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Abstract 

Supercapacitors are promising energy storage devices because of fast charge and discharge 

capacity, long lifetime and high power sources when compared to conventional batteries. 

Most carbon based supercapacitors nowadays use organic or ionic liquid based electrolytes in 

order to benefit from the large potential window in those solvents thus enabling more energy 

storage. However the devices suffer from low ionic mobility in such electrolytes, and also 

from economical, safety and environmental concerns associated with the use of organic 

solvents. Boron doped diamond (BDD) features a wide potential window in aqueous 

electrolytes and high stability toward oxidation in acidic or alkaline media, and therefore 

offers the possibility for BDD electrodes supercapacitor to operate in water. Here highly 

porous diamond electrodes fabricated by microwave plasma chemical vapor deposition of 

BDD over a conductive polypyrrole template with high double layer capacitance around 3 

mF.cm-2 were mounted in symmetrical pouch cell supercapacitor using either 1M H2SO4 or

1M TEABF4 in propylene carbonate electrolytes. The performances of both devices were 

investigated. Energy and power values close to 1 µWh.cm-2 and 700 µW.cm-2 were recorded

in water, thus surpassing by almost one order of magnitude the energy storage performances 

of the device using organic electrolyte.  

1. Introduction

The beginning of the 21st century has seen a radical change in our way of living with the

arrival of multifunction portable electronic devices including smartphones, tablets, etc.  In 

such mobile equipment, wireless communication, touch pads or embedded sensors are 

functions that all contribute to the need for both compact and efficient energy storage. 

Nowadays this is achieved mostly by thin film technologies based rechargeable micro-
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batteries. Nevertheless, these batteries generally suffer from poor cycle lifetime and poor low 

temperature kinetics [1]. Thus the design of miniaturized energy-storage devices, with the 

capacity for autonomous recharging through energy harvesting, along with the ability to 

deliver high energy for the lifetime of the equipment being powered, remains a real challenge. 

Supercapacitors or electric double layer capacitors (EDLC) are energy storage devices with 

high specific energy when compared to conventional capacitors [2]. Thin film supercapacitors 

are seen as a promising alternative to batteries in portable electronic devices, because in 

supercapacitors energy is stored and released by transferring surface charges, meaning that 

they can be charged and discharged rapidly. Because the electrode materials are not involved 

in any chemical reactions, they can be cycled hundreds of thousands of times [3]. Three types 

of supercapacitors may be distinguished: carbon/carbon [4, 5, 6], metal oxide [7] and 

electronically conducting polymers [8]. Metal oxide supercapacitors are generally expensive 

or feature low conductivity whereas conductive polymers have been reported to exhibit short 

cycling life [9]. In contrast, carbon electrodes are low cost, and they possess superior 

combination of chemical and physical properties including high conductivity, high 

temperature stability, high versatility in structure/texture, and high specific surface area [5]. 

For these reasons, most of the currently available supercapacitors on the market are based on 

activated carbon electrodes in an organic electrolyte. But although symmetrical carbon/carbon 

electrodes in organic electrolyte is now mature, it can still be improved by developing better 

active carbon electrodes and/or electrolyte formulations.   

An important feature in supercapacitors is their potential window, since both energy storage 

and power release depend on this parameter, according to the well-known equations 

E=1/2CV2 and P=V2/4ESR, where C, V and ESR are the capacitance, the potential window,

and the equivalent series resistance of the device, respectively [5]. When more active material 

is deposited onto the charge collector, more energy can be stored by the device, but then 

energy become more difficult to release [10]. Thus a good compromise needs to be found in 

terms of active material thickness. But generally speaking, an efficient way to increase both 

energy and power consists in enlarging the potential window, according to the above 

equations. One way to open the potential window is to use organic solvents, typically 

acetonitrile or propylene carbonate (PC), the practical opening voltage of organic electrolytes 

in symmetric carbon/carbon supercapacitors being around 2.7-2.8 V [11, 12].  However, this 

involves the need to ensure that no water traces are present in the solvent or the active 

electrode material, which brings some constrains in the fabrication process [13]. Moreover the 

low flash point of some solvents such as acetonitrile (below 5 oC) may cause some safety
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concerns [14]. Additionally, the low conductivity and low ionic mobility in such liquids lead 

