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ARTICLE INFO ABSTRACT

Keywords: The surface passivation of thermally deposited Au using n-alkanethiol self-assembled monolayers (SAMs) as
Self-assembled monolayer insulating monolayers in electrolyte-gated organic-field effect transistor (EG-OFET) and its impact on EG-OFET
Functionalization operation has been clarified. We used three different n-alkanethiols derivates, namely propanethiol (P-SAM),
](Elgcglci):%{ﬂtammetry hexanethiol (H-SAM), and octanethiol (O-SAM), with different chain lengths (Cs, Cg, and Cg). The non-uniform
Stabilization distribution of the used SAMs on the inhomogeneous Au surface significantly affects the net capacitance, i.e., the
Capacitance serial capacitance of the double layer (Cpy) and blocking layer (Cpr) capacitance of the functionalized gate. The

SAM-functionalized gates were exposed to cyclic electrical stress (forward and reverse) for 128 cycles with gate
voltage (V) sweep from 0.1 to —0.4 V at constant drain voltage (Vp = -0.4 V) and compared to a bulk-gold
reference gate electrode. The registered transfer curves showed increased drain currents that saturated during
prolonged cycling. Two figures of merit, i.e., threshold voltage (Vi) and hysteresis, were extracted from the
recorded transfer curves, and their responses were studied separately. We found that both Vi, and hysteresis
increase with cycling. The change is small but constantly increases for the short-chain P-SAM, while for the
longer-chain H- and O-SAM, the initial change is more prominent, reaching saturation after approximately 25
cycles. We have investigated the surface roughness of different gate electrodes through Atomic Force Microscopy
(AFM) to confirm the packing density of thiol molecules. We also performed 80 h long-term stability data using
cyclic voltammetry measurements for each thiol-functionalized electrode. No signs of desorption could be found,
as evidenced by XPS. The results are consistent with previously suggested models for electrical transport across
such SAMs, confirming that these monolayers restrict faradic processes at the electrodes by passivating the Au
surface.

1. Introduction

Recent advancements in electrolyte-gated organic field-effect tran-
sistor (EG-OFET) based biosensors show great potential for future point-
of-care diagnostic devices [1,2]. However, there are two main chal-
lenges frequently encountered during the sensing process. The first deals
with minimizing unwanted faradaic currents that can cause device
degradation, and the second is associated with achieving stable device
operation [2,3]. Typically, a cleaned Au-electrode (either in bulk or in
its thermally deposited form) is employed as a reference gate electrode
to stabilize the device before and monitor the channel for degradation
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during sensing measurements. Polarizable electrodes, such as gold, tend
to adsorb organic materials available in the measurement surroundings
resulting in altered interfacial properties with drift or an incorrect de-
tector response as an option [4]. One way of attaining a highly stable Au
gate electrode would be by applying a passivating monolayer over the
surface of the gate electrode.

Self-assembled monolayers (SAMs) based on n-alkanethiols have
been extensively employed as surface passivating layers on metal sur-
faces [5-10]. These thiols form well-ordered, closed-packed, and uni-
form monolayers and act as molecular (charge) blocking layers [11].
Alkanethiol SAMs have been implemented to control the surface’s
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Fig. 1. Schematic illustration of (a) an ideally uniform alkanethiol monolayer film on smooth gold surfaces. (b) An inhomogeneous short-chain (P-SAM) monolayer
distribution leads to pinholes and ion accumulation at the bare Au spots. (c) Long-chain SAM shows a less disordered situation leading to charge transfer through
pinholes (light brown arrow) at the native Au surface, whereas the gold-thiol site involves charge transport within the monolayer (dark brown arrow).

solid-liquid (electrode-electrolyte) interfacial properties such as adhe-
sion [12] and wettability [13,14]. Whitesides et al. [15,16] clarified the
adsorption of alkanethiols with different chain lengths and concluded
that long-chain alkanethiols are preferably adsorbed relative to short-
chain derivatives of alkanethiols. The preferential adsorption of long-
chain thiol molecules has been attributed to the higher cohesive in-
teractions among long alkyl species in the monolayer, as reflected by the
solubility difference between long-chain and short-chain adsorbates
[17].

