Calibration service at NICT
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Organization of NICT

Organization

* President — 5 Vice Presidents
7 Research Centers
* / Departments

Location

* Headquarters ; Tokyo

* Yokosuka Research Laboratory ;Kanagawa
« Kobe Research Laboratory ;Hyougo

» Kelhanna Research Laboratory ;Kyoto
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Organization of NICT (2)

Research Centers

New Generation Network Research Center )
International Security Research Center Tokyo
Applied Electromagnetic Research Center W,

New Generation Wireless Communications Research
Center

Kobe Advanced ICT Research Center —_
Knowledge Creating Communication Research Center
Universal Media Research Center

/ K<oto

NICT



Organization of NICT (3)

Departments

- Collaborative Research Department \
* Research Promotion Department

» Key Technology Research Promotion Department

* ICT Proactive Outreach Department Tokyo
« General Affairs Department

* Financial Affairs Department

 Strategic Planning Department /
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Our Group

Our Group

 New Generation Network Research Center
* Network Architecture Group

Photonic Network Group

Quantum ICT Group

Advanced Device Research Group

Space - Time Standards Group

* |Japan Standard Time Project Disseminate Time & Frequency
- Atomic Frequency Standard Project ‘

« Space-Time Measurement Project

- Satellite Time Measurement Project

Calibrate Frequency
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Calibration service at NICT

NICT Calibration scope Is
only frequency standard

NICT performs two calibration services
« Carried in calibration service

* Remote calibration service
* Frequency Range 1 MHz, 5 MHz, 10 MHz

* Frequency Accuracy(BMC)

5 x 104 (Carried in system)
5 x 10-13 (Remote system) /' \

NICT



BMC of Calibration services

NICT

Calibration Range Best
Measureme
Quantity Instrument or Measure and Level nt Rt
' Capability
Artifact or Range (k=2)
Frequency 1MHz, 5MHz, T
standards 10MHz 5.0E-14 method
Frequency | Frequency 1MHz, 5MHz, _ DE
standards 10MHz 2.5E-12 method
Frequency 1MHz, 5MHz,
standards 10MHz, or 1pps 5.0E-13 | Remote




Block Diagram of
Carried in Calibration System

Ext.
Ref.

—

5 MHz

UTC

10 MHz T

(NICT) T

DUT

SR620
SP

1,5,10
MHz

Time Interval Counter :

4 ST

Time Interval Measurement System

NICT

Ext.
Ref. | Time Interval Counter :

SR620

& MHy CH.At (ST)

uUTC
(NICT)

DUT 1510
MHz

Direct Frequency Measuremyrf S§§tem



Remote Calibration System

GPS

Frequency Calibration
Concern

National Frequency Standard

Standards which
require
Frequency
calibration

% Vo

Frequency
Standard

Satellite Time Comparison
(GPS Common-View method)

(RN RNRNIRY
EEEEEEEmSsEm

Precision achieves
5.0x1013

(per day)
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Carried in Calibration System

A |~ =4 |
sssemase

Temper

ature and humidity are
controlled in a
electromagnetic shielded
room

NICT



Base station for Remote
Calibration

Internet server 1

Application server
Internet server 2 Internet router
NAS -
Control PC Data server
Multi-channel —r N
GPS receiver IRl

/ — S ey UPSs
Temp. & Hum. il N -
M easurement unit S EEECY | / \

NICT



Status of quality system

Satisfied ISO/IEC 17025

Accredited to ISO/IEC 17025 by NITE
« Pathway: Third party accreditation.
« Accreditation Body:

NITE (National Institute of Technology and
Evaluation)

NICT
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Certification

ol T B iy 1z 2
“1“'{5?"’# Attachment
R e
‘\“‘-ﬁ"" Accreditation Category for Calibration Laboratory: Time and Frequency
= -,.;--/___—-_;_u{,_:_‘- Permanent laboratory or On-site calibration: Pormanent laboratory
i
¥ ok
i b Calibration Range ion and
Measur it D of
Quantity = " | Measurand Level G’P_'_h:ll’ Accreditation
or Range =2
Certification of Accreditation Frogumey 1 MH:
Standard 5 MHz 5.0p< 1 1 April 2007
10 MHz
Toe: Makoto Nagao P F
et | Standards :
National Institute of Information and Communications Technology | ‘Remote ;m Bascline ceon | 3 2006
Frequency = Y
IAJspan herehy accredits the following lsbaratory s eslibration lsharatory alibration 10 MH: 1000
under the ASNITE Accreditation Program. This organization meets the Methad]
requirements of [3OMEC 170252005 (J15'Q 1 TO25:2005).
{End of Attachment)
Accreditation No. and: ASNITE 0004 C
Additional Information
Name of Laboratory: New Generation Network Research Center,
Rosoorch Department 1,
National Institute of Information and Communicatsons
Technology

Address of Office: 4-2-1, Nukui-Kitamachi, Koganei
Tokyo, 184-3795 JAPAN

Accreditation Scope: As attached

Date of Accreditasion: 31 January 2003

Date of Latest Issue: 1 April 2007

Makoto Misono
President
National Institute of Technology and Evaluation

‘This certificals was issned under the sccreditation pregram complying wish the rule of MRAs of
TLAC (s tona. Lakb v Acereditation Cooparstion) and APLAC UAsia-Pacific Laboratory
Fiiati .
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Staffs

Supervisor
Quality manager
Project leader
(Technical management )
Managers
( Calibration 1, Reception 1)

Stalffs
( Calibration 2, Reception 1)

NICT
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Number of calibrations
and others

The number of calibrations

30 - 40 / year

Audits , Reviews

 Full audits : Every 2 years
(They are performed by NITE)

NICT
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Status of our system (History)

Jan. 2001: Started the calibration service

« BMC was 1E-13

Mar. 2001 International peer review

 NICT was certified to be accordance with the ISO/IEC 17025
by NITE.

Oct. 2002: Assessed as ISO/IEC 17025 by NITE

Jan. 2003: Accredited to Carried In service

* NITE accredited to the frequency calibration (carried in)
system for ISO/IEC 17025.

MAY 2005: Remote calibration service was S/tar\ed

NICT



Status of our system (History2)

Aug. 2005: CMC data were listed in the KCDB

Feb. 2006: New carried in system was launched

Feb. 2006: International peer review

« For changed carried in system and Remote calibration service
May 2006: Accredited to Carried in & Remote services

* NITE also accredited to the frequency remote calibration system
for ISO/IEC 17025.

APR.2007: BMC was changed to 5E-14(carried In
system) 7\

NICT



Future work

To change CMC data in the KCDB of BIPM
* NICT's CMC data were listed in the KCDB in Aug. 2005.

* NICT established a new calibration system (Carried in) and
a remote calibration system.

« Changed BMCs of above systems are accredited by NITE in
April 2007 and in May 2006 respectively.
To add new Calibration menu
« 1Hz to 100MHz frequency calibration (for Carried in system)

 Light frequency calibration & Frequency calibration using
JJY are under active consideration now. v\

NICT



Thank you for your attention




Application of uncertainties

to CMC budgets

Taeg Yong Kwon

Korea Research Institute of Standards and Science
October 24 ~ 25, 2007

KRISS



http://www.apmpweb.org

Reglonal Organizations for Measurement Slandards in the World

= COOMET = == =
——— = {former 3SR, East Europe) = e p— e
— _FUROMET = —————— SIM (inter Americary—
== '{Euope) - = = — —
—— e —— > APMP Asia Pacific Region) —— m'jﬁ, A ——
g T [l ] Nﬂ{lill i _”m o
=2 3 Bangladash henw Peakand —{Wastarn Panal Souh Amenan)
= e = Chils Pakinlan s e T
— sy SinTRspone = CAMET —
e —_—  Hohg Kang. Ching - 56 Lanka —— {Centrat Amenca) :
i — SADCMET fndia Thaiand — SURAMET =
— {Soulhermbldcal———  Indonesia Chinase Taipai —{E&stem Pt of South Amedicil —
— ———— Japan Vialam ——

Bapublicof Koloa

Malays=ia =

Morgsalia —a

21 countries (Full members)

Time and Frequency
workshop

KRISS


http://www.apmpweb.org

APMP TCTF members (25)

Economy Organisation Economy Organisation
Australia National Measurement Institute, Australia (NMIA) Nepal Nepal Bureau of Standards and Metrology(NBSM)
Bangladesh Bangladesh Standards and Testing Institution(BSTI)
New Zealand Measurement Standards Laboratory(MSL)/(IRL)
China National Institute of Metrology(NIM)
Chinese Pakistan National Physical & Standards Laboratory(NPSL)
Taipei Telecommunication Laboratories Philippines Industrial Technology Development Institute(ITDI)

Egypt National Institute for Standards(NIS) Singapore National Metrology Centre, SPRING Singapore
Fiji Ministry of Commerce, Industry, Trade & Public South Africa National Metrology Institute of South Africa (NMISA)

Enterprises

P Sri Lanka Measurement Units, Standards and Services
Hong Kong Standards and Calibration Laboratory(SCL) Departrment(MUSSD)
India National Physical Laboratory(NPL) . National Standards and Calibration
.. . Syria Laboratory(NSCL)
Research Centre for Calibration, Instrumentation

Indonesia and Metrology; Indonesian Institute of Thailand - . . .

Sciences (KIM-LIPI) NIMT National Institute of Metrology (Thailand)

National Metrology Institute of Japan(NMIJ/AIST) ThaHaSgS-; Department of Science Service(DSS)

Japan National Institute of Information and

Communications Technology(NICT) Thailand - Thailand Instiute of Scientific & Technological

TISTR Research(TISTR

Korea Korea Research Institute of Standards and ( )

Science(KRISS)

Vietnam Vietnam Metrology Institute(VMI)

Malaysia National Metrology Laboratory,SIRIM Berhad

KRISS

Time and Frequency
workshop




KCDB CMC List (Current Status)

M 25 Countries (26 NMIs)
EUROMET (16)

APMP (7)

Country NMI
Australia NMIA
China NIM
Chinese TAIPEI TL
Hong Kong, China SCL
NICT
Japan
NMIJ
Korea, Republic of KRISS

> 21 countries in APMP

> 5 countries: CMC review in
progress

> 2nhd CMC review getting
started

Time and Frequency

workshop
Country NMI
Panama CENAMEP
United States NIST

COOMET (1)

Country NMI
Russian
Federation YU

Country NMI
Austria BEV
Belgium SMD
Czech Republic IPE
Finland MIKES
Germany PTB
Hungary MKEH
Ireland NML
Italy INRIM
Poland GUM
Slovenia MIRS/SIQ
Spain ROA
Sweden SP
Switzerland METAS
The Netherlands NMi-VSL
Turkey UME
United Kingdom NPL

KRISS



Time and Frequency
workshop

] Review

» CCTF Guidelines
» TCTF Guidelines

» making CMCs in accordance with the CCTF and TCTF
guidelines

1 Discussion

» Review Comments
d Summary

» Things to be considered for making CMCs
1 JCRB documents

» Procedure for modifying CMCs in Appendix C of the
KCDB website

5 | ——— KRISS



CCTF WGMRA Guidelines R

d CCTF WGMRA Guideline 1 (Rev. 20021209)

» The Service Category classification scheme for T&F entries

d CCTF WGMRA Guideline 2 (Rev. 20021205)

> The estimation of uncertainties for T&F CMC entries

d CCTF WGMRA Guideline 3 (Rev. 20021210)

» The uncertainty extrapolation for T&F CMC entries

- — e oo KRISS



CCTF WGMRA Guideline 1 Time &N

workshop

The Service Category classification scheme for T& F CMC entries
The following Service Category classification for T& F CMC entries should be followed:

1. Time scale difference 2(4)
1.1 Local clock

1.1.1 Local clock vs. UTC(NMI)
1.1.2 Local clock vs. UTC

1.2 Remote clocks
1.2.1 Remote clock vs. UTC(NMI)
1.2.2 Remote clock vs. UTC

2. Frequency 3(5)
2.1 Standard frequency source

2.1.1 Local frequency standard

2.1.2 Remote frequency standard
2.2. General frequency source

2.2.1 General frequency source
2.3 Frequency meter

2.3.1 Frequency counter

2.3.2 Frequency meter

3. Time Interval 3(10)
3.1 Period source
3.1.1 Period source
3.2 Time Interval source

3.2.1 Rise/fall time source
3.2.2 Pulse width source
3.2.3 Time difference source
3.2.4 Delay source
3.3Period meter
3.3.1 Period meter

3.4 Time Interval meter
3.4.1 Rise/fall time meter
3.4.2 Pulse width meter
3.4.3 Time difference meter
3.4.4 Delay meter

Only the second sub-level items (underlined) should be selected for the column
"Service category" and "Instrument or Artifact" of the CMC table.

