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Abstract

Negative-ion sources are of considerable interest for applications such as materials processing
and neutral beam injection for magnetic confinement fusion. The efficient production of negative
ions in these sources often relies on surface production. Work function measurements are
critical to enable a detailed understanding of the mechanisms that underpin this. In this study we
used a combination of photoemission yield spectroscopy and the Fowler method to determine
the work functions of boron doped diamond (BDD) and highly oriented pyrolytic graphite
(HOPG) directly after exposure to a low-pressure inductively coupled deuterium plasma

(150 W, 2 Pa). A magnetised retarding field energy analyser is used to measure the negative ion
current from the samples. During plasma exposure, samples are biased at —130V or —60 V and
their temperature is varied between 50 °C and 750 °C. The results show that the increasing work
function of the plasma exposed HOPG occurs over the same sample temperature range as the
decreasing negative-ion current. In contrast, the work function of BDD does not show a clear
relationship with negative-ion current, suggesting that different mechanisms influence the
negative-ion production of metal-like HOPG and dielectric-like BDD. The necessity for an
additional fitting parameter for the Fowler fits to BDD suggests that its electronic properties are
changing under plasma exposure, unlike HOPG. For both materials, the maximum photocurrent
measured from the samples displays a strong similarity with negative-ion current, suggesting
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they are driven by a common mechanism. The in-situ measurement of the work function using
non-invasive techniques is of interest for the development of negative ion sources.

Keywords: deuterium plasma, negative ions, surface production

(Some figures may appear in colour only in the online journal)

1. Introduction

Negative ions are of significant interest due to their influence
on the plasma physics in semiconductor processing [1, 2], ion
thrusters [3-5], particle acceleration [6-9], and neutral beam
injection (NBI) systems for tokamaks [10-13].

Negative ions play a particularly important role in hydro-
gen plasmas and are the primary species of interest for NBI
systems in ITER [14]. For these systems, where a large cur-
rent of negative-ions is required, low work function metals like
caesium are put in contact with the hydrogen plasma inside
the ion source to promote negative-ion surface production [15,
16]. The use of caesium comes with significant engineering
challenges [11, 15, 17], and therefore alternative materials
are being investigated. Examples of different materials being
studied include highly oriented pyrolytic graphite (HOPG)
[18], electrides such as C12A7 [19], and dielectrics, namely
diamond [20-22]. While the occupied states in the valence
band are at a lower level in dielectrics than that of conductors,
the added difficulty of capturing electrons may be countered
by the reduction in electron loss back to the material due to the
presence of the band gap [20].

Diamond is of significant interest because its physical and
electronic properties can be easily manipulated through the
manufacturing process and doping [20, 23]. In previous work,
the negative-ion yield from boron doped microcrystaline dia-
mond (BDD) and HOPG under exposure to deuterium plasma
have been compared [20, 22, 24]. They have been shown to
exhibit strong and very different surface temperature depend-
encies, with the yield from HOPG continuously decreasing
when the surface temperature increases while the yield from
BDD passes through a maximum at about 400 °C-500 °C.

The physical mechanisms that underpin the production
of negative ions from HOPG and BDD are complex. Under
plasma exposure, a top surface of amorphous hydrogenated
carbon with a certain sp?/sp> hybridization ratio is created on
HOPG (sp?) and BDD (sp®) [24]. Negative ions are produced
from this top layer through the backscattering of incoming
positive ions or the sputtering of adsorbed hydrogen atoms
accompanied by the capture of an electron from the surface
[25]. The negative-ion yield Yy is therefore proportional to
the product of the surface ionization probability P;, and the
sum of the yields from backscattering and sputtering [26] as
shown in equation (1):

Yni = Py (Y +Ys) (1
where Yp and Yg are the yields from backscattering and sput-
tering, respectively.

While the backscattering yield has not been observed to
vary strongly with the temperature of the sample [27], the
sputtering yield can change significantly due to variations in
the hydrogen sub-surface content. Previous modelling of the
negative-ion emission has suggested that for BDD the content
of sub-surface hydrogen increased only slightly (from 30% to
35%) as the temperature of the sample changed between room
temperature and 500 °C. As distinct from this, for HOPG, the
hydrogen sub-surface content decreased continuously by a rel-
atively large amount (30% to zero) over the same temperat-
ure range [20]. It is interesting to note that the observed vari-
ation in the hydrogen sub-surface content led to only a factor
two change in the negative-ion yield, which is not sufficient
to fully account for the variations observed in independent
experiments [24]. It is therefore reasonable to suggest that the
ionisation probability P;,, which changes with sample temper-
ature due to variations in the surface state [24] and sub-surface
hydrogen content, could be significant.