Traditionally, in the absence of redox-active species in the electrolyte
or at the terminal head group, thiol-based SAMs on gold electrodes can
be considered dielectric capacitors [18]. It has been observed that the
SAM covers most of the electroactive sites [19] present on the Au surface
and thus can restrict unwanted Au-electrocatalytic reactions under low-
voltage operation [20]. However, potential-dependent faradaic currents
for gold-monolayer-electrolyte systems exist even in the absence of
redox-active moieties at pinholes or defect sites through ions [21] and
electron tunneling at “collapsed” sites in the monolayer [22].

Fig. 1 depicts the gold-thiol SAM-electrolyte system consisting of the
gold-SAM and the SAM-electrolyte interface as described by Gupta et al.
[21]. Ideally, the functionalized alkane-thiol derivatives are expected to
form a uniform, well-ordered array on the Au surface [23], as shown in
Fig. 1(a). The packing density for closely packed thiol molecules on Au
surface results in pinholes with radii almost similar to the atomic size of
Au atoms [24]. The chemisorption of long-chain thiol molecules (C¢ and
Cg) is much more ordered on gold than the smaller ones (C3), which have
been explained elsewhere [25,26]. Factors like inhomogeneities and
surface roughness of the substrate affect the attachment of thiol mole-
cules to the Au substrate, and thus, chances for an increased bare Au area
persist [26].

It has been proposed that two main mechanisms are responsible for
the leakage through SAM-covered Au-electrodes during electrical mea-
surements. These are (1) the charge carrier penetration through pinholes
(shown as a light brown arrow in Fig. 1(c)); and (2) the transport of
charge carriers across the alkane backbone [21] (represented by the
dark brown arrow in Fig. 1(c)). The pinholes are considered large
enough to permit the percolation of ions in the electrolyte and the free
electronic charges generated by the ionization of neutral or charged
species in the monolayer or the electrolyte. The electron transfer
through the insulating alkane backbone occurs through multiple
mechanisms, tunneling, charge excitation to the LUMO level of the
alkane chain, or thermal hopping of the electronic charge within the
localized potential wells associated with each carbon atom of the alkane
chain [27-35]. Once arriving at the native Au surface atoms, the charges
experience a potential energy barrier at the interface due to the differ-
ence in the chemical potential. However, at the site of an Au-S bond, the
chemical potential is equal at the interface region because the electrons
bonded with these atomic orbitals are delocalized within this carbon
chain. Additionally, the Fermi energy of electrons at the Au-monolayer

interface is slightly lower than surface electrons because of the shared
electrons with the sulfur moiety [36,37].

The present article clarifies the impact of thiol-based SAMs as
passivating agents for Au gate electrodes in EG-OFETs. We prepared
functionalized n-alkanethiol (CH3(CHj),SH) based SAM electrodes,
where n = 2, 5, and 7 refers to propanethiol (P-SAM), hexanethiol (H-
SAM), and octanethiol (O-SAM), respectively. The performance of these
passivated gate electrodes was measured with respect to a bulk Au as a
reference gate electrode. We performed transfer curve measurements at
a constant drain voltage (Vp = -0.4 V) with a gate voltage sweep (Vg)
from 0.1 V to —0.4 V. Furthermore, long-term stability measurements of
all the functionalized gates were carried out through 80 h of constant
cyclic voltammetry (CV) experiments. Elemental compositions of the
functionalized electrodes were clarified using XPS measurements before
and after the electrical measurements to confirm the presence of thiol
molecules on the gold surface.

