Appendix A: Measurement Reports

Appendix A.PTB

EUROMET supplementary comparison TF.TI-K1 -measurement report A

Annex 3: Measurement report A

In this part A of the report a free description should be given including drawings and
references, whereas in part B a tabular form has to be filled out, These informations will be
used to be mentioned in the final report to be prepared by the organisation group.

Description of the measurement method(s) and relevant instruments:
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3R = time interval deviation due to resalution of TIC
O Timebase = time interval deviation due to time base error
8 Tiigger = time interval deviation due to trigger level timing error
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Participating laboratory:  Physikalisch-Technische Bundesanstalt (PTB)
AG 4.42, Time Transfer
Bundesallee 100, D-38116 Braunschweig, Germany

Date: 2005-04-26
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EUROMET supplementary comparison TF.TI-K1 ~measurement report B

Annex 4: Measurement report B

In this part B of the report a tabular description of the measurement system and method(s)
has to be given to be used for the final report.

1. Measuring system
‘Type of TIC used: SRS Model SR620

Is the TIC independent of other national | yes
measurement laboratory (NML) ?

If not independent,
please give the name of NML

Date of last measurement in the NML

2. Measuring method

Counter settings time, A-B, trigger level 1 V, treas= 100 s,
external timebase 5 MHz

Reference parameter Uyp=2.75V; risetime = 3.5 ns

Number of repeated measurements: 6

3. Measurement condition

Ambient temperature in the room in °C |23
Ambient humidity in the room in % 35

Participating laboratory:  Physikalisch-Technische Bundesanstalt (PTB)
AG 4.42, Time Transfer
Bundesallee 100, D-38116 Braunschweig, Germany

Date: 2005-04-26
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EUROMET supplementary comparisan TF.TI-K1 —-measurement result

Annex 5: Measurement results for traveling standard no: BEVO1

Measurand: time interval Tx(/) for measuring cable lengths:
All figures are in ns.

combined standard

eff. degree of

cable length x(1) uncertainty &« 7x) |freedom vex
3m 20.509 0.047 180
10 m 48.735 0.041 240
35 m 175.344 0.068 130

23



Appendix A.SYRTE

f. . = = : /
I UatOII‘E‘ TATRIE g - CENTRE NA'
de Paris = - DE LA RECH
fioy SCIENTIFIAN

EUROMET supplementary comparison
TF.TI-K1

M easurement report

Comparison of timeinterval (cable delay)
measur ement
at SYRTE French laboratory
28" February — 13" March 2005

Jean-Yves Richard, David Valat, LNE-SYRTE Time Metrology
Team
Jean-yves.richar d@obspm.fr

24


mailto:Jean-yves.richard@obspm.fr

This document resumes the measurements of time delay of three BNC
cables used for time interval comparison between different National
Institute of Metrology in Europe Community. This project was
proposed during Euromet Time and Frequency meeting held in
Ljubljana 3™ and 4™ April 2003.

The Annex numbers are in consistency with the reference document
EUROMET _TF Technical protocol.doc:

Annex 3: Measurement report A
Description of measurements, uncertainties budget Type A and Type B

Annex 4: M easurement report B
Conditions of measurements

Annex 5: M easurement results for travelling standard no: BEVO1
Syntheses of time interval Tx(i) for measuring cable lengths

Annex 6: Uncertainty budget for TX

Refer ences

25



EUROMET supplementary comparison TF.TI-K 1 -measurement report A

Annex 3: Measurement report A
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Measurement and uncertainty of measurement

The time delay of the cable Tx and the uncertainty budget on the cable delay measurement is
evaluated by the equation (1) and rewritten with systematic uncertainties considered for each

X; measurement (see tables on annex 6) as:

T :%(X1+dc +d, +d, +d_)

es

: %(X2+dc+dd+dj +d

R

)
: %(X3+dc +d, +d, +d)
+%(x4 +d,+d, +d +d_)
- (Xeg + 0o .

Each X with j € {1, 2, 3, 4} is evaluated with n=100 measurements. Average value and
uncertainties Type A and Type B of each X; are evaluated by the equation given bellow.

- Number of observation: n =100

1 Qo
: [t

fori €[1,n]

var(X)
- TypeA uncertainty onthe mean U, , , = n
J

- Mean estimation a)(J fi=

a (X - &

. _i=1 i
Wlthvar(XJ)— —

_ i=1 i 3)

Type A uncertainty on Ty is then calculated by

2 2 2 2 2 2 2
+C u +C

+
CA(Xl) uA(Xl) AX,) TA(X,) A(X,) uA(Xg) CA(X4) uA(X4) (4)

l"IA(TX) =

With sensitivity coefficients CA(XJ.) =1/2 and uA(XJ_) given in tables Annex 6
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Unrp T aYac) T aYac) Tatacy) T4y
)
- Type B evaluation of standard uncertainty: Ug x) forj €{1, 2, 3, 4} isgiven by
uB(TX) =
CB(dC)Z dc2 + CB(dd)Z dd2 + CB(dj)Z dj2 + CB(dI)Z d|2 + CB(d$)2 d; + CB(dCO”)2 (:orr2
(6)
with sensitivity coefficients:
CB(dC) =2, CB(dd) =2, CB(dj) =2, CB(dI) =2, CB(dS) =2, CB(dCorr) =1
it gives:
Uger ) = 4dC2+4dd2+4dj2+4d|2+4d;+ d o

With the different contribution detailed bellow:

- Time base error extracted from TIC constructor performance d_ = 0.67 10 T

with Tl isthe max Time Interval of the open gate set between the start and stop

entrance pulse command of the Time Interval Counter. This max Time Interval
of open gate is either the propagation delay on the longest cable length L~15m
that is given appreciatively by the propagation delay of 5ng/m and gives about
75ns, or the time interval between two join pulsesthat is 1s.

For Tl =1 second, that gives d, =0.67 10" second

- Resolution is given by the technical TIC performance using the
. 1 1 . . _ -12
equatlonddzﬁfi ps. With n:=100 that gives d,=0.962210
n. 12
second.

- Trigger jitter (command pulse time instability): the constructor of the TIC
gives a estimation of dj =35ps typically

- Trigger level Timing Error (hysteretic of trigger level) the constructor of the

N 25Mmv . . .
TIC gives a estimation of d =g with S the slew rate at trigger point

evaluated at 1 V/ns, that gives d, = 0.25 10™° sacond.

- Systematic error for relative time measurement is given by the constructor
d_=0.3010"° second.
es

- The delay of BNC F-F adaptation X_ . is estimated a 100 ps with a
confidence interval of £50ps. The uncertainty of X_ . isevaluated with its limit

orr

orr
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values a, =150ps and a =50ps. X, :%(a++a_). The rectangular law

distribution  of X between a. and a have a variance

Corr

var(Xg,, ) :%(& -af and s dg, =L (a,-a)fand gives

V12
d . 0.2887 101° second.

Col
Budget of each cable delay measurement Tx
1 1 1 1

T =X - 5% 5 X+ 5 X X (8)

The effective number of degrees of freedom is calculated by the Welch-Satterhwaite formula
with summation over the 10 parameters for Tx definition (see tables on Annex 6):

4
u(T,)
n, =———-
eff 4
10 u(Tx.)
a |
i=1 ni (9)
ith u(T.)=./u(T.)*+u (T.)
with u(T,) =,/ u(T,) +uy(T,) (10)
Equation (9) rewritten with explicit denominator is:
4 4 C 4 4 C 4 4 C 4 4
4 A uA A uA A uA A uA
> > Xl Xl X2 X2 X3 X3 X4 X4
n_:=,/u +u + + +
eff B(X.) A(X) n n n n
J J Xl X2 X3 X4
4 4 4 4 4 4 4 4 4 4
CB(dC) dc CB(d B dd CB(d.) dj CB(dI) dl CB(deS) d%
+ + + ’ + +
nd nd nd. nd nd
c d j | es
4 40
C, z
(dCorr) Corr +
+ x
n, L
Corr ¢ (11)

The different values of degree of freedom used are listed bellow:
For each X; the degree of freedom is evaluated by v = n-1, n being the number of observation
and here equal to 100, so vx=99
nXl =99, nX2 =99, nX3 =99, nX4 =99 |
For the degree of freedom of type B uncertainty, we used the hypothesis that A(6x)/0k = 0,25

and the approximation
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(seeref[2] Annex G § G.4.2) (12
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and so v,=8 for systematic effectsn, :=8, n, :==8, n =8, n, =8 n =8 n, =8,

c d j j | es
Last parameter concern the degree of freedom of Xcor for which we consider that its value is

at alevel of 100% of the confidence interval of +50ps, andso n, =¥

Corr

This parameter allows evaluating the confidence interval for each mean estimation <Tx >:

o xa o 2 2
ar, fi —aTXn+tp(neﬁ)vuA(xj) +uB(Xj)

max

2 2

ar i =ar, n- tp(neﬁ) uA(Xj) +uB(Xj)

min
with the value of t (N ) corresponds to the value of the distribution law t = % into

a confidence interval of p:
p= Prob(TX - tp(n) uTX) <T < Prob(TX + tp(n) uTX) (15)

Value of confidence interval is less or equal to 1 and corresponds to the cumulative Student t

distribution function:
t (n)
p

p= § f(t, n) dt
-t (n)
P (16)
with f(t, n) asthe Student t distribution function. We find the t (n) value in table (see ref[1]
& ref[2]).

For example if we choose a confidence interval of 95%, p=0,95 and
forng =45, (n)=2.0141 that corresponds to the wide uncertainty of Tx : Tx + 2.0141 ur

(see Table IV Appendix | of [ref.1]). For a confidence interval of 68,27%, p=0,6827 and for
the samen =45 , t(n)=1.0113 that corresponds to the wide uncertainty of Tx : Tx *

1.0113 urx (see Table G.2 Appendix G of [ref.2]). Thisisresumed by

p = 68,27 % e Tx =+ 1.0113 urx
p=95% e Tx+ 20141 ury

All tables of Annex 6 are filled with computation given above for uncertainties and degree of
freedom..
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EUROMET supplementary comparison TF.TI-K1 —measurement report B

Annex 4: M easurement report B

In this part B of the report atabular description of the measurement system and method(s) has

to be given to be used for the final report.

1. Measuring system

Type of TIC used:

Hewlett Packard 5370 B

Isthe TIC independent of other national Yes
measurement laboratory (NML) ?
If not independent,
please give the name of NML
Date of last measurement in the NML /
2. M easuring method
Double Weight
Number of repeated measurements: 6
3. Measurement condition
Ambient temperature in the room in °C 22,0+0,2 °C
Ambient humidity in the room in % 25+5%

Participating laboratory: SYRTE - Observatoire de Paris

Date. 7" June 2005

Signature
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EUROMET supplementary comparison TF.TI-K1 —measurement result

Annex 5: M easurement resultsfor travelling standard no: BEV01

Measurand: time interval Tx(i) for measuring cable lengths:

cablelength | <T, combined sandard | ff. degrescf
4m 20,473E-9 51,457E-12 278
10 m 48,666E-9 51,981E-12 289
35m 175,624E-9 52,316E-12 296

The average of Ty is calculated by the weighted mean over the six measurement series (see
Annex 6):

* (17)

(18)
The degree of freedom is calculated by the Welch-Satterthwaite formula over the six
measurement series:
2
S 20
a U g x
i=1 X
n =
eff u 4 u 4 u 4 u 4 u 4 u 4
T, (1) T,(2) T,(3) T, (4) T,(5) T, (6)
+ + + + +
neﬁT (1) neﬁT (2) neﬁT (3) neﬁT (4) neﬁT (5) neﬁT (6)
X X X X X X (19)
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EUROMET supplementary comparison TF.TI1-K1 —-measurement result

Annex 6: Uncertainty budget for Ty

Measuring cablelength:  4m travelling standard: BEVO1
MES 1
Quantity Estimate Standard Probability Sensitivity | Uncertainty | Degree of
Xi Xi [S] uncertainty | distribution / coefficient | contribution |freedom y;
u(xy) [s] method of Ci ui(Ty)
evaluation (A,B)
X1 -30,922E-9| 60,536E-12 A 0,5| 30,268E-12 99
Xz -51,252E-9| 57,271E-12 A 0,5| 28,635E-12 99
X3 31,685E-9| 46,286E-12 A 0,5 23,143E-12 99
X4 52,188E-9| 58,644E-12 A 0,5 29,322E-12 99
Xeorr 100,000E-12| 29,000E-12 B 1| 29,000E-12 0
oc 0 6,700E-12 B 2| 13,400E-12 8
dd 0 1,000E-12 B 2 2,000E-12 8
7] 0| 35,000E-12 B 2| 70,000E-12 8
7] 0| 25,000E-12 B 2| 50,000E-12 8
Oes 0| 30,000E-12 B 2| 60,000E-12 8
Ty 20,517E-9| 123,110E-12 42,3
MES 2
Quantity Estimate Standard Probability Sensitivity | Uncertainty | Degree of
Xi Xi [S] uncertainty | distribution / coefficient | contribution |freedom y;
u(xy) [s] method of Ci ui(Ty)
evaluation (A,B)
X1 -30,926E-9| 81,254E-12 A 0,5 40,627E-12 99
Xz -51,276E-9| 64,026E-12 A 0,5| 32,013E-12 99
X3 31,690E-9| 47,438E-12 A 0,5 23,719E-12 99
X4 52,059E-9| 64,534E-12 A 0,5 32,267E-12 99
Xeorr 100,000E-12| 29,000E-12 B 1| 29,000E-12 0
oc 0 6,700E-12 B 2| 13,400E-12 8
dd 0 1,000E-12 B 2 2,000E-12 8
7] 0| 35,000E-12 B 2| 70,000E-12 8
7] 0| 25,000E-12 B 2| 50,000E-12 8
Oes 0| 30,000E-12 B 2| 60,000E-12 8
Ty 20,459E-9 | 127,686E-12 48,7
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EUROMET supplementary comparison TF.TI1-K1 —-measurement result

Annex 6: Uncertainty budget for Ty

Measuring cablelength:  4m travelling standard: BEVO1
MES 3
Quantity Estimate Standard Probability Sensitivity [ Uncertainty | Degree of
Xi Xi [S] uncertainty distribution / coefficient [ contribution |freedom y;
u(xy) [s] method of Ci ui(Ty)
evaluation (A,B)
X1 -30,904E-9 63,710E-12 A 0,5| 31,855E-12 99
Xz -51,238E-9 67,499E-12 A 0,5| 33,750E-12 99
X3 31,695E-9 51,747E-12 A 0,5| 25,874E-12 99
X4 52,066E-9 66,032E-12 A 0,5| 33,016E-12 99
Xeorr 100,000E-12 29,000E-12 B 1| 29,000E-12 0
oc 0 6,700E-12 B 2| 13,400E-12 8
dd 0 1,000E-12 B 2| 2,000E-12 8
7] 0| 35,000E-12 B 2| 70,000E-12 8
7] 0| 25,000E-12 B 2| 50,000E-12 8
Oes 0| 30,000E-12 B 2| 60,000E-12 8
Ty 20,452E-9| 126,245E-12 46,6
MES 4
Quantity Estimate Standard Probability Sensitivity [ Uncertainty | Degree of
Xi Xi [S] uncertainty distribution / coefficient [ contribution |freedom y;
u(xy) [s] method of Ci ui(Ty)
evaluation (A,B)
X1 -30,920E-9 67,784E-12 A 0,5| 33,892E-12 99
Xz -51,252E-9 58,760E-12 A 0,5| 29,380E-12 99
X3 31,758E-9| 48,816E-12 A 0,5| 24,408E-12 99
X4 52,153E-9 67,201E-12 A 0,5| 33,600E-12 99
Xeorr 100,000E-12 29,000E-12 B 1| 29,000E-12 0
oc 0 6,700E-12 B 2| 13,400E-12 8
dd 0 1,000E-12 B 2| 2,000E-12 8
7] 0| 35,000E-12 B 2| 70,000E-12 8
7] 0| 25,000E-12 B 2| 50,000E-12 8
Oes 0| 30,000E-12 B 2| 60,000E-12 8
Ty 20,464E-9| 125,543E-12 45,6
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EUROMET supplementary comparison TF.TI1-K1 —-measurement result

Annex 6: Uncertainty budget for Ty

Measuring cablelength:  4m travelling standard: BEVO1
MES 5
Quantity Estimate Standard Probability Sensitivity [ Uncertainty | Degree of
Xi Xi [S] uncertainty distribution / coefficient [ contribution |freedom y;
u(xy) [s] method of Ci ui(Ty)
evaluation (A,B)
X1 -30,950E-9 68,141E-12 A 0,5| 34,070E-12 99
Xz -51,323E-9 78,900E-12 A 0,5| 39,450E-12 99
X3 31,825E-9 48,690E-12 A 0,5| 24,345E-12 99
X4 52,218E-9 63,890E-12 A 0,5| 31,945E-12 99
Xeorr 100,000E-12 29,000E-12 B 1| 29,000E-12 0
oc 0 6,700E-12 B 2| 13,400E-12 8
04 0 1,000E-12 B 2| 2,000E-12 8
7] 0 35,000E-12 B 2| 70,000E-12 8
7] 0 25,000E-12 B 2| 50,000E-12 8
Oes 0 30,000E-12 B 2| 60,000E-12 8
Ty 20,483E-9| 127,886E-12 49,0
MES 6
Quantity Estimate Standard Probability Sensitivity [ Uncertainty | Degree of
Xi Xi [S] uncertainty distribution / coefficient [ contribution |freedom y;
u(xy) [s] method of Ci ui(Ty)
evaluation (A,B)
X1 -30,962E-9 71,971E-12 A 0,5| 35,985E-12 99
Xz -51,311E-9 64,727E-12 A 0,5| 32,363E-12 99
X3 31,806E-9 42,859E-12 A 0,5| 21,429E-12 99
X4 52,178E-9 64,522E-12 A 0,5| 32,261E-12 99
Xeorr 100,000E-12 29,000E-12 B 1| 29,000E-12 0
oc 0 6,700E-12 B 2| 13,400E-12 8
04 0 1,000E-12 B 2| 2,000E-12 8
7] 0 35,000E-12 B 2| 70,000E-12 8
7] 0 25,000E-12 B 2| 50,000E-12 8
Oes 0 30,000E-12 B 2| 60,000E-12 8
Ty 20,461E-9| 125,964E-12 46,2
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EUROMET supplementary comparison TF.TI1-K1 —-measurement result

Annex 6: Uncertainty budget for Ty

Measuring cablelength: 10 m travelling standard: BEVO1
MES 1
Quantity Estimate Standard Probability Sensitivity [ Uncertainty | Degree of
Xi Xi [S] uncertainty | distribution / coefficient | contribution |freedom y;
u(xy) [s] method of Ci ui(Ty)
evaluation (A,B)
X1 -30,918E-9| 67,921E-12 A 0,5| 33,961E-12 99
Xz -79,428E-9| 90,509E-12 A 0,5| 45,255E-12 99
X3 31,686E-9| 43,974E-12 A 0,5 21,987E-12 99
X4 80,336E-9| 61,200E-12 A 0,5| 30,600E-12 99
Xeorr 100,000E-12| 29,000E-12 B 1| 29,000E-12 0
oc 0 6,700E-12 B 2| 13,400E-12 8
dd 0 1,000E-12 B 2 2,000E-12 8
7] 0| 35,000E-12 B 2| 70,000E-12 8
7] 0| 25,000E-12 B 2| 50,000E-12 8
Oes 0| 30,000E-12 B 2| 60,000E-12 8
Ty 48,680E-9 | 129,018E-12 50,6
MES 2
Quantity Estimate Standard Probability Sensitivity [ Uncertainty | Degree of
Xi Xi [S] uncertainty | distribution / coefficient | contribution |freedom y;
u(xy) [s] method of Ci ui(Ty)
evaluation (A,B)
X1 -30,942E-9| 67,362E-12 A 0,5| 33,681E-12 99
Xz -79,502E-9| 81,951E-12 A 0,5| 40,975E-12 99
X3 31,737E-9| 45,310E-12 A 0,5| 22,655E-12 99
X4 80,328E-9| 57,579E-12 A 0,5| 28,790E-12 99
Xeorr 100,000E-12| 29,000E-12 B 1| 29,000E-12 0
oc 0 6,700E-12 B 2| 13,400E-12 8
dd 0 1,000E-12 B 2 2,000E-12 8
7] 0| 35,000E-12 B 2| 70,000E-12 8
7] 0| 25,000E-12 B 2| 50,000E-12 8
Oes 0| 30,000E-12 B 2| 60,000E-12 8
Ty 48,676E-9 | 127,201E-12 48,0
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EUROMET supplementary comparison TF.TI1-K1 —-measurement result

Annex 6: Uncertainty budget for Ty

Measuring cablelength: 10 m travelling standard: BEVO1
MES 3
Quantity Estimate Standard Probability Sensitivity [ Uncertainty | Degree of
Xi Xi [S] uncertainty distribution / coefficient [ contribution |freedom y;
u(xy) [s] method of Ci ui(Ty)
evaluation (A,B)
X1 -30,953E-9 66,465E-12 A 0,5| 33,232E-12 99
Xz -79,507E-9 78,133E-12 A 0,5| 39,066E-12 99
X3 31,842E-9| 40,785E-12 A 0,5| 20,392E-12 99
X4 80,344E-9 68,198E-12 A 0,5| 34,099E-12 99
Xeorr 100,000E-12 29,000E-12 B 1| 29,000E-12 0
oc 0 6,700E-12 B 2| 13,400E-12 8
dd 0 1,000E-12 B 2| 2,000E-12 8
7] 0| 35,000E-12 B 2| 70,000E-12 8
7] 0| 25,000E-12 B 2| 50,000E-12 8
Oes 0| 30,000E-12 B 2| 60,000E-12 8
Ty 48,628E-9| 127,412E-12 48,3
MES 4
Quantity Estimate Standard Probability Sensitivity [ Uncertainty | Degree of
Xi Xi [S] uncertainty distribution / coefficient [ contribution |freedom y;
u(xy) [s] method of Ci ui(Ty)
evaluation (A,B)
X1 -30,947E-9 71,008E-12 A 0,5| 35,504E-12 99
Xz -79,475E-9 67,561E-12 A 0,5| 33,781E-12 99
X3 31,802E-9| 44,173E-12 A 0,5| 22,086E-12 99
X4 80,321E-9 59,646E-12 A 0,5| 29,823E-12 99
Xeorr 100,000E-12 29,000E-12 B 1| 29,000E-12 0
oc 0 6,700E-12 B 2| 13,400E-12 8
dd 0 1,000E-12 B 2| 2,000E-12 8
7] 0| 35,000E-12 B 2| 70,000E-12 8
7] 0| 25,000E-12 B 2| 50,000E-12 8
Oes 0| 30,000E-12 B 2| 60,000E-12 8
Ty 48,623E-9| 125,712E-12 45,9
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EUROMET supplementary comparison TF.TI1-K1 —-measurement result

