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Abstract: Little is known about a sensitivity of MEMS Unfortunately there is a lack of information abdhbée
gyroscopes to a power supply fluctuation and how t@ower supply sensitivity of MEMS gyroscopes providsy
measure these effects. This information can beflletp  manufacturers. Some sensors have specified only the
improve a performance of sensors, which is crucialmaximum supply drift of the zero rate, however finecise
especially for an inertial navigation. The papefoisused on value is necessary to achieve the best performance.
the zero rate drift and the behavior of a buildeémperature Moreover, there is no information about supply tdidgt an
sensor. These properties are analyzed for MEMSsggqes  internal temperature sensor. So we need a methgylblow
of various brands with different output configuosts. The to measure and correct this behaviour.
method of our measurement and underlying probleras a
described. Finally, results of the experiment aisewkssed 2. POWER SUPPLY SENSITIVITY
and suitable models are suggested.

Basically, the power supply sensitivity arises froime

Keywords: MEMS, gyroscope, zero rate supply drift, imperfections of analog front-end, which is useddtove
temperature sensor supply drift, power supply g&isself- a sensing element and pick-off its displacement te
heating a Coriolis force. Unfortunately, an analytical dgsiton is

impossible without knowledge of an internal struetuA
1. INTRODUCTION good design is essential to achieve a high powpplgu
rejection.

Gyroscopes based on the MEMS technology are being The balanced structures are often used [1, 2,efjalse
widely used especially in mobile applications. Thage they effectively suppress power supply disturbanbasnot
cheap, light-weight, small and they have low powemrll circuits are done in this way. A typical exaefitom an
consumption. On the other hand, they suffer by neorers end-user view is an output of sensor. Three basic
than classical devices. For this reason, it is handse them configurations are usually used in MEMS gyroscopad
for a strapdown inertial navigation. One of the deigt these configurations are single-ended, referendeeand
problems in strapdown systems is caused by anumaigc ratiometric output. The question is whether the patt
estimate of sensor bias. This difference is integrand it configuration has some influence on the power suppl
yields in an error of attitude that grows indefehjtin time. sensitivity.

A model of gyroscope errors is usually composetivof LISY300AL is an example of sensor with the single
parts. The first part contains errors and processtls a ended output in our experiment. This gyroscope &@as
random behaviour. They are unpredictable and carbeo internal reference voltage which defines a zere tavel.
corrected by a calibration. Angle random walk, biasHowever, the reference voltage is not brought duis a
instability and rate random walk are usually coasidl here. signal has to be sensed between ground and ouipsit p

The second part comprises errors that can be Hescri Stability of the internal reference can signifidgrétffect the
and removed like as a constant bias, scale factor er  overall power supply sensitivity in this case.
nonlinearity. The most important component for MEMS  The reference-ended output is just a modificatidn o
gyroscopes is an influence of temperature, whidectf single-ended one. The internal reference is brooghtand
almost all parameters, thus the MEMS gyroscopes aan be used for a conditioning of an A/D converter.
usually equipped by an internal temperature sensoGyroscopes ADXRS300 and MLX90609N2 are examples of
However, MEMS gyroscopes are also sensitive towaepo this case.
supply voltage. The power supply voltage has aluénice The ratiometric output is depicted in figure 1. §hi
especially to the zero rate voltage but the infdibmafrom  configuration is used by ADXRS610 and ADXRS613. The
the temperature sensor is affected too. It canecaiser signal conditioning is referenced against the ewemput
error trough inadequate temperature compensatioV.ratio- Thus, a zero rate voltage is determined by sagelt
Especially in mobile applications, it is hard toegepower divider to one half of Waro. The internal temperature
supply steady thus a proper model of power supplgensor is also is related to the inpuhMo here.
sensitivity should be used to suppress an influeridbese
fluctuations and improve a performance of systenthis
situation.
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Viewe  VRatio gyroscopes are equipped by low-pass filters. Tthesdata
were recorded with high sampling rate to satisfg th

BN NG sampling theorem and then processed by our software
Ry R4 Ro Ro L .
Unfortunately, the acquisition card has no simwdtars
RATEOUT sampling and it suffers by crosstalk between chisrinehis
MECHANICAL —O configuration. The crosstalk is caused by the citgnaae of
SENSOR a sample and hold circuit in a combination with ighh
RscaLE impedance of outputs. Both outputs provide voltagesy
close to zero in a steady state at 25 °C, but ¢tlveep supply
Fig. 1. Ratiometric configuration of ADXRS610 [4] level is many times higher and the high 'mPed?‘““"f“““
cannot fully discharge the sample-and-hold circuit.
3. MEASUREMENT CHAIN Therefore, we used three independent multimeters

