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Z 1-1 2011.11-2012.10 & A pFApF % % it TAL € w - &3 Z(NICT ® %)

Weights of Clocks
— Hov-11 — Dec 11 — Jan 12 — FebiZ

i SO VWashinglon DC) 211 i rghan DG 21,860 i SO Washinglon DC) 22823 T JUSNOMWashinglon DC) | 23332
Fi MICT (T okyo) 9,837 Fi MICT(Tokyo) 9,668 Fi MIC T T okyo) 9845 Fi PICTL T akyo) 10,365
] FiFaria} 8879 a3 |NTSC (Lintona) 1.458 ] F(Faria) 7.840 3 |F(Pans) 7.006
4 TSC (Lindonag) 1.26 4 |FiParis) 320 4 TSC (Lindonag) 6.0463 4 MNTSC [Lindonag) 6.272
5 |TL{Chung-Li} 534 5 |TL{Chung-Li} B2 5 |TL{Chung-Li} 5466 5 |TL{Chung-Li} 5.285
G&__[5P (Boras) 457 6 __|SP (Boras) 157 G&__[5P (Boras) 5,037 & |SP (Boras) 4828
7 INIST{Eoulder 400 7 WIST BEoukder [iEE] 7 NIST{Eoulder) 4188 7 IMNIST{Baulder) 3547
& |PTB{Braynschweig} 2,803 8 IPTE{Braunschweig) 043 B IPTBE{Braunschweig] a,054 E__|PTB{Braunschweig] 3,032
8 |ONRJ[Fio de Janeim) 2.352 8 |ONRJFio de Janein) 2.553 8 HRIS(Daseon) 2638 B |UME(Gehze-Kocash) 2572
10_IHRIS(Dagienn) 2323 ] 10 IKRIS{Dasjeon) 2315 ] 10 |ONRJ(Ric de Jansiro] 2327 ] 10 JKRIS(Dasjeon) 2433

Mar-12 Apr-12 May-12 Jun-12
T |USHO Washinalen DG 27847 1 SHLH Washinglon DG | 26023 T__[USHCHWashinalon DG | 26,183 T_ |USHOWashinglon DG | 25878
2 INICT(Tokya) 10.003 2 ICT(Tokyo) 4433 2 INICT( Tokya) 9.608 2 MNICTI( Tokya) 10,297
3 |F(Paris} E 3 |F(Paris) 600 3 |F(Paris} 6.208 3 |FiPans) 5.628
4 INTSC (Lindonag) 007 4 |TL{Chung-Li} 418 4 |TL{Chung-Li) 5.400 4 |TL{Chung-Lil 5482
5 |TL{Chumg-Li} 252 5 |NTSC (Lintong) 195 5 |NTSC (Lintong) 4548 5 INTSC (Lintong) 4667
6__|SP (Boras) ] G __|SP (Boras) [T 6__|5P (Boras) 4383 SP (Boras) 4304
7 INIST{Boiildar) 4275 7 15T (Boulkdar] 084 T NIST{Boulder) 4,13 7 PIST{Baulder) 4324
& |ETB{Braunachwelg) 2.083 8 TB{Braunachwelg) 3.157 &8 |ETB{Braunachwelg) 3074 E_|FTH{Braunachwelq) 3013
8  JUME(Gebze-Kocash) 2,644 8 |UME(Gebze-Kocash) 24088 8 |KRIS{Dasjeon) 2503 5 |KRIS{Dasjeon) 2613
10 1Pl {(Warszawia) 20481 10 MM T=ukubal 24161 10 JUME(Gebre-Hocash) 2446 ) 10 IPLWarszawal 21705

Jul-12 Aug-12 Sep-12 Oct-12
1 UENGcWashmqbon och 27,304 1 USHO{Washington DC) 246.628 1 U {Washington DC) 246,033 1 UENDcWashlmn Oy 27.444
2 |MICT(Tokyo) 10,883 ] ICT(Tokyo) 11.565 2 |MICT(Tokyo) 11.812 Fi ICT(Tokoyo) 12.337
3 |TL{Chung-Li} 480 3 |FiParis) 618 3 |FiParis) 1.338 FiParis) 6.203
4 |NTSC (Lintong) Fai 4 |NTSC (Lintong) 307 4 |NTSC (Lintong) 4863 4 |NTSC (Lintong) 5446
5 |F(Paris} EXE] 5 |TL{Chung-Li} 2 5 |TLICHumg-Li} 48318 5 %ggpum-m 4448 |
6 |5P (Boras) 4412 6 |SP (Boras) 470 6|5 (Boras) 3,607 [i] (Baorasz) A615
7 IMIST{Boulder) 4277 ) 7 IMIST[Boulkder) 4408) T 15 T Bolder d173] 7 [PTB{Braunschwelg) 2,864
& |PTB{Braunschweig} 3075 8 |PTE{Braunschweig} 3118 & KRIS{Dasj=on) 2,188 & |KRIS(Dagj=on) 2,823
9 |KRIS{Dasjeon) 2524 9 |KRIS{Dasjeon) 2.500 9 |PTB{Braunschwaig} 2704 % |MIST{Bouldar) 2783
10 TWSLiDalf) 23091 10 ITP{Prabal 2205 ] 10 IPLWanszawa) 21411 10 JIM{Toring) L]

Avul%%

1 USMO{Washinglon 1 24.822
2 |MICT{Tokya) 10.554
3 |F(Paris} 6.7 USND:  USA MPL: Undted Kmgdam TF: Czach
= e e & F: France WaL: Tha Mederlands S0L: Haonahtong
[ TLIChymg-Li} 5 MICT: Japan IT; Italy BEW: Austria
6 |5F (Boras) 448 NIST: sa FAG: Germany NTSC: China
T INIST (Boulder) 4.920 TL: Taivan PDM: GChina ONRE Brazil
& |PTB{Braunschweig} 107 PTH: Germarmy ROA Spain KRS Korea
% KRIS(Dasjeon) 2535 PL: Paland MRC: Ganada S Rusaia
10 |PLWarszawa) 2107 MNMLE  Japan 5P Sweden UME: Turkey
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(112) £ 22 FAEREH5HBIPM) £ FafFmas AUTC): RS
E(TAl) GLE# - 0 101.01~101.12)

# # & BIPM Circular T298(2012 November 07)% i#

BIEFRAR FFAREEARER T 40T 7T
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TEE
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\\\ﬁr

CIRCULAR T 298
2012 NOVEMBER 07, 13h UTC

BUREAU INTERNATIONAL DES POIDS ET MESURES

1 - Coordinated Universal Time UTC and its local realizations UTC(k). Computed values of [UTC-UTC(k)]
and uncertainties valid for the period of this Circular.
From 2012 July 1, Oh UTC, TAI-UTC = 35s.

Date

2012 Oh UTC
MID

Laboratory k

AOS
APL
AUS
BEV
BIM
BIRM
BY
CAO
CH
CNM

CNMP
DLR

DMDM
DTAG
EIM

HKO

IFAG
IGNA
INPL
INTI

INXE
IPQ
IT
JATC
Y
KEBS
KIM
KRIS
Kz
LT

Date

(Borowiec)
(Laurel)
(Sydney)
(Wien)
(Sofiya)
(Beijing)
(Minsk)
(Cagliari)
(Bern)
(Queretaro)

(Panama)
(Oberpfaffenhofen)
(Belgrade)
(Frankfurt/M)
(Thessaloniki)
(Hong Kong)
(Wettzell)

(Buenos Aires)
(Jerusalem)
(Buenos Aires)

(Rio de Janeiro)
(Caparica)

(Torino)

(Lintong)

(Kjeller)

(Nairobi)
(Serpong-Tangerang)
(Daejeon)

(Astana)

(Vilnius)

2012 Oh UTC
MID

Laboratory k

MIKE
MKEH
MSL
NAO
NICT
NIM

(Espoo)
(Budapest)
(Lower Hutt)
(Mizusawa)
(Tokyo)
(Beijing)

NIMB (Bucharest)
NIMT (Pathumthani)

SEP 29
56199

-4.
458.
37.
1695.
-148.
44,

-2.
-8.

