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THEEER RO HE R4tk bldo D f FAFD AR FIRERRE O
NICT )]*a‘ﬂ B s okt » TR FHRFI-FERDY o

o
)
T1\4
P
12152

( NICT website : (http://jjy.nict.go.jo/mission/index-e.html); Weights of Atomic

Clocks(NICT) )
BERFEFOE RERS S ¢RI SR s Nl BFrFE
Wuiﬂ%“%?%ﬁ@ﬁ’ﬁgﬁﬁmﬁgg&%a’uﬁ%%@ﬁﬁ

c RFBOAF I AT RO P REREY SR EFE A6
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ZE - WBMIEBEREZY - RPFZT L FFERERDERE T # LR

J vt Hiesk kAL v pERF 3 E (Time interval counter) £ )& 3%/ &
45 c1pF %) 1PPS(one pulse per second) 3 5562 4 & p= fF UTC(TL)sH £ & > £ #E
BT RERLAY o PRS2 BERTER 6 LR %A K
B2 S BT Ia T ce sk ;’ﬁmﬂ?éﬁﬂébafl‘ﬁé L s

RABAOEDR T LAFLROTR K0 F - R IRD S T

rapid | £483+ 3 > UTC rapid£ 4832 3F 2 ¢ 0 A WI02E 72 A28 { 5 1
92 > RUTCH G AEFREE - A9% 2 FIRUTCr 4 > & 2= p
p#est st @R 4 E TA(TL)S0E $iE o o 5 450t & 2 GPS~ TWSTFT
WHFTR R Eod g E D RS Ep PR T HEFEEFUTCrEUTC
Bl 12 iE L B EUTC(TL)Z #45 o
ERFEECES G o L AR R H g AP GPS T o
TGk £ ARE (common-view):E 7T R E v o (e SR I e T AR g B
o B ARAIEL c AR IFRFIEAAMREFEVCHF RO
& iAW E 2 B GPS e i@ pEAT 5 o GPS P3 A5 v enR M i R
i ~GPS Uik Ap BRI 2 Gk fEe PR R S o M F RIR O EHE R g o
AR OEGpST S AR HP R e B v R RGP
FEZ - B AT AT RN LEHMS) o VEOLE LY A2 A F &% F (TL)
& p ~(NICT)2 L“f&%.ﬁqH%LBmMnr;?;£EM@+$GADmP
Flo A ®O4 £ 5 2 Az & BIPM 2. GPS P3 7 8 . ¥ferupd 4 o
ABEES- BELEY BREE G ERE 5%

BEAROBE I AT
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2 UPS~DC & 4 sl ;\@flfc® > hiafEe i~ 533 - ¥ 75
BIPM # % ~§ % % 24t & PTB 2. TAIPPP 't 42 % iv 3 TAIl 4a§ » 11 %
A 103 & AR %k & BIPM:E 2 5 23 Group 1 % % % » % @ pet
2 A-B#p2re R s %wd 05ns% 5ns™ % 03ns %2 20ns» 8 & F 5%

Pz~ LR ETRE- HRA -

(3). }FEM ZFEFHEF 1 109/01~109/11)

NR109£1-27 Rf * 454 FR( FL106E ¥ 2 W d 48) % A
B r@ TR {(H:EHUis-

AL E A MI08ELY 1P I N MUATHFE AN E R E L L H RS
BEBZ IR BEEALFOBRERIBETA(TL) » 5 UTC? 452
UTCrixdp 22 2 # 9 FFUTC(TL) 2 3 A e d5 o % M108#& & » 9 % 3 d 471
LREFHL FHERT B2 ARI00E L d Apk S F kRS R
4B 30 AW100E6 7 SATRE BB E B L TR TANBE 34 ~ 845 %
B A M109#67 PErErl 5 - N4 RS AL E B R 0 R FIATH ABde » o 4
G B ™35 BTA(TL)2 # ~ £ 4w a2 UTC(TL)® HfEF A7 11k

TR BEERFONEspEr > RH P S IMARBBEREE 2 EVAE
a4B¢Y > - NG R 4L 0 F - UKL G o AF106E AT B 4 485
0" gl Re bR R2TRBRIAF RS- BB =Ni 4
RBELETRE > FRRE RS U ARSI RIARFRZE RS

s kip ARBEME Sz s e @ 1le > AWIOTE AL

§ R IR A iz 2 3 L 8 (Switching Mode Rectifier; SMR) &% 2% 7 75
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pAR 107 #2872 32y NEBEETLEDEE . e
GEB BT L RBIBEB IR L LT3 TATL) - d 3
Ll E bz £ Bm2 i b2 e 37 TA(TL) &2 48 &

BERREFTEE2(H848EE)5 B THEFFL - p 2 Modified Allan
Deviation g /F &2 @ N2 2% B - BEs L DT RPEEHE
AR
FoFATHD AR 108 Az E ik AR 4 0 A K 108 £ 6 * pFE
ERLLE 9L W 108 & 87 ~2020 & 3 FiksE % 7 £ (Tablel) -
e 3 F) 109 £ ¢ pEF]F = RE 4Bkl AR 100 £ Q9 U R 2 ML 4T
10 PR LT D % 16 L(& 3) e
A UTC(TL)®EFER = 6 > A K 109 & 3 1 pErF) 2 345 5 44 4 48t
{ 42 4apF g g & UTC(TL)4p =X 437 UTC > 10 * UTC-UTC(TL)4&4*
-00ns) e pFEFA AR B 4o A E ¢ R HIERI 4 S UTC(TL)
BrgRd 67 #-1~6ns06 ? ~10 ! & B T -1~1ns> £ 45488 E 7 45" 5-6
ML b > LAY T FEE > 3 UTC(TLAp = £+ £ 8 > 35 ns
N2 ER P (R4
B UTC(TL)AE T AR 5 > d 3 B { #HMF 43 hB L UTC(TL)Z
£~ ¢ cmEp AR R A4Ea gk 10E-15 2% 06 7 15 T TA(TL)FE R4t + &
Ao EMET AT T2EL6 VRS 2ERLTRADIE T EIRT 4
AEF R e RFfET > P E R UTC(TL)Z £ R v L &2 -
i UTC(TL)AE A = 6 > o >0 45 { #4F
£~ ¢ B AR R R A4t ek 10E-15 24 06 ¢ 15 F) TA(TL)SE Rl 4 #&
Ao LT RAK ST T2E16 TR 2 AT R P E(RIS) I ERT

,,n\«

H 4% REE  UTC(TL)2

A A A RT BT P ER UTC(TL)Z IR BT 2 82
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# 3 AKI109 & 10 * & A gz & TAIE L 20 &3¢ &

