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Wireless Communications with Medical Implants




MICS band

m Medical Implant Communications Service
m Commissioned by FCC in 1999

m 402-405 MHz band

m 10 channels, 300 kHz bandwidth each

= Maximum EIRP = 25uW (-16dBm)

“MICS Band Plan,” Part 95, FCC Rules and Regulations, Jan. 2003.
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MSK: Minimum Shift Keying
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Oscillator Using Loop Antenna
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Digitally Controlled Oscillator
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MICS requirements
Frequency range: 402-405MHz
Frequency stabllity: +/- 100ppm = +/- 40kHz

Design goal:
Frequency range: 392—415MHz
Frequency steps : < 2kHz



Digitally Controlled Oscillator
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Capacitor Array
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Capacitor Array Predistortion
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Capacitor Array Predistortion
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DCO Architecture
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DCO Architecture
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DCO Architecture
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Super Regeneration Theory




Super Regeneration Theory
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Root Locus for Time Varying G
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Root Locus for Dynamic Damping Function
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SRR Response to Sinusoidal Input
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SRR Response to Sinusoidal Input
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Receiver Topology
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Receiver Topology
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Receiver Topology

Det ZYEm

Envelope Detector




Receiver Topology
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Receiver Topology
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Die Photo

Fabricated in IBM 90nm CMOS

Active Area
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Measured DCO Tuning Curves
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Measured Spectral Mask
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Rx Histogram
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Conclusions

m Ultra-low power transceiver for medical implant
communications

m Transmitter
oconsumes less than 350uW
Ouses direct MSK modulation
Omeets MICS spectral mask specifications

m Receiver
Oconsumes less than 400uW
Ouses super-regeneration to demodulate OOK signals
0-99dBm sensitivity at 30kbps (BER=10-3)
0-93dBm at 120kbps (BER=1073)

m Capacitor predistortion

m A PCB loop antenna as part of the DCO resonator
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