KRISS



CCTF WGMRA Guideline 2 Time and FE.

workshop

The estimation of uncertainties for T&F CMC entries

In the field of time and frequency metrology, ....... clocks and so on. The CCTF WGMRA ha
s decided to accept the definition of Best Measurement Capability (BMC) on the CMC ta
ble entries as the uncertainty level of NMI’s measurement system. Therefore each NMI
can claim the uncertainty of its calibration system in the hypothetical case of an ideal Dev
ice Under Test (DUT). The calibration certificates issued by NMIs, however, have to indicat
e the uncertainty of the calibration results including the influence of the DUT.

APMP TCTF Guideline

Column 17

Write “Excluded DUT’s Effect ” if the uncertainty is estimated for the hypothetical
case, “Included DUT s Effect ” if it is estimated for actual DUT effect. And state
comments here if necessary on entriesin Column 1 to 16.

KRISS



CCTF WGMRA Guideline 2 Time and S

workshop

The estimation of uncertainties for T&F CMC entries

In the field of time and frequency metrology, ....... clocks and so on. The CCTF WGMRA
has decided to accept the definition of Best Measurement Capability (BMC) on the CMC
table entries as the uncertainty level of NMI’s measurement system. Therefore each
NMI can claim the uncertainty of its calibration system in the hypothetical case of an ideal
Device Under Test (DUT). The calibration certificates issued by NMIs, however, have to
indicate the uncertainty of the calibration results including the influence of the DUT.

CCTF
WGMRA Guideline 2
(Rev. 20040402)
The estimation of uncertainties for T&F CMC entries

In the field of time and frequency metrology, ..... clocks and so on. The CCTF WGMRA
recommends that the CMCs claimed by each NMI or designated laboratory refers to the
hypothetical case of an ideal Device Under Test (DUT). The calibration certificates issued by
NMIs, however, have to indicate the uncertainty of the actual calibration results including the
influence of the DUT. The WGMRA therefore recommends that the CMC entries into the KCDB
contain the following statement “The uncertainty depends on the performance of the DUT”

KRISS




CCTF WGMRA Guideline 3 e

10

The uncertainty extrapolation for T&F CMC entries

The results of a Key Comparison (KC) ...... Capability (BMC). The CCTF has
declared UTC-UTC(k) as published in BIPM Circular T as the sole KC in the
T&F field. BIPM Circular T is giving the deviation for each contributing laboratory
in the form of UTC -UTC(k) with a given combined uncertainty for intervals of
5 days.

From this, the corresponding deviation and its uncertainty for frequency and
time interval at 5 days can be derived. Real calibrations at NMIs may be done
and specified at intervals and averaging times tau shorter than 5 days. In
that case there is a need to extrapolate the 5-day results of the KC to express
the uncertainty in each CMC entry for shorter averaging times. Extrapolation
should take into account the properties (TDEV, ADEV, MDEV, drift, ageing) of the
Reference Standard used for calibration, obtained from generally accepted and
published studies or from specifications of the manufacturer, and according to a
fully documented procedure. Only in the case of an uncertainty claim better than
this extrapolation result, a special review in the RMO is necessary.

KRISS
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CCTF WGMRA Guideline 3 Time andCE.

workshop

CCTF
WGMRA Guideline 3
(Rev. 20040402)
The uncertainty extrapolation for T&F CMC entries

The results of a Key Comparison (KC) will provide the deviation and its uncertainty for
each participating laboratory. This uncertainty will be reflected in the corresponding CMC
entry and should be considered as its lowest uncertainty limit.

The CCTF has declared UTC-UTC(k) as published in BIPM Circular T as a KC in the T&F
field. BIPM Circular T gives the deviation for each contributing laboratory in the form of UTC
-UTC(K) with a given combined uncertainty for intervals of 5 days.

From this, the corresponding deviation for frequency and its corresponding uncertainty is
therefore available for time intervals of 5 days.

Real calibrations at NMIs may be done and specified at intervals and averaging times tau
shorter than 5 days. In that case there is a need to extrapolate the 5-day results of the KC
to express the uncertainty in each CMC entry for shorter averaging times.

Extrapolation should take into account the properties (TDEV, ADEV, MDEV, drift, ageing)
of the Reference Standard used for calibration, obtained from generally accepted and
published studies or from specifications of the manufacturer, and according to a fully
documented procedure.

Only in the case of an uncertainty claim better than this extrapolation result, a special
review in the RMO is necessary.

KRISS




APMP TCTF Guidelines for CMC e

12

Guidelines for Filling the Calibration and Measurement Capabilities
Appendix C (Ver. 4)

Asia-Pacific Metrology Programme (APMP)
Technical Committee for Time and Frequency (TCTF)

This document provides guidelines on the Appendix C of the Calibration
and Measurement Capabilities (CMC). The purpose of the guidelines is
to harmonize the data submitted on the CMC.

Generally, the field of time and frequency is divided into three categories
of measurement services — frequency, time interval, and time scale
difference. Relevant parameters in the CMC table are described below.

KRISS
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APMP TCTF GU|de||neS for CMC Time and Frequency

workshop

Guidelines for Filling the Calibration and Measurement Capabilities Appendix C (Ver. 4)

Asia-Pacific Metrology Programme (APMP)
Technical Committee for Time and Frequency (TCTF)

This document provides guidelines on the Appendix C of the Calibration and Measurement Capabilities (CMC). The purpose of the guidelines is to harmonize the
data submitted on the CMC.

Generally, the field of time and frequency is divided into three categories of measurement services — frequency, time interval, and time scale difference. Relevant
parameters in the CMC table are described below.

Column 1

Specify the quantity to be calibrated or measured. Examples are “Frequency”, “Time interval’, or
“Time scale difference”.

Column 2

Column 22
Comment on the review to be given by WG MRA. Results of assessments are classified into two
groups — Accepted or Not accepted.

Contact Person (bottom of the table)
Information of a contact person of the submitting NMI (name of country) and his/her email address.

KRISS




Time and Frequency
workshop

Example: KRISS system

Definition of
the Second

UTC
I
UTC(KRIS)
I I I
Korea Standard Korea Standard
Time (KST) Frequency (KSF)
I |
| |
Time Scale .
. Frequency Time Interval
Difterence clas
Service Category Service Category Service Category

® Local clock ws. TCNMI)

¥ Local clock ws. UTC

® Remote clock ws. LTCMNMI)
* Remote clock vs, UTC

FPeriod source

Riseffall time source
Pulse width source
Time difference source
Delay source

FPeriod meter

Risefall time meter
Fulse width meter
Time difference meter
Delay meter

Local frequency standard
Remaote frequency standard
General frequency source
Freguency counter
Freguency meter

YoYUYW

VY WVYYYVYVYY

KRISS
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Time and Frequency
workshop

Extrapolation

Traceability of KST and KSF based on the data of BIPM Circular-T and uncertainty of

reference frequency.

Korea Standard Time, « [UTC —UTC(KRIS)] = 0Ons

(UTC(KRIS) + 9 h) » standard uncertainty = 100 ns

» relative frequency offset = 1.0 x 104
Korea Standard Frequency » relative standard uncertainty = 3.5 x 104 (for measurement
time of 10° s)

» relative frequency offset = 1.0 x 10
» relative standard uncertainty = 3.5 x 104 (for measurement
time of 10° s)

Reference Frequencies
(1 MHz, 5 MHz, 10 MHz)

Uncertainty of the reference frequency for DMTD measurement.

« relative frequency offset : Ccalculated
Reference Frequency » relative standard uncertainty = 1.8 x 10"'* (for measurement
time of 3 days)

The uncertainties are obtained by extrapolating the 5-day resultsin the Circular-T for the
measurement time and by considering the effects of all parts of the measurement system

KRISS
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Sample CMC e

Calibration and Measurement Capability (1/3)

Thtor
Compark o
Meareme itCoNdmhons Rekreice Sudard iged b |SIpporthg tils | DUTE Eect
Calbration or Meas reme 1tSe e Measurand Lol or Raige T A Bparded Unce riahty e SIpPRae D] AU Erbet APMP TCTF Service S I s tration
calbraton
RS
istramentor| istrament 8 ar o r@age Levelot T NMIzenice |Claes Mcatons Revkew Reuew
Quatty | et oo g farsmes:: [Secineamaim) e s i Coimdeice Re kg SEndard | ooy e vt T Nuy Statis Comment
Calwmi 1 Colm 2 Colwms 3 Colmy L] Calme S| Calmi g Colme 7 Calme 8 Cohmy 9 Calwmi 10 Colwmi 11 Calmi 12 Calmi 13 Colm 14 Caohm 15 Calm 16 Coalma 17 Colmi 18 Calm 19 Colm 20 Calwms 21 Colmy 2
Local chock Ceslum beam
Tme scak Directtme wenal | _ CCTF
g ZE=k u‘rcgc'msa R e I | 1 ] 1PPSampltnck |=05v @0 o) 2 s 2 S Na meten KRES e Behced | g 1.1 KRES
Timescak | Localckek | Dircttme Ivenal GRLIIm A cCTR
Al ol RELIME I -1 | 5 1 PPSampitnce |~p5v @y | 20 i 2 o5% No megte KRES s Erciiced K110 112 KRES
FRemoEe chck Cexlim eam
Tmg scak GPS comm o1V W CCTF-
. -1 1 5 tepsampinee [sosvam| = i 2 o No Trequey IRES Behced | k1.2.1 124 KRES rew
difie reace uTCHRE tine transkr mmg MIO1.UTS
Time scak |Remoe chock | Directtme wenal SELIm A CCTR
Fime seak: | Ak ck RELme lim -1 | 5 1 Ppsampince |-05v @) | 210 15 2 o5y No megte BIPM i Bunced | o, 122 MRES 1ew
Local Dvarmbe Tt e Homifomot TELIWm Deam COTE
Frequency | tegueicy it re ve g 5 MHz A ad =T HzHz 2 o Yes e 1e oy IRES e echeed | k2.1.1 214 KREES 1ew
standard measaement stadand %
Ampitce |=05W @0 Q)
Local Ceslim beam
Fregrency | frequ Diectmequeisy | g 10 MHz Gak tme 10005 2613 HziHz 2 S Yes equen KRES GG LR Exchded 214 KRES
e | messirement bl MO1UTE K2.1.1
Hambe T of
MESEARMENE 1m
Ampitge |>05W &0 0
Local Ceslim eam
Direct g i oy 5 CCTF-
Freque oy megte e e I 5 & MHz Gak tme 10005 2E-13 HzHz 2 (5 Yes g ieioy KRES T, eeheed | k2.1.1 214 KRES
WAmDe T or
measemerts i
Fmpice |=05W @0 Q)
Ceslum beam
Dlrecteq e oy " CCTF
Fraque oy e ps s 1 | MHz Gak tme 10005 26-13 Hatz 2 o5 es megten KRES e Bended | 244 KRES
WAmbe T of
meaEAreme m
Ampitce |05 W &0 0)
Remoke Ceglum beam
Frequeicy | megueoy |SPSCOMMO-VEW] g 10 MHz | Meatirement 1d 2E-13 HziHz 2 5% Yes eq 1en KRES CCTR Exciicked 212 KRS 1ew
gkl g e TAET e TEQNE N HOT LTS K2.1.2
Amplitce =054 @0 0)
Remoe Cezlmm beam
Freguensy | frequeioy G"ﬁﬂg‘a:“ g 5 MHz “*3‘1;“f§mm 1d 2E-13 HziHz 2 5% Yes reque aoy WRES w:%%ﬁ:c Eehed | K2.1.2 212 KRES 1w
stan stndan :
Ampltneke 1=05 &0 &)

® Contact person: Dr.Taeg Yong Kwon (KOREA), tykwon@kriss.re.kr
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Time and Frequency
workshop

Sample CMC - column 1

Calibration and Measurement Capability (1/3)

Ltof
Compark o
MeazaremetCondons Rekreice Sudard iged b |SIpporthg tils | DUTE Eect
Calbration or Meas 1 emertSe mice Measrand Lew | or Raige WEpE e KTATDE Epanded Unce falty yet bl e o foard) B Mt ol APMP TCTF Senice Adm Iy ks tration
calbraton
T
IS TAme T or| s TAme Nt Type or | MIimam | Maxmam o age Levelof Sonce of NMIzenice |C s meatois e W REVEW
Quatty | et oo vahe | wane | UM farsmes:: [Secineamaim) e s i Coimdeice Re kg SEndard | ooy e vt T Nuy Statis Comment
calme 1 Colm 2 Caolmi 3 Colms | Colrme S| Calmi G Colme 7 Calme 8 Colmi 9 Colmi 10 Colmi 11 Colmi 12 Colmi 13 Colm 14 Colmi 15 Colma 16 Colme 17 Calme 18 Colmi 19 Calims 20 Colme 21 Colms 22
Local clock Ceslim beam
] Tme 1cak i Dlrecttime e nal =1 1 I jpp=ampithce lonsw mnn T o HO P EEES CCTR Exclick ol 111 KEES

Column 1
Specify the quantity to be calibrated or measured. Examples are “Frequency”, “Time interval’,
or “Time scale difference”.

