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Wireless Biomedical Sensors

Israel: Given Imaging Ltd 

Low power consumption
High data rate
Miniature size
Low costKey Block

Short Range Wireless 

Example: Capsule Endoscope system

Temperature

Heart rate

pH

Neurostimulator

Imaging
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Data Communication Link 
using Inductive Coupling

Downlink Data 
Uplink Data 

external Internal (Implant)

Power

external
UplinkDownlink
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Inductive Data Link for Implantable Wireless
Simple implementation 
Less body loss at lower frequencies
Power transmission into an implantable device.

Low data rate for Uplink 
(Maximum 25kbps to 250kbps) 

Low energy efficiency
(power-loss in the inductive load driver)  

A new design method of further low power transmitters
which introduces the concept of class-F amplifier

Challenge
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Modulator Design Choices
High Frequency Analog

300MHz～5GHz

Low Frequency Digital
10MHz ～40MHz

PLLs, VCOs, Power Amplifiers
Antenna, Matching Elements

High speed analog circuits consume large power 
and large circuit area

Modulated signal 
can be directly generated by digital logic gates 
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Digital Direct M-PSK Modulation
BPSK

4PSK

8PSK

All the circuits are constructed by digital circuits.

8xcarrier frequency



7

Proposed Primary Coil Driver Design 
which introduces the concept of Class-F amplifiers

Parallel LC resonators of the first through Nth stages are tuned to
the first through Nth odd harmonics of the carrier frequency.
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Circuit Operation (Simple case N=1)
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A square wave of carrier frequency ωc contains 
the fundamental frequency and all odd harmonics.

By removing harmonics from the square voltage waveform, 
this circuit generates an accurate sine waveform voltage 
and current at the output LC tank.
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Steady-state current waveforms IR
flowing through the resistor R

max 2
DDVI
R

=Normalized by 

At resonance frequency, series LC resonators create a high impedance
to the amplifier at the respective odd harmonic frequencies.
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Static Power Consumption 
with the Nth order harmonic resonators

Normalized by 
2

0 4
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=

As the number of odd harmonic resonators increases,
the coil-driver’s power efficiency can be significantly increased.

In the case that carrier signal only is applied

N=5
96%
reduced
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Estimation of the Driver’s Power Consumption

In the case that carrier signal only is applied,
the power consumption of the coil driver Pcarrier is given by

The dynamic energy consumption Esymbol due to symbol transition is 
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Estimated Average Power Consumption 
of the primary coil driver

This simulation assumes a BPSK modulated carrier signal.
The power consumption of the modulator circuit is not included.
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Matlab simulation of M-PSK modulation 
using a 50%-duty-cycle square wave BPSK

4PSK

8PSK
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A implementation of a one-chip 
wireless camera device 
for a capsule endoscope
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A first prototype of the single-chip 
CMOS wireless camera
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(320 x 240)

Column S/H
Horizontal Shift Register

Load Current Source

V
er

tic
al

 S
hi

ft 
R

eg
is

te
r

B
oo

ts
tr

ap
ed

 D
riv

er
R

O
M

LE
D

 C
O

N
T.

Timing Gen. Internal 
Clock Gen.

C
yc

lic
 A

D
C

B
an

dG
ap

R
ef

er
en

ce

Oscillator
BPSK

Modulator

PMOS
S.F.

4.
34
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m

4.84mm
1P4M 0.25μm CMOS CIS process

Supply Voltage  ２V 
320x240 Pixel (QVGA)
Clock Generator
10b Cyclic A/D
Band Gap Reference

BPSK Modulator
Coil Driver for Inductive Link

All required camera functions 
and wireless components are 
integrated into a single silicon 
chip. 

Wireless block
Chip occupied Area 0.04mm2
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Experimental Setup
DemodulatorMiniaturized Camera Module

20mm

10
m

m

Coin Battery

Transmitter coil
N=10Turn

2xa=10mm
inductance 1uH

3 types of Receiver coil
shielded loop 1Turn 

2xb=10cm
20cm
40cmDistance

Carrier frequency 
20MHz
Symbol rate 
2.5Msymbol/s
BPSK modulation 
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Average Received Power
as a function of the communication distance
Minimum Received Power

= -174dBm + 10logBw + NF + SNR
= -80dBm

Bw = 2.5MHz
NF    = 10dB
SNR = 20dB

38cm

28cm

48cm
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Captured Image

(a)-80dBm

(b)-87dBm

(c)-90dBm

Error-free image transmission 
over a distance of 48cm
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Sample Movie

2frame/s
QVGA
320 x 240
10bit resolution
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The chip specifications and  
the measured performance summary

Transmitter power: 1.4mW @ 2.5Mbps 0.56nJ/bit !!
Maximum transmission distance 48cm

Total
2.6mW
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Summary
• A simple but efficient transmitter design which introduces 

the concept of class-F amplifiers into an inductive data link 
is proposed.

• An experiment of image data transmission has been 
successfully performed using the implemented chip. 

• The result of the transmitter power consumption is 1.4mW 
at data transmission rate of 2.5Mbps 

• Error-free data transmission over a distance of 48cm.
The energy consumption of 0.56nJ/bit is achieved.
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