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Abstract 

Gold on polydimethylsiloxane (PDMS) stretchable conductors were prepared using a novel 

approach by interlacing an hydrogenated amorphous carbon (a-C:H) layer between the 

deposited metal layer and the elastomer. AFM analysis of the a-C:H film surface before gold 

deposition shows nanoscale buckling, the corresponding increase in specific surface area 

corresponds to a strain compensation for the first 4-6 % of bi-axial tensile loading. Without 

this interlayer, the deposited gold films show much smaller and uni-directional ripples as well 

as more cracks and delaminations. With a-C:H interlayer, the initial electrical resistivity of the 

metal film decreases markedly (280-fold decrease to 8x10
-6 Ω.cm). This is not due to 

conduction within the carbon interlayer; both a-C:H/PDMS and PDMS substrates are 

electrically insulating. Upon cyclic tensile loading, both films become more resistive, but 

return to their initial state after 20 tensile cycles up to 60% strain. Profiling experiments using 

Secondary ion mass spectroscopy (SIMS) and X-ray photoelectron spectroscopy (XPS) 

indicate that the a-C:H layer intermixes with the PDMS, resulting in a graded layer of 

decreasing stiffness. We believe that both this graded layer and the surface buckling 

contribute to the observed improvement in the electrical performance of these stretchable 

conductors. 

 
1. Introduction 

 

Traditional electronic components such as semiconductor devices and micro-machines are 

fabricated on rigid substrates and, therefore have low strain at failure (<1% [1]). More 

recently, flextronics systems have been introduced, where the electronics can take the shape 

of the object in which they are integrated [2]. These are now available commercially, they are 

generally based on thermoplastics like polyimide, can only bear strains of a few % and hence 

can flex but not stretch. Truly stretchable electronic circuit has potential biomedical 

applications in functional stimulation and retinal implants [3] that must undergo a one-time 

large deformation from flat to spherical etc. Smart textiles and conformal pressure sensors are 

other possible applications. One recent example [4,5] of stretchable devices has been 

demonstrated by adapting existing semiconductor manufacturing technology to complex 

curvilinear objects using out-of-plane gold/polyamide interconnects. 

 

 The more general issue of preparing stretchable conductors has been addressed by 

using conducting polymers [6], doped elastomers [7], using ultra thin silicon substrates [8-10] 

or more simply metal films on elastomeric substrates, like gold on PDMS, this last option 

having shown the best results to date in term of low resistivity ( ρ = 3x10
-5

 ohm.cm), fatigue 

behavior and stability [11-13]. The main challenges associated with these metal/elastomer 

systems are the low strain at failure of the metal film and the compressive stresses resulting 

from post-deposition cooling [14,15]. These thermal stresses are caused by the large 

difference in thermal expansion between the two materials and can trigger adhesion failure at 

the film / substrate interface [16], buckling and film delaminations. The films are generally 



2 

 

conducting but covered in tri-branched micro cracks with lengths of micrometers and less 

[11]. Hence, at first sight, the observed performance of these systems is surprising. The 

current understanding, however, is that the compliance of the elastomer and the array of 

micro-cracks in the gold film help minimize strain at crack tips [17] and confer good fatigue 

resistance upon tensile loading. For uni-axial loading, Poisson stresses also push the gold 

ligaments together resulting in shorter electrical path lengths and better conduction under 

strain. In some cases the film cracking was reduced by using pre-deposition stretching [8,17-

19] to give a compressive stress relief. To date, this has only been attempted for uni-axial 

loading conditions. Moreover, many groups have used photolithography and finite element 

modeling [20-22] to minimize in-plane strains. Despite these intense efforts, little is known 

about the metal/elastomer interface, which has been scarcely investigated, to date. In one 

study [23], the metallic layers are sandwiched between two PDMS substrates and plasma 

treatment is used successfully to improve the PDMS/PDMS adhesion by making the surface 

more hydrophilic. This method, however does not directly control the metal/PDMS adhesion, 

does not deal with the large post-deposition interfacial strains and also does not provide a 

mechanical fatigue characterization of the conductors. In this paper, a novel approach is 

presented using thin interlayers of hydrogenated amorphous carbon (a-C:H) precisely to 

improve the metal/elastomeric interface.  