to poor charge propagation inside the active electrode’s pores. Ionic liquids have also been 

considered as a good alternative because of their low toxicity and flammability, high thermal 

stability, and wide voltage window typically around 4.5 V [15]. Unfortunately their high price 

and fairly low conductivity cannot satisfy the requirements for their use for large-scale 

supercapacitor applications [16]. This issue could be overcome using aqueous electrolytes but 

most carbon electrodes exhibit a narrow potential window in such media, where water starts 

to decompose from 0.7 to 0.8 V in typical acidic or basic electrolytes [17]. It was shown that 

neutral aqueous electrolytes such as alkali sulfates could achieve higher voltages with 

carbon/carbon supercapacitors than generally obtained in KOH or H2SO4 based electrolytes. 

For instance a practical voltage of 1.6 V was reached in symmetric carbon/carbon system 

using 0.5 M Na2SO4 [18], but this is still 1 V less than with organic electrolytes.  

Boron doped diamond (BDD) is also considered as a promising alternative because of its 

significantly superior electrochemical properties when compared to other forms of carbon, 

including a wide potential window in aqueous media, and long term response stability [19]. 

These properties have recently led to some research to attempt to apply diamond in energy 

storage devices such as supercapacitors. Indeed, with a potential window exceeding 3 V in 

water, diamond is offering hope to make energy efficient aqueous based supercapacitors thus 

benefiting from the high ionic mobility in water. The high corrosion resilience even in harsh 

acidic or alkaline media is also expected to offer long cycling lifetime of such energy storage 

devices.   Unfortunately, planar polycrystalline diamond electrodes exhibit low surface area 

and low intrinsic double layer capacitance, in the order of 5 µF.cm-2, which limit drastically

energy storage.  Nevertheless several successful developments have been reported recently to 

increase the surface area of diamond surfaces [20].  Some approaches have used top down 

processes in order to etch diamond and increase its porosity [21-25]. However, the relatively 

low conductivity of diamond, even when highly doped, generally results in electrodes with 

high series resistance. Therefore bottom up approaches have been preferred where diamond is 

grown on a porous template, ideally a good current collector.   One approach has consisted of 

growing BDD on silicon nanowires. Such substrate was assess for supercapacitor application 

in ionic liquid [26]. A double layer capacitance of 105 µF.cm-2 was reported. Here the series

resistance was fairly high, in the order of 200, most probably because of the high resistivity 

of the silicon nanowires and the electrolyte used.  High surface area silica spheres [27] or 

fibers [28] template were also used. Both substrates led to similar results in terms of 

electrochemical performances. If the silica sphere template seemed more promising for 
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integration into small electronic devices, there was no data on the series resistance of the 

films, which affects drastically the performances of supercapacitor. A pouch cell device with 

silica fibers scaffold was built and showed some highly interesting performances in aqueous 

based electrolyte, despite the non-conducting template. The double layer capacitance of such 

films was in the order of                     0.6 mF.cm-2 with a series resistance of 1.3. Recently

alternative material consisting of BDD grown on highly porous carbon nanotubes [29] or 

polypyrrole templates [30] were reported. The latter diamond-coated template showed the 

best results in terms of double layer capacitance, up to 3 mF.cm-2, which is the highest value

reported for diamond films to the author’s knowledge. Moreover, in contrast with other types 

of porous diamond based materials, it can be processed homogeneously on 4 inches surfaces 

and thus offers a clear advantage in terms of manufacturing. However, it is known that 3-

electrode cell systems tend to overestimate the electrochemical capacitance of thin films, and 

this material was never tested in symmetrical configuration. Therefore in this paper, such 

porous diamond film, known as SPDiaTM, was integrated into a pouch cell supercapacitor and

tested. The main objective of this work is to investigate this material for its supercapacitor 

performances in comparison with other diamond based electrode materials. The performances 

of the device were compared when organic and aqueous based electrolytes were used, since 

the main advantage of diamond for such application is the potentiality to use aqueous based 

electrolytes.  