11.
-15.
25.
236.
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NIS (Cairo) -1003.9 -1014.7 -1010.8 -1017.5 -1029.4 -1033.7 -1028.7

(e}
[e o]
~
~

NIST (Boulder) 2.9 3.0 2.8 2.5 0.8 0.3 0.5 0.3 5.1 5.1
NMIJ (Tsukuba) 8.3 8.0 8.8 9.3 9.2 7.5 5.4 0.4 52 5.2
NMLS (Sepang) -707.0  -692.6  -677.4 -656.0 -625.6 -611.8 -585.3 1.5 20.1 20.1
NPL (Teddington) -4.5 -4.8 -6.4 -6.7 -7.4 -7.2 -6.3 0.3 5.2 5.2
NPLI (New-Delhi) 189.0 187.9 188.1 186.4 185.2 186.4 191.9 0.3 7.2 1.2
NRC (Ottawa) 2.6 2.1 -0.9 -7.7 0.6 -6.1 -19.4 0.3 5.2 5.2
NRL (Washington DC) 214 .4 172.7 128.7 89.0 59.2 34.4 18.9 0.3 5.3 5.3
NTSC (Lintong) 7.8 7.4 12.2 17.1 4.6 2.3 -4.8 0.5 5.0 5.0
ONBA (Buenos Aires) -205.6  -223.3  -221.5 -230.5 -245.2 -259.1 -273.9 2.5 5.3 5.8
ONRJ (Rio de Janeiro) 3.7 0.3 0.2 5.4 -0.6 3.0 0.6 3.9 7.1 8.1
OP  (Paris) 35.0 25.6 20.0 12.1 10.3 5.8 1.4 0.3 1.9 1.9
ORB  (Bruxelles) 0.0 0.0 -0.2 0.6 0.6 1.9 3.4 0.3 52 5.2
PL  (Warszawa) 38.1 34.3 -64.2 -72.1 -80.5 -87.8 -93.2 0.3 5.2 5.2(3)
PTB (Braunschweig) 1.6 1.5 1.5 1.2 0.7 0.7 1.5 0.1 1.6 1.6
ROA (San Fernando) 5.6 8.0 11.0 13.2 14.6 16.2 17.4 0.3 52 5.2
SCL  (Hong Kong) -42.3 -44.6 -43.5 -47.9 -51.1 -52.0 -55.2 3.0 10.1 10.6
SG  (Singapore) 50.3 55.5 49.8 40.7 36.7 30.8 23.4 0.4 5.3 5.3
SIQ (Ljubljana) -603.4  -596.9  -591.5 -595.5 -603.8 -632.8 -645.1 4.0 20.0 20.4
SMD (Bruxelles) 3.5 - - - - - - 1.5 20.1 20.1
SMU  (Bratislava) -76.3 -63.7 -58.5 -58.7 -53.4 -56.6 -64.0 2.5 20.0 20.2
SP  (Boras) -0.6 0.1 -0.8 -2.7 -3.5 -4.4 -3.9 0.3 1.9 1.9
SU  (Moskva) 1.5 0.1 0.3 -0.2 1.1 1.0 0.0 1.0 5.3 5.3
TCC  (Concepcion) 1528.1  1540.4 1563.0 1575.7 1587.7 1607.6  1619.7 0.3 52 5.2
TL  (Chung-Li) 4.2 4.8 4.7 6.0 7.7 5.0 2.9 0.3 5.0 5.0
TP (Praha) -22.7 -22.7 -23.7 -20.5 -19.7 -22.4 -26.8 0.3 5.2 5.2
UA  (Kharkov) 42.9 39.8 26.7 35.8 26.2 27.2 19.8 1.5 7.1 7.3
UME (Gebze-Kocaeli) 315.3 312.2 315.8 329.6 349.2 351.2 352.8 1.0 7.1 7.1
USNO (Washington DC) 5.7 6.0 5.6 5.2 5.0 4.8 4.8 0.2 3.7 3.7
VMI  (Ha Noi) -15.3 -16.0 -12.6 -10.0 1.7 -1.0 -1.2 1.0 20.1 20.1
VSL  (Delft) 5.8 10.5 7.9 8.3 11.0 12.9 14.5 0.3 1.9 1.9
7ZA  (Pretoria) 516.5 480.5 444 .8 407 .4 376.2 345.0 312.3 1.5 19.9 19.9

- Notes on section 1:

(1) BIRM : Apparent time step of UTC(BIRM) of about -350 ns on MID 56201.

(2) NIM : Change of master clock and transfer to a new location on MJID 56214.
(3) PL  : Time step of UTC(PL) of +100ns on MJD 56208.58.

2 - International Atomic Time TAI and Local atomic time scales TA(k). Computed values of [TAI-TA(k)].

Date 2012 Oh UTC SEP 29 OCT 4 OCT 9 OCT 14 OCT 19 OCT 24 OCT 29
MJID 56199 56204 56209 56214 56219 56224 56229
Laboratory k [TAI-TA(k)]/ns
CH (Bern) 35213.2 35137.3 35060.6 34983.9 34905.6 34830.4 34754 .4
F (Paris) 167604.0 167603.5 167603.9 167603.3 167604 .1 167603.4 167602.7
JATC (Lintong) -52196.8 -52235.6 -52262.1 -52282.7 -52313.8 -52341.8 -52371.6
KRIS (Daejeon) 42080.3 42124.3 42167.0 42209.1 42250.7 42292.2 42333.9
NICT (Tokyo) 428.8 440.4 449.9 461.1 471.7 483.6 493.6
NIST (Boulder) -45381754.1 -45381942.5 -45382131.2 -45382320.0 -45382510.2 -45382699.2 -45382887.5
NRC (Ottawa) 24562.5 24545.2 24525.6 24501.9 24493 .4 24469.9 24440.0
NTSC (Lintong) 15027.5 15059.2 15091.8 15126.3 15154.1 15183.9 15213.0
ONRJ (Rio de Janeiro) -11810.2 -11832.8 -11853.3 -11862.7 -11875.8 -11892.7 -11908.0
PL  (Warszawa) -10634.8 -10638.3 -10654.6 -10672.6 -10687.3 -10702.6 -10718.1
PTB  (Braunschweig) 2017.8 2017.0 2016.3 2017.1 2016.0 2016.4 2016.5
SG  (Singapore) 10553.3 10605.3 10652.6 10695.1 10744 .1 10790.9 10835.7
SU  (Moskva) 27288273.3 27288424.4 27288577.1 27288729.0 27288882.8 27289035.5 27289188.2 (1)
TL  (Chung-Li) -453.5 -448.5 -438.4 -435.9 -430.6 -424.6 -421.6

USNO (Washington DC) -35115603.8 -35115891.1 -35116178.7 -35116467.2 -35116754.6 -35117042.5 -35117329.8
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VRS A/ISMI-A
s pigpon i DAQNI
36|FTC-2012-05-21 |, . . PCI-6224/12F1D | 101.05.23| 101.06.06 8,500
fossc DD
MBIz AAER R GLA S B
37|FTC-2012-05-22-1 |% # #~ 3 % B |/MUSASHI/6505/ | 101.05.28| 101.11.07 8,500
KT AEE 334739
MBIz AAER R EELA S B
38|FTC-2012-05-22-2 | % # # % % B |/MUSASHI/6505/ | 101.05.28| 101.11.07 8,500
)T hEE [334739
v RERSLE | E SLWIETE
39|FTC-2012-06-23-1 Wi P |FTSI050A/407 101.06.15| 101.07.20 8,500
AR
@& FH  MONARCH/Phas
40[FTC-2012-06-23-2 | 7 | 927 |er-Strobe Pbx Kit 101.06.15| 101.07.20 8,500

