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ABSTRACT: Usually, two-dimensional (2D)exible strain  compressive stress .._I love science!

sensors based on cracks have very high sensitivities but 'small e
measuring ranges, while the three-dimensional (3D) ones be
in the opposite way. Here, by utilizing the large residual 7 e
glﬁkness increasing il
S - -

compressive stress of an amorphous carbon (@nd the [
exibility of polydimethylsiloxane (PDMS), we developed a fa
and economic strategy to fabricate a high-sensitive a-C/PDM
stretchable strain sensor. Results showed that fst ttae, the
a-C Im ranging from 25 nm to Im changed the shape and
orientation of conductive scales, as well as made a one-step 2D-t0
3D electrical junction transformation in integrated sensors. In e
particular, the sensor with ar thick a-C Im exhibited the best 3D junctions Shaking
comprehensive performance, displaying a maximum gauge factor of
746.7 and strain range up to 0.5. However, the linearity decreased slightly as the strain range went beyond 0.43. Additionally,
sensor showed a satisfactory repeatability for 5000 cycles, together with excellent time and temperature drift performances at :
position of 75 ppm full scale (FS) and 25 pprfFSin the range of 20 to 155°C, respectively. The sensor has large potentials
for wearable devices used in the monitoring of various human motions and physiological signals.

KEYWORDS:amorphous carbdm, stretchable strain sensors, compressive 8egs)1c2bn transformation, microstructure
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1. INTRODUCTION sensitivity is usually very high, but only a small strain can be

A stretchable strain sensor is a core component of wearafgiected, inview of the two following facts. First, with increasing
devices, soft robots, and health-monitoring devitésually, applied strain, the resistance of the crack-based sensors can
the strain change is detected through piezoresistive, capacitiverease quickly, to exceed the upper limit of the electric meter.
and piezoelectric sensing charactefisticparticular, the  In addition, the linear ranges of these sensors are usually quite
piezoresistive sensor is widely used in strain sensing owing todhall, which will also limit their application? Conversely, in
c_onvenl8ent transfo_rmatlon_ of the strain variation mto_electr_mgﬂe 3D mode, conductive scales or blocks constitute electrical
signal. “Recently, increasing progress has been achieved 'nFBSps through face or solid contacts. Their resistivities and

development of crack-basedible strain sensors, where the L .
ultrahigh sensitivities mainly originate from the UnstablR€nsitivities are usually smaller so that they can easily detect

electrical connections between adjacent conductive scales. |REjer strains. In addition, the output signals are smoother and
example, Song et al. have reported a compressive strain sefise stable due to the higher contact performances between
based on carbon black cracks with a gauge factor (GFY of 64@gjacent conductive cells. This is important for the development
while an ultrasensitive strain sensor based on graphene armis high-performance strain sensor. However, the fabrication of
scales with a GF of up to 1054 was reported by Yari et akhe 3D-mode sensors are usually cofipi&and require

Using micromachining process to fabricate cracks, a higher %ﬁger process times than those for the 2D-mode sensors.
of even over 5888 was even achieved.

For these crack-baseskible strain sensors, the electrical )
conduction mechanisms can be roughly divided into twgieceived: July 3, 2020
dimensional (2D) and three-dimensional (3D) contact modeg.cceépted: September 9, 2020
In the 2D mode, the conductive scales are covered wiff'Plished: September 9, 2020
conductive Ims (with a thickness of several hundred nanome-
ters or slightly larger) and contact with each other in one plane,
which greatly limited the contact area. Therefore, the strain
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(a) Hardened by Ar plasma

(b) Deposition of a-C film

(¢) Formation of wrinkles (d) Formation of cracks (e) a-C/PDMS stretchable strain sensor

Figure 1.Schematic of the 2D-to-3D transformation mechanism of the fabricated a-C/PDMS sensor, (a) hardening and cleaning of the PDMS
substrate by Ar plasma, (b) al@ coated on the hardened PDMS substrate and the corresponding residual compressive stress with thickness, (c)
relaxation of the large residual stress enabled the formation of wrinkles, (d) formation of original cracks (3D junctions) due to thetbeamding and frac
of the multilayer structure, and (e) illustration of the a-C/PDMS sensor.
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Figure 2.(a e) Ar plasma-hardened PDMS substrate, hardened PDMS with 4, 16, 45, and 160nmishavng the obviously changed
morphologies. (Series 1) confocal microscopy images of the morphologies in which the valleys appear. (Serids2aloeiglhetmes 5,

showing the increased depth of original valleys. (Series 3) SEM images of the microstructures, showing similar wrinkles and the original crack in
160 min sample.