Annex 6: Uncertainty budget for Ty

Measuring cablelength: 10 m travelling standard: BEVO1
MES 5
Quantity Estimate Standard Probability Sensitivity [ Uncertainty | Degree of
Xi Xi [S] uncertainty distribution / coefficient [ contribution |freedom y;
u(xy) [s] method of Ci ui(Ty)
evaluation (A,B)
X1 -30,925E-9 71,781E-12 A 0,5| 35,890E-12 99
Xz -79,545E-9 76,942E-12 A 0,5| 38,471E-12 99
X3 31,767E-9 62,181E-12 A 0,5| 31,090E-12 99
X4 80,299E-9 56,032E-12 A 0,5| 28,016E-12 99
Xeorr 100,000E-12 29,000E-12 B 1| 29,000E-12 0
oc 0 6,700E-12 B 2| 13,400E-12 8
dd 0 1,000E-12 B 2| 2,000E-12 8
7] 0| 35,000E-12 B 2| 70,000E-12 8
7] 0| 25,000E-12 B 2| 50,000E-12 8
Oes 0| 30,000E-12 B 2| 60,000E-12 8
Ty 48,676E-9| 128,624E-12 50,1
MES 6
Quantity Estimate Standard Probability Sensitivity [ Uncertainty | Degree of
Xi Xi [S] uncertainty distribution / coefficient [ contribution |freedom y;
u(xy) [s] method of Ci ui(Ty)
evaluation (A,B)
X1 -30,925E-9 68,468E-12 A 0,5| 34,234E-12 99
Xz -79,505E-9 73,997E-12 A 0,5| 36,999E-12 99
X3 31,711E-9| 45,422E-12 A 0,5 22,711E-12 99
X4 80,351E-9 57,266E-12 A 0,5| 28,633E-12 99
Xeorr 100,000E-12 29,000E-12 B 1| 29,000E-12 0
oc 0 6,700E-12 B 2| 13,400E-12 8
dd 0 1,000E-12 B 2| 2,000E-12 8
7] 0| 35,000E-12 B 2| 70,000E-12 8
7] 0| 25,000E-12 B 2| 50,000E-12 8
Oes 0| 30,000E-12 B 2| 60,000E-12 8
Ty 48,710E-9| 126,099E-12 46,4
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EUROMET supplementary comparison TF.TI1-K1 —-measurement result

Annex 6: Uncertainty budget for Ty

Measuring cablelength:  35m travelling standard: BEVO1
MES 1
Quantity Estimate Standard Probability Sensitivity [ Uncertainty | Degree of
Xi Xi [S] uncertainty | distribution / coefficient | contribution |freedom y;
u(xy) [s] method of Ci ui(Ty)
evaluation (A,B)
X1 -30,907E-9| 66,220E-12 A 0,5 33,110E-12 99
Xz -206,328E-9| 95,449E-12 A 05| 47,724E-12 99
X3 31,770E-9| 48,179E-12 A 0,5 24,089E-12 99
X4 207,349E-9| 52,248E-12 A 05| 26,124E-12 99
Xeorr 100,000E-12| 29,000E-12 B 1| 29,000E-12 0
oc 0 6,700E-12 B 2| 13,400E-12 8
dd 0 1,000E-12 B 2 2,000E-12 8
7] 0| 35,000E-12 B 2| 70,000E-12 8
7] 0| 25,000E-12 B 2| 50,000E-12 8
Oes 0| 30,000E-12 B 2| 60,000E-12 8
Ty 175,600E-9 | 129,078E-12 50,7
MES 2
Quantity Estimate Standard Probability Sensitivity [ Uncertainty | Degree of
Xi Xi [S] uncertainty | distribution / coefficient | contribution |freedom y;
u(xy) [s] method of Ci ui(Ty)
evaluation (A,B)
X1 -30,924E-9| 62,963E-12 A 0,5 31,481E-12 99
Xz -206,342E-9| 84,892E-12 A 0,5| 42,446E-12 99
X3 31,773E-9| 48,609E-12 A 0,5 24,305E-12 99
X4 207,286E-9| 59,118E-12 A 0,5| 29,559E-12 99
Xeorr 100,000E-12| 29,000E-12 B 1| 29,000E-12 0
oc 0 6,700E-12 B 2| 13,400E-12 8
dd 0 1,000E-12 B 2 2,000E-12 8
7] 0| 35,000E-12 B 2| 70,000E-12 8
7] 0| 25,000E-12 B 2| 50,000E-12 8
Oes 0| 30,000E-12 B 2| 60,000E-12 8
Ty 175,566E-9 | 127,600E-12 48,5
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EUROMET supplementary comparison TF.TI1-K1 —-measurement result

Annex 6: Uncertainty budget for Ty

Measuring cablelength:  35m travelling standard: BEVO1
MES 3
Quantity Estimate Standard Probability Sensitivity [ Uncertainty | Degree of
Xi Xi [S] uncertainty distribution / coefficient [ contribution |freedom y;
u(xy) [s] method of Ci ui(Ty)
evaluation (A,B)
X1 -30,960E-9 64,901E-12 A 0,5| 32,450E-12 99
Xz -206,444E-9 76,381E-12 A 0,5| 38,191E-12 99
X3 31,786E-9| 42,936E-12 A 0,5| 21,468E-12 99
X4 207,404E-9 59,954E-12 A 0,5| 29,977E-12 99
Xeorr 100,000E-12 29,000E-12 B 1| 29,000E-12 0
oc 0 6,700E-12 B 2| 13,400E-12 8
dd 0 1,000E-12 B 2| 2,000E-12 8
7] 0| 35,000E-12 B 2| 70,000E-12 8
7] 0| 25,000E-12 B 2| 50,000E-12 8
Oes 0| 30,000E-12 B 2| 60,000E-12 8
Ty 175,651E-9| 126,078E-12 46,4
MES 4
Quantity Estimate Standard Probability Sensitivity [ Uncertainty | Degree of
Xi Xi [S] uncertainty distribution / coefficient [ contribution |freedom y;
u(xy) [s] method of Ci ui(Ty)
evaluation (A,B)
X1 -30,913E-9 71,000E-12 A 0,5| 35,500E-12 99
Xz -206,345E-9 88,413E-12 A 0,5| 44,207E-12 99
X3 31,678E-9| 44,247E-12 A 0,5| 22,124E-12 99
X4 207,289E-9 64,440E-12 A 0,5| 32,220E-12 99
Xeorr 100,000E-12 29,000E-12 B 1| 29,000E-12 0
oc 0 6,700E-12 B 2| 13,400E-12 8
dd 0 1,000E-12 B 2| 2,000E-12 8
7] 0| 35,000E-12 B 2| 70,000E-12 8
7] 0| 25,000E-12 B 2| 50,000E-12 8
Oes 0| 30,000E-12 B 2| 60,000E-12 8
Ty 175,622E-9| 129,486E-12 51,4
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EUROMET supplementary comparison TF.TI1-K1 —-measurement result

Annex 6: Uncertainty budget for Ty

Measuring cablelength:  35m travelling standard: BEVO1
MES 5
Quantity Estimate Standard Probability Sensitivity [ Uncertainty | Degree of
Xi Xi [S] uncertainty distribution / coefficient [ contribution |freedom y;
u(xy) [s] method of Ci ui(Ty)
evaluation (A,B)
X1 -30,880E-9 70,043E-12 A 0,5| 35,021E-12 99
Xz -206,324E-9 94,263E-12 A 05| 47,132E-12 99
X3 31,766E-9 44,907E-12 A 0,5| 22,454E-12 99
X4 207,388E-9 65,223E-12 A 0,5 32,611E-12 99
Xeorr 100,000E-12 29,000E-12 B 1| 29,000E-12 0
oc 0 6,700E-12 B 2| 13,400E-12 8
dd 0 1,000E-12 B 2| 2,000E-12 8
7] 0 35,000E-12 B 2| 70,000E-12 8
7] 0 25,000E-12 B 2| 50,000E-12 8
Oes 0 30,000E-12 B 2| 60,000E-12 8
Ty 175,633E-9| 130,538E-12 52,9
MES 6
Quantity Estimate Standard Probability Sensitivity [ Uncertainty | Degree of
Xi Xi [S] uncertainty distribution / coefficient [ contribution |freedom y;
u(xy) [s] method of Ci ui(Ty)
evaluation (A,B)
X1 -30,924E-9 70,856E-12 A 0,5| 35,428E-12 99
Xz -206,430E-9 73,854E-12 A 0,5| 36,927E-12 99
X3 31,799E-9 44,659E-12 A 0,5| 22,330E-12 99
X4 207,430E-9 56,888E-12 A 0,5| 28,444E-12 99
Xeorr 100,000E-12 29,000E-12 B 1| 29,000E-12 0
oc 0 6,700E-12 B 2| 13,400E-12 8
dd 0 1,000E-12 B 2| 2,000E-12 8
7] 0 35,000E-12 B 2| 70,000E-12 8
7] 0 25,000E-12 B 2| 50,000E-12 8
Oes 0 30,000E-12 B 2| 60,000E-12 8
Ty 175,668E-9| 126,297E-12 46,7
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Appendix A.EIM

EUROMET supplementary comparison TF.TI-K1 —measurement report A

Annex 3: Measurement report A

In this part A of the report a free description should be given including drawings and
references, whereas in part B a tabular form has to be filled out. These informations
will be used to be mentioned in the final report to be prepared by the organiosation

group.

Description of the measurement method(s) and relevant instruments:

Relevant instruments used:
1. HP33250A Signal generator with external 10MHz reference

2. Fluke 6681R Counter with external 10MHz reference
3. 10MHz reference signals from HP5071A Cesium clocks steered to UTC
4. Connecting cables A, B of approximately 3 ns delay.

Measuring procedure:

The time delay of the traveling standard was measured with the insertion method. As

shown in the following figure, first the time delay of the connecting cables was

measured (Fig. 1) and then the time delay with the traveling standard inserted was
measured (Fig. 2). This dual measurement was repeated 6 times.

COUNTER GENERATOR
CableA ouT
Start  Stop o
Q O
BNC(F)-BNC(f)
a
Fig. 1
COUNTER CableA Traveling GENERATOR
Start Stop standard og
—-’\
o o | NG
/(3 (]
Cable B
Fig. 2
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The Time delay of cable i is given by:

T =T,-T,+T,, where

T1: The time delay of the first setup (Fig. 1),

T,: The time delay of the second setup (Fig. 1) and

T.: The time delay set by the BNC(F)-BNC(F) connector

The average value is given by
6

art
T (i) = "16 , where

T; is given above and the combined standard uncertainty is given by

u(T,) =+/a ¢, ’u?(x.) , where

u?(x ) : the standard uncertainties of the following terms:

-Quantization error and noise trigger error of the counter
-Trigger level timing error of the counter

-Channel mismatch error of the counter

-Time base error

The number of total effective degrees of freedom is calculated from
_ ui(T)
g ui4 (Tx) .

Participating laboratory: Hellenic Institute of Metrology (EIM)
Date: 22/4/2005
Signature

Myrto Holiastou
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EUROMET supplementary comparison TF.TI-K1 —measurement report B

Annex 4: Measurement report B

In this part B of the report a tabular description of the measurement system and
method(s) has to be given to be used for the final report.

1. Measuring system

Type of TIC used:

Fluke PM6681R

Is the TIC independent of other national
measurement laboratory (NML) ?

YES

If not independent,
please give the name of NML

Date of last measurement in the NML

2/2/2005

2. Measuring method

Number of repeated measurements:

3. Measurement condition

Ambient temperature in the room in °C

24°C + 0.5°C

Ambient humidity in the room in %

34% + 5%

Participating laboratory: Hellenic Institute of Metrology (EIM)

Date: 22/4/2005
Signature

Myrto Holiastou.

45




EUROMET supplementary comparison TF.TI-K1 —measurement result

Annex 5: Measurement results for traveling standard no: BEVO1

Measurand: time interval Tx(i) for measuring cable lengths:
All figures are in ns.

combined standard

eff. degree of

cable length Tx(i .

g x(1) uncertainty u(Tx) |freedom neg
3m 20.200 0.100 10249
10 m 48.407 0.100 10249
35 m 174.908 0.100 10249
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1. Introduction:

The need for a comparison of time interval was discussed during the EUROMET Expert
Meeting on Time and Frequency held at the Metrology Institute of the Republic of Slovenia
(MIRS) in Ljubljana on 3-4 April 2003.

2. Measuring conditions:

All the measurements have been carried out in aroom located under the ground level at a
temperature of (23 £ 1) °C, a arelative humidity of (45 = 10) % and at an atmospheric
pressure of (1013,25 + 20) hPa. All the measuring instruments were connected to an
uninterruptible power supply at 50 Hz with anominal voltage of 230 x (1 £ 0,01) V and a
total harmonic distortion < 1,5 %.

3. Measuring Equipment :

The main frequency standards of SMD are the following:

- 3(three) Caesium Frequency Standard — Agilent - 5071A + opt. 001.

1 (one) Caesium Frequency Standard — Hewlett-Packard 5071A + opt. 001.
1(one) Caesium Frequency Standard — Hewlett-Packard — 5061B/5071A.

1(one) Ultra-Clean Phase-locked Oscillator — Timing Solutions Inc. - TSC 4145B.
1(one) Frequency Comparator — TimeTech GmbH —

1(one) GPSreceiver — GPS 2K — K + K.

1(one) GPSreceiver — TTS-2 — EMDE Electronics.

1(one) GPSreceiver — TTR6 — AOA.

For this comparison, the following equipment was used:

- 2(two) Universal Counter — Hewlett-Packard — 53 132A with opt. 03 up 12,4 GHz
2(two) Time interval Counter — Stanford Research Scientific — SR620 — up 1,3 GHz
1(one) Time interval Counter — Pendulum — CNT90 — upgraded up to 20 GHz.
1(one) Digital Sampling oscilloscope — Agilent — model 54 852A - bandwidth : 2 GHz —
sampling rate up to 10 GHz/s.
1(one) Rubidium frequency standard — XL Microwave
2(two) line delays - Huber + Suhner - 4,8 ng/23,7 ng/94 ns and 19,0 ng/47,3 ng/165,1 ns.

4. M easurement method :

The frequency output of the caesium frequency standard — 5071A — opt. 001 is connected to
an ultra-clean phase-locked oscillator with an Allan deviation lower than 2 x 10™ between

1 Hz and 100 Hz. One of the 10 MHz outputs of this ultra-clean oscillator is connected to the
external reference input of the time interval counter (TI1C). The 1 pps pulse was supplied by a
rubidium frequency standard of which the rise time and the amplitudes at the inputs A and B
were previously measured by means of adigital sampling oscilloscope for each cable length.
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The delay is given by the following relation :
Tx=T2-T1+dT (1)

T2 isthe displayed value in phase 2 (with the device under test inserted)
T1isthe displayed value in phase 1 (with the short inserted)
dT isthe estimated delay due to the BNC female short.

Thetrigger levels were adjusted at about 50 % at the inputs A and B.

4.a. M easurement of T2

The 1 pps output of rubidium frequency standard is applied simultaneously to the input of the
device under test (DUT) and to the input A of the TIC . The output of the DUT is connected
to the input B of the TIC. One measurement consists of 100 times the measurements of the
time intervals between pulses successively received by the inputs A and B of the TIC.

4.b. Measurement of T1

The cables are unchanged and a BNC female short replaces the DUT.

5. M easurement uncertainties

Therdation (1) could be extended in order to take into account the different uncertainties, which could result
from the used measurement method:

T, =(T2" 1+dTBt 2) +dRT 2 +dTStT 2 +dTspT 2+dTrT 2) - (T1" (1+dTBt1) + dRT1+dTstT 1+ dTspT 1+ dTrT 1)
+ dTsh + dmet

where:

- T2 =Mean value of the different measurement values displayed by the TIC when the
DUT isinserted in the circuit. That is the time interval between the pulse entering the
DUT and the pulse coming out of the cable when the DUT is inserted.

- dTBt2 = Fractional time base uncertainty for T2.

- dRT2 = Resolution of the TIC — measurement of T2.

- dTstT2 = Start trigger timing uncertainty for T2.

- dTspT2 = Stoptrigger timing uncertainty for T2.

- dTrT2=Trigger level timing uncertainty for T2.

- T1=Mean value of the different measurement value displayed by the TIC when the DUT
isreplaced by aBNC female short.

- dTBt1 = Fractional time base uncertainty for T1.

- dRT1 = Resolution of the TIC — measurement of T1.

- dTstT1 = Start trigger timing uncertainty for T1.

- dTspT1 = Stoptrigger timing uncertainty for T1.

- dTrT1=Trigger level timing uncertainty for T1.

- dTsh =Timeinterval delay due to the BNC female short.

- dmet = Uncompensated uncertainty due to the used method (e.g.: interpolating method,
reversing the channels A and B,...).
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6. M easurement results and uncertainty budgets.

Measurements where performed with different measuring instruments [1], [2]. These repeated
measurements was for us also the way to validate some measurements. At the end, we have
decided for many practical and technical reasons to only communicate the measurement
results obtained by means of the CNT-90 manufactured by Pendulum despite its lower single
shot resolution [3]. Differences were registered when reversing channels A and B with this
TIC but these differences were found non significant with respect the calculated combined
uncertainties for the three cable lengths. The uncertainties indicated in the tables below are

given for k=1.

6.a. 3 m length cable

Quantity Value Standard | Degreesof | Distributio | Sensitivity | Corr.- [ Index
Uncertainty | Freedom n Coefficient | Coeff.
T2 24.24500ns | 3.21-10%ns 4 normal 1.0 0.02 | 0.0%
dTBt2 0.0ns 57.7:10° ns rectangular 24 001 | 0.0%
drRT2 0.0ns 0.0577 ns ¥ rectangular 1.0 027 | 74%
dTsT2 0.0ns 0.0272ns ¥ rectangular 1.0 013 | 1.6%
dTspT2 0.0ns 0.0502 ns ¥ rectangular 1.0 024 | 56%
dTrT2 0.0ns 0.0507 ns ¥ rectangular 1.0 024 | 5.7%
T1 3.92960 ns 1.63-10° ns 4 normal -1.0 -0.01 | 0.0%
dTBt1 0.0ns 5.77-10°ns ¥ rectangular -3.9 011 | 11%
drRT1 0.0ns 0.0577 ns ¥ rectangular -1.0 -0.27 | 74%
dTsT1 0.0ns 0.0292 ns ¥ rectangular -1.0 -0.14 | 1.9%
dTspT1 0.0ns 0.0213ns ¥ rectangular -1.0 -0.10 | 1.0%
drrTl 0.0ns 0.0121ns ¥ rectangular -1.0 -0.06 | 0.3%
dTsh 0.1050 ns 0.0289 ns ¥ rectangular 1.0 014 | 1.8%
dTmet 0.0ns 0.173ns ¥ rectangular 1.0 081 |66.2%
TX 20.420 ns 0.213 ns ¥
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6.b. 10 m length cable

Quantity Value Standard | Degreesof | Distributio | Sensitivity | Corr.- [ Index
Uncertainty | Freedom n Coefficient | Coeff.
T2 52.35520ns | 2.89-10°%ns 4 normal 1.0 001 | 0.0%
dTBt2 0.0ns 577-10° ns rectangular 52 0.10 | 0.9%
drRT2 0.0ns 0.0577 ns ¥ rectangular 1.0 018 | 34%
dTsT2 0.0ns 0.0275ns ¥ rectangular 1.0 0.09 | 0.8%
dTspT2 0.0ns 0.0462 ns ¥ rectangular 1.0 015 | 22%
dTrT2 0.0ns 0.0368 ns ¥ rectangular 1.0 012 | 14%
T1 3.92840 ns 2.01:10°ns 4 normal -1.0 -0.01 | 0.0%
drBtl 0.0ns 5.77-10°ns ¥ rectangular -3.9 -0.07 | 0.5%
drRT1 0.0ns 0.0577 ns ¥ rectangular -1.0 -0.18 | 3.4%
dTsT1 0.0ns 0.0292 ns ¥ rectangular -1.0 -0.09 [ 0.9%
dTspT1 0.0ns 0.0213ns ¥ rectangular -1.0 -0.07 | 0.5%
drrTl 0.0ns 0.0121ns ¥ rectangular -1.0 -0.04 | 0.2%
dTsh 0.1050 ns 0.0289 ns ¥ rectangular 1.0 0.09 | 0.9%
dTmet 0.0ns 0.289ns ¥ rectangular 1.0 092 |851%
Ix 48.532ns | 0.313ns ¥
6.c. 35 m length cable
Quantity Value Standard | Degreesof | Distributio | Sensitivity | Corr.- [ Index
Uncertainty | Freedom n Coefficient | Coeff.
T2 178.7388 ns 0.0283 ns 7 normal 1.0 0.06 | 0.3%
dTBt2 0.0ns 289-10° ns rectangular 180 011 | 1.1%
drRT2 0.0ns 0.0577 ns ¥ rectangular 1.0 012 | 14%
dTsT2 0.0ns 0.0272ns ¥ rectangular 1.0 0.06 | 0.3%
dTspT2 0.0ns 0.0502 ns ¥ rectangular 1.0 010 | 1.1%
dTrT2 0.0ns 0.0507 ns ¥ rectangular 1.0 011 | 1.1%
T1 3.93063 ns 5.65-10° ns 7 normal -1.0 -0.01 | 0.0%
dTBt1 0.0ns 5.77-10°ns ¥ rectangular -3.9 -0.05 | 0.2%
drRT1 0.0ns 0.0577 ns ¥ rectangular -1.0 -012 | 1.4%
dTsT1 0.0ns 0.0292 ns ¥ rectangular -1.0 -0.06 | 0.4%
dTspT1 0.0ns 0.0213ns ¥ rectangular -1.0 -0.04 | 0.2%
drrTl 0.0ns 0.0121ns ¥ rectangular -1.0 -0.03 | 0.0%
dTsh 0.1050 ns 0.0289 ns ¥ rectangular 1.0 0.06 | 0.4%
dTmet 0.0ns 0.462 ns ¥ rectangular 1.0 096 |91.9%
Tx 174.913ns | 0.482ns ¥
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7. Conclusions

This comparison was useful due the fact that it provides us a deeper knowledge about time
interval measurements, due to the variety of methods and set-ups used. That was a good
occasion for usto have a better look on the technical literature in this field. We also better
know the limits of some measuring instruments and what are the points we can still improve.
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Appendix A.SP

EUROMET supplementary comparison TF.TI-K1 —measurement report A

Annex 3: Measurement report A

In this part A of the report a free description should be given including drawings and
references, whereas in part B a tabular form has to be filled out. These informations
will be used to be mentioned in the final report to be prepared by the organiosation

group.