32

- USNO  25.687 0.689/31 0.012/10 0.571/45
- su 12.291 1.024/12 -/00 1.024/12
- NTSC 7.232 0.572/11 0.050/19 0.207/35
- sp 6.265 0.596/10 0.019/16 0.241/26
- F 5.451 0.575/09 0.019/15 0.227/24
- NICT 5.408 0.720/06 0.035/31 0.146/37
- NIM 5.274 0.565/09 0.027/07 0.330/16
- NIST 4.551 0.636/07 0.024/04 0.414/11
- PTB 3.486 0.550/06 0.060/01 0.387/09
- NPLI 3.413 0.535/06 0.041/05 0.310/11
- MIKE 3.377 0.844/04 -/00 0.844/04
- APL 2.45 0.773/03 0.044/03 0.408/06
- NRC 2.122 1.033/02 0.014/04 0.354/06
- PL 1.669 0.284/05 0.028/09 0.119/14
- IT 1.602 0.429/03 0.105/03 0.267/06
- TL 1.464 0.445/03 0.026/05 0.183/08
- NPL 1.361 0.431/03 0.034/02 0.272/05
- IFAG 1.14 1.050/01 0.018/05 0.190/06
- NMIJ 1.111 0.546/02 0.018/01 0.370/03
- CH 1.009 0.329/03 0.021/01 0.252/04
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B 43 ®109# 1% ~~109#% 10" & f G12 &+ 1 & % 7 UTC-UTC(K)

iE

1.0E-14
4+ SU = USNO -« NIST -8 PIB - OP
- NIM - NICT -+ NMU -= NTSC -» TL
2 —_—
& 1.0E-15 —a S
<
g
s
8
‘ OADev of UTC-UTC(k), 2019.10-2020.10
1.0E-16
4,0E+05 4,0E+06

average time, seconds

B 5-~3x®108 & 10 * ~109 # 10 * & % G1 2

TR RN RAR



¥tk ppa  RERPFRERREREFE S

B AT BT 0 AT- LR S BHATP > AR 94 2 4

AN
Rt
S

:ié’»—iﬁ;ﬁf?j}gk— TG E R T - 3G FIER P A TR S
5

MM 0 Rae Rzt iR aEE e
AR B MR NE Fo
% E UTC(TL)2Z &~ LT A v adF " 1E-15 =+ > BT 5 &
1 R APD i BAEFMMAE S N R iiEies* a4 T i s
MEEHPZFL L AMAFEREF A ARBETP L S eY S o
(5). B FFEER
SHERPRERET 2 ETRZ BRA PRI AT P R %%k
Brage ffERH > 282 UPS-DC T4 kit e {37 @FFp &1 a
HEATFRA ZL o B F] BIPM 2 TAI g5 @ (#2848
TWSTFT 2 TAIPPP 2. TWPPP > A#F 7 /x 2 & © " % 0.3ns > M4 ecd =

o

B % B AAEITRE > N KBEIRIA D v Y S
R0 5 PR SR R 2 R PHIE Y 0 BIPM = 2 =% 2 UTC * 3%
LrE- M, @ BIPM o #F P SFEFR L0 2 12 p 2% 0 F)

A

e

=i
[

" BIPM 2% 7 4% > UTC(TL) X & B mEz BB 3k L 2 4 97 £ 3

e

40~45 % 2 4o R G R AERE AN LEFHRET U A
AEE g EL e 2T oS 2R %R UTCKZ 2 8L
B cUSNO~PTB~SU-~NIST 2 5 peff e m® g3 1IE-15- 2% 3

34



By

TR ANESE AV L2 A ks V0 RIAGLRTELET
TR P A B FRMFE S N RI R RRGAELT &
BT FHRLF LR A B B F e - gk A R SE D
Pyt o HAxAF %A ES T EEE 0 g patsd UTC(TL)AE
A% E UTC(TL)L—’@%T’Q}%? AEF 1E-15 24 A (i E A
il EPRTAT MBS T B ek > RIFFE
TA(TL)* » & 485 B2 775 > 842 UTC(TL)»xat -
NP 109 # ¢ g 4nE B ) 3 IR 48 G E I o NEATREAS 4B IE B4
o BT B B ATIREE E SR B EERE o ERARE 2-3 £k
- AT R A TATL)Z £ TR 5 3 B 4 Bk % R

N 100 E AT 5MA4EY 4 - WA RLE 0 ZIETATE
5 HAK 2 EP) BEF AL

35



2020 # 10 * F*% k8t 4 2 37 (Circular T 394)

Bursou CIRCTTAR T304 ISSN 1143-1303
t International des 3 NOVEMEER 09, 090 UTC

Poids et

- Mrﬂ

BUREAU INTERNATIONAL DES POIDS ET MESUEES
THE INTER/GOVERNMENTAL ORGANIZATION ESTABLISHED BY THE METRE CONVENTION
PAVTLL.ON DE BRETEUIL F-92312 SEVRES CEDEX TEL. £33 1 45 07 7 70 taigibipm org

The contents of the sactions of BIPM Circwlar T are fully described in the document " Explanatory supplement to BIPM Circular T "
available at fip:/'fip2 . bipm erz pubytai publication notes/explanatory_supplement v0.3 pdf

© | _ Difference between UTC and its local realizations UTC(k) and comesponding uncertaimties. From 2017 Famuary 1, 0h UTC, T4EUTO=37 5.

Date 2020 06 UTC SEP27  OCT? OCT7 OCTI2 OCTL7 OCT22 OCT27 Uncemaintyms Notes
MID 0010 50124 50120 50134 50130 59144 50140 m, uy  u
Laboratary & [UTC-DTOE Vs
ADS  (Borowiac) T 14 12 o7 47 04 03 01 03 28 28
APL  (Lawel) =) 10 05 02 05 12 0.4 02 03 195 195
AUS  (Sydney) e 3783 308 3016 3074 4032 4175 4125 03 112 112
BEV (Wi =] 244 2142 03 19 133 WE 25503 32 32
EFEH  (Budspast) = 14213 14478 14735 14003 15205 15435 15677 15 100 201
BEM  (Sefiva) e 13565.6 136084 136424 136675 136830 137006 137323 07 70 71
EEM  (Baijing) e 12 16 03 08 . - - 07 27 1%
BOM  (Skopie) e 30115 30016 30278 30450 30727 30626 30013 15 T4 74
BY [Minzk) =) 37 43 39 18 08 19 20 15 122 113
CAO  (Cagliar) | 04074 126130 -17187 2MEM0 20328 B3040 B155T 15 100 201
CH (Bern-Wabern) =) 19 0g 18 08 03 13 13 03 24 24
CNES  (Toulouse) s d14 103 25 74 57 39 15 03 28 18
CHM  (Querstara) = 53 3l 49 12 34 13 0025 112 115
CNMP  (Panama) = 13 17 13 15 57 13 05 07 73 74
DFNT  (Timis) | 99741 102097 104581 106761 - 3077 5706 07 200 200
DLE.  (Cherpfaffenhofen) e 155 178 T8 WM 346 S1e - 07 27 1%
DMDM (Belmads) e £3 100 65 43 00 56 15 03 33 33
DTAG  (FrankSimM) e 351 -5 327 315 318 302 238 03 28 18
EM  (Thessaloniki) | 57 42 0l 05 52 10 00 40 112 119
ESTC  (Moordwifk) e 10 22 15 10 13 13 2103 27 27