Previous Raman spectroscopy measurements have shown
that the sp?/sp? hybridization ratio of the layer, upon which
negative ions are produced, is indeed changing with the tem-
perature of the sample. For increasing sample temperatures,
sp? and sp? defects decrease for BDD and HOPG, respectively.
In other words, the material recovers towards a pristine state
as the temperature of the sample is increased [24].

As described above, for BDD the negative-ion yield exhib-
its a peak at 400 °C-500°C, which can be attributed to an
optimal value of P;, due to the sp?/sp® ratio, and possibly to
the recovery of some of the hydrogenated diamond properties
such as the negative electron affinity [20, 22, 24]. For sample
temperatures above 400 °C-500 °C, the decrease in the negat-
ive ion yield was attributed to a decrease in the ionisation prob-
ability caused by a combination of insufficient sp?/sp* ratio,
decreasing hydrogen content in the sub-surface, and possibly
the loss of negative electron affinity. In the distinct case of
HOPG, the authors attributed the continuously decreasing neg-
ative ion yield to an overly large sp?/sp? ratio, which caused a
decrease in the sputtering yield and ionisation probability.

In order to confirm the link between the surface state of the
material and negative ion yield, which is mediated by changes
in the ionisation probability with surface temperature, it is of
significant interest to measure the ionisation energy in situ.
This is known as work function for a metal, and ionisation
energy for a dielectric, for simplicity, we use the term work
function for both BDD and HOPG in this paper [28].

Photoemission yield spectroscopy (PYS) is an established
technique [29], which can be combined with the Fowler
method [30] to determine the work function of surfaces
[31-36]. For example, it has been employed to show that the
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work function of caesium-coated molybdenum changes sig-
nificantly with plasma exposure [37-39]. The similar tech-
nique of ultra-violet photoemission spectroscopy has previ-
ously been applied to measure the work function of annealed
BDD [40, 41].

In this study, we employ PYS to investigate changes in the
the work function and negative ion yield with respect to the
temperature of BDD and HOPG samples. HOPG is used as a
reference of a conducting carbon material that has undergone
extensive previous research [18, 25, 42].

The experimental methods are described in section 2:
plasma source and sample holder in section 2.1, HOPG and
BDD samples in section 2.2, optical setup in section 2.3,
measurement procedure in section 2.4, and analysis method
in section 2.5. Results of negative-ion current and PYS meas-
urements on HOPG and BDD are presented in sections 3.1
and 3.2, respectively.

2. Method

2.1. Plasma source

The experimental setup is shown in figure 1.

The plasma source, which is shown in figure 1(a) and
described in detail in [43], consists of an inductively coupled
plasma (ICP) produced by using an RF generator (Huttinger
PFG 1600, 13.56 MHz, 150 W) coupled to a three-turn planar
coil via a matching network (Huttinger PFM 3000 A match-
box). Deuterium gas is fed into the chamber at 7.4 sccm
through a mass flow controller (Brooks 5850 TR) where it is
held at 2Pa by a scroll pump (Edwards nXDS10i), a turbo
molecular pump (Alcatel ATP 400) and an adjustable valve.
Following its production in the source region, the plasma
expands through a grounded mesh into the diffusion chamber.

Inside the diffusion chamber, samples are held in place by a
molybdenum clamp on a four-axis sample holder as shown in
figure 1(b) and described in detail in [43]. The sample is biased
at —60V and —130V by a DC voltage source (ES CN7) for
‘low energy’ and ‘high energy’ ion bombardment, with cor-
responding positive ion currents incident onto the sample of
22 A and 26 pA (2.7 and 3.2 x 10" ionsm—2 s~ 1), respect-
ively. The temperature of the sample 7 is regulated within
50°C-750°C using a tungsten filament and a thermocouple
placed in the sample holder.

2.2. HOPG and BDD samples

New samples of HOPG and BDD were introduced into the
chamber for each set of measurements. Each HOPG sample
was freshly cleaved just before loading into the chamber.
HOPG samples (surface area 12 x 12mm? and thickness
2mm) were of ZYB type and had density and electrical res-
istivity of 2.265gcm™> and 3.5 x 1073 Qcm, respectively
[24]. Micro-crystalline BDD samples were purchased
from NeoCoat. The deposited BDD layer had a thickness

of 3um and a charge carrier density of approximately
2.0 x 10® cm ™.

