
Alex Laikhtman

Sciences Department, Holon Institute of Technology (HIT), Holon, 

Israel

International Workshop on Energy Storage in the Grid:

Low, Medium, and Large Scale Requirements

Barcelona, January 2014



Alon Hoffman(Technion,Israel)

Gérald Dujardin, GenevieveComtet, (LPPM, Université Paris Sud,

Orsay,France)ïSynchrotronRadiationMeasurements

RogerAzria, (LCAM, UniversitéParisSud,Orsay,France)- Electron
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1. Exposureof differently orientedundopednatural diamonds

(type IIa -no impurities ) to deuteriumactivatedby microwave

(MW) plasma- SIMSanalysis;

2. Interactionof activatedby Microwave (MW) plasmaand in

UHV, by Hot Filament atomized deuterium with CVD

polycrystalline diamond films ïsynchrotronradiation photon

stimulated ion desorption (PSID) and electron stimulated

desorption(ESD)measurements.

1. To elucidate,whetherhydrogen/deuteriumcan diffuse into

the inner lying atomic layersof naturalundopeddiamond

following exposureto MW plasma.

2. To compare the effects of MW and in situ (in UHV)

deuteration(using hot tungstenfilament) on the structure

andelectronicpropertiesof diamond.



Samples: undoped, type IIa, natural (100)-, (110)-, and (111)-oriented

diamonds

Treatment: exposureto MW Deuterium(99.999%) plasma:

Gaspressure: 60Torr;

SampleTemperature: ~ 700°C

PlasmaPower: 900W

Duration of the treatment: 30-45min



StaticSIMS: surfaceconcentrationof deuterium

DynamicSIMS: sputterdepthprofile

(beforeandafterMW plasmatreatment)

LEED pattern: well-defined planes: (111)-1³1:D, (100)-2³1:D, and (111)-

facettedstructurefor the(110)-orienteddiamond

EELS: the characteristicdiamondbulk andsurfaceplasmonpeaksat 33 and

23 eV, respectively,wereobservedwith no tracesof spectralfeaturesat 6 eV

commonlyrelatedto amorphouscarbonandgraphite



Experimental: 10 keV Cs+ beam

Ion current: 1³10-12 A

Maximal ion dose: 4³1012 cm-2
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The highestconcentration of deuterium is on the (110)-oriented surface.



Experimental: 10 keV Cs+ beam;

Ion current: 1³10-8 A
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üDeuteriumatomsactivatedby MW plasmadiffuse into undopedtype IIa diamondcrystal

to dosesof 1019-1021 cm-3

üNo changein hydrogenconcentrationwhen hydrogenatedsampleshavebeenstored for

daysor weeks

üRelative amountsof deuteriumin the bulk , as well as in the near-surface region of

differentlyorienteddiamondsretain theseon theverysurface:

1020-1021 cm-3 for the(110)-orientedsurface

~ 1020 cm-3 for the(111)-orientedsurface

~ 1019 cm-3 for the(100)-orienteddiamond

üThediffusiondepthof deuteriumis ~ 8000Å (0.8mm)
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Substrates: p-dopedSi wafers,treatedwith diamond/ethanolslurry

Deposition: usingMW CVD

CH4:H2 (1.5:98.5) gasmixture

Gaspressure: 70Torr (400sccmgasflow rate)

Temperature: ~ 850°C (MW power: 1200W)

Depositiontime: 4.5 hours

Film Thickness: ~ 10mm

Crystallite Size: 2-5mm



Post-DepositionDeuteration (Ex situ):

exposureto MW Deuterium(99.999%) plasma:

y Gaspressure: 60Torr

y SampleTemperature: ~ 800°C

y PlasmaPower: 900W

y Duration of the treatment: 30-45min

Deuteration (In situ):

yAnnealing of the film to 1000°C in UHV

y Verification of the completehydrogendesorption (by PSID)

y Exposure to deuterium gas flowing through a hot (1800 °C)

tungstenfilament, while keepingthesampleat the room temperature:

FGasPressure: 1.5³10-5Torr (while pumping)

FDuration: 60min



SIMS measurements- difficult to performdueto highsurfaceroughness

1. Photonstimulatedion desorption(PSID)of D+:

usingsynchrotronradiation: 280-310eV

measuringthetotal yield of escapingD+ ionsafter in situ annealingto 25ï1000°C

2. Electronstimulateddesorption(ESD)of D- (H-):

usinglow energyelectrons(5ï35 eV)

measuring:

è ion yield

è ion kineticenergydistribution(KED)

We applied the following techniques:
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Assignementof the spectral feautures: [Reference: Hoffmanetal., Phys. Rev. B 62, 8446(2000)].

I1 (287.5eV)-excitationenergyof C-H (ads)bonds: direct (via core-hole relaxation)and indirect (via

secondaryelectronexcitations)processes;

I2 (~ 292eV) - dueto excitationof C-C bonds(mainly indirectprocesses);

285eVïvalencebandexcitationsdueto sec. electronsin sp2-bondedcarbon;

302.4 eV(dip)ïsecondabsolutebandgapof diamond(indirectprocesses).


