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1 Ion beam sputtering as method of depositing 
coatings 

 
The whole process of sputtering takes place inside a vacuum chamber. The 

base pressure of the chamber is usually around 10
-6

 ― 10
-7

 Torr and the 

operating pressure is around 10
-4

 Torr (0.01 Pa). The reason for keeping 

base and operating pressures different is to evacuate all foreign gases 

found in the chamber before operation is initiated. Once the operating gas 

is introduced (in our case, Oxygen), the pressure rises. 

 

Collimated beam of gas ions emerges from the ion source (we used 

Argon). Argon ions are positively charged, so to maintain electrical 

neutrality (i.e. not let the beam diverge or cause a build up of positively 

charged particles on the target), electrons are added to the beam from the 

neutralizer. The ions impinge on the triple target carousel which can be 

rotated during operation to deposit layers of different materials. In our 

experim

ent, we 

used two types of materials – SiO2 and 

Ta. Targets can be changed to fit the 

purpose (refer to Appendix on page 23 

for more photos). However, since the 

target materials may not always contain 

Oxygen, such in the case of Tantalum, it 

is necessary to introduce a small supply 

of Oxygen into the sputtered beam to 

oxidize it (Tantalum pentoxide, Ta2O5) 

or if the target already had Oxygen 

which was lost during sputtering, to 

balance its stoichiometry. 

 

 

 

 
Figure 3 ― Inside IBS during operation 
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Figure 1 ― Front view of IBS 

Figure 2 ― Schematic drawing of IBS 
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The sputtered material is roughly directed towards the planetary motion substrate holder, however the 

material is usually sputtered everywhere in the chamber. The problem that this causes is that material builds 

up on the walls and other apparatus which over time flakes and wrongly deposits on the substrate. To 

prevent this from occurring, the walls of the chamber are protected with detachable plates and all other 

equipment is covered with foil. After a certain amount of time, foil is replaced and plates are taken to the 

workshop to be sandblasted and thoroughly cleaned before being put back into the chamber. Pictures below 

show the inside of an IBS chamber before and after the chamber has been protected: 

 

 
Figure 4 ― Exposed chamber 

 
Figure 5 ― Concealed chamber 

 

The colours seen in the latter photograph are a result of thin film interference. This effect is present on 

surfaces which have a very thin layer of material deposited on them that reflects certain wavelengths in the 

electromagnetic spectrum (most notably seen in the visible range). Gradients of colours are observed as the 

film’s thickness changes value. Picture below illustrates this effect: 

 

 
Figure 6 ― Thin film interference where n1 < n2, n2 > n3 & n1 < n3 looking left to right 

 

 

As a ray of light enters the thin film medium, a portion of it is 

absorbed and another portion is reflected. The same happens 

when the continuing light beam encounters the surface of the 

substrate. The structure of the reflected waves will depend on 

the film’s optical thickness which is the product of the thickness 

of the film and its index of refraction. A constructive or 

destructive wave interference will determine the colours seen at 

the surface of a thin film. To obtain a coloured pattern, the 

thickness of the film has to be on the order of the wavelength of 

light. Constructive interference will occur if the film thickness 

is ¼, ¾, 5/4… wavelength and destructive if its ½, 1, 3/2 etc. 

thin film substrate 

Figure 7 ― Thin film interference around 

substrate holder 
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2 Experimental set-up 
 
In order to quantatively and qualitatively determine and compare results, it was important to devise a 

standard system of classification. The first step was to write an image processing programme capable of 

making distinguishable analysis of all results. Since the pictures produced by the microscope used in the 

experiment only showed white dots of particulate contamination on a black background, a sensible method 

was to count the total brightness of each picture before and after each trial. An average percentage increase 

(between before and after shots) was calculated for each trial 

and that number was used for comparison with other trials. This 

was done using LabVIEW’s Vision Assistant 7.0 software. A 

script was put together which would execute the following 

commands in ascending order: 

 

1. Convert pixels to micrometers 

2. Extract luminance plane 

3. Apply convolution filter to the image 

4. Apply automatic inter variance threshold 

5. Analyse the particles and display the results 

 

Before initiating the process of analysis, it was important to 

establish a critical size of particles which can be considered as 

sufficiently large to cause an adverse effect. An agreement was made to only consider particles of 5 

microns and above. Anything which fell below this value would be considered insignificant. Therefore, 

Vision Assistant programme was calibrated to eliminate particles of 5 microns and below and only display 

particles above this value. 