2. Materials and methods
2.1. Materials details

Poly(3-hexylthiophene-2,5-diyl), P3HT (Sigma-Aldrich, regior-
egularity > 99%), with an average molecular weight of 17.5 g/mol, was
employed as the semiconductor without extra processing. Commercially
available phosphate-buffered saline (PBS) capsules comprised of 0.01 M
phosphate buffer, 0.0027 M potassium chloride, and 0.137 M sodium
chloride were purchased from Sigma-Aldrich and solved in Milli-Q water
(18.2 MQ-cm at 25 °C) to make a buffer solution with pH 7.4 at 25 °C. N-
alkanethiol derivatives (CH3(CH2),SH) with n = 2, 5, and 7 i.e. n-pro-
panethiol (C3H7SH), n-hexanethiol (Cg¢Hi3SH), and n-octanethiol
(CgH17SH) (99% pure) were purchased from Sigma-Aldrich and used
with no further purification. Water (HPLC-grade), and ethanol grade,
puriss. p.a. assay, > 99.8 % from Sigma-Aldrich, was used without
further purification. Polyethylene naphthalate (PEN) films were pur-
chased from Teonex.

2.2. Device fabrication

Interdigitated Cr (5 nm)/Au (50 nm) electrodes deposited onto Si/
Si0O, (300 nm) substrate were received from Technical Research Centre
of Finland. The channel width and length were 80800 pm and 5 pm, so
the obtained W/L ratio was 16160. The substrates were cleaned for 10
min via ultrasonication, each using isopropanol (IPA) followed with
deionized water. After that, a freshly prepared solution of P3HT in
dichlorobenzene (DCB) of 4 mg/mL concentration was spin-coated
(2000 rpm for 40 s) followed by annealing at 90 °C for 1 h on a hot
plate in the dark. A 3D printed well with an adjacent reservoir was fixed
on the substrate using the polydimethylsiloxane (PDMS) elastomer that
stores the HPLC water acting as the electrolyte. Finally, the device was
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incubated in HPLC water (electrolyte) overnight prior to measurements.
Figure S1 (Supplementary Information) represents the schematic of the
EG-OFET device with its various components.

2.3. Electrode fabrication

Commercially available PEN films with an adhesive layer were used
as substrates for the thermal evaporation of a 50 nm thick Au layer. After
evaporation, these substrates were ultrasonicated in IPA for 10 min,
followed by 2 min of UV ozone treatment. The UV oxidized PEN-Au
substrates were taken into a nitrogen atmosphere and placed in one of
three 10 mM solutions containing either propanethiol (P-SAM), hex-
anethiol (H-SAM), or octanethiol (O-SAM), all dissolved in ethanol,
depending on the desired thiol-SAM. The PEN-Au substrates were then
incubated in these solutions for 16 h to allow adsorption and self-
assembly of the desired thiol molecules on the Au surface. Afterward,
the substrates were cleaned using ethanol and stored in ethanol in the
refrigerator to minimize the oxidation of the SAM layer during the
processing to achieve the highest quality films [26].

2.4. Atomic force microscopy

Atomic force microscopy (AFM) images were recorded on a Bruker
Dimension Icon AFM by using tapping mode with intermittent contacts
(model: ScanAsyst in Air, resonant frequency: 1 kHz, and force constant:
0.72 Nm, samples/line: 512, cantilever dimensions: 650 nm (Tip),
115 um (Length), and 25 um (Width)).

2.5. Stabilization measurement

The electrical measurements were performed using a Keithley
4200A-SCS Parameter Analyzer with EG-OFET devices using HPLC-
grade water as the electrolyte. The electrical stability response of the
thiol-SAM gate electrodes was recorded using the protocol developed for
the biosensing and long-term stability measurements described else-
where [1,38]. Briefly, two different electrodes, named reference gate
(bulk Au electrode) and functionalized gate (thermally deposited Au
electrode on PEN substrate passivated with different SAMs), were kept
in contact with the HPLC water as an electrolyte. For stabilizing the
channel, the drain current (Ip) and the gate current (Ig) were measured
as a function of Vg (ranging from 0.1 V to —0.4 V to 0.1 V in steps of
—0.01 V) at a constant drain voltage of —0.4 V until the change in
maximum drain current (Ip max) varies less than 2 % per hour as shown
in Figure S2 (Supplementary Information). Moreover, all the curves
were measured in the forward and reverse modes to monitor the
occurrence of hysteresis. After the EG-OFET channel reached quasi-
steady-state current values [38], a transfer curve was recorded and
stored as the reference current level (before functionalized gate mea-
surements). Once the channel was stable, the thiol-based SAM gate was
mounted, and new cyclic transfer characteristics were recorded for 128
cycles. This latter process was carried out to stabilize the EG-OFET to the
functionalized gate electrode threshold voltage. To ensure that the
channel remains stable using different functionalized gates, transfer
characteristics were measured using the reference gate electrode before
and after each set of measurements.

