3 — Experimental Methods

3.1 Deposition methods
3.11 Radio Frequency Plasma Enhanced Chemical Vapour

Deposition (RFCVD)

The reactor used in this study is a converted pardld plate reactive ion etching system.
A schematic diagram can be seen in Figure 3.1. The sysem consdts of two circular
electrodes. The powered eectrode in the centre is where the subdtrate is placed for
depostion. The rest of the ingde of the reaction chamber is earthed and the top of

this forms the grounded el ectrode.

The RF-power is supplied by a 13.56 MHz power supply. To maximise forward
power and to minimise reverse power (which can damage the power supply), the RF
power is fed through a set of variable capacitors and an inductor before being
connected to the chamber. Upon sriking a plasma these variable capacitors had to be

adjusted manudly to minimise reverse power.

The DC-Bias and (Vpc) and the peak-to-pesk voltage were measured via a set of
resstors connected to the electrodes. These resistors decreased the bias and
peak-to-pesk voltages (typicdly hundreds of V) to safdy measurable voltages

(typicdly 0-5 V). These voltages were reed using adigita voltage meter (DVM).

Vacuum is maintained via a two sage rotary vacuum pump (Edwards two-stage 90),
which can be isolated by means of a pneumatic poppet vave. The chamber vacuum is

measured via a “Baratron” capacitance manometer vacuum gauge, the gauge reads
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between 0.001-1.000 Torr. The base pressure of the depostion system is below

0.001 Torr.

Source gases are admitted to the chamber from the shower head in the grounded
eectrode. The flow rate and gas mixture were controlled by cdibrated mass flow
controllers (MFC). Two sets of MFCs are connected to the apparatus. The firs set
alows depogtion gases to be injected into the chamber. The deposition gases used in
this ssudy were methane (CH;) and phosphine (PHs). The gas cylinders from which
these gases were supplied contained CP grade gas (supplied by BOC), the regulator
pressures were kept a 25 PSl. The MFC for the CH, was a Millipore MFC. It had a
maximum flow rate of 50 standard cubic centimetres per minute (SCCM). The MFC
for PHs was a Millipore MFC. It had a maximum flow rate of 10 SCCM. The MFC
had a Viton sed ingtead of a norma rubber one. This was due to the aggressive
nature of the gas. Other precautions had to be taken to conduct experiments safely
with PH;. A nitrogen purge and pump down system was fitted to the high pressure
sde of the MFC, Figure 3.1 shows detals of this. This meant that if the MFC stuck
closed PH3 could be removed safely. It also meant that PH; residues could be esslly
pumped away. After depostion, the PHs MFC was pumped down and the whole
chamber was left for a least 15 minutes to pump down to base pressure to remove any
toxic gasess.  When the chamber was vented, a custom designed fume extraction

system was activated to dlow any remaining toxic gases to be flushed away.
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Figure3.1: Schematic diagram and photographs of RF-CVD system.
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The second set of MFCs alows air to be metered directly into the chamber so that an
ar plasma can be sruck. This dlows the chamber to be easily cleaned after manudly
removing most of the resdue from depodtion. An interlock with pneumatic vaves
prevented ar from being bled into the sysem when the deposition gases were being

used.

Three manud valves control the pressure, a rotary vave and two butterfly valves.
These were necessary as fine control of the pressure was difficult and these vaves
helped to maintain a constant depostion pressure. Typica depostion pressures were

between 10 — 40 mTorr.

The chamber was opened via a pneumatic hoist. All mechanicad operaions of the
chamber are operated by dry nitrogen gas a around 35 PSl. The same nitrogen is

used to vent the chamber.

B-doped S 100 wafers, glass and quartz substrates were used during this study.
Careful preparation and cleanliness were found to be essentiad to grow continuous
films.  Smal amounts of contamination were found to cause film deamination. The
substrates were cut to size (usudly 1cn?). These were then soaked in isopropyl
acohal (IPA) and ultrasonicaly cleaned for 15 minutes. They were then carefully
removed, dried in a stream of nitrogen, rinsed in IPA and dried under nitrogen again.
They were then placed on the powered eectrode and the reactor was pumped down
without delay. One experiment was carried out with a fresh dlicon surface prepared

by rinang the surface of the wafer with HF solution, under dry nitrogen.

