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EPR and optical studies on polycrystalline diamond films grown by chemical vapor deposition
and annealed between 1100 and 1900 K
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The affect of annealing polycrystalline chemical vapor deposit©vD) diamondin vacuoup to 1900 K
has been studied using electron paramagnetic resorfgR#® and infrared absorption. The concentration of
the EPR centers @=2.0028 and the infrared absorption in the CH region are insensitive to annealing below
1500 K. On annealing at 1700 K it was found tli@t some of the hydrogen on internal grain boundaries or in
intergranular material became mobila samples with strong CH absorption there was a decrease in the peak
at 2920 cmi ! and an increase in the peak at 2820 cbut was not lost from the sample affg) the intensity
of the EPR absorption af=2.0028 decreased. More than one defect contributes to the EPR absormion at
=2.0028 in the samples studied. Annealing at 1900 & graphitization of the external surfaces occuyyéu
all except one case, severely degraded the optical properties of the samples and a different EPR glefect at
=2.0035(2) was created. Infrared measurements showed that hydrogen is lost from most CVD diamond
samples when annealed to 1900 K for 480163-182608)03504-4

[. INTRODUCTION Studies on samples of widely varying qualities showed a
correlation between the total integrated CH infrared absorp-
The synthesis of free-standing diamond film by chemicalion and the concentration of paramagnetic centers at
vapor deposition(CVD) currently captivates considerable g=2.00287 In the study referred to above, the electron para-
academic and commercial interest. The quality of polycrysmagnetic resonancéEPR absorption atg=2.0028 was
talline CVD diamond synthesized by many laboratories isidentified as originating from two(or more different
steadily improving, but many questions remain unansweredefects’ One of these defects is the H1 center identified from
about the nature and constituents of defects and impuritiene-shape analysis by Zhaet al®® as an unpaired electron
incorporated into the diamond, the species decorating theoupled to a hydrogen atom about 0.19 nm away. Zhou
grain boundaries, and the material in between the graimt al®° proposed that H1 was formed by a hydrogen atom
boundaries or in voids within the films. The defects, impuri-entering a stretched C-C bond at a grain boundary, allowing
ties, and nondiamond material may affect the macroscopithe carbon to relax back, one bonding to the hydrogen and
properties such as thermal conductivity and optical transpathe other with an unpaired electron localized in its dangling
ency. In addition their identification may give information bond. No model was presented for the other defect at
about growth mechanisms. The role of hydrogen in CVDg=2.0028" 'H matrix electron-nuclear double resonance
diamond growth processes has been the subject of many pulmeasurements indicated that the H1 and otier2.0028
lications; however, there are fewer publications investigatingcenters are in an environment with hydrogen atoms 0.2-1
the location and distribution of hydrogen in polycrystalline nm from the defecf. There is now a considerable body of
films.2~ Postprocessing of CVD diamond filnts.g., anneal-  evidence supporting the assertion that the H1 center, and the
ing) has attracted even less attenttdihut may prove useful other defects centered gn=2.0028 observed in polycrystal-
in fabrication of material for specific applications line CVD diamond films are located on grain boundaries or
Infrared absorption studies on CVD diamond samplesn intergranular material rather than in the bulk diamond.
have revealed several different CH stretch vibrations in the There has been little work reported on the annealing be-
region 2750-3300 cm! arising from carbon-hydrogen havior of the H1 and otheg=2.0028 centers in polycrystal-
bonds in different environments’ Infrared absorption spec- line CVD diamond. Jiaet al® found that the intensity and
tra in most CVD diamond samples can be fitted using CHine shape of the EPR absorption g#2.0028 in hot fila-
stretch signatures of hydrogen bonded -bonded carbon ment CVD samples did not vary with annealing up to 1400
(2850, 2875, 2920, and 2965 crh), hydrogen bonded to K, but annealing a samplevhich had been ground into a
sp?-bonded carbor{2980 and 3025 cm?), and additional powde) to 1800 K with an oxyacetylene torch for 20 min
lines at 2820 and 2830 cht not seen in hydrogenated reduced the overall spin density by a factor of 4.5 and the
amorphous carboh® McNamaraet al® have associated the relative intensity of the satellites increased with respect to
peaks at 2820 and 2830 crh with N-CH; and O-CH,  the central line. No mention was made in this publication of
groups, respectively. However, they could originate from hy-sample graphitization. In an inert environméwhcuum bet-
drogen adsorbed on a diamond surfate. ter than 2 10~ mbay the conversion of diamond to graph-
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TABLE I. N g andg=2.0028(1) spin concentratiofipreannealingdetermined by double integration of
EPR spectra and comparison with a reference. The relative concentrations of different samples are accurate
to +10%, but the errors on the absolute values a&0%. See the text for further details.

