Realistic Modeling of the Biological Channel for
Implantable Wireless UWB Neural Recording Systems
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Main issues of the proposed realistic modeling

Several emerging medical applications require that a miniature data acquisition device be implanted into the head to extract and
wirelessly communicate. brain activity to other devices. Designing a reliable communication link for such an application requires a

realistic model of the surrounding biological tissues.

Implantable Wircless

UWRB Transmitier

o Characterizing and modeling the biological medium as a communication channel In
the UWB frequency band in HESS software.

o Inthe modeled medium'of body In HESS, Designing implantable UWB monopole
microstrip antenna as transmitter antenna and another monopole as receiver antenna. Patient

o Discussing two scenarios for the location of the wireless implantable transmitter (the
transmitter under the skull and the transmitter above the skull) in the frequency range
of 3.1 to 10.6 GHz for brain monitoring.

o Calculating the path loss and maximum available powers at the different proposed
transmitter locations to estimate the minimum sensitivity of the receiver with respect

to FCC and ANSI regulations.
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Channel Modeling And Simulation Simulation Results

» The antenna design inside body is different of free spacen \ \
o Acceptable Performance for UWB Antenna

o Multi-Layer Model of tissues defined for
HFSS software - = The return loss of the UWB antenna is below -10 dB.
’ = Directivity is above 0 dB.
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J o Average Specific absorption Rate (ASAR)
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= The maximum peak 1-g ASAR of the microstrip antenna in both scenarios are similar, and are located

requirements :

= jtis restricted to small dimensions. around 320 W/kg. These ASARs are much higher than the regulated ANSI limitation of 1.6 W/kg.
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o Set Up for Measuring Path Loss
Unlike the traditional definition of path loss is for the brain o Calculating Limitation of Maximum Power for Transmitter
monitoring wireless link we do not operate in the far field
- - X RX
a5 W'th conventional systems, NS I EI ~ | Antenna "| Channel | Antenna | = we scale the power delivered by the implanted antennas to meet the ANSI limitations. This leads to
Investigated separately from the antennas. transmission power 5 mw.
= The worse case and the best case: = Bythe FCC mask , the maximum radiated power allowed.:
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SKin > 10 The best case for the first scenario has a maximum gain of around -10 dB. The best case for the
Fat 0 2.0 second scenario has a maximum gain of around -8 dB. Therefore the maximum Pt for the first
Bone 5.0 =0 scenario Is 7.16 mW, and 5.16 mW for the second scenario.
o - = Note that the ANSI restrictions are greater than those imposed by the FCC, so maximum power
Hr i | is set by the ANSI criteria.
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Conclusion and Outlook

O We have introduced a model of the channel in a brain monitoring application.

O We reported the simulation results for two scenarios employing a UWB wireless link.

O The maximum power allowed to be transmitted from the implanted antenna taking into account limits imposed by both the ANSI and the FCC was determined to be 5 mW.
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