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(100)-orienteddiamondfilms have beengrown on silicon (100 in a microwaveplasmaassisted
chemicalvapordeposition(CVD) tubularsystem.X-ray photoelectrordiffraction (XPD) hasbeen
usedto study such oriented polycrystalline films. Comparingthe diffractogramsof a natural
diamond (100) surfaceand of polycrystalline (100)-oriented CVD diamond films quite similar
featuresare observedXPD measurementafter 8 min of biastreatmentshowthatthetiny crystals
arealreadypreferentiallyorientedat depositionparametersequiredfor (100)-orientedfilm growth.
Our measurementsdicatea strongneedto controlthe growth parametersery carefully duringthe

first minutesof growth to getan orientation.

Presently polycrystalline chemical vapor deposition
(CVD) diamondfilms orientedtowardthe substrateare rou-
tinely grown on silicon® using microwaveplasmaenhanced
deposition.No single-crystathin films haveso far beende-
positedon nondiamondsubstratesHowever true heteroepi-
taxy remainsas a goal for further researchactivities due to
the expected performance of such films in electronic
applications’ In afirst step,it is importantto understandhe
physicalandchemicalmechanismsvhich areresponsibldor
the orientedgrowth on silicon. Various studieson oriented
diamondfilms havebeendoneusing scanningandtransmis-
sion electronmicroscopy(SEM), (TEM),** x-ray photoelec-
tron spectroscopy(XPS),® or x-ray diffraction (XRD).%’
While mostdiagnostictechniquesare sensitiveto um thick
films only, TEM was usedto reveal the structure of the
silicon-diamondinterface? Neverthelessthereis a lack of
diagnostictoolsto investigatethe interfacein orderto under
standorientedgrowth. Moreover it is not clearwhetherori-
entationalreadyoccursduring the first minutesof biastreat-
mentor later during the depositionprocess.

In this letter, we reporton x-ray inducedphotoelectron
diffraction measurement®r the characterizatiormf the very
early stageof orienteddiamondgrowthon silicon (100). This
techniquewas usedto study diamondfilms after 8 min of
biastreatment.

Low pressurediamondgrowth wasperformedon silicon
(100 substratesvia microwave plasmaCVD in a tubular
deposition system. Silicon substrateswvere cleanedin ac-
etone,introducedin the plasmasystem,and the deposition
was startedafter the pressuren the chambereached10©
mbar A first run during 3 min in purehydrogenwas usedto
removethe native oxide layer on the substrateandto adjust
the depositiontemperatureNucleationwas inducedby ap-
plying a dc biasof —225V to the substrateduring 8 min at
810°C andunder20 mbarof a 2% CH,/H, gasmixture.The
parameterdor the subsequentlepositionwere 870°C at 40
mbar with 1% CH, in H,. High purity hydrogenwas used
(6.0 Hy). Figure 1 showsa 15 h depositedpolycrystalline
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CVD diamondfilm with 80% of (100 orientedcrystals.The
tilting angleis lessthan8° asmeasuredy XRD.

XPD is a well-establishedechniquein surfacescience
for studyingsurfaceatomic structureof monocrystal$. The
experimentswere performedin a VG ESCALAB Mark |l
spectrometemodifiedin orderto enablemotorizedsequen-
tial angle-scanninglataacquisition? equippedwith low en-
emy electrondiffractionandaMg K« (1253.6eV) and a S
Ka (1740.0eV) twin anode.The photoelectronemission
angle abovethe substrates varied through samplerotation
(0°<#<90° and 0°< $<<360°).

As a referenceFig. 2(a) showsthe XPD measurement
onanaturaldiamond(100) surface'® excitedwith Mg K « x-
rays,at an electronkinetic enegy of 964 eV. The photoelec-
tron diffractogramsobtainedby this techniquereflecta real
spaceprojection of the major crystalline directions of the
crystal.A stereographigrojectionis usedfor the presenta-
tion. The surfacenormal correspondingo the [100] direc-
tion, is locatedin the centerof the plot whereasthe outer
circle representsaan emissionangle of 90° off normal. For
additional details the readeris referred to Ref. 10. The
C 1s diffractogramshowsfourfold symmetrywith the [111]
crystallographicdirectionsat 6=54.7° and the [011] direc-
tionsat #=45° (Ref. 7) asmajorfeaturesThe XPD measure-
menton a 1 hgrown CVD diamondfilm is representedn
Fig. 2(b). The agreementvith the C 1s diffractogramof the
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FIG. 1. SEM picture of a (100) orienteddiamondfilm after 15 h of micro-
wave plasmadeposition.



(b)

FIG. 2. Stereographigrojection of the C 1s XPD intensitiesat 964 eV
inducedby Mg K « radiationof (a) a naturaldiamond(100 surfaceand (b)
a CVD (100 surfaceafter 1 h o growth. Low index directionsarelabeled.

(100 naturaldiamondsurfaceis striking: clear spotsin the

[111] andthe[011] directionsare observedandall the other
maximaarevisible too. However the overallfine structureof

the CVD diamond film diffractogramis more fuzzy and
partly lost. This canbe explainedin termsof a superposition
of the diffractogramdrom different, slightly misalignedmi-

crocrystals.Keeping in mind that XPD collects electrons
from the top 30 A of the surfaceand of an areaof 1 mm?,

our results confirm the presenceof a high grade (100)-

orientedCVD diamondfilm after 1 h.

SinceXPD is very surfacesensitive jnvestigationshave
beenmadeafter the first minutesof an orientedCVD dia-
mondfilm deposition After 3 min of deposition(biastreat-
men}, the C 1s diffractogramalreadyshowsthe four [111]
maximaat 6=54.7° (not showr). Figure 3 showsthe fitted
C—C componentdiffractogramof the C 1s photoemission
signal of a (100)-oriented CVD layer after 8 min of bias
treatmentAs measuredy atomic force microscopy at this
time, the diamondlayer is not completeandis between50
and 100 nm thick. The diffractogramdetail structureis not
obvious(for example,we cannotdistinguishthe [103] from
the[112] maximaaroundf=40°), but the four [111] maxima
at #=54.7° andthe four [011] maximaat #=45° are clearly

FIG. 3. C 1s diffractogramat 964 eV of a diamondlayer after 8 min of bias
treatment,showing a preferentialorientationof the crystals(hasnot been
measuredip to the norma).

visible. This provesthat the growing film is orienteddia-
mondwhich is formedfrom the beginningof the deposition
on. However the detailedstructureis weakor missingdueto
theslightly preferentialorientationof the diamondcrystalsat
suchan early stage.Our measurementslearly indicatethat
the orientationis determinedwithin the first minutesof bias
treatment.Therefore,it is primordial to chooseand control
very preciselythe depositionparameters.

(100) orienteddiamondfilms havebeengrownin a mi-
crowave plasmaassistedCVD tubular deposition system.
SEM andXRD showa goodlayer quality and XPD showsa
preferentialorientation of the tiny crystalsafter 8 min of
deposition.Further experimentsusing XPD will be under
taken,focusingespeciallyon the presencandthe orientation
of a SiC interfacebetweenthe diamondnuclei and the sili-
con substrate.
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