Sample No. Ng concentratior{cm™3) g=2.0028(1) concentratiofcm™ %)
1 0.9x 10%7 0.9x 107
2 0.9x 10%7 7.2x 10"
3 0.6x 10%7 0.9x 107
4 <2x 10 1.4x 10
5 <2x105 14x 107

ite is not normally detectable for annealing below 1800 K,harmonic EPR signal and comparison with a reference
but diamond is attacked by oxygen and water vapor at temsample allowed bulk spin concentrations to be determined.
peratures as low as 900 K. Infrared absorption measurements were made with the
Nitrogen is readily incorporated as a substitutional impu-sample at room temperature using a Perkin-Elmer 1710 Fou-
rity (ND) into diamond grown at high temperatures and prestier transform infrared spectrometer. Several measurements
sures and by CVD. Under the growth conditions reported byvere made on each sample to check for the inhomogeneous
Samlenskiet al!! 50 parts per 10 (ppm) nitrogen in the distribution of defects. The infrared beam was of similar di-
process gas gave rise to incorporation of between 1 and 1@ensions to the sample and it was found that the measure-
ppm[(2—20% 10" cm ™3] nitrogen in the CVD diamond. In  ments were reproducible without having to position the
polycrystalline CVD diamond, comparison of the concentra-sample carefully for each measurement.
tion of Ng (measured by EPRwith that of total nitrogen The samples were annealed at temperatures between 1100
concentrationgfrom techniques such as combustion analy-and 1900 K in a silicon carbide vacuum furna(@evern
sis) sometimes indicates that considerably more nitrogen cafiurnaces Limitell The sample tube is made from recrystal-
be present in forms other than2N The bulk of the extra lizéd alumina and has an internal bore of 50 mm; and the
nitrogen is probably in the intergranular material rather tharfurnace temperature is constant over a region of length 250
the diamond. It has been reported that adding nitrogen to th&@M- The furmnace is controlled by a Eurotherm 902-904 con-
feed gases in various CVD processes can have dramatic dfoller that allows heating and cooling rates and set points to
fects on the diamond growth, including increased growthP® maintained automatically. The furnace was evacuated
rates, texturedf100} growth, and the suppression of twin With a diffusion pump, via a cold stage, capable of pumping
formationt2—14 the furnace down to 510~ " mbar. Once the samples were
The N center has been studied extensiviijSthe nitro- ~ 10aded, the furnace was purged with oxygen-free argon be-
gen bonds with its four carbon neighbors, the extra electrofo'® PUMPping and annealing. The initial heating rate was
being localized in an antibonding orbital between the nitro-KEPt low in order to allow the pumping rate to match the
gen and one of the carbon neighbors. This unique N-C bonfHrnace outgassing. The furnace was held at.the set annealing
is estimated to be 20-30 % longer than the normal c-cemperature fo4 h and then cooled at approximaté K per
bond”~1°and forms the principal axis of the defect, which minute. During annealing the sample chamber pressure was

76 . .
hasC,, symmetry. The nitrogen donor level is thought to be K€Pt below 5¢10°° mbar. The samples being studied were
about 2 eV below the conduction-band edge. mounted in between pieces of CVD diamond film while be-

