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Introduction
• In order to provide calibration service of frequency standard
more efficiently, a new multi-channel frequency calibration
system has been developed in National Institute of Metrology
(NIM).It will replace the older system which working for more
than 15 year .
• Measurement uncertainty of the system is less than 3×10-13
(Sample time is 1 second) due to Dual Mixer Time Difference
(DMTD) measurement.
• In addition, long-term stability and short-term stability of
frequency standard can be measured simultaneously using the
new system. The preliminary measurement results show that
the new system is effective for frequency calibration, and the
work efficiency is increased by 10 times.

The composition of new calibration system

1) Atomic frequency standard for local
reference;
2) The output for measured frequency standard
of device under testing (synchronous measurement
for 10 channels);
3) TSC Multi-channel Measurement System;
4) Algorithm and data processing software.

The composition of new calibration system
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System Uncertainty

System Uncertainty for TSC Multi-channel Measurement
System (Abbreviation:MMS)

• TSC MMS is the main measuring equipment of this system. This
equipment is produced by the Microsemi Company in the United
States.It can realize the high precision measurement of relative
frequency deviation between multi-channel frequency standards.
• In this testing, the reference frequency standard is selected from the
highly stable crystal oscillator 8607 manufactured by OSA,
Switzerland. The 10MHz output from 8607 generate 10 channel
outputs by frequency distribution amplifier. The output of 1 channel is
used as the reference input of MMS. The other 9 outputs are used as the
input of MMS.
• The system noise background is better than 3×10-13 (sampling time 1
sec). The measurement time is about 20 hours. The noise background
of the channel 1~10 (expressed in terms of Allen standard deviation) is
shown in Table 1.

Software for data process
• The software of the test system is designed and developed in Labview
environment. It is mainly composed of three modules. The flow chart of
the software is shown in Figure 2.
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Software for data process

• The first module is data acquisition and formatting.
It is developed by C programming language based
on NET Framework 4.0, through Telnet to collect
remote data. It generate standard data sources,
mainly including phase deviation and frequency
deviation by formatting source data, establishing
comparison methods and flexibly configuring the
comparison between channels and sampling time
intervals.

Software for data process
• The second module is acquired original the measured
value of MMS multi-channel dual mixer time difference
measurement system. According to the different parameter
arithmetic of frequency standard measurement technology
(specific parameters are the drift rate of daily frequency,
frequency stability (sampling 1s, 10s, 100s, 1d), daily
frequency fluctuation, frequency aging and relative
frequency deviation.) the original measurement data of
corresponding time points are obtained.

Software for data process
• The third module is calculating the final results
according to the arithmetic of different parameters.
• For convenience of operation, the following
functions are added: 1. remote real-time control; 2.
database management and the output of data files;
3. selection of measurement period; 4. display the
information of measurement status; 5 statistics
function of frequency; 6 mutual ratio of multichannel.

Comparison and result analysis of
new frequency calibration system
•

In order to verify the performance of the new frequency
calibration system of NIM, it is compared with the multichannel phase comparison measurement system which
has been used for many years in NIM. Frequency
stability (sampling time 86400 sec) of the two
measurement systems for testing 15 days is compared
(expressed as Allen standard deviation) under the same
reference frequency standard, the same frequency
standard of DUT. The measurement results are shown in
Fig. 3.
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Comparison and result analysis of
new frequency calibration system

• Fig.3 Comparison of daily frequency stability

Comparison and result analysis of
new frequency calibration system
• From the data in Figure 3, it can be concluded that the
daily frequency stability measured by the new MMS
system of frequency measurement is basically the same
as that measured by the multi-channel phase comparison
system, which shows that the new frequency
measurement system of NIM has good performance. The
consistency of the comparison results for daily frequency
fluctuation and daily frequency aging between the two
systems can also be verified according to the calculation
formulas of daily frequency fluctuation and daily
frequency aging.

Comparison of hydrogen and cesium
atomic clock
• The frequency signals of the cesium clock and the
hydrogen clock are connected to the new frequency
measurement system to measure the relative
frequency difference of the two atomic clocks. At the
same time, the relative frequency difference is
directly compared with the two atomic clocks, and
then this comparison can verify the performance of
the new frequency measurement system. The results
are shown as Fig4-1and Fig4-2.

Comparison of hydrogen and cesium
atomic clocks
• Fig.4-1 Comparison of hydrogen and cesium atomic clocks

• Fig.4-2 Comparison of hydrogen and cesium atomic clocks after
removal of slope

Comparison of hydrogen and cesium
atomic clocksvices
• K1:Cs-Hy: indicates the relative frequency difference
between the two atomic clocks. Relative frequency
difference is 4.287×10-12.
• K2:MMS:Cs-Hy: indicates the difference of two atomic
clocks measured by the new system of frequency
measurement. Relative frequency difference is 4.285×1012.
• From the experiment results, we can draw a conclusion
that relative frequency difference of two atomic Clocks
measured by new frequency measurement system is very
close to the relative frequency difference directly measured
by two atomic clocks. Therefore it indicates that the
performance of multi-channel dual mixer time difference
measurement system based on MMS in NIM is high.

Concluding remarks
• The new frequency calibration system is mainly introduced,
which has been stably and reliably running for almost 2 years
in the Time Keeping Laboratory of NIM.
• By comparing the old systems, the effectiveness of the new
system has been proved. It shows that the new system can
be used as a standard equipment to transfer standard
frequency value.
• Using the new system, the short-term and long-term
frequency characteristics of various atomic frequency
standards, including quartz crystal, rubidium or cesium
frequency standard and others, are calibrated to ensure the
accuracy and reliability of standard frequency value in China.
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