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Low-cost Arduino-based interface for controlling gas flow in
chemical vapor deposition graphene synthesis
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In this work, we present a low-cost computer controlled, Arduino-based automation of the mass flow controllers for a chemical vapor
deposition system. The major goal of the system is to provide the possibility to produce flow ramps of several gases for material synthesis.
We used an Arduino Due board that only has the possibility to control two signals, and increased this with a multiplexor so we could control
4 signals. The control board is based on the Arduino open source electronics prototyping platform, Labview software and Matlab’s Simulink
software. We quantify the quality of our automation system by comparing the Raman spectra of our graphene samples obtained after using
our Arduino system, the manual method and using a National Instrument board. The results are very good as our 50 dollars system showe:
similar results with the National Instrument system and the manual method.
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1. Introduction obtained using our Arduino system, the manual method and
a National Instrument board.

Graphene synthesis is booming in material research and in
nanotechnological applications. However, graphene synthez System architecture
sis is still an expensive procedure which isn't easily re-

produced. Nowadays, different techniques for producingrhe system will control the power supply of the mass flow
graphene are known: mechanical exfoliation [1], epitaxialcgntrollers (MFC). The power supply used is a 247-D from
growth on SiC [2], liquid exfoliation [3] and chemical va- \KS that can control 4 channels independently. The control
por deposition (CVD) [4]. The best way to get large area,of each channel requires 2 signals: one that enables it and
good quality graphene monolayers is using the CVD synis a TTL signal, and another one that sends a voltage which
thesis method. To produce this type of graphene we neegs proportional to the aperture of the MFC valve. This latter
a CVD furnace with a fast-cooling system, a mechanical,gltage ranges from 0 V (minimum flow) to 5 V (maximum
vacuum pump, mass flow controllers, organic and hydrogeRow) and is linear with the flow rate.

gasesand a m_etal catalyzer substrate. Norma_lly the CVDfur- The system consists of four parts: a Simulink program
nace comes with a temperature controller which lets you augjch creates the flow vs. time profiles, a Labview virtual in-
tomate the temperature ramps that are needed. However, thgment that reads the Simulink flow-time data and sends it
mass flow controllers are very expensive and a power supply, the hardware, an Arduino board that receives the Simulink
with the automated ramp option costs thousands of dollargyata and outputs analog signals, and a circuit that amplifies,
This is more expensive than the CVD furnace itself and som@gyrects and sends the signals to the power source, which
developing countries laboratories don’t have the budget foggntrols the mass flow controllers (MFC) through voltage
that kind of sophisticated equipment. Therefore, a Iow—cosghanges_ Figure 1 shows a photograph of the Arduino and
fully automated controller is very important for small budget i cyit system.

laboratories that want to study graphene. This automation of The flow profiles are generated through Mathworks’
the mass flow controllers can also be used in other techniqueg§muiink  software using its signal simulation tools.

different from CVD. Simulink’s interface allows a simple, user-friendly way to
In this work, we design and develop a low-cost systemcreate a variety of flow patterns: constant flows, pulses,
based on an Arduino board to automate the flow ramps ofamps, etc. A simple Matlab code allows the simulated sig-
the gas flows using mass flow controllers. We test our systemals to be printed in a text file with five columns: the first
with the results of graphene synthesis by the CVD method bgolumn contains the x value (time) of the signal, while each
comparing the Raman spectra of different graphene sampled the remaining columns contains the amplitude (flow rate
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olution of hundreds of milliseconds, it is not recommended
since it could cause the Arduino to slow down after a while
due to overwork, which would distort the flow profile. Since
it is the Labview VI that controls the communication with
Arduino (and therefore, the communication with the power
source), it is also through this interface that the gas process
is started (or stopped). The Labview interface has a display
menu to select the text file which contains the flow profiles,
a display menu to choose the communication port with Ar-
duino, a “stop” button, and a graph that plots the flow rate
against the elapsed time. To start the process, it is just needed
to press the “Run VI” button. The graph displayed in the Lab-
) o view window plots the values read from the text file, it doesn't
FIGURE 1. Photograph of the Arduino and the circuit system. plot the flow (voltage) values from the circuit's output. Be-
. . . i cause of the communication protocol used (serial) between
in sccm units) of a signal. The first row of every channel ha o : )
o ) he PC and the hardware, it is impossible to have a real-time
a letter that indicates whether the channel is on or off, an . : . .
. o analysis of the data, therefore, the graph is merely illustrative.
thus, if the communication between the MFC and the powef, . :
owever, we were able to print the pressure of the synthesis

source will be allowed. . .
. . . chamber which corresponds to the flow rate values given by
A Labview Virtual Instrument (VI) platform, shown in our Arduino system.