Agilent 34410A to overcome the crosstalk problerhed3e
multimeters are synchronized using an externalgénig
reliable results. Our first measurement chain weembled Wh'ch IS con_trolled_ by one digital output of NI-UBB18.
from alinear DC power supply, a DC coupled powelAn integration time can be controlled through a

amplifier, a NI-USB6218 acquisition card and a tengpure mult!metef’s aperture functipn. The block diagrantlis
chamber as it is shown in figure 2a. configuration is depicted in figure 2b.

An analog output of the NI-USB6218 along with th€ D

The data acquisition stage is the most importaobtain

power amplifier is used as a power supply for d@aeunder 4. EXPERIMENT

test (DUT). This combination is chosen to achiebe t , , o ,

variable power supply with a fine resolution, a lowise F|gure 3 descnbe_s the timing of this measuremehé
and a small temperature drift. A custom amplifiesvpuilt ~ €XPeriment starts with a delay of 600 sec to heagu
to accomplish these specifications. sensor. This stage is necessary to reach a stestdyos the

The temperature chamber is indispensable, becaase ftérnal temperature. We used the worst case valueur
have to distinguish between the influence of aniantb S€Nsors; however the time interval should be differfor
temperature, a self-heating of the sensor and theep other sensors .because it depends_o_n followmg rfsicto
supply sensitivity. Thus, the temperature was kapta POWer dissipation, thermal conductivity, mountingnda
reference level 25 + 0.05 °C during the measuremtlsb, ~ @mbient temperature. _
it is advisable to suppress vibrations, becausg ¢ha cause The following stage is composed from forty perias
an increased level of sensor noise. All tested adaviare (e Supply pattern to achieve a better uncertaifipally,
single axis yaw rate gyroscopes and they were lyigid thgre is a s_hort delay of 500 ms pefore each samme_n.
mounted inside the temperature chamber with thesisiive 1 Nis delay is necessary to stabilize power suppljage in
axis perpendicular to the ground. We are not istegein OU" case.
an absolute value of the zero rate level, therefeaeth
rotation is not considered.

Responses of the gyroscope and its internal tempera
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Fig. 2. Measurement chains Fig. 4. One period of power supply patterns



The first problem is how to obtain a reliable estienof
mean value of output signals. Especially, the catgput is

heating. Therefore, we used the short averaging tifin0.2
seconds and the zig-zag pattern of power supplyagel

corrupted by random errors and they are making thffigure 4). This pattern has a much shorter peribds the

situation more complicated.

The optimal averaging time interval for a biasrastion
can be determined using the Allan variance (AV)lysia
[5, 6]. This method and related problems are deedrifor
MEMS gyroscopes in our previous work [7].

influence of self-heating is also smaller.

The result is depicted in figure 5 as the greenveur
The difference between these two trials is veryrdttéc. For
this sensor, the difference of 0.5 V in the powepmy
caused the increase about 0.7 °C in the interngbéeature.

Short time averages are compromised by a widebanthis is the reason why the self-heating effect ocarre

noise which is usually quantified by the angle @ndwalk
error (ARW). The variance has falling characterthie
averaging time grows. The deepest point of AV cuive
determined by the bias instability error. After tththe rate
random walk error can be observed and the variennew
growing again. Therefore, the optimal averagingetiis
related to the deepest point of AV curve. Howetbese
gyroscopes have optimal averaging time about a reand
seconds and there is a problem with the self-hgatin

neglected.

If we take a look on the green curve in figure & ean
see the residual dependency of the build-in tentpera
sensor on power supply voltage. The relationship loa
considered as linear with the slope 0.23 °C/V. Ailsir
behaviour was observed for the rest of sensorsaiit be
shown in figure 6 for the ADXRS300 gyroscope. Again
there is a difference between supply patterns dube self-
heating but it is a little different in this casehe reason is

We used the long averaging time (60 seconds) amd thhe almost three times lower power consumptionandich

stairs-like pattern of power supply voltage (figdrein our
preliminary experiment. The result
temperature sensor of the MLX90609 gyroscope isvahia
figure 5 as the blue line. After that, a shortegraging time

smaller package of the ADXRS300 gyro. The powempbup

from  build-in drift of the temperature sensor is also nearlydinend the

slope is 1.2 °C/V. An approximation by a polynoméi
second order has better fit, but the improvemennas

was used and the slope was smaller. This behaviosignificant, because a repeatability of build-imfeerature

indicates that there is a systematic error caugetthd self-
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Fig. 5. Self-heating effect and temperature sensor
power supply sensitivity of MLX90609N2
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Fig. 6. Self-heating effect and temperature sensor
power supply sensitivity of ADXRS300

sensor is just moderate.

