and hydrogen-free Sur'[110] through the domains | and Il are related to each other
face in thel'-Y direction. The definite answer as to whether

structuresB and C belong to the same surface band might

only be possible if one is able to measure single-domain /N

reconstructed surfaces of diamotfd. 2x1—/ SO \II
~

~
~

/=
!
=
—
2

B. The (111) surface 1x1

Figure 7 compares an angle-resolved photoelectron spec- 7
trum of a hydrogen terminated surface at a polar angle /
9=45° with a set of spectra taken from the annealed, /
hydrogen-free X1 reconstructed diamond surface at emis- /L
sion angles fromy=233° to 67°. The azimuthal direction is R
[110], the photon energi w=50 eV, and the light impinges NS
along the surface normal. The feature labedatiat is absent NI
in the spectrum of the hydrogenated surface is ascribed to N
emission from a surface state. It disperses towards lower
binding energy until it reaches a minimum of 0.5 eV below
Er at 9=46° and then moves back towards higher binding
energies. In Fig. 8 the dispersion relation for this structure is

plotted. The dispersion is symmetric with respect kp FIG. 9. Surface Brillouin zones of a three-domairx 2 recon-
=0 A"t andk;=2.5 A"1 Itis at the latterk point in the  structed diamond (111) surface.
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via the mirror operatiom (Fig. 2) and time-reversal symme- the experimental surface state dispersion requires a gap in
try, which ensuresE(k))=E(—k|) for surface states. As the surface state band structure of at least 0.5 eV, which is in
long as the surface reconstruction is such thig conserved  agreement with the early EELS mesurements of Pefiper.
any k| vector along 110] is equivalent in both domains. If An opening of a gap in the surface band structure is usually
the mirror symmetry is lost by dimerization, for example, aascribed to a dimerization of the surface atoms within the
general point along110] is no longer equivalent in both m-bonded chain& Most recent theoretical publications on
domains except for thke vectors corresponding to the center the structure of the (111) surface of diamond, however,
(I) and the cornerK) of the SBZ's, respectively. Thede  agree that no dimerization along the chains occurs. A recent
points are equivalent in domains | and Il even without mirrorcalculation by Schmidet al,*® for example, shows that even
symmetry on account of the translational symmetry of thethe slightest dimerization increases the total energy of the
lattice alone. For domain 11D lies atk=1.25 A~! along  surface. Therefore, the question remains whether there exists

[110] and the nexT is atkj=2.5 A~ Taking these sym- an alternative mechanism that would open up a gap in the

metry considerations into account, the dispersing structure igurface band structure of diamond.

Fig. 7 is very likely a combination of the surface state dis-

persion for domains | and Il. If no dimerization is present

(i.e., the mirror symmetry of the surface unit cell is pre- IV. CONCLUSION

served only one dispersing surface state is expected to be o ]

observed for both domains. If a dimerization takes place, two Angle-resolved photoemission experiments on plasma-

different structures might, in principle, be observed, whichPolished, hydrogen-free 321 reconstructed diamond sur-

should, however, meet & at kj=2.5 A-1. Moreover, at faces reveal strongly dispersing oc_cuplet_j surface states on

K the maximum in the surface state dispersion is expected oth surfaces. The surface state dispersions dgtermmed for

alluded to abové® e (100) surface are in general agreement with those ex-
In Fig. 8 our measured and a recently calcul&tsdirface pected for a surface reconstructed in the formmebonded

state dispersion are compared. The theoretical data are takaners according to recent ba_nd—strl_Jcture cglcu_lat_mns.
from an ab initio molecular-dynamics calculation that pre- For the (11.1) surface the dl_spe_r5|on relation is in general
dicts an undimerizeds-bonded chain reconstructed surface 29reement with a reconstruction in the form #tbonded

with no energy gap in the surface band structure. Thereforé:ha'ns' However, contrary to most total-energy and band-

the highest occupied orbital in the calculation corresponds ggtructure calculations, which predict a semimetallic surface,

the Fermi energx and theory and experiment can be com-0ur results support a semiconducting surface with a gap of at

pared without further adjustment of the energy scales. Th ast 0.5 e\/. This result is in agreement \.N'th most surface
bulk valence-band maximum is predicted to lie at 1.0 eyreconstructions of covalently bonded semiconductors where
y econstructions lead to a semiconducting as opposed to a

belowEg . The calculation reproduces the measurements re- - . :
metallic surface state eigenvalue spectrum, a point that has

markably well over most of the SBZ. However, whereas th X .
lcul t'y dicts that th ; at tK th ebeen stated succinctly by DLﬂZerecentIy. At the same time
calculation predicts that the surface state crofsea € it raises the guestion as to whether this gap in the surface

experimental dispersion remains 0.5 eV belfw. We are band structure is necessarily connected with a dimerization
thus led to conclude that the surface band structure of thec . -0 < 'in ther-bonded chains. a belief that is gener-

2X1 reconstructed (111) surface has a gap of at least 0. lly held up to now, but appears to be in conflict with the

ev. I_\le\_/ertheless, In _the spectra of F.'g' 7 photoemission Mesults presented here and total-energy calculations that ex-
tensity is observed ”%TMSJF’ FEF' Wh'.Ch was reported by clude dimerization on energy grounds. On the experimental
o_ther agthors as W?‘?E' ' Th'_s Intensity s weak and non- side similar investigations on single-domain reconstructed
dispersing and is in our opinion not related to the well- 100) and (111) are desirable because they would allow an

o_rdered_ part of the diamond surface that gives rise to th nambigous sampling of the surface state dispersions along
dispersing surface state and thg 2 LEED pattern. Instead, different directions in the SBZ

it might be due to patches on the surface where locally a
graphitization as a result of the annealing step has occurred.
This seems most probable for the (111) surface due to its
hexagonal structure. Graphitization may take place on steps
of the (111) surface as was shown theoretic&iinother We would like to thank G. Kern and Professor J. Hafner
place where graphitization may occur are twins on thefor calculating dispersion relations along special directions
(111) surfacé® Twin formation is a common phenomenon of the diamond (111) surface and supplying these data prior
in homoepitaxial CVD growth on (111) faces of diamond. to publication for comparison with our experiments, and K.
As our preparation technique is very similar to CVD growth Janischowsky and R. Stkel for the hydrogen plasma prepa-
conditions it cannot be excluded that locally twins haveration. The authors gratefully acknowledge financial support
formed on our surface. by the Deutsche Forschungsgemeinschiiitoject No. Le

Himpselet al*® were able to observe a surface state dis634/5-2 carried out under the auspices of the trinational “D-
persing upward in the same azimuthal direction as shown iA-CH” cooperation of Germany, Austria, and Switzerland
Fig. 8 with an energy difference of 1 eV betwekp=0.8  on the “Synthesis of Superhard Materials.” The measure-
A~!andk;=1.3 A~%. This structure is not seen in our mea- ments at BESSY were supported by the Bundesminister fu
surements. Presumably the peak they observed is the sarBé#dung, Wissenschaft, Forschung und Technologie under
surface state, however, for domain Ill nearAs mentioned, Contract No. 05 622 WEA 7.
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