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Abstract—We present an event-driven tactile sensing element
that encodes both the absolute value of the input force and its
variation over time. It is based on the POSFET device and Leaky-
Integrate and Fire neurons, connected by a transconductance
amplifier; the proposed circuit exploits the advantages of the
POSFET device, such as high integration scale, fast response,
wide bandwidth and force sensitivity, as well as the advantages
of event-driven encoding, such as low latency, low power dissi-
pation, and high temporal resolution, coupled with redundancy
reduction.

I. INTRODUCTION

Event-driven sensing is a novel bioinspired strategy for
sensory signals encoding that overcomes some of the short-
comings of clock-driven acquisition [1]. Current commercial
sensing devices, based on the sampling of the physical signals
at fixed temporal intervals, have been developed for high
fidelity reproduction of the surrounding environment, but they
show disadvantages in artificial sensing, where the goal is to
extract relevant information for planning appropriate responses
of artificial devices, such as robots. Such sensors suffer from
an intrinsic latency due to the synchronous acquisition of the
output of all of the sensory elementary detectors; they cannot
adapt their sampling rate to the highly variable dynamics of
the stimuli, producing an enormous quantity of redundant
data when the input is static or slowly changing and they
miss variations that happen at a frequency higher than their
sampling rate.

In event-driven sensors, each sensing element independently
detects variations of given amplitude of the sensory signal;
as soon as the event is detected, a digital pulse is sent to
the processing unit, signalling the identity of the detector. In
this scheme, the information is encoded in the relative timings
between the digital events. The sampling of the sensory signal
is data-driven and automatically adapts to the dynamics of
the input: for changing signals, high frequency pulses will
be transmitted, whose inter-event time is directly proportional
to the speed of variation of the signal itself, decreasing for
slower signals until no events are emitted for constant stimuli.
This type of encoding loosely recalls the transient pathway of
visual signals in mammalian retinae: it removes redundancy at
the acquisition level and produces a stream of events with high
temporal resolution and low latency, coupled with minimum

data transfer. As vision and audition are traditionally dominant
sensory modalities in artificial devices, event-driven vision and
auditory sensors have been successfully realised and deployed
to many challenging applications (see [1] for a review). Cur-
rently, also touch sensing is becoming a widely used sensory
modality, used as novel interface to hand-held devices, and
in robotics [2], where it is crucial for safety and improved
interaction of robots with objects during manipulation. Tactile
sensing elements, or taxels, are distributed on the body of a
robot and, with respect to vision, their activation is even more
spatially and temporally localised, making the event-driven
sensing strategy appealing also for this sensory modality.
We proposed an event-driven asynchronous taxel [3] based
on the POSFET (Piezoelectric Oxide Semiconductor Field
Effect Transistor) device [4]. The POSFET is a sensotronic
unit, signal transduction is operated by a film of piezoelectric
material that polarizes the gate of a MOS transistor. In this
device, transduction and electronics coexist, minimizing size
and wiring, improving integration scale and signal to noise
ratio. Additionally, with respect to other touch technologies,
the POSFET shows faster response, wider bandwidth and
better force sensitivity. The POSFET responds to pressure and
release applied normally to the piezoelectric film, the proposed
event-driven readout circuit encodes the applied force with a
train of digital pulses (or spikes) with instantaneous frequency
directly proportional to the applied force [3]. This encoding
of pressure levels loosely recalls the sustained type of skin
mechanoreceptors (Merkel cells). In this paper, we show
that a simple modification of this circuit operation makes
the output frequency of the taxel proportional to variations
of the input pressure, recalling the transient activation of
Meissner Corpuscles based mechanoreceptors. The possibility
of a dual mode of operation parallels a similar work in vision
sensors [5]. We report both simulations and measurements
from a test circuit fabricated on AMS 350 nm technology that
confirm the expected behaviour of the “transient” taxel.