2.6. Cyclic voltammetry measurement method

The long-term behavior of the passivated Au electrodes and their
impact on the leakage currents were carried out through cyclic vol-
tammetry (CV) measurements using a potentiostat (GAMRY Instruments
Reference 600). We use an Ag/AgCl double-junction reference electrode
(inner solution 3 M KCl, outer solution 1 M KNOs), platinum (Pt) wire
counter electrode, and the thiol-SAM functionalized electrode as the
working electrode. The electrodes were placed in 10 mM PBS buffer
solution. Electrical stress was applied using a voltage sweep on the

FlatChem 42 (2023) 100553

Table 1
Summary of the average roughness and RMS roughness of different gate elec-
trodes with passivating SAM layers. The imaged area in all cases is 0.2 ym x
0.2 ym.

Samples/ Roughness Average Roughness (R,) RMS Roughness (Rq)

Bare Au 0.78 nm 0.98 nm
P-SAM 0.94 nm 1.25 nm
H-SAM 0.94 nm 1.26 nm
0-SAM 0.96 nm 1.20 nm

working electrode from 0.1 V to —0.4 V to 0.1 V with 40 s delay between
each sweep, for a total of 80 h (4900 cycles), while the cyclic cur-
rent-voltage (I-V) curves were simultaneously recorded.

2.7. XPS measurement method

X-ray photoelectron spectroscopy analyses for studying the
elemental compositions of the thiol-SAM electrodes were carried out on
a PHI Quantum 2000 XPS Microprobe spectrometer (Physical Elec-
tronics) using a monochromatic Al K(a) X-ray source, with the X-ray
settings of 100 pm, 25 W, 15 kV. The survey scan was acquired using a
constant pass energy of 187.5 eV, and the detailed scans were acquired
using constant pass energy of 58.7 eV. The measurements were carried
out for sample thiol-SAM electrodes before and after the electrical
characterization measurement with an EG-OFET device. The measure-
ments comprise of survey runs as well as the binding energy associated
with gold, carbon, sulfur, and oxygen elements.

3. Results and discussion
3.1. Morphological studies

The surface morphologies of the three different thiol-SAM gate
electrodes (P-SAM, H-SAM and O-SAM) and a bare PEN-Au electrode
have been explored using AFM [10,35]. The average roughness (R,) and
the root mean square roughness (Rg) of these surfaces are summarized in
Table 1 and provide information of the topographies of the functional-
ized electrodes. Although the roughness values are similar for each SAM
surface, visual inspection of the AFM images (Fig. 2) reveal similarities
between bare Au and P-SAM (Fig. 2 (a, b)), as well as between H-SAM
and O-SAM (Fig. 2 (c, d)).

3.2. Stabilization measurements

In Fig. 3 we show the first 128 transfer and gate-leakage curves for
the SAM-functionalized Au-electrodes. The transfer curves show
increased drain current during the initial stabilization process for each
thiol-SAM. From the transfer curves in Fig. 3(a, c, e), we conclude that
during the first 25 cycles, the SAM layers must reorganize under external
bias conditions that led to the increase in the leakage current along with
the significant change in Vu and Ipmax [22]. The transfer curves
recorded using the bulk Au reference electrode before and after mea-
surements show less than 5 % change in the magnitude of Ip may, without
hysteresis, see Figure S2 (Supplementary Information), which confirms
the EG-OFET reaching quasi-steady state during the stabilization pro-
cedure. The transfer curves follow the drain current equation for a field-
effect transistor in the saturated region:

w
Ip = 5 HCun(Vi = V)’ )

