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Hydrogenated single crystél00 diamond surfaces subjected to an electrochen(i€@) treatment

are selectively oxidized at room temperature. Part of the surface remains hydrogenated, except for
a narrow transition region between the oxidized and hydrogenated regions. Ultraviolet photoelectron
spectroscopy indicates that the transition region has negative electron affifi#y), as do the
surfaces of hydrogenated crystals. The oxidized and hydrogenated parts of the EC-treated surfaces
do not have NEA. A possible explanation is that contaminants eliminate NEA in the hydrogenated
parts of the EC treated surfaces, but the transition region remains uncontaminated. None of the
oxidized surfaces exhibit NEA. €1995 American Institute of Physics.

Surface chemistry and structure can strongly effect elecbeam line X24C of the National Synchrotron Light Source at
tron affinity (y), defined as the energy difference between theBrookhaven National Laboratory. The samples were
vacuum level and the conduction band minimé®BM).  mounted in an unbaked chamber operating at®Ibrr and
Negative electron affinitfNEA) is the condition in which  equipped with a cylindrical mirror analyzer. A variable slit
the conduction band minimuntCBM) of a material lies allowed selective irradiation of the sample surface. Samples
higher in energy than the vacuum level, allowing conductionyere biased at-5 V to facilitate collection of low energy
band electrons near the surface to move from the sample intglectrons emitted during interrogation with 33 eV photons.
vacuum: Hydrogenated 111) and G100 surfaces have a The samples were transported in air to another facility,
negative)(, but surface modification by heating in vacuum to where XPS was performed using monochromatized(%l
desorb the hydrogen and reconstruct the surfaGesr  radiation (1486 eV} to determine the amount and chemical
oxidatior?~® makesy positive, i.e., the vacuum level moves state of surface oxygen, carbon, and contaminants. Binding
above the CBM. In this work, hydrogenatedl00) surfaces  gnergies were referenced to the Fermi level via the Au
were modified by an electrochemio®C) technique to fur- 4t nheak at 83.93 eV on sputtered Au. The O/C at. % ratios
ther explore surface chemistry effects gnThe EC treat- \ere uncorrected for the fact that the oxygen was restricted
ment oxidizes part of the surface at room temperature whilg, the srface, and therefore should be used only for relative
leaving the rest of the surface relatively unchanged, thereonmparison among samples. The diamond surfaces were also
providing distinct surface terminations on one saniple. characterized at 2 10~ 10 Torr with Auger electronAES),

Natural, semiconducting, type 1IB,>4x0.25 mm dia- e
. R 0 ) . electron losgELS), and secondary electron emissi@EES
monds polished to=3° of the (100 face® were boiled in . spectroscopies and with low energy electron diffraction

acids! to remove metal and nondiamond carbon contami- o ; : :
nants, and then hydrogenated and smoothe@fb in a 10 (LEED). Surface vibrational information was obtained by

Torr, 600 W, hydrogen microwave plasma, at high resolution electron energy loss spectrosc¢tiR EELS

T.,,=800 °C12 Some diamonds were then reoxidized either”>"9 &" LK2000 spectrometer. .
by immersion in boiling acids or by subjecting them to a 200 The plasma-hydrogenated (IDQ) surfaces d|splay2ed
W microwave oxygen plasma for 8 min at 50 Torr of, @r sharp, low-background, two-domal_n><2 LEED patterng*
by dosing with activated molecular oxygéax10~° Torr) ThngREELS spectra were dominated by the 29?%
produced with an iridium filament resistively heated to 1130°M ~ C—H stretch, assigned to monohydride dimers!
+30 °C. Ex situXPS revealed that the O/C ratio was Q.3 at. % and

The EC treatment studied here was previously used 12t the Cls binding energy was 283:80.1 eV. Hydroge-
separate homoepitaxial CVD diamond layers from diamondateéd samples exposed to air adsorbed oxygen and/or water
substrates implanted with ‘CionsZ® In the EC treatment, a ©OVer several weeks but the LEED patterns andsGpectra
diamond is placed between two graphite electrodes imWere unchanged. All of the oxidation techniques yielded
mersed in distilled water, with the long crystal dimensionC(100 surfaces with X1 LEED patterns, O/C ratios of
parallel to the interelectrode axis. Biases of 30—500 V werdl2+2 at. %, and 284F0.1 eV C IS binding energies.
applied between the electrodes for times from 2 to 1800 S1REELS of the €100) surfaces oxidizeéx siturevealed the
The results described below were insensitive to bias voltagegresence of adsorbed hydrocarbons, which were desorbed by
and times. heating to 350 °C in UHV. The Csland O F binding energy

The presence of NEA, as well as differences in electrorseparation(A) was reproducibly 1.20.2 eV smaller on the
affinity and band bending, were assessed for the EC-treatezkidized versus hydrogenated surfaces because of shifts in
samples and for hydrogenated and plasma-oxidized referentiee C I and O 5 binding energies. The Oslbinding energy
surfaces, by ultraviolet photoelectron spectroscpyS on  is consistent with a predominance of carbonyl groups on the
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FIG. 1. Scanning electron micrograph of an EC-treat€tDQ surface. The — r .
top is hydrogenated, the bottom is oxidized, and the bright stripe is the 10 15 20 25 3.0 35 4.0
transition region. The upper right- and lower left-hand side corners are ob-
scured by sample clips.
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FIG. 2. XPS-C & binding energy and C/O at. % ratio of EC-treated @).