6023 6133 6245 5413 5478 553.1 6671 04 28 19
-84 570 614 -40.4 -45.0 -383 -383 30 200 202
756 13016 0 X003 15151 23083 1MBEO 23079 03 27 17

HEO  (HongFong)
CE  (SanJose)

b
&

=
REERERE RN ERRERERERERERERERERERE RN R RRERERRERERERERRER R

DN (Serpong-Tangerans)  azs

FAG  (Weteell) 1z 7850 -TELe  -7607  -7572 7581 7578 -7Se7 03 31 32
IGNA  (Buemos Aires) 11 - - - - - - -

IMBH (Sarajevo) 13 12 43 10 0.1 EY i 08 04 27 27
MNCP  (Lima) 11 o7 i 83 41 -30.1 540 514 50 200 204
M (BosotaD.C) 1 555 553 411 7.6 -76.1 5.8 E11 15 200 201
INPL  (Terusalem) 13 316 320 308 212 -15.1 322 =03 03 71 72
INTT  (Buemos Aires) 11 550 398 0.0 684 5.1 0.0 600 15 200 202
INXE  (Rio de Jansiro) 13 38 40 -88 -10.9 148 127 <154 03 200 200
mg (Caparica) 11 - 130 BES 1M 1700 1362 2402 05 200 200
T (Torine) 11 11 03 11 23 33 45 4603 12 13
JATC  (Lintong) 11 41 04 07 01 0.1 2 07 03 28 1%
™ (Ejellar) 11 210 383 384 314 -33.8 258 215 03 43 43
ERIS  (Dasjeom) 111 31 gl 80 87 80 78 21 03 31 31
LETE  (Sao Carlos) 111 250 17 17 -1 -15.2 265 -314 03 200 M0
LT [Vilnius) 13 )08 8oLl 86501 8131 1 E34E  B0ET 03 28 18
LUK  (Belvum) 1z 148 07 .34 -11 47 23 00 03 29 19
w (Big) 13 A1465 <1545 1606 -157.6  -1654 -1TTE 1977 15 1221 113
MASM  (Bayanmukh) 1z WL 360 1042 -1733 0 15300 -33E4 4445 04 28 18 (D
MEM  (Podgorica) 11 17 6713 607 7158 7652 T30 §208 03 200 200
MIEE (Espoo) 1z 143 136 130 125 1.9 10.7 104 03 26 16
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VI
ViL
ZA

(Lawer Hi)
(Mizuzan)
(Tokyo)
(Beijing)
(Bucharest)
(Pathumthani)
(Caira)
(Boulder)
(Toulnaba)
(Sepang)
(Teddingron)
(Wew-Dielhi)
(Orttawa)
(Washingeen D)
(Drublin)
(Lintong)
(Buenos Aires)
(Pio de Taneirg)
(Pariz)
(Bruselles)
(Warszawa)
(Braunschweig)
(San Fermanda))
(Riyadh)

(Hong Kong)
(Singapors)
(Ljubljana)
{Colombao)
(Brumalles)
(Bratizlava)

(Al Dhahi)
(Gehze-Focaeli)
(Waskingron DC)
(E1a Noi)

(Delit)y

(Pretaria)

- Motes on section 1-

(1) MASM : Time step of abeut -120 ns pear MTD 30023.02.

BB B B BB BB B E B B BB BB BB BB EEEEEEEEEHEESBEESSEBEBEEREE
] oo oo o o o o o ) o i i

E4
151
0.0
-1l
1.8
04
34
-1M8e
1848
-3
1584
885
19
-375
-le
L7
02
40
16
9
1.6
0.
-14
-13
0.0

T4
-21743
b4

-18
-314
10
1.0
13
6987
-3

0o

-1.1

13
b
44
-17184
-181.7
-32
1514

=3.3
454
-0
-0
02
-54
-1.1
123
i3
0.6
ig
04
L0

16.8
105.7
-0
-13
1828.7
176
0
44
11582
03
-1.7
-355
44
-120
0l
TOe R
0l
-2
-11
1.0
-1.0
-53
17372
-183.0
14
1582
14
400
-18
-11
0=
-134
Gub
141
i
0.4

-
|

44
14

43
111.0
-14
-2
1488.1

139
03
24

31313
44
19

302
43
T3
43
7163
34

43

24
08

12

50

17547
1708
04
1545
2354
53
334

-17

23

42

a8l

121

119
02
02

10.4

a1
03

147

112
=10
0.5
-15.5
43

(2) NSAI - National Standards Authority of Ireland's National Metrolozy Laboratory (NS AT NML)

0 3 _ Difference between the normalized frequencizs of EAL and TAT

Steenng comection
New camection

Iew comecton foreseen

0 3 _ Duration of the TAT scale intarval 4.

Interval of validity

59119 - 59140
59149 - 391709
39179 - 39214

NEALATAD
6400101
65001012
6.500%10-13

Table 1: Estimate of & by dividual PSFS measuraments and corresponding iuncentaingy:
All valuss ars sxprassed in 10" and are valid only for the stated peried of estimation.

