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Abstract: In this letter, a low-power non-coherent BPSK demodu-
lator which is applicable to implantable biomedical devices is

described. The proposed demodulator adopts the dual band filtering

for recovering the timing and data in non-coherent way. The circuit

has been fabricated with a 0.18�m CMOS technology and the power

consumption of the proposed demodulator is measured at 82�Wwith

a 2MHz carrier frequency achieving 1Mbps data rate.
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1 Introduction

Implantable biomedical devices are commonly used to stimulate neurons

directly inside the human body. Recently, various implantable biomedical

circuits that need a self-powered data communication on wireless inductive

links have been developed [1, 2, 3, 4]. In a wireless data transceiver system
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design for implantable biomedical devices, the power consumption of the

circuit should be as low as possible with a reasonable data rate. Thus the
modulation/demodulation scheme should be chosen under these design

constraints. For data modulation, a PSK (Phase Shift Keying) demodulator

is usually used in a coherent way. But the coherent PSK demodulator

usually requires a power hungry phase-locked loop (PLL) block. For

implantable biomedical devices, non-coherent methodology has an advan-
tage in terms of power consumption and circuit complexity. In reference [2],
a switched capacitor circuit with an analog integrator is used in a non-
coherent DPSK (differential phase shift keying) receiver. The approach

does not have a PLL circuit, but it still has an internal clock generator

circuits and an analog integrator, resulting in increased power consumption

and a complicated circuitry.
　 This letter describes a BPSK demodulator circuit with the dual band

filtering and a digital deglitching circuit in a non-coherent way. The

proposed circuit consumes very small power, which is applicable to

implantable medical devices.

2 Proposed architecture

The proposed non-coherent BPSK demodulating scheme adopts the dual

band filtering with additional timing generator to find the symbol with

ultra-low power consumption. In proposed scheme, the BPSK modulated

signal is first processed by marching through the LSB (Lower Side Band)

and the USB (Upper Side Band) paths. The higher frequency portion of the

signal exists near the phase changing boundary. The outputs from the LSB

and USB comparators are used for further processing to find the recovered

clock. The corner frequency is set at 2MHz on both filters.While processing

with two filters, the LPPF and the HPPF causes the phase shift on the

output. The phase difference between two paths is about 90 degrees with a

small variation on a targeted frequency. By processing two outputs from

the LSB and USB with additional digital circuits, the data boundaries can

be derived with edge pulses. By combining the LSB output with the

intermediate data the carrier signal is generated. Then the clock and the

demodulated data could be derived with very low power consumption.
　 Fig. 1 shows the proposed BPSK demodulator that consists of five

major blocks: (1) a block filtering with a LSB using a comparator with a

first order LPPF (Low-Pass Pre-Filter), (2) a block filtering with a USB

using a comparator with a first order HPPF (High-Pass Pre-Filter) and a

delay circuit for delay matching with the LSB path, (3) an EXOR circuit

for generating the symbol timing pulse by detecting each phase changing

edge from the LSB output and the delayed output of the USB, (4) a digital

Fig. 1. The proposed BPSK demodulator
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deglitching circuit for eliminating unwanted glitches caused by the

misaligned timing between the output of the LSB and the USB, and (5)

a clock generation and a data recovery block.
　 The timing diagram of the proposed BPSK demodulator is shown in

Fig. 2. The LPPF works on the low frequency and the HPPF works on the

high frequency portion of the signal (shown in (b) and (c)). The

comparators in the LSB and USB paths digitalize the signals from the

filters (shown in (d) and (e)). For recovering a symbol edge pulse, a 90

degree phase delay is added on the USB signal to find the data boundary.
The delay (�) circuit used in the USB path consists of a current mirror and

a current controlled delay for generating precision controllable delay. The
delay time is 125 ns for 90 degree phase shift. After adding a 90 degree

phase delay from the output of USB, the phase difference between the LSB

output and the delayed output of the USB becomes 180 degree. Therefore,
taking the EXOR operation between the LSB output and 90 degree delayed

USB output gives the symbol edge pulse with some glitches as shown in (f).
These glitches come from the phase variation through the filters and

inductive links. The glitch-free symbol edge timing pulse can be generated

through a digital deglitching circuit. The recovered symbol edge pulse

generates an intermediate data from the LSB output by the symbol edge

timing pulse in (h). The signal in (i) gives the carrier pulse and the

recovered clock is generated with a digital counter which could be reset by

the symbol edge. The final demodulated data shown in (k) is obtained

through the D F/F.

3 Measurement results

The proposed circuit has been designed with a 0.18�m standard CMOS

technology. The layout and chip microphotograph of proposed BPSK

demodulators are shown in Fig. 3(a), respectively. Most areas are occupied

by the RC filters and comparators with capacitors for the USB and LSB

Fig. 2. Timing diagram of the proposed BPSK demodu-
lator
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paths. The total chip area is 133×263�m2. The filter circuits can be

improved to reduce the chip area. The carrier frequency is 2MHz and the

data rate is set at 1Mbps. The simulation results of the proposed BPSK

Fig. 3. (a) Layout and chip photo, (b) simulation

waveforms, and (c) measured waveforms
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receiver are shown in Fig. 3(b). The nodes shown in the Fig. 3(b) are the

same as the nodes in Fig. 1. The inductive coupling factor k is set 0.5 on the

inductive link for sending and receiving data on BPSK system. Therefore
the signals on the filters are more degraded. The differential signals to the

comparator in the LSB path have the lager signal strength at 1.5MHz,
while the differential signals of the comparator in the USB path have the

larger signal strength at 2.5MHz. The simulation also shows that the

glitches on the unfiltered edge pulses are removed through the digital

glitch-cancelling circuit. In the test environment the BPSK signal was

generated and forwarded to the receiver. The binary input signal is

transformed to BPSK signal and transmitted wirelessly. The inductive link
was implemented externally. The proposed demodulator chip was mounted

on the board with a chip-on-board (COB). Fig. 3(c) shows the measured

results on random BPSK signals and it demonstrates the BPSK signals are

demodulated correctly. The proposed BPSK demodulator consumes 82�W

with a 1.8V power supply. The summary of performance comparison of

BPSK demodulators is shown in Table I. Compared to other works, our
work shows the lowest power consumption with relatively higher data rate

and lower carrier frequency. The better device for bio-implantable device

transfers a higher rate data with lower carrier frequency and lower power

consumption. A figure of merit (FoM) can be derived as the data rate

divided by the power consumption and the carrier frequency. The last

column in Table I shows the value of FoM. Compared to previous published

works, the proposed circuit shows the best FoM performance.

4 Conclusion

This letter presents a low-power non-coherent BPSK demodulator for

implantable biomedical devices. The proposed demodulator adopts the dual

band filtering and digital deglitching for demodulating data. The proposed
BPSK demodulator shows power consumptions only 82�W using 0.18�m
CMOS.
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