Description of the measurement method(s) and relevant instruments:

The delay, T1, in the connecting cables C3 and C4 and the BNC and BNC-T was first
measured as shown in the “SETUP”. The BNC was then replaced with the DUT, and
the delay, T2, was measured again as shown in “DUT”. The final result was taken as
T2-T1-DTBNC. The delay in the BNC, DBNC, was estimated by measurements to 100

ps.

SETUP DUT
UTC(SP) UTC(SP)
C1 C2 C1l c2
——1[ | BNC-T Start BNC-T Start
C3 TIC C3 TIC
c4 c4
BNC Stop DUT Stop

C1 1-pps (5V TTL 50 Ohm) to BNC-T
C2 10 MHz (1 V rms) to counter

The 1-pps was 3 V at Start and Stop. 1 V trigger level was chosen on the TIC, DC-
coupling and 50 Ohm input impedance.

Participating laboratory: SP
Date: May 20, 2005

Signature:
Kenneth Jaldehag
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EUROMET supplementary comparison TF.TI-K1 —measurement report B

Annex 4: Measurement report B

In this part B of the report a tabular description of the measurement system and

method(s) has to be given to be used for the final report.

1. Measuring system

Type of TIC used:

Fluke/Philips PM6681

Is the TIC independent of other national
measurement laboratory (NML) ?

YES

If not independent,
please give the name of NML

Date of last measurement in the NML

2. Measuring method

Time delay using pulses

Number of repeated measurements:

6 (100 measurements in each)

3. Measurement condition

Ambient temperature in the room in °C

23 = 1 degrees Celcius

Ambient humidity in the room in %

20+5%

Participating laboratory: SP
Date: May 20, 2005

Signature:
Kenneth Jaldehag

54




EUROMET supplementary comparison TF.TI-K1 —measurement result

Annex 5: Measurement results for traveling standard no: BEVO1

Measurand: time interval Tx(i) for measuring cable lengths:
All figures are in ps.

combined standard

eff. degree of

cable length Tx() uncertainty u(Tx) |freedom neg
3m 20.4 ns 0.5 ns (1-sigma) 102
10 m 48.5 ns 0.5 ns (1-sigma) 102
35m 174.9 ns 0.5 ns (1-sigma) 102

Participating laboratory: SP

Date: May 20, 2005

Signature:

Kenneth Jaldehag
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Appendix A.GUM

EUROMET supplementary comparison TF.TI-K1 —measurement report A

Measurement report A

Description of the measurement method and relevant instruments:

In measurement of cable delays in GUM (Central Office of Measures - Poland) a
method of three time interval measurements was applied according to Fig.1. All
measurements were performed in air-conditioned room (stabilized temperature and
humidity) and after the initial period for stabilizing temperature of DUT after
transport.

Step 2
Tax

Ext. REF Ext. REF
[] under test []

Ref 1 Cable A
- BNC(f)-BNC(f)
€3 Ref 2 Cable B adame CableC Stepl
()
Rd 1 Cable A
BNC(f)-BNC(f)
Fig.1. Ref o | CdbleB  mwe caec Step3

As a source of reference pulse signals (Ref_1 and Ref_2) was used cesium time and
frequency standard HP5071A with offset frequency < 1-10™% taking part in
determination of TAl and UTC, namely 1lpps outputs of HP5071A were Ref 1 and
Ref 2. As a time interval counter was used digital time/frequency counter CNT-81
synchronized by a standard signal from the same cesium clock.

The delays of the cables under test were calculated using the following formula:

T +T,

Tx = T2x

+t AD +dTB +dRes and(TIC) +dTLTError ’

where: T, - the delay of cable under test,
T,T,., T, - the results of consecutive measurements respectively as in Fig. 1.,
t .o - the delay of the BNC(f)-BNC(f) adapter determined experimentally,
d.,; - correction due to short term stability of time base frequency,
d.., - correction due to finite resolution of TIC,

dramey - correction due to total random uncertainty of TIC (including

guantization error, start trigger error and stop trigger error),
d e - COrrection due to slow changes in values of trigger level timing error (a

part of trigger level timing error non-compensated by applied method
determined experimentally) including also jitter between Ref_1 and
Ref_2 outputs.

Participating laboratory: Central Office of Measures (GUM, Poland)

Date: 25.04.-8.05.2005

Signature:
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EUROMET supplementary comparison TF.TI-K1 —measurement report B

Measurement report B

In this part B of the report a tabular description of the measurement system and
method(s) has to be given to be used for the final report.

1. Measuring system

Type of TIC used:

CNT 81/356, serial No. SM847754, of
Pendulum Instruments AB company

Is the TIC independent of other national
measurement laboratory (NML) ?

Yes

If not independent,
please give the name of NML

Date of last measurement in the NML

2. Measuring method

Simple inserting cable method

Number of repeated measurements:

6

3. Measurement condition

Ambient temperature in the room in °C

(21,2  0,6) °C

Ambient humidity in the room in %

(50 + 10) %

Participating laboratory: Central Office of Measures (GUM, Poland)

Date: 25.04.-8.05.2005

Signature:
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EUROMET supplementary comparison TF.TI-K1 —measurement result

Measurement results for traveling standard no: BEVO1
Serial No. 01

Measurand: time interval Tx(i) for measuring cable lengths:
All figures are in ps.

combined standard

eff. degree of

cable length Tx() uncertainty u(Tx) |freedom neg
3m 0,0204021 0,0000038 195
10 m 0,0484737 0,0000039 140
35m 0,1745988 0,0000041 83

Uncertainty budgets of measurement T, (according to EA-4/02):
Note: bellow all figures are in ps

a) for cable length 3 m

Quantity Estimate Standard Probability Sensitivity | Uncertainty | Degree of
uncertainty | distribution / coefficient | contribution | freedom
Xi Xi u(xy) method of Ci Ui(Ty) n
evaluation(A,B)
T,, 0,613 Normal/A 1 0,613 999
T, 0,582 Normal/A -1/2 - 0,291 999
T, 0,586 Normal/A -1/2 - 0,293 999
- T, +T, 20275,987 1,162 Normal/A 1 1,162 5
2X 2
t o 126,130 1,672 Normal/B -1 -1,672 107,53
ds 0 <0,0002 Normal/B 1 <0,0002 ¥
dree 0 0,0004 Rectangular/B 1 0,0004 ¥
and(TIC) 0 1,937 Normal/B 1 1,937 ¥
TLTEror 0 2,411 Normal/B 1 2,411 56
T, 20402,117 3,776 Ny =19517
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b) for cable length 10 m

Quantity Estimate Standard Probability Sensitivity | Uncertainty | Degree of
uncertainty | distribution / coefficient | contribution | freedom
Xi Xi u(xy) method of Ci ui(Ty) n
evaluation(A,B)
T,, 0,602 Normal/A 1 0,602 999
T, 0,589 Normal/A -1/2 - 0,295 999
T, 0,611 Normal/A -1/2 - 0,306 999
- T, +T, 48347,605 1,474 Normal/A 1 1,474 5
2X 2
t o 126,130 1,672 Normal/B -1 -1,672 107,53
ds 0 <0,0002 Normal/B 1 <0,0002 ¥
dree 0 0,0004 Rectangular/B 1 0,0004 ¥
and(TIC) 0 1,937 Normal/B 1 1,937 ¥
TLTEror 0 2,411 Normal/B 1 2,411 56
T, 48473,735 3,883 Ny =140,27
c) for cable length 35 m
Quantity Estimate Standard Probability Sensitivity | Uncertainty | Degree of
uncertainty | distribution / coefficient | contribution | freedom
Xi Xi u(xy) method of Ci Ui(Ty) n
evaluation(A,B)
T,, 0,575 Normal/A 1 0,575 999
T, 0,588 Normal/A -1/2 - 0,294 999
T, 0,588 Normal/A -1/2 - 0,294 999
- T, +T, 174472,699 1,891 Normal/A 1 1,891 5
2X 2
t o 126,130 1,672 Normal/B -1 -1,672 107,53
ds 0 <0,0002 Normal/B 1 <0,0002 ¥
dree 0 0,0004 Rectangular/B 1 0,0004 ¥
and(TIC) 0 1,937 Normal/B 1 1,937 ¥
TLTEror 0 2,411 Normal/B 1 2,411 56
T 174598,829 4,054 ng, =83,60

X
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Appendix A.MKEH

EUROMET supplementary comparison TF.TI-K1 —measurement report A

Annex 3: Measurement report A

In this part A of the report a free description should be given including drawings and
references, whereas in part B a tabular form has to be filled out. These informations
will be used to be mentioned in the final report to be prepared by the organiosation
group.

Description of the measurement method(s) and relevant instruments:

Therise edge of the pulse from impulse generator starts the time interval counter. This pulse through
the connection cables and the traveling standards (cable#lor cable#2 or cable#3) stops thetime
measurement.

Thefeatures of the pulse: riseup time: 2,5 ns, level: +3V width: 50 ns.

The source impedance is 50 Wand the gates of the TIC terminal are 50 Wresistors. The pulses are
manually initiated.

Thetime base of the TIC is our National Time and Frequency Standard (HP 5071A Cesium beam
oscillator) 10 MHz.

________________________ —
TIC R1 _Q ----------------------- AN
e ; TRAVELING
A () | stanparD
S —
4
Timebase <> START
10 MHz
HP
S071A Gated single

J_L pulse
&
Ll:l_l PULSE

GENERATOR
R3

R1=R2=R3=50W

Participating laboratory: Orszagos Mérésugyi Hivatal (OMH)
National Office of Measures-Hungary

Date: Budapest 06 June, 2005.06.06. Signature:  Endre Szentirmai
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EUROMET supplementary comparison TF.TI-K1 —measurement report B

Annex 4: Measurement report B

In this part B of the report a tabular description of the measurement system and
method(s) has to be given to be used for the final report.

1. Measuring system

Type of TIC used:

Agilent 53132A

Is the TIC independent of other national
measurement laboratory (NML) ?

Yes

If not independent,
please give the name of NML

Date of last measurement in the NML

25 April, 2005

2. Measuring method

Number of repeated measurements:

80

3. Measurement condition

Ambient temperature in the room in oC

23+1°C

Ambient humidity in the room in %

20%-40%

Participating laboratory: Orszagos Mérésugyi Hivatal (OMH)
National Office of Measures-Hungary

Date: 06 June, 2005.06.06

Signature: Endre Szentirmai
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EUROMET supplementary comparison TF.TI-K1 —-measurement result

Annex 5: Measurement results for traveling standard no: BEVO1

Measurand: time interval Tx(i) for measuring cable lengths:
All figures are in ps.

combined standard

eff. degree of

cable length Tx(1) uncertainty u(Tx) |freedom neg
3m 0,02043 0,00035 79
10 m 0,04846 0,00034 79
35 m 0,17479 0,00036 79

Participating laboratory: Orszagos Mérésugyi Hivatal (OMH)
National Office of Measures-Hungary

Date: Budapest 06 June, 2005.06.06.

Signature:

Endre Szentirmai
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Appendix A.SMU
ANNEX 3: MEASUREMENT REPORT A

Description of measurement method and relevant instrument:

- Every measurement consists of two steps.

- Signa TTL Unax=4V from front panel of Cs HP 5071A is connected by cable 1
(delay time T1) to START input (Chanel 1) of Time Interval Counter (TIC).

- Signal TTL 4V from Csrear panel OUT-1 by cable 2 (delay T2) and viaBNC(f) /
BNC(f) Adaptor and cable 3 —delay T3 to STOP (Ch2) TIC.

- Procedure B isthe same like A only instend BNC(f)/BNC(f) adaptor is connected
DUT: BEVO01 box.. Cable 2 (T2) and cable 3 (T3) wasthe same as in step 1.

- Procedure B was repeated with output signal of Cs| from OUT-2, too.

- Procedure A and with output rear panel OUT-1 and OUT-2 was repeated from Cs-2
HP 5071A (laboratory TF SMU has two Cs HP in operation).

- One result Tx consist of 6 measurements: A1B1A2B-A3B3AB4AsBsAsBs A7
6X(ABA)

PROCEDURE A: TIC =

TA

TIC: HP 53 132A

CH1: START CH2:STOP

Cs-1: HP5071A
cablel T1
front panel OUT: 1s %ble 3
rear panel OUT-1: cable2 T2
e
(rESp. """""""""""""" TAD
(cable 2 T2)
CH1,CH2: triaaer level 50
PROCEDURE B: TIC =
A TIC: HP 53 132A
CH1: START CH2:STOP
Cs-1: HP5071A
cablel T1
front panel OUT: 1s %ble 3
rear panel OUT-1: cable2 T2 DUT
S — BEVO1
(resp. -7 T
(cable 2 T2)
CH1,CH2 : trigger level 50 %
TA=T2+tap+T3-T1 (TA=0,5. (TAi:1 + TA) (@D)]
TB=T2+Tx+T3-T1 (2)
Tx=TB-TA +1ap (3)

Participating laboratory: SMU Bratislava, Slovakia
Date: 20. 07. 2005 Signature: P. Dorsic



Annex 4: M easurement report B

In this part B of the report atabular description of the measurement system and method has to

be given to be used for the final report.

1. Measuring system

Type of TIC used:

Hewlett Packard HP 53132A

Isthe TIC independent of other national
measurement laboratory (NML) ?

YES

If not independent,
please give the name of NML

(SMU Bratislava T& F: the same laboratory)

Date of last measurement in the NML

direct connected 10MH from Cs standard
(Ext.fie& TIC) wich is compared via GPS to
BIPM Circul. T

Source of measuring pulses:

Cslor Csll, START front panel output 1 s,
STOPrear OUT 1or OUT 2 1s
Unmax. =4V,

Ue. =2V tty=3ns/4V /50 Q

2. M easuring method

Smpleinsertion method (TA-TB -TA)

Two time reference signals from one common
source — cesium standard HP 5071A

REF1 —fromfront panel of Cs stand.

REF2 —rear panel OUT1 or OUT2 (two
results)

and for 2 pc. of Cs standards (2x2 results)

Tx=TB —(0,5(TAi:1 + TA)) + tap (©)]

Number of repeated measurements: 6 x4

3. Measurement condition

Ambient temperature in the laboratory (°C) | 22,3t022,7
Ambient humidity in the laboratory in (%) |45-55

Participating laboratory: SMU Bratislava, Slovakia/ DorSc

Date: 20- 07. 2005

Signature P. DorSic
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Annex 5: M easurement results for travelling standard no: BEVO1

Measurand: time interval Tx(i) for measuring cable lengths:

All figuresarein

combined standard

Ty ) eff. degree of
cablelength (ns) uncertal( 22)/ u(Tx) fr eedom Nar
3m 20. 712 0.135 9596
10m 48. 762 0.085 9346
35m 175. 271 0.106 9428

When v >50 thenk = 2 for evaluation of exp. uncertainty U, (95 % praob.)

Participating laboratory: SMU Bratislava, Slovakia/ DorSic

Date: 20- 07. 2005

Signature P. DorSic
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Source of corrections and uncertaintiesfor measurement results.

The model of equation to determine time delay interval T« of each length of the cable is given
by:

Tx =(TB-=TA) +tap +06Tj + 8T,

1. (TB-TA) correction and uncertainty of final result for two measuring TB and TA
for various sourceof pulses: Csl /Csll and OUT 1s: Port 1/ Port 2.
us =kn.s/ V4 , (ky=1,7for N=4)

2. TAD correction and uncertainty of BNC(f) / BNC(f) adaptor

tap=0,138ns, ug=1s=0,014ns n=9
(measured in SMU)

3. 0T correction and uncertainty of source of outputs pulse-to-pulse jitter, external
source and input amplifier jitter and noise (trigger jitter):

Trigger error = (Einpu’ + Esgna® )~/ input signal slew rate

(Tjite =1 ns... Csout 1 s, manual Cs: HP 5071A) , =100,
Esgna = Esourcecs = (10,75 V/ns) . 1ns/~100=0,13V  SR=0,75ns/V)

Einpw =1 mV  from manual TIC: HP 530132A
SR =0,75ns/V (input signal slew rate, Csoutput 1s)
tes = 2Xx 0,15ns=0,3ns (manual TIC: HP 53 132A)
Trigger error = (0,001%+0,13) * /1,3.10°=0,1ns
8T, = (tres” + trigger error START 2 + trigger error STOP?) # =
= (0,32+0,1°+0,1%) *=0,33ns
Note: timeinterval deviation duetoresolution of TIC ist.e andisinto 8T,
4.06T, correction and uncertainty dueto trigger level timing error, this error results
from a deviation of actual trigger level from specified (indicated) level =2V
for both channel. (Manual IC: HP 53 132A)

0T L=2x (15mV +1% START and STOP trigger level) / SR
=2.(0,015+2/100)/ 1,3.10°=2.0,03/1,3.10° = 0,046 ns

(Slew rate = 1/(0,75 ns/V)
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FINAL TABLE OF PARTIAL RESULTS

TIC:
CABLE #1 CABLE #2 CABLE #3 HP 53 132A
no- e | Ry [T TTs [T« [Ls |Tx |is |START[stop
(ns) (ns) | (ns) (ns) | (ns) (ns)
n=6 n=6 n=6 Ch.1 Ch.2

1 13.6.05| 223 | 54 20.835 | 0.008 | 48.676 | 0.016 | 175.292 | 0.021 | Cdll fr. | Csll P1

2 13.6.05 | 22.2 | 59 20.833 | 0.025 | 48.744 | 0.015 | 175.410 | 0.016 | Cdll fr. | Csll P2

3 14.6.05 | 22.6 | 62 20.558 | 0.040 | 48.850 | 0.009 | 175.193 | 0.012 | Csl fr. | Csl P2

4 14.6.05 | 22.2 | 60 20.622 | 0.011 | 48.779 | 0.011 | 175.188 | 0.014 | Csl fr. | Csl P1

trigger level for
20.712 | 0.143 | 48.762 | 0.073 | 175.271 | 0.105 | both Ch_agn\tjl
uy= 0.121 us= 0.062 us= 0.089 (Umax=4V pulse,
Ly = 3ng4Vv )
Tx=(TB—-TA) +1ap un=17x1s/4 1.sfor N=6
UNCERTAINTY BUDGET FOR Tx CABLE #1 (3 m)

Quantity |Estimate | Sandard Probability Sensitivity | Uncertainty | Degree of

uncertainty | yistribution / coefficient | contribution | freedom

Xi Xi u(x) method of G u(T n

luation(A,B
(n9) (n9) evaluation(A,B) (n9)

TB-TA |20.574 0.121 normal 1 0.121 3
TAD 0.138 0.014 normal 1 0.014 8
dT; 0 0.033 normal 1 0.033 00
dT, 0 0.046 normal 1 0.046 00

00

Tx 20.712 0.135 9596

UNCERTAINTY BUDGET FOR Tx CABLE #2 (10 m)

Quantity |Estimate | Sandard Probability Sensitivity | Uncertainty | Degree of

uncertainty | yistribution / coefficient | contribution | freedom

Xi Xi u(x) method of G u(T n

luation(A,B
(n9) (n9) evaluation(A,B) (n9)

TB-TA |48.624 0.062 normal 1 0.062 3
TAD 0.138 0.014 normal 1 0.014 8
dT; 0 0.033 normal 1 0.033 00
dT, 0 0.046 normal 1 0.046 00

00

Tx 48.762 0.085 135582
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UNCERTAINTY BUDGET FOR T« CABLE #3 (35 m)

Quantity |Estimate | Standard Probability Sensitivity | Uncertainty | Degree of
uncertainty | yistribution / coefficient | contribution | freedom
Xi X u(x) method of G U(Tx) n;
(n9) (n9) evaluation(A,B) (n9)

TB—-TA |175.133 0.089 normal 1 0.089 3

TAD 0.138 0.014 normal 1 0.014 8

dT; 0 0.033 normal 1 0.033 00

dT, 0 0.046 normal 1 0.046 00

00

Tx 175.271 0.106 32212

Participating laboratory: SMU Bratislava, Slovakia/ DorSic

Date: 20- 07. 2005

Signature P. DorSic
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Appendix A.CMI/IREE

EUROMET supplementary comparison TF.TI-K1 —measurement repart A

Annex 3: Measurement report A

Description of the measurement method(s) and relevant instruments:
1. Definition of the measurand (cable time delay): 7ime from the pulse entering the cable

to time when the same instant of the pulse appears at the output of the cable (in this
Technical Protocol 2.3.1). In our measurement “the instant” is defined at 25% of the
peak-to-peak voltage level where the cable responses have about the maximum slope.

Schematic of the measuring system

l external 10 MHz from Cs clock

SR 620 Time Interval Counter PC
A B Ref
Coz Coi
Cr @--—===- €
CorC,

Coy, Caz short auxiliary cables with delays Tgy, 7oz respectively
5 female-to-female BNC coupler with known delay 7.
s unknown cable with delay 7.

