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HIGH ACCURACY - ALSO IN THE FREQUENCY DOMAIN THE MEASURABLE DIFFERENCE

In this whitepaper you will learn: FU RTHER
INFORMATION

Visit www.DEWETRON.com

> Why clock accuracy is important.

> How to measure the clock accuracy.

You
> What effects the clock accuracy has on measurements. m n
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INTRODUCTION

In analog data acquisition, accuracy always means analog accuracy of an input compared to an accurate refe-
rence signal — done in the calibration process. This is the most needed value in calibration.

Some sensors send their signal over a frequency or over a pulse width. Accurately measuring frequency, pulse
width, duty cycle or period of a signal implies an accurate time base of the measuring device. This time base is
defined by the system clock. How precise and meaningful the measured and recorded data is, depends heavily
on the clock accuracy of the instrument.

For example, some torque transducers output the measured torque as a frequency (e.g. centered around
60 kHz). An inaccurate system clock of the measurement device then leads to an inaccurately measured
torque. That is why the accuracy of the clock is so important. And in this whitepaper, we will find out how
accurate the system clock of DEWE3 systems really is, even depending on temperature and aging.
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MEASUREMENT SETUP

To measure the accuracy of the frequency measurement and with it the system clock accuracy a highly ac-
curate frequency source is needed. This source is then connected to a DEWE3 counter input to measure the
frequency of the source.

Fig. 1: Measurement setup
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The Arbitrary Function Generator (AFG) provides a TTL square signal of 1 Hz to a counter input of the DEWE3.
The instrument measures the signal frequency, and a deviation is calculated:

dev[ppm] = 10° .fMEASURED - fINpUT

INPUT

Where f, ..c.nep 1S the measured and displayed frequency in OXYGEN, the measurement software running on

the DEWE3 system and f, . is the set frequency on the function generator, which is exactly 1 Hz. The function

generator itself not only has an amplitude accuracy but also a clock accuracy.
Internal frequency response stability — all except ARB: +1 ppm 0 °C to 50 °C.

This means that the function generator which is the frequency source of the 1 Hz signal does not exactly
output the desired frequency. But the AFG has minimal drift in this deviation. Since the function generator is
providing a high short-term stability, the deviation of the source can be compared to a PPS (pulse per second
signal) of the GPS receiver (dev, ). So, the deviation of AFG can be compensated and is taken into account in
the final accuracy calculation.

FG

In total the deviation of clock frequency of a certain DEWE3 instrument amounts to:

— 106 _fMEASURED — fineur

devpgw [ppm] — devypg

f}NPUT

Subtracting the deviation from the function generator is within a combined deviation of 20 ppm an allowed

simplification. Comparing to the actual compensated frequency, f, ., which is here within a range of +1 ppm

of 1 Hz:
dev,cr[ppm] = 106 _fMEASURED — facr
facr
Whereas f, .., the frequency actually generated by the source, measured with the PPS signal is:
fact = finpur - (devape + 1)
Since:

fACT B f}NPUT _ f:ACT

deUAFG = - 1

f}NPUT fINPUT

When neither the deviation of the DEWE3 nor the AFG exceed 10 ppm then the relative discrepancy between

both calculations (dev,,, and dev, .. [ppm]) of the deviation is within 0.002 %, and this is accepted, since just

subtracting the dev, . is a lot easier and faster.
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ACCURACY OF FREQUENCY MEASUREMENT

Fundamentally system clock and time base are determined by a crystal oscillator, commonly abbreviated as
XTAL. This piezoelectric crystal is oscillating at a very stable high frequency. This is utilized in many electrical
circuits where very precise clock cycles are required.

DEWES3 instruments are equipped with a crystal oscillator of +1.5 ppm initial accuracy (at 25°C). A tempera-
ture drift is given as 7 ppm, and the frequency drift in the first year as +3 ppm.

