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Part 1: Study of Hydrogen in Diamond: Collaborators
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Presentation Outline

1. Exposureof differently oriented undopednatural diamonds
(type lla-no impurities) to deuteriumactivatedby microwave
(MW) plasma SIMS analysis

2. Interactionof activatedby Microwave (MW) plasmaandin
UHV, by Hot Filament atomized deuterium with CVD
polycrystalline diamond films T synchrotronradiation photon
stimulated ion desorption (PSID) and electron stimulated
desorptioESD) measurements

Aim of the Research

1. To elucidate,whetherhydrogen/deuteriuncan diffuse into
the inner lying atomic layers of naturalundopeddiamond
following exposurgéo MW plasma

2. To comparethe effects of MW and in situ (in UHV)
deuteration(using hot tungstenfilament) on the structure
andelectronicpropertiesof diamond



Interaction of MW Plasma Activated Deuterium
with Natural Diamond

Sample Preparation

Samipless undoped type lla, natural (100-, (110-, and (111)-oriented
diamonds

Tieatment: exposuréo MW Deuterium(99.999%) plasma
Gaspressure 60 Torr,
SampleTemperature: ~ 700°C
PlasmaPower. 900W

Duration of the treatment: 30-45min



Analysis

Statiic SIMS: surfaceconcentratiorof deuterium

Dynamiic SIMS: sputterdepthprofile

Verification of the Crystalline Perfection

(beforeandafterMW plasmatreatment)

LEED pati&inn well-defined planes (111)-131:D, (100-221:D, and (111)-
facettedstructurefor the (110)-orienteddiamond

EELS: the characteristidiamondbulk and surfaceplasmonpeaksat 33 and
23 eV, respectivelywereobservedvith no tracesof spectralfeaturesat 6 eV
commonlyrelatedto amorphougarbonandgraphite



Static SIMS

Experimental: 10 keV C¢ beam
lon current: 31012 A

Maximal ion dose: #1022 ¢cnr?
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Thehighestconcentration of deuterium is on tfid 0)-oriented surface.



Depth Profile SIMS Analysis

Experimental: 10 keV C¢beam,;
lon current: $108 A
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Depth Profile-High Sputter Rate
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U Deuteriumatomsactivatedby MW plasmadiffisse into undopedtype Illa diamondcrystal
to dosesof 109-10° cnr3
U No changein hydrogenconcentrationwhen hydrogenatedsampleshave beenstored for
daysor weeks
U Relative amountsof deuteriumin the bullk, as well asin the near-surface region of
differently orienteddiamondsietain hescon the very surface
10°%-10%t cn@ for the (110)-orientedsurface
~ 10°° cnt@ for the (111)-orientedsurface
~ 10" cnte for the (100)-orienteddiamond
(i Thediffusion depthof deuteriumis ~ 8000A (0.8 nm)



Interaction of Activated Deuterium
with Polycrystalline Diamond Films:
MW Plasma vs. FHot Filament Activation

Sample Preparation

Substrates: p-dopedSi wafers treatedwith diamond/ethandlurry
Deposition: usingMW CVD

CH,:H, (1.5:98.5) gasmixture

Gaspressure 70 Torr (400sccmgasflow rate)

Temperature: ~850°C (MW power. 1200W)

Depositiontime: 4.5 hours

Film Thickness ~ 10 mm

Crystallite Size 2-5mMm




Post-Deposition Deuteration (Ex situ):
exposurgo MW Deuterium(99.999%) plasma

y Gaspressure 60 Torr

y SampleTemperature: ~800°C

y PlasmaPower. 900W

y Duration of the treatment: 30-45min

Deuteration (i situ):
y Annealing of the film to 1000°C in UHV

y Verification of the completehydrogendesorption (by PSID)

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

tungstenfilament, while keepingthe sampleat the room temperature:
F GasPressurel.53 10> Torr (while pumping)

F Duration 60 min



Amallvsis

SIMS measuranaitss difficult to performdueto high surfaceroughness

We applied the fisllowiing tadiiiguss:
1. Phetanstimulaiation desafpiton(PSID) of D*:

usingsynchrotrorradiation 280-310eV
measuringhetotal yield of escapingd>* ionsafterin situ annealingo 25/ 1000°C
2. Electromstimulatetidessifiican(ESD) of D* (H"):
usinglow energyelectrong5i 35 eV)
measuring
e ionyield
e ion kinetic energydistribution(KED)



PSID measurements
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Assignementof the spectral feautures [ReferenceHoffmanetal., Phys Rev B 62, 8446(2000)].

|, (287.5eV)-excitationenergyof C-H (ads)bonds direct (via corehole relaxation)and indirect (via
secondarglectronexcitations)rocesses

|, (~ 292eV) - dueto excitationof C-C bonds(mainly indirect processes)
285eV1 valencebandexcitationsdueto sec electronsin sp-bondedcarbon
3024 eV (dip) i secondabsolutebandgapof diamond(indirect processes)