 

2. Experimental 

 
2.1 Materials 

Gold was chosen for its high conductivity, inertness, ductility and non-toxicity and PDMS for 

its good strechability, processability and biocompatibility [17]. PDMS (Sylgard 184 with 10% 

cross-linker agent from Dow Corning) was cast onto PTFE moulds at room temperature for 

24 hr. This produced tough, uniform, transparent and smooth membranes (Ra~ 5 nm, for 2x2 

µm
2
 TAFM image)), approximately 1.3 mm thick and 8x8 cm

2
. These specimens were cut 

into dog bone samples as per ISO 527-2:1996 type SA, 20 mm tensile gauge length using an 

appropriate press. 

  Thin hydrogenated amorphous carbon (a-C:H) films were prepared by (13.56 MHz) 

PECVD (DIAVAC ACM Ltd. Model: RF10S) system in a capacitively coupled radio 

frequency chamber using acetylene as a precursor gas, as described previously [24]. From 

previous studies on the deposition of a-C:H film on Silicon substrates [25-29], we know that 

hard and stiff a-C:H film on Si (H~10-20 GPa, E~100-200 GPa) can be prepared with self-

bias voltages varying from -100V to -500V. This study is not designed as a thorough 

investigation of the self-bias conditions for the preparation of a-C:H films on PDMS, hence  

we selected an intermediate value; -250V, deemed adequate for the present purpose. The full 

preparation parameters for deposition onto Si and PDMS substrates are given below; 

ultrasonic cleaning in isopropanol followed by argon purging for 180 sec at 2.13 Pa Ar 

pressure, 60 sccm (standard cubic centimeters per second) of Ar flow and -300V self bias 

voltage. The a-C:H deposition was carried out for 20s, with an argon flow of 2.5 sccm, an 

Ar:C2H2 flow ratio of 1:2 and a -250V self bias voltage. 

 The metal deposition was carried out with a magnetron sputtering system (Moorfield 

Minilab S60 A model) using 99.99% purity targets of Ti and Au (Kurt J. Lesker Company, 

USA). The Ti layer was sputtered for 30 sec, at 0.1466 Pa chamber pressure, 253 V voltage, 

0.26A current, resulting in a 5nm Ti adhesion layer. The gold film was prepared for 60 sec at 

0.1466 Pa chamber pressure, 427V voltage and 0.25A current, resulting in a 25 nm coated 

thickness. 

 
2.2 Characterization 

The PDMS samples and a-C:H films were analyzed by Raman Spectroscopy (LabRam 300 

with Ar
+
 514 nm and HeNe, 633 nm excitation for 20 sec acquisition time). For the a-C-H 

films, the spectra were fitted using two Gaussian peaks. The results were averaged over five 

acquisitions at different locations on the films. 
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 DI water contact angle θ measurements were carried out at room temperature in 

laboratory atmosphere using a sessile drop system mounted on a goniometric stage (KSV 

Instruments Ltd. Model: CAM 200 using 5 µL DI water). The reported θ values represent the 

average of the left and right hand angles measured from five drops. 

Tapping atomic force microscopy (TAFM) images were obtained with a Veeco DI 3200 

system using a Si monobeam cantilever (40 N/m) at 1Hz. The possibility of tip blunting was 

checked by imaging periodically a standard Nioprobe sample to monitor any eventual change 

in tip apex geometry. The thickness of the films grown on the Si wafers could be measured 

using a lift-off technique; pre-deposition the substrates were marked with a resist pen stripe. 

After deposition, gentle sonication in acetone removed the film region directly above the 

stripe, leaving a clean step height, as shown in figure 1. 

 Scanning electron microscopy (SEM) images were acquired with FEI Quanta 200 3D 

and Hitachi S3100 systems, both operated with a tungsten (W) filament at accelerating 

voltages ranging from 5-30 kV. The images could be formed with either standard secondary 

electron or backscattered detections, in high vacuum and low vacuum modes. In all cases the 

samples were connected to the specimen stage with copper tape. 