the appendix, reads line by line and row by row the text file
described in the previous paragraph, sending every value to Regarding the Arduino, the Labview VI attaches a letter
the Arduino board via serial communication. In our proposecht the end of every string of numbers sent through the serial
control system, the time resolution of the printed text file isPort; the Arduino reads these letters to identify the channel to
one second, and as such, we are interested in maintaininghich the string of numbers belongs, and writes a voltage in
the output value of the Arduino digital-to-analog-converterthe DAC output of the indicated channel. It must be noticed
(DAC) during one second. Since the communication betweeihat the flow rate values in the text file must be converted to
Labview and Arduino is much faster than that, a time delayan equivalent number according to the resolution of the DAC
is introduced in the block diagram of the Labview VI. The converters of the Arduino; the maximum DAC output voltage
resolution of the signal can be modified to be smaller, how<corresponds to the highest flow rate allowed by the MFCs.
ever the time it takes between Labview reading the value off his conversion is executed by the VI, so Arduino receives
a channel and Arduino “printing” it through its DAC output the voltage value in “DAC converter units”. Every time the
must be considered. Although it is possible to achieve a regArduino writes a voltage in its DAC outputs, it also writes a
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FIGURE 2. Schematics of the circuit.
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a digital high or low in one of two digital outputs (depend- The negative voltage as well as the extra volts were used to
ing on the letter received from the VI). These digital signalsobtain the offset and proper gain for the amplifiers. The total
synchronize the multiplexer and the sample & hold with thecurrent drawn by the circuit is less than 100 mA. The calibra-
analog signals (this will be discussed later). tion of the system (adjustment of the trimpots for gain and
On the hardware side, we designed an independent fowffset) was done when the circuit was connected directly to
channel circuit that sends the signals received from the P@e MFC power source, this calibration is solely done the first
(Labview) to the MFC's power source, shown in Fig. 2. Thetime the system is powered on.
Arduino platform has only two boards capable of an analog
output, the Arduino Zero and the Arduino Due 1, the differ-
ence between them is the number of channels (1 for the Zerd.  Application in graphene CVD synthesis
and 2 for the Due) and the resolution of the converters (10 bit
DAC for the Zero and 12 bit DAC for the Due). It is worth In order to test the proposed automation system, we synthe-
mentioning that the cost of these boards is virtually the samesized graphene by chemical vapor deposition using differ-
therefore the choice of the Due board was straightforward 2ent gas flow control techniques: the proposed Arduino sys-
There are several things to be considered about the chosé&m, directly manipulating the gas flow through the power
board: the DAC output voltage is 0.5 V to 2.7 V, the boardsource, that we will call the manual system and the National
operating voltage is 3.3 V, and the time resolution of the sysinstrument system. We then compared the results by their
tem, A,, is in the order of Jus. The complete schematic of Raman spectra, using a Thermo Scientific Raman micro-
the circuit is shown in Fig. 2, which can be divided in four scope with Micro-Raman using a 532 nm laser. The finger-
general sections: demultiplexing, holding of the signal, am-print of a graphene monolayer of good quality is an intense
plifying and filtering. thin Lorentzian peak at 2700 cmh and a small thin peak at
An analog circuit was used to demultiplex the Arduino 1580 cnt!. This is due to its vibrational modes: breathing
signals from its 2 DACs to the four required channels. Forand stretching modes of the carbon atoms. For best homoge-
the time being, we only use 2 signals to control 2 gases: hy-

drogen and methane but the system is designed to be able t Continuous method
control up to 4 gases. The 4 gases are needed for other ma  gyx rate (scem) Temperature (°C)
terial synthesis and for graphene doping. The demultiplexing A A

could be made internally with the Arduino, but it was pre-
ferred to keep the complexity of the microcontroller script
to a minimum and in consequence avoid time shifts with the
computer communication. The integrated circuit used is the
HCF4051, according to its datasheet its rise time is at least 4,100
one order smaller than the system time resolution.