Local Ceslim beam
O Irect e 1e i CCTF-
Frequewcy | mequen mea"eqme“w 10 10 MHz Gak tine 0m0s 2E-13 HzHz 2 o Yes mqleﬂ%( KRES i uTe Emhded K2.1.1 244 KRES
standa standa
Hamber of
measarement m

Ampitge |>05W &0 0

ooy
L e Local Ceslim eam
| Freqe sy tequ.g U*ﬁgmw::ﬁ 5 5 MHz Gak tme 005 2E-13 HzHz 2 5] ez mqn.g KRES rc%%q:c Enchded K2.1.1 244 KRES
’) ;*\I TRt :
B [k
i Freq uenc
Lacal y Ceslum beam CCTE
Frequercy | mequen Hziz z o5 Yex freq re KRES Enciided 244 KRES
IECIICE slglua Lot B K2.1.1
Nmbe o
meaEAreme m
Bmpltack |=054 &0 @)
Remoke Ceglum beam
Freque oy Mgty BFESOMMOCEEN] o 10 mhz | HMeatiement 1d 2E-13 HziHz 2 5% Yes Tty KRES e Bihded | o g o 212 KRS 1ew
shida st i -
Amplitce =054 @0 0)
Remoe Cezlmm beam
Freguensy | frequeioy G"ﬁﬂg‘a:“ g 5 MHz “*3‘1;“f§mm 1d 2E-13 HziHz 2 5% Yes reque aoy WRES w:%%ﬁ:c Eehed | K2.1.2 212 KRES 1w
shndan stndand -
Ampltneke 1=05 &0 &)

® Contact person: Dr.Taeg Yong Kwon (KOREA), tykwon@kriss.re.kr

17

KRISS



Time and Frequency

Sample CMC - column 2

workshop
Calibration and Measurement Capability (1/3) 1. Time scale difference 2(4) , = = = = = = = = -
Calbration or Meas 1Eme rtSe nice Measwrand Lew| of Range “f%h’:':‘é‘:&?{m“-‘ Expanced Uice 1'1 Local CIOCk l \
1.1.1 | Local clock vs. UTC(NMI) I

Column 2
Describe the instrument or artifact under calibration (or measurement) tabled in the CCTF
WGMRA Guideline 1 Rev.200212009.

né'I'I|0'e TRER

b I i I R R e ] B I 2 2.1.1 ’J Local frequency standardi
e scan [remon coorfomermevsna || [0 [iorsampmee [osvey | 20 | e 2 212 I Remote frequency standard | |
: T B e o e s B I : 2.2.Generglfrequkncy source l 1
rARIN) o | meirement o : 221 I General frequency source |
BpGE |-05W @00 2.3 F’equency meger | :
Frequeicy mqu. Diectmequersy | g 10 MHz Gak tme 1000% 2E-13 HzMz 2 2.3.1 1 Frequencv counter
I%( MeSEreme it L 3 I
T — V4 2.3.2 |_Frequency meter .
bl 3. Me Interval 3(10) I !
. Ampitce |>05W @ 2 . I I
St V4 3.1 Period source -
Freqlem: mq.g.g\\ﬂ%:ﬁ MH Gak tme 10005 2E-13 HzHz 2/ 31.1 | Period source |
Local frequency 7 3.2 Time Intervallsource | 1
g— 3.21 | Rise/fall time source | i
Freqiency llve;qc.fg Blectneny Standard z 3.2.2 I PU|Se W|dth source I
s 3.2.3 | Time difference source I :
meaEAreme m
324 | Delay source | i
Ampltace |-05W @0 Q) .
s 3.3 | Period meter I .
Freqrenoy | megueicy BrEommaceem] o | mhz | MesgEment ke B | Ham 2 3.3.1 ] Period meter |
i e 3.4 Time Interval,meter
ruescy | ey [orscommorten| g | s [ owe [ wemenert | gg [ ae | v 2 34.1 i Rise/fall time meter I
T 34.2 : Pl_JIse vv_idth meter I ?
F— . —— 3.4.3 Time difference meter | E
omact person: Ur. laeq Yong hwon i ;ﬁwun@ ISs.re.
3.4.4 ‘ Delay meter /




Time and Frequency
workshop

Sample CMC - column 3

Calibration and Measurement Capability (1/3)

Ltof
Compark o
MeazaremetCondons Rekreice Sudard iged b |SIpporthg tils | DUTE Eect
Calbration or Meas 1 emertSe mice Measrand Lew | or Raige WEpE e KTATDE Epanded Unce falty yet bl e o foard) B Mt ol APMP TCTF Senice Adm Iy ks tration
calbraton
T
IS TAme T or| s TAme Nt Type or | MIimam | Maxmam o age Levelof Sonce of NMIzenice |C s meatois e W REVEW
Quatty | et oo vahe | wane | UM farsmes:: [Secineamaim) e s i Coimdeice Re kg SEndard | ooy e vt T Nuy Statis Comment
calme 1 Colm 2 Caolmi 3 Colms | Colrme S| Calmi G Colme 7 Calme 8 Colmi 9 Colmi 10 Colmi 11 Colmi 12 Colmi 13 Colm 14 Colmi 15 Colma 16 Colme 17 Calme 18 Colmi 19 Calims 20 Colme 21 Colms 22
Local clock Ceslim beam
] Tme 1cak i Dlrecttime e nal =1 1 I jpp=ampithce lonsw mnn T o HO P EEES CCTR Exclick ol 111 KEES

Column 3

Describe the instruments (or method) employed in the calibration (or measurement).
Examples are direct frequency measurement, phase comparison, direct time interval
measurement, stop watch calibrator, time interval counter, etc.

Local Ceslim beam
Frequercy | e ien B mctfeg I2icy 10 10 MHz Gak tme 1000 2E-13 HziHz 2 5% Ves Tty KRIES e Bohded | ko g q 214 KRIES
shida st :
Namber of
measarement m
Bmplince [=05Y @0 &)
OIS
Local o - . Ceglim beam
Freguency | treques E'r:":g‘l‘;w::? .5 5 MHz Gak tine 005 2E-13 HzHz 2 % ez Tequen KRES rc%%q:c Enchded K2.1.1 244 KRES
stidard \ shida :
’A Py
Tagun?¥® 4
.
N, Direct frequency
Local Dlrectireeg 1e oy Ceglim beam COTE

Frequency | meguen MEZEN e & it 1 fex Treg e KRES MO1UTC Encliced 244 KREES

= measurement =

P T Y
Remoke Ceslim beam
Freque oy Mgty BFESOMMOCEEN] o 10 mhz | HMeatiement 1d 2E-13 HziHz 2 5% Yes Tty KRES e Bihded | o g o 212 KRS 1ew
shida st i -
Amplitce =054 @0 0)
Remoe Ceslim beam
Freguensy | frequeioy G"ﬁﬂg‘a:“ g 5 MHz “*3‘1;“f§mm 1d 2E-13 HziHz 2 5% Yes reque aoy WRES &?Eﬁ:c Eehed | K2.1.2 212 KRES 1w
shndan stndand -
Ampltneke 1=05 &0 &)

® Contact person: Dr.Taeg Yong Kwon (KOREA), tykwon@kriss.re.kr
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Time and Frequency
workshop

Sample CMC - column 4 and 5

Calibration and Measurement Capability (1/3)

Ltof
Compark o
MeazaremetCondons Rekreice Sudard iged b |SIpporthg tils | DUTE Eect
Calbration or Meas 1 emertSe mice Measrand Lew | or Raige WEpE e KTATDE Epanded Unce falty yet bl e o foard) B Mt ol APMP TCTF Senice Adm Iy ks tration
calbraton
T
IS TAme T or| s TAme Nt Type or | MIimam | Maxmam o age Levelof Sonce of NMIzenice |C s meatois e W REVEW
Quatty | et oo vahe | wane | UM farsmes:: [Secineamaim) e s i Coimdeice Re kg SEndard | ooy e vt T Nuy Statis Comment
calme 1 Colm 2 Caolmi 3 Colms | Colrme S| Calmi G Colme 7 Calme 8 Colmi 9 Colmi 10 Colmi 11 Colmi 12 Colmi 13 Colm 14 Colmi 15 Colma 16 Colme 17 Calme 18 Colmi 19 Calims 20 Colme 21 Colms 22
Local clock Ceslim beam
] Tme 1cak Dlrecttime e nal 1 I jpp=ampithce lonsw mnn T o HO P EEES CCTR Exclick ol 111 KEES

Column 4 and 5
The minimum and maximum value of a measuring range shall be in column 4 and 5,
respectively. If the measured value is discrete, it shall be in both the column 4 and column 5.
Data shall be entered as a scientific number (e.g., 1.20E-10) and/or integer number (e.g., 1, 5,
10).

Local Ceslim beam
Dlirectimeeg e b CCTF-
Frequercy | e ien IECEITEE 1ElCy 10 10 MHz Gak tme 1005 2E-13 HzHz 2 =4 es Tty KRES e Bohded | ko g q 214 KRES
shida st
Namber of
MESEARMENE 1m
‘ﬂ".} Ampitace =05V @0 0)
& *
Lozal hod . 2% [0m beam
Freguency | treques Directfreq ve vdy 5 - MHz Gahl Tequen KRES CCTR Enchded K2.1.1 244 KRES
THIE I'NEBHI'EI'HEIT“ - sHiE HOO1UTS
o g [—
A’ N
measn
Empl
Lacal 2% lim beam
Dlirectieeg e ey = CCTR
Frequen: e 1e 1 1 MHz Gak tine 10005 ZE-13 HzHz 2 a5% ez Treg e KRES Encivded 214 FRES
Ll Tele MEaT e et Teg e MO1LUTC K2.1.1
Nmbe o
meaEAreme m
Bmpltack |=054 &0 @)
Remoke Ceglum beam
(GPS Commo -4k W Meazareme it CCTF-
Freqieicy Mgty Baanme Ly 0 0 MHz L id 2E-13 HzHz 2 o5 Yes Tty KRES e Bihded | o g o 212 KRES 1ew
shida st
Amplitce =054 @0 0)
Remoe Cezlmm beam
Freguessy | tequengy |GPSCommoi-uew| g 5 MHz | Meatiremeit 1d 2E-13 HziHz 2 5% Yes reque aoy WRES COTR Eehed | K2.1.2 212 KRES 1w
e TAMET tme o1
shndan stndand
Ampltneke 1=05 &0 &)

® Contact person: Dr.Taeg Yong Kwon (KOREA), tykwon@kriss.re.kr
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Time and Frequency
workshop

Sample CMC - column 6

Calibration and Measurement Capability (1/3)

Ltof
Compark o
MeazaremetCondons Rekreice Sudard iged b |SIpporthg tils | DUTE Eect
Calbration or Meas 1 emertSe mice Measrand Lew | or Raige WEpE e KTATDE Epanded Unce falty yet bl e o foard) B Mt ol APMP TCTF Senice Adm Iy ks tration
calbraton
T
IS TAme T or| s TAme Nt Type or | MIimam | Maxmam o age Levelof Sonce of NMIzenice |C s meatois e W REVEW
Quatty | et oo vahe | wane | UM farsmes:: [Secineamaim) e s i Coimdeice Re kg SEndard | ooy e vt T Nuy Statis Comment
calme 1 Colm 2 Caolmi 3 Colms | Colrme S| Calmi G Colme 7 Calme 8 Colmi 9 Colmi 10 Colmi 11 Colmi 12 Colmi 13 Colm 14 Colmi 15 Colma 16 Colme 17 Calme 18 Colmi 19 Calims 20 Colme 21 Colms 22
Local clock Ceslim beam
] Tme 1cak i Dlrecttime e nal =1 1 I jpp=ampithce lonsw mnn T o HO P EEES CCTR Exclick ol 111 KEES

Column 6
Specify the unit of the measured quantity. Examples are s, ns, etc. in the field of time, and Hz,
MHz, etc. in the field of frequency.