The electrical and fatigue measurements of the stretchable conductors were 

performed with an Instron 3344 tensile tester with a 20 mm gauge length according to ISO 

527-2:1996. The PDMS coupons had a tensile modulus of ~ 1.2 MPa with strain at failure in 

excess of 100%. The contacts were made of silver wires embedded into a cured silver-epoxy 

bead (ITW Chemtronics USA), deposited on the shoulder section of the dog-bone to make 

two terminals for electrical measurements, away from the parallel gauge section, then cured 

for 24 hours at room temperature and connected to the electrical measuring apparatus 

(Turnbill DC source with current and voltage across sample measured independently). At 

each contact point, two non-touching silver wires were inserted into the silver-epoxy bead to 

test the continuity and integrity of the silver-epoxy contacts. Generally, these measurements 

gave very low resistance values (<0.5 ohms) for both samples. Moreover, we do not anticipate 

significant contact resistance issues between the gold and silver-epoxy layer. Hence we 

believe that any subsequent difference in electrical behavior between these two samples is not 

caused by variation of contact resistance. Moreover, measurements on the a-C:H/PDMS and 

PDMS surfaces showed that both these substrates are electrically insulating. Indeed, previous 

measurements in our laboratory have shown that a-C:H layers have resistivity values around 

10
12

-10
14

 Ω.cm [30]. 

The cycling consisted in a series of 5 slow cycles at 1.5 mm/min crosshead speeds up 

to 20% strain, a series of 10 fast cycles at 3 mm/min crosshead speed up to 60% strain and 

then again 5 slow cycles at 20% strain. The variations in the electrical resistance upon 

extension were manually recorded. For this reason, this cycling experiment was only 

conducted on two sample types, with and without a-C:H interlayers, although other batches 

were also prepared with the same deposition procedures and subjected to SEM and AFM 

characterization. 

Surface analysis was carried out firstly with a time of flight secondary ion mass 

spectrometer (ToF-SIMS from ionTof) using a 10 keV Cs ion source for analysis and a 25 kV 

Bi ion source for profiling. Spectra were acquired for both positive and negative secondary 

ions over a mass range of m/z 0-190. Secondary ions of a given polarity were extracted and 

detected using a two-stage reflectron time-of-flight mass analyzer equipped with a pair of 

stacked micro-channel plates with a time-to-digital converter. The surfaces were also 

examined with an X-ray photoelectron spectroscopy (XPS) system (Kratos Axis Ultra DLD 

spectrometer) equipped with a monochromatic AlKα X-ray (1486.6 eV). The chamber 

pressure was maintained at < 5 x 10
-8

 Torr and surface charging was compensated with a 

secondary electron gun. Wide energy survey scans (WESS) (0-1300 eV) with step size of 0.5 

eV were used to identify all the elements present on the sample, specific spectral region of 

interest were scanned with 0.05 eV step size. 
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 Depth profiling of a-C:H/Si and a-C:H/PDMS samples were also performed on ToF-

SIMS in order to check the depth of graded layer of a-C:H in PDMS. For sputtering purpose 

we used 10 keV Cs ions and 25 keV Bi ions was used for analysis.    

 
3. Results 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1: TAFM image of a step height feature for a 10s deposition of a-C:H on a Silicon 

substrate, with the corresponding height histogram. 

 

Figure 1 shows an TAFM top view and corresponding height histogram of an ultra-

thin film of a-C:H onto a Si substrate with a 10s deposition time. The analysis of the height 

histogram of this step height edge shows that the film is ~ 4 nm thick. For 20 sec deposition 

time, we obtain a 14 nm thickness. This would indicate that after the initial stage of deposition 

the growth rate increases, probably because growth is preceded by a surface 

modification/implantation stage, as described by many growth models [31]. 

 

 

 

 

 

 

 

 

 

 

 
Figure 2: Raman spectra obtained with 514 nm excitation wavelength for a-C:H film on Si 

and PDMS substrates. 

 Figure 2 shows Raman spectra obtained from 514 nm excitation of a-C:H films 

deposited onto Si and PDMS substrates. One recognises the typical a-C:H spectral features; a 

broad asymmetric peak with two components, the main G peak around 1530 cm
-1

 

representative of the E2g mode and a lower frequency shoulder at approximately 1320 cm
-1

 

corresponding to the A1g breathing mode of graphite, the latter being only Raman active in 

disordered regions around graphitic clusters [29], hence called D peak. Comparing the films 

deposited onto the 2 substrates, we find different G position and ID/IG ratios of 1531 cm
-1

 and 

0.27 for Si and 1533 cm
-1

 and 0.44 for PDMS. This indicates that the film deposited onto 

PDMS is more graphitic. The spectra with 633 nm excitation show approximately similar 

features for the films grown on Si. However, at 633 nm, there is a significant number of 
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Raman peaks coming from the PDMS functional groups which make the spectral 

interpretation difficult. 