To dlow gabilisation of conditions within the chamber when pumped down to base

pressure, the source gases were admitted for at least five minutes before the RF power
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supply was switched on and the depostion pressure obtained. The power on the RF
power supply was then wound up until the correct DC-bias was displayed on the
DVM. Further adjusments of pressure and DC-bias were then necessary to obtain

deposition conditions.

If stable conditions could not be obtained within 30 seconds of starting the RF power
supply, the experiment was aborted, the substrates changed and the depostion

restarted.

Throughout the experiment it was noticed that the DC-bias would decrease from the
sarting value. This was corrected by increesing the RF power. This effect was
accounted for by the fact tha an insulating coating was being grown dl over the
ingde of the reactor, especidly on the powered electrode. A previous study by Kuo et
al! hes atempted to quantify this effect. More details of why the depostion is
preferential on the powered eectrode and why this should affect the DC bias are
available in chapter 2. Throughout depostion the DC-Bias was kept constant. This

was done by adjusting the RF power.

Samples were then removed from the reactor and analysed or further processed as
soon as possble after depostion.  If andyss was not avalable immediaey the
samples were either kept in an evacuated desiccator, or stored under an inert gas such

as nitrogen or argon.

Towards the end of this study a subdrate heater was added to the apparatus. The
heater dlowed hegting up to 260°C. This conssted of a cartridge heater placed
within the powered €eectrode. Substrate temperature was measured via a

thermocouple embedded in the powered electrode. Disconnecting the RF power
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supply and attaching a cable connected directly to the heater operated it. The heater
remained a a virtudly congant temperature through deposgtion runs, as long as the
runs were kept short (<10 minutes). The supply wires were changed for heating and
deposition so that the RF power was not transmitted through the heater power supply

Wires.

3.1.2 Pulsed laser ablation at the solid-liquid interface (LP-PLA)

The depogtion sysem used in this Sudy is shown in Figure 3.2. The beam from a
Nd:YAG laser (either the fundamental or £ overtone) was steered by 90° by a prism

and focused into the reaction vessdl by alens.

The laser used a frequency doubling crystal to obtain the £ overtone (532 nm) beam
from the fundamenta (1064 nm) beam. The maximum power was 130 mJ per pulse
for the 532 nm output and 450 mJ per pulse for the 1064 nm output. The pulse

duration was 10 ns.

The beam was focused down to the smallest spot possible. This was done either by
moving the lens up and down or by moving the reaction vessd up and down usng a
lab jack. A long foca length lens (25 cm) was used to prevent splashing of the lens

by the liquid.

It is estimated that the focused laser spot had a diameter of approximately 0.02 cm.
This corresponds to a maximum fluence of 414 Jomi? for 532 nm and 1432 Jem? for

1064 nm.
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Figure 3.2: Photograph and schematic of Liquid/Solid interfaced pulsed laser ablation apparatus.

The reaction vessdl had a solid target covering the bottom of the vessd. The solid
target was red phosphorus, white phosphorus, graphite, or a graphite/red phosphorus
mixture (the sze of the solid target was not particularly important as the laser spot
was sndl). The solid was covered in gpproximatey 1 cm of liquid cyclohexane,

xylene, acetone or water (depending on which deposition was being carried out).

Chapter 3- Experimental 62



A continuous agon dream was injected into the top of the reaction vessd if

flammable liquids were being used, thus preventing fire.

For safety the system was enclosed in a black metd box. To alow observation of the
reaction a piece of the metal box could be removed. Extra precautions had to be taken
when usng the 1064 nm beam. The lab had to be evacuated of anyone not wearing
appropriate safety eyewear. This was because even a scatered beam from this

invisble, high power light source could potentialy cause blindness.

To deposit, the laser was focused onto the solid a the minimum spot Sze a a low
power. The laser power was then increased to the required value. The reaction vessd
was then observed and if necessary the liquid topped up every few minutes (topping
up occurred more frequently when using 1064 nm). Depostion usudly lasted for 15

minutes.

During depogtion a loud cracking noise was heard from the reaction vessd. Light
emisson from the plume above the foca point was aso observed, and recorded using

OES.

Care had to be taken to make sure that the laser did not focus on the bottom of the
reaction vessdl. If this happened the bottom of the reaction vessel was quickly drilled
through by the laser. To prevent this the amount of solid used was increased until it
was unlikdly that the beam would focus on the bottom of the reection vessd, this was

ether by using large solid targets, or by using more smaler lumps of solid.

