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Low Noise or Low Power? Yes!
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Introduction

A survey of MEMS accelerometers reveals that the lowest noise and
lowest power are not available in the same product at this time. When
comparing a low noise accelerometer, such as the ADXL355, with a popular
low power accelerometer, the ADXL355 presents the following trade-offs:

» At 20 pg/Hz*, the noise density is 9x lower.
> At 338 pW, the power dissipation is ~13x higher.

For applications that will power cycle their sensors to save energy when
they are not in use, the noise/power relationship can actually be quite
different. This difference comes from a source that may be surprising to
some: settling time. In applications that need to average a sequential array
of sensor data to achieve key uncertainty criteria, the time it takes to fill
that array has a direct impact on the overall settling time. For example, the
Allan Variance curve in the ADXL355 data sheet suggests that an averag-
ing time of 0.01 seconds will reduce its uncertainty to less than 100 ug.
Achieving a similar level of uncertainty in the low power sensor will
require an averaging time that is 81 times longer than the ADXL355, since
noise reduction in an averaging filter is proportional to the square root of
the averaging time.

Equation 1 and 2 quantifies this trade-off in terms of the energy it takes
for each sensor/filter combination to support this level of precision in a

single data record. The results of this estimation are quite interesting,
because the much shorter averaging time (t,, = 81 x tyy4s5) causes the
energy requirement for the ADXL355 (Epy.sss) t0 be six times lower than
the energy requirement for the low power component (E,).

Eapxr3ss = ts3ss X Vanzss X Bss

Epxizss =0.01 s x 225V x 0.00015 A =3.38 pJ U

Eip=t1px Vipx I1p

Epp=81 X tg355 x Vip X I1p v)
Ep=81x0.0l5sx2Vx0.000013A=21.1pn
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Equation 3 captures the power dissipation that will come from these
energy levels, with respect to the time between each measurement (T).

Eypxiss _ 3.38w

Pipxi3ss = T T 3)
ELP 21.1 }J,J
LP= T_ = T

The graphical view of this relationship (Figure 1) offers a couple of
interesting observations. First, at measurement cycle times (T) that
are lower than 0.81 seconds, the low power device will support
continuous operation. Second, for measurement cycle times that are
greater than ~0.13 seconds, the ADXL355 solution will consume less
power. The bottom line is that with an open mind, sometimes we can
achieve the lowest power solution, by using the lowest noise (highest
performing) components.
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Figure 1. Power dissipation vs. measurement cycle time.
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