The measurement was carried out with the SR620 time interval counter serial number
4521. As a test signal, we used 1 kHz pulses from counter’s REF output. The test pulse
amplitude and shape were measured by a HP54615B oscilloscope with 500 MHz
bandwidth (with 0.7 ns rise time). The counter start source was set to REF in which
mode the test pulse is split in such a way that it goes internally directly to the counter
gate logic bypassing the input A (thus the start trigger level is not known), and in
parallel it is available at the REF output. The counter was connected to 10 MHz external
time base from a high-performance HP5071A cesium clock. Before the measurement,
the auto-calibration procedure was run. The counter was controlled by PC via GPIB.
Input B (stop input) was set to 50 Q, DC, and positive slope.

We have used a simple substitution method based on measurements of two time
intervals: 1) of the time interval 7; with the coupler C between points e; and ez, and 2)
of the time interval 7> with the unknown cable C, that substitutes the coupler.
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- a

Diagram of voltage to time relations during the measurement

ity walt) vy(t) Measurement of T,

Voltage

1 Ty=tp-tiy =Ty +To+Tp

i Nt L

| Vfr]
: Vig=0.23 Vg
0 Relative time
I14 i
Measurement of T,
h=ty—ty=Ty+Txt+ Ty
a= V2B
Vzﬁ =0.2) Vzﬂmm‘
0 t Relative time
2

v(t) original test pulse

val(t) response at start input (in REF mode at gate logic)
va(t) response at stop input (B)

Note: There is a dead time between both measurements.

Test pulse specification

1 kHz TTL from the SR620-counter reference output with nominal values Vmin =0V,
Vmax =2V at 50Q. The test pulse from the counter sn 4521 is shown below
(measured by the HP54615B oscilloscope).
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Voltage (V)

Time (ns)

4. The delay 7, of the unknown cable is obtained from the relation
Tx=To=Ti+ 0ict+ 0T+ Ofz— 0Ty =Ty + érg'l- OTy+ OTr+ 0T
where

71 - time interval measured with the BNC coupler

Tz - time interval measured with the unknown cable
olc - correction for coupler delay

Ol - correction for fast variations in 7;

o7z - correction for fast variations in 7

a7 - correction for trigger level in measurement of 7;
0Tz - correction for trigger level in measurement of 7>
oTo - correction for quantization error

ATy - correction for differential non-linearity

o7 - correction for temperature effects on cable

070 - correction for other error contributions

Note: All quantities in the above relation are time quantities.
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10,

11.

12.

il
Coupler delay (J72): The coupler delay correction has been calculated from the
relation 7= L &"“/c, where L is the mechanical length, & is the relative dielectric
constant, and c¢ is the speed of light. Assuming for Teflon & = 2.1 £ 0.1, the
mechanical length L=26.6 mm+1 mm, and a uniform distribution, we obtain
dT-= 128 £ 4 ps (type B uncertainty).

Fast variations (J7., d72): These variations include the combined effect of trigger
jitter and short-term frequency instability of time base, and give the standard deviation
of 7 ps from 1000 samples for 7;and 7, for cables C, (the shortest) and C;, and 8§ ps
for cable C; (type A uncertainty).

Trigger level correction (J7,, d7x): The trigger level timing error is a combination
of imperfect scaling of the HP54615B oscilloscope used for the measurement of pulse
amplitude, and imperfect trigger level of the counter. From the oscilloscope
specification of voltage measurement we have +1.2% of full scale £0.5% of position
value, and from the counter specification we have %15 mV + 0.5% of setting which
gives in total the timing uncertainty of + 30 mV/ slope; the slopes of individual
responses are shown in Measurements (type B uncertainty).

Differential nonlinearity (J7,): Specifies the maximum time error for any given
relative measurement. In the SR620 counter, the dependence of &7, on the measured
interval has approximately a sine-wave form with zero mean and the timing-error
amplitude of 20 ps for measured intervals (type B uncertainty).

Quantization (Jd7y): In the averaging mode the counter has + 0.5 ps error, which
gives the total contribution of 0.5 ps for both measurement (type B uncertainty).

Temperature variations (J77): Since the cables are unknown, it is impossible to
determine this correction. A guess can be made, however. The measured delays in
cables C; and C; and the assumed length of 10 m and 35 m fit with Teflon as dielectric.
From the measurement on a Teflon cable of our own, we have obtained the
temperature coefficient of -0.16 ps/°C/m which gives d7r= +2 ps for C; (10 m) and
* 6 ps for Cs (35 m) due to £1°C variations. In the case of cable C; the guess is even
more difficult. The cable is assumed to be 3 m but for that length and the measured
delay of 20.4 ns delay we could not find any common dielectric. The measured delay,
however, well fits with a cable of 4 m based on solid polyethylene (PE). So we have
measured two types of PE cables and we obtained two different coefficients:
-2.4 ps/°C/m and -1.2 ps/°C/m. Taking the larger coefficient and assuming that the
cable is of 4 m length, we get £10 ps due to £1°C variations (type B uncertainty).

Other variations (875): Evidently, there are other uncertainty contributions such as
connections instability, temperature effects on the counter, humidity effects,
reproducibility, and perhaps some other effects not known to wus during the
measurement. Since we have no experimental support to quantify these contributions
as of the writing of this report, we have covered them by + 20 ps within a uniform
distribution (type B uncertainty).

Correlation: We assume that none of the input quantities are correlated to any
significant extent.
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MNote: The temperature in the room where the measurement was carried out could not
been set to recommended 23°C because it is bound to the temperature maintained in

B

13, Measurement environment: Temperature 25°C + 1 °C, relative humidity 76% + 5%.

the room with our cesium clocks (24.5°C).

14. Measurements (7;): The time interval 7, j=1,2 was measured as an average of 1000
samples with accompanied standard deviation. The measurement was repeated at
seven trigger levels at input B: Vis(k) = V{0) + k*10 mV, k= -3,2, ...+3, where V0)is
the closest discrete value to the 25% level, Vs

No. | Trg level | T; Trg level | 73(1) Trg level | Tx2) Trig level | T43) i
1| 2354% | 3.339ns | 23.23% | 23597 ns | 23.42% | 51667 ns | 23.41% | 177704 ns |
2| 24.05% | 3.352ns | 23.75% | 23612ns | 23.94% | 51682 ns | 23.93% | 177.724 ns
3| 2456% | 2.365ns | 24.26% | 23626 ns | 2446% | 51699 ns | 24.45% | 177.746 ns
4| 250B% | 3.38ns | 2478% | 23.642ns | 24.98% | 51716 ns | 24.97% | 177.767 ns
5| 25.59% | 3.393ns | 25.30% | 23.658ns | 2550% | 51733 ns | 2548% | 177789 ns
6| 26.10% | 3.407 ns | 25.81% | 23674 ns | 26.02% | 51.748ns | 26.01% | 177.811ns
7| 26.61% | 3.424ns | 26.33% | 23.686ns | 26.54% | 51.763 ns | 26.53% | 177.831ns

linear regression value at 25.0% trigger level:
I = 3.378ns
To1) = 23.649ns
2} = 51.716 ns
T¥3) = 177.769ns

slope at 25.0% trigger level:

s(T) =  0.71V/ns
siTA1) = 0.68 Vins
s(TA2)) = 0.62V/ns
S(TA3) = 0.46V/ns
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15. Uncertainty budget ( 7.{1)):

il =

quantity estimate standard probability | sensitivity uncertainty degree of
X X uncertainty | distribution | coefficient contribution freedom
u(x) G ufy) i
L 3.378 ns SR Lo el
T 23.649 ns : i :
a7 0,128 ns 0.004 ns | rectangular 1.0 0.004 ns o
& 0ns 0.0003 ns normal -1.0 0.0003 ns 999
T 0 ns 0.043 ns rectangular -1.0 0.043 ns =]
T3 0ns 0.0003 ns normal 1.0 0.0003 ns 999
a7z 0ns 0.045ns | rectangular 1.0 0.045 ns o0
&l 0ns 0.0005 ns | rectangular 1.0 0.0005 ns o
& 0 ns 0.015ns | U-shaped 1.0 0.015 ns oo
dfr 0 ns 0.006 ns rectangular 1.0 0.006 ns oo
dlo 0ns 0.012 ns | rectangular 0.012 ns oo
Ti1) 2039 ns | | 0.066 ns ®
Uncertainty budget ( 7.{2)):
quantity estimate standard probability | sensitivity uncertainty
X X uncertainty | distribution | coefficient | contribution
u(x) ufy)
% 3.378 ns " "
T 51716ns [0 :
8T 0.128 ns 0.004 ns | rectangular 1.0 0.004 ns ]
Ty 0ns 0.0003 ns normal -1.0 0.0003 ns 999
Oy 0Ons 0.043ns | rectangular -1.0 0.043 ns oo
Ty 0ns 0.0003 ns normal 1.0 0.0003 ns 999
875 | 0ns 0.049 ns | rectangular 1.0 0.049ns [+]
5, | oOns 0.0005ns | rectangular 1.0 0.0005 ns o |
&y Oons 0.015 ns U-shaped 1.0 0.015 ns w
arr ans 0.002 ns | rectangular 1.0 0.002 ns @
&7a 0 ns 0.012 ns | rectangular 1.0 0.012 ns [ |
- {2 48.466 ns ; o ¢ | 0.069ns @ '
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-7 -

Uncertainty budget ( 7,/3)):
quantity estimate standard probability sensitivity uncertainty degree of
X X uncertainty | distribution | coefficient | contribution freedom
u(x) G ) W
T | 3378ns o T e g ﬁg
5 177.769 ns st ;
T 0.128 ns rectangular 1.0 0.004ns o0
5T Ons | 0.0003ns | normal 1.0 0.0003 ns 999
OTy Ons 0.043ns | rectangular -1.0 0.043 ns w
OTy 0ns 0.0003 ns normal 1.0 0.0003 ns 999
a7z 0ns 0.066 ns rectangular 1.0 0.066 ns o
o7, Ons | 0.0005ns | rectanguiar | 1.0 0.0005 ns %
ITy Ons 0.015 ns U-shaped 1.0 0.015 ns ]
aTr | 0 ns 0.004 ns | rectangular 1.0 0.004 ns @ |
d7p 0ns 0.012 ns rectangular 1.0 0.012ns oo
T(3) 174.519 ns B ' | o0.082ns o

Participating laboratory: Institute of Radio Engineering and Electronics, Czech Academy of
Sciences (CMI Assaciated Laboratory)

Date: August 16, 2005

Signature  Jan Cermék =

r*u AN @':“q
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EUROMET supplementary comparison TF.TI-K1 ~measurement rapart B

Annex 4: Measurement report B

In this part B of the report a tabular description of the measurement system and method(s)
has to be given to be used for the final report.

1. Measuring system

Type of TIC used: Stanford Research SR620

Is the TIC independent of other national | Yes
measurement laboratory (NML) ?

If not independent,
please give the name of NML

Date of last measurement in the NML

2. Measuring method

Substitution method

Number of repeated measurements: 7

3. Measurement condition

Ambient temperature in the room in °C  [25°C £ 1°C
Ambient humidity in the room in % 76 £ 5

Participating laboratory: Institute of Radio Engineering and Electronics, Czech Academy of
Sciences (CMI Associated Laboratory)

Date: August 16, 2005

Signature  Jan Cermak
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Annex 5: Measurement results for traveling standard no: BEV01

Measurand: time interval Tx(/) for measuring cable lengths:
All figures are in ps.

combined standard

eff. degree of

TR g () uncertainty & Tx) |[freedom vig
3m 0.020399 0.000066 oo
10 m 0.048466 0.000069 o
35m 0.174519 0.000082 co

1
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EUROMET supplementary comparison TF.TI-K1 —measurement report A

Annex 3: Measurement report A

In this part A of the report a free description should be given including drawings and
references, whereas in part B a tabular form has to be filled out. These information
will be used to be mentioned in the final report to be prepared by the organisation

group.
Description of the measurement method(s) and relevant instruments:

The method adopted at IEN for the time interval cable delay measurement is
the “Double Weight Method” (DWM). This method, suggested by BIPM for the GPS
calibration campaigns, has the capability to compensate for different asymmetries of
the cables and of the counter; it follows the five steps procedure reported in Fig. 1.

REF1 [} Cable A | Start
Tic| Step1
T1
REF2 [ Cable B {] Stop
REF1 [} Cable A {] Start
Step 2
i TIC T2
REF2 =28 Stop
BNC(f)-BNC(f Cable
aé;'mer ( under test
REF1 E Cable A Start
Step 3
TI
Cable B : T3
REF2 [—— Stop
BNC(f)-BNC(f) Cable
adapter under test
Cable A start
REFL Tic Step 4
T4
! Cable B [ Stop
REF2
REF1 [} Cable A {| Start
TiIc| Step5
T5
REF2 [ Cable B {] Stop

Fig. 1 — block diagram of the DWM method
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Using the five time interval measurements T1, T2, T3, T4 and TS5, it has
been computed the delay of the cable under test Ty, being Qap the delay of the
BNC/BNCr adapter (Jack/Jack adapter), as:

1 Tt TotTs

T4
Tos 2y, )

Where the auxiliary cable delays (A and B), the unknown phase difference
between REF1 and REF2 and the counter asymmetries cancel out thanks to the
relative method.

In Fig. 2 is reported the used experimental set-up. The reference 1PPS signals
are obtained from two outputs of a distribution amplifier supplied with UTC(IEN). The
time base of the time interval counter is a 10 MHz signal from UTC(IEN), the
impedance of the A and B inputs are of 1 MQ, while the signals are connected to
the counter using two 50 Q feed through matching devices.

e - - - B N ( \
Distribution amplifier TIC - Time Interval Counter
1PPS | Temex - Epsilon SAS SR 620
UTC(IEN) REF1 10 MHz
(Im) | p—
Ch. 31 = 50WH A UTC(IEN)
REF2
Ch. 32
50.W:H B
\ J
(2m) \§ J
Travelling
Standard HBNC_BNC

adapter
1T T (1m) PC

Fig. 2 — IEN experimental set-up

The scheme of Fig. 2 represents the cases of steps 1, 2 and 3 of Fig. 1, where
the Stop cable is split into two parts allowing to insert both a BNC/BNCr adapter or
the cable under test; during the steps 4 and 5 of Fig. 1, the adapter or the device
under test are inserted on the Start cable.

Amplitude of the 1PPS reference signals: (from 0,02 to 3,95) V
Counter trigger level (A and B): +1V

Slew rate of the input signals (around 1 V): 0,46 V/ns

Delay of the BNC/BNCr adapter: (0,148+0,010) ns
Averaged readings per measurement: 10
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The selected trigger levels of the Start and Stop channels (1 V) were about
Y4 of the signals amplitude, but for the Stop channel, the trigger level has been
reduced, when a cable under test was inserted, according to the attenuation of the
cable itself to guarantee the same percentage versus the total amplitude as for the
Start. For the Cable #1, this change was lower than the trigger settability of the
counter (10 mV), for the Cables #2 and #3, the chosen trigger levels were of 0,99 V
and 0,97 V respectively.

The delay of the BNC:/BNCr adapter used, has been experimentally evaluated
measuring the total delay of a couple of BNC{/BNC¢ + BNCw/BNCy adapters, as for a
normal cable delay measurement, and computing the single delays, BNC/BNC and
BNCw/BNCy, proportionally to the electric length of the single adapters.

The evaluation of the cable delays has been repeated 9 times (9 sessions),
distributed over seven days, in order to evaluate the repeatability of the results.

Participating laboratory: IEN - Torino
Date: July 18, 2005

Signature: Valerio Pettiti
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Annex 4: Measurement report B

In this part B of the report a tabular description of the measurement system and
method(s) has to be given to be used for the final report.

1. Measuring system

Type of TIC used:

Stanford Research Systems, Inc. — SR620
s/n_ 3680

Is the TIC independent of other national |Yes
measurement laboratory (NML) ?

If not independent,

please give the name of NML

Date of last measurement in the NML July 13, 2005

2. Measuring method

Number of repeated measurements:

Mean values over 10 measurements with
a 1 s repetition rate;

5 steps per session; one measurement
delay per session and per cable according
to expression (1);

9 sessions distributed over 7 days.

3. Measurement condition

Ambient temperature in the room in °C

(25 + 1) °C

Ambient humidity in the room in %

From 45 to 55 %

Participating laboratory: IEN - Torino
Date: July 18, 2005

Signature: Valerio Pettiti
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Annex 5: Measurement results for travelling standard no: BEVO1

Measurand: time interval Tx(i) for measuring cable lengths:
All figures are in ns.

cable length Tx(i) combine_d standard | eff. degree of
uncertainty u(Ty) freedom Neg
3m 20,45 0,06 >100
10 m 48,43 0,06 >100
35m 174,88 0,06 >100
The uncertainty budget for the IEN measurements is reported in the following
table.
Quantity | Estimate | Standard Probability Sensitivity | Uncertainty | Degree of
uncertainty |  distribution /-1 cqefficient | contribution| freedom
X Xi u(xi) evz;]l1 ue;'?ig(rj](i\f B) Ci Ui(Tx) N
T 58,836
T, 10,450
drB(7) 0,000 0,010 normal (A) 1 0,010 10
dR 0,000 0,025 normal (B) 1/y10 0,008
dT, 0,000 0,001 normal (B) v2/410 0,001
dT, 0,000 0,043 normal (B) V2 0,061
dT, 0,148 0,010 normal (A) 1 0,010 10
Tx 48,534 0,063 Nest > 100

To investigate on the repeatability of the measured delays, a set of
measurement sessions has been collected over o period of about seven days. In the
following table is reported a summary of this investigation.
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cable length Ty (i) Standard uncertainty | Number of meas.
on repeated meas. sessions
3m 20,45 0,02 9
10 m 48,43 0,02 9
35m 174,88 0,03 9

Final Remarks

The uncertainty budget evaluated for this time delay measurement campaign
(0,06 ns), is lower than the IEN calibration measurement capabilities (1 ns) published
on the KCDB — Appendix C. This result, if confirmed by this supplementary
comparison, could be used to upgrade the IEN CMCs.

Participating laboratory: IEN - Torino

Date: July 18, 2005

Signature: Valerio Pettiti
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1 Measurement conditions

All measurements were performed in the period from 18 July 2005 to 29 July 2005 under following
environmental conditions:

Temperature: 23 C£1°C
Relative humidity: 50 % £20%
Actual temperature at the measured item is given along the measurement results.

Before commencing measurements connectors were inspected.

2 Measurement method used

The following system was used for determinig the cable time delay. A HP8161A programable pulse
generator was used for generation of pulses. Pulse setting were as follows:

Period 10 ps
Width | ps
Rise time 1 ns

High Level 5V
Low Level 0w

It's output impedance is 50 £. The pulses from this generator were divided by means of a precizion 50 £2
microwave power splitter Weinchel model 1870A. After the pulses are split into two cables their high level
is aproximately 2,5 V at both ports of the splitter. All cables used in the system were RG223U 30 O
coaxial BNC cables. One port of the splitter was connected with a BNCm-BNCm cable to the channel 1 of
the time interval counter which was used as a start gate for the time interval measurement. The other port
of the splitter was connected to the channel 2 of the time interval counter which was used as a stop gate for
the time interval measurement, trough two BNCm-BNC-m cables connected toghether in the middle with a
BNC{-BNCf adapter. The time interval counter used for the measurements was a Stanford Researh SR620.
Then residual time delay of this setup was measured. To exclude the time delay of the BNCf-BNCf adapter
lrom the final measurement a | to 3 adapter method was used. First time delay with one BNCE-BNCT
adapter inserted into system was measured, and then a combination of two BNCf-BNCT adapters and one
BNCm-BNCm adapters were inserted into the system. All of these adapters had same length so we
estimated that the time delay trough three adapters is three times of the time delay trough one adapter. With
this assumption the residual time delay of the system T, without the adapter can be calculated using the
following formula:

s ?'TII _T.bl
: 2
where:
Ty Time interval measured with one adapter inserted
Tuy Time interval measured with three adapters inserted
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Then the measured cables were inserted into the system and time delays with each one of them inserted
were measured. Then the time delay of the cables Td, was calculated using the following formula:

Td =T, -1,
where:
T Time interval measured with the cable x inserted where x stands for 1. 2 or 3 as a designation for

the three cables measured.

Fif Residual time delay of the system

During the measurements it was seen that longer the cable measured worse was its bandwidth. Due to that
fact the rise time of the pulse coming out of the cable was substantialy degraded so thal systematic drift
was observed for longer cables. Due to that fact low trigger level (0,5 V) was selected so that the counter
wasn't triggered by the noise and so that the systematic drift due to different rise times of the pulses for
start and stop trigger was minimized. Due to this fact additional uncertainty was added to the final results.
The detailed explanation of this effect is given with uncentainty budget calculation.

For a single measurement of the time delay of one cable three time intevals were measured with the
counter. Each of these time intervals T measured had the following mathemathical model for estimating
the uncertainty;

T =T, +RMS + dTBE + &tartTLE + &topTLE + 8RT

where:

T Time interval reading from the counter

dRMS Correction due to the RMS resolution of the time interval counter
dTBE Correction due to the time base error of the counter

AaStartTLE Correction due to the start trigger level error

AStopTLE Correction due to the stop trigger level error

AaRT Correction due to the rise time degradation of the stop pulse
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3 Measurement setup

Cabie A
Power

£ Start

Pulse
Generator TiIc | Step 1

T1A

Stop

Step 3
T 2x
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4 Uncertainty contributions

Time delay measured with one adapter inserted (7,4)

Uncertainty of this value is calculated using the uncertainty calculation for time interval measurements
which is given later. The sensitivity coefficient for this value is 1.5. This uncertainty contribution is
assumed to have normal probability distribution.

Time delay measured with three adapter inserted (7,4)

Unecertainty of this value is calculated using the uncertainty calculation for time interval measurements
which is given later. The sensitivity coefficient for this value is 0.5. This uncertainty contribution is
assumed to have normal probability distribution,

Time interval measured with the cable x inserted where x stands for 1, 2 or 3 as a designation for the
three cables measured (T5,)

Uncertainty of this value is calculated using the uncertainty calculation for time interval measurements
which is given later. The sensitivity coefficient for this value is 1. This uncertainty contribution is assumed
to have normal probability distribution.