Local Ceslim beam
Frequercy | e ien B mctfeg I2icy 10 10 MHz Gak tme 1000 2E-13 HziHz 2 5% Ves Tty KRIES e Bohded | ko q g 214 KRIES
shida st : -
Namber of
measarement m
Bmplince [=05Y @0 &)
Piiainid 3
Local o~ * Ceslim eam
Frec) ey mé'.;! E'r:":g‘l‘;w::? 5 5 w| MHz wGak tme 005 2E-13 HzHz 2 5] ez e 1e hoy KRES rc%%q:c Enchded K2.1.1 244 KRES
E3-11 \J b
* ‘Q
Tans Ham|
Mmeas rem
MHz
Local am
Dlirectieeg e ey CCTR
Frequercy | e e 1 | MHz Gak tme KRES Enciided 244 KRES
ng.m T8ZE N Fem & it g‘ MO1UTE K2.1.1
Nmbe o
measnrement o
Bmpltack |=054 &0 @)
Remoke Ceslim beam
Freque oy Mgty BFESOMMOCEEN] o 10 mhz | HMeatiement 1d 2E-13 HziHz 2 5% Yes Tty KRES e Bihded | o g 5 212 KRS 1ew
shida st i -
Amplitce =054 @0 0)
Remoe Ceslim beam
Freguensy | frequeioy G"ﬁﬂg‘a:“ g 5 MHz “*3‘1;“f§mm 1d 2E-13 HziHz 2 5% Yes reque aoy WRES w:%%ﬁ:c Eehed | K2.1.2 212 KRES 1w
shndan stndand -
Ampltneke 1=05 &0 &)

® Contact person: Dr.Taeg Yong Kwon (KOREA), tykwon@kriss.re.kr
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Time and Frequency

Sample CMC - column 7

workshop
Calibration and Measurement Capability (1/3)
TEtor
Compark o
Calbration or Meas 1rzme vtSe e Meastrand Lew | of Range “fﬁ;’:?&'}?@[ﬁ“-’ Epanckd Unce riahty RetrizSticaiized . [FIppeig ] ‘D UTe Bt APMP TETF Service Adm ks tration
calbraton
fEMICE

Column 7

State parameters that have an influence on the measurement. Examples are measurement time,
amplitude, trigger level, gate time, etc. Temperature and relative humidity shall be omitted
from this column. “Measurement time” indicates the total measurement time when the time
interval measurement method or the phase comparison method is used for the calibration and
measurement. “Gate time” is used when frequency counters or the direct frequency
measurement method is used for the calibration and measurement.

Local Ceslim beam
DireCtiEg e ) CCTF
Freque icy megteior A e 10 10 MHz Gak tme 1000 2E-13 HzHz 2 o Yes g teoy KREES NS Bmhded | o g 1 211 KRIES
st st
Hambe T of
mmmmmmmm & m
Ampitge  |>05W &0 0
‘l
.
Wedl b ectie e oy ¥/ .
5 o~
Freque oy mgueroy | O 5 & WHz | #caetme %) 1o0s 2E-13 H3 . 214 KRES
n v\‘
»
E o Gate time
mmMESFARmMerE
-
T Ampitce 05W @ Q)
‘0
Local as®
Frequenor | megee oy Dlectnente oy 1 i MHz Gak tme 10005 2613 244 FRES
st
WAmbe T of
mmmmmmmm a Number of measurement
Ampitce |05 W &0 0)
Freqieacy ":ETEF GPSCommoi-vEW] g 10 MHz | Meatiremest 1d 2E-13 H 212 KRES
NNy e TAET e :
st
Amplitce =054 @0 0) I o
Freqreicy | tegieney [GPSCommoriew | s whz | Memtvemert 1d 2Bz e / \I I I p Itu d e - VRES
Bucard e Taser tme .
Ampltneke 1=05 &0 &)
| | | | | | | |

® Contact person: Dr.Taeg Yong Kwon (KOREA), tykwonfdkriss.re.kr
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Time and Frequency
workshop

Sample CMC - column 8

Calibration and Measurement Capability (1/3)

Ltof
Compark o
MeazaremetCondons Rekreice Sudard iged b |SIpporthg tils | DUTE Eect
Calbration or Meas 1 emertSe mice Measrand Lew | or Raige WEpE e KTATDE Epanded Unce falty yet bl e o foard) B Mt ol APMP TCTF Senice Adm Iy ks tration
calbraton
T
IS TAme T or| s TAme Nt Type or | MIimam | Maxmam o age Levelof Sonce of NMIzenice |C s meatois e W REVEW
Quatty | et oo vahe | wane | UM farsmes:: [Secineamaim) e s i Coimdeice Re kg SEndard | ooy e vt T Nuy Statis Comment
calme 1 Colm 2 Caolmi 3 Colms | Colrme S| Calmi G Colme 7 Calme 8 Colmi 9 Colmi 10 Colmi 11 Colmi 12 Colmi 13 Colm 14 Colmi 15 Colma 16 Colme 17 Calme 18 Colmi 19 Calims 20 Colme 21 Colms 22
Local clock Ceslim beam
] Tme 1cak i Dlrecttime e nal =1 1 I jpp=ampithce lonsw mnn T o HO P EEES CCTR Exclick ol 111 KEES

Column 8
Specify values, or a range of values, of the influencing parameters applicable to the
measurement. These values shall have appropriate units.

Local Ceslim beam
Dlirectimeeg e b CCTF-
Freq ey Mt IECEITEE 1ElCy 10 10 MHz Gak tme 1005 2E-13 HzHz 2 =4 es Tty KRES e Bohded | ko q g 214 KRES
Namber of
MESEARMENE 1m
Bmplince |=054 @0 Q
‘F; I.A * I@l:l, )
+ Y K CTF-
g G . Wiz | scaetme 8 dos 2613 P Bched | K2.1.1 244 KRES
L] L] -
|| Gate time —L; 2 . 1
f Namberofm 1m
mMEFARME N
- L)
B v, EMpliice o =054 &0 1)
* ‘0 b‘ ‘0
Yan® Vans® CTF
o MHz Gak tme 0Ws 2E-13 e Enciided 244 FRES
Number of ] |
Nmbe o
meaEAreme m O O
- measurement g |3V EL)
Meazareme it CTF-
i MHz L id 2E-13 S Bihded | o g 5 212 KRES 1ew
| Ampli 0.5V (50 Q)
I Itude Meazaremeit > ] CTF- K2.1.2
g p MHz LI 1d 2E-13 o ir Ewciice el 212 KRES 1w
T R | | | | | |
| | | | |

® Contact person: Dr.Taeg Yong Kwon (KOREA), tykwon@kriss.re.kr
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Time and Frequency
workshop

Sample CMC - column 9

Calibration and Measurement Capability (1/3)

Ltof
Compark o
MeazaremetCondons Rekreice Sudard iged b |SIpporthg tils | DUTE Eect
Calbration or Meas 1 emertSe mice Measrand Lew | or Raige WEpE e KTATDE Epanded Unce falty yet bl e o foard) B Mt ol APMP TCTF Senice Adm Iy ks tration
calbraton
T
IS TAme T or| s TAme Nt Type or | MIimam | Maxmam o age Levelof Sonce of NMIzenice |C s meatois e W REVEW
Quatty | et oo vahe | wane | UM farsmes:: [Secineamaim) e s i Coimdeice Re kg SEndard | ooy e vt T Nuy Statis Comment
calme 1 Colm 2 Caolmi 3 Colms | Colrme S| Calmi G Colme 7 Calme 8 Colmi 9 Colmi 10 Colmi 11 Colmi 12 Colmi 13 Colm 14 Colmi 15 Colma 16 Colme 17 Calme 18 Colmi 19 Calims 20 Colme 21 Colms 22
Local clock Ceslim beam
] Tme 1cak i Dlrecttime e nal =1 1 I jpp=ampithce lonsw mnn T o HO P EEES CCTR Exclick ol 111 KEES

Column 9
Specify the best measurement capability (BMC) by extrapolation taking into account the
properties of Reference Standard (See CCTF WGMRA Guideline 3 Rev.20021210),

Local Ceslim beam
Dimctmeg e CCTF
Frequeacy | meques Irctiequeisy | 1 MHz Gak tme 10005 2E-13 HzMz 2 o Yes mgte oy KRES et | Eohged | g 241 KRS
stdal st
Wimber ot
MESEARMENE 1m
Ampinge |~05W @ 0)
P
Lozal r . Ceglim eam
Directieque Z COTF
Frequenoy | meguen ectieqiensy | 5 5 MHz Gak tme L el 2 o Yes Tequeicy KRS ST | Emhoed | k2,11 241 RS
Namber of 1 Tans
measemerts
Ampine =057 @0 Q) 2 E_ I 3
Freqrency ml'qcffnl Direct g e 1cs 1 i MHz Gak tme 10005 2613 HazHz e o 244 FRES
b MESETATem & it K2.1.1
Wimber ot
m
2x1013 — 2E-13
Ampince |-05v @)
REmGE

(G PS Commo ik W

Frequeicy '{*é.t".!&’ AU R 0 10 MHz Heat;“rgment 1d 2E-13 HzHz 2 35E 13 N 2 4E 13 1]

Amplitce =054 @0 0)

G e— e (in one or two significant figures)

(ref. JCRB documents and GUM)
KRISS

Ampltneke 1=05 &0 &)

® Contact person: Dr.Taeg Yong Kwon (KOREA), tykwon@kriss.re.kr
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Time and Frequency
workshop

Sample CMC - column 10

Calibration and Measurement Capability (1/3)

TEtor
Cmﬁrkoﬂl;
Mezareme itCoucitons s Rekreice Stawdard iged |5 \ppordeg DUTE Emect
Calbration or Meas 1 emertSe ke Meastrand Lewe | or Range S e HC o) Epanced Unce ity = Shn SIPPCTNEE | DUTS Ect APMP TCTF Saruice Admh ktratos
calbraton
fEMICE
lestrame st or | [isrime st @ or [MIimm | Magmim Coue & [T SoNcE ot NMIzenk: |C s meatons REyEw Reukw
Quatty | et oo vahe | wane | UM farsmes:: [Secineamaim) e s i Coimdeice Re kg SEndard | ooy e vt T Nuy Statis Comment
Calwmi 1 Colm 2 Colwms 3 Colmy L] Calme S| Calmi g Colme 7 Calme 8 Cohmy 9 Calwmi 10 Colwmi 11 Calmi 12 Calmi 13 Colm 14 Caohm 15 Calm 16 Coalma 17 Colmi 18 Calm 19 Colm 20 Calwms 21 Colmy 2
Local chock Ceslum beam
] Tme 1cak i Dlrecttime e nal =1 1 I jpp=ampithce lonsw mnn T o HO P EEES CCTR Exclick ol 111 KEES
Eew
Specify the unit of the BMC in Column 9. An example of uncertainty in frequency is Hz.
‘.."..".."‘.‘.‘.‘.‘...‘.."..".."‘.‘".‘.‘.‘.‘.‘"."'..".."‘.‘.‘.‘.‘. .‘."‘..".."‘."‘.‘.‘.. EW
&
Y .
:1f the uncertainty is arelative one, this column should be blank.:
ew
.‘...‘...‘.."..".."‘."‘.‘.‘.‘.‘.‘"..".."‘."‘.‘.‘...‘...‘.."..".."‘.‘.‘.‘.‘.‘.‘."‘. ‘:
N
Cesl
Freqeicy mqu. Dlrectmed e iy 10 10 MHz Gak tme 10 & 2E-13 HzHz z o Ves e ‘ ‘ I F WGM RA
I%[ MeSEreme it st
WAmBET of
eistirg| should be “Hz/HZ” or “s/s”
Ampitice |~05 W @0 0
oo e,
Cerlm A
Directieg e = y k
Frecne iy mqu.lgf meatlreqmel?r 5 5 MHz Gak time 10005 2E-13 : HzHz 2 =<3 Yes mqn.g TS P TICTITE T RZ.T.T T TS
7y "\
Namber o 1 Tann®
measemerts
Empimce |=05V @0 Q)
e Direct g e 1cs 1 i MHz Gak tme 1000% 2613 HzHz ik d 244 KREES
Ll TER 124 MEaT e et / K2.1.1 .
Namberor I I 2 I I 2
meaEAreme m
Ampitice |-05W @0 Q)
Remoke Ceglum beam
G PS Commio -4 W Meazaremeit CCTF-
Fregrescy | equeroy |BPSOSIELY 10 m | mhz Al 1d 2613 HzHz 2 o Yes eqz oy wes | COTh | monded | o, 212 KRES rew
Amplitce =054 @0 0)
Remoe Cezlmm beam
Freguessy | tequengy |GPSCommoi-uew| g 5 MHz | Meatiremeit 1d 2E-13 HziHz 2 5% Yes reque aoy WRES COTR Eehed | K2.1.2 212 KRES 1w
stndan e TaNEr tme standan HOO1.UTE
Ampltneke 1=05 &0 &)

® Contact person: Dr.Taeg Yong Kwon (KOREA), tykwon@kriss.re.kr
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Time and Frequency
workshop

Sample CMC - column 11

Calibration and Measurement Capability (1/3)

