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A fully integrated analog front end circuit,
wireless transceiver, and DSP for ECG
monitoring SOC
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Abstract

As the population is ageing in our society, the tendency is developing
convenient and safe medical electric equipment. With the
development of semiconductor technology, biomedical electronic
systems execute signal amplification and processing with integrating
several chips instead of bulky apparatus composed of transistor
modules and discrete circuit elements. The evolution of very-large-
scale integration technology not only results in portable medical
equipment widespread gradually but reveals medical telehealth
caring era: patients stay home and the bioelectronic equipment
monitors their physical conditions, then the amplified sensing-signals
transfer to remote hospital via wireless transmission system on
time and immediately. The doctors in the hospital can discover any
abnormal physical situation and take emergency treatment.

However, medical products have to replace batteries frequently for
high power consumption, and the discrete electric elements of the
products, such as amplifiers, AD converters, and wireless transmitter,
are bulky as well as expensive. The outstanding research teams
focus on developing SOC which integrates all circuits in a chip, and
emphasize on improving low power consumption, low noise, high

resolution, and efficiency.

This system-on chip integrates ECG real time monitoring system with
wireless transceiver, including low noise/power amplifier, SAR AD
converter, wireless transceiver, ECG feature extraction circuitry. Most
of literatures published on IEEE symposium and journals pointed out
large power consumption generally. The main power consumption
is wireless transceiver and DSP. This SOC will solve problems as
mentioned above, and not only integrate front-end circuit and DSP
but reveal an innovative wireless transceiver architecture for low
power consumption and high data rate.

Recently, FCC allocated a new and wider radio band called MedRadio
band to replace the early MICS which only has less than 100k data
rate. For low power requirement in MedRadio band, phase MUX
and edge combiner technique are utilized in the transmitter to
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implement high bandwidth efficiency modulation scheme, D-BPSK.
In the receiver, a reference-less dynamic phase to amplitude scheme
is adopted to demodulate D-BPSK signal from the transmitter.
The transmitter is much immunity to noise from environment and
PVT (process, supply voltage, and temperature) in CMOS process.
Furthermore, carrier frequency is generated by edge-combiner based
PA and multi-phase low frequency oscillator, which significantly
reduces power of the transmitter. By phase-MUX technique, the
transmitter can support high data rate. A power-hungry PLL is not
necessary in the demodulation phase, which achieves low power
purpose in the receiver.
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Fig.2 > The SoC benchmark and chip microphotograph

ECG signals demodulated from DSP §§

Fig.3 > The demonstration of the bio-signal monitoring SoC




