
INTRODUCTIONINTRODUCTION TRAVELLING STANDARD UNDER CHARACTERISATIONTRAVELLING STANDARD UNDER CHARACTERISATION

The specially developped for TI comparison travelling standard TIGen is an electronic based time interval generatoran electronic based time interval generator
((withwith PLL PLL lineslines andand programmableprogrammable logiclogic andand internalinternal counterscounters)). TIGen generates 127127 ((randomlyrandomly selectedselected)) different time different time 
intervalsintervals between 1 pps outputs from about 20 ns to 12 from about 20 ns to 12 ss. 1 pps outputs are precisely matchedprecisely matched, so the parameters of 1 
pps output signals are closely the same. Together with very sharp slopes (rise time < 500 ps), it allows to minimize the
undesirable effects of start/stop trigger errors and trigger level timing errors. TIGen requires 10 MHz input frequencyrequires 10 MHz input frequency
with fractional frequency not worse than 1E-7 (10 MHz  1 Hz). All signal inputs/outputs are SMASMA--female connectorsfemale connectors.

The assumed stability, repeatability and reproducibility of the phase difference between output signals is at the the 
level of single picosecondslevel of single picoseconds. A general view of TIGen and its stability diagram are shown in FIg. 1a and 1b. 

THE PREVIOUS EXPERIENCE THE PREVIOUS EXPERIENCE WITH CABLE DELAYS MEASUREMENTS WITH CABLE DELAYS MEASUREMENTS ((withinwithin thethe EURAMET PROJECT #828)EURAMET PROJECT #828)

TheThe resultsresults ofof measurementsmeasurements of
cable delays, presented in the Figs. 
2a and 2b, were obtained by 
participants of thethe projectproject #828#828 and
showed a big a big discrepancydiscrepancy followingfollowing
differentdifferent shapesshapes ofof pulsepulse signalssignals
usedused for for delaysdelays measuerementsmeasuerements.

CableCable delaydelay isis not not wellwell--defineddefined
measuredmeasured quantityquantity. . TheThe resultsresults
areare not not comparablecomparable..

AllAll resultsresults areare consistentconsistent
withwith thethe weightedweighted meanmean..

This pilot comparison is realized within the EURAMET the EURAMET 
Project #1288Project #1288 and is aimed to better characteriseto better characterise the developed 
by AGH and GUM electronic based Time Interval Generator  electronic based Time Interval Generator  
((TIGenTIGen) as a time interval standard) as a time interval standard for a new Intera new Inter--Laboratory Laboratory 
Comparison planned as a Supplementary Comparison in the Comparison planned as a Supplementary Comparison in the 
KCDBKCDB.

So far, the obtained results for TIGen confirm the 
stability of generated time intervals at the single picoseconds the single picoseconds 
levellevel, but the absolute values of the generated time intervals 
have not yet been compared between different institutes.

At the same time, high speed oscilloscopes are 
considered to be ones of the most accurate instruments for 
precise time interval measurements. So, this pilot comparison is this pilot comparison is 
additionally additionally aimedaimed to verify and confirm the metrological quality to verify and confirm the metrological quality 
of high speed oscilloscopes for absolute time interval of high speed oscilloscopes for absolute time interval 
measurementsmeasurements.

The previous experience with a cable delay a cable delay 
measurement within the EUROMET Project #828measurement within the EUROMET Project #828 showed that a 
cable delay is not wellnot well--defined measured quantitydefined measured quantity and its value is 
significantly dependent on the shape of signalssignificantly dependent on the shape of signals used for cable used for cable 
delaydelay mmeasurementseasurements..
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StabilityStability diagram (TDEV)diagram (TDEV)
Fig. 1aFig. 1a

THE APPLIED METHODSTHE APPLIED METHODS DURING THIS PILOT COMPARISONDURING THIS PILOT COMPARISON

DEGREE DEGREE OF EQUIVALENCEOF EQUIVALENCE

FourFour timetime intervalsintervals: dn1, dn4, dn111dn1, dn4, dn111 and dn115dn115 (fromfrom aboutabout 70 70 nsns to to aboutabout 11 11 usus) were
measured. The obtained results are shown in Fig. 4 aFig. 4 a--dd. The observed differences
between results do not exceed 54 ps54 ps,, even for the longest measured time interval. 
But, if we omitt the SASO results because of higher uncertainty coused by the lack of
external reference input during measurements, these differencesdifferences areare not not greatergreater thanthan
10 ps10 ps onlyonly.
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Project 828 - measurement of delay of the cable (c. 35 m length)
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Project 828 - measurement of delay of the cable (c. 10 m length)
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Fig. 2aFig. 2a Fig. 2bFig. 2b
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max max differencedifference:: 1.751 1.751 nsnsmax max differencedifference:: 0.498 0.498 nsns