Once the signal has been demultiplexed, a sample & hold
circuit (LF398) was used to keep the voltage level constant

1020

between the assignment of the four different channels. This < 2 " 100

integrated circuit is commonly used in signal processing and |

is fast enough for this design. The hold capacitor was chosen 0 50 70 90 time (min)

carefully to avoid that its leakage current could modify the

holding voltage, the typical variation was 1 mV/s. The syn- Pulsed method

chronization of the multiplexer and sample & hold circuits [l .
ux rate (sccm) Temperature (°C)

are controlled directly from the microcontroller using stan-

dard Boolean values, but there should be special attention or

what kind of logic (TTL 5 V or 3.3 V) each device is work-

ing with. The transistor)1, serves as a unidirectional logic | 1656

voltage shifter and the NOT gate (40106), allows the syncing / \

between the multiplexer and the sample & hold. The time H, 100

delay of the NOT gate is in the order of nanoseconds, and the \
N=60

A A

fact that it is a Schmitt trigger gate, makes the synchroniza-

tion quite good and highly immune to noise. ; 1
For the amplification, a standard operational amplifier is By 25— """""""""""" |

used (LM324) for adjusting the output range of each channel f H H H H " H

to TTL output (0 to 5 V). The output stage consists on a pro- 0 50 70 130 time (min)

tection circuit using a Zener diode with nominal voltage of

5.1V, and a first order low pass filter. The whole circuit was FIGURE 3. Flow rates versus time.

powered by a low noise-12 V power supply OJS22WX-U.
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FIGURE 4. Pressure versus flow rate graph.
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The three different methods of gas insertion were per-
formed using the same recipe to be able to compare them.
We used two different recipes: a continuous one and a pulsed
one. The continuous recipe consists in low pressure anneal-
ing of the copper foil with 100 sccm of Hfor 70 minutes
from 20°C to 1020C and then 20 minutes with both 100
sccm of B and 25 scecm of ClHat 1020C. To control the
flow through the National Instrument system, we used a Lab-
view VI like the one used for the Arduino system. The pulsed
recipe consisted in low pressure annealing of the copper foil
with 100 sccm of H2 for 70 minutes from 20 to 1020C
and then we repeated 60 times the following cycle at 1020
20 seconds with both 100 sccm of, tdnd 25 sccm of CH
and 40 seconds with 100 sccm of, ldnd no methane. In
Fig. 3, the gas flow rates for both cases: continuous and
pulsed methods are shown.

Figure 4 shows the pressure obtained at different flow
rates using the Arduino system and the manual method. Both
techniques show good agreement in the pressure response for
each flow rate.

Figure 5 shows the Raman spectra for the three different
methods and for both recipes, showing the graphene obtained
with our Arduino method in comparison with the manual and
National Instrument method. The three Raman spectra result
in good quality monolayer graphene.

Table | shows the 2D peak over G peak intensities ratio
and D peak overG peak intensities ratio for each sample
which shows that each gas insertion method gives compara-
ble good quality graphene for both recipes. It is also shown
the distance between defecls,, for each sample obtained
by the following Eq. (3) from Ref. [6]:

s o (43+£13)x10° (I(D)\ "
=t = B (0G) @

The distance between defecfsp, is a measure of the
density of point-like defects, the bigger the number, the less
defects in the sample.

TABLE |. Ratios between 2D and G intensities, D and G intensities
and the distance between defects for each sample.

Method Recipe I1(2D)/I(G) I(D)/I(G) Lp (nm)
Manual Continuous 2.2 ~0 Too large
Arduino Continuous 2.1 ~0 Too large
Nat. Ins. Continuous 1.9 0 Too large
Manual Pulsed 1.3 0.3 22
Arduino Pulsed 14 0.4 19
Nat. Ins. Pulsed 1.6 0.4 19

FIGURE 5. Raman spectra for graphene samples on copper using

the Arduino method, the Manual method and the National Instru-

ments for the a) continuous recipe and b) pulsed recipe.

neous monolayer, the peak at 1350 dnwhich shows de-

4. Conclusion

In summary, our Arduino system is a very good and cheap

fects and/or borders of the graphene film should be very smalliay to control the mass flow controllers for different ma-
or nonexistent [5].

terial CVD synthesis, in particular, we have proven this for
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graphene monolayer samples. Our system can be used Acknowledgments
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Appendix

A. Block diagram of the VI for two channels.
The VI for the four channels is equivalent.

Rev. Mex. is. 65 (2019) 89-94



94

AXEL R. RODRIGUEZ-GOMEZ et al.,

.. At the moment of writing this paper, there exist another board 3. S. Park, R. S. Ruofffature Nanotechnologg (2009) 217.

with an integrated DAC, the Arduino MKR1000, with technical

specifications similar to the Arduino Zero. 4. X. Li, Science324(2009) 1312.

The system was built so that it could be migrated to the other

Arduino boards without problems. 5. A. C. Ferrari, D. M. BaskoNature Nanotechnolog® 235
. K. S. Novoselowt al., Science306666 (2004). (2013).
. C.Riedl, C. Coletti, U Starkel, Phys. D: Appl. Phy<13(2010)

374000. 6. L. G. Cancadet al Nano Letterd1(2011) 3190 .

Rev. Mex. Fs. 65 (2019) 89-94