Standard

PTB-C51

Period of
Estimation

50119 30140 -840 .00 800 0.00

37

0.00 0.07 1131 PFFNA

{2020 SEP 27 - 2020 OCT 27)

115.0
-1.1

-18
TR83

0e
19
-M7335
03
-18
08
-1.5
-80.7
04
T84
03
0.5
-4
0.8
-l4
-7
-17829
-136.7
0.8
1645
1508
43
424
-1.1
-15
-0.8
-121
121
178
-0
0.7
L0
-10.3
71

78
1148
0.0
-14
4512

46 0

13
30
-10443
oo
-14
78
32
arl
ik:4
7511
i4
.6
13
04
-14
3.0
-1790.4
-1521
7
1608
1504
13
-30.0
-11
-11
-1
-151
142
152
03
Lo
-1

712

10
03
03
04

00
00
10
20

-

00
11
32
i3
18
19

0.0
74
14

112

00

(2020 OeCT 27 - 2020 NOW 26)
(2020 MOV 26 - 2020 DEC 31)
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WPL-CsF2
WPL-CsF2
WPL-CsF2
WRL-C:F2
WRL-C:F2
WPL-CsF2
WPL-CsF2
NPL-CsF2
NPL-CsF2
WPL-CsF2
WRC-FCs2
SYRTEFOL
SYRTEFOL
SYRTE-F(2
SYRTE-FOM
SYRTE-FORD
PTB-CSF1
PTB-CSF2
SU-CsFO2

Notes

(1) Contirmeusly operating as a clock participating to TAL

50119 50148 -2.31 5.00 12.00

55000 58844 022 014
25844 33870 -0.B8 Q.08
52870 53004 025 0.1
55004 58024 0.4 .15
53084 58004 -0.97 0.20
5000 50000 037 0.17
50070 50059 -0.50 0.04
59050 56074 (.00 0.23
0080 5C110 077 002
59]]9 59)40 011 .12
59]19 59140 -0.39 0.11
59]19 0134 032 030
50130 50148 -0.35 030
3912050148 0.00 0.20
39134 50140 -048 0.40
59]19 59)40 .10 0.20
5011050140 .55 0.07
59]10 50)40 034 0.10
50]10 50140 D05 0.4

() Report 02 WOV, 2020 by NPL

(3) Report 03 WOV, 2020 by NRC

{#) Repor 03 WOV, 2020 by LKE-SYRTE
(%) Report 28 OCT. 2020 by FTB

() Report 29 OCT. 2020 by 5U

[1] CCTF Pecommendation 2 (2017) : Updates to the CIPM kst of standard frequencies in Consultative
Committes for Time and Fraquency Repart of the 215t meadng (20017), 2017, 56 p.

Tahle 2: Estimate of by the BIPM based on all FSFS measurements identifisd to be used for TAIL steenng

041
0.2
0.3
0.40
0.
048
0.2
0.2
0.2
0.3
0.40
0.32
0.32
nx
0.57
025
0.35
0.17
on

000
0.15
0.07
0.06
018
010
025
004
0.15
0.05
025
010
0.06
0.1
006
015
003
0.03
0.0
0.1l

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Q.07 1300 PFSHNA

0.37
017
0.3
0.28
0.3
0.3
0.3
0.37
0.20
0.20
0.20
0.37
0.53
0.28
037
0.20
0.07
0.07
0.35

over the period MID 58732-39140 and comesponding umeertainties.

Period of esimaton

d
020107

0.50 PFSHA
0.33 FFRHA
0.36 PFRHA
0.5 PFSNA
0.67 PFSHA
0.6) PFSHA
0.34 FFRHA
0.5 PFSHNA
0.31 PFSHA
039 PFSHA
047 PFRHA
0.57 FFSHA
0.72 PFSHA
041 PFSNA
0.80 PFSHA
03 06

035 PFSHNA
0.21 FFSHA
040 PFRHA

u
01310

0 2 . Belations of UTC and TAI with predictions of UTC(k) disseninated by GNSS.

[UTC-UTC(USNO)_GRS] = Cy', [TAIUTCUSNG)_GPS] = 375+ Cyf

[UTC-UTC{SU)_GLONASS]= ¢y, [TALUTC(SU)_GLORASSE 375+ Cy

For this edition of Crenlar I, 6= 0.8 03, 5, = 6.5 ms

00 0h UTC MID
n e
SEP I8 38120
SEP M 30121
SEP 30 58122
OCT1 50123
OCT2 59124
0CT3 59125
OCT4 30124
0T3S 30127
OCT 6 50128
OCT? i1
OCT 3 38130
oCT 30131
OCT 10 50132
OCT 1l 50133
OCT 12 50134

(A

0.6
-12
0.6
1
A4
13
14

4

C,'us
234
13
pol
15
a8
ne
135
40
11
M2
2456
M)
pol
m
m

134

meE e s
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e
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38

[

T148
T84
T84
T84
T284
T284
T84
T84
T284
T284
T284
T389
T30l
T30l
T301
T3T2
T328
T3Tl
T370
Tils

12.00
0.3
0.3
0.3
0.3
0.3
0B
0B
0.1
0.1
0B
0B
0.37
0.37
0.3
0.7
0.34
0.28
0.17
0.50

100.0
£43
910
914
588
248
858
904
856
914
981
950
713
264
T30
978
9335
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CLT 13
T 14
QCT 15
QT 14
OCT 17
LT 18
T8
OlT X
eCTi
OCT 1
OTH
T
OCT X5
OCT 24
OCT 17

O 5. Time links used for the computation of TAT calibrations infarmation and comesponding uncertaintias.

Lick
ADS PTB
APL /PTE
AUS [FTB
BEV PTB
EFEHPTE
BIM /PTB
BIRMPTB
BOM PTB
BY PTB
CAD (FTB
CNESPTB
CNM PTB
CNMPPTE
DFNTPTE
DLE [FTB
DMDMPTB
DTAGPTE
EDM PTB
ESTC/PTB
ICE /PTB
IDN (PTB
FAGPTE
IGNATTE
IMBHPTE
INCP/PTE
INM PTB
INFLETB
INTLPTB
INXEPTB
PQ PTB
TATCPTE
TV PTB
ERISFTE
LETEPTE
LT/PTB
LUK FTB
LV [PTB
MASMPTE

Type

013
0136
30137
50138
S
o140
50141
o141
50143
014
0143
0146
0147
0148
0140

Equipmen:

A0_4/PTI3
AP0 PT13
AU PTI3
EE_FTL3
MED] FT13
EM31 BTI3
BI41 /FT13

06
41
14
1k
L7
30
35
i
ig
04
13
15
1l
30
0

MABM PT13

BY46/PT13
CA_PTI3
CS21 /PT13
CNDO BT13
MP1_/PTI3
DN_/PTI3
DL0S /PTI3
IMSS P13
D'T05 /PTI3
EI_FTI3
ES03 PT13
HEO2 PTI3
CEL_/PT13
K0l BT13
TF3) /BTI3

EHD2 PTI3
CP_/PTI3
IC_/FTI3
ILO6 /PT13
IN_PTI3
NXRAPTI3
P05 /BTI3
TAOL PTI3
V2 BTI3
KRG1 FT13
LERC FT13
LT02 PT13
LUG1 (PTI3
LV0l BT13
MN_FTI3

& M3
it M0
it 150
20 157
i 159
& 16.0
i 162
90 150
it ni
it M4
i 157
0 13
&0 M3
&0 180
it 139