Time interval: dn1

U
M

E

A
G

H

SA
SO SI
Q

N
IT

75.245

75.250

75.255

75.260

75.265

75.270

75.275

R
es

ul
ts

 / 
ns

max max differencedifference:: 0.009 0.009 nsns
Time interval: dn4

N
IT

SI
Q

SA
SO

A
G

H

U
M

E1142.630

1142.635

1142.640

1142.645

1142.650

1142.655

R
es

ul
ts

 / 
ns max max differencedifference:: 0.005 0.005 nsns

Time interval: dn111

U
M

E

A
G

H

SA
SO SI
Q

N
IT

10628.90
10628.91
10628.92
10628.93
10628.94
10628.95
10628.96
10628.97
10628.98

R
es

ul
ts

 / 
ns

max max differencedifference:: 0.054 0.054 nsns

Time interval: dn115

U
M

E

A
G

H

SA
SO SI
Q

N
IT

4772.07

4772.08

4772.09

4772.10

4772.11

4772.12

R
es

ul
ts

 / 
ns

max max differencedifference:: 0.030 0.030 nsns

Fig. 3cFig. 3c

Fig. 4aFig. 4a Fig. 4bFig. 4b

Fig. 4cFig. 4c Fig. 4dFig. 4d

THE OBTAINED RESULTS THE OBTAINED RESULTS (FOR (FOR TIsTIs FROMFROM TIGenTIGen))

II. TWO CONSEQUTIVE SERIES OF MEASUREMENTS: IN NORMAL CONFIGURATIO. TWO CONSEQUTIVE SERIES OF MEASUREMENTS: IN NORMAL CONFIGURATION N (Fig. 3a)(Fig. 3a) AND WITH AND WITH 

REPLACED THE CABLES BETWEEN REPLACED THE CABLES BETWEEN THE START AND STOP OUTPUTS OFTHE START AND STOP OUTPUTS OF TIGenTIGen (Fig. 3b)(Fig. 3b)

IIII. TWO CONSEQUTIVE SERIES OF MEASUREMENTS BETWEEN THE EXTERNAL TR. TWO CONSEQUTIVE SERIES OF MEASUREMENTS BETWEEN THE EXTERNAL TRIGGERING SIGNALS AND IGGERING SIGNALS AND 

STOP SIGNALS TAKEN FROM STOP SIGNALS TAKEN FROM THE START OUTPUT OF THE START OUTPUT OF TIGenTIGen (Fig. 3c)(Fig. 3c) AND AND THE STOP OUTPUT THE STOP OUTPUT 
OFOF TIGenTIGen (Fig. 3d)(Fig. 3d)
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ACCOMPANIED ACCOMPANIED TICTIC MEASUREMENTS MEASUREMENTS 

UMEUME_SR620_SR620
fromfrom --69 ps69 ps to to +23 ps+23 ps oscmeanweigTIC __

SASOSASO_SR620_SR620
fromfrom --2 ps2 ps to to +46 ps+46 ps oscmeanweigTIC __

SIQSIQ_53230A_53230A

fromfrom +2 ps+2 ps to to +26 ps+26 ps oscmeanweigTIC __

NITNIT_53230A_53230A

fromfrom --8 ps8 ps to to +21 ps+21 ps oscmeanweigTIC __

TIGenTIGen isis readyready for for TimeTime IntervalInterval
SupplementarySupplementary ComparsionComparsion::

-- aboutabout 3 ps 3 ps ofof assignedassigned expandedexpanded
uncertaintyuncertainty ofof thethe travelling standardtravelling standard

-- 127 127 differentdifferent TimeTime IntervalsIntervals betweenbetween
1 1 ppspps outputsoutputs ((fromfrom c. 20 c. 20 nsns to 12 to 12 usus))

-- goodgood stabilitystability andand reproducebilityreproducebility ofof
generatedgenerated TimeTime IntervalsIntervals..

High High speedspeed oscilloscopesoscilloscopes cancan
achieveachieve single ps single ps absoluteabsolute accuaccu--
racyracy ofof TI TI measurementsmeasurements..

WhiteWhite noisenoise ofof TICTIC

< 1 ps< 1 ps
(quasi (quasi longlong--termterm stabilitystability))

10 ps10 ps

1 ps1 ps

0.1 ps0.1 ps
Fig. 1bFig. 1b
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