115/B2580213
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o FEFLHL

FTER R
#c® SRS

41|FTC-2012-07-24-1 jan PRS10-HP53132A/| 101.07.16{ 101.09.05 16,000
/031592-3546A02
654
" g, N (B S IRE R
=F J;}i AL > it
42|FTC-2012-07-24-2 | § Lé\pq " IsRs 101.07.16 101.09.05| 16,000
foue PRS10/031570
» e m
a1y POFTRES
43[FTC-2012-07-25 |\ 2 5, |[RACAL-DANA-9 | 101.07.30] 101.07.30 16,000
SZF T 475/RIC1913
P8 BK
R PRECISION
2012-08- ® 4 onp
44[FTC-2012-08-26 |54 7 g23a/18231 1245 | 101:08:07 101.09.27 8,500
09010013
B TR
45/TL-101FMPT-01 |F-#F *T2 7 |SRS/FS-725/6501 | 101.06.11| 101.08.13 16,000
0
g (BORT R
46|TL-101FMPT-02 | _ -, SRS/FS-725/6501 | 101.06.13| 101.08.13 16,000
4 O
Lnpgpmny (FRFERE
47|TL-101FMPT-03 |, - 7 SRS/FS-725/6501 | 101.06.15| 101.07.16 16,000
}i R4 ¢ O
wppsmp [PUTREE
48|TL-101FMPT-05 |, /2 SRS/FS-725/6501 | 101.06.22| 101.07.09 16,000
}i R4 ¢ O
49TL-101FMPT06 | .70 o0 SRS/FS-725/6501 | 101.06.25( 101.08.13 16,000
A, p [N
0
wme o - BT SR ®
S s
50/TL-101FMPT-07 i?,f:i* SRS/FS-725/6501 | 101.06.27| 101.08.13| 16,000
<3 R w 0
o (B REE
y 3L o
51|TL-101FMPT-08 ;if%i% SRS/FS-725/6501 | 101.06.29| 101.08.06 16,000
A N A 0
cAE AR ol R E
52|TL-101FMPT-09 |# %> % *22  |SRS/FS-725/6501 | 101.07.02| 101.08.13 16,000
2 0
7 k4L ) BR
53/TL-101FMPT10 |- = A B4 4 e 101.07.04| 101.08.13 16,000
_ 3 g a P SRS/FS-725/6501 .07. .08. ,
0
conmpg [EUIREE
54|TL-101FMPT-11 | 7 SRS/FS-725/6501 | 101.07.06| 101.08.13 16,000
N 4 F O
55(TL-101FMPT-14 SRS/FS-725/6501 | 101.07.13| 101.10.01 16,000

0
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St AR E

T RAHL
56/TL-101FMPT-15 | %% SRS/FS-725/6501 | 101.0716| 101.08.13| 16,000
N A O
gappony (EFTERES
57|TL-I0IEMPT-16. | L% SRS/FS-725/6501 | 101.0718| 101.09.05| 16,000
R 2 0
spatny (SRFEEE
58|TL-101FMPT-17 |50 % SRS/FS-725/6501 | 101.07.20| 101.09.05| 16,000
R 2 0
S9TL-MALOL-01 |0 SRS 101.02.16/ 101.03.26| 16,000
S FS-725/65010
pmE 4 o ORFRER
60/ TL-MA101-02 ) SRS 101.03.08 101.03.19| 16,000
g: —=+ ’}7&5{% ‘»4 NN
FS-725/65010
Rl Wﬁﬁﬁ“ﬁ%
61TL-MA101-03 | SRS 101.03.09| 101.04.27| 16,000
W FS-725/65010
c3 5y [FREREE
62TL-MAIO1-04 |3 0 0 SRS 101.03.09| 101.03.21] 16,000
Ry FS-725/65010
i FARE
63|TL-MA101-05  |Wi#»id A& |SRS 101.05.04] 101.05.16| 16,000
FS-725/65010
e g« B FEEE
64/TL-MA101-06 ;?ff‘%i * |srs 101.10.26] 101.11.22] 16,000
cFoEe FS-725/65010
FRPERG |5 F o
B5FTC-2012-08-27 |3 00 5 5 VS-1016/0wo1 | 101:08.27) 101.09.12 8,500
1 EHFE T
PS RECEIVER
66{FTC-2012-08-28 |8 Bl 3k irs gﬁsﬂ *figsg 101.08.30/ 101.10.27| 16,000
B o SRV
HolE AR E-
BA 4R
g
67|FTC2012-09-29-1 |1 ™% * # & /WAVETEK 101.09.06{ 101.10.15| 8,500
T s < 909-HP3325B/009
09001747603-284
7A14291
SO F I B0
BALE
G4
68[FTC-2012-09-29-2 Ej@ " % /WAVETEK 101.09.06 101.10.15 8,500
T35 Y o 909-HP3325B/009
09001747603-284
7A14291
pREEFT DS
69|FTC-2012-09-30-1 |*_ = Clock/Arbiter/109 | 101.09.12| 101.10.09 8,500
N 4B/B153
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GPS

FEEET |
70|FTC-2012-09-30-2 |7 = Clock/Arbiter/109 | 101.09.12( 101.10.09 8,500
LTS R
71/FTC-2012-09-31-1 | _ ~ PTF/PTF4211A/9 | 101.09.25 101.10.09| 16,000
o 030006201
BRI >3 T 3H4E B Advantest
72|FTC-2012-09-31-2 | Rs31 13040085 | 101:09:25( 101.10.09 8,500
44 47 4R = HP
2 F @k T
73[FTC-2012-09-32 ’;;;. bn g ROA00 1010028 101.1022] 16,000
rF7 ')'L
GPS £ fc s +5c
35
... |[TOPCON
e (
74/FTC2012-09-33 |1, 2= B4 1 INET-G3/STANFO| 141 09 05| 101.11.07] 16,000
SYSTEMS
FS725/401-01629/
107385
1 g Pl L
75[FTC-2012-11-34 |3 o 4 . |[HP5065A/2816A0| 101.11.05| 101.11.23| 16,000
XN \:‘ B 8 o R 1581
= F
76|TL-101FMPT-04 |, SRS 101.06.20 101.12.05| 16,000
~ FS-725/65010
ez [EETREE
77|TL-101FMPT-13 |, < SRS 101.07.11 101.12.22| 16,000
e FS-725/65010
&3+ 1,044,500
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(13)F M RIS E RIS
(1.3.1) A SR pE4E B 0p] 4 2 a2 & 1 (TP -A

(1.3.1.1.1)i& % 5 p

17 A PR D R (T R AR A SR (TR A Bk ik
Rl i 4 EAPMATE 2 A0 fh

(13.1.12)% 7 p L FHF 1 101.01~101.12)

RFEAE R ZMABE I ERRAZE I Fe DL E R FHREH
MEARLER ST AP TRA 2 B~ AP IE B A B E i
A BEATOCEME BERGEE > BEAERT R TIEEFEE UTC(TL) »
e g TSR RE w®d 300MHz 2 3 40GHz ; ¥ ¢ » o >N pcg
EEPRE T RARL > 3V EEFHECEER ST R FHRT e -
LA FAHOA G L D T SR620 3 Hie F S 3 BIM (0.001HZz~300MHz) -
TV BACA RS AR RS % 0 USER SR R AR R o gt Y
FRHRIARR L TR R AR ERDI N4 PER TR R A
7@, °
(1.3.1.1.3) % %