Extensive studies have been carried out to combine tls&retchable PDMS was selected as a substrate, and the high-
advantages of 2D and 3D modes by utilizing teeedtes in  performance stretchable a-C/PDMS sensors were designed and
adhesion force and elasticity modulus of multilayer systems (&ghricated. Taking into account the excellent adhesion strength
Cr, polyimide (PI), SU8, polydimethylsiloxane (PDMS), Vinyheyeen the a-Gm and the substrate observed in our previous

polysiloxane, etc.). By coupling with auxiliary extra-operatio Sults, itis expected that the depositediill not be peeled o

such as prestretching, compression, or thermal contraction, the . . 2 : .
2D multilayer groups can be transformed into 3D microtNder such big stress in the present tagsing a high

structures?® 2! As a result, a high-performance crack-basegompressive stress, a one-step 2D-to-3D electrical junction
exible strain sensor can be fabricated by modifying tigansformation in a-GOms was rst presented. The sensing
electrical junctions between the scales, for example, by bendiepavior was studied by adjusting the thickness of thma-C
the edges of the scale in a microlevel to obtain a larger contaeid the sensitivity, stability, repeatability, and time/temperature
ared”However, if one keeps in mind the technology complexityrift performance of the fabricated sensors were evaluated.
and controllable sta_lbility, to develop a facile tgchnique based,&&ditionally, a test for monitoring of human motions and
::htlgllelrr\nsé for a high-performance sensor is still an Opelﬂhysiological signals of the neck during speaking, swallowing,
ge. ngad nodding, rising, and shaking, and heart beating showed the

In this study, we proposed a simple method to prepare hig . 2
performance sensors with both the advantages of 2D and gxcellent performance of the sensor in real applications. The

modes; here, an amorphous carbon (af)was used as a €lectrical conduction mechanism during the 2D-to-3D trans-
functional Im owing to its high piezoresistive gauge factor anfprmation process was discussed in terms of the evolution of the
very large residual stress up to 3 ‘@PaThe soft and  combined structures in a-C/PDMS.
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Figure 3.Electrical performance test results. (a) Images of the sensor under te8tangd(0.5), (b) GF test result for the 160 min sample and
piecewise lineatting, showing good linearity in thist two stages, (c) repeatability test results (5000 cycles) for the 160 min sample and the inset
showing the magmid view of typical three cycles, (d) test resudt ycles) for the 160 min sample at various strains, showing good repeatability
under dierent strains, (e) response time evaluation of the 160 min sample (detailed views of the rising and falling parts are shown in the insets), and
g) good temperature and time drift performances of the 160 min sample at zero position, respectively.

2. EXPERIMENTAL SECTION bias voltage 0f450 V and the working pressure was 1.1 Pa, which also
2.1. Deposition of a-C Film.The a-C Ims (one of the hydrogen- hardened the PDMS surfatBuring the subsequ.ent a-C deposition,
free amorphous carbolms) were deposited using a direct-current AT 9as (a ow rate of 65 sccm) was introduced into the chamber and
(DC) magnetron sputtering systefig(re S It is noted that the ignited the sputtering of the graphite target with a working pressure of
reason for selecting the.a{ms is d.ue to the variety of amorphoqs 0.3 Paand a DC power at 2.1 kW. Moreover, the substrate was rotated
carbon Ims and complexity in atomic carbon bonds. Before depositiog; 5 speed of 10 rpm during the deposition to enhancénthe
a thickness of 20tn PDMS was fabricated as the substratexadd uniformity. The deposition time was controlled (4, 16, 45, and 160
on a rotated substrate holder in a deposition vacuum chamber. More ' . P
details about thdm deposition technique can be referred from our MiN) t0 study the eect of the thickness on the evolution of the
previous work® To obtain a higher adhesion strength, the PDMSMicrostructure, where the corresponding thicknesses were approx-
substrate wasst etched by Aplasma for 60 min at a pulsed substrate imately 25, 100, 300 nm, and, respectively.
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2.2. Fabrication of the PDMS Substrate and the SensofThe consequence of the relaxation of the compressive stress in the a-
PDMS substrate was fabricated using the following process. Firsg gayer without thelm peeling o (Figure t). Thus, wrinkles
prepolymerand a curing agent (Sylgard 184, Dow Corning) were mixgsbre yielded followed by the formation of 3D electrical junctions
inaweightratio of 10:1. Liquid PDMS was then spin-coated ona4-ingfy gy fractures in the a-C/PDMS system, as illustrated in
silicon substrate to a thickness of approximatelgn2@fter baking at Figure . Then, the numerous 3D junctions played a key role in

