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Figure4.10: SEM images of a manually abradeddped sample®___. 41
Figure4.11: SEM images of a manually abradedd®ped sample(N5) . 42
Figure4.12: SEM images of a manually abraded undoped sample. ...~ 43

Figure4.13: Thermionic emission cycles between 30050 °C for a PDD sample (N21136) 45

Figure6.1: A depth profile of a NDD sample from a calibrated SIMS detector 53

Figure6.2: A heat map of the work function across a bare PDD surface 54
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Richardson Constant 9x 10°A.m?2.K?2
Boltzmann Constant 8.6173303 x 1PeV.K!
Electron Mass 9.10938356x 10°1 kg
Electronic Charge 1.6x 10°C

Planck Constant 4.1356692x 1015 eV
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to create 1“C methane for CVD deposition, a layer't® diamond can be deposited onto a TEC
emitter. When heated, thisadioactivelayer will emit electrongalong withthe thermionically emitted
electronsthus increasng the total emission. This differs from thmethod described byroot et al.
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Other designs have also been suggeste&* and it is thought that sucklevices would be able to
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this low output, they would have to be connected in series to create usable powers. One way of
achieving thigould be to use thenin chargng capacitors for short bursts of high powers.
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The present study looks at the effects of introducing a range of dopants to diamond surfaces.
Introducing dopants into the diamond lattice alloves the tuning of the work function, and thus the
controlling of the emission energies of the diamond. In general, it may be expected -tiype n
dopants reduce the work function, whereastype dopants will increase it. However, atype
semiconductor can baseful for thermionic emission applications if there is a large degree of band
bending and a large NEA.this situation the emission energies can still be sufficiently small to be
practica|i_l.5-18, 44,82, 83

For N and Rdoped diamond, the work function has been shown to increase when compared to
undoped (111) diamond. In the case of the (100) diamond, tieped system was computationally
shown to decrease, howevét. Despite this, a significant increase in the electron affinity was
demonstrated in computational studies by Larsson et al. (2020). Undogedhtihated (100) and

(111) diamond surfaces showed EAs®® eV andl1.0 eV, respectively, whilst thetdrminated N

doped (100) and (111) surfaces showed EAs of 3.4 eV and 4.3 eV andetmeitdted Rdoped
systems had EAs of 2.9 eV and 4.2 eV, respectively. This corresponds to large, positive work functions
in the range of 46 eV. Previous work by Suzuki (20093 Hieaund that Ndoped, nanocrystalline
diamond had a work function of 1.99 &¥and another study by Koeck (2011) found a work function

of 1.44 eV for nitrogemoped films!8 In the same experimental study, Koeck found a work function

of 1.18 eV foPDD* All these experimental results were significantly lower than the computationally
established values of 4.0 eV and 4.9 eV for (100) and (TR§¥On the other hand, the pype BDD
theoretically resulted in an NEA. This was also shown by the computational work by Larsson, who
found EAs 0f0.6 eV and0.3 eV for (100) and (111) diamond, respectifélyhis corresponds to

work functions of 3.4 eV and 3.2 eV. Experimental work by Paxton in 2012 found a work function that
was slightly higher at 4.43 €¥1t is noted here that for the purpose of this study only hydrogen
surface terminations are of direct relevance. While the initial idea for this study was to compare
hydrogen and scandiunrterminated samples, a series of equipment failures meant that,
unfortunately, only hydrogederminated samples could be produced and tested. For the sake of
completeness however, it was decided to review a more comprehensive set of termination species
in the following section.
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