Cal D1
10142018
NC
1002-2010
1012-2015
NC
2007-2019
1016-2018
NA_AL
2001-2008
NC
1015-2018
WA Al
NA_AL
NC_Al
1014-2019
10112015
1012-2019
WA
1013-2020
10112018
NC
1017-2018
10162017

1011-2019
NC
NC
2003-20146
NC
NC
NC
1201-2018
1101-2007
1017-2017
NC
10142018
10122018
2001-2007
1019-2018

=g

=E=E

EEEEBEEE&

| Cal_ID?
/ 1001-2018
{ 1001-2018
{ 1001-2018
/ 1001-2018
/ 1001-2018
/ 1001-2018
{ 1001-2018
{ 1001-2018
{ 1001-2018
{ 1001-2018
/ 1001-2018
/ 1001-2018
{ 1001-2018
/ 1001-2018
{ 1001-2018
{ 1001-2018
/ 1001-2018

/1001-2018
/1001-2018
/1001-2018
/1001-2018
! 1001-2018

! 1001-2018
/1001-2018
/1001-2018
/1001-2018
1 1001-2018
! 1001-2018
! 1001-2018
/1001-2018
/1001-2018
1 1001-2018
/1001-2018
! 1001-2018
! 1001-2018
/1001-2018
! 1001-2018

ligeMs  Bygs
03 7
03 00
03 111
03 3l
15 00
0.7 0
07 16
15 74
15 121
15 00
03 7
25 112
07 73
07 00
07 16
03 i1
03 7
40 112
03 16
04 13
30 00
03 16
03 3l
04 16
50 00
15 00
03 71
15 00
03 00
03 00
03 7
03 41
03 0
03 00
03 7
03 13
15 122
04 7

h'ul'IlS
1.0

10.0
18

0l
08
15

10.0

11
10.0
1l

0s
e
0.7
10.0
07

11

oo
14

0.e

11
13

L6

11
13
100
10

Alms

44

-213
447
103

TrMM

1003

(B0
1807
1507
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3. MIFEIRAFTHREST FEAIE > E TAF £ BiUE
(1). iE =38 P

(a) i i TAF 2 1SO 17043 #t & Ay Tid RRPEIE, 2
27 T4 (109.09 4 %)
(b) i€ 38 TAF 2 1SO 17025 i & g TREFHRT ) RTFR
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Q). #FP FE A 2R 109.01~109. 11)

@ RPN F%E L ISONEC 17025 44 % b4 Wi 4 > Bus
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(b) = 2R P FFAFE R4z B > T8 R4 3 337 Bk &
Fo @]Wﬁﬁ%ﬁ#‘iﬁ # % 7 (N0815) »+ % & 90 # i iF TAF 2
1ISO 17025 =8> & 42 TAF 2 P Rt §% % » ¥ ¥ e & TAF i

= A s N 2o =
f’f_ir -& — =X Emlij‘;;/r', g.mzk‘: i
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A B MR BRI

FEH R T S PR B
(1). E =5 p
TN T STHEE F B RS T E AP ERE S - K (109/11)
(2). # 7 % (FF ¢ 109.01~109.11)
TSR AT SIS RIS S B
ERFEL Tk VAR ESEReN 2 LML F o F T R
LT S RFR T EFAB QR NI ORETR > BT G
T R o
A d B 107 £ ¢ 4795 )% T R S NP R BIPM 232 4k
F 778 nm Bk G FEERATA A F R EL H 2 hd - IRIT A 4 B
A MHEOTREERSGFR FRE T S P R T DA 5 (Fast
Piezo Tuning) i # 31%] NT TRy FESR I IERTEE D
A £ (778.1054 nm) ; *+ 2019 & KA AT F PR TS FHEA LT BH ¢
R PR R ML R HIFRE T H UG I F TR G R FFER o FlAe
ﬁﬁﬁﬁﬁ%%éﬂﬁﬂﬂﬁ’ﬁw{?ﬁﬁéﬁiﬁﬁﬂ%ﬁﬁ%ﬁ%
A Fe 2 (jitter) P A2 F R E T SR T A TR WL e fF] 0 F 7k 2K
- BF A 23R Pound-Drever-Hall (PDH) 24 7% k> § & e
oo 3> AR 109 #2748 PDH 2 2 1@ ML N v 0 ERE S
Bt @ BAR IR P w PR 1S ok 4o i kB e Bk 3 % E (acousto-optic
modulator, AOM) » FJ4 % SUR T & & 2 eng MO enf sl 0 D3 -
FRTHMN I MRS AR B TR T E EIUELIE 1S
TGP IRERIEART A 0 P S T 34 ] itk o A
Py T B,ﬂi%] BRI Y L X B ki EF R R E & (Ti: sapphire
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comb laser):& {7 3p 4 k3= 2 4F & 48 <& (Allan Deviation) > & % &1 H - #)
hE TR R 56E-120 22 ¥ 23T ¥ 45 R 5 4Bk 2 5.0E-12 0 4p BE ch S %
a1l P R APEMRE - o P R TARME T SR O B REA
a0

(3). &%

B 9 EAEME T Sengip kBB HR T B P AR A F sk e

=t

T ARG TR 5 o BlY htJ b T780m £ T T S 6

F

BAEZ BTG EMWR I FRTER AR L FER - B TLNET

¥

I
)
)
Vel
\‘1-_

PRy HoebElhe®) 10 A1 o d BT ML~ Invar £ (1.3 ppm/°C) ~

<

8 K bFk 99950 G 4 E b F LT L 20 AT WG A N P
B R EF A 25.0°C -

beat frequency

Isolator

Rb cell
filter "-!— I o il I i
- —+ b
_._/dpfh’ pinhole —]
Fiber EOM —

mirror

AOM: acousto-optic modulator
EOM: electro-optic modulator
CCD: optical sensor

PBS: polarization beam splitter
PD: photo-detector

PI: proportional integral controller
PMT: photomuiltiplier tube

optical path

1\/|\

frequency locking path

B 10 ~ Invar & = =¥t 4L(2) % RIAR(F) B
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BRSSP E g0 B G KRR S R AOM A ] f AR
Rl oo F1L i AOM A 2 fh- [ RS 5§ SRS R SR S o JRd
AOM PB-if 44 F engF b 7 % KA i § shenB AR 58 o pteb » Ui g
oG- ﬁﬁ;ﬁé Bk g £ % /2 (Double Pass AOM) e i fx il & 4 ehi— Pt
kv e kL E oo gt - R E 5T k% E (electro-optic modulator,
EOM) s i& » £ drveph > H & B33 5L+ o 5k 1§ jp| & (photo-detector) £ 7 -
#2242 502 yr 4] B (proportional integral controller) w 32 % 7 & 5§ &4 22
AOM iF = #f 5 48 T_