Tktar
Cmﬁl’kot:;
Meaznreme itCondtorsd Rekreice Stawdard iged |5 \ppordeg DUTs Etect
Calbration or Meas1reme itSe niee Meastrand Lew! or Range e it e Bxpanckd Unce riality Ll P | BT ERel APMP TCTF Serulce Acm s tration
calbaton
RS
istramentor| istrament 8 ar o r@age Levelot T NMIzenice |Claes Mcatons Revkew Reuew
Quatty | et oo g farsmes:: [Secineamaim) e s i Coimdeice Re kg SEndard | ooy e vt T Nuy Statis Comment
Calwmi 1 Colm 2 Colwms 3 Colmy L] Calme S| Calmi g Colme 7 Calme 8 Cohmy 9 Calwmi 10 Colwmi 11 Calmi 12 Calmi 13 Colm 14 Caohm 15 Calm 16 Coalma 17 Colmi 18 Calm 19 Colm 20 Calwms 21 Colmy 2
Local chock Ceslum beam
] Tme 1cak i Dlrecttime e nal =1 1 I jpp=ampithce lonsw mnn T o HO P EEES CCTR Exclick ol 111 KEES
Coverage factor, k. Normally, k = 2.
Local Ceslim beam
Dlirectimeeg e b CCTF-
Freq ey Moty IECEITEE 1ElCy 10 10 MHz Gak tme 1005 2E-13 HzHz 2 =4 es Tty KRES e Bohded | ko q g 214 KRES
Namber of
MESEARMENE 1m
Bmplince [=05Y @0 &)
Local Ceslim eam
Dlrectiee v ey 5 CCTR
Freq ey mEte e aE 1 ] 5 MHz Gak tme 0 s 2E-13 HzHz Yes mgreiy KRES RCi ke Bched | K2.1.1 244 KRES
NAmbe T ar
measemerts i
Fmpice |=05W @0 Q) 2
Dt ey
Free ey etk 1 | MHz Gak tme 10005 26-13 HziHz 2 a5% 1.1 MRES
Nmbe o
meaEAreme m
Bmpltack |=054 &0 @)
Remoke Ceglum beam
(GPS Commo -4k W Meazareme it CCTF-
Freqieicy QLT TR 0 0 MHz L id 2E-13 HzHz 2 o5 Yes Tty KRES e Bihced | (o g 5 212 KRES 1ew
Amplitce =054 @0 0)
Remoe Cezlmm beam
Freguessy | tequengy |GPSCommoi-uew| g 5 MHz | Meatiremeit 1d 2E-13 HziHz 2 5% Yes reque aoy WRES COTR Eehed | K2.1.2 212 KRES 1w
dzlpadin e TAMET tme S o1
Ampltneke 1=05 &0 &)

® Contact person: Dr.Taeg Yong Kwon (KOREA), tykwon@kriss.re.kr
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Time and Frequency
workshop

Sample CMC - column 12

Calibration and Measurement Capability (1/3)

Ltof
Compark o
MeazaremetCondons Rekreice Sudard iged b |SIpporthg tils | DUTE Eect
Calbration or Meas 1 emertSe mice Measrand Lew | or Raige WEpE e KTATDE Epanded Unce falty yet bl e o foard) B Mt ol APMP TCTF Senice Adm Iy ks tration
calbraton
T
IS TAme T or| s TAme Nt Type or | MIimam | Maxmam o age Levelof Sonce of NMIzenice |C s meatois e W REVEW
Quatty | et oo vahe | wane | UM farsmes:: [Secineamaim) e s i Coimdeice Re kg SEndard | ooy e vt T Nuy Statis Comment
calme 1 Colm 2 Caolmi 3 Colms | Colrme S| Calmi G Colme 7 Calme 8 Colmi 9 Colmi 10 Colmi 11 Colmi 12 Colmi 13 Colm 14 Colmi 15 Colma 16 Colme 17 Calme 18 Colmi 19 Calims 20 Colme 21 Colms 22
Local clock Ceslim beam
] Tme 1cak i Dlrecttime e nal =1 1 I jpp=ampithce lonsw mnn T o HO P EEES CCTR Exclick ol 111 KEES

Column 12
Level of confidence associated with the uncertainty. Uncertainties are normally evaluated at a
level of confidence of 95%.

Local Ceslim beam
DireCtiEg e ) CCTF
Fregrescy | freques A e 10 10 MHz Gak tme 1000 2E-13 HzHz 2 o Yes g teoy KREES NS Bmhded | o g 1 211 KRIES
st st
Hambe T of
MESEARMENE 1m
Ampitge |>05W &0 0
oo e,
Local r « Ceslim eam
Frec) ey f:eé:‘;; E'r:":g‘l‘;w::? 5 5 MHz Gak tine 005 2E-13 HzHz 2 . % S ez mgreiy KRES M%'-;?E:C Enchded K2.1.1 244 KRES
S ... -“~\l
mmker [ ]
measemerts i
SR Lt 95%
Tocal
Frqrency | meguen Dlectnente oy 1 i MHz Gak tme 1000% 2613 HzHz 2 5% Yes Riss
san
WAmbe T of
meaEAreme m
Ampitce |05 W &0 0)
Remoke Ceglum beam
(GPS Commo -4k W Meazareme it CCTF-
Frequeicy megteroy [SFS 10 10 MHz ka e 1d 2E-13 HzHz 2 o5 Yes mgteoy KRES ol Bohced | 4o g5 212 KRES 1ew
st st
Amplitce =054 @0 0)
Remoe Cezlmm beam
Freguessy | tequengy |GPSCommoi-uew| g 5 MHz | Meatiremeit 1d 2E-13 HziHz 2 5% Yes reque aoy WRES COTR Eehed | K2.1.2 212 KRES 1w
e AT e HoiuTe
stan stndan
Ampltneke 1=05 &0 &)

® Contact person: Dr.Taeg Yong Kwon (KOREA), tykwon@kriss.re.kr
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Time and Frequency
workshop

Sample CMC - column 13

Calibration and Measurement Capability (1/3)

Thtor
comﬁrko“n;
Meaznreme itCondtorsd Rekreice Stawdard iged |5 \ppordeg DUTs Etect
Calbration or Meas reme 1tSe e Measurand Lol or Raige T A Bparded Unce riahty e SIpPRae D] AU Erbet APMP TCTF Service S I s tration
calbraton
RS
istramentor| istrament 8 ar o r@age Levelot T NMIzenice |Claes Mcatons Revkew Reuew
Quatty | et oo g farsmes:: [Secineamaim) e s i Coimdeice Re kg SEndard | ooy e vt T Nuy Statis Comment
Calwmi 1 Colm 2 Colwms 3 Colmy L] Calme S| Calmi g Colme 7 Calme 8 Cohmy 9 Calwmi 10 Colwmi 11 Calmi 12 Calmi 13 Colm 14 Caohm 15 Calm 16 Coalma 17 Colmi 18 Calm 19 Colm 20 Calwms 21 Colmy 2
Local chock Ceslum beam
] Tme 1cak i Dlrecttime e nal =1 1 I jpp=ampithce lonsw mnn T o HO P EEES CCTR Exclick ol 111 KEES
' ' ' ' m “Yes”, if not, “NO”
If the BMC is arelative uncertainty, this column should be , iIf not, “No”.
Local Ceslim beam
DireCtiEg e ) CCTF
Freque icy megteior A e 10 10 MHz Gak tme 1000 2E-13 HzHz 2 o Yes g teoy KREES NS Bmhded | o g 1 211 KRIES
Hambe T of
MESEARMENE 1m
Ampitge |>05W &0 0
es e,
Local o CE s lim Deam
Direct g i oy 5 CCTF-
Freque oy megte e e I 5 & MHz Gak tme 10005 2E-13 HzHz 2 (5 KRES T, eeheed | k2.1.1 214 KRES
WAmDe T or
measemerts i
Fmpice |=05W @0 Q) Ye S
Ceslum beam
Dlrect e
Free ey etk 1 | MHz Gak tme 10005 26-13 HziHz 2 a5% ez Eeg:é.
WAmbe T of
meaEAreme m
Ampitce |05 W &0 0)
Remoke Ceglum beam
(GPS Commo -4k W Meazareme it CCTF-
Frequeicy megteroy [SFS 10 10 MHz ka e 1d 2E-13 HzHz 2 o5 Yes mgteoy KRES ol Bohced | 4o g5 212 KRES 1ew
Amplitce =054 @0 0)
Remoe Cezlmm beam
Freguessy | tequengy |GPSCommoi-uew| g 5 MHz | Meatiremeit 1d 2E-13 HziHz 2 5% Yes reque aoy WRES COTR Eehed | K2.1.2 212 KRES 1w
fhe e, e AT e bt HoiuTe
Ampltneke 1=05 &0 &)

® Contact person: Dr.Taeg Yong Kwon (KOREA), tykwon@kriss.re.kr
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Sample CMC - column 14

Calibration and Measurement Capability (1/3)

Ltof
Compark o
MeazaremetCondons Rekreice Sudard iged b |SIpporthg tils | DUTE Eect
Calbration or Meas 1 emertSe mice Measrand Lew | or Raige WEpE e KTATDE Epanded Unce falty yet bl e o foard) B Mt ol APMP TCTF Senice Adm Iy ks tration
calbraton
T
IS TAme T or| s TAme Nt Type or | MIimam | Maxmam o age Levelof Sonce of NMIzenice |C s meatois e W REVEW
Quatty | et oo vahe | wane | UM farsmes:: [Secineamaim) e s i Coimdeice Re kg SEndard | ooy e vt T Nuy Statis Comment
calme 1 Colm 2 Caolmi 3 Colms | Colrme S| Calmi G Colme 7 Calme 8 Colmi 9 Colmi 10 Colmi 11 Colmi 12 Colmi 13 Colm 14 Colmi 15 Colma 16 Colme 17 Calme 18 Colmi 19 Calims 20 Colme 21 Colms 22
Local clock Ceslim beam
] Tme 1cak i Dlrecttime e nal =1 1 I jpp=ampithce lonsw mnn T o HO P EEES CCTR Exclick ol 111 KEES

Column 14

Reference standard employed in transferring or assigning the measured value(s) to the
measurand. An example of frequency measurements, examples are cesium beam frequency
standard, hydrogen maser, rubidium frequency standard, or quartz oscillators.

Local Ceslim beam
Directeq e CCTF-
Frequency | feques Iectiequeisy | o 10 MHz Gak tme 1000s 2E-13 HzHz 2 os% Yes g teoy KREES NS Bmhded | o g 1 2.4 KRES
st st
Wimber of
measarement m
Ampifage |~05W @0 0
enNEy
Local & |Cezimean e
Directeq e 5 CCTF-
Frequeroy | megie recTTEgIEscy: ] 5 MHz Gak tme 10005 2E-13 HzHz 2 % Yes g | eques KRES T, Echckd | K2.1.1 2.4 KRS
s | smum .\<|
hé .
WimbeT o Taans®
measuremert ioo \
.
il i Cesium beam
Local Ceslum beam
Frquessy | mqueis, | ORctiEgrensy | i MHz Gk tme 1ooE 2613 HzHz z o Yo Teque KRES
shda s
Wimber o
e frequency standard
Ampifage |-05W @0 Q)
Remoke Ceslim beam
Freque oy Mgty BFESOMMOCEEN] o 10 mhz | HMeatiement 1d 2E-13 HziHz 2 5% Yes Tty KRES e Bihced | (o g 5 212 KRS 1ew
HE st ] e
Amplitce =054 @0 0)
Remoe Ceslim beam
Freguensy | frequeioy G"ﬁﬂg‘a:“ g 5 MHz “*3‘1;“f§mm 1d 2E-13 HziHz 2 5% Yes reque aoy WRES &?Eﬁ:c Eehed | K2.1.2 212 KRES 1w
sHIan sHIEn :
Ampltneke 1=05 &0 &)

® Contact person: Dr.Taeg Yong Kwon (KOREA), tykwon@kriss.re.kr
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Sample CMC - column 15

Calibration and Measurement Capability (1/3)

Ltof
Compark o
MeazaremetCondons Rekreice Sudard iged b |SIpporthg tils | DUTE Eect
Calbration or Meas 1 emertSe mice Measrand Lew | or Raige WEpE e KTATDE Epanded Unce falty petlett LBl i e ) Bl APMP TCTF Senice Adm Iy ks tration
calbraton
T
IS TAme T or| s TAme Nt Type or | MIimam | Maxmam o age Levelof Sonce of NMIzenice |C s meatois e W REVEW
Quatty | et oo vahe | wane | UM farsmes:: [Secineamaim) e s i Coimdeice Re kg SEndard | ooy e vt T Nuy Statis Comment
calme 1 Colm 2 Caolmi 3 Colms | Colrme S| Calmi G Colme 7 Calme 8 Colmi 9 Colmi 10 Colmi 11 Colmi 12 Colmi 13 Colm 14 Colmi 15 Colma 16 Colme 17 Calme 18 Colmi 19 Calims 20 Colme 21 Colms 22
Local clock Ceslim beam
] Tme 1cak i Dlrecttime e nal =1 1 I jpp=ampithce lonsw mnn T o HO P EEES CCTR Exclick ol 111 KEES

Column 15

An organization transferred the measured value(s) to the reference standard stated in Column
14. If the reference standard istraced to the UT C(k) within the NM | k submitting the
CMC, then the NM| shall stateitself asthe source of traceability. Otherwise, an external
organization, such as another NM| or the BIPM, shall be identified

Namber of
mmmmmmmm & m
Bmplince [=05Y @0 &)
“
Local Ceslim 2am fo .
Freguency | menien Dlrectireq se boy 5 5 MHz Gak tine 005 2E-13 HzHz 2 % ez TR NEE RES a, SCTH Exclied K2.1.1 244 KRES
e | measiement uihHL o N.UTC
*
>
mmerer | | 1 1 1 1 | | "==="
mmmmmmmm & m
Emplfnce |=054 (@0 &) KR I SS
Lacal Ceslum beam
Dlirectieeg e ey CCTR
Freqeency | mequen 1 1 MHz Gak tme 10005 2E-13 HzHz 2 a5% ez e ae KRES
‘glmg T8ZE N Fem & it stgnchg MO1UTE
Nmbe o
mmmmmmmm & im

e The cesium beam frequency standard being used
| e | o | v | || - == | = | - asthereference standard at KRISS istraced to
T e the UTC(KRIS) with inthe KRISS.