After depogtion the liquid was pipetted off from the solid. These liquid samples were
dored in ar-tight vids. If there was an ar gap in the top of the vid the sample was

packed under argon.
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3.1.2.1 Manufacture of Mixed Carbon/Phosphorus Targets for

Laser Ablation at the Solid, Liquid Interface

Tagets were manufactured by pressng mixtures of graphite powder and red
phosphorus. A specidised powder press was used for this purpose. This press

consgted of a hydraulic press and astainless sted die and arotary vacuum pump.

To manufacture a target the die was loaded with the powder and a dainless sted stub
put on top of the powder. The die was then connected to the vacuum pump. The
vacuum pump removed as much ar as possble from the powder. The die was then
placed in the hydraulic press and 8 tons of pressure was gpplied to the die for 30

seconds.

The targets that were produced were circular, with a diangter of 1cm and

goproximately 1 mm in thickness.
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3.2 Processing methods

3.2.1 Post Deposition Thermal Annealing

A hotplate was built to anned samples. This condsted of a high vacuum chamber
(base pressure <10’ Torr pumped by an Edwards Turbomolecular Pump) and a coil of
heater wire with a cover plate. Temperature measurements were posshle as a
thermocouple was attached to the cover plate. The wire was heated by means of a DC
power supply (voltages 0-30V, maximum current 5A). A photograph of this system

can be seenin Figure 3.3.

Figure 3.3: Photograph of annealing appar atus.
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To use this hotplate, samples were smply placed on the cover plate, the chamber
evacuated to a suitable pressure (below 107 Torr) and the supply turned on and the
voltage adjusted until the correct temperature was achieved.  The maximum
temperature possible with this system was gpproximately 600 °C.

The system came up to temperature reatively quickly. Temperatures of 400 °C could
be obtained in gpproximately 2 minutes. Temperature decreases were quick until the
temperature approached room temperature (100 °C per minute untii 200°C). The
temperature could be decreased more quickly if the pressure was increased by venting

the chamber with argon.
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3.3 Analysis Methods

3.3.1 X-ray Photo-electron Spectroscopy (XPS)

In XPS the sample is placed in the beam of an X-ray source in an Ultra-High Vacuum
(UHV) chamber. The X-ray removes core level eectrons from the surface of the
sample. Ejected dectrons from diffeeent dements have characteridic kinetic

energies. Figure 3.4 shows the mechanism of photoelectron remova.
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Figur e 3.4 The mechanism of photoelectron g ection in X-ray Photoelectron Spectroscopy

The energy of the eectrons correspond to Equation 3.1 where Ex is the kinetic energy
of the gected dectron, hn is the energy of the Xray source, Eg is the binding energy

of the core electron and F is the work function of the spectrometer.
E,=hn-E;-F

Equation 3.1
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It can be seen from Equation 3.1 that an increased binding energy decreases the
kingic energy of the photodectron. Even though dements have characteridtic
binding energies, these energies can be changed dightly by the chemicd dae of the
edement. Figure 35 shows two peaks. These peaks are from a phosphorus 2p
gpectrum of an oxidised CP thin film. The pesk a around 130 eV is from dementd P

or P-bound-to-C, the peak at 134 eV isfrom P-bonded-to-O.
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Figure 3.5: A phosphorus2p X-ray photoelectron spectrum.

The pesk shift is not dways so dramatic;, for example the P-bonded-to-C pegk shift
canot even be seen. In these cases curve fitting can be used to quantify different

methods of bonding.

In Figure 3.5 there is a dight shoulder on the left hand Sde of the P 2p pesk. This is

due to spin orbit coupling. The man pesk is from 2ps, eectrons and the shoulder
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pesk is from 2p, dectrons. The magnitude of this splitting increeses as Z (the

atomic number) increases.

The energies of the photodectrons are usudly measured by a hemispherica energy
andyser sysem, which uses a channdtron (or multiple channeltrons) to detect
gectrons a different energies.  All of the XPS equipment in this sudy uses a

hemispherica energy analyer.