FF R - R AR BB o o] 1 ehd L3R i
See 2w en Bk L 4k 1Y 4 3 B (polarization beam splitter, PBS) 4 3 &
o T LR N E ) AR IR ST kA
WenkF+ A F 2 7 R FFRR > LA HL S B T 3 jz(two photon transition)
ool R FlER R R T At S gt B o & F 4ok it PDH
BHEE > B P - i feie 0T Sk B L i Fiber EOM 2 (723 8 > L %
kT % H# ¢ (photomultiplier tube, PMT) 44z 3] e £ BLiEA 1138 L 5L
SWRAIFEF L FFEDRTEH Y > SN EERGH 34 ] ek o
BT B e L X B ks F A(2 i RAE S T 4 R 5 48 5071A)
a4 12 P~ Allan variance » % % &1 2t=1~100 () R} » 7B 3 24 T 8¢

25""'?*{[3}%7—&- B K2 T 0 4o B 11 T o
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FREQUENCY STABILITY

85 Rb SS(F-3)-SD(F'-5) Vs Cs clock

10—1]

—+85Rb SS(F 3) 5D(F'—5)
— Cs clocl-.

Y
HR

tion, EsE_(EtE)

102

[| 1.00e—01 5.81e-12
[| 2.00e-01 4.20e-12 |
4.00e—-01 3.68e-12 H :
| 8.00e—=01 4.4%e-12
1.60e+00 5.59e—12 : :

Allan Devia

108

3.20e4+00 4.83e-12 :
- 6.40e+00 3.38e-12 [----
F| 1.2Be+01  2.3%e—12 | -

.| 2.56e+071 1.70e-12
| 5.12e+01  1.18e—12 |-
[ 1.02¢+02 8.00e—-13

| 2.05e+02 6.53e—-13
4.10e+02 5.91e-13
| 8.19e+02 3.71e-13
1.64e+03 1.99e=-13

pping

Overla
— 107

o° 10t 107 10? 104
Averaging Time, EtE, Seconds

Bl 11~ AB4E 0 s+ 3 % 5OTIA 45 B3 4844000

(4). B* 2 2%z

(@. FREABEFT ST 2D o Y TP *F 2K F > H s kd piF
R g (7 SRR E wimE )T o B R A RIGFH AR
BR wr=1~100 ()4 B 22% 42307 ¥ & + 48R > 03
L HE BRI AT R i AR T B g B E G AR R e E o

(D). p & NTT = &% A% 10 ##3 » 6 G i@ A& ¥ > kppe(ll
photonic network)ip M 77 5 » K 2538 A A K B-L £ & o

(). 22 MwmkFHNT R4 » FHATHERF AP FI 2 Feah 307
oo 0T LB R ERAE TR L A A

(5). % %1 it g

(@). P avena e S p -7 B4IE D MR 3 778 nm kS SR
(¢ r27h3nkirips AOM ki % BAFAER) » 2R A 4R e p o
£ 3 3~4 ol pE o FArpE R 2 R K PE T (11000 (S))i4E %
Boo 42T RBER L AR LGP > ¢ 35 F onehig
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(b). o *+4¥#5 * 3| 785Rb 52S1/2 |F = 3>-52D5/2 |F = 5> 42 i BIPM 2
22 - BERE B FERE S AP A kBRI S RS
(absolute frequency) 22 F™ + H 4 ¥ 56 % ik % 3 a1t 4108 f

SRR

(6). p 3= ER
Fls ¥ AP T R E K
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5. A L AR 4 E R

(1). &+ 57

(@). = = BAF'E 3 fck 4F 40~60GHz £ Pl iw3F 2 (109/06) -
(b). = = XH#F*F I ficik #F 40~60CGHz 7 fE 2 R 3% & Fivr £ p o

e
(C) MM F e B4 A2 B2 Hik ¥ 3 % SRR I M TE o
(2). #4 7} 7 (A F 1 109.01~109.11)

PERRAIRRARFEREER R 22 2V ERI R TR
B g poAp 5 BRI P > R T S S EL R Pk o B W
FHREFMNHLF A A0GHZ 1 ¢ et RE > & AR Hp R R ER
RAE® o Pl Vi A Y g BT D IR A0 5N T B8 AR SR 5 4R R
RE- frawek o 50 2 5G i M PF N Rl o 22 B kA E R B Hod A

FAEE T % F P 5G i 3 g mads AP F KRG 8k LA 4 kiR
ARG ED R ERIFEHE SR > HER RS SRR F R
A Bt 1% SR620 3E B E AR R RIS KR 1 S 5 ) 2 (10MHz) -
TERpESEERT I ARIE R RTA 0 A RS H DR
40GHz~ 70 GHz -

R AT E D MO ME 2 B R R A5 £ AR 108109 £ % &
A0GHz r F eng #E ) o A B 109 £:27eh1 (F3E P & 2

#¥F 40~60GHz B F LT R ~ #BRAR - P RTARAPTE TR > 2=
EAT 'R T M 40~60GHZ F FE R R ~ (TP 2 R RIHNER £
TRIERREHEFRIARORFTEFLIT o ¥ ob o FIRREUEL ¢ "L FH
FHd BERHS IR REE 0 5787 60~70GHz £ RIF S > s &AW
P24 4 B 18~40GHz ~ 50~70GHz #* F 2~ B ~ B4 A2 2 B2 F L § k2
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40~70GHZ 2 RIS > A AERFILE T R34 ST e

#- 40~60GHz & ip| 28 ’}#upkp’% B 4e@) 12 #ro7 { # @ﬁ-ﬂw’?ﬁi% m@ﬁﬂ
o I 4e » 18~40GHz ~ 50~70GHz Mz 4 S 3x & B 2 sl it 3 2h fie B
PRl % BT 7 3 st d 60~TO0GHZ s % & % BAER

1 Laser Driver

lo0e|eee|ensraam)—] Synthesizers(SMIQ038)  prtr
bl X |
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USRNSSR ——— Yo R S
Low Noise Amplifier :
9kHz-1GHz
=
[ I ) E=r—
l DC~15MHz Filter @
v Ce—b) &

Synthesizers(1)

DRV SRS SIPEE S 1)

5

it

(3).

P sk i AR oA SR 5 4 RS 48(MHM2010) ~ 4 R+
45 (5071A) » Flpt R pl 2 A 2 R 2 B iR B SR 0 £ Rl R
40G~60GHz # I 5GHz #ipl- = » & #)B~45— 8L > ¥ B~ 1000 B o &3
BEEEF R I RELRLE (R 4!