II. ASYNCHRONOUS, EVENT-DRIVEN TACTILE SENSING
ELEMENT

The POSFET is obtained by the deposition of a piezoelectric
polymer film (PVDF) on the gate of a standard MOSFET.
Forces applied to the film induce a variation of charges that is



Fig. 1: Event-driven taxel: for the “transient” encoding, an off-
chip logic gate resets the OTA reference voltage when either
a positive or a negative pulse are produced.

in turn reflected in a modulation of the channel polarization.
Thus, a contact force variation is directly reflected in the
variation of the channel current of the POSFET. The event-
driven readout circuit we propose amplifies and digitizes this
current for off-chip communication. Specifically, the POSFET
is in common drain configuration that decouples the readout
from the sensor and copies the sensor voltage to its source
node. A transconductance amplifier converts the voltage signal
into a current that is integrated by Leaky Integrate & Fire
neurons (LIF) [6] that emit digital pulses with instantaneous
frequency proportional to their input current. The resulting
digital pulses are sent off-chip using the Address-Event Rep-
resentation (AER) protocol: for a matrix of taxels, the pulses
are transmitted at time of occurrence and the information
is encoded in the relative timing between spikes and in the
address of the emitting taxel; in this case, an arbitration scheme
will handle collisions of synchronous events [7]. The polarity
of the spikes corresponding to pressure or release will be
encoded in the least significant bit of the taxel’s address,
similarly to the implementation of ON and OFF pixels in
dynamic vision sensors [8].

Fig. 1 shows the block diagram of the proposed circuit. The
POSFET operating point is set by the bias current Ibias which
amplifies its source voltage [9]. The output is amplified by an
OTA stage coupled with an offset cancellation circuit, used
to remove slow drift of the POSFET output. Two different
output branches of the OTA are used to generate separate
currents corresponding to increase and decrease, respectively,
of the force applied on the piezoelectric film. Two identical
LIF neurons, the positive and the negative LIF, are used to
integrate the current generated by pressure and release on the
POSFET, respectively. Finally, an handshake circuitry handles
the AER communication protocol.

The OTA stage compares the static source voltage of the
POSFET with the current sensed value, and the OTA out-
put current is proportional to such a difference. The offset
cancellation block in Fig. 1 sets the reference static voltage
of the POSFET, by means of a transfer gate enabled by the
digital signal Vrst , that periodically samples the POSFET bias
level. In the “sustained” operation mode, the reset signal is
driven at the beginning of operation, and at fixed temporal

intervals, accounting for slow drifts of the operating point
of the POSFET itself, caused by the spread of technological
parameters, mechanical stress effects on PVDF and on the
circuit itself in case of flexible integrated sensing solutions.
In this mode of operation, the event-driven POSFET device
operates a direct transformation of the input force to a spike
train with instantaneous frequency proportional to the absolute
value of the applied force.

The red “Off-Chip” box in Fig. 1 shows a minor modifi-
cation of the circuit, to obtain a “transient” encoding of the
applied force. The offset cancellation circuit is activated at
the occurrence of each spike, by driving the Vrst node with
the AER handshake signal. In this way, the offset cancellation
circuit resets the OTA reference voltage to the voltage of the
POSFET at the spike generation time. The OTA therefore
compares the current POSFET output voltage to the voltage
corresponding to the previous spike and consequently the
output instantaneous firing rate of the LIF is proportional to the
variation of the input force, rather than to its absolute value.

III. RESULTS

In this work, we present simulations (SPECTRE R©) and
preliminary measurements from a fabricated test circuit (AMS
350nm technology). The simulated taxel has a 0.7×0.7 mm
square electrode covered by a 2.5µm PVDF thin film, and is
connected to the gate of a nMOS with W=1250µm, L=2µm.
The total area of the taxel is 75×227µm2. The large W/L ratio
sets a large POSFET transconductance value and minimises
the 1/ f noise. The fabricated device is connected via metal
wire to the input pad of the chip with an off-chip PVDF taxel.
This simple and cheap configuration allows for a full charac-
terisation of the taxel, without loss of generality; the complete
taxel integration will show better results with a decrease
of noise, losses and parasitic effects. For completeness and
comparison, we show both the “sustained” and the “transient”
encoding of the taxel activation, however, for details about the
“sustained” operation we refer the reader to [3].

The simulation of the event-driven taxel is based on the
modelling of the POSFET device, that comprises mechanical,
electromechanical and electrical models of the PVDF [9]–
[11]. The model captures the overall behaviour of the material,
neglecting electromechanical losses, as their effect only comes
into play for higher frequencies. We used sinusoidal and
square input waveforms to illustrate and characterize the
circuit behaviour for changing input force amplitude and slope.