2. Material and methods

2.1. Porous diamond film preparation 

All chemicals were purchased from Sigma Aldrich, France, unless specified, and used as 

received. Highly porous polypyrrole film was initially prepared as follows onto a highly 

conductive (<0.005 .cm-1) 4 inches <100> silicon wafer, previously coated with a boron

doped diamond thin film (thickness approx. 300 nm, doping level 2.1021.cm-3) by Microwave

Plasma Chemical Vapour Deposition (MPCVD) using a process described elsewhere [31]. 

Such substrate was used for convenience, and because it is compatible with the diamond 

growth conditions, but it could be replaced by a less resistive metal collection provided that it 

is also appropriate for diamond growth. 

Firstly, a stock solution of 4 M FeCl3 dissolved in polyethylene glycol was prepared and 

stored in the dark at 4oC when not used. This solution was spin coated over the BDD coated
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silicon wafer at 3000 rpm for 20 sec. The substrate was then placed in a sealed chamber and 

exposed to saturated pyrrole vapour in dry nitrogen at room temperature for 4 hrs. This way, 

pyrrole was polymerized in situ over the silicon substrate using FeCl3 as oxidizing 

agent/dopant [32]. Following polymerization, the samples were rinsed several times gently in 

acetonitrile until the wash solution became colourless, in order to remove the excess FeCl3 

and polyethylene glycol. Finally the substrate was dried under nitrogen flow. 

Next the substrate was dipped alternatively three times into an aqueous solution of 

poly(diallyldimethylammonium chloride) (PDDAC) and three times in a colloidal solution of 

nanodiamond (0.1 wt% prepared in deionized water from Syndia SYP 0-0.02 GAF, Van 

Moppes, Switzerland) to electrostatically immobilize the nanoparticles onto the polymer 

template [30]. Boron doped diamond was then grown over the seeded substrate in a MPCVD 

reactor Seki AX6500 reactor in a gas mixture of 1% CH4 in H2 with trimethylboron as the 

source of dopant, at microwave power of 3 kW and gas pressure of 20 mBar for 3 hrs. A 

highly porous BDD film was obtained as described and characterized in ref [30]. A SEM 

image of the resulting polypyrrole film after diamond growth recorded using an in-lens Field 

Emission Scanning Electron Microscope ZEISS Supra-40, operating with an acceleration 

voltage of 5 kV, is shown in Fig.1.a. The thickness of the porous diamond film was measured 

to be approximately 15 µm. The weight of the porous film was measured gravimetrically and 

was found to be 31 mg.cm-2.

The highly textured nature of the diamond film combined with its hydrogen terminated 

surface following CVD diamond growth result in a highly hydrophobic surface. Contact angle 

was measured to be in the order of 135o after growth. The porous diamond film was therefore

oxidized through a photochemical treatment under oxygen in order to increase wettability. 

During this process, low pressure oxygen (400 mbar) is exposed to UV light using a xenon 

excimer lamp (172 nm). This step involves oxygen radicals and ozone active species that react 

with the diamond surface. Following this oxidation treatment, contact angle was measured 

again and was found to be around 24o (contact angle _ suppl.mat).

2.2. Pouch cell fabrication 

The substrate was cleaved into 3 cm2 pieces. Electrical contacts were taken from the back side

of two 3 cm2 SPDiaTM coated silicon substrates by polishing gently the silicon substrate to

remove the oxide layer and then fixing stainless steel strips to the substrate using silver loaded 
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epoxy paste. Finally the contact area was covered with fast epoxy adhesive (AralditeTM) in

order to strengthen mechanically the contact and insulate any residual silver paste from the 

electrolyte solution. The 2 plates were then placed face to face and separated by glass 

microfiber filter (Whatman, Grade GF/D) soaked with electrolyte solution. The electrolyte 

was either aqueous 1 M H2SO4 or 1 M tetraethylammonium tetrafluoroborate (TEABF4) in 

propylene carbonate (PC). The electrodes assembly was finally packaged in soft plastic 

enclosure. A photograph of the pouch cell before and after assembly is shown in Fig.1b and 

Fig.1c, respectively. 
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Fig.1 a, SEM images of the surface of SPDiaTM material used as energy storage electrodes b,

3 cm-2 pouch cell supercapacitor before and c, after assembly

2.3. Electrochemical characterization 

Electrochemical measurements were performed using a computer driven Autolab PGSTAT 

302 potentiostat (Ecochemie BV). Cyclic voltammetry (CV) and AC-impedance 

measurements were carried out at room temperature. Impedance spectra were recorded over a 

50,000 – 0.1 Hz frequency range with logarithmic point spacing and a potential amplitude of 

0.01V rms, while maintaining the working electrode at the open circuit potential (OCP). 