M s 3t d E RS AES 10t § MK KA EE R Ao ¢ MR
5.4 24 E(Agilent E8257D PSG #i ) # F1:250kHz~40GHz; f% 17 A :0.00 1 Hz(CW);
% it 2 3x10°/YEAR) ~ #eit 3 53 % B (Agilent 53149A > £ 2| § F:10Hz~
%mh;ﬁﬁ@iqum;%ﬂ$mwm%wmnmmmm‘%%iw$
(Marki Microwave M400502LTV » RF/LO ﬁisa] » x% 1 ~65GHz > ﬁi%l : ~300MHz)
i B (DC~40GHz) Bz Zepw 3p U 2 AR - L £ 1B 1.5 &
AR B F RR kK R R R B AN R T BRI SRS UTC(TL) »
APF R H IR TS ORI & Ed 300MHz %2 T 40GHz ; @ i ¢ ik 2w
AF RO AL GO R T SR620 B R ] 0 3 v R AR
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BRI & ZAFE RD

B 5] kK

B % R kR R R o

Bl 1-5 ¢ 59 HP83630L iF 5 {F i #8 F 3%k # >

FAE T
Pk P R R ﬁ~*{,@u&ﬁsw%ﬂu§%iu@@£ﬁ@%
BHREREZETAE S F oA N AT HE AL LR %éi%ﬁm 47
G EL o B S A ) &9 i HPS3630L 7 424 300MHz » & ¥ I F iy » L 47 F e
5%0@%&%%%%¢*3MWﬁ?%€a%§&$%§ﬁﬁmﬁﬁi’f

BT RS - BT RGN o R

“ZORIEEPF 11 Agilent E8257D ¥ Agilent

83630L 4~ Vvujﬁg»lt’z(a)l.OGHz ¥ 1.01GHz(b)10.0GHz £ 10.1GHz X #ck 24 %

RF/LO Port = #§ » H 74 &

% vb o2 =3
YR I
=+ 2 Y By 4
Fo 1-2 0 Bt ZHE S5

7 i HP83630L k3™ 4 % % $ 2 i

% 1-2 ~ Marki Microwave % #f B¢ P&

# 10dBm = +
FEE SN T R

O

B2 FnEZ e s o Ao T

RF #j ~ # 5 (GHz) | LO #4 » #f % (GHz) | Z 47 %MHz) | 23 &
1.0 1.01 9.999999996 OK
10.0 10.1 100.00000003 OK
AR R Mok EHEE. HP83630L
N EZE. > — (BRI A)-
+
~40GHz- ~40GHz-
o ~300MHz.
53‘1HZ+ w
] SR620.
UTC(TL -
UICalyi—se ’| 3 E.
+
)| BT E B
+
Bl 1-5 ~ B BAE 5 8 0p) 5 Sk o i 3 )
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(13.1.14) k" % 2 ¥

(a)d >t >3k 4p 3 227 (Mutual Recognition Arrangement, MRA)#| & #-i% b % >

REF g bidd RPN FHIRZREAMERRFEEDT L2 AP

BRE AT REIRY > HAEORRAATASTEEERER Y 2
L

Fim o dogt = kA e A4 v Fed S AP R I o
(b)yE B 2 - A B F R P EREFHRFTREL FHBEN A EHIFR

B ERT HGEA LS AER BRENBHAI AN BT R o a d

EAPM AL A A fRARPN RF R P2 REBRBRRLL R R

LIS TS S ETER

4

(@) *BIP A E LA WER DT RER 55 RP
Teng FARRAR R K S B GHz 3 5+ B GHz 0
MW o taE EF L >3 40 50 f EVENIE s it
B Pl E ETR SR Y T 100 F 0t o

(DA REHIAHFZERBIFTT TAEE S 7 F A H 1B % 1,5,10 MHz % 847 3

n R eho Z Bt - FRIE R B PR R E IS PO AR B o PR

ToSREGAAUARTEZ PR G T T BF S FEE PR E T BFg

PE -

(13.1.1.5)% %1 i+ &

}!_‘Bi

hopse AR EEEPRRENM T F e d 2P ERE G Y HTAFRRE  Fl A

PR R A kLR TR B IR A 1 LR TR R TR IR O (et b

R A ’Tﬁ]—, S ERINER o R TARR LR i Ko N LT EE#B il ﬁi}:‘r%"‘* e
HE2SED -

(1.3.1.1.6) f =212 3%

45/208



AP LR RI R I TRELRBRN A L HF
PRARNIE IR T BGE A K G ANE > » efen

AR NS A RARPRFFE AL RERE R R R
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(1.31) et SEE PR £ R A A2 R[22 3 1 TP -B
(13.1.2.1)i =5 p
%o Rk CEAR 2 BORIPLINER L SUEE LRI AR kSt T 2012
12 7 fhde b T B 52 101 £ R EFHES S BRFREF - £33 2013 £ %
TAF ¥ 33 78 3 -

(1.3.122)5 = Z(ELFH F 2 101.07~101.12)

d&j;tﬁtrmurﬂam,w,ﬁﬁ?ﬁcpm/ﬁi A4 B2 F%ERF 300 MHz 12
THFERFRZGEETIERAT AL ERIK A P o o ¥ 2R
Eﬁ;Lﬁm%®¢mmﬂoﬁ@&mﬁma%&ﬁﬁﬁﬁgiﬁobme
AR SR da 2 T 1.0E-4(Hz); e ST A TR o 0 LERIPFFFIES -
) B

)
BT R S 1?*ﬁ‘“ﬁw°d”“%ﬁﬁ RES R SOR:E Sk )
S b @ AR Pk RARE BB AFP B AE AT > F P
LRI EPIFEIRENZ BREEFAE TR BREFE? I A ERK
R R AR S 2l p L S

ﬁg‘] »HEF 5 1 GHz prv & 2.0E-12’$§] »HE 5 5 26.5 GHz PFiE 1 5.0E-13 >

(1.3.1.23) % %
B 5 st e 45— I L 5LA 4 F (Agilent E8257D PSG v A7 I i 11 g2 IR
250 kHz~40 GHz) ~ - %47 5 3+ % B (SRS SR620 > #7 5 £ | # [Fl:1 mHz~ 300 MHz ;
f3+7 & © Freq x 4 ps/Gate) ~ — 3f 5230 8 & B (Marki Microwave M400502LTV >
RF/LO %] 8 L ~65 GHz > ﬁ%] : ~300 MHz) ~ - % HP83630L i* & & & ik
HEFRAE - LA T RBEET R TR AP EIRE 2 FRE - 4oF] 1-6
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B 1-6 * Hrid "8 A7 BRI FAT 5 SLIE

SRR AR LR A PR Agilent E8257D 2 2 HP83630L ¥
B 7If F % UTC(TL)i® 5 *F 304F ¢ gzg,] UL RLRE S B R T B o
B K A G BLIR BRB ~ 3 MAR3UR L RF/LO Port & 54 B 5% R T
% 10(dBm) = + & i%4F & 100(MHz) g % £ o d SR620 énfats B o8 @ 4r > ¥
BRIPFEES - fyPF > 5 SO S 347 & 5 4.0E-4 Hz - 4 3 HP83630L % 11 £ 5 47
% 3 26.5 GHz » F]p* 24 i #- Agilent E8257D #i5 13k %3 26.6 GHz « #p M 7 42 1c
Bxdiid Stable32 #r#¥ - 5 S 4c® 1-7 “rr M F AR TR T RIPFIEG - FUPF
7 £ 7| 5.0E-13° ¢ ¢} » % HP83630L #; 1} 1.0 GHz P> 4p B i % 7= ¥ & 3] 2.0E-12 -

FREQUENCY STABILITY

> ] 26.5GHz microwave frequency measurement
of T L] I LSS SOOVS U0 0L 0 S ? 7]
= + E Tau Sigma
; 1 3.92e-13
—_ : 2 2.74e—13 |
B o 4 1.79e-13
L : : 10 1.14e—13
B | g - I 21 77%0-14 H
o : ; 46 4.9Be-14
s ™~ 2% : : 100 3.3le-14
=8} : 5 215 3.42e-14
o i1 : 464 4,792-14
Qﬁ,l n __‘_'_ 1000 2.65e-14 ||
vu 2 A ) "'»._‘__‘. 3 3 O Y- SN PO SUPY U S
< | 0 :
= . :
% ' g : : :
A | S I S P
% [k .
5 e R N
— .
<.l :
=
10° 2 10! 2 10? 2 10?
Averaging Time, EtE, Seconds
L s SR B A gNE E & 42
B 1-7: % FRiE ]4"£F—1 5 26.5GHz pF > s o3t - F3 PP B BEcif 5 48

