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Cleanroom parameters such as temperature, relative humidity, and particle
count are vital in maintaining cleanliness. People and machines working
inside the cleanroom are main contributors for the sudden changes of these
parameters. Measurements and monitoring of these parameters are therefore
necessary to reduce rejects and downtime in the production of micro-electro-
mechanical systems (MEMS). This paper presents a method of development
of an automated data monitoring of MEMS cleanroom parametric

Keywords: requirements. The prototype developed uses DHT11 sensor and Sharp dust
Automated data monitoring sensor for measuring the temperature, humidity, and particle count
respectively which are displayed in an LCD display. These parameters are
system recorded through a data logger for analysis and control. Additionally, a
Cleanroom graphical user interface was also developed using visual studio for the
Humidity working personnel and for supervisory monitoring and control. As a result,
Microelectromechanical the possible quality compromise in the production of MEMS is detected
systems when the monitored parameters are beyond the range.
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1. INTRODUCTION

The ISO 14644-1 provides the standard cleanroom control reference as the basis for classifying the
cleanroom within the production floor of electronic products companies. Cleanrooms in electronic companies
vary according to each focus area and handled products. The micro-electromechanical systems (MEMS)
cleanroom for wafer level chip scale package (WLCSP) is an enclosed work area employing controls where
the concentration of airborne particles with temperature, humidity, non-static pressure, and airflow controls
are required. This area holds the processing of wafer related products. It is the responsibility of the
production floor management to produce good products from the procedures of testing wafers and down to
packaging each die.

The presence of contaminants is vital in the production of very sensitive to dirt electronic
packages [1]. The products should be of acceptable quality. The presence of micro dust and the sudden
changes in temperature, are among those circumstances where there are high chances of product quality
compromise. MEMS cleanroom is one of those rooms that is the strictest with regards to cleanroom
parameters [2]-[4]. Temperature, humidity, and foreign particles have great influence in the microfabrication
of MEMS [5]-[9]. It is critical that even before fabrication, simulations should be conducted to see that other
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parameters can vitally affect the fabrication process and the performance of MEMS products [10]-[13]. It
undergoes micromachining that even small changes in the room temperature might have an effect in the
structure. Some of the effects on the changes in these parameters may lead to creation of particulates,
jamming of moving parts, deformation of the components, and even stiction [14]-[17]. Since most of the
MEMS developed are for sensing, critical parameters have to be monitored and controlled [18]-[20].

Before laying an automation scheme in the cleanroom process, one must first take a closer look at its
condition and the availability of sensors and other resources needed. In an investigative study on a cleanroom
in one of the microelectronic manufacturers in the Philippines, it has been found out that on-site sensors for
temperature and relative humidity across the plant are available but the real-time reading is not visible to the
personnel inside the cleanroom. Authorized personnel do the manual data gathering every two weeks to
monitor the airborne particles. Any fluctuation with this parameter is not noticeable for the people working
inside. Therefore, automated monitoring is needed so that the quality of the products will not be
compromised, and thereby avoiding rejects and downtime.

Many processes in the production of electronic packages have been automated such as the pre-seal
bake process, which in turn affects the temperature in the production line room [21]. Monitoring of
parameters is of high importance in critical environments. Some examples of these monitoring systems use
different computing software and controllers [22], [23]. Others have also presented wireless communication
for monitoring mobility for supervisory control [24]-[29]. Different controls like proportional-integral-
derivative (PID) and fuzzy systems are used for controlling these parameters because of the complexity and
nonlinearity [30]-[32]. In critical processes such as in MEMS, careful monitoring of the temperature,
humidity, and sanity or cleanliness of the room by particle count is vital [33], [34].

This research presents a method of development of an automated data monitoring of MEMS’
cleanroom parametric requirements. A temperature measurement system was built which uses a DHT 11
sensor kit, which is common and best suited for measuring temperature and humidity in a clean room. A
Sharp dust sensor is used for the particle count. It provides visibility of the parameters through a developed
graphical user interface (GUI) monitor. Additionally, audible and visual alerts that display the temperature,
relative humidity, and particle count inside the room are included. When the real-time parameters exceed the
allowable range, an alarm will be triggered. The prototype will be helpful in determining the frequency of
cleaning the cleanroom.