3. Results and discussions

Cyclic voltammetry was initially performed to assess the potential window of the two 

devices with either organic or aqueous electrolytes. Diamond is known to be one of the 

materials that feature the highest potential window in water, typically above 3 V. However, 

when grown over some substrates including carbon based substrates such as CNTs, this 

window is generally reduced. This is most probably due to the specific growth conditions 

used not to damage the substrate that possibly increase the sp2 carbon ratio, which tends to 

reduce the potential window. Here cyclic voltammetry was performed at 100 mV.s-1 with both

devices, containing either PC or aqueous based electrolyte solution, while gradually opening 

the window from 0.6 V to 3 V in steps of 0.2 V (Fig.2). In the case of aqueous electrolyte 

(Fig.2a), at small potentials below typically 1.5 V, no faradic process seems to be observed as 

CVs are almost symmetrical. Then water splitting starts to increase gradually. At 2.6 V the 

ratio of faradic current over capacitive current is still < 4, due to the absence of electro 

catalytic processes at the diamond surface. Water decomposition behavior is comparable to 

symmetrical pouch cell made of BDD coated glass fiber electrodes [28] and occurs at slightly 

higher potential than symmetrical activated carbon supercapacitor using non acidic or alkaline 

electrolyte, which is known to widen the potential window overall [18]. As expected, no 

significant faradic process due to solvent decomposition seems to occur in the case of PC 

within the 3 V window, as shown in Fig.2b for comparison purpose. Fig.2c shows the 

ACCEPTED MANUSCRIPT

mailto:emmanuel.scorsone@cea.fr


*Corresponding author. Email: emmanuel.scorsone@cea.fr  (Emmanuel Scorsone)

Coulombic efficiency of the device, calculated via efficiency = Qdischarging/Qcharging where 

Qdischarging and Qcharging are the amount of charge during charging and discharging process 

while running cyclic voltammetry. The efficiency at low voltages is approximately 85 % and 

remains constant up to 3 V for PC. In the case of the aqueous electrolyte, its starts to decrease 

from typically 1.5 V, in agreement with the observations made previously on the CVs and 

resulting from solvent decomposition.  The non-rectangular shape of the CVs for low 

potential windows, as well as the fairly low efficiency at low voltages for water and across the 

whole potential window range for PC, both indicate a moderate charge-discharge process.  

Fig.2. Opening window test from 0.6 to 3V in steps of 0.2V, at a scan rate of 100 mV.s-1 for

diamond pouch cell supercapacitor with a. 1 M H2SO4 in water and b. 1M TEABF4 in PC, as 

electrolytes. c. plot of the Coulombic efficiency of the device against the potential window  

Cyclic voltammetry was also investigated in the potential window of 1 V to assess the 

performances of the pouch cells, while scanning at different scan rates from 10 mV.s-1 up to

100 V.s-1 (Fig.3). The CV curves of both symmetric capacitors retain a nearly rectangular

shape and a rapid current response to voltage at each potential end and show low distortion 

even at high scan rates up to 100 V.s-1. This suggests a good capacitive behavior and fairly

fast ionic diffusion into the porous diamond layer [33]. The small distortion observed at high 

scan rates may be due to the slightly high series resistance, as observed later on from EIS 

data, possibly attributed to the semiconducting nature of diamond, although highly doped. It 

may also imply some faradic processes, in particular in aqueous electrolyte. The areal 

capacitance for both electrolytes was derived from the CVs and graphed as a function of scan 

rates in Fig.4. The highest capacitance values obtained for the aqueous and PC based 

electrolytes at 10 mV.s-1 are 1.31 mF.cm-2 and 0.42 mF.cm-2, respectively. The maximum

areal capacitance in aqueous electrolyte is in good agreement with the 3 mF.cm-2 value

reported in 0.1M LiClO4. The slightly higher value in the latter case may be explained by the 

fact that three-electrode measurement configuration has been reported to overestimate the 
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capacitance value [34] and also by the use of different ionic salts. Also some variation may be 

observed according to the thickness of the diamond layer grown over polypyrrole [30].  In PC, 

the areal capacitance is significantly lower. This is attributed firstly to the higher dielectric 

constant as well as higher size of solvated ions in PC compared to water [5]. The capacitance 

values in aqueous and organic electrolytes are reported in Table 1 and compared to other 

porous diamond materials reported to date in the literature. The highest capacitance value 