We report here the results of EPR and infrared studies off!d @nnealed to further reduce the risk of graphitization.
ten polycrystaline CVD diamond samples annealed inEven.gt t_he highest annealing temperatures the surface
vacuum at temperatures between 1100 and 1900 K. In five dira@phitization rate was very low. To remove any surface
the samples the & concentration was less thanxaot graphite, the samples were cleaned after annealing in a solu-

cm 3 as measured by EPR and in the others it ranged b fion of C(_)ncentrateq b0, and KNO; held at 550-600 K :
tween 2x 10 and 4x 1047 cm~ 3. or 30 min. After this treatment the samples were washed in

H,S0O, at 550-600 K for a few minutes and then in deion-
ized water. No mass loss was detected for any samples after
Il. EXPERIMENT annealing and cleaning, confirming that the surface graphiti-

. L zation rate was very low.
The diamond samples used in this work were made by a

microwave CVD process under a variety of conditions to
obtain a wide range of material qualities. The free-standing
polished films were all about 200—-5Qm thick and varied
from opaque to clear with an optical transparency approach- Before annealing, the samples were characterized by EPR
ing that of the best natural diamond. All samples showed dsee Table)l and infrared absorption. It is useful to acquire
strong diamond Raman line at 1332 cwith only weak the EPR spectra under a variety of different conditithas
nondiamond features in the Raman spectra. EPR measuris-shown for sample 1 in Fig. 1. This figure shows EPR data
ments were made at temperatures between 4 and 300 K usifigm the same sample recorded at incident microwave pow-
a conventional spectrometer and a ;pEcavity operating at  ers of(a) 3 mW and(b) 0.3 nW. At high microwave powers
approximately 9.6 GHz. Double integration of the first- the Ng spectrum[Fig. 1(b)] is strongly saturated such that

Ill. RESULTS
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matic changes in the EPR intensity and line shape and in
some cases the infrared absorption. Not all the samples be-
haved in the same way. Figure 2 shows results for three of
the samples that are representative of those observed for the
ten samples studied. Figurda® presents the data from an
opaque CVD samplésample 2; the as-grown defect concen-
tration atg=2.0028 was 7.2 10'’ cm 2 and the single sub-

@) stitutional nitrogen concentration was &0 cm™%),
which shows strong CH infrared absorption. The presence of
substitutional nitrogen does not influence the annealing be-
havior of the resonance gt=2.0028. On annealing to 1700

K the resonance aj=2.0028 narrows appreciably. The am-
plitude of the satellites relative to the central peak to peak
height decreases and the overall intensity is reduced. The
2820-cm ! infrared absorption peak increases dramatically
along with other less pronounced reductions in the infrared
absorption at higher energies. Overall, the strength of the CH
absorption band does not change appreciably. Further an-

() nealing to 1900 K produces a new strong EPR resonance at
g=2.0035%2), without apparently reducing the intensity of
SRt S “’J(““ S the g=2.0028 resonance further. Annealing at 1900 K dra-
matically degrades the optical quality of the sample, which

becomes much darker. This is not graphitization of the ex-
T T | T T ternal sample surfaces. The infrared absorption of the overall
0338 0340 0342 0344  0.346 CH absorption band is reduced with a marked reduction in
Magnetic Field (T) the 2820-cm ! absorption. Figure 3 shows the behavior of
the g=2.0028 EPR intensity and the strength of the 2820
FIG. 1. X-band(9.6 GH2 EPR spectra from sample 1 recorded cm™! absorption peak as a function of annealing temperature
at 5.0 K with an incident microwave power @ 3.0 mW and(b) in sample 5, which behaved similarly to sample 2.