¥ & ¥ if 7| 5.0E-13
(13.124) % % 52 ¥
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()% & ACH BRI E SIS R R 5 0.1~1.0 (Hz) » +fawpl B2 a2 9= @
;&iagi1034@@0&iﬁ%ﬁ?@&%—%ﬁfdﬁﬂﬁﬁé1cmz%?
i 2.0E-12 > #5 ~ ¥ 5 3 26.5 GHz pri 31 5.0B-13 > Bpm F S % 2 27 K
PR AS -

(b)™ B A BRIK & H H 5 adict g~ a MPUNR Y DR B s
BAF e i e 0T o T R PR E B RS BRI B R L 2 R RS Ao
FEBRH CHPEFE? IVAERKRERRG G Y o F o

() B ' — M FOEF BRl A E MER R TBEF BB RPN & FHIR
FRENEFAT RAEA L EAER c MRINEHBE IR - &P % T o s A
EAPMRI A A RAFPA RF R KRB RD e R
FERRPNAEOFFEE RS

(¥ AFEP T BT RIFEFED SR A4S0 B FRE s FE - T

M2F AP REETHAREY 2100 gt oo

(13.12.5)% %1 iF ¢

3!5

ke R EERGREARM L 0T o d 0P R Y FTAFRE  Fl S
PRFFERE A AR EFREL D B TR TR FE TR TR D (Tt ks

TR Y B F e LA ITRENE KAk ERI N EPMAER TS C

kN
C

R R SRR e Sl RN

(1.3.1.2.6) p 382 3E 3%
ERES-ABEFER AP ERNTIRETRELRIRN A LB
JRIFENIZFZT MER EGARED c W REGERBIRP - 5F %3 o o d
ZAPMRE G B RARPRPF R RBRERE DERE R
PR AE O E R AR AR ARPREFTRTOREAE T FTN

BIPM b FALEY > H ¢ § fiege F LR RE & & AR AR ELR T GPRFE
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LERR AP ERGEBE R E P o ph o O AT g B 1
2 R hoHTF 5 SR AR AR BB ot Mk LD MR B R Rl
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(L132)B KA FIE I KEHIFT-A
(1.3.2.1.1)iF £ 3% p

BB IR BB AT
(132.1.2) # AN FE AHEF 0 101.01~101.06)

BRI P AR R PR g R L - B AR shenié 0 T
FREREFRER ARERR 2SI P R F MR d o Ra e
FREFEERRAGEE T > A7 %3184 B0 M TIR BT 2 4 5
B AR FIR RS R P - TR U] 0§ E ) APRER
TR R LM R B BB Fa AR AR R M
FEPE RIFFRF R IE S 5v Do LM %2 OB RIE RN 4 > PR JIR
FEEERRR T AR ERP A F TR

vm

Signal
Shaper

v

Display
Main Gate ﬁ

control | Decade
stop > > > > Counting

Ext 10MH5 Time

Base

A 4

Synthesizer

PLL

Bl -8~ PFRF IR 3 E A & RIZ= W

2 A epE B PR3 8B (Time Interval Counter, TIC) & p:2 £ 5 B 7 B H4E &
it EL . B ¥ — B ELIR U Start PR b 0 @ ¥ — (B 2 B3R & Stop %k i¢ > @ pF
FE'PF?F&;L&%)I‘:L& B A A BrR R E 4 2 (event)o —HER R BFRR
MR B AR KPP 3 (P2 > A BB > A RGP FFH 1-8
GHBl D Flt A E R RAGSE D e B RS S o BE i (T A
NI gy IR o 4 ,T&,{;ﬁ, » & * 4] FPGA (Field-Programmable Gate Arrays )
G BT T L AESESH 6 A I BET RN R R TR
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\3\
L
e

(13.2.13)H 7} %

ERES G AP FEY RO BRATRSZ o0 g € AT B

841 B ¢ 5 ALTERA 2 @ 9 QUARTUS II ( i% Verilog i = hedit 2 FPGA »

F Berplace and rout 1FPF B %k ) » ¢ 3 NIOS » v #_ALTERA % & v
ﬁaﬁﬁ%@@#ﬁ i H —‘ﬁ " E ,%‘}?J% bep e Renfm oo PN IRH N EHE

L& p e B (F R EAARATRREE ) Vb R F &4 K NIOS B
# 5 NIOS IDE ( Z 22 QUARTUSII AR e s & ) o 8 % C 253 (v44] 0

PP

3

1-1\1,

SR B TRDE AR E S A BT AT EL LT D
Fiv e B e 3N ik g 1-8 2 fﬁméd&ﬁ it > B W IHAe B 1-9 Ao dgk A
CE

% @B 1-8 ¥ 7 Gate Control = 3l » Z 115 B P ik & %] & Start =4 % Stop =%
Ao Pt e g3 B Dilip-flop 4Bl 19 #577 o ot 8T iy~ £H- ik
ﬂﬁ%ﬁ&’ﬁi*%%&$ﬁ$ﬁﬁﬁ#@’ﬁﬁﬁT—&ﬁfWﬁ%
(Exclusive OR )~ %4 2 55 % Fp| 13 54 W] & Start 23 % Stop ﬁ#’uﬁ%l% v &d 3R
& [ e E & (truth table) % ) %7 iia?l g BT % %] B #CE (coarse counter ) =57

7u2¥” (enable) ﬁiq?J ~ #8 o coarse counter — I JEF éfFfI-‘C»F#“ 4028, 200MHz ( p A&

#E(1I0MHz) B 47 20 B &7 ) gt =t A & T 5L -
Exclusive OR ! fifi %
L ol ffo o start stop EN
e = &3 3
B 0 )
—T iy B i
i lm | &

10 MHz D Coarse
Counter
crystal 200 MHz Clock

L S |1

""" f f

start stop

Bl 1-9~ 5L R T B
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FPGA e .30 7 2 * ALTERA & % e Cyclone III> B] 1-9 ¢ chiZ #f ﬁjr‘h—i"
i * Cyclone III p $% 48 4p ik 2 (Phase locked-loop, PLL) #icie k5§ 3R o d 3%
PLL ¥k sudh it £ R M4 FlZ 2 — > Ft o $30 P IR EehHPLL A P ¢ %
A g b PR o PLL p 384 RGHACE 1-10 771 » B PRI 5 B2 b opFss
(clock) w#24#-3% » # ¥ clock ¥ {¥3% ~ K,ért AR 2 3 iTd (duty cycle)
g3 B o &= — B PLL #% # clock & = 1T & ﬁi%l drie > F FyE M/(N * post-scale
counter)%| & F]+ K A o éih] » Bf/fi&j’t“* ’ %ﬁd pre-scale ]+ (N) #8138 k w32 7]
M) FHIREESFD T R HIIR T £ (Voltage Control Oscillator, VCO ) 4 # &
fin X (M/N) o & - %] |33 — BrE— post-scale counter k *% F BAEVCO - = -
% PLL 7‘5‘33 % pre-scale counter(N) » 2 & & counter (M) H # BT £ 512N
counter # it * Fged| 1 (FH o B RIFLAEF m",f,é o & — B PLLE# S
B post-scale counter % #% & GCLK &\ ¢t $R erip¥ 48 %] o AP B T ¥ 10MHz 347
I 200MHz 2_% 7 £ 3 EfE4r R D Sns o F B AT H PR R
¢ = "3 pF AL (time base) s7HE 5 o

lock
LOCK —1~r
Clock inputs _ 4, - I g
frompins =7 ) inclk0 —|: Ii_ rro H cp Voo ‘ 5
P Clock [ clkswitch L~ PLL
B L NP [ o s . e
) il VCOOVRR || Extemal clock
—— activeciock D L yCouNDR output
pidena
[
No compensation;
| ZDE mode
q — GCLK
SOUTGE-SyTICHICNOUS, —
normal mode