 

Since the substrate was too large to analyse completely, a set of evenly spaced grid points in the centre of 

the substrate was chosen and used in each trial of the analysis. Nine points in total were analysed in the 

following pattern: 

 

 
 

Figure 9 ― Analysis points on substrate Figure 10 ― Scale of the substrate 
 

20 mm 

6 mm 

6 mm 

Figure 8 ― Screenshot of Vision Assistant 
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To get a perspective of the microscopic scale of substrates, the following figure illustrates the size of view 

through the microscope in microns and pixels: 

 

 

 

 
 

 
 

 

Figure 11 ― View of substrate through 25x magnification 
 

It was necessary to check whether the nine nominated points gave a precise and accurate representation of 

the whole substrate, so to do this, a number of randomly chosen substrates were examined with 5 times 

more grid points (45 in total) and results were scaled down to see if the pattern matched its 9 point 

counterpart. The result is given in the graph below (greater version can be found in Appendix on page 23): 
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Figure 12 ― Comparison of 9 and 45 point scans 
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It can be seen in Figure 12 that the scaled line (green) generally follows the same pattern as the 9 point line 

(black) and does not deviate too much from it at any time. Therefore, we concluded that the nine grid points 

which we initially chose gave a reasonably accurate representation of how many contaminants in total are 

found on each substrate, thus we could proceed further with the experiment. 

 

The next step was to automate the process of moving from one grid point to another to ensure that every 

substrate was examined in the same place. This was achieved by employing LabVIEW 7 and writing a 

programme which controlled the microscope stepper motors remotely. 

 

 

 

Figure 13 ― Block diagram view of LabVIEW programme 
Figure 14 ― Screenshot 

of LabVIEW programme 

 

The programme’s main functions included: 

 

1. Start/stop motors. On ‘stop’ stepper motors would unlock and could be manually controlled. 

2. ‘Zero encoders’ would ensure that the reading of each encoder started at zero once the motors 

became engaged. 

3. Position of the encoders was constantly displayed on the screen to ensure that the right spot was 

being observed. 

4. ‘Move’ button controlled the movement of the x-y stage. 

5. ‘Step’ was a text box indicating the grid point being observed. 

 

It was important to start observations from the same position in each trial, so we marked a sample substrate 

with a dot at an arbitrary position and positioned the microscope to look at the same dot before each trial. 

Then we zeroed the encoders at that point and began our image acquisition.  

 

 
Figure 15 ― Microscope set up 

 
Figure 16 ― Close up of where the substrate was placed 
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In order to verify that we were looking at the same place before and after each trial, we compared the 

photos of the same location at each stage of the trial. Here is a randomly picked shot (31, scan 2) 

confirming that there was little difference between observational locations before and after trials were 

conducted on the same substrate: 

 

 
Figure 17 ― Confirming the location of observational point on the substrate 

 

 

3 Proposed experiments 
 

3.1 Cleanliness of substrates 
It was assumed that the cleaning process would aid in the removal of 

contaminants from substrates, however this may not have be true if the process 

was carried out improperly. Therefore, we wanted to investigate whether or not 

substrates are cleaner, dirtier or nearly the same after they have undergone a 

proper cleaning. To verify this assumption, a previously examined new substrate 

was cleaned and examined for contaminants before and after the cleaning process. 

 

3.2 Loading/unloading 
One of the most likely causes of contamination may be experienced in the substrate loading and unloading 

stages of the process. There are various different ways and sources from which contaminants may come 

from. For example, rate of chamber pumpdown will influence the recirculation strength of air in the 

chamber. At longer and more controlled rates of pumpdown, disturbance of air flow may be sufficiently 

low so as not to cause any substrate contamination and vice versa. Additionally, a relationship between the 

time a substrate spends in the chamber and amount of particulates can be worked out to see whether there is 

a linear trend and if not, at which point in the initial stages of the process rate of contamination slows 

down. In that way, one would be able to specify a period of initialization time during which substrate 

should not be left exposed. 