T

0.3 nW. The double ended arrows indicate they, ==+0 allowed Figure Zb) presents the annealing data for samplgh®

Ng EPR transitions and the single ended lines indicatehe= as.grown defect concentration gt 2.0028 was 0.8 107

*1 forbidden N EPR transitions observed at high microwave cm~3 and the single substitutional nitrogen concentration
powers. was 0.6< 10" cm~3) in which the integrated absorption of

the g=2.0028 EPR resonance was 8 times less than that of
the allowed transitions are very small and the forbidden transample 2[Fig. 2(a)]. The total CH infrared absorption band
sitions, marked with the vertical arrows, are observable bufvas also considerably weaker with no resolvable 2820-tm
weak. Under these conditions of observation the EPR abpeak. This sample was transparent. The satellites orythe
sorption is dominated by the centers gat-2.0028, which  =2.0028 resonance in sample 3 are less well resolved than in
saturate much less readilffig. 1(a]. Reducing the micro- sample 2 and the central peak is slightly broader. On anneal-
wave power by 40 dB diminishes the intensity of the ing to 1700 K theg=2.0028 resonance narrows, the ampli-
=2.0028 resonance by a factor of 100, but thiedémes out  tude of the satellites relative to the central peak to peak
of saturation and the EPR intensity increases to a maximurheight decreases, and the overall intensity is reduced. Further
before decreasing with further reduction in microwaveannealing to 1900 K produces the new resonancey at
power. Figure (b) is dominated by the R EPR spectrum. =2.003%2). In this respect samples 2 and 3 behave in the
This is not quite powderlike because preferential growth ofsame fashion. However, the infrared absorption spectra for
specifically oriented crystallites resulted in a slight0) tex-  sample 3 do not change appreciably with annealing. With the
turing of the film. The I\g EPR signal has been used to final annealing at 1900 K the sample, like sample 2, became
characterize the texturing of polycrystalline CVD diamond much darker. Once again this was not graphitization of the
films.2 external sample surfaces.

The EPR spectrum in Fig.(d) is reminiscent of those Figure Zc) shows the annealing data for sampldtde
reported by other workers studying CVD diamond as-grown defect concentration gt=2.0028 was 1.4 10"
films.>7~922-26The linewidth, resolution, and relative inten- cm~3 and the single substitutional nitrogen concentration
sity of the satellites are sample dependent, and in the samplegs less than 0210 cm™3). Preannealing theg
we have studied it is not possible to reproduce the EPR spec=2.0028 EPR absorption looked similar to sample 3 with
tra with the H1 defect alone. Additional resonancesgat poorly resolved satellites. However, the CH infrared absorp-
=2.0028 must be introduced to reproduce the experimentdlon band was markedly different with only three broad
data satisfactorily. peaks centered at 29, 28505) (weak, and 281(5)

Annealing the CVD samples below 1500 K producedcm . The first two peaks are characteristic of the asymmet-
little or no observable change in the intensity or shape of theic and symmetric stretching of CHgroups, respectively,
EPR absorption atg=2.0028. However, annealing the where the carbon isp® bonded. The inequality in the inten-
samples fo4 h attemperatures above 1500 K produced dra-sities of these two lines has been commented on by others.
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FIG. 2. X-band(9.6 GH2 EPR spectra recorded at 5.0 K and room-temperature infrared absorption spectra in CH regi@h $aomple
2, (b) sample 3, andc) sample 4, taken following annealifg vacuofor 4 h at1500, 170Qoffset 7.5 cm?), or 1900 K(offset 15 cm'Y).

We can find no reference in the literature to the 28%0 In five samples the concentration ofaNvas monitored be-
cm ! line. Upon annealing, thg=2.0028 EPR absorption tween annealings and it was found that annealing up to the
diminishes in intensity without significant changes in the linemaximum temperature used hef900 K) had no affect on
shape, and thg=2.00352) resonance does not appear uponthe concentration of this impurity.
annealing to 1900 K. No changes are observed in the infrared
absorption when annealing up to 1900 K and this sample did
not show such a marked deterioration in optical quality. IV. DISCUSSION

Annealing a CVD sample in stages to a set temperature,
holding the temperature fal h ateach stage, produced the
same overall change as annealing a piece of the same as- The aggregation of Ricenters to fornA centers has been
grown sample directly to the set temperature for four hoursstudied by many worker¥.3*When annealing type-Ib dia-