Spectrometers are cdibrated to dlow accurate quantification of data.  The reative
sensitivity between elements rdaive to F is derived empiricaly 2. The cdibration has
been checked against Auger Electron Spectroscopy (AES), these methods agreed to
within 2%. The sengtivity factors and information on the line pogtions of various

elements are listed in Reference 3.

The reason that the system must be operated in UHV conditions is that at this pressure
few of the dectrons collide with any other paticle on their way to the energy
andyser.  XPS is a surface technique. This is because only eectrons gected from
aoms close to the surface have any chance of escgping the solid without colliding
with another particle. The penetration depth is maximised when the X-ray source and

detector are at 90° to each other. Tilting the sample can decrease the penetration

depth.

There were two XPS systems used in this study, the most commonly used was a
Fisons VG Escascope. The dua anode Xray source produced either Mg Ka, or Al

Ka radiation. Mg Ka radiation was dways used in this sudy (1253.60¢eV). The
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maximum X-ray power used was 450 W. A photograph of the VG Escascope is

shownin Figure 3.6.

Figure 3.6: A FisonsVG Esascope.

The sysem conssted of a main chamber with a base pressure of gpproximately
101° mbar and an exchange chamber that had a base pressure of around 10”7 mbar. A
pneumdtic gate vave and manipulator am dlowed sample exchange. A turbo pump,
backed by a two stage rotary pump, maintained the exchange chamber’'s vacuum. A
titanium sublimation pump and diffuson pump, backed by a two stage rotary pump

maintained the main chamber’ s vacuum.

The diffuson pump ail is known to cause hydrocarbon contamination to the surface

of the samples. This was checked by andyss of the same sample severd times and
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looking a the photoeectron energy line-shape, it was found to have a negligible

effect.

The sample stage on this piece of goparatus dlowed the loading of multiple samples
(@ maximum of twelve samples). The computer could then be programmed to run

andyses of these multiple samples unattended.

3.3.1.1 X-ray photoelectron spectroscopy at the Daresbury

Laboratory Synchrotron Light Source.

The other sysem was cusom built and used a the Daresbury Laboratory in
Warington, Cheshire. The X-ray source was monochromated synchrotron radiation.
Synchrotron radiation is generated by the forced change in direction of high-energy
electrons, these eectrons typicdly have energy in the region of 5GeV. Electrons are
injected into a booster synchrotron and are accelerated by means of an gpplied radio
frequency fidd. The eectrons are then injected into the dorage ring. Within the
dorage ring are a series of bending magnets, these magnets change the path of the
electrons and cause radiaion to be emitted. This radiation comes off a a tangent to
the ring and is passed down a ‘beamling. Within the beamline the beam is collimated
and in this specific case is monochromated. At the end of the beamline is the
experiment. A schematic of a synchrotron is shown in Figure 3.7. Undulators are dso
used to boost the flux of the radiaion coming from the ring, but these were not used

in this sudy.

The andysis system consisted of a main chamber with a base pressure of 10°° mbar,

pumped by a turbomolecular pump and an exchange chamber with a base pressure of
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10" mbar pumped by a turbomolecular pump. Two stage rotary pumps backed both

of these chambers.

A manud gate vave and exchange am alowed exchange of samples. Single samples
were transferred on an duminium plate. This plate was screwed onto an X, y, z and q
dage, which dlowed menipulation of the sample in the beam. The sample was lined
up using vidble radiation (blue light) from the synchrotron redigtion source.  The
gynchrotron radiation was admitted to the chamber from an aperture, in the sde of the

chamber.

Radiation was monochromated by a conventiond two-circle monochromator that
worked by Bragg Diffraction. When the required photon energy was sdlected the
monochromator was moved remotely to obtain the highest sgnd. A photograph
showing the experimentd chamber is shown in Figure 3.8. The photon energies used

in this study were from 300-700 eV.
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Figure 3.7: A simple schematic diagram of a synchrotron showing the synchrotron, a close up of
the storagering and a typical beamline (top to bottom), theseimages wer etaken from
http:/iwww.es f.fr/AboutUs/Guided T our /printview.
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Figure 3.8: The X-ray photoelecton spectrometer used at the Synchrotron Radiaion Sour ce,
Daresbury, nr Warrington, Cheshire.

The reason for usng two different spectrometers was because in any XPS system the
ful width a haf maximum (FWHM) of the peek (DE) is affected as shown in
Equation 3.2, where DEy is the naturd width of the core leve, DEp is the width of the

photon source and DE is the analyser resolution.