Remoe R —
(G PS Commo i-ike w Meazarement CCTF- K2.1.2
Freqeeacy IIE-S.ICE.;:U)( & TR 5 5 MHz 5 1d 2E-13 HzHz 2 T!gllélrt‘;; i uTe Exhded 212 KRES

Ampltneke 1=05 &0 &)

® Contact person: Dr.Taeg Yong Kwon (KOREA), tykwon@kriss.re.kr
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Sample CMC - column 16

workshop
Calibration and Measurement Capability (1/3)
TEtor
Compark o
Calbration or Meas 1rzme vtSe e Meastrand Lew | of Range “f%h’:':‘;'}ﬁ?;{%"-’ Epanckd Unce riahty RetrizSticaiized . [FIppeig ] ‘D UTe Bt APMP TETF Service Adm ks tration
calbraton
$8 MIcE

Column 16

If, as stated in Column 15, a NMI employed its own standard for traceability, it shall then
provide information on international comparison(s) involving that standard. It may state, for
example, the reference number(s) used by the organizers such as the BIPM, CCTF or |-
an RM O to identify the comparison(s). il
In cases where an externa organization provides the source of traceability, the NMI shall ||
Instead state the reference number (s) of relevant calibration certificatesin Column 16.

| |

Local Ceslim beam
Directtreq1e b CeTh
Freqrescy | equetor rectmgieisy | g 1n uHz Gak tme 1o s 2643 HzHz 2 o Yes Teqs 1oy wes | CCTE | monded | o q 4 244 KRIES
st st
WAmBET of
mmmmmmmm & m
Ampitice |~05 W @0 0
P
Lozal Ceglim eam -
Dlrectireg ve voy Z CETH
Freqrescy | equercy | Cectingiess 5 5 MHz Gak time 1oms wrmwm .. Bichded | K2.1.1 244 KRS
L3
WAmBer of s BRITT
mmmmmmmm &
=
FmpiaE  |-05v @ .
Tocal
Frqreroy | meguency Dlectnente oy 1 i MHz Gak tme 1000 JECTE | Echioed 24 KRES
san

e | = The KC number of CCTF-K001.UTC |sbe| ng
- ™™ [ used instead of CCTF-K2001.UTC from March,

Fem
Freqieacy mq.g.g G"Snﬁg“ngﬁ:;“ 0 10 MHz “‘ﬂ;“fgmm 1d KRES
i 2007 in the BIPM KCDB
Ampilttece =05% @0 I e "
FemoE
Freq ie oy mgu‘ej;rcu;; Gpﬁfﬁngal;:“' 5 5 MHz Ilea;l“rgmen s
fau

Ampitce

___ (refer the report of the 17th CCTF meeting)

® Contact person: Dr.Taeg Yong Kwon (KOREA), tykwon@kriss.re.kr

31
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Sample CMC - column 17

Calibration and Measurement Capability (1/3)

Ltof
Compark o
MeazaremetCondons Rekreice Sudard iged b |SIpporthg tils | DUTE Eect
Calbration or Meas 1 emertSe mice Measrand Lew | or Raige WEpE e KTATDE Epanded Unce falty yet bl e o foard) B Mt ol APMP TCTF Senice Adm Iy ks tration
calbraton
T
IS TAme T or| s TAme Nt Type or | MIimam | Maxmam o age Levelof Sonce of NMIzenice |C s meatois e W REVEW
Quatty | et oo vahe | wane | UM farsmes:: [Secineamaim) e s i Coimdeice Re kg SEndard | ooy e vt T Nuy Statis Comment
calme 1 Colm 2 Caolmi 3 Colms | Colrme S| Calmi G Colme 7 Calme 8 Colmi 9 Colmi 10 Colmi 11 Colmi 12 Colmi 13 Colm 14 Colmi 15 Colma 16 Colme 17 Calme 18 Colmi 19 Calims 20 Colme 21 Colms 22
Local clock Ceslim beam
] Tme 1cak i Dlrecttime e nal =1 1 I jpp=ampithce lonsw mnn T o HO P EEES CCTR Exclick ol 111 KEES

Column 17

Write “Excluded DUT’s Effect” if the uncertainty is estimated for the hypothetical case,
“Included DUT’s Effect” if it is estimated for actual DUT effect. And state comments here if
necessary on entriesin Column 1 to 16.

Local Ceslim beam
DireCtiEg e ) CCTF
Fregrescy | freques A e 10 10 MHz Gak tme 1000 2E-13 HzHz 2 o Yes g teoy KREES NS Bmhded | o g 1 211 KRIES
st st
Hambe T of
MESEARMENE 1m
Ampitge |>05W &0 0
oo e,
Local Ceflim eam o *
Freguency | menien Dlrectireq se boy 5 5 MHz Gak tine 005 2E- CCTR- nekd | wK2.1.1 244 KRES
prisbly B A FEm & it IE‘U;D"/? i E
*
»
Namber of Tans®
Empimce |=05W &0 2) XC u e
Freqrency ml'qcffnl Dlectnente oy 1 i MHz Gak tme 10005 26 Rt Erchded 244 FRES
standal standand » K2.1.1
WAmbe T of
meaEAreme m
Ampitce |05 W &0 0)
Remoke Ceglum beam
(GPS Commo -4k W Meazareme it CCTF-
Frequeicy megteroy [SFS 10 10 MHz ka e 1d 2E-13 HzHz 2 o5 Yes mgteoy KRES ol Bohced | 4o g5 212 KRES 1ew
st st
Amplitce =054 @0 0)
Remoe Cezlmm beam
Freguessy | tequengy |GPSCommoi-uew| g 5 MHz | Meatiremeit 1d 2E-13 HziHz 2 5% Yes reque aoy WRES COTR Eehed | K2.1.2 212 KRES 1w
fhe e, e AT e bt HoiuTe
Ampltneke 1=05 &0 &)

® Contact person: Dr.Taeg Yong Kwon (KOREA), tykwon@kriss.re.kr
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Sample CMC - column 18 and 19

Calibration and Measurement Capability (1/3)

Time and Frequency
workshop

Litaf
Comparkoss
carcartwa tiie | oniime oot

||:|n ot wetorel ar el

PRt 1 I co acsan

Column 18 and 19

Specify the Category Number of Classification of Services (See CCTF WGMRA Guideline 1
rev. 20021209) like “3.2.1”, not a Category Name.

H 2. Frequency 3(9)
2.1 S];andarq frequency source
3Lt Local frequency standard
2.12 Remote frequency standard
2.2.General frequency source
2.2.1 ’G@neral frequency source
2.3 Frequency meter ™.,
2.3.1 Frequency counter
i 2.3.2 Frequen’cy’ meter
[ 3. Time Interval 3(10) ‘o,
3.1 Period source
3.11 Period source “*s,,
3.2 Time Interval source
3.2.1 Rise/fall time source ™.,
3.2.2 Pulse width source
3.2.3 Time difference source .
3.24 Delay source
3.3 Period meter
3.3.1 Period meter
3.4 Time Interval meter
34.1 Rise/fall time meter
3.4.2 Pulse width meter
) 3.4.3 Time difference meter
3] 3.4.4 Delay meter

Cexlim eam CCTF
Na E‘é.'é;.%’ KRES T UTE Exclidked K1.2.1 124 KRES ew
Cezlmm beam
No e Re BIPM CCTR Ewchice el 123 KRES iew
ik, vt uTC K1.2.2
TEEm Deam COTE
Yes e 1e oy IRES echeed | k2.1.1 214 KREES 1ew
standand KOO1.UTS
Ceslim beam CoTE
Yes g teoy KREES NS Bmhded | o g 1 211 KRIES

- KRISS category mienit = =

L
4
’0 “ L 3

- number of 7 =L
_services [

K2.1.1 ||~

. bV
¢““
Yer C?&E::gg«m wes | CCTE | Ewned K‘2‘.&.‘2“ 212 KRES rew
.
" te, .*®
o, oo®
Yaz hﬁ%‘ﬁ;ﬂ .= ﬁ%m‘ Bohced | K2.1.2 212 RES -

——  KRISS




Time and Frequency
workshop

Sample CMC - column 20

Calibration and Measurement Capability (1/3)

Thtor
Cmﬁl’kot:;
Meaznreme itCondtorsd Rekreice Stawdard iged |5 \ppordeg DUTs Etect
Calbration or Meas reme 1tSe e Measurand Lol or Raige T A Bparded Unce riahty e SIpPRae D] AU Erbet APMP TCTF Service S I s tration
calbraton
RS
istramentor| istrament 8 ar o r@age Levelot T NMIzenice |Claes Mcatons Revkew Reuew
Quatty | et oo g farsmes:: [Secineamaim) e s i Coimdeice Re kg SEndard | ooy e vt T Nuy Statis Comment
calme 1 Colm 2 Caolmi 3 Colms | Colrme S| Calmi G Colme 7 Calme 8 Colmi 9 Colmi 10 Colmi 11 Colmi 12 Colmi 13 Colm 14 Colmi 15 Colma 16 Colme 17 Calme 18 Colmi 19 Calims 20 Colme 21 Colms 22
Local clock Ceslim beam
] Tme 1cak i Dlrecttime e nal =1 1 I jpp=ampithce lonsw mnn T o HO P EEES CCTR Exclick ol 111 KEES
Name of the submitting NMI, such as CRL, NIM, NML, etc.
Local Ceslim beam
Fregrency | frequ Diectmequeisy | g 10 MHz Gak tme 10005 2613 HziHz 2 S Yes equen KRES GG LR Exchded 214 KRES
e | messirement bl MO1UTE K2.1.1
Hambe T of
measarement m
Ampitge |>05W &0 0
oo Ne,
Local Ceslim eam
Direct g i oy 5 CCTF-
Freque oy megte e e I 5 & MHz Gak tme 10005 2E-13 HzHz 2 (5 Yes TequEicy KRES T, eeheed | k2.1.1 2 o wmss
WAmBer of *vs .-“
amber L]
measuremert ioo
ATPIES e KR I SS
Dlfectreq e
Free ey etk 1 | MHz Gak tme 10005 26-13 HziHz 2 a5% 244 MRES
WAmbe T of
measnrement o
Ampitce |05 W &0 0)
Remoke Ceslim beam
Frequeicy | megueoy |SPSCOMMO-VEW] g 10 MHz | Meatirement 1d 2E-13 HziHz 2 5% Yes eq 1en KRES CCTR Exciicked 212 KRS 1ew
gkl g e TAET e TEQNE N HOT LTS K2.1.2
Amplitce =054 @0 0)
Remoe Ceslim beam
Freguensy | frequeioy G"ﬁﬂg‘a:“ g 5 MHz “*3‘1;“f§mm 1d 2E-13 HziHz 2 5% Yes reque aoy WRES w:%%ﬁ:c Eehed | K2.1.2 212 KRES 1w
stan stndan :
Ampltneke 1=05 &0 &)

® Contact person: Dr.Taeg Yong Kwon (KOREA), tykwon@kriss.re.kr
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Sample CMC - Contact Person

Calibration and Measurement Capability (1/3)

Thtor
Comparkons
MeazaremetCondons Rekreice Sudard iged b |SIpporthg tils | DUTE Eect
Calbration or Meas 1 eme ytSe nice Meastand Lew | or Raige e o it Epanckd Unce riahty il SN e | DuFe Emel APMP TCTF Serlce Adm ks ration
calbraton
LT
TR TAMENTOr| IS TAME T Type of | MINTam | Maam im Toe e e lot SN TE O IR FE=in FEUEW RevEw

Quatty | et oo vahe | wane | UM farsmes:: [Secineamaim) e s i Coimdeice Re kg SEndard | ooy e vt T Nuy Statis Comment
Calwmi 1 Colm 2 Colwms 3 Colmy L] Calme S| Calmi g Colme 7 Calme 8 Cohmy 9 Calwmi 10 Colwmi 11 Calmi 12 Calmi 13 Colm 14 Caohm 15 Calm 16 Coalma 17 Colmi 18 Calm 19 Colm 20 Calwms 21 Colmy 2

Contact Person (bottom of the table)

Information of a contact person of the submitting NMI (name of country) and his’/her email
address.