15 R3A %
CEY VI

40GHz |45GHz |50GHz |55GHz | 60GHz

88 F48(GEMR) | L.3E-12 | 14E-12 | 7.6E-13 | 1.4E-12 | 7.3E-13

s )7 T4E(GERR) | 8.2E-12 | 6.9E-12 | 6.5E-12 | 6.1E-12 | 6.4E-12

2455 3 s 3 48 40~60GHZ #F FAE TR ¥ Rl 4
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4o 45 5 STABLE 32 #ic#8:t 5 15 &7 40~60GHz £ ip| f¥ gE— F) el
2 ¥_& ADEV(Allan deviation) o 5 #ip] i% if j iR BAF K i * 44+ 45> H
ADEV % # 6.1E-12~8.2E-12 %@F\ @t & RS 4a T S R 5 R ADEV
TR 4D 7.3E-13~1.4E-12 ¢ #-& 4 TRz IR L o 4o 13 47 0 d
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Summary for the 2019 SDR TWSTFT OP-PTB calibration report

F. Meynadier

This document summarizes the report of the 2019 calibration of the TW link between OP51 and PTB55
stations, i.e. using a SATRE modem for Tx and a SDR module for Rx.

Authors of the report : J. Achkar (OP), Y.-J. Huang (TL),

D. Piester (PTB), E. Staluniene (PTB). F. Arias (OP)
Version : 5.2
Date : 2020-01-28
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Two-Way Satellite Time and Frequency Transfer: first use of a Software Defined Radio receiver

in UTC calculation

=1

ki

B PTB £ > CCTF TWSTFT 1

Two-Way Satellite Time and Frequency Transfer, improved by the Software-Defined Radio
(SDR) receiver, has been used for Circular T calculation for the first time in March 2020. The
comparison between the French and German local realizations of UTC, UTC(OP) and UTC(PTB), was
performed using SDR receivers, a method that replaces part of the time-transfer hardware with high
-speed digitization and software data processing. This significantly improves the 1-day stability of
the time comparison.

Development of this particular SDR receiver has been realized by teams from TL
[Telecommunication Laboratories (Chinese Taipei)), LNE-Syrte - Observatoire de Paris (France) and
several NMIs within the framework of a Pilot Project launched in 2016 by the CCTF Working Group
on TWSTFT. This Working Group had the aim of characterizing the performance of the receiving SDR
chain, its long-term stability, the possibility of calibration, and of stable and reliable operation in the
long term. The first calibration of such a link has been realized between LNE-Syrte - Observatoire de
Paris and the PTB (Germany), paving the way for its inclusion in the Circular T calculation. The BIPM
Time Department provided support to the development of this new technique, monitored its results,
and assessed its long-term usability for UTC calculation over the last few years.

UTC(OP) - UTC(PTB), Feb. 2020
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AR g 0 B et TCTF 2 F % 3 a0 | 2 3 Pl Hiv e
35 B AR% 2 A % o ATF2019 #73¢ € ** 2 R 108 & 11 7 30 p AiR B %o
gRy7 18w w 4 o
A REIEY MRl ay g: w6 70 K- ATF2019 ¢ &304~ P
>~ & %3  1JEE Special Issue » 7% K& 109 & ~ 2 > 313 > 5§ ATF B
PEU R % = K Ao E P2 o
ATF2019 F 34 ¢ ¢ AR 108 £ 11 % 30 p /B M EP5- d *F
Pt &kw # L4 2§ A (Chair of ATF Organizing Committee, ATF OC) £
ATFOC = i " 7l » ¥ 3p TCTF = | 8 P Afp > 518 5 ATF2019
Workshop #c# 18 B2 » B € iR FRAEE 40T #7n (£ 9) o

Asia Pacific Workshop on Time and Frequency 2019 (ATF2019)
ICC International Convention Centre, Sydney, Australia
November 30, 2019

Opening (09:00-9:05)
Dr. Bruce Warrington, NMIA

Section-1 National Time Scale, Time and Frequency Transfer
Chair: Dr. Michael Wouters, NMIA
(09:00~ 10:25)
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09:05-09:25

1. Generation and performance of atomic time scale
UTC(NIM)

A. Zhang, Y. Gao, Y. Wang, K. Liang, Z. Yang and W.

Wang

09:25-09:45

2. Generation of UTC(k) with (UTCr-clock) data fitted
to ARIMA model

Ho Seong Lee, Taeg Yong Kwon, Young Kyu Lee,

Sung-hoon Yang, and Dai-Hyuk Yu

09:45-10:05

3. Common-view with broadcast satellite signals

Tadahiro Gotoh, Toshihiro Kubo'oka, and Jun Amagai

10:05-10:25

4. Development of a new digital TWSTFT modem
Miho Fujieda, Ryo Tabuchi, and Tadahiro Gotoh

Coffee Break (10:25-10:55)

Section-Il Time and Frequency Measurement
Chair: Dr. Dai-Hyuk Yu, KRISS

(11:00~ 12:15)

10:55-11:15 1. Evaluation of the TAI scale interval using an optical

clock
T. Ido, N. Nemitz, H. Hachisu, F. Nakagawa, T.

Gotoh, and Y. Hanado

11:15-11:35 2. Microwave Frequency Generation Using Er-doped
fiber optical frequency comb
Po-Cheng Chang and Chia-Shu Liao

11:35-11:55 3. High-accuracy miniaturized optical frequency

synthesizer for reliable frequency distribution
Jae Hoon Lee, Hyun-Gue Hong, Hansuek Lee,
Jungwon Kim, Kyoungsik Yu, and
Dai-Hyuk Yu
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11:55-12:15 4. Development of Er-doped fiber optical frequency
comb with a narrow linewidth

Shiying Cao, Baike Lin, Fei Meng, Yige Lin, and

Zhanjun Fang.

Lunch Break (12:15-13:30)

Section-Il1l'  Time and Frequency Standards
Chair: Dr. Tetsuya Ido, NICT
(13:30~ 15:10)

13:30-13:50 1. Developments of a Cs fountain clock and an Yb
optical clock at KRISS

Dai-Hyuk Yu, Won-Kyu Lee, Huidong Kim,
Myoung-Sun Heo, Chang Yong Park, Sang Eon Park,
Sangmin Lee, Hyun-Gue Hong, Taeg Youg Kwon,
Sang-Bum Lee, Young-Ho Park, and Kurt Gibble

13:50-14:10 2. Developing the Second Sr Optical Clock at NIM
Tao Yang, Zhen Sun, Yige Lin, Qiang Wang, Ye Li,
Baike Lin, Tianchu Li, and

Zhanjun Fang

14:10-14:30 3. Progress Report of the Ytterbium lon Clock in
Thailand.
Piyaphat Phoonthong, Thaned Pruttivarasin, and Tara