DE =./(DE? + DE? + DE2)
Equation 32
The naturd width of the core level is smdl, the andyser resolution is typicaly smdl,
but what increases DE mogst dgnificantly is the photon source width.  The minimum
FWHM for the VG Escascope is gpproximately 0.95eV. It can be seen that having a

monochromated source would be beneficial. But conventionad monochromator

sysems have a much lower photon flux. Synchrotron radiation is extremely intense
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and when monochromated is 4ill intense. It was thought that it may be useful to use

this set-up to fit peaks more accurately.

This was not the case though, as the andyser was not of sufficient qudity to improve

the FWHM dggnificantly.

3.3.2 Secondary lon Mass Spectrometry (SIMS)

In SIMS, a focused beam of high-energy ions in a UHV system damages a surface
causng surface ions, aoms and molecules to be gected. The gected particles
mases are then measured using a mass spectrometer and useful information may be

gained about the surface. Figure 3.9 gives an illugtration of how SIMS works.

In this study a Ga ion beam is rastered over the sample. The sample is biased a 4kV

a the same polarity to the ions that are being studied. This causes the sample to repel

theions. Theionsthen travel into a mass spectrometer.
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Figure 3.10: SIM Sdepth profile of a CP thin film.

The ions didodging surface species cause damage to the sample. If SIMS is carried

out over a long time an idea of the depth uniformity of a thin film can be determined.
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this technique is cdled depth profiling. Figure 3.10 shows a typicad depth profile of a
CP containing film. The units of the x-axis are in seconds. As there are many factors
which affect the etch rate of an ion beam, it is only posshble to cdibrate the x-axis for
digance by measuring the film thickness and ensuring that the ion beam is alowed to
etch the whole film away. For thicker films and low ion beam currents this can take a

very long time (hours or days), so it is usua to express the x-axisin time units.

As wdl as ions, aoms and molecules the ion beam creates secondary eectron
emisson. This secondary eectron emisson can be used to visudise the surface of the

sample. Theimageissmilar to those obtained by SEM.

In time with the ion beam raster the data collection sysem can collect mass data
These pieces of data can be fitted together to generate chemica map data. This can
show whether chemicad species are localised or spread evenly about the surface.
Figure 3.11 shows a typica chemicd map. The red spot on the centre is a previoudy

etched area so shows chemical data from baow the film surface.

The a&bility of the spectrometer to detect various ions depends on many factors
including the gability of the ion, the ionistion energy, or dectron dffinity of the
parent specie and the properties of the solid matrix from which the ion came from.
Therefore the sengtivity of the spectrometer may vary by severd orders of

megnitude. It follows thet quantification is difficult.
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Figure 3.11: Element map overlaid on a secondary electron image of atypical CP film. Red is
CP,greenisO and blueisC,".

The system used in this study was custom built by the Interface Andyss Centre.

It had a Gaion source and a magnetic sector mass spectrometer.

It was used in “negative mode’. This meant that only negative ions would be
detected. This mode was best to detect the species of interest. The system was aso
used in “pogitive mode’, but it gave no useful data.  This was because dl of the parent
clusers andysed were more dable as anions than cations. Beam currents of 0.1-

10 nA were used in this study.

The focused ion beam (FIB) in this or a smilar gpparatus can aso be used for

patterning and etching for device fabrication, TEM sectioning or as used in this study
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film thickness measurements.  In film thickness measurements a piece of platinum is
deposited on top of the study area (usualy with a thickness of around 1 pum) to
increase the contrast.  An etch pit is then made, the sample is tilted and the film
thickness is easly measured. An example of this type of film thickness measurement
can be seen in Fgure 3.12. The gpparatus used in this study for FIB determination of

the film thickness was a FEI Strata FIB201 system.

~ Platinum Layer
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Figure 3.12: An example of how a focused ion beam appar atus may be used to determinethe
thickness of athin film.
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3.3.3. Auger Electron Spectroscopy (AES) and Energy Dispersive
X-ray Spectroscopy (EDX)

AES is a widdy used UHV technique for determining the surface compostion of a
vaiety of maeids A high-energy primary dectron beam is rastered over the
sample.  This will remove secondary dectrons from the atoms that make up the
materid. These secondary dectrons originate from core orbitds. This leaves a
vacancy. An dectron from a higher lying leve drops to this vacant core levd. A
quantity of energy is released from this trangtion. This can ether take the form of a
photon (having very short wavdength), or an Auger dectron. This is illudrated in

Figure 3.13.