The influence of self-heating on the measuremeatod
rate supply drift is smaller, because it depends tlom
temperature sensitivity of a gyroscope. The MLX9®6@s
build-in temperature compensation, thus there is
significant difference between our supply patter@sher
sensors without internal temperature compensatmwed
a discrepancy in results, so the self-heating cdarv®
omitted.

The example of zero rate supply sensitivity is degal in
figure 7. The improvement of the fit using polynaisi
compared to the linear approximation is illustrated
figure 8 and the maximal value is about 1.5 %. €fee,
the linear fit is also appropriate for the MLX90609
gyroscope including our other sensors if we arditop for
a simple model. The actual sensitivity of the MLX%90 is
5.6 °/s/V and the slope is positive unlike the othe
gyroscopes. Probably, it is caused by a differemérnal
structure.
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Fig. 7. Zero rate supply drift of MLX90609N2
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Fig. 8. The improvement of the fit using a polynahmodel
(zero rate supply drift)

Our results are summarized in Table 1 along witkidoa
parameters. The worst zero rate power supply Heaft the
MLX90609 even if this gyro is designed for navigatal
applications and it offers a quite low level of thRW. For

example, after 100 seconds of integration we hdwe t

uncertainty of an attitude due to the ARW error:

Ouw = ARWE/t = 0023/100= 02° (1)

Table 1: Basic parameters and measurement results

< Range | ARW Power Supply drift
ensor /s] [°/4s] [mW] | Zerorate | Temp.
/siv] | [°CIV]

ADXRS300 +300 0.04 30 -3.2 1.2
ADXRS610 +300 0.03 18 -0.29 0.73
ADXRS613 +150 0.03 18 -1.5 -0.28
LISY300AL +300 0.01 16 -4.6 N/A

MLX90609N2 75 0.02 80 5.6 0.23

models can be easily incorporated into the systedntlaese
errors can be suppressed.

The influence of output configuration is not proleb
however a slightly smaller sensitivity showed ratédric
sensors in our case. Also, these sensors have their
characteristic much more linear compared to theeroth
gyroscopes.

Moreover, we have shown the influence of self-mgti
on the measurement, therefore an appropriate metinmad
be used to get reliable results. We have suppretsed
problem using the short averaging time and theablat
supply pattern with the short period.

Finally, we cannot generalize a degree of influence
because this study is done on just a small se¢rg@'s, but
the power supply sensitivity should be considerédye
want to achieve the best performance of MEMS gypes.
Therefore, a sufficiently stable power supply or ative

If we assume a constant difference in power suppl§ompensation should be used.

voltage, the error grows linearly in time. For tiéference
of just 1 mV we have the error:
5pr =S, = 5.6010° [100= 056° 2)

In this case, the error due to the power supply @rialmost
three times higher than the ARW error. This is thason
why the zero rate supply drift has to be carefatipsidered
in the inertial navigation systems.

The worst power supply drift of the internal terrgtere

sensor has the ADXRS300 gyroscope. The propagation [2]

this error into the attitude depends on the tenipeza
sensitivity of the zero rate level. It has beenleai®d in a
temperature chamber during a different experimditte

actual value of this parameter is 0.179 °/s/°Cefave using
a linear model. Therefore, the resulting error isrenthan
ten times smaller compared to the zero rate powpplg

drift in this case. However, this effect has tocbesidered if
we are using a more complicated model of the teatpe

sensitivity, because instability of power suppljtage can
compromise its benefits.

5. CONCLUSION

We have proved the sensitivity of MEMS gyroscopes t
a variation of power supply voltage. The power $ypp

inflicts the zero rate level and bias of build-amperature
sensor. We did not check a scale factor, thus weocdy
assume, that it is affected too.

A linear approximation is sufficient for the zerate
level in our study and also for the bias of theldin
temperature sensor. It is very useful, becauseeifhave
information about actual power supply voltage, thieear

In a future work, we are going to expand this sttmly
cover more different sensors and also more pieteme
type to check repeatability of these results. Aaptthoal is
to investigate behaviour of the scale factor agretion of
the power supply voltage.
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