Residual time delay of the system (1))

Uncertainty cantribution of this value is calculated as shown earlier in the text. The sensitivity coefficient
for this value is 1. This countrbution is assumed to have normal probability distribution.

Time interval reading from the counter (Ty)

This value is read trom the time interval counter as a mean value of 10000 measurements taken with the
time interval counter using internal time interval counters statistics. The uncertainty associates with this
measurement is a STD DEV reading U SDS from the time interval counter, which is a standard deviation
of the sample of 10000 measurements taken with the counter. Therefore the standard uncertainty
contribution U_TR of this value is taken to be the standard deviation of the mean and is calculated as:

U _T,= U _8SD§
JN
where:
N Number of samples set on the time interval counter for mean and std dev calculation (usualy
10000).

This uncertainty contribution is assumed to have normal probability distribution.

Correction due to the RMS resolution of the time interval counter (dRMS)

This value is estimated to be 0 ns, with associated uncertainty [/ dRMS calculated using the following
formula as stated in time interval counter specifications:

{ i’ +TBS" + StartTriggJit’® + StopTriggJitt’

U _ORMS =
Sy v
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where:
oy time resolution of the time interval counter { 0,025 ns for SR620)
TBS time base short term stability

StartTriggJint  start trigger jilter of the time interval counter

StopTrigatitt  stop tngger Jitter of the ime interval counter

Time base short term stability is taken from cezium clock specifications to be 1¥107" * Ty,

Trigger jitter 1s calculated using the following formula as stated in time interval counters specifications:

JEL+EL
Tn‘ggjjrr =——J“‘S|'E—T—

where:

E, RMS noise of the input amplifier (typicaly 0,35 mVrms)
Ey RMS noise of the input signal (typicaly 1 mVrms for the setup used)

SR Input signal slew rate at trigger point

RMS noise of the input amplifier is given in time interval counters specifications and is estimated to be
0,35 mVrms.

RMS noise of the input signal is also estimated to be no more than | mVrms,

Input signal slew rate at trigger point is calculated using following formula:

UjrmJu

SR = —Lt
RT

U Peak amplitude of the pulse at the input of the time interval counter

RT Rise time of the pulse at the input of the time interval counter

If caleulated slew rate is higher than 1,7 V/ns then the value of 1,7 V/ns is used, because the bandwidth of
the internal circuitry of the time interval counter limits the slew rate to this value. This was usualy the case
when measuring residual time delay of the system and for all start trigger events. For all measurements of
the time intervals when pulse that was used for stop trigger which traveled trough the cable this value was
smaller due io the degradation of the rise time when traveling trough the cable. Slew rate used for
calculation of uncertasinty for the first cable was taken to be 1 V/ns, for cable 2 this value was 0,5 V/ns
and for cable 3 0,2 V/ns. This uncertainty comtribution is assumed to have rectangular probability
distribution,
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Correction due to the time base error of the counter (§TBE)

During all the measurements the time interval counter was connected to the cezium clock 10 MHz output
which was used as counters reference time base. This correction is estimated to be (0 ns with asociated
uncertainty taken from cezium clock specifications which is 2*10°"* *T,. This uncertainty contribution is
assumed to have rectangular probability distribution.

Correction due to the start trigger level error (65tantTLE)

This correction is estimated to be 0 ns with associated uncertainty. which is calculated using the following
formula:

0,015V +0,005- Triglevel
SR

U_TLE=

where;

TrigLevel Start trigger level (0,5 V)

Slew rate at all start trigger points is taken to be 1,7 V/ns.
This uncertainty contribution is assumed to have rectangular probability distribution.
Correction due to the stop trigger level error {d5topTLE)

This correction is estimated to be 0 ns with associated uncertainty, which is calculated using the following
formula:

0015V + 0,005 - Triglevel

U _TLE=
SR

where:

Triglevel Stop trigger level (0,5V)

The slew rate at stop trigger points is degraded when time intervals with longer cables inserted are
measured. This uncertainty contribution is assumed to have rectangular probability distribution.

Correction due to the rise time degradation of the stop pulse (dRT)

This value is taken to be 0 ns. The uncertainty of this value is different for different cables inserted into the
system. When residual time delay of the system is measured then the uncertainty contribution of this value
is estimated to be (.05 ns. When measuring the time interval trough cable 1 the uncertainty is estimated to
be 0,2 ns, rough cable 2 the uncertainty contribution 1s 0,3 ns and when measurign the time interval trough
cable 3 this contribution is (1,5 ns. This uncertainty is assumed to have U-shaped probability distribution.
The values for this uncertainty contribution were estimated by measuring the time intervals at different
trigger levels and by noting how the measured values changed.
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Each of the measured time intervals has an additional systematic drift from its true value due to the
differential channel error. This drift was not added to the uncertainty calculations due to the fact that it is
the same in all measurements and therefore it cancels itself out when calculating the time delay of the cable
by subtracting the time intervals measured,

5 Traceability

Traceability of the time interval counter used is assured trough traceable calibration, which is performed
once a year in house,

6 Uncertainty calculation examples

In the following example the time delay of the system with one BNCE-BNCT adapter inserted TIA was
measured.

Mathematical model of measurement:

T, =T, + ORMS + 8TBE + OStartTLE + 8SitopTLE + 6RT

Trmean 6,124
St. Deviation of the sample 0,033
St. Deviation of the mean 0,0003
Effective
Standard Probahbility Sensitivity | Uncertainty degr. of
Quantity | Estimate uncertainty | distribution  Div, coefficient | contribution freedom
Xi X i) ci w_'gt,l vi
Tr| 6,124 ns | 0,000 ns normal 1 1 0,000 ns 9099
dRMS 0 ns | 0,000 ns rectangular 1,73 1 0,000 ns 20000
dTBE 0 ns | 0,000 ns rectangular 1,73 1 0,000 ns 20000
dStart TLE Ons | 0,006 ns rectangular 1.73 1 0,006 ns 20000
dStopTLE Ons | 0,006 ns rectanguiar 1.73 1 0,006 ns 20000
dRT Ons |0,035ns U-shaped 1,41 1 0,035 ns 20000
T1a 6,124 ns Combined uncertainty: 0,036 ns 22293
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T R

In the following example the time interval of the system with three adaptors inserted T3A was measured.
Mathematical model of measurement:

T., =T, + 6RMS + STBE + &StartTLE + 8StopTLE + SRT

Trmean 6.367 ns
Sit. Deviation of the sample 0,033 ns
5t. Deviation of the mean 0,0003 ns
Effective
Standard Probability Sensitivity | Uncertainty degr. of
Cuantity Estimate uncertainty | distribution  Div. coefficient contribution  freedom
X xf i) (=] uify) vi
Tr| 6367 ns | 0,000 ns normal 1 1 0,000 ns 99599
dRMS 0ns | 0,000 ns rectanguiar 1,73 1 0,000 ns 20000
dTBE Ons | 0,000 ns rectanguiar 1.73 1 0,000 ns 20000
aStantTLE Ons | 0,006 ns rectanguiar 1.73 1 0,006 ns 20000
dStopTLE Ons | 0,006 ns rectangular 1.73 1 0,006 ns 20000
dRT Ons | 0,035 ns U-shaped 1,41 1 0,035 ns 20000
T3a| 6367 ns Combined uncertainty: 0,036 ns 22243

In the following example residual time delay of the system without the adaptor inserted T1 was calculated.
Values of T1 A and T3A used for calculation are taken from previous examples.

Mathematical model of measurement:

s ¥ Tu - TJ:A
|
2
T1a 6,124 ns
U Tia 0,036 ns
T3a 6,367 ns
U T3a 0,038 ns
Effective
Standard Probability Sensitivity | Uncertainty degr. of
Quantity | Estimate uncertainty | distribution  Div, coefficient | contribution freedom
Xi X ufxi) ci uify) vi
Tta|l 6,124 ns | 0,036 ns normal 1 1.5 0,054 ns 222493
T3a| 6,367 ns | 0,036 ns normal 1 0,5 0,018 ns 222893
71| 6,003 ns Combined uncertainty: 0,057 ns 27187
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In the following example the time interval of the system with cable 1 inserted T21 was measured.

Mathematical model of measurement:
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T, =T, + SRMS + 8TBE + 8StartTLE + 8StopTLE + SRT

Trmean 26,382 ns
St. Deviation of the sample 0,050 ns
St. Deviation of the mean 0,0005 ns
Effeclive
Standard Probability Sensitivity | Uncertainty degr. of
Quantity Estimate uncertainty | distibution  Div. coefficient | contribution freedom
Xi xi ufxi) ci wify) vi
Tr|] 26,382 ns | 0,001 ns normal 1 1 0,001 ns 9999
dRMS Ons | 0000 ns rectangular 1,73 1 0,000 ns 20000
dTBE Ons | 0,000 ns rectanguilar 1,73 1 0,000 ns 20000
dStartTLE Ons | 0,006 ns rectangular 1,73 1 0,006 ns 20000
dStopTLE Ons | 0,010 ns rectangular 1,73 1 0,010 ns 20000
dRT Ons |0141 ns U-shaped 141 1 0,141 ns 20000
T21| 26,382 ns Combined uncertainty:; 0,142 ns 20276

In the following example time delay trough cable 1 Tdl was calculated. Values for the calculation

are

taken from previous examples.
Mathematical model of measurement:

d, =T, -T,

T21 26,382 ns
uT21 0142 ns
T4 6,003 ns
U Tt 0,057 ns

Effective

Standard Probability Sensitivity Uncertainty degr. of

Cuantity Estimate uncertainty | distribution  Div. coefficient | contribution freedom

X Xi ufxi) ci uify) vi

T21| 26382 ns | 0,142 ns normal 1 1 0142 ns | 22293

T1| 6,003 ns | 0.057 ns normal 1 1 0,057 ns 22293

Td1] 20,379 ns Combined uncertainty: 0,153 ns 29295
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In the following example the time interval of the system with cable 2 inserted T22 was measured.

Mathematical model of measurement:

INTERCOMPARISON REPORT
EUROMET supplementary comparison TF.TI-K1_Report_SIQ

T,, =T, + ORMS + 8TBE + 8StartTLE + 85topTLE + ORT

Trmean 54,392 ns
5L Deviation of the sample 0,027 ns
St. Deviation of the mean 0,0003 ns
Effective
Standard Probability Sensitivity | Uncertainty degr. of
Quantity | Estimate uncertainty | distibution  Div. coefficient | contribution freedom
X xi uixi) cf uify) Vi
Trl 54392 ns | 0,000 ns nomal 1 1 0,000 ns 9999
dRMS Ons | 0,000 ns rectangular 1,73 1 0,000 ns 20000
dTBE Ons | 0,000 ns rectangular 1,73 1 0,000 ns 20000
aStartTLE Ons | 0,006 ns rectangular 1,73 1 0,006 ns 20000
dStopTLE Ons | 0,020 ns rectangular 1,73 1 0,020 ns 20000
dRT Ons |0,212 s U-shaped 1.41 1 0,212 ns 20000
122| 54382 ns Combined uncertainty: 0213 ns 20395

In the following example time delay trough cable 2 Td2 was calculated. Values for the calculation are
taken from previous examples.

Mathematical model of measurement:

d , =T, =T,

TZ22 54,392 ns
U T22 0,213 ns
T1 6,003 ns
U.T4 0,057 ns

Effective

Standard Probability Sensitivity | Uncertainty degr. of

Quantity | Estimate uncertainty | distibution  Div. coefficient | contribution freedom

Xi xi ufxi) ci uify) vi

T22] 54,392 ns | 0,213 ns normal 1 1 0213 ns 22293

T71] 6,008 ns | 0,057 ns normal 1 1 0,057 ns 22293

Td2] 48,389 ns Combined uncertainty: 0.220 ns 25470
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In the following example the time interval of the system with cable 3 inserted T23 was measured.

Mathematical model of measurement:
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T, =T, + 5RMS + STBE + 8StartTLE + 8StopTLE + 8RT

Trmean 180,345 ns
St Deviation of the sample 0,050 ns
St. Deviation of the mean 0,0005 ns
Effective
Standard Probability Sensitivity | Uncertainty degr. of
Quantity Estimate uncertainty | distribution  Div. coefficient | contribution freedom
Xi Xi i) ci uify) vi
Tr[ 180,345 ns | 0,001 ns normal 1 1 0,001 ns 9999
dRMS Ons | 0,000 ns rectangular 1,73 1 0,000 ns 20000
dTBE Ons | 0,000 ns rectangular 1,73 1 0.000 ns 20000
dStanTLE 0Ons | 0,006 ns rectangular 1,73 1 0,006 ns 20000
dStopTLE Ons |0051 ns rectangular 1,73 1 0,051 ns 20000
dRT Ons | 0,354 ns U-shaped 1,41 1 0,354 ns 20000
T23]| 180,345 ns Combined uncertainty: 0,357 ns 20828

In the following example time delay trough cable 3 Td3 was caleulated. Values for the calculation are
taken from previous examples,

Mathematical model of measurement:

Td ;. = Ty = T,

T23 180,345 ns
U_T23 0,357 ns
T 6,003 ns
uT 0,057 ns

Effective

Standard Prabability Sensitivity | Uncertainty degr. of

Quantity | Estimate uncertainty | distribution  Div. coefficient | contribution freedom

Xi xf ufxi) ci w‘er v

T23| 180,345 ns | 0,357 ns normal 1 1 0,357 ns 22293

771 6,003 ns | 0,057 ns nomal 1 1 0,057 ns 22293

T3] 174,342 ns Combined uncertainty: 0,362 ns 23429
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D

7 Measurement resulis

1. Measuring system

Type of TIC used: Stanford Research SR620

Iz the TIC independent of other national Yes
measurement laboratory {NML) ?

It not independent,

please give the name of NML

Date of last measurement in the NML 08.11.2004

2. Measuring method

Number of repeated measurements: 6

3. Measurement condition

Ambient temperature in the room in "C 23 +/- 1

Ambient humidity in the room in % 50 +/- 20

Measurand: time interval Tx(i) for measuring cable lengths:

All figures are in ps.

N
Im 002039 0,00015 20295
10m 0,04840 0,00022 25470
33m 017435 0,00036 23429

Participating laboratory: Slovenian Institute for Quality and Metrology

Date: 04.04.2006

Signature: ,Q ﬁ




Appendix A.NPL

EUROMET supplementary comparison TF.TI-K1
NPL Measurement Report

Annex 3: Measurement report A

Description of the measurement method(s) and relevant instruments:

Measurement instrument: Stanford research Systems SR620 Universal Time Interval
Counter.

Source of 1 pulse-per-second (1PPS) input signals: Symmetricom active hydrogen
maser, via pulse generator, pulse distribution amplifier and power splitter (Mini-
Circuits ZSC-2-1).

The same maser provided a reference frequency input to the SR620.

Basic principle of the measurements:

ERG21]
Cable A

Splitter

1PPS
Cable B Cable o

Davize A B

The measurements were performed as time interval measurements between inputs A
and B, using as device X:

) a BNC female — BNC female adaptor: measurement result ti,
0)] the three test cables: measurement result ty for cable Y,

using 10-sample averages and repeated alternately 6 times.
The calculation of the delay Ty of cable Y is then basically:

Ty = (ty — t1) + Tap,
Where Tap is the delay of the BNC adaptor.
Tap Was determined separately using the SR620’s 1 kHz square wave output and a
pair of test cables, by measuring the delays of each cable separately and of both
cables with the adaptor.

Participating laboratory: NPL, UK.
Date: 2006-04-12

Signature
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Annex 4: Measurement report B

In this part B of the report a tabular description of the measurement system and
method(s) has to be given to be used for the final report.

1. Measuring system

Type of TIC used:

Stanford Research Systems SR620

Is the TIC independent of other national
measurement laboratory (NML) ?

Yes

If not independent,
please give the name of NML

Date of last measurement in the NML

Calibrated 2004-11-22

2. Measuring method

Number of repeated measurements: 6

3. Measurement condition

Ambient temperature in the room in °C 24.4+1.0
Ambient humidity in the room in % 40 + 20

Participating laboratory: NPL, UK
Date: 2006-04-12

Signature
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EUROMET supplementary comparison TF.TI-K1 —measurement result

Annex 5: Measurement results for traveling standard no: BEVO1

Measurand: time interval Tx(i) for measuring cable lengths:
All figures are in ns.

: combined standard |eff. degree of
cable length Tx() uncertainty u(Tx) |freedom neg
3m 20.42 0.50 5
10 m 48.52 0.50 5
35m 174.83 0.50 5

Uncertainty Budget

The analysis here is based on the example provided for the insertion method.

Measuring method: The time interval (t;) between reference and sample arms of the
system without the transfer standard inserted is measured with a Time Interval
Counter (TIC). The transfer standard is then inserted into the sample arm and the
TIC measures the changed time interval (ty).
The model equation to determine the time delay of the cable Ty is given by:

Ty = ty(1+TB(T)) +O0R+O0T;+ 0T  —t; + 0ty + Tap + OTap
The parameters assumed to contribute to the uncertainty of the measurement are:
TB(T) - fractional frequency deviation due to short term (T) stability of time base
frequency.
OR - uncertainty due to resolution of TIC.
0T, - uncertainty due to trigger jitter.
OT. - uncertainty due to trigger level timing error.
Ot; - uncertainty due to error in measuring residual time delay of the system.
Otap - uncertainty due to error in measuring time delay of BNC adaptor.
These parameters are assumed to be all uncorrelated.

99




An uncertainty budget is given for each of the sample cables.

Short (3 m) cable, with Delay Ts

Quantity |Estimate | Standard | Probability Sensitivity | Uncertainty | Degree of
uncertainty ?T:Zttrr:glétffn / coefficient | contribution | freedom

Xi xi/ns u(x) /ns evaluation(A.B) Ci ui(Tx) /ns N

ts 29.20

t; 8.88

Tap 0.10

dTB(T) |0 0.01 normal 1.0 0.01 oo

drR 0 0.025 rectangular 1.0 0.025 0o

dT; 0 0.01 normal 1.0 0.01 co

dT, 0 0.01 normal 1.0 0.01 co

dt; 0 0.5 normal 1.0 0.5 5

dTap 0 0.01 normal 1.0 0.01 co

Ts 20.42 0.50 5

Medium (10 m) cable, with Delay Tu

Quantity |Estimate | Standard | Probability Sensitivity | Uncertainty | Degree of
uncertainty ?T:Zttrr:g‘é“gf” / coefficient | contribution | freedom

Xi Xi /ns u(x) /ns evaluation(A,B) Ci ui(Tx) /ns n;

v 57.30

ty 8.88

Tap 0.10

dTB(T) |0 0.01 normal 1.0 0.01 co

drR 0 0.025 rectangular 1.0 0.025 oo

dT; 0 0.01 normal 1.0 0.01 co

dT, 0 0.01 normal 1.0 0.01 co

dt; 0 0.5 normal 1.0 0.5 5

dTap 0 0.01 normal 1.0 0.01 co

Twm 48.52 0.50 5
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Long (35 m) cable, with Delay T,

Quantity |Estimate | Standard | Probability Sensitivity | Uncertainty | Degree of
uncertainty | distribution / coefficient | contribution | freedom

Xi Xi /ns u(x) /ns 2:223%5:( A.B) Ci ui(Tx) /ns n;

t 183.61

t; 8.88

Tap 0.10

dTB(T) |0 0.01 normal 1.0 0.01 co

drR 0 0.025 rectangular 1.0 0.025 0o

dT; 0 0.01 normal 1.0 0.01 co

dT, 0 0.01 normal 1.0 0.01 co

dt; 0 0.5 normal 1.0 0.5 5

dTap 0 0.01 normal 1.0 0.01 co

T. 174.83 |0.50 5
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Appendix A.VMT/PFI

EUROMET supplementary comparison TF.TI-K1 —measurement report A

Annex 3: Measurement report A

Description of the measurement method(s) and relevant instruments:

DUT Cable 2

SCHEME 1
HPS5071A (AG1/Cs}
Qutput
TTL
RF Distribution Datum 6502B (P|5) 4 50
~ OouTPUT 10 MHz #jr'imo
50
O (%} Om 0 pgﬂ
Computer Tee-joint r
K2/P SR620 (SL3) ==
“APEFHIHS" N e (N .
= | [ ] ;
. " Om MHz |“5
GP‘B E L ] IEEE-428 5TD PORT A 0 9

B Rear panel Front panel

The measurements were performed using PPS pulses from the cesium atomic clock
HP5071A. The pulses were fed through the tee-joint divider and cables to the
channels A and B of the time interval counter SR620 (further referred to as TIC). The
TIC, which time base was disciplined to the reference 10 MHz signal from the
HP5071A, was to measure the time difference between the pulses — actually, the
difference between the delays of the cable 1 and cable 2 plus the cable investigated
(DUT). Then, DUT was removed. The delay of DUT obtained by subtracting the delay
measured without DUT from the delay measured with DUT present.

For every delay, thousands of measurements were made, and the results were
recorded by the computer. The standard uncertainty obtained by means of type A
and type B evaluation was 100 ps.

Participating laboratory: Semiconductor Physics Institute
Date: November 23, 2005

Signature: Dr. Rimantas Miskinis
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EUROMET supplementary comparison TF.TI-K1 —measurement report B

Annex 4: Measurement report B

In this part B of the report a tabular description of the measurement system and
method(s) has to be given to be used for the final report.

1. Measuring system

Type of TIC used:

SR620

Is the TIC independent of other national
measurement laboratory (NML) ?

Yes, it is.

