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Introduction

1.1 Background
Clean-rooms are now a major part of the production and manufacture of integrated circuits (IC) and devices
using nanoscale processes. They are rooms in which the concentration of airborne particles are kept
to an
agreed level, often much lower than that of ambient air. This is required because of the scale of devices being
produced today; a particle with 10 µm diameter can often be one-hundred times larger than typical technology
nodes of modern transistors in IC’s, which are on the order of 10nm. If such an airborne particle was to fall upon
the wafer that the device was fabricated on during production it could end up destroying large parts of multiple
devices, lowering yield and increasing cost for the manufacturing company. A particle can also irreversibly
alter the chemical composition of devices, leading to erroneous operation. Thus parts of or all of the wafer may
become useless. When considering the fact that the fabrication cost of wafers can reach up to £5000 per mm 2 ,
any loss in functionality would be very costly.
The purpose of clean-rooms is therefore clear; to prevent airborne particles from interfering with the production
of IC’s. To do this, it is necessary to be able to measure the concentration of airborne particles so that their level
can be reduced appropriately. The design of such a measurement system was the main aim of this project.

1.2 Project Specification
Aim: To create a Laser Particle Counter, capable of detecting PM
for use in a clean-room facility.
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particles (diameters between 0.3-10 µm)

The Particle Counter shall:
1. Detect particles in the range of 0.3µm to 10µm in diameter.
2. Convey the number of particles detected to the user.
The Particle Counter should:
1. Estimate the size of the detected particles.
2. Make use of a Graphical User Interface (GUI) to display collected information to the user and allow
interaction with the system.
3. Be able to be calibrated to adapt to the environment.
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Results

7.1 Demonstrator Unit
The demonstrator unit combined the developments in optics, airflow, electronics and software to form the
system shown in the Figures 35 to 40. Figure 35 shows our optics configuration which functions as discussed
earlier in reference to Figure 13.

Figure 35: Optics Breadboard
The particles are directed through the focus point by the pipe’s reducing tip as shown in Figure 36.

Figure 36: Mounted Airflow System
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The photodetector and fan are connected to the PCB which is mounted onto the back of our Raspberry Pi and
it’s display. This leads to the convenient set up as shown in Figure’s 37 and 38.

Figure 37: Mounted PCB - View 1

Figure 38: Mounted PCB - View 2
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Lastly, the complete system combining the individual components is shown in Figures 39 and 40

Figure 39: Complete Laser Particle Detector - View 1

Figure 40: Complete Laser Particle Detector - View 2
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7.2 Electronics Results
By testing the electronics it was concluded that the amplifier works as desired. The r.m.s. value of the photodiode output was 363mV, this was successfully amplified up to 4.11V which has the effect of increasing the
dynamic range of the system.
Figure 41a shows the unamplified response, with Figure 41b showing the amplified response that is input to the
ADC.

(a) Photodiode Output

(b) ADC Input

Figure 41: Comparison of Unamplified and Amplified Photodetector output
By having a larger dynamic range we can have more noticeable drops in the ADC output which will make
the digital processing much simpler. The photodiode output is extremely stable as shown by the oscilloscope
which is set to a division of 10mV/Division. The amplifier produces a gain of 11 and even with this, the level of
noise remains fairly low. Amplification will introduce new noise sources and also amplify the previous noise.
Overall, the signal processing stage produces a suitable output near the limit of the dynamic range and which
will interface accurately with the ADC.

7.3 Particle Detection Capability
The system was ultimately able to detect particles with high success. This was determined through testing. The
first test was to measure the response of the system to different sized particles. Below in Figure 42a, the ADC
digital response to two different sized test particles passing through the beam is seen.

(a)

(b)

Figure 42: Graph showing a) relationship between ADC response and particle size relative to the
beam size and b) the signal processing output showing troughs that are identified as a particle
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In Figure 42a, the red signal is from particles of size of 2.5 µm or less. The particles are much smaller than the
beam and hence only produce a small change in current to the photodiode, hence only a small trough is seen
at the output of the ADC. As well as this, the signal recovers to the steady-state value very quickly, suggesting
there are fewer particles. The yellow and green signal was from particles of size ranging from 0.5 µm - 10 µm.
The particle have a much larger diameter, and so produce a much larger change in signal. Further to this, the
recovery time of the signal is much longer, meaning there are more particles in the sample. The large particle
test was repeated twice, and the results were extremely similar. This repeatability suggests that the particle
counter is operating correctly. In Figure 42b, the result can be seen after the trough detection method was
implemented. The program counted 570 particles, however, the thresholds were not calibrated so the exact size
of the particles are still unknown.
The final test to perform was to measure how the particle counter performed when measuring ambient air. Due
to the fact that the concentration of particles in ambient air is much lower than during specified tests where
particles are purposefully directed towards the beam, an ambient air test was conducted over a period of one
hour. The results for this were as follows:
Size
Small
Medium
Large

Count
2151
115
334

Table 2: Number of particles counted in one hour
Table 2 shows 2600 particles were counted in total in an hour. Since the system was not calibrated against
a commercial solution, the accuracy of these results are unconfirmed. The results do, however, prove that
the concept works so the following steps would involve comparing our results with commercial systems and
adjusting our threshold values to achieve correct results.
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