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ABSTRACT pacemakers [1]. These are piezoelectric,
The design andest of amicropower signal ~ Piezoresistive and capacitive sensors. this
Cond|t|0n|ng Circuit for a p|ezores|st|ve WOI’k, apIeZOt’eSIStlve sSensor was used due to |tS
accelerometer is presented. The circuit islow costcompared to the other ones. Despite this

intended forsensing human body motion iiate- benefit, its resistivenature and its resistance
adaptive cardiac pacemakers. A strategy isvalue, usually inthe KQ range [1][2], make
proposed to allow to handithe piezoresistive difficult its application in a micropower
sensor with the desiretbvel of consumption. environment. In the following sections a
Experimental results shothe fabricateccircuit ~ technique to overcome thislimitation is
is able to measure accelerationshiea rangdrom presented.

0.04g to 0.34gvith atotal consumption ofess

than 31A with supply voltages down to 2V. The paper is organized as follows: the next
section presents thaitial specifications of the
1. INTRODUCTION

circuit and its architecture. Sectidhh describes
The presentwork describesthe design the measurement results anfinal circuit

and test of amicropower integrated circuit to specifications.Finally in Section IV the main

measure accelerations of the human body motionconclusions of this work are summarized.

This circuit is intended to be employed in the

construction of ratt_e-adapt_ive t_:ardiac pac_emakers 2 CIRCUIT SPECIEICATIONS AND

(a pac_emaker vyhlch varies its stlmulgtlmt_e ARCHITECTURE

according to patient’s requirement). Thnsrk is

included in the project between the The primary specificationsfor the circuit were

Microelectronics Group, Universidad de la the following :

Republica, Montevideo, Uruguand theCentro

de Construccién de Cardioestimuladores del® The circuit must process the sigrfabm a

Uruguay (C.C.C.U,)and it is a first approach to piezoresistive acceleration sensor to give, as

incorporate to the pacemaker integratétuit an output, avoltagewhich valuescorrespond
(now in develop stages at ti\dicroelectronics to the average of the absolutelues of the
Group) a human activity sensing function. patient’s acceleration in three seconds.

e The accelerations to be measured are in the
Three kinds of acceleration sensors halveen range from0.007g to 0.34gvith a bandwidth

successfully employed imate-adaptive cardiac of interest from0.5Hz to 7Hz. In the case of



the maximum acceleration valuethe circuit
output should be at least 0.5V.

Circuit power consumption must be less than
3uA and it must be able toperatecorrectly
for powersupply voltages/arying from 2 to
2.8V.

The target process is a standard 2 analog
CMOS process with doubl@oly and double
metal. Thisprocess is intended for 5%upply
voltage and has aominal threshold voltage of
0.85V with a maximumand aminimum of 1.0V
and 0.7V respectively. Thefulfillment of the
requirements in such a process, instead of a low
voltage specializeg@rocess with lower threshold
voltages.enables &roader and cheaper range of
possible target processesand foundries.
However, to workwith 2V supply voltage in
such a process, varioushallenges must be
overcome.

To reach the requirement of consumption, the
strategy applied was based on turning on the
sensoronly duringshorttime intervals necessary
to sample and hold its differentiabutput and
then process in continuotisne the sampled and
held signal. In this waghe sensor isnly turned

on with a very small duty cycle, drastically

We will now describethe structure of theircuit

blocks.

The structurfound to be suitabléor the band-

pass filter ighe one shown in Figure %hich is

an adaptation of the architecture proposedijn [3
The circuit

of Figure 2 implements an
instrumentation amplifier with a low pass
characteristic, followed by a secogdin stage.

This gainstages ardedback with anntegrator.
This feedback loop gives the high pass

characteristic of the filter.
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Figure 2. Structure of the band-pass filter-amplifier.

decreasing its consumption. Figure 1 shows thd-or therectifier stage several architectures were

circuit block diagram.
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Figure 1. Block diagram of the conditioning
circuit.