The frequency accuracy distribution of all DEWE3 instruments shipped to date is as follows:
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30,00%

24,85%

25,00%

19,39%

5,45%
2,73%
1,82%
- . 0,30% 0,30%

20,00%

16,06%
15,00%

13,03%

10,00%

Deviation [ppm]

10,00%

Number of instruments [%]

6,06%
5,00%
0,00%
0,00%

=3
-
:

[-7, -6l
1[

1

2

3
[3,4]

[-6,-5[
[-5,-4(
£ll
2

) © ~ %
0y o; o, i

[-8,-71
[-4
[-3
[-2
[0
[
[2

Fig. 2: Bar plot of clock accuracy

Over a long time, the clock accuracy of shipped DEWE3 system is measured and monitored, given a bar plot
and distribution of initial clock accuracy in ppm. One step on the deviation-axis is 0.5 ppm.

Average 1.01 ppm
Median 1.40 ppm
Maximum 7.10 ppm
Minimum -2.65 ppm

Tab 1: Characteristic values of the diagram
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TEMPERATURE COEFFICIENT

As previously mentioned, the crystal oscillator creating the system clock is a piezoelectric component. This
component is not immune to temperature changes. Its frequency changes very slightly with changing tempe-
ratures.

Therefore, a temperature test was done in the climate chamber. By setting the lower temperature to 0°C and
the higher to 50°C the cycle (1 hr heating up / 1 hr at 50 °C /1 hr cooling down /1 hr at 0°C) was repeated
three times.

2:16:52.0- 12-16:52.0 @ T_ambient [*C] ®T_clock["C

Fig. 3: Temperature dependence of clock accuracy

The diagram above shows an XY plot of temperature in respect to clock deviation. Two temperature sensors
were used, one mounted on the clock device surface and the other in the climate chamber. Note that the
clock temperature is always a little bit higher than the ambient temperature of the climate chamber, since the
DEWE3 measuring system inherently produces a little bit of heat.

For lower temperatures the clock deviation gradually becomes more negative. This means that the frequency
measured is lower than the actual value, which can be traced back to the crystal oscillating too slow in lower
temperatures.

From this measurement a temperature gradient of 0.03 ppm/°C can be obtained. Note the hysteresis shape of
the graphs coming from a certain heating/cooling rate.
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CONCLUSION

The DEWE3 System clock is very accurate. This is important for sensors, which modulate their measured phy-
sical quantity like torque, speed, temperature, and others. But this clock accuracy is not immune to external
influences, like temperature and aging.

All of the measured DEWE3 System are well within the typical £10 ppm limits specified in the manual. The
future development due to aging will be tracked in calibration.
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DEWETRON is a specialist in the field of measurement technology. The goal is to produce measuring equip-
ment that meets the highest possible quality standards, is modular and versatile, as well as easy to use.

If you want to learn more about DEWETRON, you can visit our DEWETRON website. There you will find further
whitepapers as well as blogposts and video tutorials. We are also active on social media. Take a look at our
Twitter, LinkedIn or YouTube pages.
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THE EXPERTS

Dipl-Ing. Berthold Hinterplattner graduated in mechanical engineering from
the Graz University of Technology. Already during his studies he dealt with the
,Electrical Measurement of Mechanical Quantities” and completed the elective
subject ,Electronics”.

After working at the University of Leoben in research and teaching as a mea-
surement engineer and a decade as a translator for patents from English and
French into German, he joined DEWETRON in 2011. Since then, he has been
working as a support engineer and is regularly engaged in special topics from
the field of applications.

FURTHER QUESTIONS? CONTACT THE AUTHOR:

berthold.hinterplattner@DEWETRON.com

Maximilian Kai3, M. Eng. studied Electrical Engineering and Information Tech-
nology at the Technical University of Regensburg.

During his master‘s degree, he specialized in electrical machinesand power
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At DEWETRON, he is an application engineer for automotive, e-mobility, power
applications and general test and measurement solutions.
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