® LG oRiARRTIRERTAEFAERARBE S E AT
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3
Fn
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vnb (>
L=y
‘\i\

PR D pa thend A3 o
@ RYBHMATHTTEER APEAEFH A ES g BR
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g B B oo

(1.3.2.1.5) K k1 v £ g
® FHifAFRPAMEEFRIHAD 2o  FR/IGRERE
(TAC )~ #c i+ 2f 2 2 (delay line) ~ ¥ i B4 72 ~ P& A /#c i~ #& 3% B (TDC )
A B Nuttmethod > 232 % > T gp w4 TRz 4 Fhanli
T FRB R L AFRT S E o
O H RBZmMa hBRIAE Z S E > @ P BT o S B
L

ie R MR EE R A iE—- Ei%ﬂﬂlé:ﬁ)iip
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(13)BHAFRE RN kBRI 7 -B
(1.3.2.2.1)i& * 78 p

BHERF KB ELAY R D 101.07~101.12)

(1.3.2.2.2).p

7 & 11 Coarse Counter 1R 442 2 % B P #-%(d & & D-Type flip-flop &

=)o & B * 4 Start 33 % Stop #f s o gLt F ’E%}"' - LE IR F
R 5 TR LBIER B BB T - BT AR o 4 B
Z {F P 54 S Start 2 % Stop *ﬁiﬂ% » d 3 OR R enE (B & 2 ¥ ﬁis?J

MDA YR TERE o A2 A FRTES YR TEKE (coarse
counter ) ¥ % > * ALTERA = & ¢ QUARTUS II % FPGA & 5 F s it
PRRE SR >~ R B R e ¥ U2 NIOS » # % 4+ 1 757%57]?
e ERAG 0 RPIH N HEE A TR AR PR o
FPE AR RSORR 0 RFRAIChit §ELE kS G Lzt R, AL (@
1% start 2 stop) #rilAc ez L o A s FRIG LI B AR fET o Flpt A
SIEE- T RE R EFANRIE 2N EAT PR fRA AR LD

G FEREER . AR GRE AR R

(1.3223)p %

- BECEHEFEROEER (TDC) afta SF L k- BEFHmEAEH T
ATERER - BPRALAIGE  ERENTHEREL NS G ERERT
I T MEHRSQZE A #cihF (0<=F<=1) k47 o T=T)x(Q+F) » #* &

To % TDC ede-| § #x =~ (LSB)f347 & o fo— BILE R A B ¥ i hE B
S5 FF 2% 0 Q% Q+tl #.i2Fm e » o8 ¢ droeez g 4 -

FoagitFA3 M (FERLEE LAS MEDbit g ECRFSF E) BlE
SREERL > THERARE O ELA R AeT

g=Tox f F(1-F)

55/208



BoA end A 0.5xTom 4Rl 8 > & F=05 LB 1-11 > Bl E & T
B RS Beo) gk o F FF08 F=1> B HmAR I - BIEEDO0E
Ao @ BRIEEIET - BH MG otz o - B TDC EFHmA LT - B

To 4B ] Totlo 4ok F 32 0.5 pIfr2 To3h o 4% F 2 S EAY 0.5 B T+l

21 -
D

%

I rZo o BRI Fmas - B RMS & TyMS -

0.6 1
0.5 1
04
0.3 1
02
0.1 -

ﬂ Li L) L] L 1
0 0.2 04 0.6 08 1

Q fractional part F Q+1

Bl 1-11 2Eead FFma it i

FIER A L a gpF iz o TDC B RMS HA B & ixE & ehe * 3 2
}rRH RMS EFHmAR AAREENTO R B L - T2 EFHMER £
MR AR 4 agds (fitter) s B (hit) 2 fpiTH i A4 i 4 B
B bldeT RN S EE A TREMNIPIFE o - BFEeF BRITEF
AR o AN - B EEZ MFEE (interpolator) #rid- T o + IR ¥ 4 i
A A REL > A2TFPIR B BEH 2R (NL) - f F B INL # 7
HERmR S $RTRERERHREBR LIS (Ty) P -
BRI R RO FER SRS Tkl ek R T IEAL R R ELE R
Z hit 8L Rl AR E L b o Ao TI0E — B R B AT
Frc LA W HY /8 A N HFEpendkp > o8 - B Ep

MR o T AP R RRIE S FE R ] EA P AR
ok PRI OB RITIOE R R Y AT YR F IR AR B RN

—“qt
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desp B T 3oHmni o IR 4 Al s TRFE - AR PN AR Y
A R o 10T H P Z AR R R R
(1) P& ¥ b B 4 B
ERETFRECARAEE T 3R BT IFAENRE (TAC) fI* &
TRERE AREDF (start @ stop 22 ) 1 - LRI LT RF LT
TRIZSVERTRE - BTAC a3 - BB E3ITAR - B 'Lehds i
F @B AL
R b2 28 o % % - Bt IR ER(AD)E G % & 9 BT F
TRELEEF  RHEFI ADER KA TR 1-12 - FEHA AD
FECH D AFTR -FLEVRECRTE VEENES o AAD
ERILE F A B~ TR Vind A F TR LA G R oy
H¥ 5% P 3B switch (T3 4]

swl
sw2 T// - Fi5T BN ‘ b= oo b

Vref swl sw2 sw3

0OSC Controller

A

v

Counter

Bl 1-12 PG de Bz LA A > 5N

Q)R RIRT F

AN A BT ETEY IR EYET 2 A BF R YRETL T
BB RNfEITR 4RI BECH M ¢ * start % stop Z 5o % stop =i B4
P HEPF o stop {R T E hAp AL b ostart R Bedp i o A F - B
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Wt BB ] ¥ A (LSB) o BIRIET BRI 0 4 - BRETEY IR
TEZ A BF b nyrif BY 4ple 0% ) B4 £ Wl ehstart 2 stop e i o
B RILT o R RARK TR YW F L AN ST RT BA T bR
FR2ZF - BRELEFFZFETAY GRABFRRELRFFET -
(3) #eizzaf B

- 348 ] H ~(logic cell)iat iy Jg & * * A fici=it > - BE g H D
25 ostart BELR AePF s B Y BHEA 4 R @ stop BELE KPR
HERRAE AT B o W AR logiccell HiBFUEBERFR o - B
TAC t— B~ end i e FI A7 7 (760> A2 F]30 F 4 & ehlogiccell » 2 # 25

Mo AR AT R A R U BRandfuedd- BT

\\\?{r

SARF FH® o #* PLL & DLL (delay-locked loop) g+ 34 & @
Huleoipffr PR BRRET LD FRE » FTFAL S Y FF
(hit) BHLAkBR o # 3 Be SR I LF- BR Pl FEHLEE > R
AL B~ B Peid FHAD 4 Bo b4 — B 83 if «hTDC * 64 B 455 (tap)
DLL » * 24MHz P 4847 5 B] ¢ 3 650ps chjiz47 & o

(1.3.2.2.4)}’@ g .,-\-,/{-‘71:

(1) 57 F e W PR B PR 2 F e E e A > 3 B9 % 349
BRlisie Bibrm 2 R B Ko FIN A THEFAAHMNERE MR RaEFER
IR R o o BT Tl o dogy 2 = B-0@ 1\3'56?3_ { g ET R d