 Contact angle results are shown in figure 3, overall, all surfaces are hydrophobic and 

all film surfaces display larger values than the pristine PDMS surface. Despite this, the 

differences in θ values are relatively small, indicative of a similarity in wetting behaviors, 

possibly implying compatible bonding characteristics. 

 

 

 

 

 

 

 

 

 

 

 
 

 

Figure 3: DI water Contact angle values for the various surfaces 

 

Figure 4 shows TAFM images of the film surfaces. The a-C:H films on PDMS 

display rippled surfaces, with the ripple wavelength increasing with film thickness, 552 ± 20 

nm and 710 ± 30 nm, respectively for 20 sec and 60 sec deposition times. This trend is as 

expected from thin film buckling theory [9]. The gold film deposited onto this PDMS with a-

C:H interlayer (Au/a-C:H/PDMS) shows very similar rippled features, with fewer cracks and 

delaminations. By contrast, the gold film on PDMS (Au/PDMS) displays only cracks and 

folds, randomly oriented. 
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Figure 4: AFM images (a) a-C:H/PDMS with 20 sec deposition time (b) a-C:H/PDMS with 

60 sec deposition time (c) Au/PDMS with 20 sec deposition time and (d) Au/a-C:H/PDMS 

with 20 sec deposition time. 
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Figure 5: Tensile cycling of the two samples (Au/PDMS and Au/a-C:H/PDMS), the graphs 

show both the electrical resistance and mechanical strain.(Arrows representing lower 

resistance values) 

Initially, the samples with and without a-C:H interlayers have a resistance of 8-10 Ω 

and 3 kΩ, respectively, hence giving a 280x decrease in electrical resistance. Upon tensile 

loading, the resistance of the sample without interlayer does not change markedly, that is it 

remains in the kΩ regime. However, the film with a-C:H interlayer shows a substantial 

increase of resistance under loading, again around 2-4 kΩ, but regains its low resistance value 

at the end of each loading cycle (represented by arrows in figure 5), displaying a final 

resistance value similar to the original one. Some of these low resistance points are indicated 

with arrows on figure 5. These results indicate that both samples have resisted fairly well the 

fatigue experiment but that the film with interlayer is a better stretchable conductor insofar as 

it has a significantly lower zero-load resistance. 

 Figure 6, 7, 8 and 9 show 20 kV secondary electron SEM images of the two samples 

at various stages of the tensile cycling experiments. These images were obtained in the mid-

span section of the dog bones. Before cycling, the two samples show surface morphologies 

similar to those observed in the TAFM micrographs of figure 4c and 4d. As cycling 

progresses, more cracks and delaminations appear on both samples. At low strains and cycle 

numbers, the cracks are mainly perpendicular to the tensile direction, as the damage increases 

longitudinal cracks due to Poisson stresses also appear. In figure 10, we present a statistical 

analysis of a series of low magnification SEM micrographs for both these samples before and 

after cycling. In these cases the images were obtained in low vacuum mode with back-scatter 

detection to maximize atomic number contrast between the gold film and the PDMS substrate 

and minimize the influence of charging. Using three different images, we analyzed the mean 

and standard deviations of the following quantities; number of cracks in the image (n), crack 
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length (Lm in µm) and cumulative crack length (sum of all crack lengths, LT in µm) which 

relates to the crack density. In addition, we also used contrast histograms of these images to 

estimate the mean and standard deviation of the delamination area (DA in %). Figure 10 

shows that overall, all these damage indicators are lower for the film with an a-C:H interlayer. 

This remains the case before and after fatigue. This statistical analysis also indicates that the 

cycling brought more delaminations on both samples. 

 

 
 

Figure 6: SEM images before fatigue (a) Au/PDMS (b) Au/a-C:H/PDMS. 

 

 

 
 
Figure 7: SEM images after the first 5 cycles at 20% extension (a) Au /PDMS (b) Au/a-C:H 

/PDMS. 
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Figure 8: SEM images after first 5 cycles at 10% extension and then 10 cycles at 60% 

extension (a) Au/PDMS (b) Au/a-C:H/PDMS. 

 

 
 
Figure 9: SEM images after 5 cycles at 10% extension, 10 cycles at 60% extension and, 

finally, 5 cycles at 20% extension (a) Au/PDMS (b) Au/a-C:H/PDMS. 
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Figure 10: Statistical analysis of low magnification SEM micrographs before and after 

fatigue for gold films with (labelled) and without (unlabelled) a-C:H interlayers, where n = 

Total no. of cracks, Lm = Mean crack length (µm), LT = Total crack length (µm) and DA = 

Delaminated area (%) 

 
The XPS analysis of the samples is presented in figure 11, for X-ray incidence angles 

varying from 0° to 60°, corresponding to approximate XPS sampling depth of 8 nm to 2 nm, 

respectively. The angular scan for PDMS shows more or less constant atomic concentrations. 