In this architecture,the sampled signal is
reconstructed by a band-pdgter and amplifier
and then the absolutalue istaken by aectifier
stage.Finally there is a stage that approximates
the three seconds average.

studied. The standard CMQ%well technology
underwhich we fabricateaur circuit only gives
the possibility of usingp-n diodes with one
terminal connected to thdoulk. Therefore, the
idea of using diodes was abandonedtdad, the
technique for rectifying was based on the
utilization of switches to change the
configuration of an amplifier circuit (from
inverter to non-inverter and vice-versa) according
with the sign of the inputsignal. At the same
time, it is worthy to implement this technique
with a continuous time circudince its input is a
reconstructedsignal. The resulting circuit is
shown in Figure 3.



R R

Vour

[FECIN -

M3 M + T
- mplifier

>

—a

|

Ma

Comparatol

MEIAS

+

Figure 3. Continuous time rectifier

Finally, the three secondaveragingstage was

Figure 4. Microphotograph of the circuit.

3. EXPERIMENTAL RESULTS AND

approximated by an external passive RC low pass CIRCUIT SPECIEICATIONS

filter.

The design waslone under @op-downscheme,
analyzing in first instanctéhe convenience of the
different poposed architectures tnally reach
to the dimensions of eachransistorinvolved.
This last topic was carriedout through the
unified treatment of the operation of the MOS
transistor inall regions given byhe EKV model
[4] and through theitilization of the g/Ip curve
[5]. This approach allowed to optimize the
consumption of the circuits by working in weak

and moderate inversion when needed.

A model and methodologfpr evaluation of the
effects ofthe switch on-resistance anelakage
currents in the transfdunction ofthe sample
and hold in this applicatiowere developed and

reported in reference [6

Figure 4 shows a microphotograph of the circuit.

Two kind of electrical tests ( each one carried out
for 2V and 2.8V) were done fagvaluating the
performance. The first oneincluded an
exhaustivetest ofeachbuilding block that gave
results in accordance with what it was expected.
The second test characterized theoverall
performance of the circuit. The results obtained
in these tests showed thatll primary
requirements wereccomplished excepting the
one concerning to theninimum distinguishable
acceleration (0.007g). Theninimum measured
value resulted to b8.04g,which is satisfactory
for biomedicalpurposesThis difference islue to
“thermal and flicker noise” of the band-pass filter,
which arevery important whemealing with low
signal amplitudes and low frequencies.

Another aspect to be improvedtiee following:

the limited input range allowed athe feedback
input of the instrumentatioamplifier, where the
output of the integrator i€onnected to (see
Figure2), made thathe DC inputvalues that are
acceptable arbmited. This led to malfunction in

a few high dfset prototypes among theested
ones. An alternative design of the instrumentation
amplifier that solves this problem is currently
being fabricated.



The main measured specifications dfie circuit
are summarized in the following table:

Min.  Typ. Max.
Amplifier 2900 - -
Gain
Equivalent -
input noise
(LVrms)
Consumption
(nA)
Area (mm?)

18 -

2.5 -

1.82 -

200 +
180 +
160 +
140 +
120 +
100 +
80 +
60 +
40 +
20 +

0
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Figure 5. Overall “field” performance.

Finally someinitial “field” tests were done. The
results of one ofhis tests are shown iRigure 5
where the hearntate of ahealthy persondoing
physical exercise isompared with thesimulated
heart rate generated by thacemaker algorithm,
fed with the digitized output of the circuit
developed in thiswork, shown in the bottom
curve of Figure 5 (“activity level”). Thdest
consisted of differentevels of physical activities
like walking and running

4. CONCLUSIONS

As a conclusion, we can mention that a
micropower gjnal conditioning circuitfor a
piezoresistive acceleration sensauyitable for
low supplyvoltages, was proposedesigned and
tested. A strateggonsisting of turning on and
off the sensor tosample its gnal to reduce
consumption was studied and desigradtbwing

to implement a signal conditioning circuit with a
total consumption of less thanuB. The design

of the circuit architecturenanaged to solve the
problems related, oane hand, to thapplication

of a standard (no low voltage technology) at 2V
powersupplyand, on the othenand, to the low
input signal levels (minimum amplitude of
23uVrms).
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