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tween the initial cavity pressure and the ambient pressure.

The response of the pressure sensor was estimated by taking

into account the mechanical properties of 6DT cross-linked GNP

membranes obtained by AFM bulge tests (ESI).7 Using this data

and the device geometry, an estimate of the bulge height of the

membrane in response to the applied pressure loading as well as

the resulting strain could be calculated. Taking into account a

constant gauge factor Gs of 7 and a residual membrane stress of

6MPa (values in the MPa range are common for freestanding GNP

membranes7,16), resulted in estimates of the sensor responses

which are, within the given pressure range of ±8kPa, very similar

to the experimental data. This is clearly seen in figure 2c, which

shows the calculated transfer function (dashed red line) in very

good agreement with the experimental response curve. A detailed

description of the calculation as well as simulations regarding the

influences of different device parameters on the sensor’s response

characteristics are provided in the ESI.

In summary, we presented the first prototype of a resistive pres-

sure sensor based on a freestanding membrane of gold nanoparti-

cles. A sensor response of up to ∼ 0.7% was obtained for pres-

sure changes in a range of ±8kPa. The measured sensor re-

sponses were found in good agreement with a simple approxi-

mate model relating the applied external pressures to the mem-

brane strain, and assuming a gauge factor Gs of 7, similar as ob-

served for substrate supported strain gauges based on 9DT cross-

linked GNP coatings.11 According to previous findings reported

for strain gauges based on GNP assemblies, it should be possible

to enhance the sensitivity of the presented pressure sensor by the

following adjustments: First, it was demonstrated that the resis-

tive strain sensitivity of substrate-supported GNP films increased

with decreasing thickness and was highest for monolayer films.

This finding was attributed to the 2d confinement of conduc-

tion paths in the case of the monolayer film.22 Additionally, as

shown by our model calculation provided in the ESI, decreasing

the membrane thickness increases the device’s sensitivity because

thinner membranes are bulged more heavily than thicker ones at

a given pressure. Second, an increase of the nanoparticle size is

assumed to increase the sensitivity, because the gauge factor of

nanoparticle based resistive strain gauges scales with the particle

diameter, as deduced from a simple geometric model.10 Third,

the order of the particles in a freestanding membrane is expected

to influence the strain sensitivity. Compared to a highly ordered

GNP membrane a disordered membrane responds to stress more

easily by local rearrangements, microcrack formation and local

relaxation rather than by homogeneous changes in the interpar-

ticle distances.23 Taken together, ultimate sensitivities should be

achievable by employing membranes consisting of a single, highly

ordered monolayer of relatively large GNPs. This, however, will

require reducing the device’s dimensions in order to avoid col-

lapse of the membrane and to enable electrode aspect ratios al-

lowing for practical resistance measurements. Additionally, we

note that by applying a more elaborate capacitive readout of the

membrane deflection, it should be possible to determine the di-

rection of the pressure variation with respect to the internal cavity

pressure.
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