(2) Y B3 HRAREDPFERTIEER A RTIEAEEF I AR 5 8 R%
PAEARS o 3 L AR L PHFEPMA A R BEP PR 5% 2 A8 B

5
P

(13.2.2.5) 3%
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=

ik A BRI F R FPGA
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pe 1

'—@%bﬁdl ;'_'\,'T]LLL]&; J
- BAET LR F L FLE BRI L EIFE T T A

£ i logic cell

A
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ERR c R gt e R R o B s A
AR 2 03 E ﬁﬁoiﬁﬁﬁhﬁt
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ER L ¥
[CR R R4

| # TAC c93 5% > J* AT & 3

A S A/D BHEE KR E v i ¢ 3 start 2 stop HpE4a T 2 b
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(=) PHRRP A

A1 IFIE P AR HE T GPSHM W HEIFE FE e B IR Y o
A E LR B RERE R TR 7 AT A
(2.1.1) $#ufrs pFAE QX P 3
(2.1.1.1) =58 B

WoafErh PR BiX Rl F e s g
(2.1.12) $4iFp F (R EHF 2 101.01~101.12)

AP 2P ZAFEHR L GPS BB ZE REWCHIHRAR > Tk
FRERAIFET - 22 R%EREHH (BIPM) 2 TAIPPP & 14834 » #-phig
7% F 2 GPS Uik Ap LRI TR A ) g2 18 > TP Bix BIPM 3+ 5 TAL -
%% BIPM TAIPPP 3+ 3 ¥ 47 B B i £ € & i ¥ oo 20 SR > JE U
PR AL A RFEETRA > F RIS RRE TR -

ERE SN N gF

® & p {7 GPS H 47 & b BLELRI(GPSSC) ~ GPS B47 % i if & e ZLELR
(GPS CV)~GPS % ¢ #p = fip|(GPS CP)~BIPM GPS P3 fLip] % F'% - 4
o PR TR R @i D] BIPM &8 AP % 32 FTP fexk o &
BIPM & H i w;#pﬁn ik > L2 GPSAV BLRIEE > & h R HE R

FEREFNE 0 TEREERERT RS TR EREE TG o
%22 BIPM = TAIPPP L 4% 9 %2~ 4 > 4t 2+ 4 'Y carrier phase $jfr 5 AL # >
HEFERHRFTLEFFEMES -
(2.1.1.3)% % »c ¥
@ Hanfrhpf @il MR KA AR ENHD B AR
XWNZHE AR 7 LB EL RRA B MR g BB
ARV e R R > TR Fe ik BFERLyRESIMAL TR
?%i&@%ﬁﬁwﬁpiﬁ$ﬁ5?%°
® éi%ﬁ%&ﬁW$%?ﬁ%%W%%ﬁ“%%ﬂ’ﬁ?ﬁgggﬁﬁ
TEP AR T R Rl g ERRIE o PN ERIE o S B RIE < F o s B
PR ERE G FRE G Ay -
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LR GRS REFE w7 LERGE R CHERFE T
BE % o

S8 58 GPS R W $idd > BAERE & Th %> & 3 MEEE -
R pPER e LR F %% p 52 BIPM © £ > GPSSC -~ GPSP3 ~
TWSTFT = 58 It ;% § st > # % IGS Site 2. — » $% & GPSCP jLip] & 1/
A2 IGStime- 45§27 TAIPPP * 3 v & RS H F S 2 4o bl &0 &
A REREEY -

TAIPPP = j& BIPM # * it % &9 5% % &2 PTB 2 TAI 4a% > R @ pisa
B ASB# 2 AT R A Yd 05ns 2 5ns ¥ % 03ns 2 4.8ns @ 8 AF
%EE o EPRETRE- HRD

% % BIPM 3 % #- TAIPPP $ji2? TWSTFT % & » f5d & fffkjirp 1 vt
o T MR L e 42 o 5 s BIPM & (Fig (7 TAIPPP 3+ % -
¥ W pF ﬁ;’pﬁaﬁ;ﬁ;}ﬁ,\ THE BB I AR B E 2 FpTa 4 oo
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(21.2) GPS P B g F ek s
(2.12.1) #4758 7
GPS 3 F if 4Bt JEARHE 8032 5 (3 % % -8 2245] 329 KM)

(2.122) HEFR FEAFHEF £ 101.01~101.12)

GPS 22 s # k- 2 22 M ARARPHIHTY Ri&(7 3 H AR
N2 - et S N A MR RERI O H 2 BRI 2 Y o
F* GPS Hinfrh e 7 @pF A B2 PR ANHER S {2 2 FEEY F
EUBUEI A AR S R Gk 5L R U 4F 2 3 Bh(line of sight) 7F K 4T
W R AR b A AT BRI A > TR W EA L H R R R BT o
@Wﬁ@”ﬁ”%ﬁf&ﬁg’mﬁﬁiﬂﬁa}ivi%?@B@ﬁ?%
BEGENCE L = SRR T o %R/z'lifarsﬁffi > GPS % 4% 4 4]* GPS

2 MELIT L RARE 2 ST BRI FARIE S B R B F PO 2 v (] 2-1) -

S
i_—
gr

GPS Satellite S

dSKl dSKZ

GPS Receiver GPS Receiver

[ Clockl 1pps ]

Clock2 1pps ]

Time Interval Time Interval
Counter Counter
Start Stop Stop Start

P11 I

A 4 y

[ Data Processing ]:

v
—

Data Processing ]

Data Exchange

K1 K2

B 2-1 ~ Y4l potp v 4

SECFEPN REZ P esar o FHR T2 EFRBEF O IR
Z B UFRRPNRF 2 M AR R ERT ARG R T
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BT R A BT R LA BRI A BE ERE(BRET BT

Aotk ALA B F 2304 0 4o 2-2 #1m & 5 GPS Ecid ~ RO 4
TR AL R o 51 S b 1%%?@%“}%@%&%@5
CEIF R ANAAERIREPN EE KT HREREY R E 2 REDORP
PR 3f gk o TPt 2 i (7 E f2if n4ad (long baseline test)!d st 2 Bl F % (4o
Bl 2-3 #7510 ) 0 BIFE» BL A B AR F] 0 FEF &R E K 392 o2 > A £ Py B
EAMEY BPIREEE T RBPIERE KD R RAREEN2 BiiTE o

CGGTTS
Data Output
5/10 MHz

Bl 2-2 ~ B PRI i S7F R
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o GPS Remote Time & Frequency
R8I 8% 329 km . Calibration System 3% ## %2 8 242 3% .
(B3 E-5EMAE)-

B 2-3 ~ & A23f RAARL(F %k 7 -8 221k F)

gx<

BERR A A GPS £AL 4 52 Bl PR B2 P TR T E R
HREF T 5 £ A2 mdapez PIR(E D4 X)) I EELD®Y BREES
Z MR 3T o PIREW A HE T2 BB TR 0 3R H OGPS Hfu B2
FEAEBEELTFEGT R B 2477 5 p FRF2L GPS Fllajaity » ¥
fRER B2 GPS Rt i ?T xﬂ;z AR B TR BT R 1
Wi oF] 252726 5 GPS B AT F R kA B 2R FIRIE4L X 24P
£ pl 2 4f & 42 T_& (Frequency Stability)& % - 4 F & T & T 35— X thig * 4
TAE-14° 536G A2 X ERIAEITE > FEHT T EME Y L2 F PR
% :f@ﬁé;éﬁ%%‘%i;ﬁﬂf%m: x5 p)- x 2 ag g O (D g 158413 ;
PERFTREPFEROGL R TER - R 2 FETR Sy(V 4 % 93E-14; & 42
FRERBEEL %o @P - 2 2 FET R OO g5 TIE-140 57 % A
BFIR R B X TE S AT arkop U T (DT LSXI0T
A BEARTAERL AR AA0d 2-1 %7 > d AIERE B AER 9@ B b
BETUSE A e L BRI LA S SI12B-13 Eic RRIEE9F 95%
FiE R £ T A GEFLEE T K E5 20 plpHE L A AR L 0 (512
E-13)x2=1.0E-12 - ¥ *h ¥ R R4 % 3 FE 2B 553572 15 1 5% 100 ns - GPS
ERZEEVHREEIEPAAHF T TR 5 10E-12 FEFERIF 7 FEE
Bi 100ns> © S ELEERE AR RREIFIAFETEMREE £
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BRI EE 57 B A GRER SRR - A B HH)