(1.83 mF.cm-2) was measured on diamond honeycombs by Yoshimura and coworkers. Here

the exceptionally high capacitance measured despite the fairly large pore size was explained 

by the needle-like structure at the bottom of the honeycomb pores as a result of the etching 

process. However, this result was obtained in a three-electrode configuration, which, as 

mentioned before, tends to overestimate the areal capacitance. The second highest value was 

obtained with SPDiaTM (1.31 mF.cm-2) this time in a symmetrical electrodes configuration.

This value is significantly higher than diamond coated glass fibers, also in symmetrical 

electrode configuration (0.7 mF.cm-2), and much higher than any other reported porous

diamond electrode materials even in aqueous electrolytes, to the author’s knowledge.  
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Fig.3. Cyclic voltammetry results from 0 to 1 V for scan rates varying from 10 mV.s-1 to 100

V.s-1 for diamond pouch cell supercapacitor with 1 M H2SO4 in water (a and b) and 1M

TEABF4 in PC (b and c) 

Fig.4. Specific capacitance of the diamond pouch cell at different scan rates from 10 mV.s-1 to

10 V.s-1 for the aqueous and organic based electrolytes

Table 1. Comparison of areal capacitance values of our device with other state-of-the-art 

supercapacitor using porous diamond electrodes from the literature.  

Electrolyte Measurement type Areal 
capacitance 

Comments references 

SPDiaTM 0.5M aqueous H2SO4

0.5M TEABF4 in PC 

CV (10 mV.s-1) 

1.31 mF.cm-2

0.42 mF.cm-2 

Symmetrical 
electrode system 

This work 

BDD coated 
Silicon 

nanowire 

Bis(trifluoromethylsulfo
nyl) imide 

(ionic liquid) 

CV 

(5 mV.s-1) 

317 µF.cm-2 Three electrodes 
measurements 

[39] 

BDD coated 
Glass fibers 

3 M aqueous NaClO4 Low frequency EIS 0.7 mF.cm-2 Symmetrical 
electrode system 

[28] 

Nanoporous 
honeycomb 

diamond 

1M aqueous H2SO4 

0.5M TEABF4 in PC 

Low frequency EIS 

1.83 mF.cm-2

187 µF.cm-2 

Three electrodes 
measurements 

Pore size 60 x 
500 nm 

[24] 
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Diamond 
foam (silica 

sphere 
template) 

3 M aqueous NaClO4

40% ionic liquid in PC 

CV (1 V.s-1) 

598 µF.cm-2

436 µF.cm-2

Three electrodes 
measurements 

[27] 

Porous BDD 
by thermal 
treatment 

1M aqueous Na2SO4 CV 

(10 mV.s-1) 

140 µF.cm-2 Three electrodes 
measurements 

[22] 

BDD on 
CNTs 

Phosphate Buffer Saline CV (50 to 200 mV.s-1) 580 µF.cm-2 Three electrodes 
measurements 

[29] 

The complex impedance plane plots (Cole-Cole) are shown in Fig. 5a and Fig.5c for 

aqueous and organic electrolytes, respectively. The complex impedance of the capacitor is 

equivalent to an RC circuit with Z=ESR+(1/jC). At low frequencies, impedance tends to 

behave as a pure capacitor, whereas at high frequencies, it behaves like a pure resistor. The 

transition between capacitive (quasi-vertical line) and resistive behavior (Warburg at 

approx.45o) is observed at the “knee frequency” [35].  In the case of 1 M H2SO4 electrolyte,

this transition frequency is clearly observed at around 5.8 Hz. The transition is much less 

pronounced in the case of PC, but seems to appear at around 200 Hz. The more vertical curve 

at low frequencies for the aqueous based electrolytes indicates that this device behaves more 

closely like an ideal capacitor than in the case of the organic electrolyte. The equivalent series 

resistances ESR were deduced from when the imaginary part equals zero. It was found to be 

