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By Wayne Chavez

INTRODUCTION

Today’s low cost accelerometers are highly integrated
devices employing features such as signal conditioning,
filtering, offset compensation and self test. Combining this
feature set with economical plastic packaging requires that the
signal conditioning circuitry be as small as possible. One
approach is to implement sampled data system and switched
capacitor techniques as in the MMAS40G accelerometer.

As in all sampled data systems, precautions should be
taken to avoid signal aliasing errors. This application note
describes the MMAS40G accelerometer and how signal
aliasing can be introduced and more importantly minimized.

BACKGROUND

What is aliasing? Simply put, aliasing is the effect of
sampling a signal at an insufficient rate, thus creating another

signal at a frequency that is the difference between the original
signal frequency and the sampling rate. A graphical
explanation of aliasing is offered in Figure 1. In this figure, the
upper trace shows a 50 kHz sinusoidal waveform. Note that
when sampled at a 45 kHz rate, denoted by the boxes, a
sinusoidal pattern is formed. Lowpass filtering the sampled
points, to create a continuous signal, produces the 5 kHz
waveform shown in Figure 1 (lower). (The phase shift in the
lower figure is due to the low–pass filter).

Aliased signals, like the one in Figure 1 (lower) are often
unintentionally produced. Signal processing techniques are
well understood and sampling rates are chosen appropriately
(i.e. Nyquist criteria). However, the assumption is that the
signals of interest are well characterized and have a limited
bandwidth. This assumption is not always true, as in the case
of wideband noise.

Figure 1. Aliased Signals
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Given the brief example on how aliasing can occur, how
does the MMAS40G accelerometer relate to aliasing? To
answer this question, a brief summary on how the MMAS40G
accelerometer works is in order.

The MMAS40G accelerometer is a two chip acceleration
sensing solution. The first chip is the acceleration transducer,
termed G–Cell, constructed by Micro Electro–Mechanical
Systems (MEMS) technology. The G–Cell is a two capacitor
element where the capacitors are in series and share a
common center plate. The deflection in the center plate
changes the capacitance of each capacitor which is measured
by the second chip, termed control chip.

The control chip performs the signal conditioning
(amplification, filtering, offset level shift) function in the
system. This chip measures the G–Cell output using switched
capacitor techniques. By the nature of switched cap
techniques, the system is a sampled data system operating at
sampling frequency fs. The filter is switched capacitor, 4–pole
Bessel implementation with a –3 dB frequency of 400 Hz.

As a sampled data system, the MMAS40G accelerometer
is not immune to signal aliasing. However, given the
accelerometer’s internal filter, aliased signals will only appear
in the output passband when input signals are in the range |
n•  fs – fsignal | ≤ fBW. Where fs is the sampling rate, fSignal is the
input signal frequency, fBW is the filter bandwidth and n is a
positive integer to account for all harmonics. The graphical
representation is shown in Figure 2. The bounds can be
extended beyond fBW to ensure an alias free output.

Figure 2. Input signal frequency range where a signal
will be produced in the output passband.
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ACCELEROMETER INPUT SIGNALS

The accelerometer is a ratiometric electro–mechanical
transducer. Therefore, the input signals to the device are the
acceleration and the input power source.

The acceleration input is limited in frequency bandwidth by
the geometry of the sensing, packaging, and mounting
structures that define the resonant frequency and response.
This response is in the range of 10 kHz, however, the practical
range is less than 600 Hz for most mechanical systems.
Therefore, aliasing an acceleration signal is unlikely.

The power input signal is ideally dc. However, depending on
the application system architecture, the power supply line can
be riddled with high frequency components. For example, dc
to dc converters can operate with switching frequencies
between 20 kHz and 200 kHz. This range encompasses the
sampling rate of the accelerometer and point to the power
source as the culprit in producing aliased signal.

DEMONSTRATION WITH THE MMAS40G

Under zero acceleration conditions a 100 mVrms signal was
injected onto the power supply line of 5.0 Vdc. The frequency
of the injected signal was tuned in to produce an alias in the
accelerometer’s passband. Figures 3 and 4 show the
difference in output when a high frequency signal is not and is
present on the VCC pin of the accelerometer.

Figure 3. Normal Waveforms
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Figure 4. Aliasing Comparison
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Points to note:

• Under clean dc bias, Vout and VCC, Figures 3a and 3b have
a signal component at the sampling rate. This is due to
switched capacitor currents coupling through finite power
supply source impedences and PCP paracitics.