If not independent,
please give the name of NML

Date of last measurement in the NML

2. Measuring method

Number of repeated measurements for
each cable delay:

3000

3. Measurement condition

Ambient temperature in the room in °C

22+1°C

Ambient humidity in the room in %

(40+10)%

Participating laboratory: Semiconductor Physics Institute

Date: November 23, 2005

Signature: Dr. Rimantas Miskinis
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EUROMET supplementary comparison TF.TI-K1 —measurement result

Annex 5: Measurement results for traveling standard no: BEVO1

Measurand: time interval Tx(i) for measuring cable lengths:
All figures are in ps.

combined standard

eff. degree of

cable length Tx() uncertainty u(Tx) |freedom neg
3m 0.0204 0.0001 >1000
10 m 0.0486 0.0001 >1000
35m 0.1760 0.0001 >1000

Participating laboratory: Semiconductor Physics Institute

Date: November 23, 2005

Signature:

Dr. Rimantas Miskinis
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Appendix A.METAS

Dudle Gregor 30.06.2006

EUROMET Complementary Comparison
TF-TI-K1
Measurement Report from METAS

Table of content

Description of the measurement setup, Part A

Description of the measurement setup, Part B

Summary of the measurement results for traveling standard no: BEVO1
Definition of the symbols and details of the computation

Summary cable “3 m”

Summary cable “10 m”

Summary cable “35 m”

NogkrwdE
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1. Description of the measurement setup, Part A

METAS reference of the measurement setup: 119.21, Calibration of cable delay

Block diagram

10 MHz from Cs

Y

SRE20

SM. 1858

P

out

DC coupled, 50 ohm
Trgger: -1.40 V / positve slope

Picture

Participating laboratory: METAS

BNCIm) @

BNC @

08V

-1.8V 10 ns

@ sHCim)

& suCin

@

DUT BEVO1

Date: 22-Sept-2005

Signature
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2. Description of the measurement system, Part B

1. Measuring system

Type of TIC used:

Stanford Research SR 620

Is the TIC independent of other national
measurement laboratory (NML) ?

yes

If not independent,
please give the name of NML

Date of last measurement in the NML

2. Measuring method

Number of repeated measurements:

3. Measurement conditions

Ambient temperature in the room in °C

(23.0 £ 1.0) °C

Ambient humidity in the room in %

50 %rH

Participating laboratory: METAS
Date: 22-Sept-2005

Signature
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3. Summary of the measurement results for traveling standard no: BEVO1

Measurand: time interval tcaye for measuring cable lengths:
All figures are in ns.

cable length featie combined standard uncertainty | eff. degree of
U(tcable) freedom neg

3m 20.48 0.19 1

10 m 48.56 0.27 1

35m 174.9 1.1 1

4. Definition of the symbols and details of the computation

Basic equation
Lo = (1' y)[tCR - toffset]

with
t.ave time delay of the cable
y relative frequency offset of the time base of the TIC

tcr reading on the counter
torset  Fesidual time delay of the system reading with a DUT-cable of length “0”

Uncertainty estimation

y
The relative frequency offset of the timebase of the TIC can be neglected.

tcr
The reading of the counter encompasses several contributions to the uncertainty.

dt contribution due to the resolution of the counter

res

dttj contribution due to the time jitter of the trigger

dt, contribution due to dispersion of the measurement pulse across the cable
(this contribution depends on the cable length)*

toffset
The uncertainty corresponding to the residual time delay of the system when a DUT-cable of
length “0” is connected is obtained by a separate experiment.

It is assumed that the delay of the cable can not be defined with an accuracy better than the spread of the test
pulse asit propagates across the cable. The spread of the pulseis defined asthe difference of therise time at the
input and the rise time at the output.
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5. Summary for cable “3 m”

Contributions to tcg

Quantity Estimate Standard Probability | Sensitivity | Uncertainty | Degrees
uncertainty | distribution/ | coefficient | contribution | of
method of freedom
/ns /ns evaluation Ins
(A.B)
dt . 0 0.010 rect. 1 0.003 5
dt, 0 0.025 gauss 1 0.025 5
dt, 0 0.15 gauss 1 0.15 1
tcr 25.21 0.16 1
Quantity Estimate Standard Probability | Sensitivity | Uncertainty | Degrees
uncertainty | distribution/ | coefficient | contribution | of
method of freedom
/ns ns evaluation Ins
(A.B)
tcr 25.21 0.15 1 0.16 1
toffset 4.73 0.09 A 1 0.09 1
tcable 20.48 0.19 1
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6. Summary for cable “10 m”

Contributions to tcg

Quantity Estimate Standard Probability | Sensitivity | Uncertainty | Degrees
uncertainty | distribution/ | coefficient | contribution | of
method of freedom
/ns /ns evaluation Ins
(A.B)
dt . 0 0.010 rect. 1 0.003 5
dt, 0 0.025 gauss 1 0.025 5
dt, 0 0.15 gauss 1 0.24 1
tcr 53.29 0.25 1
Quantity Estimate Standard Probability | Sensitivity | Uncertainty | Degrees
uncertainty | distribution/ | coefficient | contribution | of
method of freedom
/ns /ns evaluation Ins
(A.B)
ter 53.29 0.25 1 0.25 1
toffset 4.73 0.09 A 1 0.09 1
tcable 48.56 0.27 1
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7. Summary for cable “35 m”

Contributions to tcg

Quantity Estimate Standard Probability | Sensitivity | Uncertainty | Degrees
uncertainty | distribution/ | coefficient | contribution | of
method of freedom
/ns /ns evaluation /ns
(A.B)
dt,. 0 0.010 rect. 1 0.003 5
dt; 0 0.025 gauss 1 0.025 5
dt, 0 0.15 gauss 1 1.1 1
tcr 179.66 1.1 1
Quantity Estimate Standard Probability | Sensitivity | Uncertainty | Degrees
uncertainty | distribution/ | coefficient | contribution | of
method of freedom
ns /ns evaluation Ins
(A.B)
tcr 179.7 1.1 1 1.1 1
toffset 4.73 0.09 A 1 0.09 1
tcable 1749 1.1 1
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Appendix A.NCM

EUROMET supplementary comparison TF.TI-K1 —measurement report A

Annex 3: Measurement report A

In this part A of the report a free description should be given including drawings and
references, whereas in part B a tabular form has to be filled out. These informations
will be used to be mentioned in the final report to be prepared by the organiosation

group.

Description of the measurement method(s) and relevant instruments:

The measurement method is directly measurement of the time delay of the cable Tx
by two-channel time interval meter (counter).

The laboratory NCM uses this principle scheme:

Step 1,3,5 Cs Clock
5071 A

1 PPS

A 4

Distribution amplifier 10 MHz

Cable A1

Cable B1 BNC (f)- Stuck

Cable A2,
Start B ——
BNC (f)- Stuck 2 EE—

TIC (A7)

v

Cable B2 StOp

where as:

HP 5071 A is the Time and frequency national premier standard production of
HEWLETT PACKARD, USA;

A 7 is a system “Frequency and Phase Comparator/calibrator with two-channel time
interval counter”, production of QUARTZLOCK, UK. The two-channel time
interval meter (counter) is synchronized with 10 MHz from the national
premier standard;

BDA - Distribution amplifier for pulse signals

BNC (f)- Stuck for pass on of the 1PPS.
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10 MHz

Step 2 Cs Clock
5071 A
1 PPS
A 4
Distribution amplifier
Cable A1
Cable B1 BNC (f)- Stuck
Cable A2
Cable
under test —| Start
| TIC (A7)
Cable B2 Stop
Step 4 Cs Clock
5071 A
1 PPS
A 4
Distribution amplifier
Cable A1

Cable B1

Cable
under test

BNC (f)- Stuck i

—»| Start
Cable A2

TIC (A7)

Cable B2

v

Stop

10 MHz
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Measurement condition:

Measurements conditions are provided by air-condition and they are automatically
recorded by Temperature and Humidity Recorder, digital, type “Testostor 171"
production of TESTO, Austria.

Participating laboratory: NCM, Bulgaria
Date: 03.11.2005

Signature
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EUROMET supplementary comparison TF.TI-K1 —measurement report B

Annex 4: Measurement report B

In this part B of the report a tabular description of the measurement system and
method(s) has to be given to be used for the final report.

1. Measuring system

Type of TIC used:

A7

Is the TIC independent of other national
measurement laboratory (NML) ?

Yes, it is independent

If not independent,
please give the name of NML

Date of last measurement in the NML

Date of last measurement in the NCM 26.01.2005
2. Measuring method

Number of repeated measurements: 6

Number of the measurements in one|30

series

3. Measurement condition

Ambient temperature in the room in °C

22,9 °C+0,5°C

Ambient humidity in the room in %

38,5% +2,5%

Temperature and Humidity Recorder,
digital

type “Testostor 171"

Participating laboratory: NCM, Bulgaria

Date: 03.11.2005
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EUROMET supplementary comparison TF.TI-K1 —measurement result

Annex 5: Measurement results for traveling standard no: BEVO1

Measurand: time interval Tx(i) for measuring cable lengths:
All figures are in ps.

Level 2 V

: combined standard|eff. degree of
cable length Tx() uncertainty u(Tyx) |freedom nes
3 m (or 4 m?) 0.02023 0.00116 infinity
10 m 0.04872 0.00116 infinity
35m 0.17539 0.00116 infinity

Participating laboratory: NCM, Bulgaria

Date:

12/09/2006
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Appendix A.NIMB

EURCMET supplementany compansen TE.TEK -measunsment report A

Annex 3: Measurement report A

Description of the measurement method(s) and relevant instruments:

The measurements of the cables delay was made using the method propose by |EN (fig.2).

e

B | aan
S ey i | Sinp
e/
a’rra_;g-im'--—nm-—r_]!u-u : i
mc.-—-—]' e, p 1_‘; mp |
e O

R e o -I-.. 1

ﬁqr,a'.;:"‘..“._"_..-.—q map ':

Fiy 2 — Bitoek diagyrar of e TRAB cofigusation
T. = 0.5[F, 05T, +T,) +0.5(T, + 1) =T )~ Tosoner

The references signals used were independent .
1pps : amplitude 2,4 V, pulse width 20 s + 10 ns, slew rate 1x10°;

1pps : amplitude 5,0 V, pulse width 16 s+ 1 us, slew rate 1x10°,

We did & series of repeated measurements. We estimated the adapter delay by making
measurements with and without BNC(f)/BNC(f) adapter. | hope | had obtained a reliable

result.

Thermohygrometer HUMLOG 10, CE 04.01-398/2004 for measuring the parameters of the
ambient conditions during the measurements.

Participating laboratory: Time & Frequency Laboratory, National Institute of Metrology
Date:19.12.2005

Signature

Anca Niculescu

a4
gl 4
~T /.
TV dtrd—
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Annex 4: Measurement report B

In this part B of the report a tabular description of the measurement system and method(s)
has to be given to be used for the final report.

1. Measuring system

Type of TIC used:

FLUKE PM B681R

Is the TIC independent of other national
measurement laboratory (NML) ?

yes

If not independent,
please give the name of NML

Date of last measurement in the NML

2. Measuring method

Double Weigth Method (DWM)

Number of repeated measurements:

3. Measurement condition

Ambient temperature in the room in C

23°C+1"C

Ambient humidity in the room in %

(34..37) %

Participating laboratary: Time & Frequency Laboralory, National Institute of Metrology

Date: 18.12.2005

Signafure
Anca Niculescu

'?:;.l-’:;lfa 1 L
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EUROMET supplementary comparison TE.TIK -measuramant fasult

Annex 5: Measurement results for traveling standard no: BEV01

Measurand: time interval T,(/) for measuring cable lengths.

cable length T.(1) combined standard | eff. degree of
uncertainty u(T,) freedom vy

Tm 20.185 ns 0.291 ns 165431

10m 48.319 ns 0.291 ns 165480

35 m 174.582 ns 0.290 ns 163000

Signature:

Anca Niculescu

Hueh
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MNational Institute of Metrology
Time & Frequency Laboratory

The uncertainty budget for TIC (PM6681R)

Quuntity Standard Probability | Sensitivity Uncertainty Degree
| X, uncertainty distribution/ | coefficient contribution | of
| uix) method of w(T.) freedom
i fia evaluation £ ns v,
[ A— 0.008 normal 10 0.008 -
[ 2—— 0.016 rectangular 1.0 0.016 o
‘STnmm.ummr 2-5 b lﬂ_m X T“rwunmﬂ‘ recmgular LO 2‘5 x ln_m X T"."mmurm' =
.1 A 0.014 rectangular Lo 0014 oo
i BT et s 0.289 rectangular 1.0 3,2_3? P |
| Standard uncertainty of TIC 0.290 o |
Standard uncertainty of the time base error is too small and it can be neglected.
The uncertainty budget for Cable 1
 Quantity Estimate | Standard | Probability | Sensitivity | Uncertain ﬁr_ Degree
X, X uncertainty | distribution/ | coefficient | contribution of
uix} method of w(T,) freedom
- - evaluation e} ns V.
i 427923 0.007 normal -0.25 - 00175 294
EA 448303 | 0.007 normal +0.5 0.0035 294
T, 427.975 0.006 normal 0 0 294
T, 47.716 0.006 normal -0.5 - 0,003 204
T, 427.940 0.007 normal +0.25 000175 204
g 0113 | 0025 normal -1.0 -0.025 9
Standard -  0.290 oo
uncertainty of
TIC |
7, 20185 0.291 165431 |
Signature
Anca NICULESCU

ok
T A
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National Institute of Metrology
Time & Frequency Laboratory

The uncertainty budget for Cable 2

| Quantity Estimate | Standard | Probability | Sensitivity | Uncertainty | Degree
| X, X, uncertainty | distribution/ | coefficient | contribution of
| wlx,) method of u(T,) freedom
i it evaluation € ns v,
T 425471 | 0.007 normal | -025 | -0.001873 [ 294
Fn 473997 | 0.009 normal +05 | 0.004406 294
Ty 435432 0.008 normal 0 1] 2594
T, 377.064 | 0.008 normal -0.5 | -0.003756 | 294
. 425374 | 0.008 normal +025 | 0.002014 | 294
S 0113 0.025 normal -1.0 -0.025 9
Standard 0.290 o
uncertamty of
| TIC
I 48.319 0.291 165480
The uncertainty budget for Cable 3
Quantity Estimate | Standard | Probability | Sensitivity | Uncertainty | Degree
X, X uncertainty | distribution/ | coefficient | contribution of
uix) method of u(T,) freedom
- s evaluation c o v,
T 4726.837 0.271 normal -0.25 - L0683 204
s 601.741 0.5304 normal +0.5 0.152 294
T. 426.740 0.358 normial 0 1] 294
EX 252304 | 0.188 normal 03 -0.094 204
[E, 426743 | 0.202 normal +0.25 0.051 294
e, 0.113] 0.025 normal -1.0 -0.025 9
| Standard (.290 oa
| uncertainty of
| TIc
' T, 174,582 0.290 163000
Signature
Anca NICULESCU

B '3
’Tflbxjfz-faﬁp—.




Appendix A.ZMDM

EUROMET supplementary comparison TF.TI-K1 — measurement report A

Annex 3: Measurement report A

The method for the time interval cable delay measurement, implemented at ZMDM,
is the well known “Double Weight Method” (DWM) that follows the five steps
procedure illustrated in Figure 1.

REF1 Al e A2__ CableA | __
TIC Step 1
- Cable B T
able
REF 2 Bl D22 sToP
F-F
REF1 Al e A2__ CableA | __
TIC Step 2
TZ
B1 CaBL B2 Cable B
REF 2 UNDER STOP
TEST
F-F
REF1 Al e A2__ CableA | __
TIC Step 3
- Cable B Ta
able
REF 2 Bl (w1 B2 STOP

CABLE
REF 1 Al U EER A2 Cable A

TIC Step 4
F-F T4

STOP

) Cable B
REF 2 Bl 22

REF 1 Al N A2 CableA |
TIC Step 5
il Cable B Ts
able
REF 2 Bl (w1 B2 STOP

Figure 1. — Block diagram of the DWM method

The delay of the cable under test Ty, is computed from the five subsequent

time interval measurements Tj, T, T3, T4 and Ts as:
T T+, To+Ts T
Tx = 2 2 2 +t AD (1)

tap being the delay of the BNC:/BNCr adapter.
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The auxiliary cable delays (Al, A2, B1 and B2), phase difference between
REF1 and REF2 and the counter asymmetries cancel out due to the relative method.

10 MHz

Y

Al (1,5 F-F A2(1,2 Cable A
REF 1 (m)_(m)ae=

Cli 22 START
Carioct s FL2ESfampifr
Agilent 5071A >1amp

TST 6487 Agilent 53132A
ChA3|REF2  B1(2m) B2(1,2m) CableB | grop

I

Figure 2. — Scheme of the ZMDM experimental set-up (step 2 of Figure 1).

Figure 3. Measurement equipment

The selected trigger levels of the Start and Stop channels were 54% of the
signals amplitude, (about 2,5 V). In steps 2 and 4, when the cable under test was
inserted, the trigger level of the Stop channel (step 2), i.e., Start channel (step 4)
was reduced according to the attenuation of the cable itself, in order to preserve the
same percentage of the signal amplitude. For the Cable #1, this change was equal to
the trigger settability of the counter (5 mV), while for the Cables #2 and #3, it was
10 mV and 45 mV respectively.
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Amplitude of the 1PPS reference
signals:

REF1 from 0,00V to 4,67V
REF2 from 0,00V to 4,61V

Counter trigger level (Start and Stop): | 54% amplitude (about 2,5 V)

Slew rate of the input signals at trigger | 0,9 V/ns

point:

Input impedance: 50 W
Coupling: dc
Gate time: 1s

Averaged readings per measurement: | 100

Delay of the BNCe/BNCr adapter: (0,125 + 0,010) ns

The delay of the BNCF/BNCg adapters was experimentally evaluated
measuring the total delay of a couple of BNC/BNCg + BNC\w/BNCy adapters, using
the same procedure as for cable delay measurement. Then, the single delay of the
BNCr/BNCr adapter is computed proportionally to the electric length of the adapter.
Since the reference plane of the BNC connector of the cable under test is defined at
the outer end of the dielectric of BNC female connector, the electric length of
BNCr/BNCr adapters is computed the same way, i.e., between ends of the dielectric.

During the period of nine days, the measurement of the cable delays has been
repeated 18 times (18 sessions), to evaluate the repeatability of the results.

Participating laboratory: ZMDM - Belgrade
Date: February 16, 2006

Signature: Jadranka Marendic-Miljkovic
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EUROMET supplementary comparison TF.TI-K1 — measurement report B

Annex 4: Measurement report B

1. Measuring system

Type of TIC used:

Agilent 53132A, s/n MY40001695

Is the TIC independent of other national
measurement laboratory (NML) ?

YES

If not independent,
please give the name of NML

Reference standard (caesium clock):

Agilent 5071 Std. Opt., s/n US43452033

Pulse Distribution Amplifier:

TST 6487, s/n 8646-2186

Oscilloscope:

Tektronix, TDS 3032, s/n B018665

Date of last measurement in the NML

28.11.2005.

2. Measuring method

Number of repeated measurements:

Mean values over 100 measurements
with a 1 s gate time;

5 steps per session;

18 sessions distributed over 9 days.

3. Measurement condition

Ambient temperature in the room in °C:

23+0,5

Ambient humidity in the room in %:

50 + 30

Termohygrometer type:

Cole-Parmer Ins. Co., Digi-Sense,
s/n 256545

Participating laboratory: ZMDM Belgrade
Date: February 16, 2006

Signature:

Jadranka Marendic-Miljkovic
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EUROMET supplementary comparison TF.TI-K1 — measurement result

Annex 5: Measurement results for travelling standard no: BEVO1

Measurand: time interval Tx(i) for measuring cable lengths:

All figures are in ns.

. Combined standard Eff. degree of
Cable length () uncertainty u(Tx) freedom Ny
4m 20,46 0,07 > 100
10 m 48,60 0,07 > 100
35m 174,90 0,07 > 100

The uncertainty budget for the ZMDM measurements (in ns)

Quantity |Estimate | Standard Probability Sensitivity | Uncertainty | Degree of
uncertainty | distribution / coefficient | contribution | freedom
Xi X u (xi) method of Ci ui (Tx) n,
evaluation (A,
B)
To) 177,155
T, 2,405
dTB(1) 0,000f 0,012 normal (B) 1 0,012 ¥
drR 0,000 0,300 normal (B) 1/+/100 0,030 ¥
dT. 0,000 0,044 normal (B) J2 0,063 ¥
dT, 0,125 0,010 normal (A) 1 0,010 10
Tx@) 174,875 0,072  |nes> 100

The repeatability of the measured delays was investigated by making a set of
measurement sessions over a period of nine days. A summary of this investigation is
reported in the following table.

All figures are in ns.

Standard uncertainty | Number of
Cable length Tx(i) on repeated measurement
measurements sessions
4m 20,46 0,01 18
10 m 48,60 0,02 18
35m 174,90 0,01 18

Additional remarks

Since ZMDM has not yet submitted its CMCs, here is the explanation of the above
uncertainty budget calculation.
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Details of the uncertainty budget calculation

TB(t) Short term (t=1s) stability of the cesium clock 1PPS
sy(2,t)=1,2 10"

dTB(M) =T, 1,2 10M=12 ps, T4 »ls.

are (1) 1s°1,2° 10 =12 ps

Resolution of TIC, for single shot time interval measurement
OR RES = 300 ps, (Trigger Error =+ 0,5 ps)
reduced to 30 ps via averaging

Trigger Level Timing Error=
Input Hysterezis + Trigger Point Unc. due to Trigger Level Offset
Input Hysterezis =

0,5" Hysteresis Band 0,5" Hysteresis Band

Slew Rate at Start Trigger Point " Slew Rate at Stop Trigger Point -

Trigger Point Uncertainty due to Trigger Level offset =

\/Start Trigger Level Setting Error? + Stop Trigger Level Setting Error? ;

Start Trigger Level Setting Error = Stop Trigger Level Setting Error =

L15mv+ (1% " Trigger Level Setting) =
B Slew Rate at Trigger Point

i15mV¢25mV = +44ps
09V/ns

+4[2" 44 ps=+£63ps

TB(t ) - relative frequency deviation due to short term (T) stability of time base

frequency.
OR - time interval deviation due to resolution of TIC.
OT, - time interval deviation due to trigger level timing error.

OT, - time interval deviation due to error in measuring residual time delay of the
system

Trigger point uncertainty due to noise (\/StartTrigger Error? + Stop Trigger Error® ) is
estimated to be:

2 2
, J(Empm) +(Fsigna|) = J(035mV ) +(0275mV )? _ +J2 © 033 ps=
Slew Rate at Trigger Point 09V/ns
+ 0,5 ps

and is included in R, according to the specification of TIC.