A. Effect of annealing on N concentration
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and the integrated absorption of the 2820-Cninfrared peak(+) 3200 3000 2800 2600
measured in sample 5 plotted as a function of isochronal annealing
temperature. The error bars on the EPR and infrared data are ap-

proximately =10%. The best fit to the EPR data obtained using . .
first-order kinetics is shown by the open circles: the broken line is F!G- 4. Room-temperature infrared difference spe@rmealed
drawn as a guide to the eye. spectrum minus the as-grown absorption spectrfon sample 2,

offest for clarity of display. See the text for details.

monds, it has been shown that the rate of formatiorAof ¢_2 0028 is sample dependent and can change on annealing
centers is proportional to the square of the initial concentraz; 1700 K. This is consistent with other paramagnetic centers
tion of N3, showing that the\ center consists of two nitro- contributing to theg=2.0028 resonance and these centers
gen atom$? It is now accepted that th& center consists of annealing at a different rate to H1.

a pair of adjacent substitutional nitrogen atoth>3! The In samples that exhibit strong CH absorptiGamples 2
rate of aggregation can be substantially increased if the diggnd 5 in this paper changes in this band can be observed
mond is subjected to radiation damagen the CVD dia-  concurrently with changes in the EPR spectra. Figure 3
mond samples studied the maximung Noncentration was shows the change in thg=2.0028 spin concentration and
4x 10" cm~3. With the concentration this low no signifi- the change in the 2820-cit absorption peak on annealing
cant aggregation of glwas expected in our studies. This is in such a samplésample 5. The total change in the CH
consistent with the [ concentration being unchanged by absorption band in a sample of this tyample 2 is shown
annealing. No evidence of thermally or optically activatein Fig. 4. Here the as-grown infrared absorption spectrum
charge transfer altering the concentration §f(N2 donating has been subtracted from the annealed spectrum. The
an electron to a trap or § trapping an electronwas de- changes in the CH infrared absorptiorj band are not .signifi—
tected on annealing. The\EPR signal made a useful inter- ¢ant below 1500 K, but at 1700 K we find a redistribution of

nal reference for studying the changes in the concentratior/8t€nsity, with some peaks growing and others falling in in-
of other centers during annealing. tensity. There appears to be no overall loss of strength in the

band. There is a redistribution of hydrogen amongst different
bonding configurations. The reduction in the peak around
2920 cni ! indicates a loss of CK groups(where the car-
bon issp® bonded. This loss is mirrored by a growth in the

In all samples we have studied the intensity of the EPRntensity of the 2820-cm? peak, which has been alternately
absorption ag=2.0028 reduced on annealing above 1500 K.attributed to a N-CH group or alternately to hydrogen ad-
However, the details of the changes are sample dependent. $orbed on a diamond surfat8.
most samples on annealing to 1700 K the resonance nar- For samples with much lower concentrations of the
rowed and the satellites became better resolved. Neither be=2.0028 EPR centers, the EPR signal behaves on annealing
fore nor after annealing could the shape of 4e2.0028 to 1700 K in the same fashion as for samples with strong CH
EPR signal be successfully simulated with only the H1 EPRabsorption, but there are no significant changes in the CH
resonance. The relative contribution of H1 to the signal atbsorption band, presumably because of the low number of

Wave number (cm™)

B. Effect of annealing on the concentration of EPR centers
at g=2.0028 and CH infrared absorption band
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hydrogen atoms redistributing during the annealing. Todhydrogen released is forming more stable species and is not
many different processes are occurring to correlate théost from the sample until the temperature is increased above
change in the EPR spectra with a specific band in the infrai800-1900 K. If the model for the H1 centénydrogen
red; however, an increase in the 2820-chabsorption peak entering a weak C-C bond at a grain boundary, bonding with
at 1700 K is always accompanied by a reduction in ghe one of the carbons and leaving an unpaired electron in the
=2.0028 EPR signal strength. dangling orbital on the othgiis correc®® it could be de-
Previous studies have indicated that H1 and the ogher stroyed by the evolution of the hydrogen atom on annealing,
=2.0028 defects are probably located on grain boundaries @r by a hydrogen atontsupplied from another surface spe-
in hydrogenated intergranular materiaf:* We have found cies, another H1 center, or abstracted by the intergranular
that the EPR absorption @f=2.0028 reduces at tempera- materia) bonding with the dangling carbon orbital.
tures where some of the hydrogen is mobile, but below 1700 It is clear that a redistribution of hydrogen on annealing
K no hydrogen(as monitored by infrared absorptjois lost  below 1700 K reduces the concentration of paramagnetic de-
from the CVD diamond samples. Annealing to 1900 K pro-fects. We attempted to fit the reduction in the concentration
duced a new EPR center gt=2.0035(2) in all samples of H1 centers on annealing using first-order kinetics, which
except ondsample 4, Fig. @)]. The line shape is asymmet- predicts that the concentration after tith annealing H1];
ric, indicating a smallg-matrix anisotropy. No hyperfine =[H1];_,exp(—k7), wherer is the time of the annealing at
structure was observed. We have no reliable model for thia temperatureT. The rate constant is given bk

