Guideline of Uncertainty Calculation Document ID 211_1

Service category 2.1.1

Basic information

· Quantity



Frequency

· Instrument or Artifact


Local frequency standard

· Instrument Type or Method

Time interval measurement

· Measurand Level or Range

5MHz

· Measurement Conditions

· Sampling number


60
· Measurement time

1440 s
· Amplitude



> 0.4 Vrms
· Comments
· Total measurement time should be determined by the specification of a DUT. For example if the frequency drift of a DUT is relatively large total measurement time 1 day may be too long.
Instruments

· RF Distribution amplifier

HPDA-15RM-B (SDI)

· cable




FSJ1-50A (Andrew)

· Time Interval Counter

SR620 (Stanford Research Systems)

Measurement configuration
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List of uncertainties

1. UTC uncertainty

2. UTC-UTC(NMI) Link Uncertainty

3. UTC(NMI) Uncertainty

4. Interpolation uncertainty
5. Distribution amplifier Uncertainty

6. Cable Uncertainty

7. Counter Uncertainty

Detail of Uncertainty calculations

1. UTC uncertainty

· fractional deviation (worst value in circular T 2010)
4.6E-15
· standard uncertainty (worst value in circular T 2010)
0.4E-15
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· Comments

· In this calculation, we assume frequency offset of UTC is always zero and fractional deviation is treated as an uncertainty.

2. UTC-UTC(NMI) Link Uncertainty

· Uncertainty uA (worst value in circular T 2010)

0.3 ns
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· Comments

· We have to consider the link uncertainty on both side of the calculation period. That is the reason why the multiplicative factor SQRT(2) is exist.
3. UTC(NMI) Uncertainty

Calculate frequency difference between UTC and UTC(NMI) for every 5 days (dF) form circular T in 2010.

· average of dF


0.3E-15
· standard deviation of dF

5.9E-15
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· Comments

· In this calculation, we assume frequency offset of UTC(NMI) against to UTC is always zero and average of dF is treated as an uncertainty.

4. Interpolation uncertainty
· Anritsu RH401A


1.0E-15 (@ 86400s)
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5. Distribution amplifier Uncertainty

PD10-RM-B (SpectraDynamics, Inc.)

· Temperature coefficient
5.0 ps/degree
· Temperature variation
+/- 1.0 degree
· Stability (measured)

4.0E-15 @ 10s
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· Comments
· In this calculation, we assume the temperature changes like a triangular wave and the period of the fluctuation is 1 d (= 86400 s).
· Stability of the distribution amplifier is measured by TSC5110A (Symmetricom). The stability at 1440 seconds will be better than that of 10 seconds.
6. Cable Uncertainty

FSJ1-50A (Andrew)

· Temperature coefficient
0.036 ps/m/degree
· Temperature variation
+/-5.0 degree
· Cable length

60 m
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· Comments
· In this calculation, we assume the temperature changes like a triangular wave and the period of the fluctuation is 1 day (= 86400 s).
7. Counter Uncertainty

SR620 (Stanford Research Systems)
a) Calculation 1
· sampling number
60
· Counter error

100 ps
· Measurement time
1440 s
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· Comments
· In this calculation, we check the actual uncertainty of the time interval counter is better than the calculated value.
· If you have to calibrate low frequency such as 1kHz, you should use strict calculation “Calculation 2”.
b) Calculation 2

· sampling number
60
· Measurement time
1440 s
· Timebase error
5E-13 @1s
· short term stability
5E-13 @1s
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Uncertainty Budget table

	
	Source of Uncertainty
	Uncertainty (Hz/Hz)
	Type
	Distribution
	Conversion factor
	Standard Uncertainty (Hz/Hz)

	1
	UTC uncertainty
	4.6E-15
	B
	Normal
	1
	4.6E-15

	2
	UTC-UTC(NMI) Link Uncertainty
	1.0E-15
	A
	Normal
	1
	1.0E-15

	3
	UTC(NMI) Uncertainty
	6.0E-15
	A
	Normal
	1
	6.0E-15

	4
	Interpolation uncertainty
	1.0E-15
	A
	Normal
	1
	1.0E-15

	5
	Distribution amplifier Uncertainty
	4.0E-15
	B
	Normal
	1
	4.0E-15

	6
	Cable Uncertainty
	2.5E-16
	B
	Rectangular
	
[image: image9.emf]√
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	1.5E-16

	7
	Counter Uncertainty
	4.0E-13
	B
	Rectangular
	
[image: image10.emf]√
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	2.3E-13

	Combined Uncertainty
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	Expanded Uncertainty (k=2)
	4.6E-13


History
· 2011-12-xx first version.
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