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Abstract — the SIMOS project develops tools for remote monitoring of medical implants. The first targeted application is the monitoring of a knee prosthesis
developed by Symbios. The prosthesis includes sensors that measure the forces and vibrations applied to the joint, and the orientation and movements of
the articulation. An integrated electronics acquires the sensor signals and transmits the information to the outside. It transforms also the incoming RF-
\modulated magnetic field into a stable supply voltage. Based on two ASICs and a commercial microprocessor, it consumes less than 10 mW with sensors. y
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Integrated Electronics Architecture
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Amplifier chain specifications
* Gain from 2 to >1000
» Chopper mod/demod
* Offset correction with 12-b DAC
* Power consumption: 800 uW
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 Multibit 3" order Delta-Sigma ADC
*100 kHz bandwidth, 6 MHz clock

« SNDR: 87 dB (14-bit)
* Power consumption: 200 uW @1.8V

Spectrum of Delta-Sigma modulator linearized

with dynamic element matching (green)

second ADC DEM (91dB) .
hi === No DEM (66 dB) .
test C IpS Ideal (99 dB)
o % =30 R A Y Y e
P 5 =
2 : o
Q o o
- SEREE | GEEH RS S S A IS ST I B N 1
g _100_ I_:_I_I_I___ I___I_I _I __________ I
O . Do D
S ' i 8
w S o
& : o -
= : i i -
& -150 m :
-20 ] L | AR LDl L
10’ 10° 10° 10° 10° 10° 10
Frequency Hz /

— e e e— —— —— —— —— —— —— —

I
Modulator iDownIink Demodulator Enetzﬁﬁra wM“xE
& ’
| i
. Power
ower | /\‘ . m
Afnplifier L{:% gLZ Rectifier Regulator EIF;Etr(;)r:i;s | Implanted
| ﬂ,"’” ) Antenna
Reader External Par[{{— —» Internal Part Voltage High V Sercor J /Z/
: j/ \‘i Doubler Regulator Lrpt;g;hsgal:trﬁfo _
| - Cem_e o pics.hcf.com.au/TotalKneeRepla
Demodulator | | \\/ Modulator
. Uplink : "
____________ | Block diagram Antenna positions
Power Amplifier: Voltage doubler:
Class-E type JEnhanced Favrat cell

Remote Powering & Communication ASIC

Full wave rectifier:

JSuitable for inductive loads
JAdjustable output power

dFor output power of 20 m\W
1%80 power efficiency
d Works @ 13.56 MHz

Crystal Oscillator:

148 MHz
6 kHz frequency

pulling with FSK data
L Reference for transmitter

FSK transmitter:

dF. -> 402-433 MHz
depends on the reference
dUp to 200kbit/s

1150 uW

A0f -> 40 kHz
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dFor output power of 16 mW
1%90 power efficiency

ASK demodulator:
120% modulation index
dUp to 500kbit/s

d F.->13.56 MHz

Modulated signal

ASK receiver signals

FSK transmitter spectrum
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Demodulated signal
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Span 388.8 kHz

#Res BW 3 kHz VBW 3 kHz Sweep 108 ms (401 p #Res BW 3 kHz VBW 3 kHz Sweep 108 ms (401 pts)

Micrograph of the die fabricated in UMC018 CMOS tech.
with rectifier, voltage doubler, ASK demodulator, FSK
transmitter, crystal oscillator