120°C for 30 min, the PDMS membrane was carefully pediedo . A .
the silicon substrate. After deposition, the PDMS coated wiling-C the a-C/PDMS stretchable strain sensor, which is shown in

in a range of thickness was cut into rectangle specimens, witigure &.

dimensions of 40/12 mm 10 mmx 200 m (lengthx width x To investigate the 2D-to-3D morphology transformation, we
thickness). The ective length was about 28/8 mm. The Al wires wereadjusted the thickness of the dr€in the range of25 nmto 1
connected to the sensors using a conductive silver paste, which was by simply controlling the deposition time. As shown in
solidi ed at 120C for 20 min. In the human motion and physiological Figure gal), the plasma etching process hardened the PDMS
signal tests, the sensor was pasted onto the skin using the commetgigiace as expected. Random wrinkles appeared in the hardened
double-sticky tape. layer. Upon a-C deposition, the release of almost 1.97 GPa

2.3. Characterization Method.The morphologies of the original . . . .
surface and fabricated wrinkles/cracks were comprehensively mcgrjﬁgble Spcompressive residual stress yielded wrinkles, valleys,

tored by scanning electron microscopy (SEM, SU8010, Hitachi®f cracks in the multilayer structure, as shawgure ¢ €).
Confoca| microscopy (OLS4000' O|ympus), and atomic forC. SSUm'ng that the Substrate aftel’ the AI’ plasma treatment IS an
microscopy (Innova, Bruker). X-ray photoelectron spectroscog¢ieal plane on the scale of several micrometers, using Hooke
(XPS, Axis Ultra DLD) was used to analyze the phase content of thew, the strain caused by the am in the 2D plane can be

a-C Ims. The thickness of the deposited Bn@vas evaluated usinga calculated as

pro lometer (Alpha-Step IQ) on a silicon substrate. Using the Stoney

equation and a laser tester (JLCST022, J&L Tech Co. Ltd.), the  — 1 (.S )

residual stress of the ai® was calculated based on the curvature of ¥ Ecom X (1)
the a-C-coated 100n thick silicon substrate, and the ratio of length/

width was beyond 10. The Yodsngodulus of the a-dm was 1

evaluated by nanoindentation in a Continuous Contact Module (G200, vy~ Ec ( yS ) @)

MTS) with the maximum indentation depth at 150 nm. A single- om

column testing machine (ESM303, Mark-10) was used to test thghere , and y are the strains along tkendy directions,

mechanical performance of the sensor. The sheet resistance was tqglgfectivelf.,,and are the composite Yotspodulus and

using a four-point probe resistance tester (GP1599, Kaivo). In hg,issnig ratio of the multilayer structure (a-Cl/hardened

testing of the sensors, the strain was applied using a three'coord'rF%MS/surface layer of the PDMS substrate), respectively, and
e L L

displacement table (TSA50-A, Zolix), while the output signals we
collected using a desktop multimeter or a semiconductor devica@1d yare the stresses caused by thelar@long the andy

analyzer (8846A, Fluke; B1500A, Keysight). directions, respecti_vely. We assugwed, as the deposition of
the a-C Im was uniform and stable, and thus .
3. RESULTS AND DISCUSSION The Youn modulus of PDMS is only 0.57 MPa and that of

3.1. 2D-to-3D Morphology Transformation. Figure 1 the hardened PDMS is below 100 KfRehile that of a-C is

: : : ) proximately 185.2 GRable SR The compressive residual
illustrates the schematic of the fabricated a-C/PDMS stragﬁess of the a-dm was almost 1,97 GPeble Sp Thus, the

release of the very large compressive stress alodyg the

8001 . T direction would cause obvious wrifRlégcause the true
Aem 0.045 45 min surface was not an ideal 2D plane. As shdwguire £b3),
600} . . 160 min rod-like wrinkles along random directions appeared even in the
< D Shoulders/Fluctuation only 25 nm thick a-Clm after 4 min of deposition. But the
g 400 ; surface was stilit, which meant that the contact area between

the scales was small and mainly dominated by the cross section
of the Im, as shown iRigure #b1), which was a typical 2D
contact mode. Then, the thickness of the as-depositdcha-C
increased at a rate of almost 6.25 nm/&ig, gradually
10 80 240 300 approachef, c, and the wrinkles did not change sagmitly.
Time (s) However, the high compressive stress should be still released

