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Abstract - Thin film deposition on materials have empowered an extensive variety of technological leaps forward in areas 
such as optics, chemistry, electronic semiconductor devices, mechanics etc. The successive ionic layer adsorption and 
reaction (SILAR) is technique in which thin films from aqueous precursor solution are chemically deposited in a step-wise 
manner. The work deals with design and fabrication of inexpensive but effective multifunctional SILAR coating machine 
based on Arduino microcontroller platform. The objective of work is to use open source parts and reduce the design 
complexity permitting utilization of the machine to end-users without cutting edge hardware abilities. The main core of the 
system is a USB connected Arduino microcontroller. The pulse-width modulation (PWM) signal of Arduino was used to 
drive motors allowing movement of power screw and arms. The machine was demonstrated for coating silver nano-particles 
on copper substrate using silver nitrate and sodium borohydride as reducing agent. The experiment conducted and results 
illustrate that this machine can be used to coat thin film, the deposition rate and the thickness of the film can be easily 
controlled by changing the deposition cycles and immersion timing. Because of low cost and ease of using, machine can be 
advantageous to students and researchers for demonstration purpose. 
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I. INTRODUCTION 
 
A coating is a covering that is applied to the surface 
of an object, usually referred to as the substrate. The 
substrate can be coated either partially or fully. 
Coating is done on the substrate to improve or change 
the surface properties such as adhesion, erosion 
resistance, adding completely new properties, altering 
optical properties, used for protection purpose, 
enhancing electrical and thermal properties etc.  
Nanomaterials have outstanding electrical, optical, 
magnetic and mechanical properties. They are rapidly 
being developed for use in information technology, 
bioengineering, energy and environmental 
applications. To obtain desirable properties of 
material nanoparticles are processed into a film or a 
coating. The most common method of fabrication of 
various coatings and thin films is by using sol-gel 
process. Sol-gel coating can be classified as dip 
coating, slow sol draining, boil deposition, spin 
coating, flow coating process, SILAR technique etc. 
These films are used for electronic thin film devices, 
for wear, chemical or oxidation protection, as well as 
for enhancing their optical properties. 
 
Copper is the most common metal used in the 
manufacture of the electrode in EDM because of its 
good thermal and electrical properties and also 
available easily. Material of the electrode has direct 
impact on EDM process so it has to be chosen wisely. 
Silver nanopartilces have highest electrical and 
thermal properties therefore coating of these particles 
on copper electrode would enhance conducting 
properties of electrode which will directly affect 
MRR in EDM. One of the easiest method of 
synthesizing silver Nanoparticle is chemical 

reduction method using silver nitrate and sodium 
borohydride. Silver nanoparticles in the form of thin 
film can be deposited on copper substrate using 
SILAR technique using silver nitrate and sodium 
borohydride as anionic and cationic precursors. 
SILAR technique of coating nanomaterial is 
inexpensive and convenient for large scale 
deposition. The thickness of the film can be easily 
controlled by changing the number of dipping cycles 
and immersion timing. For coating thin films using 
SILAR technique immersion timing must be 
maintained accurately and large number of deposition 
cycles (100-300) have to be carried out. Manually 
carrying out SILAR process and maintaining process 
parameters is difficult and laborious. Commercially 
available SILAR coating machine would cost 3.0-3.5 
lac which was not feasible for my project work 
therefore project work was initiated with concept of 
designing low cost machine to perform SILAR 
coating. Literature of various arduino projects revel 
that precise control of motors and sensors can be 
obtained by PWM from arduino, also arduino can be 
interfaced with bluetooth, this core of the system can 
be designed on arduino microcontroller platform. 
 