defect. =Aqexp(—Ea/ksT), whereAg is a constant ané&, the acti-
After annealing to 1900 K the overall CH absorption bandvation energy. We seE, equal to the energy required to
was reduced in intensity in most samplesg., Fig. 3, indi-  break a CH bondE,~4.3 e\) and allowed only the con-

cating that hydrogen was either lost from the sample or instantA, to vary. The isothermal annealing data for the EPR
corporated in a non-infrared-active form. The first explanaconcentration ag=2.0028 is reproduced reasonably well
tion seems to be the most likely. It was not possible tousing first-order kinetics. The fit obtained to the annealing
measure the change in some samples due to a significaghta from sample SH,=4.3 eV andA,=10® Hz) is shown
reduction in infrared transmission following the 1900 K an-in Fig. 3. If H1 were simply decaying by emission of hydro-
neal. All samples except sample 4 darkened noticably duringen atoms to nonsaturable traps we would exgecto be

the 1900 K annealing and the visible transmission was I'etypica| of vibration frequencies+ 1013 Hz), which is clearly
duced significantly. The deterioration of optical quality of not the case. However, the valueAy is consistent with H1

the samples was pronounced. It appeared that severe intermding destroyed by capturing a hydrogen atom, so long as the
degradation of the samples was taking place, but there wagpture probability is lowi.e., there are many other traps for
no graphitization of the external surfaces. We conclude thaydrogen atoms It is not worth speculating further; because
the loss and redistribution of hydrogen during the high-of the complexity of processes that are probably occurring,
temperature annealings destabilizes the internal grain boungimp|e first-order kinetics is ||ke|y to be inappropriate_ How-
aries and diamond is being converted into graphite or hydrogyer, the annealing rate of the EPR signabat2.0028 is
genated amorphous carbon. It is possible that part of thgonsistent with the requirement of breaking a CH bond in
reduction in transmission is due to increased absorption byrder to destroy the center.

both electronic band-gap states and vibrational states; how- sSyrface studies have revealed that hydrogen termination
ever, we believe that the degradation of internal grain boundof diamond is important in stabilizing the surface structure
aries increases the scattering of incident light. and hence the bulk diamond against phase transformation.

The anomalous behavior of sample 4 is not understoodstydies on hydrogen-terminatéeixterna) surfaces indicate
As can be seen from Fig(@, the g=2.0028 EPR absorp- that the strongly bound hydrogen is lost on annealing to
tion decreases on the 1900 K annealing but no new defects00—1300 K& We do not observe changes until the anneal-
are created. The optical quality and infrared absorption in thqang temperature is raised to 1500 K; therefore, we are not
CH region did not change on annealing to 1900 K. The CHsimply dealing with hydrogen on external diamond surfaces.
infrared absorption spectrum for this sample is unusual: Wepyring annealing hydrogen atoms may be exchanged be-
have not seen the broad peak at 2810 Cnin any other tween the diamond surfaces and intergranular hydrogenated
CVD diamond sample. It is possible that the grain bound-material, and the types of CH species present on the surfaces
aries in this material are stabilized by a different, more Stab'%nd in intergranu|ar material could be Changed_ This is con-
CH species and that the incorporation of intergranular hydrosijstent with the changes observed in the infrared absorption
genated amorphous carbon is much less in this sample. FUfy some of the samples. Presumable samples that show no
ther work on this sample is planned. change contain only the most stable CH species.