£y2

From January 2, 2006 year, our laboratory (with one cesium clock) is participating to
TAI, and the first measurement results are included in the Circular T 217, dated
February 9, 2006. According to these first results, relative frequency offset of the
clock is less than 17 1072,

Participating laboratory: ZMDM Belgrade
Date: February 16, 2006

Signature: Jadranka Marendic-Miljkovic
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Appendix A.UME
M easurement Report A

Cable Delay Measurement Setup is given by figure 1 and 2. Pulses from pulse generator are
applied to a splitter. Outputs of splitter are connected to the channel 1 and 2 of Wide-
Bandwidth Oscilloscope (WBO) in figure 1 and 2. In time interval measurements, the middle
point of raised edge of the signal on channel 1 and on channel 2 are used astrigger point. The
time difference between these two points is the time interval that is defined in our procedure.

The system time interval (T,) is measured using Wide-Bandwidth Oscilloscope 86100B
(WBO) with Two Channel 50 GHz Module 83484A (fig.1). Then, the time transfer standard
isinserted in place of I-connector (fig.2) and each standard cable delay is measured in order.
Thus first measurement is completed. Inthis case the model equation of the cable delay
measurement system is roughly:

Ty =T - Ty + Ticon

© ©

T1=Ticon+TcasL

spliter

4

| Connector (Ticon)

Figure 1. The Measurement Setup for T;.

I:I PULSE GEN.
©® ©

To=Ty+TcasL

/

N\ S
I_© @_I
iL"@ @_J: Standard
___© ©___

Figure 2. The Measurement Setup for To.
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The model equation of recommended measurement system:

Tix =T, (14 Tgage +dTpage) +dTiges
Tox =T, (1+ Tgage +dTgage) +dTopes

T, =T,, +dT,, - (T, +dTy,) - (T.cor AT cor) + (Ticon +dTicon)

The parameters in the given above model equations are demonstrated in figure 3:

T1: Systemtime interval in Figure 1.

T,: Timeinterval in Figure 2.

Tix: Corrected value of Time interval T in respect of Tgase.

Tox: Corrected value of Time interval T, in respect of Tgase.

Tease : Time base correction value of WBO. It’s value is measured with reference
frequencies.

Ticon : I-connector time interval contribution. 1t has been measured independently.
TLcor: Level correction value. Input signal and delayed signal are trigged at same voltage
level. Thisresults from WBO. However, amplitude of input signal is bigger than delayed
signal. Each signal must be trigged at the middle point of their signal amplitude. Because of
WBO hasn’t such a capability T\ cor level correction value has been applied to T for each
standard cable. T coris calculated from slew rate of T1, with the formula

— VZAMPL - VlAMPL

T =
LCOR 2" JewRate

Voamver : Amplitude of input signal.
ViaveL - Amplitude of delayed signal.

dTease : Standard deviation of time base correction value of WBO.

dTores : Resolution effect of WBO in measurement of T,

dTires : Resolution effect of WBO in measurement of To,.

dTICON : Deviation of Ticon in measurement of Ticon,.

dTcor : Uncertainty of T cor in calculation of Ty cor,. It @so includes trigger errors.

<>

>

Figure 3.
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M easurement Report B

1. Measuring system

Type of TIC used: Wide-Bandwidth Oscilloscope 86100B (WBO),

Two Channel 50 GHz Module 83484A

Isthe TIC independent of other national |Yes

measurement laboratory (NML) ?

If not independent, -
please give the name of NML

Date of last measurement in the NML -

2. M easuring method

Wide-Bandwidth Oscilloscope and 50 GHz
Module are used as TIC.

Number of repeated measurements: 9
3. M easurement condition
Ambient temperature in the room in °C 23+1°C

Ambient humidity in the room in %

45% + 10%

Participating laboratory: Ulusal Metroloji Enstitisu (UME)

Date:

Signature
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Measurand: time interval Tx(i) for measuring cable lengths:
All figuresarein ps.

. combined standard | eff. degree of
cable length () uncertainty u(Tx) freedom Ng
3m 0.020404 us 0.0000058 us 1600
10m 0.048485 us 0.0000075 us 2041
35 m 0.174766 pus 0.0000102 us 2051
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Appendix A.INPL

EUROMET supplementary comparison TF.TI-K1 — measurement report A

Measurement report A

Equipment Used: HP 5071A Primary Frequency Standard S/N US39301652; HP
5370B Universal Time Interval Counter S/N 2438A01006 (TIC); Pulse (1 PPS)
Distribution Amplifier TF-3004A S/N 0000001029; Program “ReadTic".

The Method Used. The delay of the cable under test was measured using the time
interval counter (TIC) and two time reference signals REF1 and REF2.

The first signal REF1 (1 PPS) was taken directly from the Cs-standard output and
was applied to the “START” input of the TIC.

The second signal REF2 was obtained by delay of the direct 1 PPS signal of the Cs-
standard by pulse distribution amplifier. The REF2 was applied to the “STOP” input of
the TIC.

The delay of the calibrated cable was estimated by the Double Weight Method
(DWM). DWM is based on a five step measurement procedure. The insertion of the
cable under test is performed successively on the both channels of the TIC. In this
method the delay of the cable under test Ty is computed by the following formula:

To. T1+2-T3+T3;T5_ T4

Ty = 2 - Tac,

where T1,T2,T3,T4,T5 are the five time interval measurements and every is the
average of 300 measurement points; T, is the delay of the auxiliary connecting cable
equal to: Ty = 7.767 ns = 0.024 ns, where 0.024 ns is the combined standard
uncertainty.

Number of repeated measurements for every cable under test was 9.

Participating laboratory: The National Physical Laboratory of Israel

Date: 22.01.2006

Signature: Dr. Nadya Goldovsky
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EUROMET supplementary comparison TF.TI-K1 —measurement report B

Measurement report B

1. Measuring system

Type of TIC used:

HP 5370B S/N 2438A01006

Is the TIC independent of other national
measurement laboratory (NML) ?

The TIC is independent of other national
measurement laboratory

If not independent,
please give the name of NML

Date of last measurement in the NML

2. Measuring method

Double Weight Method (DWM)

Number of repeated measurements: 9
3. Measurement condition
Ambient temperature in the room in °C ~ [21°C + 1°C

Ambient humidity in the room in %

40% + 10%0

Participating laboratory: The National Physical Laboratory of Israel

Date: 22.01.2006

Signature:

Dr. Nadya Goldovsky
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EUROMET supplementary comparison TF.TI-K1 — measurement result

Measurement results for traveling standard BEVO1

Measurand: time interval Tx(i) for measuring cable lengths:

All figures are in ps.
Table 1.

Combined standard

Eff. degree of

Cable length Tx(0) uncertainty u(Tx) freedom nese
3m 0.020 356 0.000 029 23.1
10 m 0.048 422 0.000 029 24.8
35 m 0.174 881 0.000 040 25.9

For uncertainty budget see Tables 2 — 4.

Participating laboratory: The National Physical Laboratory of Israel

Date: 22.01.2006

Signature:

Dr. Nadya Goldovsky

EUROMET supplementary comparison TF.TI-K1 — measurement result
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Measurement results for traveling standard BEVO1

Table 2. Uncertainty budget for Tx(1).

Source of Valueu;, s | Probability | Divisor Sensti | Uncertainty | V;or
uncertainty distribution | D; vity contribution, | Vgt
coeffi | s
cient,
Ci
Short-term stability | 4.90E-12 Normal 1.0 1.0 4.90E-11 ¥
of time base
frequency of the Cs-
standard
TIC resolution 2.0E-11 Rectangular | V12 1.0 5.77E-12 ¥
Trigger jitter 2.10E-12 Normal 1.0 1.0 2.10E-12 3599
Trigger level timing | 1.17E-11 Normal 1.0 1.0 1.17E-11 8
error
Repeatahility of the | 2.18E-12 Normal 1.0 1.0 2.18E-12 299
measurement results
of T1
Repeatahility of the | 1.90E-12 Normal 1.0 1.0 1.90E-12 299
measurement results
of T2
Repeatahility of the | 2.14E-12 Normal 1.0 1.0 2.14E-12 299
measurement results
of T3
Repeatahility of the | 2.05E-12 Normal 1.0 1.0 2.05E-12 299
measurement results
of T4
Repeatahility of the | 2.15E-12 Normal 1.0 1.0 2.15E-12 299
measurement results
of TS5
Residual timedday | 2.42E-11 Normal 1.0 1.0 2.42E-11 13
of the auxiliary
cable Tac
Reproducibility of 2.97E-12 Normal 1.0 1.0 2.97E-12 9
the measurement
results of Tx(1)
Combined standard Normal 2.86E-11 23.1
uncertainty

Participating laboratory: The National Physical Laboratory of Israel
Date: 22.01.2006

Signature: Dr. Nadya Goldovsky

EUROMET supplementary comparison TF.TI-K1 — measurement result
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Measurement results for traveling standard BEVO1

Table 3. Uncertainty budget for Tx(2).

Source of Valueu;, s | Probability | Divisor Sensti | Uncertainty | V;or
uncertainty distribution | D; vity contribution, | Vit
coeffi | s
cient,
Ci
Short-term stability | 4.90E-12 Normal 1.0 1.0 4.90E-11 ¥
of time base
frequency of the Cs-
standard
TIC resolution 2.0E-11 Rectangular | V12 1.0 5.77E-12 ¥
Trigger jitter 2.10E-12 Normal 1.0 1.0 2.10E-12 3599
Trigger level timing | 1.17E-11 Normal 1.0 1.0 1.17E-11 8
error
Repeatahility of the | 2.18E-12 Normal 1.0 1.0 2.18E-12 299
measurement results
of T1
Repeatahility of the | 2.48E-12 Normal 1.0 1.0 2.48E-12 299
measurement results
of T2
Repeatahility of the | 2.17E-12 Normal 1.0 1.0 2.17E-12 299
measurement results
of T3
Repeatahility of the | 2.79E-12 Normal 1.0 1.0 2.79E-12 299
measurement results
of T4
Repeatahility of the | 2.13E-12 Normal 1.0 1.0 2.13E-12 299
measurement results
of TS5
Residual timedday | 2.42E-11 Normal 1.0 1.0 2.42E-11 13
of the auxiliary
cable Tac
Reproducibility of 5.89E-12 Normal 1.0 1.0 5.89E-12 9
the measurement
results of Tx(2)
Combined standard Normal 2.92E-11 24.8
uncertainty

Participating laboratory: The National Physical Laboratory of Israel
Date: 22.01.2006

Signature: Dr. Nadya Goldovsky

EUROMET supplementary comparison TF.TI-K1 — measurement result
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Measurement results for traveling standard BEVO1

Table 4. Uncertainty budget for Tx(3).

Source of Valueu;, s | Probability | Divisor Sensiti | Uncertainty | V; or
uncertainty distribution | D; vity contribution, | Vgt
coeffi | s
cient,
Ci
Short-term stability | 4.90E-12 Normal 1.0 1.0 4.90E-11 ¥
of time base
frequency of the Cs-
standard
TIC resolution 2.0E-11 Rectangular | V12 1.0 5.77E-12 ¥
Trigger jitter 2.10E-12 Normal 1.0 1.0 2.10E-12 3599
Trigger level timing | 1.17E-11 Normal 1.0 1.0 1.17E-11 8
error
Repeatahility of the | 2.12E-12 Normal 1.0 1.0 2.12E-12 299
measurement results
of T1
Repeatahility of the | 2.34E-12 Normal 1.0 1.0 2.34E-12 299
measurement results
of T2
Repeatahility of the | 2.33E-12 Normal 1.0 1.0 2.33E-12 299
measurement results
of T3
Repeatahility of the | 3.16E-12 Normal 1.0 1.0 3.16E-12 299
measurement results
of T4
Repeatahility of the | 2.17E-12 Normal 1.0 1.0 2.17E-12 299
measurement results
of TS5
Residual timedday | 2.42E-11 Normal 1.0 1.0 2.42E-11 13
of the auxiliary
cable Tac
Reproducibility of 2.86E-11 Normal 1.0 1.0 2.86E-11 9
the measurement
results of Tx(3)
Combined standard Normal 4.04E-11 25.9
uncertainty

Participating laboratory: The National Physical Laboratory of Israel
Date: 22.01.2006

Signature: Dr. Nadya Goldovsky
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Appendix A.JV

EUROMET supplementary comparison TF.TI1-K1 —measurement report A

Annex 3: Measurement report A

Description of the measurement method(s) and relevant instruments:

Four different measurement methods have been used to determine the cable delays,
out of which methods 1 and 2 have been used as the main methods, and methods 3
and 4 have been used as supplementary methods. Delay in adapters has been
measured with methods 3 and 4.

The simple insertion method
Channel reversal method
End reflection method

CW resonance method

NS

Instruments used:
Cs Clock: Datum/FTS 4065B,
Time Interval Counter: HP 5334B,
Oscilloscope: Tektronix Xxxxx,
Synthesised Signal Source: Rohde&Schwarz AM300.
All cables are RG-223 with BNC connectors.

Time Interval Counter and Synthesised Signal Source have been locked to the Cs
Clock.

1. Simple insertion method

100 kHz Cable A

Input A
Square
Cs wave .
clock Splitter BNC F/F Tic ¢,
adapter
Cable B1 ——,  CableB2 Input B

Cs
clock
100 kHz Cable A
Cs
clock Splitter BNC F/F TIC t 3
leB1 adapter
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+
t =t2-—t12t3+t

Adapter

where tagaper 1S delay in BNC female-female adapter.

2. Channel reversal method

100 kHz Cable A
Square
Cs wave
clock
100 kHz
Square
Cs wave
clock
_t+(T-t,) o : .
t = s +1tee» Where T is period of square wave signal and tgnc is the

difference in delay between two branches of BNC T. This value is estimated to be
less than 20 ps, and can thus be neglected.

3. End reflection method

100 kHz Cable A

Square
Cs wave

clock

TIC input A and B connected together internally. Channel B trigger level set to trigger
on reflected pulse edge.

t .
t = El tene » Where tgyc is delay from centre to one end of BNC T.
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4. CW resonance method

. Synthesised BNCT | Osillo-
S (== Signdl scope
clock Generator

(sinewave)

This method can be used to determine cable delay versus frequency. Signal source
frequency fy is tuned to make the cable under test N*| /4, where N is an odd integer.
At these frequencies there is a minimum in the amplitude displayed on the
oscilloscope. Open at far end of the cable under test is transformed into a short in the
centre of the BNC T

N
4xf,

t = - towe » Where tgne is delay from centre to one end of BNC T

The cables to be measured show a significant delay variation with frequency at
frequencies below about 5 MHz.
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Annex 4: Measurement report B

In this part B of the report atabular description of the measurement system and method(s) has

to be given to be used for the final report.

1. Measuring system

Type of TIC used: HP 5334B
Isthe TIC independent of other national Yes
measurement laboratory (NML) ?

If not independent, N/A
please give the name of NML

Date of last measurement in the NML N/A

2. Measuring method

Channel reversal method+ simple insertion

method

Number of repeated measurements: 6

3. Measurement condition

Ambient temperature in the room in °C 23+1
Ambient humidity in the room in % 45+ 5

Participating laboratory: Justervesenet, Norway

Date: March 02, 2006

Signature Kére Lind
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EUROMET supplementary comparison TF.TI1-K1 —-measurement result

Annex 5: Measurement results for traveling standard no: BEVO1

Measurand: time interval Tx(i) for measuring cable lengths:
All figuresarein ps.

. combined standard | eff. degree of
cable length Tx(0) uncertainty u(Tx) freedom ne
3m 0,0211 0,0014 60069
10m 0,0494 0,0014 38150
35 m 0,1761 0,0016 269748
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Appendix A.MIKES

EUROMET supplementary comparison TF.TI-K1 —measurement report A

Annex 3: Measurement report A

In this part A of the report a free description should be given including drawings and
references, whereas in part B a tabular form has to be filled out. These informations
will be used to be mentioned in the final report to be prepared by the organiosation

group.

Description of the measurement method(s) and relevant instruments:

Participating laboratory: MIKES, Tekniikantie 1, FIN 02150

Date:

Signature
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EUROMET supplementary comparison TF.TI-K1 —measurement report B

Annex 4: Measurement report B

In this part B of the report a tabular description of the measurement system and
method(s) has to be given to be used for the final report.

1. Measuring system

Type of TIC used: Agilent 53132A
Is the TIC independent of other national | Yes
measurement laboratory (NML) ?

If not independent,

please give the name of NML

Date of last measurement in the NML 23. 02.2006
2. Measuring method

Several methods, look report

Number of repeated measurements: 500

3. Measurement condition

Ambient temperature in the room in °C 23

Ambient humidity in the room in % 38
Participating laboratory: MIKES, Finland

Date: 21.3.2006
Signature Kalevi Kalliomaki
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EUROMET supplementary comparison TF.TI-K1 —measurement result

Annex 5: Measurement results for traveling standard no: BEVO1

Measurand: time interval Tx(i) for measuring cable lengths:
All figures are in ps.

Pulse delay method, extrapolation to the beginning of the pulse

e tengn [ [[omned sdudlet_degee o
3m 0,02037 0.000077 4
10 m 0,04849 0.000116 4
35m 0,17446 0,000214 4

Resonance/Phase shift method (freq. range 1...100 MHz)

Long Cable: Delay (ns) = 180.61 -5.646*log(f/MHz) +1.26*log(f/MHz) *
Medium Cable: Delay (ns) = 50.3 -1.57*log(f/MHz) +0.3*log(f/MHz) 2
Short Cable Delay (ns) = 21.06 —0.66*log(f/MHz) +0.15*log(f/MHz)

Pulse delay and phase shift methods coincide if frequency is 50 MHz
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Euromet 828 “Comparison of timeinterval (cable delay) measurement”

Introduction

An accurate pulse delay in coaxial cable is a tricky problem if: &) the pulse itself and b) the
measurement method are not carefully defined. That is the case in EUROMET 828
comparison.

The main problem is the propagation velocity dispersion. Low frequencies, eg. 1 MHz
propagate around 3 % slower than high frequencies like 100 MHz due to the skin depth. At
high frequencies current flows only on the surface of any conductor. This phenomenon lowers
the inductance of the center conductor in coaxial cable leading to increased phase velocity.

In practice this means, that the sharp edges of the pulses, containing high frequency
components are ahead of the main pulse body. Therefore, the pulse shape is distorted. In
addition, in long cables high frequency attenuation takes place, rounding the sharp edges.
Therefore, one has first to define independently the pulse shape. In our case the typical rise
time of atiming pulse is 10 ns and range from 5 to 20 ns depending on the clock manufacturer
and cable length. The unloaded amplitude of the pulse is from 5 to 6 V peak and from 2 to 3
V peak into 50 ohm load.

The rise times of the pulses define the required frequency band of the measurements
themselves and naturally that of the measurement instruments. Minimum frequency band
follows the rule of thump used in case of oscilloscopes: Risetimet, = 0.35/ B. Thisrule leads
to bandwidth of 35 MHz (10 ns pulse). However, in case of accurate measurements one has to
extend the bandwidth to the most essential zero of the Fourier spectrum. i.e. f=1/t,. Hence
we concluded that 100 MHz band is quite appropriate. 1 GHz is absolutely mind-boggling.

M aterials

The coaxial cables to be studied were closed to a box ("DUT"). There are three cables in the
box; "Long" (=35 m), "Medium"(= 10 m) and "Short"(~ 3 m). 6 BNC-connectors are clearly
marked to indicate the ends of the cables. The reference plane for delay measurements is
defined to the outer end of the dielectric insulator inside the connector.

M easurement M ethods
Cable resonance method.

We have earlier used with good results resonance measurements of open and short circuited
cables. By measuring all resonant frequencies up to 100 MHz, we obtain both the cable delay
at fixed frequencies and the delay dispersion. Because the resonances are quite sharp, the
repeatability is quite good, 0,1...0,2 % rms of the delay for a single point. By combining all
the results, we can easily go down to 100 ps level using this very simple method. The
necessary instrumentation is a crystal controlled signal generator and an oscilloscope.
Because we need only one end of the cable, we can measure delays of already installed
cables.
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Phase shift method

The second method we used was phase method using a crystal controlled signal generator and
two channel digital oscilloscope. We simply measured all frequencies which produced zero
phase difference (modulo 217) between the ends of the cable. In this case both ends of the
cable must be available. The phase error in an oscilloscope and electrical length error of
connecting cables was eliminated by interchanging the channels. Thus the dominating error is
"manual” zero phase detection. The error seems to be about the same as that of the resonance
method. We also used carefully calibrated Network Analyzer (Agilent PNA series) to check
the delays up to 1 GHz.

MIKES Time & frequency
Euromet 828 Cable delay
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Delay = 180.61-5.646*log(f)+1.26*(log(f))"2
RSD 190 ps, Short correction 220 ps

- O/S data
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Fig. 1 Propagation delay of "long" cable as a function of frequency
Pulse delay method

Finally we tested the pulse delay method by using our automatic clock measuring system with
active hydrogen maser as the main clock. After preliminary tests we had to abandon time
interval methods where a separate clock was used as the pulse source because, due to random
drift of a cheaper clock (like rubidium), the repeatability was worse than 100 ps.

We used the second pulse of our master clock as pulse source. The DUT was simply
connected/disconnected in series with our self check channel dO and the corresponding time
change was registered automatically every second. Due to the long (~ 100m) tick cable from
reference clock laboratory (underground) to the time/frequency laboratory (2nd floor), the
pulse shape was nicely shaped and rounded (filtered) to fit into DUT properties, e.g. pulse
shape did not change much due to the DUT anymore. Thus trigger point selection was not a
problem and we could use our ordinary 1V level.
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Improving the accuracy of atime interval counter

To eliminate the nonlinearity of analog interpolators of the time interval counter (HP
53132A), we locked the counter time base to a frequency with an offset of 1-10°. This causes
the counter time base to drifts 1 ns/s and the 100 ns ranges of analog interpolators are covered
within 100 s. Because the measurement rate of the automatic measuring system is 1/s, we
obtain 100 readings in the above-defined 100 s time. After calculating the average value of
those 100 readings, the nonlinearity is compensated at any time interval value (cable delay) to
be measured and the random errors are decreased by one decade. We obtained 20 ps
repeatability using 300 ps rms (spec.) time interval counter.

Trigger level error

The only problem is the trigger level error, which can easily be 1000 ps in case of "Long"
cable due to delay dispersion and signal attenuation.