Chalermsongsak

14:30-14:50 4. Recent Progress of Optical Lattice Clocks at NMIJ
D. Akamatsu, T. Kobayashi, Y. HisaiB, T. Tanabe, H.
Inaba, T. Suzuyama,

F. -L Hong, K .Hosaka, and M. Yasuda

14:50-15:10 5. The research progress of NIM6 Cs atomic fountain

clock
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Shaoyang Dai, Fang Fang, Chenwei Liang, Kun Liu,
Nianfeng Liu, and T.Li

Coffee Break (15:10-15:30)

Section-1V  Time and Frequency Calibrations
Chair: Dr. Chia-Shu Liao, TL
(15:30~17:10)

15:30-15:50 1. Calibration method for GPS-disciplined oscillators
L. Marais, S. Quigg, and M. Wouters
15:50-16:10 2. Verifying stopwatches with the NMIA WebTimer

M. Wouters, L. Marais and S. Quigg,

16:10-16:30 3. Development of  Multi-Channel  Frequency
Calibration System Based on Dual Mixer Time
Difference Measurement

Yue Zhang, Yuzhuo Wang, Aimin Zhang

16:30-16:50 4. Investigation of Differences in Calibration Results
for Electronic Clocks using the Time Base Method
and the Totalize Method

Hau Wah Lai, Cho Man Tsui, Steven Shing Lung

Yang, Kam Yuen Chan

16:50-17:10 5. An Operator Reaction Time-Free Stopwatch
Calibrator
Manuel M. RUIZ
Closing Dr. Huang-Tien Lin, TL

% 9 ATF2019 workshop ¢ k42
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We introduced the Closure Portable Clock time/frequency Transfer (CPCT) to be a
complementary way of GNSS common view (GPSCV) for time transfer/calibration at a remote site
especially in urban canyon environment. Three CPCT trips with a cesium clock over a 25 km
baseline were conducted to approve the efficiency and precision of the method. In the case the round
trip was completed within 3 hours, the calibration results of three CPCT trips show less than 0.14 ns
inconsistency and about 0.5 ns standard deviation with respect to the corresponding GPSCV results.
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A self-referenced optical frequency comb stabilized to an external reference can be a source of
microwave signals possessing good traceability. The optical pulse train of the comb produces a
corresponding train of current pulses via photodetection, which in turn provides a comb of
microwave frequencies at the laser repetition rate and its harmonics. Therefore, generation of tens
of GHz microwave signals becomes possible by utilizing suitable electro-optical devices. In this
paper, we have demonstrated the generation process of microwave signals by adopting a
photodiode with wide operating range (~70 GHz) and shown the related signal characteristics with
our frequency down-convert techniques.
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Two-Way Satellite Time and Frequency Transfer (TWSTFT) is a primary technique for the
generation of Coordinated Universal Time (UTC). At present, more than 12 timing laboratories
around the world use SAtellite Time and Ranging Equipment (SATRE{) modems in TWSTFT
operation and contribute data for the realization of UTC. The advantages of TWSTFT are its small
calibration uncertainty (< 1.0 ns if the link is calibrated with a TWSTFT mobile station) and its
long-term link stability. However, the precision of SATRE TWSTFT in the operational networks
is degraded by a daily variation pattern (diurnal) in the TWSTFT results. The diurnal with varying
amplitude appears virtually in all SATRE TWSTFT links. The observed peak-to-peak variation of
the diurnals can reach 2.0 ns in some cases. So far, studies on the sources of the diurnal have not
provided conclusive understanding of the diurnal’s dominant origin.
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For more than 15 years, Two-Way Satellite Time and Frequency Transfer (TWSTFT) has been a
major technique operated continuously and regularly in about 20 timing laboratories worldwide.
Processed data are used for the generation of Coordinated Universal Time (UTC). The
technique relies on a protocol for transmitting and receiving clock signals via a
telecommunication satellite using carrier frequencies in the Ku band. For this purpose, SAtellite
Time and Ranging Equipment (SATRE) modems, developed and marketed by TimeTech
GmbH, are being operated in the earth stations of the contributing laboratories. The precision of
TWSTFT as observed today (with its financial restrictions on the lease of satellite transponder
bandwidth) is limited by an apparent daily variation pattern (diurnal) in the TWSTFT results. In
consequence, calibrations using a mobile TWSTFT station are usually limited by the same
effect. Recent developments of Software-Defined Radio (SDR) receivers for TWSTFT have
demonstrated superior performance in terms of stability, and thus the BIPM processes the SDR
measurements of the TWSTFT link between OP (LNE-SYRTE) and PTB as a UTC backup link
since the end of 2017. However, the accuracy in time remains limited to date because the SDR
TWSTFT link is calibrated by alignment with the corresponding SATRE TWSTFT link. In this
report we present the first calibration of the SDR TWSTFT link between OP and PTB using a
travelling SDR receiver developed in OP driven by a calibration software developed by OP in
collaboration with TL. This work is aimed to improve the calibration accuracy and thus the
uncertainty of operational time links, e.g. to improve the generation of UTC and the Galileo
ground segment timing infrastructure. We present in detail the calibration method used, the
achieved results and the associated measurement uncertainties for the SDR TWSTFT link
between OP and PTB. The estimated combined standard uncertainty for the calibration is 0.5 ns.
This corresponds to an expanded uncertainty of 1 ns (k = 2).
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The transfer of ultra-stable time and frequency signals between distant places is an important issue
for a large number of high-sensitivity experiments including geodetic measurements and
fundamental physics tests. The tool commonly used for this purpose is the GPS, which could
measure vertical displacements of 1 cm over short timescales (~1 hr) only when the displacement
is very localized in the network of observation stations. Since the primary source of noise in GPS
measurements is due to signal dispersion through the atmosphere, both differential GPS and
post-processed GPS data perform better if networks are dense because many effects cancel across
networks over which the ionosphere and troposphere can be assumed to be constant. In the other
way, with the leading performance among all the frequency standards, the optical clocks, when
connected with all photonics network for time and frequency transfer, have promising potential for
applications with capability better than present GPS observations. After several hours of
integration they could reach stabilities of 1.0e-18 and be used to detect changes in the gravitational
potential that corresponds to vertical displacements of the centimeter level. Their frequency signals
could also be disseminated hundreds or thousands of kilometres away via ultraprecise fiber links.
The fiber-induced phase noise and variations of the fiber link length due to change of temperature,
pressure, etc. have also been compensated effectively in some experiments. In addition to
geo-potential detection, other scientific researches, like improving GPS measurements,
fundamental tests of general relativity, measurements of the physical constants and better tracking
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of deep-space probes, could all benefit from the photonics network based high accuracy time and
frequency transfer using the optical clocks. The workload of data processing may also be reduced
significantly compared with the GPS techniques.
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