 

3.3 Holder design 
Substrates may be exposed to greater amounts of contaminants if improper holders are used to keep them in 

place. A holder which is long and narrow will naturally have a greater concentration of electron charge 

which will in turn cause the positively charged Argon ions to attract to it, thus creating an electric current 

Figure 18 ― Detergents 
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between the insulating material and subsequent sparking. This process will 

increase the amount of contaminants on the surface of the substrate so it is 

important to carefully design the holders. Three experiments can be carried out 

with differently shaped holders to find the most suitable design and perhaps 

come to a conclusion as to why this may be. Designs should vary in the 

dimension which is suspected to cause the most significant change in 

contaminant attraction. 

 

3.4 Target carousel material 
Different materials used for targets may cause the amount of contaminants to vary. An 

experiment was set up to discover which, if any, materials caused an increase in the 

amount of particulate contamination. It is also possible that some materials produce a 

thicker layer of oxidizer when not being used which gets deposited on the substrate in 

the initial stages of the deposition process. Therefore, the amount of time used for 

cleaning the target material may need to vary depending on which materials is selected. 

A subsequent experiment was set up to discover if there is a significant change in the 

contaminant deposition for the same target material which has been cleaned at two 

different periods of time. 

 

3.5 Charge balance 
Electron beam supply and ion supply voltages are measured from their respective sources. It is therefore 

hard to determine what the actual supply of electrons is when they neutralize the ion beam. There exists a 

possibility that some of the electrons never reach their destination but instead go off in other directions. In 

doing so, these particles hit other surfaces and cause their atoms/molecules/particles to break off by 

negatively charging them and repelling them of the surface, thus causing a chain reaction and depositing 

foreign material on the substrate. Additionally, stray electrons may also accumulate on other surfaces and 

cause a build up of negative charge which can create sparks and damage equipment once it is sufficiently 

strong to pass through the insulation. The amount of scattered particles and their effect should be monitored 

and examined to deduce a limit on the neutralization ratio above which any additional supply of electrons 

would cause contamination of the substrate. 

 

3.6 Quartz heaters 
Constant heating and cooling down of the chamber can cause the deposited material on the walls of the 

chamber and equipment to flake as it experiences thermal expansion/contraction. An experiment should be 

set up to find out the influence of thermal assistance in the IBS process and investigate whether flaking 

does in fact occur and if so, the severity of the occurrence. 

 

 
Figure 21 ― Quartz heater 

Figure 19 ― Substrate 

holder 

Figure 20 ― Target 
carousel 
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4 Results 
 
Several experiments were conducted to discover the sources of 

contamination. Each substrate was examined before and after being put into 

the IBS machine in order to determine the increase of contaminant count in 

respect to its initial value (i.e. values were dimensionless). Substrates were 

marked with a unique label which signified the run number (first digit) and 

trial number (second digit). The following list describes which experiments 

were conducted and the constants & variables of each trial: 

 

 
11 - Substrate examined before and after cleaning. Conventional & Ozone cleaning both used. 

12 - Dry run (Discover if loading/unloading process contributes to the contamination and how much). 
21 - Single layer of SiO2, standard recipe constants, E/B ratio only variable, in this case = 75%. 

22 - Single layer of SiO2, standard recipe constants, E/B ratio only variable, in this case = 120%. 

23 - Single layer of SiO2, standard recipe constants, E/B ratio only variable, in this case = 200%. 
31 - Single layer of SiO2, standard recipe constants + quartz heater set at 100 deg C. (E/B reset to 100%). 

41 - Single layer of SiO2, standard recipe constants, deposition time of 200 seconds. 

42 - Single layer of SiO2, standard recipe constants, deposition time of 3612 seconds. 
43 - Single layer of SiO2, standard recipe constants, deposition time of 7212 seconds. 

51 - Single layer of SiO2, standard recipe constants, reset deposition time to 1000 seconds, closed shutter. 

61 - Single layer of HfO2, standard recipe constants. 
62 - Single layer of Ta2O5, standard recipe constants, heater on. 

71 - Single layer of Ta2O5, standard recipe constants, heater off. 
81 - Single layer of Ta2O5, standard recipe constants, no oscillation. 

91 - Single layer of Ta2O5, standard recipe constants, 10deg oscillation. 

92 - Repeat of [42 - Single layer of SiO2, standard recipe constants, deposition time of 3612 seconds]. 
101 - Single layer of SiO2, standard recipe constants, deposition time of 1512 seconds. 