. . . .through other mechanisms, such as through curved scales or
D e e e oo 360 Mven generated cracks. Compared wilh th tickness of the -
samples (the strain increment is 0.045 between two adjacent peaks, AH&I' obvious valleys are seeRigure _202'_d2: and e2) with
the at head means beyond the sensitivity of the instrument). depths of almost 1.83 to 12.8, which indicated that the
contact area became much bigger than that in the 2D mode. In
other words, 3D junctions appeared. The whole surface was then
sensor based on the concept of 2D-to-3D transformation. Asparated into numerous scales but not torn as stégura
shown irFigure &, a hardened layer is shown in the surface of Ab1, c1, d1). With the increase of the deposition time up to 160
pristine PDMS substrate due to Arion bombardment. As shownin, the thickness of the a1@) reached approximatelyri.
in Figure b, due to the lasting energetic ion bombardment, &he edges of the scales were severely curved, and then cracks
high intrinsic residual compressive stress was formed in the ajfpeared, as shownHigure el and e3). This important

Ims (assuming,= ), and a stress mismatch between a-C anatharacteristic 2D-to-3D transformation might provide the
PDMS appear%d,which was caused by the higtceptent® sensor with unique electrical performances.
(Table S1 and Figure)SRurther increasing the thickness ofa- 3.2. Strain Sensing Performance of the a-C/PDMS
C Ims easily stimulated the buckling of akiis as a  Stretchable Strain Sensor.Plastic deformation appeared in

200
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Figure 5Analysis of the electrical conduction mechanism on a 2D level by confocal microscopy and @DiRkgeéof 4, 16, 45, and 160 min
samples in which scales, cracks, junctions, and representative conductive paths are shevin2jumdspectively. (g) 2D FFT results
corresponding to the above images, showing the degree of order decreasing apparently.

Figure 6.Analysis of the electrical conduction mechanism on a 3D lel)eBEM images of the conductive junctions (top views in Series 1 and
cross-sectional views in Series 2) of the 4, 16, 45, and 160 min samples, respectively, showing that the edge of the scale is lmerahed by the a-C
then the depth of the junction increases as the thickness increases.

the rst cycle, which is showrHigure S3so the data for this  t00.992, which shows a good linear relation. In(stage25

work were recorded after Kigure & shows the good 0.43), the slope of théted line is about 599.3, aRid= 0.986,
stretchability of the sensor. The sample could easily measunstach is also sated. Furthermore, in stagg®.43 0.5), the

large strain of up to 0.5 and could be returned to the initial stastope is about 2684.9 whife= 0.962, which shows the faint
well. Moreover, it exhibited satisfactory antioverload abilitdecrease in curve linearity.

Even for stretching up to 200%, the electrical performance andlo show the high-performance repeatability of the sensor
original shape were stable after the release to the original statejer various loadings, we further present the test resuéts for
and the corresponding video is presented in realMioves( cycles at strains of 0.25, 0.34, 0.42, ané@4&: 8 shows the

SJ). Figure B presents the sensitivity test results for the a-Ctepeatability test results for 5000 cycles for the 160 min sample
PDMS sensor, that i/ Ryversus the strain. GF R'Ry/ = at a strain of 0.10. After a few stabilization cycles, the sample
(R R)/ Ry ,whereRisthe resistance under loadiyis the exhibited excellent repeatability. The waveform demonstrated
original valueR, was about 3.2 Min the following test), and good uniformity, as shown in the inset. More&igure @

is the strain. We show the results for the 160 min sample aslgows that the resistance signals had good stability and
representative sample owing to its better performances. Ttepeatability at each strain loading cycle. Most importantly,
maximum GF of the 160 min sample was 746.7 and the outptlie sample exhibited a fast response with a response time below
signal curve is smooth, which is of advantage for practic ms, which implies that the a-C/PDMS sensor could sense
applications. Considering that a linear signal is more convenieapidly changing signals, as shoviaigure 8. On the other

for understanding of the performance, we have divided the cuside Figure 8and g show that the temperature and time drifts at
into three stages. In stafje= 0 0.25), the slope of théted zero position were only 25 ppnfES! in the range of 20 to

line is about 198.8, aRtl(coe cient of determination)is equal 155 °C and 75 ppm FS during 1 h, respectively, which is
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dimensions led to dirent piezoresistive performances. To
elucidate the mechanism of thect of the a-C thickness on the
performance of the sensor, we carried out further analysis on the
evolution of the microstructure in the a-C/PDMS system.