II. DESIGN OF MACHINE 
 
2.1 Oerview 
SILAR process is chosen for deposition of thin film 
because of ease with which process parameters are 
controlled. Single SILAR deposition cycle involves 
the immersion of the substrate alternately in cationic 
and anionic precursor solutions and rinsing between 
every two consecutive immersions with distilled 
water so that only the tightly adsorbed layer stays on 
the substrate. SILAR process uses ions as building 
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block therefore the process parameters easily 
controllable. 
This deep knowledge of SILAR technique hels in 
understanding that immersion timing into the 
precursor solution, distilled water and the number of 
deposition cycles are important parameters to control 
the growth of thin film therefore the machine is 
designed in such a way that dipping timing into the 
solution and the number of deposition cycles can be 
controlled. Screw mechanism was chosen for moving 
the substrate up and down. SILAR process requires 
four solutions and the substrate must be immersed in 
each solution for specific duration of time, for this 
purpose the beakers must be placed in circumferential 
order facing perpendicular to each other.Design of 
machine was iniatiated with design of power screw 
which is used for lifting the arm which is supported 
by guide rods, arm carries two stepper motors these 
stepper motors rotate by 90 degrees once it reaches 
upper limit and once motors rotated then arm moves 
down to dip the substrate in other solution. Some of 
the special features incorporated in machine which 
are not found in commertially available machine are 
as follows, 
 Two experiments can be carried out 

simultaneously with varying concentration and 
number of cycles it will save experimentation 
time. 

 Experimental parameters can be entered though 
app from smartphone. 

 This machine can also be used for simple dip 
coating purpose, stroke length can be varied by 
varied my manually moving the sensor screw. 

 

 
Fig. 1. Machine model 

 
2.2 Hardware 
 
2.2.1 Microprocessor 
Arduino is an open-source micro-controller units for 
building advanced gadgets and intelligent objects that 
can interact with the physical world by detecting and 
controlling objects in it. Arduino board circuits utilize 
an assortment of microprocessors and controllers. It is 
equipped with sets of digital and 

analog input/output (I/O) pins through which it is 
interfaced with other circuits and expansion boards, it 
can be simply connected to a computer with 
Universal Serial Bus (USB) cable to get started. 
The Arduino Uno is an 8 bit microcontroller board 
based on the ATmega328 it has 14 digital 
input/output pins (of which 6 can be used as PWM 
outputs) and 6 analog inputs. The Arduino Uno can 
be programmed with the dialect of features from the 
programming languages C and C++. The Arduino can 
be programmed within the limitations of the 32 KB 
memory and the processing power of the 
microcontroller. Arduino can function independently 
without being connected to a computer, or 
alternatively programmed to react to the data 
acquired from the input channels. In practice, the 
Ethernet shield gives the Arduino an IP address 
allowing it to be controlled over the internet, the 
Bluetooth shield allows wireless communication with 
mobile phones running on Android and iOS/iPhone, 
and the ZigBee shield interaction with wireless sensor 
networks. 
 
2.2.2 Motor driver 
Motor driver is based on the very popular L298 Dual 
H-Bridge Motor Driver IC, it is bidirectional. Two 
motors of up to 2A can be independently control each 
in both directions by using this module. H-Bridge's 
are typically used in controlling motors speed and 
direction. It is commonly used for robotic 
applications. An H-Bridge is a circuit that can drive a 
current in either polarity and be controlled by Pulse 
Width Modulation (PWM). Controlling motor 
through PWM lasts the motor much longer. The 
circuit consolidates 4 bearing LEDs (2 for every 
engine), a heat sink, screw-terminals, and also eight 
Schottky EMF- protection diodes. Two high-power 
current sense resistors are likewise fused which 
permit monitoring of the current drawn on each motor 
through microcontroller. 
 
2.2.3 Bluetooth module 
Bluetooth modules are based on the Cambridge 
Silicon Radio BC417 2.4 GHz Bluetooth Radio chip. 
This is a complex chip which uses an external 8 M bit 
flash memory. These modules work well with 
Arduino. Bluetooth modules can be set to be either 
master to slave. HC-06 is a Slave only device. This 
small module runs on 3.3V power with 3.3V signal 
levels. The module has two modes of operation, Data 
Mode where it transmits and receives data to another 
Bluetooth module and Command Mode where we can 
send AT commands to it. 
 