The emisson of a photon is used in EDX (dso known as X-ray fluorescence). The
energies of the photons emitted are characteristic of the parent dements.  Therefore if
the energy of these photons is determined, dementd data can be found. This is a bulk

technique, as X-ray photons can escape more easly than Auger eectrons.
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Figure 3.13: The processesinvolved in the g ection of an Auger electron and an X-ray photon. Ey
isthevalence band energy, Er isthefermi level energy, V isthevalencelevel, A, B and C arecore
levels, f isthe work function

Mogt modern eectron microscopes have EDX equipment attached. The disadvantage

of thistechnique is difficult quantification and insengtivity to lighter dements.

All of the EDX data gathered in this study were from various eectron microscopes,
located in the School of Chemistry and detailed later in the section on eectron

microscopy.

The energy of the Auger dectron is characteristic of the dement from which it came.

As in XPS it can ds0 be used to give some chemicd data An advantage of this

techniqueisthat it has high spatid resolution, but sample andysisisdow.
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Neverthdess Auger was used as a technique to check that the sample uniformity was

high. Also it was used to check the cdlibration of the XPS,

The Auger Electron Spectrometer used in this sudy was a Physica Electronics f 595,

with afield emisson eectron source. A photograph of it is shown in Figure 3.14.

Figure 3.14: Photograph of the Auger Electron Spectrometer used in thisstudy

3.3.4 Scanning Electron Microscopy (SEM)

Images in scanning electron microscopy are generated by rastering an eectron beam
over a sample and collecting the secondary eectrons emitted. The resulting image

can give information about the uniformity and thickness of the film.

To get film thickness measurements a fresh edge was made by cdeaving the film. The

film was then mounted “edge up’. A dmple schematic of an SEM is shown in Figure
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3.15. To pevent sample charging samples were sputter coated with a 10 nm platinum

film.

Various scanning e ectron microscopes were used in this study.

Scanning Electron Microscope
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Figure3.15: A simple schematic of a scanning electron microscope *.
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3.3.5 Transmission Electron Microscopy (TEM)

Transmission Electron Microscope
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Figure3.16: A smple schematic of a transmission electron microscope. *

In TEM a beam of dectrons is spread through severd apertures and lenses. This is
then passed through the sample and the image focused on a phosphor screer.
Genagdly the dectron beam is much more energetic than the beam used in SEM
(150-250kV in TEM compared to 530kV in SEM). This is so tha the beam may
pass through the sample.  This aso alows ussful crystallographic data to be obtained,
which is explaned in Equation 3.3 (Bragg's Equation), where | is the wavdength of

the dectron, d isthe plane spacing of the lattice, g isthe glancing angle.
| =2dsanq
Equation 33

For plane spacings in the angstrom region, eectrons of smilar energy (wavelength)

are required to obtain usegble diffraction angles.

Chapter 3- Experimental 84



Samples typicdly have to be a lot thinner (<100 nm) for good images than in SEM.
The advantages of TEM ae high resolution, easy paticle Sze measurement, the
aoility to determine cyddlinity easly and sdected area or nanobeam eectron
diffraction. This means tha very smdl crystas can be identified and their crysd

gructures determined relatively easly.

The TEM usad in this study was a Jeol 2010, with a 200kV eectron source and a
windowless EDX detector (this dlowed detection of eements heavier and including
C). The microscope was adways used a 200kV. Seected area and nanobeam

diffraction patterns were aways taken with camera lengths of 80-120 cm.

TEM samples were prepared by dropping the suspension of the sample onto a carbon

or SO coated grid and alowing the solvent to evaporate.

3.3.6 Laser Raman Spectroscopy (LRS)

When a laser is focused on a sample most of the light is reflected draight back. This is
cdled dadtic scatering or Rayleigh scettering.  The film may absorb a smdl amount
of the light. This absorption will produce an excited date. In a solid this will be a
vibrationdly excited gate. This vibration will be set up on a large scde in the bulk

(the whole locdlised structure vibrating). Thisis caled a phonon vibration.