Where W(L) is the width (length) of the channel, y, the mobility of
the charge carriers, Cy total EG-OFET capacitance, and Vy, is the
threshold voltage. Focusing on one thiol-SAM gate over 128 cycles, we
observe that the curves noticeably shift along the gate voltage axis
during the forward bias transfer, while the curve shapes remain similar,
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Fig. 2. Atomic forced microscopy images of four different gate electrodes namely (a) bare Au; (b) P-SAM; (c) H-SAM; and (d) O-SAM, respectively in 0.2 ym by 0.2

um region.

see Figure S4 (Supplementary Information). Changes in Cior will alter the
shape of the curve, while changes in Vi, will only shift the curve along
the gate voltage axis. The reorganization of the SAM while cycling will
therefore impact the work function of the electrode, shifting the Vy,,
while the total EG-OFET capacitance remain unchanged. As Cy is the
electrode/electrolyte and electrolyte/semiconductor interface capaci-
tances in series, it is dominated by the smallest one. In this EG-OFET
setup, the large double layer capacitance at the electrode/electrolyte
interface implies that changes at that interface should not impact Cyot
over the 128 transfer cycles [30]. Comparing instead the different thiol-
SAM transfer curves to each other, Fig. 3(a, ¢, e), and to the bulk Au
reference, Figure S4, we observe that the shapes are different, not just
shifted, inferring that the difference in capacitance between the different
SAMs is observable in this EG-OFET setup. By considering the electrode/
electrolyte interface as another serially coupled capacitance consisting
of a double layer capacitance (Cpy) and a blocking monolayer (Cpy), we
can assume that Cpy, is constant and Cpy, is dependent on the chain length
of the SAM (Cs, Cg and Cg).

The compiled results of all measurements for the stabilization studies

(Ip,max Vs cycle index) using the three different thiol-SAM electrodes can
be seen in Fig. 4. We can see that the Ip yax values vary over the mea-
surements suggesting that the measured I, depends on the device’s
history. However, the shape of the curves shows a similar response be-
tween sets of each thiol-SAM, allowing us to conclude that the response
behaviors in each case were somewhat similar. To compare results be-
tween measurement sets, the Ip max values were normalized to the last
value (Ip, max at cycle 128), and the average normalized value and
standard deviations for each cycle were calculated as shown in Fig. 4(b,
d, ). In these Figures, we can observe the initial stabilization of the
functional gate electrodes and the whole device. After about 50 transfer
cycles, the standard deviation from the final 128th cycle is less than 5 %
for each thiol-SAM electrode, suggesting that the EG-OFET has reached a
new quasi-steady state which is dependent on the gate electrode. We can
see that for P-SAM the Ip max value is always within 10% of its final,
stabilized value. For H-SAM and O-SAM the initial Ip max values are
almost 40% of the final value, but after approximately 25 cycles for both
H-SAM and O-SAM, the values are within 10% of the final, stabilized Ip,
max- This initial, drastic change for the longer chains can also be seen as a
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each thiol-SAMs gate electrodes i.e. P-SAM (a, b), H-SAM (c, d), and O-SAM (e, f), respectively.
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Fig. 4. Stabilization curves (Ip max Vs Cycle index) of different measurement sets together with their average Ip max value, and standard deviation for each thiol-SAM,

namely, P-SAM (a, b), H-SAM (c, d), and O-SAM (e, f).

shift in threshold voltage Vi, seen in Fig. 5, and can be attributed to the
reorganization and change in surface potential under the external bias
mentioned above.

Control experiments suggest that the device components, namely the
organic semiconductor layer, dielectric, and gate electrode, remained
largely unaffected during the electrical measurements because the de-
vice performance was almost similar before and after measurements, as
observed via a reference bulk Au, Figure S3 (Supplementary Informa-
tion). However, a consistent change in the transfer curves was observed.
The threshold voltage shift and hysteresis were extracted from the
transfer curves for all the thiol-based SAMs associated to individual
measurement sets, as shown in Fig. 5(a, c). Furthermore, the normalized

