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1. Material Analysis

Figure S1 reports the Raman spectra collected on the material grown by chemical vapor
deposition as described in the main text.
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Figure 1. Collection of 100 Raman spectra acquired on multi-layered graphene (MLG) grown by
chemical vapor deposition (CVD).

An area of 100 x 100 um? was mapped, acquiring 100 spectra at a space interval of 10 pm.
Figure S2 reports the sketch of the plasma etching process during the pattern of the Mo layer.
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Figure 2. Sketch of the plasma etching step during the transfer-free process of MLG.

The sketch shows the effects of the ions in lowering ~20-30 nm the initial thickness of the SiOz
film when patterning the Mo layer.

2. Analysis of Sensing Properties

Figure S3 reports the close-up of the transient of the MLG-based resistor while decreasing
relative humidity (RH) level (blue line) in Test1.
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Figure 3. Close-up of the current extracted from Figure 4a (main text) before the normalization to lo.
The dashed red line represents the fit of the current (black line).

From the graph in Figure S3, we determined the sensitivity (0.5 nA/%) towards RH reported in
the main text.

Figure 54 reports the results obtained while applying Test2 on the MLG-based chemi-resistor
(see main text).

Sensors 2020, 20, x; doi: FOR PEER REVIEW www.mdpi.com/journal/sensors



Sensors 2020, 20, 3174

30f7

0082 : :
70
S
__ 0.04 60 2
2 2
= 0
2 [~ L Wy
0.00 0 0 2
©
! :
30
_0_04 N Il N Il N Il N Il N Il
0 30 60 90 120 150
Time (min)
10.055 ) . .
v 70 —~
X
< o /_J/ >
< £
[ ~, S
o T
- ()]
© / "w 50 £
©
10045} I =
R2=0.98
- - 40
0 20 40

Time (min)

Sensors 2020, 20, x; doi: FOR PEER REVIEW

www.mdpi.com/journal/sensors



Sensors 2020, 20, 3174 40f7

0.08 : : : —70

0.04 %"Mls/\ /—I, 60

Al (%)

0.00 (_,4

-0.04
0

Relative Humidity (%)

R2=0.93] .
20 40

Time (min)

40

(d)

0.06 M
0.04

AU (%)
o o
o o
o N
- P

~50.04
-0.02 ] < 0.02- L
55 50 45

_0.04 [l N [l N [l N [l RH(%) [l
65 60 55 50 45

Relative Humidity (%)

Figure 4. (a) Real-time behavior of the current variation (black line) upon Test2 (blue line). (b)—(c)
Close-up of the current extracted from panel (a) before and after the normalization the normalization
to Io, respectively. The dashed red lines represent the fit of the current (black line). (d) Al/loplotted as
a function of decreasing relative humidity (RH) level instead of as a function of time like in panel b.
The x-axis is reversed to make easier the comparison with the panel (c). Inset. Zoom on the section of
the plot enclosed in the red-box in panel (d).

Analogously to Testl reported in the main text, under the successive H:O exposure steps
(Figure S4a, blue line), Al/lo plotted as a function of time (black line) never reaches a plateau along
the exposure time of 10 min. On the contrary, Al/lo shows a robust linear dependency from the
humidity, as proven by the value of R? equal to 0.98 in the range 65%-45% of RH (Figure S4b,c).
Considering the current recorded at the two extreme RH levels, we can estimate the sensitivity (S) as
low as 0.4 nA/% (0.004%/%RH), that is consistent with the result obtained through Test1 (0.5 nA/%
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or 0.005%/%RH if expressed as a percentage). Such a value further confirms the scarce sensitivity of
MLG towards water molecules. The scarce sensitivity upon water molecules is further strengthened
by the analysis of the output in the other two zones of the plot (Figure S4a). Decreasing the RH level
from 50% down to 35% or from 65% down to 50% determines variations of about 0.02% or 0.04%.

By plotting the transient reported in Figure S4c as a function of RH level (Figure S4d), it can be
seen that the maximum step-like variation of Al/lohas height of about 0.04%/10%RH, as highlighted
in the red box and enlarged in the Inset.

The findings hereby reported strongly support the achievements in the main text, regardless the
adopted protocol.

Figure S5 reports the close up of the linear zones, obtained while applying Test3 on the
MLG-based chemi-resistor (see main text).

From panel (a)—(b), we estimated the sensitivity to be roughly equal to 0.7 and 0.4 nA/% during
the ramp down and ramp up of the protocol, respectively. From panel (c)-(d) we determined that the
percentage variation of the current corresponding to the previous two panels is 0.01% and
0.008%/%RH.
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Figure 5. Close up of real-time behavior of (a)—(b) current and (b)—(c) current variation (black line)
related to Figure 5a (main text). The values of the current are extracted from Figure 5a before the
normalization to lo. Left or right panels show the output while decreasing or increasing the RH level
(blue line), respectively. The dashed red lines represent the fit of the outputs (black line).
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The transient behavior of (I-lo)/Io is reported in Figure S6a, where Io and I are the values of the
current recorded at the inlet and along the exposure at the water vapors, respectively. Figure S5b
shows the linear region of Al/lo extracted from panel (a).
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Figure 6. (a) Real-time behavior of the current variation (black line) upon Test3 (blue line). (b) Close-
up of the output extracted from panel (a) while decreasing RH level (blue line). The dashed red line
represents the fit of the current (black line).

The value of R? equal to 0.98 (Figure S6b) definitively confirms that the variation of current varies
linearly with RH level in the range 30%-60%. The corresponding calculated sensitivity equals
0.005%/%RH, which value is well consistent with the findings determined from the first device and
reported in the main text.

Finally, due to the achievements reported here and in the main text, where the highest variation
of the signal was 0.01%/%RH, we can speculate that beyond the investigated RH range the sensitivity
cannot overtake 0.02%/%RH.
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