








a near constant average level. Any increase/decrease in
coupling factor due to the animal movement would change
the RF power-level sensing data bit, causing a ramp
down/up in the external Class-E amplifier Vpp to maintain
a constant power supply for the implanted microsystem.
The adaptive feedback operation is updated at 10 Hz,
which is adequate for tracking animal movement. The
measured overall system performance is summarized in
Table 1. It should be noted that the 500 uW power
dissipation includes the power consumption of the voltage
regulator and all other implant electronics.
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Figure 8: In vivo microsystem characterization results from an
untethered laboratory mouse in its cage

Table 1: Measured wireless implantable bio-sensing
microsystem performance

Adaptive RF powering 4 MHz = 500 uW

3-Channel EKG, body temp., RF power-level

Data transmission 5 kbps FSK modulation @ 433MHz

Received bit error rate 0.1% (limited by receiver)

Data transmission range ~15cm

Temperature sensor range 25°C-48°C

Temperature sensor speed | 40 seconds from 25 °C — 40 °C

Temperature resolution ~0.1 °C (8-bit)

Input EKG signal range 20uVp-p - SmVp-p

EKG sensing resolution 3.4uVrms (100 Hz bandwidth)

Total power consumption 156uA from 2V

CONCLUSION

A wireless and batteryless in vivo EKG and core body
temperature sensing microsystem with adaptive RF
powering for untethered genetically engineered mice real-
time monitoring is developed. A low power 2 mm x 2 mm
integrated bio-sensing electronics consisting of an EKG
amplifier, a PTAT temperature sensor, an RF power
sensing circuit, an RF-DC power converter, an 8-bit ADC,
digital control circuitry, and a wireless transmitter is
designed and fabricated in a 1.5 um CMOS process. The
miniature packaged prototype microsystem including EKG
sensing electrodes, RF power receiving and data
transmitting coils, and the ASIC demonstrates the
capability of wirelessly monitoring real-time biological
signals from an untethered genetically engineered mouse.
The overall implant microsystem consumes 156puA from
an on-chip 2V supply powered by an external adaptive RF
energy source.
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