The photon re-emitted from this sate will have a lower energy than the incident
photon; this light is caled Stokes radiation. If a photon is absorbed onto a molecule

which is dready excited the photon emitted will have a higher energy than the
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incident photon.  This light is cdled anti-Stokes radiation. The technique that

measures the emisson of Stokes and anti-Stokes radiation is cdled Raman

Spectroscopy®.

In the system used in this study, a laser is passed into the spectrometer and directed
into the microscope by a series of nirrors. The laser is then focused onto the surface
of the sample. Light reflects off the sample.  This Rayleigh radidion is filtered out at
the holographic notch filter. The light is put through a lens and a dit to filter the light.
The light is then passed through another lens, onto a mirror and then onto a grating.
The light is then captured on a CCD aray. The computer then interprets the CCD
information and displays a spectrum. A diagram of the laser Raman spectrometer

usd in thissudy isgivenin Figure 3.17.

The lasr Raman spectrometer used in this study was a Renishaw 2000 multi laser
Raman spectrometer. It used a 785 nm diode laser, a 514 nm Ar ion laser and a
325 nm Cd vapour laser. Early Raman measurements were taken on a Renishaw 2000

Raman spectrometer with a 488 nm laser.
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Figure 3.17: Laser Raman Spectrometer with drawn guidelinesto show how light is passed

through the spectrometer.

3.3.7 Ultraviolet / visible (UV/Vis) spectroscopy

In UV/Vis spectroscopy a light source is shone through a sample and the absorption
measured. The absorptions are due to dectronic trangtions in the sample. In thin
film samples the opticad band gap (Eg) can be estimated by extrgpolaing from the
linear pat of the absorption spectrum. The point a which the line intersects with the
energy axis corresponds to the agpproximate optical band gap of the materid. This
method is a Tauc type plot’. Figure 3.18 shows a Tauc type plot, esimating the

optica band ggp of athin film.
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All films that were andysed by UV/Vis were deposited onto quartz sibstrates, so that

the light from the spectrometer would pass through the sample.

UV/Vis spectrum of SP013
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Absorbance
N

T T T
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Figure 3.18: A Tauc type plot estimating the optical band gap of athin film

3.3.8 Optical Emission Spectroscopy (OES)

During depodtion usng both the RFCVD and PLD methods light is emitted from
gpecies that are present within the plasma  Light from different emitting species can
be identified usng various references’. This gives a quick and easy way of

identifying some of the species present in plasma under different conditions.

It is important to note that only some species emit light in the plasma, so this
technique does not give an exhaudtive list of what is present. It is aso worth noting
that only a samdl proportion of any given species will emit.  Therefore it is difficult to

determine relative concentrations of species.

The light from the RF depostion plasma was captured via a telescope with a foca

length of 20 cm (which was focused onto the plasma). This was passed via a grating
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to a charge-coupled device (CCD) via a quartz fibre optic bundle. The system used
was an Orid Instaspec IV, the monochromator had a 600 linesmm grating and hed a

resolution of 0.9 nm.

When the light emisson from the plasma from RF-CVD was being measured the
telescope was focused into the chamber via the quartz window. For the laser ablation
the telescope was pointed at the plasma, but because the plasma existed as a pulse, the
laser and spectrometer were computer triggered. They were set up so that the
spectrometer recorded light at the ingtant that the laser was fired and for 0.1 seconds

dfter. It did thisfor severd hundred laser shots and accumul ated the data.

Cdibration of the spectrometer was carried out by focusing the spectrometer onto Hg
drip lights (severd emisson wavedengths were used depending on the range of the

OES measurement).

3.3.9 X-ray Powder Diffraction (XRD)

The crygddlinity of CVD samples was checked by XRD. In this method, Xrays are
shone a the sample a varying angles. The detector travels a a varying angle and
detects diffracted X-rays. A photograph of the apparatus is shown in Figure 3.19.
The XRD eguipment used in this sudy was a Bruker-Nonius D8 Powder

Diffractometer. The X-ray source was Cu, with a photon energy of 8 keV.

The Bragg equation (equation 3.3) shows that the lattice spacings may be found from

the diffraction angle.
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Figure 3.19: Photograph of the X-ray powder Diffractometer used in this study, the X-ray source

ison theleft, the sampleisin the middle and the detector ison theright.
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