11  for the aqueous based electrolyte and 20  for PC. This resistance value corresponds to 

the intrinsic resistance of the porous diamond layer along with the current collector, the 

contact resistance between the active layer and the current collector, and the electrolyte. Since 

all components are the same here apart from the electrolyte, the higher ESR value here is 

attributed to the lower conductivity of the organic electrolyte over the aqueous one. Indeed, 

the conductivity of TEABF4 in PC is reported to be in the order of 14.5 mS.cm-1 whereas that

of H2SO4 solution is around                   750 mS.cm-1 [36]. Since the power released by the

super capacitor is inversely proportional to the ESR value, it is expected that this value shall 

be as low as possible, and in commercial carbon based capacitors usually below 1  [37].  

Hence the values recorded in this work are considered to be fairly high, and attributed both to 

the intrinsically low conductivity of diamond, although highly doped, and possibly poor 

electrical interfacing with the substrate. However when compared to other porous diamond 

active electrodes, it is still reasonably low. For instance the series resistance of diamond on 
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silicon nanowires in mixtures of ionic liquids and PC was reported to be above 100  [26], 

and also much above 100 .cm-1 in the case of diamond honeycomb electrodes [24]. The

equivalent distributed resistance (EDR), obtained from the linear projection of the almost 

vertical portion of the Cole-Cole plot to the real axis gives some indication regarding the ion 

diffusion through the diamond pores [10]. It was assessed to be 38  for the aqueous 

electrolyte and 120  for the organic one, respectively, which reflect the much larger cations 

radius in the case of the organic electrolyte. The Cole-Cole plots do not allow easy extraction 

of frequency information that can better be described by complex capacitance modelling of 

impedance data [35]. Thus the evolution of the real part C’() and imaginary part C”() of 

the capacitance are plotted in Fig.5b and Fig.5d for both capacitors, respectively. The real 

capacitance values at 0.1 Hz are in fairly good agreement with the results from CV 

measurements (0.96 mF.cm-2 versus 1.31 mF.cm-2 in 1 M H2SO4 and 222 µF.cm-2 versus 420

µF.cm-2 in 1 M TEABF4 in PC). In aqueous electrolyte, a frequency peak is observed in C”

() at approx. 0.5 Hz corresponding to the relaxation time 0 of the device (2s). In the case of 

PC, the imaginary part plot seems also to reveal a peak centered at 50 Hz ( = 20 ms). 0 

defines the limit between predominately resistive behavior at frequencies higher than 1/0 and 

capacitive behavior at lower frequencies. Low relaxation times are associated with low energy 

loss and fast response time of the supercapacitor (fast charge/discharge). In the case of 

organic electrolyte, the relaxation time is close to that measured e.g. with diamond coated 

glass fibers (31.7 ms) [28]. In the case of acid based electrolyte, the time constant is much 

higher. Generally speaking, aqueous electrolytes have much higher ionic conductivity, and 

thus provide lower resistance, as observed in this study, therefore they should also feature 

lower time constants than organic electrolytes [38]. Nevertheless, the larger the capacitance, 

the greater the time constant, which may explain the higher 0 value found here in acidic 

electrolyte.  
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Fig.5. Cole-Cole plots and complex capacitance (real part C’ and imaginary part C” are 

calculated according to equations from ref. [35]) for diamond pouch cell supercapacitor with 

1 M H2SO4 in water (a and b) and 1M TEABF4 in PC (c and d) electrolytes, respectively.  

Galvanostatic charge discharge (GCD) was carried out in acid medium (Fig.6a) and propylene 

carbonate (Fig.6b) in the voltage range of 2 V at various current densities.  The CDC curves 

are fairly linear at low current densities, which reveals a good capacitive behavior. 