curves (in Fig. 4(b, d)) that include the average value and standard
deviation corresponding to each cycle were plotted as a function of the
cycle index to compare these results for each thiol-based SAM. The
threshold voltage was extracted using equation (1). The hysteresis value
is calculated as the area between the forward and reversed biased
sweeps in the transfer curves. It can be seen from Fig. 5(a, b) that, almost
in all cases, the threshold voltage shifts towards more positive values
during prolonged cycling and behaves similarly to the Ip yax values,
which is to be expected. However, forward-biased sweeps always show
larger drain currents than backward ones. The cause for this hysteresis
effect and its increase over the 128 cycles is most likely due to trapped
charges inside the SAM, causing a minor shift in the Vy,. However, as the
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Fig. 5. Represents the threshold voltage shift (a, b) and hysteresis (c, d) together with their normalized curves for all cycles associated with different thiol-based sams

as gate electrodes i.e., P-SAM, H-SAM, and O-SAM, respectively.

hysteresis varies between similar thiol-SAM electrodes, the exact
mechanism can be very complex. As the pinhole mechanism dominates
in the shorter P-SAM electrode, it will be the most similar to a bare Au
electrode, see Figure S5 (Supplementary Information). Consequently,
charge trapping in the P-SAM will be reduced compared to the longer H-
SAM and O-SAM, resulting in less hysteresis, Fig. 5(c, d).

3.3. Cyclic voltammetry measurements

The long-term effects of the different SAM-functionalized electrodes
have been clarified using CV measurements repeatedly for 80 h. The

5
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measured currents for the first and last cycle using the different working
electrodes (bare Au, P-SAM, H-SAM, and O-SAM) can be seen in Fig. 6,
while the evolution of the CV measurements can be seen in Figure S6
(Supplementary Information). The bare Au working electrode showed
typical oxidation/reduction peaks reported in the literature [39] due to
the absence of any passivating layer. In contrast, the current amplitude for
all thiol-based SAM electrodes was initially small, suggesting that the
thiol-SAMs passivate the Au electrode well. However, we observed that
the response behavior associated with individual thiol-based working
electrodes differs during 80 h of cyclic measurements. The inset in Fig. 6
(b) shows that the faradaic current decreases with increasing SAM length.
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Fig. 6. Represent (a) the first cycle (t = 0 h), and (b) the last cycle (t = 80 h) of the CV curves corresponding to four different electrodes i.e., bare Au, P-SAM, H-SAM,

and O-SAM, respectively.
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Table 2
The average value and standard deviation of atomic composition (%) of C1s, O1s, S2p, Au4f and the elemental ratios of S w.r.t Au4f and C1s, before, and after electrical
measurements.
At. % (Before) Cls Ols S2p Au4f S/Au S/C
P-SAM 20.10 + 3.82 0.60 + 0.85 0.36 + 0.50 78.95 + 4.17 0.01+0 0.02 + 0.03
H-SAM 20.15 + 2.19 0.45 + 0.35 1.30 + 1.00 78.2 + 3.54 0.02 + 0.02 0.06 + 0.06
0-SAM 25.50 + 2.40 0+0 2.60 + 0.14 71.90 + 2.55 0.04 + 0.01 0.10+0
At. % (After) Cls Ols S2p Au4f S/Au S/C
P-SAM 26.70 + 7.35 6.75 + 0.21 1.35 + 0.49 65.20 + 7.64 0.02 + 0.01 0.05+0
H-SAM 32.26 + 2.62 5.25 + 0.78 1.90 + 0 60.85 + 3.04 0.03+ 0 0.06 + 0
0-SAM 31.85 + 9.69 0.21 + 0.28 2.45 + 0.50 65.55 + 10.53 0.04 + 0.01 0.08 + 0.01