" . . The average C4 binding energies for oxidized and hydrogenated diamond
fully oxidized samples, while the Cslshift probably reflects surfaces are 284.7 and 283.8 eV, respectively. The inset showsphB®n

band bending induced by oxidation. energy=33 eV) of the valence band maximum of(ID0) surfaces:(a)
Hydrogenated (100 surfaces doseth situ with acti- plasma hydrogenatedb) transition zongstripg); (c) hydrogenated side of

vated oxygen developed HREELS modes at 1080, 1780, arfef-treatedIC); (d) oxidized size of EC-treatedA); (e) plasma oxidized.
3650 cm ', which we assign to the ether, carbonyl, and hy-
droxyl stretching frequencies, respectivéf/The surfaces
contained equivalent hydroxyl and carbonyl modes after lo
doses but only carbonyl grougand a small, residual C—H
stretch modgat high doses. The vacuum level cutoff on the
heavily oxidized surfaces simultaneously increased roughl
3 e\/_ in kinetic energy, propably due to an increage€on- described below.
ductivity measurements with a@ meter showed that the ; . . .

- . : The techniques discussed so far, including the VB spec-
oxidized surface was far more insulating than the hydroge,Era in the inset to Fig. 2. show that the hvdrogenated and
nated surface, in agreement with other reptits.SEM im- 9. < yarog

. oxidized reference samples resemble IC and IA regions, re-
ages of hydrogenatdd00 surfaces were much brighter than spectively, of EC-treated crystals. To specifically address

those of oxidized surfaces, consistent with reports that sec; .
L . EA, the secondary electron cutoff in UPS spectra were also
ondary electron emission is much higher on hydrogenate .
compared. The results are presented in Fig. 3, where the

than oxidized €100 surfaces?® . . )
The SEM image in Fig. 1 illustrates a Correspondingcutoffs (dotted line$ were determined by extrapolating the

variation in secondary electron emission obtained after EC -
treatment of a plasma-hydrogenated sample. The dark region &
at the bottom was nearest the cath¢ithe induced anode, or

IA), and is separated from the brighter, induced catht@e

chemical shifts, as revealed by the 0.8 eV downward shift of
v\}he UPS bulk valence ban@/B) feature near 14 e\(see
inse) as one progressed onto the oxidized region. From the
inset, it is also clear that the band bendings of the 1A and IC
regions equal those of their respective anal@g8.1 eV), in
%pite of a low level of contamination on the EC samples

region by a narrow(<300 um), intense stripe. The IC re- 3
mained largely hydrogenated and exhibited th¢l2 EED " -
pattern seen on fully hydrogenated surfaces. Its O/C ratio *g

was 2—4 at. %, only slightly above the 1% observed priorto  § _
EC treatment. The IA region, on the other hand, was heavily ~ 2

oxidized. The XPS O/C ratio increased to 12—14 at. %, simi-
lar to the level generated by the oxidation techniques de-
scribed above, and the 1A wet much more readily with water
than the IC, consistent with the presence of polar surface
oxygen groups. A X1 LEED pattern was observed, as is
also seen on fully oxidized samples.

The existence of both oxidized and hydrogenated re-
gions was confirmed by the XPS results of Fig. 2. ThesC 1 Photoelectron Kinetic Energy (eV)

binding energy with respect to the Fermi level on the(l®@)
FIG. 3. UPS(photon energy 33 eV) of C(100) surfaces{a) plasma hydro-

side was nearly equal that of an omdméu&droggnate):i enated,(b) transition zone(stripg, (c) hydrogenated side of EC-treated
reference sample. Most of the appgrent lev Sh.”ct betwee C), (d) oxidized side of EC-treatetlA), (€) plasma oxidized. The dotted
IA and IC was caused by changes in band bending and naie is the secondary cutoff discussed.
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steepest part of the spectrum to zero intensity. For a surfadeacts CBM electrons toward the surfaces. The electrons may
with positive y, the cutoff locates the vacuum level; for escape into vacuum if is small enough, as is routinely
negativey, i.e., NEA, it locates the CBM. Viewed in this found for uncontaminated hydrogenated surfaces. For the IC
way, the 1A and IC differ from the reference samples: the IAregion, howevery increased 0.3 eV, blocking electron trans-
cutoff (curve D falls 0.4 eV below its oxidized analogE) mission (see Fig. 3. Evidently the contaminants are suffi-
while the IC cutoff (C) is 0.3 eV above its plasma- ciently polar to increase the surface dipole, increaginghe
hydrogenated analo@\), an amount sufficient to remove the zone separating the IC and IA regions retains NEA, possibly
sharp NEA feature. This feature has been observed by otheb®cause it resists water or air modification and repels or
on hydrogenated surfaces and attributed to NEA, specificallgliminates hydrocarbon contamination.
emission of thermalized electrons from the CBM. As is evi-  This work was supported in part by the Office of Naval
dent in Fig. 3(curve B, NEA was retained in the transition Research and by NASA under the Innovative Research Pro-
zone(bright stripe in Fig. 1 of the EC-treated sample. gram(IRP-91-34), Diamond UV Imaging Detectors for As-

Secondary electron emission spectrosc¢pfzES and  tronomy. The authors acknowledge Mike Owens and Jack
UPS gave similar results on similarly prepared diamond surRife for technical support and Trevor Humphreys and Brad
faces; only the stripe exhibited an NEA-induced peak on thdate for technical discussions.
EC-treated diamonds. NEA was routinely obtained on the
hydrogenated (100 surfaces, but was eliminated by oxida- _ . . N
. . A. Zangwill, Physics at Surface$Cambridge University Press, Cam-
tion. The presence of an air- and water-stable NEA zone afterbridge 1989
the EC treatment might result from a surface dipole layer2p. g. pehrsson, Paper 245, Proc. of the 187th Mtg. of the Electrochemical
created by appropriately oriented surface groups, e.@H, 3500-, Rer:w, May 2dl—26, 19€1;ﬁn press. ; | S
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