2.3. Optical setup for PYS

PYS measurements were undertaken by illuminating the
sample with monochromatic light scanned over the range
200nm < A < 450 nm of the incident wavelength A. The light
source (300 W xenon lamp) is integrated with a monochro-
mator (Zolix omni-\ 300i). The monochromatic light (5 nm)
is fed through an optical fibre bundle to produce a circu-
lar beam that is passed through a chopper set at 35Hz to
modulate the output. As shown in figure 1(c), the modulated
beam is focused through the viewing port via a cone and onto
the sample by a lens doublet. The tip of the cone is placed
1 mm away from the sample. Consequently the reflected light
primarily travels back through the cone and light reflected
off other surfaces of the chamber, which could influence the
current measured on the sample, is minimised. The cone is
biased at 7.5 V to collect emitted electrons and prevent charge
build up on the surface. The sample current is converted into a
voltage by a Keithley 6482 ammeter connected to the sample,
and then fed into a Zurich Instrument MFLI lockin ampli-
fier to detect its component at the light modulation frequency
(35H2).

2.4. Procedure for the measurement of the samples

The measurement procedure was as follows:

e Plasma was ignited in the chamber and left for 30 min to
condition the walls (exposure conditions: ICP using D, gas
at 150 W and 2 Pa with a plasma potential of 7 V.)

e The samples were heated to temperature 7§, and simultan-
eously biased at Vp for 5 min. A settling time of 5 min was
added to this to ensure steady-state conditions.

e The gas supply to the source region, and the RF generator
that powers the ICP coil, were switched off to turn off the
plasma and limit external influences on sample current.

e The sample bias voltage Vp was removed and the photocur-
rent measurement system connected via switches 1 and 2,
respectively, in figure 1(b). The cone bias was also switched
on.

e The heating filament, attached to the sample to control its
temperature to Ts as shown in figure 1(b) was switched off.
Approximately 45 s passes between switching the plasma
off and starting the measurement of the photocurrent.

e The 35Hz modulated photocurrent was measured with
respect to wavelength of the incident light for 200 nm < \ <
450 nm and used to determine the energy at which electrons
are released from the material. The duration of the measure-
ment is approximately 1 min.

More details are given on the PYS measurements in
section 2.5.
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Figure 1. Set up of the experiment. (a) ICP plasma source, (b) diffusion chamber containing mounted sample with temperature control,
(c) optical setup for photoemission yield spectroscopy including UV view port, and (d) photocurrent measurement system with
synchronised chopper and lock-in amplifier. The figure is not drawn to scale.

2.5. Determining the work function using Fowler fits to the
photocurrent data

Figure 2 shows the results of the photocurrent measurements.

For each material, shown in figure 2, the background of the
measurement was defined as the average sample current meas-
ured over the range of photon energies 2.75eV (451nm) <
hr < 3.2eV (387 nm). As the measured background was seen
to change between measurements, the raw data was shifted
so that each data set had a common background. In figure 2,
the background has been removed from each curve for clar-
ity. Following background removal the photocurrent data was
corrected by the spectral response of the diagnostic system,
taking into account the lamp, optical impedance of the fibre,
collimating lenses, and the UV view port as shown in figure 1.
Each data set was also divided by the square of the sample
temperature for fitting purposes as used in [39]. We refer to
this measurement as the corrected photocurrent Iy, .

Ipn

Fl) 2 @

Iphe =

where F(hv) is the wavelength dependant relative intensity of
the light incident on the sample.

As an additional metric, the spectrally corrected photo-
current, excluding temperature correction, is determined at a
photon energy of 5.4eV because this is where it is observed
to reach a maximum value for each value of Ty (not shown
but can be inferred from figure 2). We refer to this as the max-
imum photocurrent Iph max, Which is used to make a correlation
between the photoelectron flux and the negative ion flux, both
of which depend on the work function.

The dashed lines in figure 2 are Fowler fits of the corrected
photocurrent. The Fowler theory describes the photoemission
yield Yy, of metals with respect to the wavelength of incident
light close to the photoemission threshold [30, 39] as follows:

R
th=A<€+§M —e H+ ) —74-"') 3)
with
hy —x
= hy > 4
R="r., o X 4)

where kg is the Boltzmann constant and  is the work function.
The factor A is made of physical constants and proportionality
factors.