This may come as a surprise, but it can be well understood based on
the model proposed for these SAM layers. Since the propanethiol mol-
ecules are not long enough to organize properly on the thermally
deposited Au surface [40], there is a higher possibility of pinholes for-
mation in the case of P-SAM, leading to a considerable amount of fara-
daic currents. The smaller leakage currents in the case of the other two
SAM molecules confirm that the pinhole density is considerably less due
to the uniform chemisorption of long-chain thiol molecules over the
active area of the Au surface. Thus, the charge permeation to the surface
of these working electrodes occurs in a controlled fashion. It is quite
difficult to make a quantitative fractional assessment of the surfaces
composed of pinholes out of the total electrode active surface [41].
However, the quantitative analysis of SAM surface coverage can be
evaluated as the ratio of the peak oxidation current for electrolyte (PBS
buffer) at the SAM-modified electrode (Isay) to that measured at a bare
Au surface (Iay) [42-44]. The entity (Isam/Tag) x 100% is defined as the
normalized percent of electrochemically active surface area (%EAS). It is
assumed that the bare Au surface is 100% electrochemically active. The
calculated values of %EAS for different SAM in PBS buffer medium after
80 h cyclic measurements are 71.4 %; 4.3 %; and 2.5 % respectively.
This also confirms that the desorption in H-SAM and O-SAM function-
alized electrodes is quite small as compared to P-SAM.

3.4. XPS studies of different thiol-based SAM electrodes

Elemental studies were carried out through XPS measurements to
clarify the adsorption/desorption of different thiol molecules over the
Au surface before and after the electrical measurements. The normalized
peak intensity associated with gold in each sample (bare Au, P-SAM, H-
SAM, and O-SAM) was used to avoid an unnecessary shift in the peak
position during measurements, as shown in Figure S7(a, b) (Supple-
mentary Information). However, the peak response in context to sulfur
element in each sample is noisy but shows a peak around 162.3 eV that
confirms the presence of sulfur [42,45], Figure S7(c, d), both before and
after electrical measurements.

Table 2 summarizes the atomic composition (%) of these elements
(Cl1s, O1ls, S2p, and Au4f) associated with each thiol-based SAM elec-
trode before and after the electrical measurements. We observed
increased carbon contents (before and after measurements) with
increasing alkyl chain length. However, the carbon concentration also
increased in each electrode after the measurements. The opposite trend
was observed for the Au content, indicating that some chemical reaction
must occur between the electrolyte and SAM molecules adhered over the
Au surface. The increase in the oxygen contents in each sample after
measurement supports this claim. The deconvolution of the C1s peaks is
shown in Fig. 7, which also suggests an extra component associated with
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Fig. 7. Deconvolution of Cls peaks for each thiol-based SAM electrodes before and after measurements i.e. (a, d) P-SAM, (b, e) H-SAM, and (c, f) O-SAM.
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the oxidation of carbon. However, this component was not prominent in
the case of the O-SAM electrode. Finally, the elemental ratio of sulfur w.
r.t. carbon and Au was found to be similar without much change (change
within the error bar), which suggests the SAM layer was still present
even after applying the electrical stress (128 cycles) to the thiol-based
SAM electrodes. The deconvolution of Cls peaks in Fig. 7 was per-
formed in each case to identify different chemical bonds. The peak po-
sition associated with different chemical bonds was within the error
margin of + 1%, as reported in the literature [46,47].

4. Conclusion

In conclusion, we have explored that the n-alkanethiol SAMs can be
employed as a passivating layer on thermally deposited Au as gate
electrodes for EG-OFETs. We have clarified the stabilization under the
constant voltage-bias condition. We observed that these functionalized
gates showed an initial increase in the maximum drain current, a posi-
tive threshold voltage shift, and increased hysteresis due to the contri-
bution of ionic charges through pinholes. The shortest, P-SAM, has the
most significant number of pinholes due to its disordered nature. When
employed as a passivation layer on an Au electrode, it behaves similarly
to bare Au, as evidenced by the transfer measurement cycling. Visual
inspection of AFM images also suggests similarities between P-SAM and
bare Au. The cyclic voltammetry measurements also show that it is
unsuitable for long-term passivation. The longer H-SAM and O-SAM
form more ordered layers and will act as better passivating agents.
However, the changes in the device figures of merits, threshold voltage,
and hysteresis for these SAMs are more significant, but they show better
stability over time, as confirmed by long-term CV measurements. With
XPS, we could confirm the presence of sulfur molecules before and after
the measurements, meaning that the SAMs remain intact and adsorbed
to the gold surface together with its oxidation after electrical
measurements.
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