For the a-C:H/PDMS system at 10 sec deposition time, there is a gradual increase in C at. % 

and decrease in Si at. %, as the angle increases (i.e. proximity to the surface); i.e. the surface 

of this film is C-rich and Si-deficient, when compared to the PDMS substrate. The same 10 

sec deposition onto a Si substrate gives much sharper trends, larger increase of the C at. % 

and decrease of the O at. % and Si at. % as the angle increases. This indicates that the a-C:H 

layer on Si is probably denser. Looking now at the 20 sec deposition time on PDMS, we find 

flat profiles for all at. % with C% somewhat intermediate between those of the 10 sec a-

C:H/Si and 10 sec a-C:H/PDMS samples. This indicates that the film thickness is much too 

large to give profiling information. It also suggests that this film is of intermediate density 

between that of the 10 sec a-C:H/PDMS and the 10 sec a-C:H/Si. 
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Figure 11: XPS at. % of four samples for various incidence angles, expressed in degrees 

The ToF-SIMS data is shown in figure 12. The spectrum of the a-C:H films on Si 

display an oxygen peak at around 300 sec indicative of an SiO2 native oxide layer, not seen 

for the other substrate. Moreover, for this film on Si, the profiles are sharper and change over 

smaller sputtering times than for the film deposited onto PDMS. This is again indicative of a 

significant intermixing of the carbon ions within the polymer matrix, yielding a graded 

interface. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 12: Depth profiling of a-C:H/PDMS and a-C:H/Si 

 

4. Discussion 

 
Most published investigations on a-C:H films on PDMS substrates have studied much thicker 

carbon films [32,33]. In the sub-20 nm region, the deposition of a-C:H is believed to be 

strongly influenced by the substrate [34,35], with plasma ions and radicals adsorbing at 

preferential sites on the substrate, being dehydrogenated at a later stage by the plasma and 

hence resulting in a continuously evolving, densifying film [36]. It is therefore not surprising 

that Si and PDMS substrates should give different carbon films, with more intermixing 

between the film and substrate for the low density PDMS substrate, as shown in the XPS and 

SIMS analysis discussed above. Analysis of ion penetration ranges using the SRIM formalism 

[37] indicates that the projected range of carbon ions with 250 eV energy (PECVD self bias 
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voltage of the substrate) is 3.7 nm in PDMS and 1.4 nm in Si. The SIMS profile for the 20 sec 

a-C:H on Si corresponds to a 14 nm carbon layer from the surface to the silica native layer 

(~300 sec sputtering time), giving an average sputtering rate for a-C:H of 0.047 nm/sec. Using 

this value for the 20 sec a-C:H/PDMS, we find that this layer is approximately 21 nm thick 

with a graded interface region of ~ 100 sec (4.7 nm), a value commensurate with the 3.7 nm 

calculated by SRIM. Unfortunately, measuring the thickness of an ultra-thin a-C:H film on a 

very compliant polymeric substrate such as PDMS (E~ 1.2 MPa) is challenging; the substrate 

deforms, even for gentle TAFM conditions and the wrinkle pattern prevent meaningful XRR 

or ellipsometric analysis. 

 The buckling observed in the AFM images of figure 4 is typical of stiff films on 

compliant substrates, the issue having been discussed extensively in the case of metal films on 

elastomeric substrates [9,38]. The large thermal expansion coefficient of the substrate means 

that thermal stresses on cooling from the deposition temperature to room temperature result in 

a compressed film which may buckle spontaneously. The relevant theoretical descriptions are 

well established [9,15] and allow the definition of the critical buckling stress and the ripple 

wavelength and amplitude as a function of the stiff layer thickness and Young moduli of the 

stiff layer and elastomeric substrate. For the case of the 20 sec a-C:H/PDMS film (λ = 550 

nm), this formalism would give an E value of 0.3-1 GPa. Generally, the Young modulus of a-

C:H films is much higher, for instance even polymer-like carbon films have E value of ~ 15-

20 GPa [39]. Hence, this buckling could not be due solely to thermal stress on cooling. 

Indeed, the modeling of buckling for diamond-like carbon (DLC) is more complicated as 

compression also results from ionic sub-plantation during growth [31]. This also occurs for 

room temperature growth. In some cases, both effects are considered [40,41], but only to 

study the possible delamination of thin DLC films from rigid substrates, not applicable to the 

present study. 