102 - Single layer of SiO2, standard recipe constants, deposition time of 7212 seconds, beam current halved from 600mA to 300mA. 

103 - 8 multilayer deposition of Ta2O5 & SiO2 at TIMES.111 seconds each. (omitted from analysis) 
102(2) - Single layer of SiO2, standard recipe constants, deposition time of 5412 seconds, beam current 750mA. 

 

All trials above can be classified into the following groups: 

 

1. 11 ― Cleaning 

2. 12 ― Loading/unloading process 

3. 21, 22, 23 ― Electrons to ion beam ratio 

4. 22, 31, 62, 71 ― Quartz heaters 

5. 41, 42, 43, 51, 92, 101 ― Time 

6. 51, 61, 71 ― Targets 

7. 81, 91 ― Target oscillation 

8. 43, 102, 102(2) ― Beam current 

 

The list above covers almost all the points mentioned in Proposed experiments on page 3 except for 3.3 

Holder design. Unfortunately because of the time limit imposed on this project, we were not able to 

investigate the effects of various holder designs on contamination levels. However other trials which were 

initially not planned were carried out, such as target oscillation effects and multilayer deposition. 

Additionally, extra attention was paid to peculiar results such as that of the time trials. 

 

 

Figure 22 ― Examined substrates 
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5 Analysis 
 

5.1 Cleaning and loading/unloading 
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Figure 23 ― Substrate 11, API (Average Percentage Increase) 179 643% 

 

 
Figure 24  ― Before and after shots of substrate 11 

 
It is immediately obvious that this process did more harm than good, however it should be noted that the 

water used during this trial was not properly filtered. In fact, it is of paramount importance that the water 

used for cleaning is as pure as possible so that it does not leave any residue on the substrate once it is dried 

off. Additionally, certain cleaning procedures must also be followed to ensure that the process is carried out 

effectively. These are: 

 

� Not allowing the substrate to dry off during the cleaning. It must be constantly kept under clean 

running water. 

� The equipment used during the process must be as clean as possible (i.e. gloves of high quality, 

water gun nozzle clean, proper detergent of high grade, etc) 

� The surface (especially top) of the substrate must be evenly coated with detergent and rubbed with 

the palm of the hand sufficiently long to ensure that all contaminants are removed 

� Once the substrate is taken away from the water source it must be immediately dried off with a 

proper blow gun. It is recommended that the substrate be handed to a second technician with dry 

gloves at this stage. 

 

The picture and graphs above show a random (chaotic) distribution of particles off all sizes. This implies 

that no single action of the cleaning process can be attributed to the high contaminant count, but instead, a 

whole collection of inappropriate acts. Furthermore, Ozone cleaning did not accomplish any significant 
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improvement in the elimination of particulates since these results were obtained after Ozone cleaning was 

applied (that is to say, the results were even worse before Ozone cleaning). Therefore we can conclude that 

Ozone cleaning cannot undo the damage caused by improper cleaning procedures. 

 

Another important note to point out is that in Fig 4.1, the right hand side of the picture shows a straight 

sloping line in the RHS corner. This is in fact a scratch on the surface of the substrate most likely caused 

during the cleaning process. If a defect of that size was found on the substrate delivered from the supplier 

before any deposition work was done to it, it would deem the whole substrate unworkable. 
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Figure 25 ― Substrate 12, API 4 400% 

 
The process of loading/unloading and moving the equipment inside the IBS under vacuum clearly shows 

little effect on the contamination levels. It was expected before the experiment that we should see a slight 

increase simply because the process of physically moving the substrate from its holder to the IBS machine 

through a clean room which is not of the highest standard would cause some particles to deposit on the 

surface. Although none of these particles were “cemented” onto the surface via material deposition, the 

strong adhesive Van der Waal forces ensured that the force of the blow gun was insufficiently strong to 

remove all adhered particulates. 