Fig. 2 shows the response of the circuit to a sinusoidal force
of 20Hz frequency, the “sustained” event-driven tactile sensing
element responds to the force amplitude, above a threshold
given by the LIF circuit, the “transient” taxel responds to
variations of the input force. The instantaneous firing rate
of the positive and negative LIF neurons shows a sinusoidal
profile, a fit with a sine function with the same frequency
of the input confirmed this behaviour. In Fig. 2a, the phase
shift of the sine functions with respect to the applied force
is close to zero for the positive LIF and about 180o for the
negative one, while for the “transient” event-driven tactile
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Fig. 2: Transient simulation results for a sinusoidal input: (a) “sustained”, (b, c) “transient”. (top) Input force waveform (sine
wave, frequency = 20Hz, peak = 500mN), instantaneous firing rate of the positive and negative LIF neurons, together with
their fit with sine waves of equal frequency, parametrised by the phase; (bottom) shows the membrane potential of the positive
(green) and negative (red) LIF neurons. (c) Instantaneous firing rate of the positive LIF neuron for a positive half period of the
sinusoidal input for different peak values of the input force. All measurements were performed with the same bias settings.

(a) (b) (c)

Fig. 3: Transient simulation results for a square wave input: (a) “sustained”, (b, c) “transient” for an input square wave
(frequency = 20Hz, peak value = 250mN (a) or 500mN (b)).

sensing element (Fig. 2b), it corresponds to ±90o, showing
that, in the latter operating mode, the circuit operates a good
approximation of the derivative of the input force. In both
operating modes, the circuit distortion is very low. Fig. 2c
shows that this behaviour is consistent for different input force
values, ranging from 0.3 to 1N, as the sinusoidal fit has the
same frequency and phase for all of the forces. Fig. 3a and
3b show the response of “sustained” and “transient” taxel to
a square wave. The output firing rate is constant for both
modes of operation (Fig. 3c shows that this is the case for the
“transient” mode). However, the mean output firing rate of the
neurons is proportional to the absolute force in the “sustained”
mode, and to its rate of change in the “transient” mode, as
shown in Fig. 4 for the positive LIF. Simulations show that
the mean power consumption of the taxel is between 15 and
20µW in a range of forces between 0 to 1.6N, corresponding
to light touch typical of manipulation of small objects.

Fig. 5 shows preliminary results from a fabricated prototype.
The PVDF has been stimulated with the Brüel&Kjaer Min-
ishaker (Type 4810, Power Amplifier Type 2706) controlled

by an arbitrary waveform generator (Agilent 33220A) pro-
grammed via USB. The corresponding force measurements
used as ground truth are obtained using the ICP R© quartz
Force Sensor 208C02. The membrane potential of the LIFs
is acquired by means of a National Instrument board R©. The
input of the amplifier VOTA+ is reset after each spike to the
current voltage value, therefore a new output spike is sent only
after the input force has changed of a given amount from the
instantaneous value corresponding to the previous spike. This
way, the positive and negative LIF neurons respond to the
changes of the input force, and the corresponding inter-spike-
interval decreases when the slope of the input increase. Fig. 6
shows the frequency profile of the output of the positive LIF
neuron, as predicted by the simulations shown in Fig. 2c, the
instantaneous frequency can be fit by a sine function (dashed
line).

IV. CONCLUSION

The event-driven tactile sensing element is the first proposed
tactile sensor with event-driven read-out. In this paper we



Fig. 4: Parametric simulation results. Mean output firing rate
of the positive LIF neuron during a positive half cycle of the
square wave input for the “sustained” (top) and “transient”
(bottom) taxels.

showed that it can have two main modes of operation. In
the “sustained” mode, it encodes for the absolute value of
the applied force; in the “transient” mode, it encodes for
variations of the input force, approximating the derivative of
the input signal. Two separate neurons reflect pressure and
release mechanical stimuli. The use of both modes of operation
in matrices of taxels will pave the way for a new generation of
tactile sensing devices exploiting the low latency, low power
and high temporal resolution of neuromorphic sensors and
extend the current library of event-driven sensing modalities
available for robotics.

Fig. 5: Measurements from fabricated prototype for the “tran-
sient” taxel. (top) Input force, taxel source voltage (VsPOS)
and input terminal of the OTA (VOTA+), (bottom) membrane
potential of the positive (green) and negative (red) neurons.

Fig. 6: Measurements from fabricated prototype for the “tran-
sient” taxel: instantaneous frequency of the positive LIF (mean
and standard deviation over 100 acquisitions, measured as
inverse of temporal interval between consecutive spikes) for a
1.6N input force and the corresponding sinusoidal fit.
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