2. METHOD
2.1. Project design and development

This project monitors the quality of the environment in the MEMS cleanroom area for the
parameters: temperature, humidity and particle count. Airborne particles, which are potential contaminants
should be controlled in specified limits. The project will be well situated inside the cleanroom where the
parameters mentioned will be visible to the personnel working inside. In a nutshell, the project is presented in
Figure 1.
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Figure 1. Project block diagram

Temperature and humidity is measured using the DHT 11 sensor. It can be configured directly to a
microcontroller for analysis and control. Dust particles are detected and measured using the GP2Y1010AUOF
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dust sensor. The data collected are sent to an Arduino ATMEGA 2560 microcontroller. It is also displayed on
the LCD monitor. The sampling period set is one minute, or as preferred by the personnel using the
prototype. See Figure 2. An audible alarm and LED light will be triggered when the sensed data is out of
range or tolerance to one of the parameters. All the data collected is stored in a data logger in .csv format so
that it can be graphically presented. The interconnection of the devices is presented in Figure 3. The
schematic diagram for interconnecting these devices is shown in Figure 4.
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2.2. Data processing

A serial connection is established in processing the data collected from the sensors down to the
controller. See Figure 4 for the schematic diagram. An executable application was developed to run the
system automatically when the computer is booted. A LAN connection was also established for supervisory
monitoring and data logging. The temperature readings are displayed in degrees Celsius, relative humidity in
% RH, and particles count in particles per cubic meter (PCM). Each parameter is individually presented in
graphs with respect to its time stamp.

2.3. Tests and evaluation

A comparative analysis is conducted between the data collected in a cleanroom and non-cleanroom.
This analysis is conducted so that a real scenario of detecting different parameter conditions can be tested and
evaluated. The dust sensor is calibrated with the equivalent function according to the sensor characteristics.
See Figure 5. This sensor is selected based on the working parameter in the cleanroom with margins that can
detect large deviations from the working parameters for the purpose of evaluating the differences in the
reading between the cleanroom and non-cleanroom.
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Figure 5. Dust density vs. output voltage of the dust sensor (Sharp GP2Y1010AUFOF)

3. RESULTS AND DISCUSSION
3.1. Project development

The assembly consists of a circuit board and terminals in which the elements of the prototype will
be connected. The prototype is protected by an enclosure as presented in Figure 6(a) and Figure 6(b). The
temperature and dust sensors are connected serially to the microcontroller unit for monitoring and control.
See Figure 6(c) and Figure 6(d) for the monitoring of the temperature and humidity parameters.
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Figure 6. Prototype; (a) test setup, (b) prototype enclosure, (¢) DHT11 sensor monitor, (d) dust sensor
monitor

>3

3.2. Software design and virtual representation

The visual representation of the data processed by the controller is presented in graphs by a visual
C# program for the computer GUI as presented in Figure 7. For the quick monitoring of the parameters an
LCD display is added for the personnel checking the device. This is presented in Figure 8. This visual
monitor can be helpful when attenuators malfunction.
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Figure 7. Graphical presentation of parameters in the GUI
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Figure 8. LCD display for monitoring

3.3. Field Tests and Evaluation

The prototype is tested in both cleanroom and non-clean rooms. The sensors are situated in the
production area close to the personnel and the product being operated. Figure 9 presents the temperature
samples monitored for each minute for 20 minutes. The controlled working temperature inside the cleanroom
is at 21-23°C while in the non-cleanroom is at 25-27°C. The prototype displays an alarm when it is placed in
the non-cleanroom because of the increase in temperature. Meanwhile, the relative humidity in the cleanroom
is at 64-67% RH. See Figure 10 the particle count on the other hand is not greater than 120 particles for the
cleanroom. The particle count in the non-cleanroom is at 638-650 PPM for the 20-minute sampling. These
are illustrated in Figure 11 respectively.
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Figure 9. Temperature in cleanroom and non- Figure 10. Relative humidity in cleanroom and non-
cleanroom cleanroom
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Figure 11. Particle count in cleanroom and non-cleanroom

The differences in the data gathered for each parameter for both cleanroom and non-cleanroom are
significant evidence that the prototype works well in monitoring these parameters. The alarms can be
adjusted based on the collected working levels for each parameter. Deviation from the specified ranges of
parametric requirements will trigger the alarm to call out the attention for cleanup or maintenance.

4.  CONCLUSION AND FUTURE WORK

The production of MEMS needs strict monitoring of environmental parameters in order to avoid
compromising the product quality. This project enabled automating the monitoring system of the MEMS
cleanroom so that unscheduled cleaning might be conducted as needed. The data are displayed in both GUI
and LCD display for monitoring for both field personnel and supervisory personnel. The significant changes
in the readings of the three parameters, particularly; temperature, relative humidity, and particle count
(between an average of 22.2 °C and 25.95 °C, 65.9%RH and 6%RH, and 101.125 PPM and 644.2775 PPM
respectively) collected in a 20-minute data gathering, validating the effectiveness of the prototype. The data
logs are also helpful in investigating scenarios on how to avoid MEMS’ compromised production quality.

In the future, multiple sensors will be placed across the cleanroom for monitoring and supervisory
control. Wireless connectivity can also be integrated for mobile applications. This opens a window for
improvement for MEMS cleanroom control and maintenance.
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