As shown ifrigure S5the change in thickness of the dnC
caused derent 2D morphologies under strain. As shown in
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Table 1. Summary of Characteristics of Reported Crack-
Based Piezoresistive Flexible Sensors (ITO: Indium Tin
Oxide; PET: Polyethylene Terephthalate; RGO: Reduced
Graphene Oxide; CNT: Carbon Nanotube; and TPU:
Thermoplastic Polyurethanes)

no.  mose GF  (sram tabrication «ef,  Figure @, a large number of regular cracks perpendicular to the
1 D 1058 0.0012 sputtering of a Amona 12 strain dlrect_lon were obsgarved on the surface of the 4 min
PDMS substrate sample, which were detrimental as they severely broke the
2 2D 5888 0.02 sputtering of a Amon 11 conductive loop, that is, caused an open circuit. In addition, a
PDMS cracks few weak junctions, small and unstable, still connected some
3 2D 0.01 sputtering of ITO on a PET13 scales. Owing to this electrical structure, the 4 min sample
20,000 substrate exhibited very large resistivity and GF. In the 16 min sample, as
4 3b 9.4 0.50 eé“ﬁ?g}ggr,‘\}lgfﬁgo’ 34 shown irFigure B, the cracksrientation was more complex.
cellulose sponges Inclined cracks were observed and the junctions were stronger,
5 3D 155.7 2.00  embedment of RGO into d.6 which yielded a more stable conductive path (patharé
TPU 3D ber mat marked as representative in thisre). The resistance of each
6 3D 178 0.30 g;%g?gsrgDMs 3D 3 conductive pathR) can be calculated by adding its resistances
. D 352 1.50 brushing of graphene and 15 of scales and juncthr%({abandﬂuncﬂor). The totz_il resistance
CNT ink of the sampleR,.,) Originates from several multiple conductive
8 3D 1054 0.26 spraying of a graphene ink.0 paths R, R,,...,R,). Owing to more junctions and conductive
onto a PDMS substrate paths, the 16 min sample had smaller resistivity under strain than
this 2D-to- 746.7 0.5 sputtering of an aif@ to that of the 4 min sample.
work 3D fabricate 3D junctions

Figure & shows the morphology of the 45 min sample. The
slant junctions between larger scales were stronger as they were

advantageous for long-term applications under variable halehger. In addition, a large number of small scales emerged
environments. It could be said that the a-C/PDMS sensor wouinong the large scales due to the large residual stress of the
be a core component of a high-performaegible strain- 300 nm thick a-CIm. Thus, the conductive path was
sensing device in future. considerably more complex, and the resistivity continued to
Notably, the samples exhibited considerablgredit decreasé=igure 8 shows that the scales are smaller aslthe

electrical performances although only the thickness of a-C waB thick a-C Im tore the substrate to release the very large
changed, as shownFigure 4 The GFs of the samples with compressive stress. In addition, many strong junctions were
thicker a-C Ims were very large. The resistances of the 4 and fermed, which provided the largest measurement range and the
min samples quickly increased over the measurement ramgest stable piezoresistive performance. As shéuarin S4
(1200 M ) of the multimeter. In addition, the signals of theseusing ImageJ, the number and area of the scales are counted. In
two samples sharplyctuated during loading. This phenom- general, a narrow distribution of the size and less quantity of the
enon was gradually suppressed with the increase in tine a-C scales are deleterious for a comprehensive performance.
thickness. When the a-C deposition time was increased to Bewever, the relation between the electrical performance and
min, the sensor sample could detect strain up to 0.30. When {x@ counted result is not obvious enough.
increased the time to 160 min, the measurement range reached@hen, the two-dimensional fast Fourier transform (2D FFT)
up to 0.50 and theuctuation disappeared. Additionally, method was used to analifzgure @ d, and the results are
shoulders appeared in the signals in the beginning of eagown inFigure & h. The 2D FFT images show an obvious
loading process, which might be attributed to the creep of titBsordering tendency from 4 min to 160 min samples. In
PDMS substrafé.In summary, the thickness of the drt particular, for the 160 min sample, the distribution of the scales
determined the GF of the sensorsgtive measurement range, and cracks was almost completely disordered, which means that
and stability of the signal, which are valuable for propertypore junctions and conductive paths will exist, under a certain
modulation. As the thickness could be well controlled by simp#jrain, resulting in the decrease of resistance. In other words,
adjusting the deposition time, this method facilitates thdisorder means a better comprehensive performance. Further-
development of a high-performance sensor with quite a faoit®re, the images reveal further details on a 3D level, which is
strategy. benecial to elucidate the origin of theatiences in electrical

