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§Develop peripheral nerve interface
technology with greater electrode density
§Improved bi-directional control of a
dexterous hand prosthesis in real-time
§The IMPRESS will consist of an arm brace
power supply with wireless charging and
communications system, and
microcontrollers
§Probe with implantable chip with
integrated circuitry for stimulation control
and recording
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16 stimulation 
and 64 recording 
sites

LONG SHORT

12 stimulation 
and 48 recording 
sites

Stimulation site: 120 x 120 µm
Recording site: 60 x 40 µm

§ Fully differential time-multiplexed analog 
output 

§ Fully differential 16 instrument amplifiers 
with programmable gain 

§ Probe channels for configurable neural 
stimulation 

● Mono-phasic and Bi-phasic pulse   ● Pulse width: 0µs –
20470µs pulse width (10µs resolution) 
● Current amplitude: 3.125µA – 400µA   ● 5 V supply 

Conclusions
• After testing the multiple models of the electrode it is apparent that the results 

vary greatly depending on the arrangement of the internal fascicles.
• DARPA gave us a maximum temperature change percentage of ~1% of the initial 

surrounding tissue temperature. Despite having percentage changes much 
above this 1% limit we believe in future tests these numbers will decrease due 
to the elevated current levels for worst case scenario analysis.
• In this experiment we ran a constant current of 300 !A. This current served its 

purpose in showing the worst case scenarios, however this current is much 
higher than the amplitudes expected for realistic use of the hd-TIME electrode. 
•With a variable current of differing pulse widths and amplitudes of no greater 

than 90 !A we expect for our percentages to decrease significantly.
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High Density Transverse Intrafascicular Multichannel Electrode
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Modeling the nerve

Methods

3-D extracellular voltages and temperature values were calculated by COMSOL’s
finite-element analysis solver. The nerve has multiple parts with varying electrical
conductivities. In order to test how these conductivities interacted with each
other and to get an accurate representation of the temperature distribution
within the nerve.
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This hd-TIME chip was produced through imec.

Future Work
• The next step is to begin running the simulations with variable current pulses, 

and differing arrays of electrodes running.
•We currently don’t know the different thermal conductivities of the varying 

parts of the neural anatomy. In order to truly simulate the effects of the 
electrode on the temperature of the surrounding nervous tissue we need to 
determine the varying thermal conductivities.
• The model that I have constructed this time lacks a functioning heat sink. One 

way to simulate how heat will dissipate is by inserting blood vessels into the 
simulated nerves with simulated fluid flow to prevent the heat from building up 
inside of the nerve itself.
• This model is also not taking into account the axons themselves, and the axons 

present another variable for the model to solve for. It is necessary to pursue 
further study to determine if the axons themselves impact the temperature 
changes due to their electrical conductivity, or if we can average that 
conductivity in with the electrical conductivity of the Endoneurium.
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Nerve Using a Transverse Intrafascicular Multichannel Electrode
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Control 0.2 S/m
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Model Percent Change in Temperature
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Abstract
One way to improve control and acceptance of sensorized prosthetic limbs is with
the implementation of a bi-directional interface for peripheral nerve stimulation as
well as recording. Stimulation provides sensory feedback for future
implementations in a prosthetic arm. The implantable multimodal peripheral
recording and stimulation system (IMPRESS) is an intraneural interface technology
supporting a high-density transverse intrafascicular multichannel electrode (hd-
TIME). In order to become available for human testing the electrode cannot cause
the surrounding nerve and muscular tissue to have a temperature change of more
than ~1% of the initial temperature. Using COMSOL’s AC/DC and heat transfer
modules the current output of the hd-TIME electrode was simulated to determine
the temperature increase through the surrounding nervous tissue. This is done
through electrothermal coupling allows for the simulation of the joule heating
caused by the current injection into the surrounding tissue. We determined that
the temperature change is dependent upon the arrangement of the internal
fascicles, and their internal electrical conductivities. This model can be used for
predictive modeling of tissue heating through various nerve-electrode
configurations.


