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Motivation: MICS band
Transmitter architecture
Super-Regenerative Theory
Receiver architecture
Measurement results
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MICS bandMICS band

Medical Implant Communications Service
Commissioned by FCC in 1999
402-405 MHz band
10 channels, 300 kHz bandwidth each
Maximum EIRP = 25μW (-16dBm)

“MICS Band Plan,” Part 95, FCC Rules and Regulations, Jan. 2003.
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Observation: 
Maximum output 

power: 25μW EIRP

Transmitter TopologyTransmitter Topology

Classical Homodyne Transmitter

Direct Modulation Transmitter
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MSK: Minimum Shift KeyingMSK: Minimum Shift Keying

0’s represented by fLO=f0-ΔF

1’s represented by fHI=f0+ΔF

20dB MICS Mask Spec

Bit Rate = 200kB/s
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C pRLm oG V⋅

oV

Digitally Controlled OscillatorDigitally Controlled Oscillator

MICS requirements
Frequency range: 402-405MHz
Frequency stability: +/- 100ppm = +/- 40kHz

Design goal:
Frequency range: 392—415MHz
Frequency steps : < 2kHz
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Capacitor Array PredistortionCapacitor Array Predistortion
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DCO ArchitectureDCO Architecture
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DCO ArchitectureDCO Architecture

R. Aparicio and A. Hajimiri, JSSCC, Dec. 2002.
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DCO ArchitectureDCO Architecture

Direct Modulation Transmitter
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Direct Modulation Transmitter

Receiver TopologyReceiver Topology
Classical Homodyne Receiver
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Receiver TopologyReceiver Topology

short: 1 long: 0 short: 1
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Receiver TopologyReceiver Topology
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Receiver TopologyReceiver Topology
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Receiver TopologyReceiver Topology
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Die PhotoDie Photo

2.0mm

1.0mm

Active Area

0.5mm

1.0mm

Fabricated in IBM 90nm CMOS
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Measured DCO Tuning CurvesMeasured DCO Tuning Curves
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Measured Spectral MaskMeasured Spectral Mask

Bit Rate = 200kbps

Bit Rate = 120kbps
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Measured Receiver Time SignalsMeasured Receiver Time Signals

Data Out 
(NT=250)

RF Signal at 
Antenna

DCO Output

Env. Det. 
Output

Comparator 
Output

Counter

Normalized Time (t/TB)

count = 173       count = 335       count = 327       count = 177       count = 342

Data Out = 1     Data Out= 0       Data Out = 0     Data Out = 1     Data Out = 0
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Rx HistogramRx Histogram

fo = 403.65 MHz

Bit Rate=30kbps

PDC = 373μW

PRF = -101dBm

BER = 10.3e-3

PRF = -98dBm

BER = 0.13e-3

PRF = -91dBm

BER = 0

NCOUNT
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ConclusionsConclusions

Ultra-low power transceiver for medical implant 
communications

Transmitter 
consumes less than 350μW 
uses direct MSK modulation
meets MICS spectral mask specifications

Receiver 
consumes less than 400μW 
uses super-regeneration to demodulate OOK signals 
-99dBm sensitivity at 30kbps (BER=10-3)
-93dBm at 120kbps (BER=10-3)

Capacitor predistortion

A PCB loop antenna as part of the DCO resonator
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