3.3. Electrical Conduction Mechanism of the a-C/ conductivity and stability.
PDMS Stretchable Strain SensofThe high sensitivity of the The SEM images showifrigure ghow further 3D details of
a-C/PDMS sensor originates from the crack-based electrithé sensor samplEgyure @ shows the detailed morphology of
conduction mechanism on a 2D |&¥&lIn this study, the  the conductive junction of the 4 min sample. Adjacent scales
piezoresistive performance was modulated by controlling thentacted as twat tables, which had a small contact surface.
distribution of cracks and scales in-plane by varying tima-C This contact mode led to high resistivity and low stability. In the
deposition time. As shownRigure 4the series of a-Oms 16 min sample, as showirigure 6, the scales began to bend
with di erent thicknesses exhibitededént strains and thus and the contact area was larger, which caused a higher electrical
various morphologies on the PDMS surface=A2, scales conductivity performanéégure @ shows that the scales were
moved away from each other along the stretching direction andnsiderably bent, and thus the 2D contact mode began to
were compressed along the perpendicular direction owing to tliansfer into the 3D mode. The scales covered with thena-C
Poisson eect®® Junctions connected the separated scales amntacted with each other in large areas, which made this contact
formed conductive paths. Thus, their distribution andnode more stable. When the deposition time was increased to
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Figure 7 Monitoring of physiological signals of the human neck. In this test, a voltage of 3 V was applied to the sensor and the current signals we
collected. Signals during (a, b) speakitg’(and”l love scien¢g (c) swallowing, (df) head nodding, rising, and shaking, and (g) heart beating.
Each signal shows a unique waveform, which isibeteedistinguish them. The inset in eaglre shows the pasting position of the sensor.

160 min, as shown figure @, the scales were sharply bent atdemonstrated very large GFs in the rangQfjO to 20,000.
the edges because of the very large stress from th.a-C However, the measurement strain range was below 0.02, which
Then, the wrinkles contacted with each other through the largastnot benecial for applications omxible substrates. For the
areas in all samples. In addition, the wrinkles were smootl8® mode, the measurement range was (B0 However,
when the thickness was increased, which yielded a higimeost of the structures exhibited GFs of several hundreds or even
contact performanceriure Sp Additionally, the sheet below 10, which hinders their application in the measurement of
resistance of the 160 min ai@ was smallest in all samples small strain signals. In this study, using simple sputtered a-C
(Table S)and its thickness was approximatety $o that the Ims, usually used to fabricate 2D structures, the 2D contact
resistivity of the scales had the smallest value among all samptesle of junctions was changed into the 3D mode, which
As aresult, the 160 min sample exhibited the most stable contpatvides an ecient and automated fabrication. Owing to the
and highest comprehensive piezoresistive performance.  stability of the 3D junctions, wst reported that the a-C-based

In summary, using 2D a-C deposition, 3D contact junctionsensors exhibited a large measurement range up to almost 0.5,
were rst and easily fabricated owing to the very large residuahile the GF was up to 746.7, which combines the advantages of
compressive stress, which greatly improved the compresdio@ 2D and 3D structures.
performance of the sensor. The simple 2D-to-3D transformation3.4. Monitoring of Human Physiological Signals of the
provided the sensor with a very large GF, a large measuremidatk Using the Sensor.The very large GF and satisfactory
range, and satisfactory stability. As summarizetlm 1 exibility make the sensor promising for the monitoring of weak
related studies based on the 2D contact mode hawarain signals on curved surfaces, for example, on the human
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