Lo T o T T
Local Ceslim beam
Frequercy | e ien B mctfeg I2icy 10 10 MHz Gak tme 1000 2E-13 HziHz 2 5% Ves Tty KRIES e Bohded | ko q g 214 KRIES
st st : e
Hambe T of
measarement m
Ampitge |>05W &0 0
Local Ceslim eam
Freguency | treques E'r:":g‘l‘;w::? 5 5 MHz Gak tine 005 2E-13 HzHz 2 % ez mqn.g KRES rc%%q:c Enchded K2.1.1 244 KRES
st T :
WAmDe T or
measuremert ioo
Fmpice |=05W @0 Q)
Local Ceslum beam
Dlrecteq e oy CCTF
Frequen: e 1e 1 1 MHz Gak tine 10005 2E-13 HzHz 2 a5% ez e ae KRES Encivded 214 FRES
Qe sy Tele MEAT R i Teg e M1 K2.1.1
WAmbe T of
measnrement o
FEmoE
Freq ne icy 1}@&.@3 . 1eW
.
» Contact person: Dr. Taeg Yong Kwon (KOREA), tykwon@kriss.re.kr
FemoE
Frequency | feguen 1w
stan T T ET J/ _ =] ]
— ]
Tl == L L -Wm..lwyﬁg)"__" .
PY L LI}

’:g Contact person: Dr.Taeg Yong Kwon (KOREA), tykwon@kriss.re.kr _.:-
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APMP TCTF Guidelines for CMC  [{{{ASsalsss

Column 21
An entry to be given by WG MRA.

Column 22

Comment on the review to be given by WG MRA. Results of assessments are
classified into two groups — Accepted or Not accepted.

% ——————KRISS



Contents e

] Review

» CCTF Guidelines
» TCTF Guidelines

» making CMCs in accordance with the CCTF and TCTF
guidelines

 Discussion

» Review Comments
d Summary

» Things to be considered for making CMCs
1 JCRB documents

» Procedure for modifying CMCs in Appendix C of the
KCDB website

37— oo — KRISS



Time and Frequency
workshop

Review comments

d "BMC is too small” or “BMC is too big”

» The NMI submitting CMCs should explain how they
estimated the BMCs.

d column ## Is In blank

> All columns from 1 to 20 of in the CMC sheet table should be
filled in.

 Mistyping
EX) It seemsthat “Yes” in column 13 of row 5 is mistyping of “No”.

3 ———— KRISS



REVieW COmmentS on Time and Frequency
Time scale difference o

d Column 3 in the services of “Local clock vs. UTC” and “Remote clock
vs. UTC”

make it clear whether predicted UTC or post-processed UTC is used
Example)

“Direct time interval measurement”
— “Comparison against predicted UTC”

% —_—— KRISS



ReVi ew commen tS on Time and Frequency
Fre oquenc workshop

O State the measurement conditions clearly

» gate time, number of measurement, measurement time, and so on
Example) “measurement time =100 s”

It is unclear whether it means
“gate time=100 s and number of measurement is not stated”,
or
“100 sisthetotal measurement time (= gate time
times number of measurement) ”.

0 ———— KRISS



Contents e

] Review

» CCTF Guidelines
» TCTF Guidelines

» making CMCs in accordance with the CCTF and TCTF
guidelines

 Discussion

» Review Comments
d Summary

» Things to be considered for making CMCs
d JCRB documents

» Procedure for modifying CMCs in Appendix C of the
KCDB website

6w —_———— KRISS



Time and Frequency
Su m m ary Workshop

Things to be considered for making CMCs.

d The CCTF WGMRA and TCTF guidelines for CMC entries
d JCRB document

> |t requiresthat NMI use the Excel filesfor CMC sheet.
» Procedure for modifying CMCsin Appendix C

0 —P—P—P—PRm—m———— KRISSs



Contents e

] Review

» CCTF Guidelines
» TCTF Guidelines

» making CMCs in accordance with the CCTF and TCTF
guidelines

1 Discussion

» Review Comments
d Summary

» Things to be considered for making CMCs
1 JCRB documents

» Procedure for modifying CMCs in Appendix C of
the KCDB website

n —- ¥ ¥ KRISS
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44

in Appendix C ol
DOCUMENT JCRB-8/10 rev 9 November 2004

Modifications of a published CMC usually arise for reasons
falling into one of three categories:

a) material or editorial errors and improvements to the
explanatory text for a quantity, instrument, method etc.;

b) increase of the uncertainty or reduction in scope, decided
by the NMI or following a comparison result;

c) change of the method of measurement or reduction of the
uncertainty or increase in scope.

KRISS



Time and Frequency
workshop

Modifications under category a)

a) material or editorial errors and improvements to the
explanatory text for a quantity, instrument, method etc.;

» Modifications do not change the essence of the CMC (instrument,
range of the quantity and of the parameters, method, uncertainty,
traceability)

O For this category of modifications,
» the internal and the inter-RMO reviews are unnecessary.

» The NMI will send its proposal for change to the Technical
Committee (TC) chairperson of its RMO, who will contact the
coordinator of the BIPM database.

5 —m—— KRISS
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Modifications under category b)

b) increase of the uncertainty or reduction in scope, decided
by the NMI or following a comparison result;

» Modifications may be requested, for example, by an NMI wanting
to reduce its engagement in the particular measurement activity or
they may follow from a comparison result showing a significant
unresolved deviation from the key comparison reference value.

O For this category of modifications,
» the internal and the inter-RMO reviews are unnecessary.

» The NMI will send its proposal for change to the Technical Committee
(TC) chairperson of its RMO, who will contact the coordinator of the BIPM
database.

» in case that the change was originated by a comparison result,

v the TC chairperson should verify that the reduction in scope or the
increase of the uncertainty is sufficient to assure the equivalence of
the measurements.

26— KRISS



Modifications under category c) e

c) change of the method of measurement or reduction of the
uncertainty or increase in scope.

O For this category of modifications,
» should follow the full procedure of internal and inter-RMO review,
as if they were new CMCs.

Notes:

Modifications must be made only on the Excel files available from the link.
“Get published CMCs”, located in the Summary box of the JCRB Website

(http://www.bipm.org/JCRBCMCs/).

b ————— KRISS
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Contents

Uncertainty
* Uncertainty of UTC

* Uncertainty of UTC(NMI)
* Uncertainty of UTC(NMI) distribution system

 Uncertainty of calibration method

/ \
NICT



Uncertainty

{m Uncertainty of UTC

{m Uncertainty of UTC(NMI)

Uncertainty of
Distribution system

T -

Calibration system Uncertainty of




Uncertainty of UTC

TIrME WD ) REE Jebv-DE) UMD AL

© e CIRCULAR T data

4 - Duration of the TAI scale interval.

TAI iz a realization of coordinate timwe TT. T - - -

interval of TAI from cthat of TT (che 3I secom Perlo O eStII I Iatlon

with the opposite sign: d = =yTAI. In this se

the end-point phase difference to the durstio

be expressed as the guadratic sum of three cof \
mmLesThisiier 55039-55074  5.3x10**-15C_0.5x10**-15 )
1.0%10%%-16 ¥ =grr(t). The relation heruesn E ] ]

Aetivities.

In the first table, d is obtained, on the giw 2009 Jl | I 2 ; -— 2 009 A
of che given individual Primary Fregquency Sta

instability of the PFS, uB iz the combined un
link between the PFS and the clock parcicipating to TAT, including che uncercainty 4Gue to Che dead-tife, ul/TAIL 135
the uncertainty in the link to TAI, u is the guadratic sum of all four uncertainty values. Fef|uB) is a reference
giving information on the wvalues of uB or i3 the Circular T where the reference was first given. uB({Ref) i=s the uB
value stated in this references. Note that all uncertainties may vary over time and that the currentuf values are

generally not the same a2 the peer reviewed values given in Ref (uB). See “htop://www.bipm.oro’ imeFtp.jsp”

for previous issues of Circular T and individual Reports of Evaluation of Primary Frec hat explain g

changes in uncertainties. All values are expressed in 107%-15 and are valid only for the of estimation. tI W r I V I
Standard Period of d uk uB  ul/Lab ul/Tai u  ERef{uB) ub(Ref) Note

Estimation

[] []
PTE=-C31 55039 55074 =0.80 5.00 8.00 0,00 0.11 9.43 Ti48 a. { I n a ql Od
FTE-C32 55039 55074 7.17 3.00 12.00 ©O.00 0.11 12.37 T148 1z.

SYRTE=-JPO 55039 55044 4,59 1.39 6.30 0.30 1.99 6.76 Ti60 6,30

SYRTE-JPO 55069 55074 1.78 1.44 5.30 0.30 2.29 6.86 T160 6.30

SYRTE-FO1 55054 55074 4.20 0.20 0.43 0.11 0.66 D.82 TZ227 0.4r

SYRTE-FO2 55044 55074 5.31 0.50 0.45 0.11 0.48 0.82 Téz7 0.7

SYRTE-FON 55044 55074 5.70 0.z0 0.71 2.00 0.46 2.18 Ti84 a

PTE-C3F1 55019 55049 7. 64 0.13 0.76 0.01 0.13 Q.78 Ti62

Notes:

{1) Continuously operating as & clock participating to TAI
{2) Report 04 SEF. 2009 by LNE-SYRTE

(3] Report 18 AUG. 2009 by PTE

=
The second table gives the BIPH estimate of d, based on all available PFS measurements over the period NJD C

54679~-55074, taking into ac - ing the instability of EAL as n a a n O
noted sbove. 1 puted standsrd uncertainty of d

ute”

Period of estimation d u
55039-55074 5.3x10%%-15 0.5x10%*-15 (2009 JUL 27 - Z009 AUG 31)

5 - Relations of UTC an

(0.0 1 E i -
| i 2




Uncertainty of UTC(NMI)

Uncertainty of UTC(NMI) consists of

» Uncertainty of UTC(NMI) in CIRCULAR-T
=) The worst value of u, in a period

* Prediction of UTC(NMI) Uncertainty for 1 M
 CIRCULAR-T Is published 1 month later

= Frequency stability of the source clock &
System noise of the regulator (ex. AOG)

7\
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Uncertainty of UTC(NMI)
In CIRCULAR-T

CIRCULART data
;mm mts) #rW) EES Joiv-h@ V-uD A U cer ta| nty/ ns
@\. C'. X LA 't:tff.'ftDE.bipm.ur:;’wb:’lafﬁ uA uB U

Lo KCRBA=T | | HotMail OFEFIH—E2 | | Windows Media | Win|

e NICT (Tokyo) 0.7/46 47

2009 SEPTEMBEER 09, 16h UTC -
BEUREAU INTERNATICNAL DES POIDS ET MESURES .
ORGANISATION INTERGOUVERNEMENTALE DE LA CONVENTION DU HETRE

PAVILLON DE BRETEUVIL F-92312 SEVRES CEDEX TEL. +33 1 45 07 70 70 FAX. 433 1 45 34 20 21 ctaifbipm.ory

1 - Coordinated Universal Time UTC and it= local realizations UTC (k). Computed values of [UTC-UTC(k)]
and uncertainties walid for the period of this Circular. h W r V
From 2009 Janusry 1, Oh UOTC, TAI-UTC = 34 3.