Nevertheless, a clear ohmic drop at the turning point of charge-discharge as well as slight 

polarization of the electrodes can be observed. The ohmic drop increases with current density 

and indicates some energy loss due to internal DC resistance. The ohmic drop seems to be 

more pronounced for the organic electrolyte, as expected from previous ESR measurements, 

and results from the lower ionic mobility in PC. Overall the shape of the GCD curves is in 

agreement with the efficiency profiles of the devices as shown in fig.2c, suggesting moderate 

charge-discharge kinetics, presumably due to highly porous diamond network with somehow 

limited conductivity, and Faradic processes in the case of the aqueous based electrolyte, since 

dissociation of water was shown to appears from typically 1.5 V. GCD was repeated over 

10,000 cycles at current density of 500 µA.cm-2 in 1M H2SO4 electrolyte and revealed no
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significant difference in charge-discharge profile, thus confirming the good stability of the 

device.  

Ragone plot relating energy density to power density was calculated from the GCD 

measurements using the equations from reference [33] and shown in Fig.6c. The data were 

compared to that of diamond coated silicon nanowire thin films measured in ionic liquid as 

reported elsewhere [39].  The estimated maximum energy and power densities for PC are 

0.17 µWh.cm-2 and 200 µW.cm-2, respectively. Those values are very similar to the values

obtained for diamond coated silicon nanowires in ionic liquid. In the case of the aqueous 

based electrolyte, the highest energy and power values are close to 1 µWh.cm-2 and 700

µW.cm-2, respectively. This is typically one order of magnitude larger in terms of energy

stored and more than 5 times better in terms of power released when compared to diamond 

coated nanowires. The better performances of SPDiaTM in water over SPDiaTM in PC and

diamond coated nanowires in ionic liquid reflects the lower ESR value and higher specific 

capacitance of the aqueous based electrolyte.  

Fig.6. Examples of Galvanostatic Charge-Discharge (GCD) curves of diamond pouch cell 

supercapacitor with a. 1 M H2SO4 in water and b. 1M TEABF4 in PC electrolytes, 

respectively, within a 2 V window; c. Ragone plot for the acidic and organic electrolytes, 

including also that for diamond coated silicon nanowires in ionic liquid (measured in 3-

electrode cell configuration) as reported in [39]  

4 Conclusions 

The first symmetrical thin film diamond supercapacitor on silicon mounted in pouch cell 

configuration was reported, using porous boron doped diamond grown over polypyrrole 

template as energy storage electrodes. This material was chosen because it was reported to be 

among the porous diamond coatings with the highest areal double layer capacitance, around 3 

mF.cm-2, and because it can be processed homogeneously over 4 inches silicon wafer with
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good control. Using diamond porous electrodes in supercapacitors allows taking advantage of 

their large potential window in water while benefiting from low ionic conductivity, low cost 

and low environmental impact of aqueous based electrolyte. Here the performances of the 3 

cm-2 symmetrical pouch cell diamond supercapacitor were compared in the same

configuration when an acidic and organic electrolytes were used. The large potential window 

in water, typically above 2 V was confirmed, along with a reasonably low series resistance in 

the low ohm range.  The porous diamond material was grown over silicon for practical 

reasons, but this may not be optimum in the long term since the silicon substrate contributes 

to increasing the ESR and thus reduces the supercapacitor overall energy storage 

performances. A simple way to overcome this limitation would be to grow the porous 

diamond layer directly onto the charge collector, made e.g. of stainless steel, or any carbide 

forming metal compatible with low temperature diamond growth.  Energy and power values 

close to 1 µWh.cm-2 and 700 µW.cm-2 were recorded in water, thus surpassing by almost one

order of magnitude the energy storage performances of similar carbon based devices using 

organic or ionic liquid electrolytes. Although such porous diamond coating are probably not 

competitive in terms of cost efficiency against other carbon materials when it comes to design 

high power bulk supercapacitors, they are certainly promising for thin film applications, 

where they could when combined with lithium batteries improve the power performances of 

the energy source for portable electronics applications.  
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Highlights 

 A symmetrical pouch cell supercapacitor was fabricated using a highly porous

diamond electrode material, grown over a polymer template on four inches

substrates, and featuring a capacitance of 3 mF.cm
-2

 The performances of the device were compared when using either an aqueous or

organic based electrolytes

 Energy and power values close to 1 µWh.cm
-2

 and 700 µW.cm
-2

 were recorded in

water, thus surpassing by almost one order of magnitude the energy storage

performances of similar carbon based devices using organic or ionic liquid

electrolytes.
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