Fowler fits are made to the corrected photocurrent data
using equation (5). This is a truncated version of equation (3),
where we eliminate the higher order exponential terms that
have very little influence on the fitting:

| _
Ihe=A <€ + EMZ —¢€ H) . )

Fowler fits according to equation (5) are made using ortho-
gonal distance regression and used to estimate the work func-
tion x of the plasma exposed samples as a function of their
temperature 7. Within the framework of the Fowler theory,
the parameter A is a constant. It was fitted for the 200 °C case
for HOPG and kept at this value for the other HOPG data.
Applying this method to BDD produced poor fitting due to
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Figure 2. Corrected photocurrent with respect to incident photon energy and sample temperature as measured for (a) HOPG and (b) BDD
samples, both at —130V bias. The photocurrent is measured after plasma exposure. Details of the fitting parameters are given in table 1.

Table 1. Values of parameter A for the Fowler fitting for BDD and
HOPG. The value of A is fitted for BDD and fixed for HOPG.

Fitting parameter A (x107!%)

Temperature, Ts (°C) HOPG —130V BDD —130V BDD —60V

50 7.2 1.6 0.9
200 7.2 1.5 7.3
300 7.2 3.1 229
400 7.2 2 21.6
500 7.2 6.1 35
600 7.2 9.6 23.8
750 7.2 18.3 222

varying photocurrent gradients for distinct sample temperat-
ures as observed in the clearly inaccurate fit for the data cor-
responding to Ty = 750 °C, figure 2(b), with A = 1.5 x 10~°
(the value of A fitted for Ty = 200 °C). Therefore, A was used
as an additional fitting parameter for the BDD samples. The
values for parameter A are shown in table 1.

Table 1 shows that the fitted A parameter for BDD increases
significantly in both the —130V and —60 V cases. The neces-
sity for fitting A for BDD suggests that it is not behaving as a
metal, i.e. its electronic properties are changing. In contrast,
the use of a fixed A value for HOPG suggests it is behav-
ing as a metal at all temperatures. This is discussed further
in sections 3.1 and 3.2. BDD measurements were taken with
bias voltages of —60V and —130V, HOPG was only taken
at —130V due to previous work from [26] figure 9 indicat-
ing that the —60 V and —130V cases are very similar for this
material.

The lower-photon-energy limit for the Fowler fitting was
taken as the lowest photocurrent that is larger than the back-
ground noise level. The upper-photon-energy limit was set to
be 0.4eV above the lower photon-energy-limit. This is used

as a conservative estimate of where the photocurrent is sig-
nificantly larger than the noise in the background current. A
photon-energy range of 0.4 eV was selected as the Fowler fit-
ting is only valid near the threshold [30, 39]. Error bars for the
work function x in all HOPG and BDD cases are calculated as
shown in equation (6):

_ hcAX

By (6)

This is due to the 5 nm resolution of the monochromator
as described in section 2.3.

2.6. Magnetised retarding field energy analyser (MRFEA) for
measurement of negative-ion current

An MRFEA [44, 45], shown in figure 1, was used to measure
the negative-ion current 3 from the BDD and HOPG samples.
It should be noted that the negative-ion current is proportional
to negative-ion yield in the case of a constant incident positive
ion flux, i.e. a constant sample bias, which is the case in our
system for a given DC bias voltage applied to the sample.

The MRFEA incorporates a single collector grid, which is
located downstream of a magnetic barrier. This barrier pre-
vents the passage of electrons produced in the bulk plasma and
secondary electrons from reaching the detector, as described in
[44, 45]. The voltage at the collector grid is scanned (Kiethley
2450 SourceMeter) to enable the measurement of the energy-
resolved number distributions of distinct populations for pos-
itive ions, negative ions, and electrons.

As with the PYS measurements, the sample bias voltage
was applied in parallel with the heating of the samples.
Approximately 1 min was allowed to elapse prior to each
measurement to enable stabilisation.
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Figure 3. (a) Work function and maximum photocurrent with
respect to sample temperature after exposure to a 2 Pa, 150 W
deuterium plasma. (b) Negative-ion current (measured with the
MRFEA) with respect to sample temperature. HOPG sample biased
at —130 V.