 

Although it is difficult to pinpoint the exact source of contaminants, we can examine the stages of the 

loading process to identify possible causes: 

 

1. Handling of the substrate with gloves 

2. Contaminants found in the clean room air (very low count {1 particle per cm
3
}, but still a possible 

source) 

3. Pre-process examination of substrate surface under microscope 

4. Metal filings from screws on the substrate holder 

5. Rate of evacuating the chamber which causes a disturbance in the air flow. The faster the rate, the 

more turbulent the airflow which carries contaminants. It should be noted at this point that the 

chamber was thoroughly vacuumed (with a vacuum cleaner) before each and every trial 

6. Movement of equipment inside the chamber under vacuum which causes further movement of the 

left over particles or creates new particles caused by friction between moving surfaces 

7. Venting of the chamber (same problem as in point 5) 

8. Unloading and carrying the substrate to the microscope for examination. 

 

Looking at the list above one can deduce that the result obtained was quite satisfactory compared to how 

many sources of contamination the substrate is exposed to. Initially we were going to take our result from 

this trial and use it as a base cleanliness of each substrate, thus deducting its value from each subsequent 

trial, however, seeing that it is an unavoidable step in the process of ion beam sputtering, it would be an 

inaccurate representation of each trial if we decided to exclude it. Furthermore, there are various ways one 

can load/unload the substrate into/from the IBS machine, therefore we could not make an assumption that 

our method was correct. 
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5.2 E/B ratio 
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Figure 26 ― Substrate 21, API 30 891% 

 

Locations of the contaminants show relatively even distribution on all but one coordinate. It is possible that 

during the analysis one stray particle from the surroundings landed on the substrate and caused this 

extremety to occur, however it is very unlikely because all substrates were cleaned with a blow gun before 

being put under the microscope. Therefore, we can conclude with greater certainty that the contaminants at 

this particular location were most likely deposited in the IBS machine. 
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Figure 27 ― Substrate 22, API 918% 

 

IBS machine is usually operated around the 100-120% E/B ratio value. This means that for every 1 Argon 

ion, there is 1-1.2 available electrons. The ratio of electrons to ions is therefore even and so we expected to 

see some favourable results in this trial, which in fact we did. Distribution of contaminants was random 

suggesting that they must have come from a number of sources rather than just one. API value was very 

low (only 3% of 21 trial) and no sparks were observed during the deposition. Since there was no excess of 

electrons in the chamber, insulators were not being charged on their surfaces which reduced the amount of 

debris flying around the chamber. 
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Figure 28 ― Substrate 23, API 17 170% 
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The last of the three trials in this category fell between 

the first two results as seen in Figure 29 (larger version 

can be found in Appendix on page 23. It suggested that 

an excess of electrons was more favourable than 

deficiency. However at such a large supply of electrons, 

insulators within the chamber become negatively 

charged and being to flake atoms, molecules and/or 

whole particles of their surface as they get repelled. 

Some of this debris gets caught in the beam heading 

towards the substrate and gets deposited on its surface. 

 

5.3 Quartz heater trials 
 

Quartz heater trials were important in determining the amount of assistance provided in the process of 

deposition. Heaters are used in the deposition process to assist the adhesion of thin films on the surfaces of 

substrates. However, during the constant heating and cooling down of the chamber, coated surfaces inside 

the chamber would experience constant compression/tension stresses over time (fatigue) and cause their 

coatings to contract/expand (respectively) thus flaking them in the process. Our aim was to determine 

whether this did in fact occur and how much it contributed to the contamination of the substrate. 

Additionally, we wanted to find out whether the benefits of using a heater outweighed its contribution to 

contamination. 

 

Trial number 22 was a standard layer of SiO2 material without heater assistance. API value was 918%. 

Trial 31 was the same recipe with the inclusion of both quartz heaters, raising the chamber temperature to 

100°C and keeping it constant during the deposition. API value was recorded at 551%. Clearly it is more 

beneficial to use heaters during the deposition process as they in fact reduced the amount of contaminants. 