Studies on(111) diamond surfaces show that the chemi-
sorption of hydrogen on a clean surfa@x 1 reconstructed
induces a phase transition to & 1 structure. The desorption
peak occurs around 1300 K, but a few percent of a mono-
layer on the surface is effective at maintaining thg®

Quantitative analysis of the isothermal annealing data i€ <1 structure®® An infrared peak at 2830 cm' has been
difficult because it is possible that many different processetentatively assigned to the surface C-H stretching nfode.
that affect the concentration of H1 and other defects occuBtudies of hydrogen-induced surface reconstructiof06x)
simultaneously. It is apparent from the infrared data that CHsurfaces have also been reportedduring CVD growth as
bonds are being broken on annealing above 1500 K and theell as stabilizing the surface atomic hydrogen generates

C. Hydrogen termination of diamond surfaces
and modeling the kinetics of reduction
in the EPR absorption at g=2.0028 on annealing
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radical sites at which hydrocarbons can absorb by hydrogenot correlate with the @ concentration and the increase in
abstraction and assist the incorporation of the hydrocarbonstensity on annealing appears to depend only on the avail-
by further hydrogen abstractidfi.Annealing at 1900 K re- ability of hydrogen. This leads us to believe that the 2820-
sulted in the breaking of CH bonds, the loss of hydrogercm™! peak originates from a hydrogen center on a diamond
from the sample, and degradation of the optical properties ofurface rather than an impurity species.
the sample. New paramagnetic defects were created in the Annealing fo 4 h at1900 K, in all except one case, se-
process. It appears that hydrogen stabilizing diamond susserely degraded the optical properties of the sample and a
faces were lost and surface reconstruction or internal graphihew EPR defect aj=2.0035(2) was created. Infrared mea-
tization took place. surements show that hydrogen is lost from most CVD dia-
mond samples on annealing at 1900 K. One sample, with an
unusual CH absorption spectrum, did not show the dramatic
V. CONCLUSION changes in optical quality and no new EPR centers were

The infrared absorption and concentration of the EPRcreakt]E.EOI byc}hehlgo?]K anr;eall?]g. . f
centers ag=2.0028 are found to be unaffected by annealing T '('js ?tu y ads ?] o(\;\(n t_bat the cfo;cdentranon © bpare}mag(;
at temperatures below about 1500 K in the CVD diamon etic detects and the distribution of hydrogen can be altere

samples studied, which is consistent with work previously y high-temperature annealing. A study of the possible cor-

; . relations of these changes with changes in electrical proper-
reportec® However, prolonged annealing at higher tempera-. o
s on annealing is planned. The present study has shown

tures changes both the infrared and EPR absorption. At 170 i 1900 K v d h ical
K some of the hydrogen on internal grain boundaries or int at annealing to . can severely damage the optica
uality of polycrystalline films. The processes involved in

intergranular material becomes mobile. The intensity of th q . .
EPR at_Jsorption_aglJ=2.0_02$ d(_acreases, but the detai!ed be‘-a\[/r:)?vg?gzd;“ﬁ; d?csgegoftrgtrjrlwl);hingairns;cl):d but appear to in-
avior is complicated, indicating the presence of different
defects all contributing to the EPR absorption. However, the
annealing rate is consistent with the requirement to break a
CH bond to reduce the EPR signalgat 2.0028. In samples
with strong CH infrared absorption there is a decrease in the This work was supported by EPSRC Grant No. GR/
peak at 2920 cm? and an increase in the peak at 2820 ém K1562.6. D.T.P. thanks EPSRC and De Beers Industrial Dia-
on annealing at 1700 K. The 2820 crhpeak is strongest in  mond Division for financial support. M.E.N. thanks EPSRC
samples with intense CH absorption bands. Its strength doder financial support.
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