 With regard to the formed stretchable conductors, figure 4 indicates that the buckling 

pattern observed on the carbon interlayer is transferred to the gold film. Analyzing the 

specific surface area, we found that these compressed, rippled surfaces correspond to a 

substantial bi-axial strain, 4-6 % for the a-C:H and Au/a-C:H layers compared to only ~1 % 

for the Au layer deposited directly onto PDMS. These ripples would therefore protect the film 

against the first stages of biaxial tensile loading. 

 The electrical measurements show that the gold films with carbon interlayer have a 

much smaller resistance (280 times smaller) than those without interlayer. This result is 

consistent with the statistical analysis of figure 10; the total crack length (LT) and 

delaminated areas (DA) are much smaller for the film with carbon interlayer. It is well 

known, from other studies of gold films on PDMS, that it is precisely this array of micro-

cracks which limits conduction in gold films on elastomeric substrates [42]. Taking into 

account the dimension of the gold strip (20 mm length, combined (Au + Ti) thickness = 30 

nm, width = 5.5 mm), the 8-10 Ω value for the sample with carbon interlayer corresponds to a 

film resistivity value of 8x10
-6

 Ω.cm. This resistivity value is obviously larger than that of 

bulk gold (~2.4x10
-6

 Ω.cm), as the film is cracked, but smaller than the best published values 

to date (~3x10
-5

 Ω.cm [42]). This is an encouraging result which we believe is caused by two 

attributes of the a-C:H layer, its large specific surface area and the graded nature of this layer 

which may further reduce interfacial stresses. 

This study also gave the puzzling result that the Au/PDMS film conducted better after 

tensile cycling (~1400Ω) than before (~3000 Ω). A similar trend has been previously reported 

in another tensile cycling investigation of the Au/PDMS system [42], giving initial resistance 

of 40-200 Ω seemingly decreasing to 30-80 Ω after 1000 cycles, although this is not 

commented on by the authors. These authors nevertheless discuss the film microstructure 

evolving from a random micro-crack distribution to a stable network of metal islands. In the 

process, the crack edges rubbing against each other become smoother, as gold is a relatively 

soft and ductile metal. Moreover, as the film is under compression, this smoothing process 

could yield to better contacts between gold ligaments, resulting in the observed effect. Figure 

4c and 7 indicate that, in its pristine form, the percolation between gold ligaments occur at 
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discrete contact points, defined by the jagged edges of the crack boundaries.  Again, smother 

edges would result in better contacts and improved conduction. For the Au/a-C:H/PDMS 

sample, the crack density is half that observed in the Au/PDMS system (see figure 10) and 

therefore conduction depends less crucially on these contact points. 

 These are encouraging results as the materials produced have excellent electrical 

properties and may be advantageous for continuous monitoring in smart fabric applications 

where high stretch events may occur. For instance, when a user is fitting the garment, the 

stresses could be high, whereas while wearing the garments, when the device is operated, the 

stresses are usually low. 

 However, these are only initial results and more can be done to further improve the 

interface of gold/PDMS conductors. For instance, this strategy of forming a wrinkled 

interface would also work for more brittle interlayer materials, as it is the cracks in the metal 

film which matters, no those in the interlayer; this giving potentially a wide range of 

interlayers with, possibly larger specific surface area or better adhesion. This could, lead to 

better conductors showing improved electrical properties on loading. 

 
5. Conclusion 

 

In this paper, we demonstrated that ultra-thin a-C:H interlayers improve the electrical 

characteristics of gold films sputtered onto PDMS substrates. This interlayer resulted in a 

wrinkled bi-axial random pattern which increased the specific surface area of the metal film. 

SEM micrographs and electrical measurements show that the prepared gold films on PDMS 

resisted tensile cycling experiments, with the specimen with carbon interlayer displaying 

improve electrical performance. SIMS and XPS profiling indicate that the a-C:H layer 

intermixes with the PDMS substrate, the resulting graded interface probably contributing to 

reduce interfacial stresses and the observed reduction of cracking in the film. These 

preliminary results pave the way for further improvements in stretchable conductors based on 

metal films despotised on elastomer substrates. 
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