Date 2009 Oh UTC JUL &7 ATG 1 AUG B AUG 11 AUG 16 ATIG Z1 AUG 26 AUG 31 noertaintyd ne Jtes - -

HJD 55039 55044 55049 55054 55059 55064 55069 55074 ub u
Laboratory k [UTC-UTC (k)] /n= I n a pa‘l O
AOS  (Borowiec) -3.4 -2.5 -2.8 -1.8 0.5 2.4 5.4 5.0 1.5 5.1 5.4
APL (Laurel) -1.0 5.9 8.2 11.6 14.3 11.8 6.5 22. 1.5 5,1 5.3
AUS (Sydney) 853,85 955.6 966, 6 973.9 8978.1 983.3 99z.1 i005. 1.5 5.1 5.3
BEV (Wien} 40.0 38.0 30.9 23.6 26.5 21.9 22.8 Z6. 1.5 3.2 3.6
BIM (Sofiwa) -7083.8 -7072.5 -7083.1 -7086.5 -7085.9 -7077.5 -7065.6 -7055. 2.0 Fod 7.4
EIRM (Beijing) -8316.8 -8357.7 -835895.2 -5436.1 -8471.7 -8510.2 -8542.6 -8574. 2.8 0.0 20.1
BY (Hinsk} -60.6 -55.9 -45.5 -26.1 -17.3 -24.2 =-1%.2 -8 2.0 Tal 7.4
CAO (Cagliari) -3289.5 =3307.8 -3312.4 =-3328.5 -3339.3 -3337.1 -3358.1 -3376 1.5 Tl T.2
CH (Bern) 6.9 1.8 3.7 -2.5 -2.3 -0.4 -2.1 -4 g.5 1.6 1.6
CNM  (Queretaro) 24.0 31.6 35.9 25.7 21.0 11.7 4.1 -9 2.5 5.1 5.7
CNMFP (Panama) -14.6 -29.0 -26.1 -2.4 T.5 20.3 Z8.5 20. 3.0 5.1 6.0 1 da avq m
DLE (Cherpfaffenhofen) -15.0 -12.1 -14.6 -4.1 =6.1 -6.8 =2.,7 3. 0.7 S.1 5.2
DTAG (Frankfurt/HM) -119.3 -131.8 -131.2 -127.6 -149.6 -154.5 —-1869.4 -191. 1.5 10.0 10.1
EIM (Thessaloniki) 88.9 17.1 4.8 4.5 Ea? 2.2 5.8 2.8 s 5,1 5.7
HEC (Hong Eong) -38.3 -27.3 21,8 -8.2 =7.4 ~3.8 =i0.2 -12.5 ad 5,1 5.7
IFAG (Wettzell) -175.2 -164.1 -161.1 -158.3 -158.4 -157.7 -1865.3 =166.6 0.7 5.1 5.1
IGHA (Buenos Aires) - - - - - - - - - -
INFPL (Jerusalem) = = = = bl = = - -
INTI (Buenos Airea) =3.0 -6.6 -8.4 -6.4 =-7.6 -3.5 -12.3 -13.4 20,0 z0 <
« AI-I —

%7 J =U A X
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Prediction of UTC(NMI) Uncertainty
for 1 month

Frequency stabllity of the source clock

* Frequency stability for 1 month
Ex. 5071A (agilent teck.) is 1.0E-14
H-maser (Anritu) is <= 1.0E-14

System noise of the regulator

« System noise for 1 month
Ex. AOG is 3E-13/86400/30

7\
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Uncertainty of Distribution

Uncertainty of Distribution consists of

» System noise of distribution amplifiers for
UTC(NMI)

E> Stability of amplifiers (ex. Catalog data)

» System noise of the cable for disseminating
UTC(NMI)

E> Thermal noise, exogenous noise, and so on
(ex. Catalog data, measured data) v\

NICT



Uncertainty of Calibration

Uncertainty of calibration methods
* EX. Method of Time interval measurement,
Method of Frequency direct measurement,

etc.

 Factors for uncertainties
« Gate time
* Measurement number of times
« Ability of using counters
and so on

/ \
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Total uncertainty

Total uncertainty is combined by the
above data

 Total uncertainty Is a square-root of sum of
sqguares of the above data

Expanded uncertainty computed by
multiplying the total uncertainty by k
(coverage factor =2)

/
NICT



Thank you for your attention
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Budget of Uncertainty : Time Interval M easurement Mode

Standard Value of
Uncertainty Sour ce of Uncertainty Standard actual remarks Iy .= |0(P)=
Component Uncertaintv value 10BIOE N Iy . Jo(E N
u(x:) u(x:)
Cadlibration System
u(UTC) UTC Uncertainty 8.00E-16 8.00E-16 Circular-T 1 8.00E-16
Worst value in 2008
u(UTC(NICT)) UTC(NICT) Uncertainty 3.62E-15 1 3.62E-15
u(UTC-UTC(NICT)) 3.62E-15 0.7 ns Circular-T UA
Worst value in 2008
u(UTC(NICT)) UTC(NICT) Predictin Uncertainty (30d 1.08E-14 1 1.08E-14
u(UTC-UTC(NICT) Stability of UTC(NICT) 4.00E-15 4.00E-15 Circular-T
2008 data
u(Source) Source atomic clock Uncertainty 1.00E-14 1.00E-14 | Frequency stability
Anritsu RH401A Stability of 30days
U(AOG) Stability of AOG 0 6.68E-20 3.00E-13 manual data (1s)
30days
u (Amplifier) Distribution amplifier Uncertainty 4.09E-17 1 4.09E-17
u(Mult & Amp) Multiplier & Amplifier 0 1.67E-17
HPDA15-RM-C-MOD Temp. coefficient 5.00 ps/deq. manual data
Temp. variation 050K +
Averaging time 24 hours 24 hours
u(Amp.1) Amplifier 1 0 1.67E-17
HPDA15-RM-C Temp. coefficient 5.00 ps/deq. manual data
Temp. variation 050K +
Averaging time 24 hours 24 hours
u(Amp.2) Amplifier 2 O 3.34E-17
HPDA15-RM-C Temp. coefficient 5.00 ps/deq. manual data
Temp. variation 1.00K +
Averaging time 24 hours 24 hours
u(Cable) Cable Uncertainty 7.22E-17 O 7.22E-17 1 7.22E-17
Andrew FSJ1-50A Temp. coefficient 0.04 ps/deg. manual data
length 60.00 m
Temp. variation 5.00K +
Averaging time 24 hours 24 hours
u(Count) 5.20E-15 1 5.20E-15
u(Counter) Counter Uncertainty 0O 5.18E-15
SR620 M easurement error 100.00 ps. manual data
Measurement interval 1440 s
Number of sample 60
u(Source) Source atomic clock Uncertainty 5.16E-16
Anritsu RH401A Frequency stability | 4.00E-15 1440 s
Number of sample 60
uA(R) = Su;*(R)) = L157E-28
Relative combined uncertainty u(R;) = 1.25E-14
Expanded uncertainty(k=2) u= 2.50E-14
5.00E-14
» Normal Distribution Type A > Normal Distribution TypeB O : Rectangular Distribution Type B

averaging time 24 hours 24 hours



Budget of Uncertainty

: Direct Frequency Measurement Mode

Standard Value of
Uncertainty Sour ce of Uncertainty Standard actual remarks Teil= |URi)=
Component Uncertaintv value 1offox: 1| leilu(x:)
u(x:) u(x:)
Calibration System
u(UTC) UTC Uncertainty 8.00E-16 8.00E-16 Circular-T 1 8.00E-16
Worst value in 2008
u(UTC(NICT)) UTC(NICT) Uncertainty 3.62E-15 1 3.62E-15
u(UTC-UTC(NICT)) 3.62E-15 0.7 ns Circular-T uA
Worst valuein
u(UTC(NICT)) UTC(NICT) Predictin Uncertainty (30d{ 1.08E-14 1 1.08E-14
u(UTC-UTC(NICT|Stability of UTC(NICT) 4.00E-15 4.00E-15 Circular-T
2008 data
u(Source) Source atomic clock Uncertainty 1.00E-14 1.00E-14 | Frequency stability
Anritsu RH401A Stability of 30days
u(AOG) Stability of AOG O 6.68E-20 3.00E-13 manual data (1s)
30days
u (Amplifier) Distribution amplifier Uncertainty 4.09E-17 1 4.09E-17
u(Amp.1) Amplifier 1 0O 1.67E-17
HPDA15-RM-C Temp. coefficient 5.00 ps/deq. manual data
Temp. variation 0.50 K +
Averaging time 24 hours 24 hours
u(Amp.2) Amplifier 2 0O 1.67E-17
HPDA15-RM-C Temp. coefficient 5.00 ps/deq. manual data
Temp. variation 0.50 K +
Averaging time 24 hours 24 hours
u(Amp.3) Amplifier 3 0O 3.34E-17
HPDA15-RM-C Temp. coefficient 5.00 ps/deq. manual data
Temp. variation 1.00K +
Averaging time 24 hours 24 hours
u(Cable) Cable Uncertainty 7.22E-17 O 7.22E-17 1 7.22E-17
Andrew FSJ1-50A Temp. coefficient 0.04 ps/deg. manual data
length 60.00 m
Temp. variation 5.00 K +
Averaging time 24 hours 24 hours
u(Count) 6.35E-13 1 6.35E-13
u (Counter) Counter Uncertainty 0O 2.17E-13
SR620 M easurement error 350.00 ps. manual data
Measurement interva| 10s
Number of sample 8640
u(Freq. Drift) 5.97E-13 measured
u(Ref. Freq. Drift) 4.84E-13 measured
u(Source) Source atomic clock Uncertainty 3.23E-16
Anritsu RH401A Frequency stability | 3.00E-14 10s
Number of sample 8640
uAR)=3u(R)= 404E-25
Relative combined uncertainty ~ u.(R;) = 6.35E-13
Expanded uncertainty(k=2) u= 1.27E-12
2.50E-12

> Normal Distribution Type A

averaging time

24 hours

- Normal Distribution Type B O : Rectangular Distribution Type B
24 hours




Budget of Uncertainty : Remote Frequency M easurement M ode S.A. = maximum
Distance of two stations = 1000km

c= 2.9979E+08 m/s
Standard Value of
Uncertainty Sour ce of Uncertainty Standard actual remarks fe:l= |U(Ri)=
Component Uncertaintv value 1oflox: 1| Icilu(x:)
u(x:) u(x:)
GPSTink
u(Receiver) 1.04E-13 1 1.04E-13
u(PR) Pseudorange Uncertainty 4.63E-14
u (rec) Receiver noise and resolution 3.27E-14 8.00 ns measured
Number of sample 16 two sessions data
Averaging time 24 hours 24 hours
u(Range) Range Uncertainty 9.36E-14
u (Ephem) Ephemeris error m] 7.88E-14 5.00m |norelation for CV
u(ant) Antenna Coordinate Error O 3.15E-14 1.00m
u (multipath) multipath O 3.94E-14 250m
Averaging time 24 hours 24 hours
u(Source) Source atomic clock Uncertainty 5.27E-16 5.27E-16 manual data
Anritsu RH401A Frequency stability | 5.00E-15 16 min
Number of sample 90
u(Propagation) 1.52E-13 1 1.52E-13
u(Tion) Delay error of lonosphere 150E-13 O D=1000km
Difference between 2 sites 1.50E-13 22.50 ns
Averaging time 24 hours 24 hours
u (Ttrop) Delay error of Atmosphere 2.00E-14 O
Difference between 2 sites 2.00E-14 3.00 ns
Averaging time 24 hours 24 hours

Calibration System
u(UTC) UTC Uncertainty 8.00E-16 8.00E-16 Circular-T 1 8.00E-16
Worst value in 2008

u(UTC(NICT)) UTC(NICT) Uncertainty 3.62E-15 1 3.62E-15
u(UTC-UTC(NICT)) 3.62E-15 0.7 ns Circular-T uA
Worst value in 2008
u(UTC(NICT)) UTC(NICT) Predictin Uncertainty (30day| 1.08E-14 1 | 1.08E-14
U(UTC-UTC(NICT|Stability of UTC(NICT) 4.00E-15 4,00E-15 Circular-T
2008 data
u(Source) Source atomic clock Uncertainty 1.00E-14 1.00E-14 | Frequency stability
Anritsu RH401A Stability of 30days
u(AOG) Stability of AOG O 6.68E-20 3.00E-13 manual data (1s)
30days
u (Amplifier) Distribution amplifier Uncertainty 4.09E-17 1 4.09E-17
u(Amp.1) Amplifier 1 O 1.67E-17
PD10-RM-B Temp. coefficient 5.00 ps/deg. manual data
Temp. variation 0.50 K +
Averaging time 24 hours 24 hours
u(Amp.2) Amplifier 2 O 1.67E-17
PD10-RM-B Temp. coefficient 5.00 ps/deg. manual data
Temp. variation 0.50 K +
Averaging time 24 hours 24 hours
u(Amp.3) Amplifier 3 O 3.34E-17
PD10-RM-B Temp. coefficient 5.00 ps/deg. manual data
Temp. variation 1.00 K +
Averaging time 24 hours 24 hours
u(Cable) Cable Uncertainty 7.22E-17 O 7.22E-17 1 7.22E-17
Andrew FSJ1-50A Temp. coefficient 0.04 ps/deg. manual data
length 60.00 m
Temp. variation 5.00 K +
Averaging time 24 hours 24 hours
u (Source) Source atomic clock Uncertainty 5.16E-15 5.16E-15 1 5.16E-15
Frequency stability | 4.00E-14 24 hours
Number of sample 60

uZR) =3u;%R) = 341E-26
uy(R;) = 1.85E-13

Relative combined uncertainty(k=2) 3.69E-13
Expanded uncertainty(k=2) 5.00E-13
: Normal Distribution Type A » Normal Distribution Type B O : Rectangular Distribution Type B

averaging time 24 hours 24 hours
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