 

In order to confirm this unexpected result, a second experiment was conducted using another material, 

Tantalum pentoxide. The results from this experiment confirmed what we obtained first time ― an increase 

in contaminant count in the absence of heaters. 
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Figure 30 ― Substrate 22, API 918% 
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Figure 29 ― E/B Ratio Vs contaminant count 
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Figure 31 ― Substrate 31, API 551% 
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Figure 32 ― Substrate 62, API 93 743% 
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Figure 33 ― Substrate 71, API 171 041% 

 

5.4 Time trials 
 

Time trials provided some of the most peculiar results of the whole project. Initially we wanted to discover 

whether there was a relationship between the amount of contaminants and time of deposition. If a constant 

positive trend was uncovered, it would suggest that contaminants were being constantly deposited during 

the process and from various sources. If we found a decrease after a certain amount of time, it would mean 

that something in the first stages of the process was causing contamination, most likely the initialization of 

the ion gun. However, what we discovered was very different to what we hypothesized. 
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Figure 34 ― Substrate 41, API 17 307% 

 
Before and After Trial

0

50

100

150

200

250

300

350

400

450

500

1 2 3 4 5 6 7 8 9

Location

C
on

ta
m

in
an

t c
ou

nt

After

Before

 

0

50

100

150

200

250

300

350

C
on

ta
m

in
an

t c
ou

nt

3D Location of Contaminants

 
Figure 35 ― Substrate 42, API 3 515% 
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Figure 36 ― Substrate 43, API 40 669% 
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Figure 37 ― Substrate 51, API 40 775% 
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Figure 38 ― Substrate 92, API 3 547% 
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Figure 39 ― Substrate 101, API 1 001% 
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Figure 40 ― Time V contaminant count 

 
Clearly this is not what we expected to find. Results show that during the first 1 000 seconds or so, 

contaminant count increases to a maximum value after which it falls rapidly and stays relatively constant 

for a period of approximately 2 000 seconds. Then after 2 hours of deposition, we start to see a constant 
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relationship between time and particulate count. The only explanation which could account for this odd 

looking graph is that during the first stages of deposition, contaminants already found on the surface of the 

substrate are not completely covered by the layer of thin film, and can still be detected. After the material 

layer has grown sufficiently, it covers the foreign particulates and begins to deposit over the top, thus 

cementing them in the layer and making them undetectable. The process of deposition adds to this 

contamination as can be seen in the constant positive trend of the last part of the graph. 
 

5.5 Target trials 
 

It was important to us to see the effects of changing targets. Therefore we conducted two identical 

experiments with two different targets and compared the results we obtained. The targets we used were 

Silicon dioxide, Hafnium (HfO2) dioxide and Tantalum pentoxide. 
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Figure 41 ― Substrate 51, API 40 775% 
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Figure 42 ― Substrate 61, API 77 117% 
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Figure 43 ― Substrate 71, API 171 041% 
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It is clear that the best one out of three is SiO2 with HfO2 coming second and Ta2O5 coming last. In fact, the 

difference between the first two is much smaller than the difference between the last two materials. 

Therefore we can conclude that Ta2O5 is the least favourable material to be used for deposition. However 

looking at the graph of contamination distribution for Ta2O5, we can notice a gradual increase in 

contaminants from left to right suggesting that there may have been a particular source of contamination on 

that side of the substrate which gave such a big rise in the total number of contaminants. Despite this fact, 

the difference is far too great to be attributed to an error. 

 

5.6 Target oscillation 
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Figure 44 ― Substrate 81, API 122 102% 

 

The results of this trial are quite trivial. There is a clear increase of contaminants in the experiment where 

target was oscillated than in the one in which it was not. The explanation is just as simple. In a non-

oscillation target, the ion beam impinges on the target at right angle, thus creating a rough surface. The 

peaks of this surface break off at some point, and get deposited on the target as clusters of 

atoms/molecules/particles. This in turn creates an uneven layer of thin film. In an oscillation target, surface 

is kept relatively flush because the target is sputtered from a range of angles. The sputtered material is 

therefore relatively uniform in size and gets deposited evenly. 
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Figure 45 ― Substrate 91, API 46 183% 

 



Nebojsa Pajkic (webmaster@EngineeringAerospace.com) 11.02.2008 

 

20/24 

5.7 Beam current 
 

Beam current is an important parameter in this investigation. Since the plasma inside the ion gun is created 

in a ceramic bowl, essentially made of SiO2, it is more than likely than the plasma scrapes the sides of the 

encompassing container and carries those particles in its beam. The higher the current supplied to the ion 

beam, the greater the effects of this occurrence. Therefore, we wanted to find out whether reducing the 

amount of current would reduce the contaminant count found on the substrate, so we conducted three trials 

with varying current and increased deposition of time (to theoretically obtain the same thickness of 

material), and reviewed our results. 
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Figure 46 ― Substrate 43, API 40 669% 
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Figure 47 ― Substrate 102, API 1 706% 
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Figure 48 ― Substrate 102(2) *, API 4 192% 

