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X-ray photoelectron diffraction of (100)-oriented chemical vapor deposited
diamond films on silicon (100)
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~100!-orienteddiamondfilms havebeengrown on silicon ~100! in a microwaveplasmaassisted
chemicalvapordeposition~CVD! tubularsystem.X-ray photoelectrondiffraction ~XPD! hasbeen
used to study such oriented polycrystalline films. Comparing the diffractogramsof a natural
diamond ~100! surfaceand of polycrystalline ~100!-orientedCVD diamondfilms quite similar
featuresareobserved.XPD measurementsafter8 min of biastreatmentshowthat the tiny crystals
arealreadypreferentiallyorientedat depositionparametersrequiredfor ~100!-orientedfilm growth.
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which should be used for any reference to this work
Ourmeasurementsindicateastrongneedto controlthegrowthparametersvery carefullyduringthe

first minutesof growth to get an orientation.

Presently, polycrystalline chemical vapor deposition
~CVD! diamondfilms orientedtowardthe substratearerou-
tinely grown on silicon1 usingmicrowaveplasmaenhanced
deposition.No single-crystalthin films haveso far beende-
positedon nondiamondsubstrates.However, true heteroepi-
taxy remainsasa goal for further researchactivitiesdue to
the expected performance of such films in electronic
applications.2 In a first step,it is importantto understandthe
physicalandchemicalmechanismswhichareresponsiblefor
the orientedgrowth on silicon. Variousstudieson oriented
diamondfilms havebeendoneusingscanningandtransmis-
sionelectronmicroscopy~SEM!, ~TEM!,3,4 x-ray photoelec-
tron spectroscopy~XPS!,5 or x-ray diffraction ~XRD!.6,7

While mostdiagnostictechniquesaresensitiveto mm thick
films only, TEM was used to reveal the structureof the
silicon-diamondinterface.4 Nevertheless,there is a lack of
diagnostictoolsto investigatetheinterfacein orderto under-
standorientedgrowth.Moreover, it is not clearwhetherori-
entationalreadyoccursduring thefirst minutesof biastreat-
mentor later during the depositionprocess.

In this letter, we report on x-ray inducedphotoelectron
diffractionmeasurementsfor thecharacterizationof thevery
earlystageof orienteddiamondgrowthonsilicon ~100!. This
techniquewas usedto study diamondfilms after 8 min of
biastreatment.

Low pressurediamondgrowthwasperformedon silicon
~100! substratesvia microwaveplasmaCVD in a tubular
depositionsystem.Silicon substrateswere cleanedin ac-
etone,introducedin the plasmasystem,and the deposition
wasstartedafter the pressurein the chamberreached1026

mbar. A first run during3 min in purehydrogenwasusedto
removethe nativeoxide layer on the substrateandto adjust
the depositiontemperature.Nucleationwas inducedby ap-
plying a dc biasof 2225V to the substrateduring8 min at
810°C andunder20mbarof a2%CH4/H2 gasmixture.The
parametersfor the subsequentdepositionwere870°C at 40
mbar with 1% CH4 in H2. High purity hydrogenwas used
~6.0 H2!. Figure 1 showsa 15 h depositedpolycrystalline
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CVD diamondfilm with 80%of ~100! orientedcrystals.The
tilting angleis lessthan8° asmeasuredby XRD.

XPD is a well-establishedtechniquein surfacescience
for studyingsurfaceatomic structureof monocrystals.8 The
experimentswere performedin a VG ESCALAB Mark II
spectrometermodified in order to enablemotorizedsequen-
tial angle-scanningdataacquisition,9 equippedwith low en-
ergy electrondiffractionandaMgKa ~1253.6eV! and a Si
Ka ~1740.0 eV! twin anode.The photoelectronemission
angleabovethe substrateis varied throughsamplerotation
~0°,u,90° and0°,f,360°!.

As a reference,Fig. 2~a! showsthe XPD measurement
onanaturaldiamond~100! surface,10 excitedwith Mg Ka x-
rays,at anelectronkinetic energy of 964eV. Thephotoelec-
tron diffractogramsobtainedby this techniquereflecta real
spaceprojection of the major crystalline directionsof the
crystal.A stereographicprojectionis usedfor the presenta-
tion. The surfacenormal correspondingto the @100# direc-
tion, is locatedin the centerof the plot whereasthe outer
circle representsan emissionangleof 90° off normal. For
additional details the reader is referred to Ref. 10. The
C 1s diffractogramshowsfourfold symmetrywith the @111#
crystallographicdirectionsat u554.7° and the @011# direc-
tionsatu545° ~Ref.7! asmajorfeatures.TheXPDmeasure-
ment on a 1 hgrown CVD diamondfilm is representedin
Fig. 2~b!. Theagreementwith theC 1s diffractogramof the

FIG. 1. SEM pictureof a ~100! orienteddiamondfilm after 15 h of micro-

waveplasmadeposition.



~100! naturaldiamondsurfaceis striking: clear spotsin the
@111# andthe @011# directionsareobservedandall theother
maximaarevisible too.However, theoverallfinestructureof
the CVD diamond film diffractogram is more fuzzy and
partly lost.This canbeexplainedin termsof a superposition
of thediffractogramsfrom different,slightly misalignedmi-
crocrystals.Keeping in mind that XPD collects electrons
from the top 30 Å of the surfaceandof an areaof 1 mm2,
our results confirm the presenceof a high grade ~100!-
orientedCVD diamondfilm after 1 h.

SinceXPD is very surfacesensitive,investigationshave
beenmadeafter the first minutesof an orientedCVD dia-
mondfilm deposition.After 3 min of deposition~bias treat-
ment!, the C 1s diffractogramalreadyshowsthe four @111#
maximaat u554.7° ~not shown!. Figure 3 showsthe fitted
C–C componentdiffractogramof the C 1s photoemission
signal of a ~100!-orientedCVD layer after 8 min of bias
treatment.As measuredby atomic forcemicroscopy, at this
time, the diamondlayer is not completeand is between50
and100 nm thick. The diffractogramdetail structureis not
obvious~for example,we cannotdistinguishthe @103# from

FIG. 2. Stereographicprojection of the C 1s XPD intensitiesat 964 eV
inducedby Mg Ka radiationof ~a! a naturaldiamond~100! surfaceand~b!
a CVD ~100! surfaceafter 1 h of growth.Low indexdirectionsarelabeled.
the @11̄2# maximaaroundu540°!, but thefour @111# maxima
at u554.7°andthe four @011# maximaat u545° areclearly
visible. This proves that the growing film is orienteddia-
mondwhich is formedfrom thebeginningof thedeposition
on.However, thedetailedstructureis weakor missingdueto
theslightly preferentialorientationof thediamondcrystalsat
suchan early stage.Our measurementsclearly indicatethat
theorientationis determinedwithin the first minutesof bias
treatment.Therefore,it is primordial to chooseand control
very preciselythe depositionparameters.

~100! orienteddiamondfilms havebeengrown in a mi-
crowave plasmaassistedCVD tubular depositionsystem.
SEMandXRD showa goodlayerquality andXPD showsa
preferentialorientationof the tiny crystalsafter 8 min of
deposition.Further experimentsusing XPD will be under-
taken,focusingespeciallyon thepresenceandtheorientation
of a SiC interfacebetweenthe diamondnuclei and the sili-
con substrate.
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