MIKES Time & Frequency
Euromet 828 Cable Delay
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Fig 2 . The principle of measurement

Fig. 2 depicts what happens in a cable due to delay dispersion. Input pulse is idealized to
correspond 20 ns rise time. Output pulse is shifted left to conveniently start from the same
origin. The beginning of the output pulse corresponds the contribution of high frequency (f >1
MHZz) components and the remainder that of low frequency components. Naturally some low
pass filtering effect (rounding-off) exists, too, but it is marginal compared to the effect of
propagation dispersion.

The horizontal bar indicates the measurement error assuming that the beginning of the pulse
isthe "holy" point. What else could be used as the right point?

Naturally we can't set the trigger level down to zero volts to catch the right point. However,
by selecting arelatively low trigger level lowers the inherent error and eases the extrapolation
of the pulse beginning. We have done this extrapolation job by studying the pulse shape with
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afast digital oscilloscope (Tektronix TDS 2024, BW 200 MHz). This error dominates in case
of "medium" and "long" cables.

A S-shaped pulse occurs as an output pulse in long and bad quality cables, especialy if the
input pulse is sharp. In this case low pass effect is significant compared to the propagation
dispersion effect. As a result of this high frequency attenuation, a low "pedestal” appears at
the leading edge of the pulse. In this case the extrapolation back to the beginning of the pulse
is practically impossible.

It is not necessary, however, because "pedestal” represents Fourier components outside the -3
dB boundary of the propagation media. In other words, those frequency components are not in
the intended pass band. This is a good reason to omit them. The simplest way to omit the
pedestal is to filter the input pulse to the cable, i.e. to use rounded pulse instead of a sharp
one.

Fourier spectrum of a"tick" pulse

MIKES Time & Frequency
Fourier spectrum of tick pulse

—2:

LT
\\ // \ﬁ\
- | V.

-120
0.0001 0.001 0.01 0.1 1 10 100 1000

Freq. (MHz)

10 uspulse, 10 nsrise time
Only essential zeros are marked up

Ampl. Envelope (dB)

Fig 3 Fourier Spectrum of conventional tick pulse

Fig. 3 depicts the envelope of the Fourier spectrum of a conventional tick pulse. Two essential
zeros are marked up. The first one (100 kHz) corresponds pulse width t ( f = 1/1) and second
one (100 MHz) correspondsrisetimet, (f = 1/t,). The actual spectra up to 50 MHz can be
calculated from well known sin(x)/x equation.

Frequency components up to 100 kHz (f = 1/1) define the basic “body” of the pulse.
Components between 100 kHz and 100 MHz define the edges (rise & fall times). Because the
spectrum follows 1/f —law, all components are important. The sum of those 1/f components
approaches infinity when f increases without any limit. Amplitudes of frequency components
after 100 MHz follows 1/f* -law and they have only slight effect on pulse edges.
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Results

In the following tables uncertainty evaluation and measurement results are given.
BNC I-connector was as a reference, when DUT was disconnected from the automatic
measurement system. "T.Level A" means random components due to noise, jitter etch.

"T.Level B" means evaluation of the difference between pulse beginning and 1V (trigger)

level using an oscilloscope. One has to note that this result (Estimate) depends very

significantly on the rise time of atest pulse. Sharp pulse increases this estimate. Test pulse has
to “match” the bandwidth of the DUT.
Due to laboratory conditions temperature and humidity are stable. Therefore, we have not
evaluated corresponding effects. By contrast, atmospheric pressure varies in laboratories.

Pressure sensitivity coefficient like - 0.9 pg/mbar (long cable) is based to our earlier
experience. In pulse case it seemsto be dwarfed by other effects.

Long cable
Quantity | Estimate Standard Sensitivity Contribution Remarks
ps Uncertainty Coefficient ps
| -connector 80 20 1 20
TIC 53132 0 22 1 22 N = 100
T.Level A 0 63 1 68
T.Level B 1100 200 1 200
Pressure 1000 mbar 10 mbar -0.9 pg/mbar -9
Result 174.46 ns Uncertainty 214 ps
Medium |cable
Quantity | Estimate Standard Sensitivity Contribution Remarks
ps Uncertainty Coefficient ps
| -connector 80 20 1 20
TIC 53132 0 22 1 22 N =100
T.Level A 0.00 50 1 50
T.Level B 300 100 1 100
Pressure | 1000 mbar 10 mbar -0.3 pg/mbar -3
Result 48.49 ns Uncertainty 116 ps
Short cable
Quantity | Estimate Standard Sensitivity Contribution Remarks
ps Uncertainty Coefficient ps
| -connector 80 20 1 20
TIC 53132 0 22 1 22 N =100
T.Level A 0.00 47 1 50
T.Level B 180 50 1 50
Pressure | 1000 mbar 10 mbar -0.1 ps/mbar -1
Result 20.37 ns Uncertainty 77 ps
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Appendix A.NMi/VSL

Comparison of time interval (cable delay) measurement
EUROMET supplementary comparison TF.TI-K1

Results of NMi-VSL

E.J. Kroon and J. de Vreede

Nederlands Meetinstituut
Van Swinden Laboratorium
Department of Electricity

Delft, 27 June 2006
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INTRODUCTION

Thisisthe report of NMi-VSL of the Euromet cable delay measurements. There are
three cables enclosed in abox ‘Travelling Standard’. The primarly measurement is
done by a pulse shaped signal and an interval counter. Secondary measurements are
done using a Continus Sine Wave form (CW), Time Domain Reflection (TDR) and
using a Vector Network Analyzer (VNA).

METHOD OF MEASUREMENT

TIME DIFFERENCE MEASUREMENT

At NMi-VSL, we use the Time difference measurement procedure (S_EL_TF_001) to
measure the delay of the cables. It is based on atime interval measurement using an
interval counter. To connect the travelling standard using cables, we have to correct
for the extra delay. For the delay measurements we use a pulse shaped signal in a 50W
system. Additional measurements are made using a CW signal, measuring the phase
delay on a frequency of 70 MHz. Also a Time Domain Reflection (TDR)
measurement is done.

MEASUREMENT USING PULSE SHAPED SIGNAL

The measurement is done by making a‘ null’ measurement following by inserting the
travelling standard and measure the time delay. The connection is for the ‘null’
measurement is shown in figure 1.

Cable 1

Interval
Counter

Power splitter

Figure 1. Cable 2
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The delay measurement is done inserting the travelling standard and measure the time
delay. The connection is for the ‘delay’ measurement is shown in figure 2.

Cable 1

Interval
Counter

Cable 2

Figure 2.

Unknown

The calculation for the delay is:

Ty = Ty - (Tnull + Textra)
Where: T = unknown delay
Taday = value off all delays
Trul = delay of connection cables
Textra = delay of extra adapters not measured at T
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M EASUREMENT CONDITIONS

A summary of the measurement conditionsisgiven in Table 1.

Table 1 Measurement conditions with the uncertainties (k = 2)

Average Minimum | Maximum | Uncertainty
Temperature 23.2°C 229°C 234°C 0.3°C
Humidity 33.2% 23.2% 43.3% 50%
RESULTS

Time delay using pulse signal (see technical report 2.3.1).

Table 2 Measurement results with the uncertainties (k = 2)

Cable Delay (ns) Uncertainty (ns)
Short 20.474 0.089
Medium 48.583 0.089
Long 175.298 0.089

Time delay using CW signal at 70 MHz (see technical report 2.3.2)

Table 3 Measurement results with the uncertainties (k = 2)

Cable Delay (ns) Uncertainty (ns)
Short 19.771 0.090
Medium 48.076 0.090
Long 174.581 0.090
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DETAILED UNCERTAINTY BUDGET

The uncertainty of the pulse shape measurement is explained, for other measurement
methods see paragraph [0.]

UNCERTAINTY BUDGET FOR SHORT CABLE

The mode of the counter is ‘time interval A-B’ The start pulse was used on channel A
and the stop pulse was used on channel B. The measurement is done 10 times. The
values were averaged and used in this uncertainty budget. The counter used was a
Stanford Research Systems model SR620. The following values were used for the
uncertainty calculation.

Risetime start signal 1.09ns
Deltavoltagerisetimedart | 1.184V
Noise at start signal 0.022Vrms
Rise time stop signal 1.14ns
Ddtavoltagerisetimestop | 1.196 V
Noise at stop signd 0.022Vrms
Sample size 10
Measured result (Taaay-Tnur) | 20.050 ns
Standard deviation 3.73ps

Standard values for SR620 at VSL (k = 1):

Internal noise 350 mVrms Specification

Trigger level error A< | 10mV Calibrated

Trigger level error B< | 10 mV Calibrated

Time base Error 110 Hz/Hz VSL reference short term.
Non linearity 50 ps Specification

A-B delay uncertainty | 50 ps Cadlibrated

Resolution 25ps Specification
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The ‘null” measurement was to set the counter value to zero (Tui). For the next
measurement the value T ey IS Obtained. We have to correct for an extra adapter that
was used to connect the travelling standard. The delay change of the adapter was
calculated using the measured geometrical length of the adapter using a propagation
velocity

of 2:10% m/s. The adapter has a delay change of 27.05 ps and an uncertainty

of 0.05 ps(k=2)

Result of Short cable:
Te = Tog - (T + T

null extra

)= 20.501ns-(0ns +0.02705 ns) = 20.474ns

DETAILS

a) Uncertainty in start trigger point due to noise:

‘/(internal noise) 2 + (external signal noise) 2 1

StartTriggerNoise = —
dewrate at start trigger point (in \%) Jﬁ

U = J(350uVrms)? + (22 mVrms)? 1

1 g V
8.7340 A V10

=8.197ps

Remark:
The slew rate is calculated using rise time and amplitude measurement. The value is
used for calculation of the trigger noise uncertainty.

90% voltagemarker -10% voltagemarker _ DV
timemarker at 90%- timemarkerat10% Dt

Slewrate=

b) Uncertainty in stop trigger point due to noise:

‘/ (internal noise) 2 + (external signal noise) 2 1

StopTriggerNoise = —
dewrate at stop trigger point (in \%) Jﬁ

J _ {/(350uVrms)? +(22mVrms)? 1

2 g V
8.3740 A J10

=8.549ps
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¢) Uncertainty in trigger due to start trigger level setting error:

trigger level error (inV)

Start Trigger Level =
slew rateat start trigger piont (in \%)

10mv

u=— "V =6613ps
° 8.73&08\%

d) Uncertainty in trigger due to start trigger level setting error:

trigger level error (in'V)

Stop Trigger Level =
slew rateat stop trigger point (in %)

10mv

u,=——"__ -6897ps
! 8.37&08%

€) Uncertainty in resolution:

(resolution)®
n

2
u, = 2PY” — 7906 ps
10

f) Uncertainty in time base:

resolution =

timebase uncertainty = timebase uncertainty UTC(V SL) xmeasured result
Ug =1x10 **Hz/ Hz*20.05ns » 0 ps

Because of the small delay value the time base error is almost zero.

g) Uncertainty in linearity

U = non - linearity
7 —T

u, = = 28.87ps

50 ps
V3
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h) Uncertainty A-B delay

y _ A-Bdelay
o= 3
Ug :%5:28.87 ps

Combined uncertainty:

2 2 2 2 2 2 2 2
dY:\/ul +Uu,”+u,” +u, +u” +u”+u,” +Fug

dY =+/8.197% +8.5497 + 6.613" + 6.897° + 7.906% + 0% + 28.87° + 28.87% = 44 ps

Total uncertainty including standard deviation and uncertainty adapter:

— 2 2 2
dYt - \/dY + ustandard deviation + uedapter

dY, =442 +3.73° +0.025 = 44.15ps

Expanded uncertainty for k = 2
44.15ps:>2=88.31ps
Result is20.474 ns+ 0.089 nsby k = 2

MEDIUM AND LONG CABLE

The uncertainty of the medium and long cable is calculated as the short cable. Only
the value of Tgaay and the standard deviation is different. The different values are the

table.

Medium cable;

Measured result (Tggay~Tnu) | 48.610 ns
Standard deviation 3.23ps
Long cable:

Measured result (Tagay-Tnu) | 175.298 ns
Standard deviation 4.56 ps
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Result of Medium cable:

T = Tagy = (Tt + Toxa) = 48.610 1~ (0 ns+0.02705 ns) = 48.583 s

null

Total uncertainty including standard deviation and uncertainty adapter for medium
cable:

— 2 2 2
dYt - \/dY + ustandard deviation + uadapter

dY, =-/44? +3.23 +0.025% = 44.05ps

Expanded uncertainty for k = 2
44.05ps:>2=88.10ps

Result is 48.583 ns+ 0.089 nshy k =2
Result of Long cable:
T = Tagy - (Tt + Toxa) =175.325 ns- (0 ns + 0.02705 ns) = 175.298 ns

Total uncertainty including standard deviation and uncertainty adapter for medium
cable:

— 2 2 2
dYt - \/dY + ustandard deviation + uadapter

dY, =-/44% + 4567 +0.025? = 44.23ps
Expanded uncertainty for k = 2

44.23ps>2 =88.46 ps
Resault is 175.298 ns+ 0.089 nsby k = 2
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UNCERTAINTY BUDGET FOLLOWING TECHNICAL PROTOCOL

Model equation:

T, =T,(1+TB( )) +dR+dT, +dT _- T, +dT,

Parameters:

TB(t) —relative frequency deviation due to short term stability of time base

frequency.
dR  -timeinterval deviation due to resolution of TIC.
dT;  -timeinterval deviation due to trigger jitter.

dT. -timeinterval deviation dueto trigger level error
dT1 - timeinterval deviation due to error in measuring residual time delay of the

system.

Conversion of combined uncertainties:
TB(t ) =u,

dR=uy

dT, =u’ +u,”

\/7
dT, =u; +u,’
= far e

valuesareinns

Quantity Egtimate Standard distrubution Sensitivity Uncertainty
uncerainty coefficient contribution
X % U(x) G Ui(y)
T,-T; 20.474 0.00373 Normal 1 0.00373
TB(t) 0 <0.001 Normal 1 <0.001
drR 0 0.007906 Normal 1 0.007906
dT; 0 0.00118 Normal 1 0.00118
dT, 0 0.00955 Normal 1 0.00955
dT, 0 0.04082 Normal 1 0.04082
Ty 20.474 ns 0.044 ns
k=2 0.088 ns
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OTHER MEASUREMENTS

CW MEASUREMENT

The delay measurement using a CW signal was taken by a Mitrex modem used for

TWTFT. The frequency was 70 MHz using a Pseudo Random Noise modulation

of 2.5 MHz band wide. The delay is measured by an interval counter. The effect of
lower frequency (70 MHz) instead of 1 GHz should be smaller than 1%. The results

are in paragraph 0. The uncertainty budget look like the one for pulse shape

calibration.

TDR MEASUREMENT

The TDR measurement was preformed using a pulse generator a power splitter and a

high-speed oscilloscope. One side of the cable was left open to create areflection. The

delay value was calculated form the oscilloscope using cursors measurement.

Table 4 Measurement results with the uncertainties (k = 2)

Cable Delay (ns) Uncertainty (ns)
Short 20.1 1.0
Medium 48.1 1.0
Long 173.5 1.0
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USING A VECTOR NETWORK ANALYSER (VNA)

Method

A RFVNA, Hewlett-Packard model 8753E with external test set 85046A, is used both
in frequency and in time domain mode. The frequency range is from “DC” to 3 GHz
using a harmonic series of 801 frequencies: step size= 3.74 MHz. In the frequency
domain the electrical delay is obtained using the internal function of the VNA
(introducing a phase shift per MHz): the delay is shifted in such away to get an almost
frequency independent phase for the transmission up to 1 GHz. For the time domain a
transformation from frequency to time is carried out, after which a suitable time span
is chosen before determining the top of the transmission peak.

Measurements

The BEV box contains female BNC-connectors as ports. The VNA was calibrated for
Type-N connectors. This means that an additional delay is present due to adapters
from N-BNC (twice). In order to know the influence of the adapters, the two possible
combinations of adapters are measured (BNC male to N-female and BNC female to N-
male, and the other way around): one expect a similar delay as they are part of an
accessory kit of the VNA. From this set of 4 adapters the two adapters with BNC male
are used to connect the DUT to the VNA.

In Table 1 the results of the measurements in the two domains (frequency and time)
aregiven

Table 1: Electrical delay

Cable Phase shift — Electrical delay (ns) | TDR — Electrical delay (ns)
Short 20.337 20.32

Medium 48.254 48.23
Long 173.86 173.89
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Uncertainty

The uncertainty in the electrical delay for the frequency domain is determined mainly
by the variation (noise) in the phase values as function of frequency. In principle the
uncertainty in phase for VNA'sis only afew degrees.

For the time domain the uncertainty is mainly due to which frequency range is
selected for the transformation from frequency to time. The reproducibility is of the
order

of 0.01 ns.

Differences between the two VNA-methods

The bandwidth of the TWTF-signal is relative small. This means that a CW
measurement on the electrical delay is better in line with the normal measurement set-
up than a pulse measurement: the higher frequency components are dominant and
could distort the signal in such away that the result is no longer representative for a
specific frequency.

Note:

A potential source of uncertainty is the poor quality of the cables in the BEV-box:
high reflection (about 0.5 a 1 GHz or VSWR=3) and a transmission which is not a
smooth function of frequency. The result of measurements on the medium cable is
given in Figure 3 asillustration.
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Figuur 3.

Frequency domain:
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Appendix A.IPQ
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Annex 3: Measurement report A

In this part A of the report 8 free description should be gieen Including drawings and
refiarenres, wherss in part B a tabular form bas o be filled ook, These informations will be
used to ba mentionad in the final report to be prepared By the organiosation group.

Description of the measurement metadls) and relevant hstruments:
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Participating [abaratannIFQ
Date2006.04.11:
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Annex 4: Measurement report B

In Hys part B af the repart a tabular description of the measurement systenm and mekhxl(s)
has to be given te be wsed for e final rport,

1. Maasuring sysram
Type of TIC used; 1IPE3T0E

Is the TIC Independent of other national | YES
mexsurement Bbarstory {MMLY T

If ok ingdepencierit,
please ghve the name of KM,
Dt oF [ast rmeasurement i the MML

2, Measuring mathod
TIC Method 0
Mumber of repsated messuraments: [

3. Measure ment condition
Artibient Temperature in K room in "o 22
Arnblznk hurmfd by in e rocen s % 6l

Partickpating kboralory: IFD
Daks: X604 11

Signature
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Annex 5: Measurement resnlts for traveling standaryg no: BEVGL
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Maasurand: time interval () for measuring cable lengths:
All flgures ara fn s

combined standard

cable length i) uncertainty &£ ) ?rr;adodnfgpze: o
3m 2020158 | 6.000097 561
A0 m 0.098295 | 0.00006% 674
EL 0.174682  .0,000085 685
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Appendix A.ROA

Annex 3: Measurement report A

In this part A of the report a free description should be given including drawings and
references, whereas in part B a tabular form has to be filled out. These informations will be
used to be mentioned in the final report to be prepared by the organization group.

Description of the measurement method(s) and relevant instruments.

The used method is based on six independent measurements of (100 samples) time intervals
between Start and Stop pulses, by using a Universal Interval Counter SR620, of Stanford
Research Systems. Also, a4 GHz bandwidth divider of power, three RG58 cables with male
BNC connectors in their ends, and two adapters (female) BNC — BNC (one of them
mechanized to be convertible to F BNC — M BNC without variation in the time of internal
propagation) have been used as auxiliary elements.

The pulse used during the calibration possesses the following features:
0-5Volts.

Slew rate: > 1e+9 Volts./s

I mpedance: 50 Q.

Signal noise: -80 dBm. Typical.

wn W W W

Previously, minimum and maximum trigger level for each configuration and channel were
measured to determine the levels of trigger (50%) to be set along the calibration process.

They are made up to 7 sets of measures to determine the different components of delay, and in
particular to estimate the bigger and most dynamic: the internal difference of delay between
channels. This way the error of 0.5 ns proposed by the manufacturer is delimited and
considered as a contribution to the uncertainty A type.

The setups used for the calibration are the following ones (the first one repests again exactly
before and after the calibration that includes the DUT):

Tor chizmmel A o channel A

TR ELFEITT i
- ‘F L e TIE T TEE o _'_[ - o
b 2z <
To chanmel B To channel B
Measure 1, 5and 7) DT, Measure 2) DT, .
Tor chizmmel A Tor chizmmel A
| TR ELFEITT it | TR ELFEITT it
1 To channel B 1 To channel B
Measure 3) DT, Measure 4) DT,
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Tor chizmmel A

*.[ 5 .'_._

To channel B
=

Measure 6) DT,
The measure function is the following one:

X =DT, +DT,, - DT, +DT DT, - (1- m)DT,

ABXC ABxyC AByC

mDT

B(bef) ~ AB(aft)

Time, - Time,

With m= — : .
TIME gy - TIME e

Participating laboratory: Real Observatorio de la Armada (ROA — Spain)
Date: 24" march, 2006.

Signature:
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Annex 4: Measurement report B

In this part B of the report atabular description of the measurement system and method(s) has
to be used for the final report.

1. Measuring system

Type of TIC used: High single — shot timing resolution, low
jitter, and reciprocal counting architecture.

Is the TIC independent of other national | Yes
measurement laboratory (NML)?

If not independent, please give the name
of NML.

Date of last measurement in the NML

2. Measuring method

Number of repeated measurements 6

3. M easurement condition

Ambient temperature in the room in °C 23+1

Ambient humidity in the roomin % 50+ 10

Participating laboratory: Real Observatorio de la Armada (ROA — Spain)
Date: 24" march, 2006.

Signature:
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Annex 5. Measurement resultsfor traveling standard n° BEVO1

Measurand: time interval Tx(i) for measuring cable lengths:

All figuresarein ps.

Cable length Tx(i) Combined standard | Eff. degree of
uncertainty u(Tx) freedom ne

3m 20,519E-03 0,012E-03 22704

10m 48,793E-03 0,013E-03 22681

35m 175,965E-03 0,013E-03 23749

Participating laboratory: Real Observatorio de la Armada (ROA — Spain)

Date; 24" march, 2006.

Signature:
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