• The low frequency output spectrum, Figure 3c, displays the
internal lowpass filter characteristics. (The filter and sam-
pling characteristics are sometimes useful in system de-
bugging.)

• When an ac component is superimposed onto VCC near
the sampling frequency, as shown in Figure 4b, the output
will contain the original signal plus a mirrored signal about
the sampling frequency, shown in Figure 4a. Signals on the
VCC line will appear at the output due to the ratiometric
characteristic of the accelerometer and will be one half the
amplitude.

• As a result of sampling, the output waveform of Figure 4c
is produced where the injected high frequency signal has
now produced a signal in the passband.

• Harmonics of the aliased signal in the pass band are also
shown in Figure 4c.

• Aliased signals in the passband will be amplified versions
of the injected signals. This is due to the signal conditioning
circuitry in the accelerometer that includes gain.

ALIASING AVOIDANCE KEYS

• Use a linear regulated power source when feasible. Linear
regulators have excellent power supply rejection offering a
stable dc source.

• If using a switching power supply, ensure that the switching
frequency is not close to the accelerometer sampling fre-
quency or its harmonics. Noting that the accelerometer will
gain the aliasing signal, it is desirable to keep frequencies
at least 4 kHz away from the sampling frequency and its
harmonics. 4 kHz is one decade from the –3 dB frequency,
therefore any signals will be sufficiently attenuated by the
internal 4–pole lowpass filter.

• Proper bias decoupling will aid in noise reduction from oth-
er sources. With dense surface mount PCB assemblies, it
is often difficult to place and route decoupling components.
However, the accelerometer is not like a typical logic de-
vice. A little extra effort on decoupling goes a long way.

• Good PCB layout practices should always be followed.
Proper system grounding is essential. Parasitic capaci-
tance and inductance could prove to be troublesome, par-
ticularly during EMC testing. Signal harmonics and
sub–harmonics play a significant role in introducing aliased
signals. Clean layouts minimize the effects of parasitics
and thus signal harmonics and sub–harmonics.



������

4 Motorola Sensor Device Data

Motorola reserves the right to make changes without further notice to any products herein.  Motorola makes no warranty, representation or guarantee regarding
the suitability of its products for any particular purpose, nor does Motorola assume any liability arising out of the application or use of any product or circuit, and
specifically disclaims any and all liability, including without limitation consequential or incidental damages.  “Typical” parameters which may be provided in Motorola
data sheets and/or specifications can and do vary in different applications and actual performance may vary over time.  All operating parameters, including “Typicals”
must be validated for each customer application by customer’s technical experts.  Motorola does not convey any license under its patent rights nor the rights of
others.  Motorola products are not designed, intended, or authorized for use as components in systems intended for surgical implant into the body, or other
applications intended to support or sustain life, or for any other application in which the failure of the Motorola product could create a situation where personal injury
or death may occur.  Should Buyer purchase or use Motorola products for any such unintended or unauthorized application, Buyer shall indemnify and hold Motorola
and its officers, employees, subsidiaries, affiliates, and distributors harmless against all claims, costs, damages, and expenses, and reasonable attorney fees
arising out of, directly or indirectly, any claim of personal injury or death associated with such unintended or unauthorized use, even if such claim alleges that
Motorola was negligent regarding the design or manufacture of the part. Motorola and        are registered trademarks of Motorola, Inc. Motorola, Inc. is an Equal
Opportunity/Affirmative Action Employer.

How to reach us:
USA/EUROPE/Locations Not Listed : Motorola Literature Distribution; JAPAN : Nippon Motorola Ltd.; Tatsumi–SPD–JLDC, 6F Seibu–Butsuryu–Center,
P.O. Box 20912; Phoenix, Arizona 85036. 1–800–441–2447 or 602–303–5454 3–14–2 Tatsumi Koto–Ku, Tokyo 135, Japan.  03–81–3521–8315

MFAX: RMFAX0@email.sps.mot.com – TOUCHTONE 602–244–6609 ASIA/PACIFIC : Motorola Semiconductors H.K. Ltd.; 8B Tai Ping Industrial Park, 
INTERNET: http://Design–NET.com 51 Ting Kok Road, Tai Po, N.T., Hong Kong.  852–26629298

AN1559/D

����������
◊