2.2.4 IR sensor module 
The IR Sensor is a general purpose proximity sensor. 
Here we use it for moving arm up and down. The 
module consists of 358comparator IC. The module 
consists of an IR emitter and IR receiver pair. The IR 
signal is detected by the high precision IR receiver. 
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The power consumption of this module is low. It 
gives a digital output. Status of the sensor is indicated 
by LED indicator. Potentiometer is used to tune 
sensitivity of the IR Sensor. Sensitivity of the 
receiver is set to maximum by turning potentiometer 
in anticlockwise direction. If the sensing distance 
(i.e., Sensitivity) of the receiver is needed to be 
reduced, then potentiometer needs to be tuned in the 
anti-clockwise direction. In Direct incidence 
connection, IR LED and photodiode are kept in front 

of one another, so that IR radiation can directly falls 
on photodiode. If we place any object between them, 
then it stops the falling of IR light on photodiode and 
the indication LED is off. 
 
2.2.5 Android Phone 
Machine is commanded using android phone by using 
an application which we will get from Android Play 
store.  By installing this application we can insert the 
dipping timings and number of cycles.

 

Fig. 2. Block diagram of Arduino controller platform
 

 
III. EXPERIMENTAL DETAILS 
 
Experiment was conducted with the machine to 
demonstrate coating of silver particles on copper 
substrate. 100ml of 0.001M silver nitrate solution was 
taken in first beaker in the second beaker 100ml 
distilled waster was taken followed by 100ml 0.002M 
sodium borohydride and then 100ml distilled water. 
Silver nitrate and sodium borohydride form anionic 
and cationic precursors. Various  

 
 
 
literatures revel that rinsing timing in the distilled 
water should be less than the immersion timing in the 
prescusor solution. Immersion timing in the silver 
nitrate and sodium borohydride was taken as 15s and 
rinsing timing in distilled water as 5s. 
 
When copper substrate is dipped in the silver nitrate 
solution silver nitrate is adsorbed on the copeer 
surface then it is rinsed in distilled water to remove 
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excess ions, it is then dipped in sodium borohydride 
solution which will reduce silver nitrate to silver on 
copper substrate then again it is rinsed in distilled 
water to wash off loosely held ions the silver nitrate 
reduction reaction can be written as, 
 
AgNO3 + NaBH4 → Ag + ½ H2+½ B2H6 +NaNO3 
 
This forms the single SILAR cycle therefore 
experiment is conducted for 20 such cycles. 
Immersion timing and number of cycles are inserted 
through android phone. 
 

 
Fig. 2. Experiment on machine to coat silver particles. 

 

 
Fig. 3. Images of specimen before and after coating. 

 

 
Fig. 4. Image of coating taken from optical microscope. 

 
IV. RESULTS 
 

XRD pattern of the Ag thin fim on the copper 
substrate is as shown in the Fig. 5. In the diffraction 
pattern shows four dominant peaks at 42.73, 49.833, 
73.57, 89.533 corresponding to (111), (200), (220) 
planes, these peaks are of copper and on futher 
zooming and noticing the curve we get small peaks at 
37.919, 43.884, 64.356 corresponding to (110), (120), 
(031) planes these are peaks for silver. 
 

 
Fig. 5. XRD fo silver paricles on copper substrate 

 
Fig. 6. shows the SEM micrograph of deposited  
silver particles. From SEM images, it is seen that the 
deposited silverparticle film consists of spherical 
grains of random sizes. It is seen from Fig. 6 that the 
silverparticles are dispersed. The size of the particles 
as seen from Fig. 7. Is few microns, this is due to the 
higher concentration of silver nitrate solution. 
 

 
Fig. 6. SEM image 1300X 

 

 
Fig. 6. SEM inage at 10000X 

 
CONCLUSION 
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Silver particle were coated on copper substrate using 
SILAR coating machine. Silver particles coating has 
become possible using NaBH4 as a reducing agent 
and using AgNO3 as a reductant using SILAR 
technique. Size of the particles depends upon the 
concentration of the solution if the concentration of 
solutions is in fraction of mM then nanoparticles can 
be obtained. More dense coating can be obtained by 
increasing the number of dipping cycles. Since the 
cost of machine is only 5% of that of commertially 
available SILAR coating machine and it also has 
some additional feature it can be encorporated for 
carrying out for thin film coating. 
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