3. Results

3.1. Work function, photocurrent, and negative-ion current
from HOPG

Figure 3 shows the work function, maximum photocurrent
Iph max» and negative-ion current 3 with respect to temperature
of an HOPG sample after exposure to deuterium plasma with
a sample bias of —130 V. The changes in negative-ion current
with respect to the sample temperature shown in figures 3-5,
are consistent with previous measurements for which a distinct
diagnostic approach was used [20, 22, 24, 46].

In figure 3(a) the work function is shown to be just over
4.0eV at 50°C, then drops to 3.9¢eV after which it consist-
ently increases with respect to sample temperature up to 4.5 eV

for temperatures 200°C < T; < 750°C. The work function
of pristine graphite is 4.6 eV [47]. Therefore this result is in
agreement with the Raman spectroscopy measurements in [20,
241, which showed that with low temperature hydrogen plasma
exposure a hydrogenated amorphous carbon layer forms and
as temperature is increased up to 800 °C, the pristine graph-
ite surface is close to being fully restored through annealing
of defects and outgassing of hydrogen. The accurate Fowler
fitting with a constant value of A for all temperatures shows
that the HOPG surface continues to behave as a metal after
plasma exposure for sample temperatures within the range
50°C-750°C.

Displaying a very similar but inverted trend to that of the
work function, at 50 °C the maximum photocurrent /pp max is
around 230 pA before increasing to 300 pA at 200 °C and sub-
sequently decreasing to 250 pA, 120pA, 70pA, and 35pA
for temperatures 300°C < T; < 750°C, respectively. This is
expected for a metal-like surface because the increasing work
function means electrons are harder to release and therefore a
lower total current should be measured, as consistent with the
decreasing Iph max Over the same T range.

The negative-ion current, shown in figure 3(b), continu-
ously decreases for increasing values of 7 from approxim-
ately 12nA at 50 °C to 2nA at 750 °C. In the region between
200 °C and 750 °C, this trend is consistent with the work func-
tion measurements in figure 3(a) showing that at lower temper-
atures, electrons are more easily released from the material and
therefore electron capture from the incoming deuterium atoms
and positive ions is more likely to take place, hence leading to
larger negative-ion current. This is consistent with the known
negative-ion production mechanisms for metallic materials for
which the yield is observed to be strongly correlated with the
work function [48]. Both the work function and the negat-
ive ion current decrease for increasing sample temperature
between 50°C and 200 °C. It is reasonable to suggest that
this tendency, opposite to that observed between 200 °C and
750 °C, is caused by the decrease of the sub-surface hydrogen
density which contributes to negative-ion production through
the sputtering term, as seen in equation (1).

3.2. Work function, photocurrent, and negative-ion current of
BDD

Figure 4 shows the work function, maximum photocurrent
Iph max> and negative-ion current with respect to sample tem-
perature at —130 V bias for a BDD sample.

The work function in figure 4(a) is observed to fluc-
tuate between 3.3eV and 3.6eV for sample temperatures
50°C < T; < 500°C before increasing to 3.8eV and 4.2eV
at 600 °C and 750 °C, respectively. The negative-ion current
in figure 4(b) starts at approximately 20 nA at 150 °C, peaks
at 30 nA at 400 °C, and then drops down to 15nA at 700 °C.
The small fluctuations in work function between 50°C < T <
500°C are seen over roughly the same temperature range
that negative-ion current clearly rises (between 150°C < T <
400°C). The rise of negative-ion current is thus not correlated
with a decrease in work function. This is in agreement with the
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Figure 4. (a) Work function and maximum photocurrent with
respect to sample temperature after exposure to a 2 Pa, 150 W
deuterium plasma. (b) Negative-ion current (measured with the
MRFEA) with respect to sample temperature. BDD sample biased
at —130V.

discussion of [49] where it is explained that the work func-
tion (or ionisation energy) is not the sole material property
contributing to negative-ion yield for a dielectric-like mater-
ial, and that the band gap in particular plays a strong role
by limiting negative-ion destruction by electron loss back to
the material.

The maximum photocurrent Ip, max in figure 4(a) starts at
around 90 pA at 50 °C and rises to a peak of 840 pA at 400 °C
before falling back down to 130 pA at 750 °C. Interestingly,
the initial increase in Ipp max up to 400 °C displays similar
behaviour to the negative-ion current over the same 7 range
while the work function is seen to fluctuate around 3.5eV,
which suggests that a common mechanism underpins the elec-
tron photoemission and negative-ion production for BDD. The
production of a photocurrent is a three-step process of optical
absorption, transport of the electron through the bulk mater-
ial to the surface, and escape from the surface to vacuum
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Figure 5. (a) Work function and maximum photocurrent with
respect to sample temperature after exposure to a 2 Pa, 150 W
deuterium plasma. (b) Negative-ion current (measured with the
MRFEA) with respect to sample temperature. BDD sample biased
at —60 V.