 

                                                 
* Since this was the last experiment we conducted, we only had 2 substrates left for 3 trials. Therefore, because substrate number 102 

produced a low count of contaminants, we decided to use it again for our last experiment, and deduct its previously acquired 
contamination from the new trial.   
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Ion gun current Vs Contaminant count
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Figure 49 ―Ion gun current V contaminant count 

 
The trend of the above graph is not as trivial as one might expect; increasing beam current will not 

necessarily contaminate the substrate. However what we can see is that at lower values such as 300 

milliamps we are able to keep particulates relatively low. That suggests that our hypothesis was correct (for 

once!) and that it is important to consider the processes inside the ion beam gun as well as the chamber. 
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6 Conclusion 
 
After we collected all our results from various experiments, we were able to make some conclusions about 

which processes contribute more or less to the contaminant count and perhaps why. Clearly the process of 

keeping the substrate free of foreign debris is a complicated and exhausting one. It begins from the moment 

the substrate is taken out of its container and prepared for deposition. Even at this stage, it is exposed to so 

many different sources of contamination that even the most careful handling will produce some 

unfavourable results. 

 

Should a substrate become contaminated beyond level of acceptance, it is usually recommended that it be 

subjected to cleaning. However, if cleaning procedures are carried out incorrectly, we can worsen the 

situation rather than fix it. Therefore it is extremely important that procedures be followed and proper care 

is taken during the cleaning. Sterile gloves, clean and constant supply or pure water and elimination of 

natural drying are all important factors of this process. 

 

Keeping the electron neutralizer and ion gun beam ratio at around 100-120% level is the most optimum 

solution. It was seen that at extreme values of E/B ratio we experienced higher level of contamination than 

at the nominated ones. Furthermore, we were able to reduce the number of sparks in the chamber which 

would have caused increase in particle charge, breaking off of those particles and an accumulation of 

overall debris in the chamber. 

 

Heaters were tested to see if they were viable enough to use during the deposition, and it was found that 

they were. Initially we thought they may cause compression and tension forces of deposited surfaces which 

would cause flaking, but we found that if though this might have been present, it did not contribute to the 

contamination levels. In stead, we found that heaters aided the process of deposition and reduced 

particulate count. However, it should be notes that the thin film properties were not investigated in this 

project and that the effects of quartz heater may be adverse in this respect. This topic is subject to further 

analysis. 

 

Time trials provided us with some of the most puzzling results of all. We found a trend of various slopes 

over our time scale. In order to confirm our results, we conducted several additional experiments in the 

areas of interest (mainly within the first 3 612 seconds) and found that all trials produced similar results. 

We were therefore led to believe that the results were correct and that the explanation of those results was 

far more difficult that what we had predicted. Our belief is that particulates on the surface of the substrate 

are initially covered by the thin film after which they become undetectable. After this point the relationship 

between time and contaminant count becomes relatively constant and predictable. 

 

We suspected that different targets may produce different levels of contamination and we were right. Our 

results showed that SiO2 was the best of the three targets investigated and that Ta2O5 was by far the worst. 

This was later confirmed again when we conducted quartz heater trials with the two materials in question. 

It was clear to us that the results were in fact correct. In addition to this, we discovered that making the 

target oscillated through 1-10 degrees achieved better results that keeping it still. The surface in the former 

case becomes much more even than in the later, thus sputtering evenly sized particles on the surface of the 

substrate. 

 

Lastly, our beam current experiments showed than there is no relationship between beam current and 

contaminant count. However, they did show us that for certain values we could keep the levels of 

particulates found on substrates significantly lower than at others. Namely, 300 milliamps proved to be the 

best candidate for this experiment, however it also significantly increased the amount of deposition time. 

Industrial processes which can run for days will not be able to benefit from this finding. 
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7 Appendix 
 

 
Figure 50 ― Targets used in IBS deposition 

 
Figure 51 ― Gold target 
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Figure 52 ― Comparison of 9 and 45 point scans, larger version 
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E/B Ratio Vs Contaminant count
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Figure 53 ― E/B Ratio Vs contaminant count, larger version 

 

 