[50]. The similar trends between Iy, max and negative-ion cur-
rent, shown in figures 4(a) and (b), respectively, suggests
that it is not the optical absorption that is influenced by the
change in sample temperature. However, as described in [50],
the presence of a band gap in a material can increase the
photo-excited electron mean free path, hence increasing the
escape probability and consequently the measured photocur-
rent. Therefore, changes in the plasma exposed diamond’s
electronic structure and the appearance of a band gap could
explain the increase of the photoemission yield. In a similar
way, negative-ion production from insulator-like materials
depends not only on their work function, but also the pres-
ence of a band gap. This effectively decreases the probabil-
ity that electrons can detach from the negative ion and return
to the surface [49, 51-54]. Therefore, the reappearance of (or
change in) the band gap as the temperature of the sample is
increased is consistent with a similarity in the photocurrent
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and negative-ion current, and the progressive reconstruction
of an sp® diamond surface as previously observed via Raman
spectroscopy in [24].

Figure 5 shows the work function, maximum photocurrent
Iph max» and negative-ion current 3 with respect to BDD sample
temperature at —60 V sample bias.

As in the —130 V case, shown in figure 4, the results for
—60V in figure 5 shows that Iy max has a similar trend to
negative-ion current at —60 V. I,p max in figure 5(a) rises to
990 pA at 500 °C from 220 pA at 50 °C and recedes back down
to 150 pA at 750 °C. The negative-ion current in figure 5(b)
starts at 17nA and shows a similar peak of approximately
30nA but at 400 °C, and drops to 21 nA at 700 °C.

As for the measurement of BDD at —130V, shown in
figure 4, the work function in figure 5(a) displays no clear
relationship with negative-ion current shown in figure 5(b). It
starts just below 3.2 eV at 50 °C and increases to 3.75 eV, then
stays around 3.9-4.0eV between 300 °C and 500 °C before
slightly increasing to 4.1eV at 600 °C and jumping up to
approximately 4.6 eV at 750 °C. Therefore, both the low and
high energy ion bombardment cases are consistent with the
discussion of [49] in showing that the work function is not
the sole contributor to the negative-ion yield for dielectric-like
materials.

Applying the same principles as in the —130V case, the
observed trend in the negative-ion current can be explained
through the changing electronic properties in which a favour-
able surface state is created between 400°C and 500°C.
Similarly, this surface state is also favorable for photoemis-
sion and we suggest this is due to a better transport of the
electrons from the bulk to the surface as described in [50].
The subsequent decreases in Ip max, figures 4(a) and 5(a), and
negative-ion current, figures 4(b) and 5(b), are correlated with
the increasing work function.

The necessity for varying the A parameter when fitting the
Fowler functions to both BDD cases, but not for HOPG, con-
firms results from a previous study in [20] that as the sample
temperature of BDD is changed under exposure to hydrogen
plasma, the electronic properties of the material are affected.
As shown by the Raman spectroscopy measurements in [20],
the graphite sp® phases (induced by bombardment from the
plasma) gradually disappear with increasing temperature as
the defects are annealed out until a near pristine diamond sur-
face is returned to at around 800 °C.

4. Conclusion

We have investigated the effect of low pressure deuterium
plasma exposure (150 W, 2 Pa) on the work functions of BDD
and HOPG. Photocurrents were measured using PYS and
a MRFEA was used to measure negative-ion current. The
Fowler method was used to determine the work function from
the photocurrent measurements and their analysis suggests the
electronic properties of BDD change with plasma exposure,
unlike HOPG. Similarities in trends between work function,

maximum photocurrent, and negative-ion current at sample
temperatures between 50 °C and 750 °C have been studied to
examine the mechanisms of negative ion production. The work
function and maximum photocurrent of HOPG display similar
trends with the produced current of negative ions. The max-
imum photocurrent of BDD is also observed to follow the same
qualitative trend as negative-ion current as the sample temper-
ature is varied. However, the work function is seen to display
a distinctly different trend. This highlights a clear difference
in the behaviour of materials with metallic or dielectric-like
electronic properties for negative-ion production.
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