Type “FIE! j’j;“ii@ ;Eﬁ %i%@ AR P g
B [H#= BIPM #i ;{7 L1E-14 | V12 | %Y 3.18E-15
B [EW= BIPM it L6E-15 | 1 |/Eh i 1.60E-15
B (B IAFHIHEERIE R | 16E-14 | V12 | DY 4.62E-15
B |& FAFHIEARTE IR L 3.0E-15 LR TE 3.00E-15
J%U g [AOG I XGRS Sy 10E-14 | V12 5 5 SOE.15
)E% BRI YR SOEY it 1.44E-14
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B :@?ﬁj?ﬁﬁ?&,%é? 1.2E-12 | 12 | #H1% 3.46E-13
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AHERE £ BUR PR dd 5.12E-13
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File Edn Dmw Comvert Help
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S 1.54e+04 4.09e-13 |
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EfT fPi BER B2 Bt g o d 30T S GPS 42 icip A M 17 ¥ ¥ ¥ K
AR RENTE D GPS G HLente 2w T I QL KR TREARE RV o P
AEEA] ke A S RERARENZ T BV REIEI LR H
B FETR S 1.0E—12’B$E3E5E'J:}7‘§71%E£3U§7% 100ns > & il &34 & @&
A PR FEPEFRERRE S L BT HREFERL 2 & Rt
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1\
@)

(2.1.2.5) A k1 ivE€ %

%%%%H%@ﬁﬁﬁﬁgbﬁ(ws#ﬁjﬁ@@@iﬁaai TR T hisH
B ¥GOGPS T A E-E & B3 7 E 2§ RESTR ¥ GPS Common View
Link # B2 B BEeF7pMAT o

(2.1.2.6) p #F=813E %

B TL @ p (B A GPS £A4L 5 %> 3 2 A& 58 > T if nphpe SR 2
Mae i A mAE e ;é FI L1 C/A T 5™ -k o K B3B (757 % 52
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(2.1.3) HinErh LieEplEE T 1
(2.13.1):F =5 B

75 GPS &2 GLONASS BE¥-4ufrh i sudp o4 g o & pLip)
(2132 F ) 5 (A F 1 101.01~101.12)

FARY NTRRANTRBADEFEE Y c RRA DI TR g
ﬁ?%%ﬁ?@£ﬁ4ﬁﬁﬁﬁ HETEHRETHE T F 7 (total
electron contents; TEC; — T = 5t # & ffip ¥ TR B ATHS 2 LM T
SHP) FMeA L REPFRLTRE Y B a3 RAPT T FRB @
ETEA A2 IR Ap % (scintillation) > 7 W T @A PFR R & ¥l
Bah s Ha g S B o MFRK BT 4k 2 R MEF LR R
@ Jtie (plasmabubble) IR > § LA A 2L AN - Vb TRES FRE
(traveling ionospheric disturbance; TID) » € i¢ = T 2k fg5fm BT A Bix o

2012 #HERPIFTHELIGS e R P (AF%ETTEER2Z - ) TT 2
= Az - & B #cd PR GLONASS i 742 » GLONASS 03 # iR 2
oAb of oo ALY ¢ ik GPS & GLONASS #F##nfEh 2 GNSS #
BEEH o A2 T 0 AP % % ¥ GLONASS Lipl Tl jc 22/ § i B30 s
Tk o AP B E ¥ (7 GPS ¥ GLONASS H ik & Suda T plid o Bl B
database ¥ 9 GLONASS 74 » B AP 4t T AT HIFT R R T £ o

“1\«

TirT] - 1 ¥ LR FAL . AFTE £ 1% © 4 1 GLONASS FALo 112 IGS

GPS 22 GLONASS #h 7 A Bip| T A H 473 48 » & RINEX 2 5¢
"4 ASCIL A8 35 e ™ ot 2im s 3 o BRI TALH T L 1) & 8 R &G
A chg IR E S A R 0 o CEARERT N E T L L FL

GPS & GLONASS sh#uif 483 b o % & f 2 P i 5 2 4 w35 )
FLPE R F 0 WA BRSPS B B4R 0 3T 1 3] GPS &2
GLONASS 5 B 7 B R THA T o T aAg L (¥ o F O PHE L
THLE B AR R D R AP RRI e & 5 1T iR - o 7 1) AL F] S
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(slant factor; SF) -
R ARBRESOTHE 2T 3 2 & (TEC) v * L #iEdEpl € P, &2 P, (1

meter 2 H =) d Ta 23N E EF)

K' =i _geini

=05 -zt

BOOR RS BREE o d G EIREEEA Kok A w;a:a i RE

£ B ik B ik £ (Differential P-P, Code Bias; DCB) » ¥ 11 p 7 iz & » @ f>°

IGS PRl # d IGS chA &¢ @Hig o o389 PR AT FE » T4
T LR B R T o

R ARESDTREE 2T ZETH ?‘/ﬁtﬁ‘ i LR

SH) d g N E @

\f“lﬂ

O ¥ D, (1 meter

1 flz'fzz ( i

— —@) k' -k, —A]) >
403 f2—f2 > " j J)

TEC, =

A =AN! -A4N}
H¢ N &2 N, £ B & (integer ambiguity)

J FREEHLELR B cnlE R s o R R ROE 0 @ U Ap BRI R TG R
BT R R L (e i R AT o B FRIEHE LR E ¥ P en TEC, & 4p BB £
FRHTEC $E > TR e R ARATHAE 2T+ 7 2 7L L mHIESER
B r i 2 AR LR £ el R &

GPS &~ 51 > LGk 0% & Bip e g 5 > T f=157542 MHz -
f,=1227.60 MHz - = GLONASS £ 447 5 1 > %% 5 $1i% fFk b & fimh 1 i % o
Ak o g s Kenf@rh #rig * cnd B d T g 58 F 2

fi = for + KAf; >
fko = for + KAf; >

fOl =1602 MHZ, Afl =562.5 kHz -
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f02 = 1246 MHZ, Afz =437.5kHz -
Lo 20 Hin ek 15 A 8] 200 spn £

d %.ﬁ"’ﬁ"}'\:‘l P
TR &R AR AT A

B K ehig ¥
i B0 P TR S Rk e p R BT

24 AP K
Y T N

RARESTHRE 2T E
LSRR 2

WA TS (SF)

(TEC,) » = 5%4rT ¢
TEC, =TEC, / SF >
SF =

cos e

J (R+H )
He REAFLE - h ABRlEg & - HELTHEF R - e LHEAp SRR

g o

?ﬁﬁaaégﬁ:%ﬁ%wéﬁ FoRE

GNSS 4p = § p?b REAPLE
L 484 (de-trend) % - — 3EiFE P15 247 ik

-t ﬁﬁﬁi%'
10 =3 pt4p t% fp (15-min media phase fluctuation index) A_f 15 4 &84 &' %
AR AR FE T AL (ATEC) Brg ¥ (8 v il o — LRl sk en® | P dp 4
jipi% Fp (hourly phase fluctuation index) &_# - -] FFdp B A 3Z0R] 2k 3T 2V 3R e
FietEh oof, BT iz

THLA 2 R Mg AR (level) » £ 73

ATEC
min

f_(n, h,i)=Median

e hRNTH
i 1000

Py (= Insat(h)

(0—23) 50 % 77 — /| F¥p ePpE%] (0—3) > nsat

HY n& 7L %% hi7 )@
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PRV R BLEEE P K S PR T R A f R o By R

Z @R F, = 50 &7 % F A& (background noise level) % P4 5 50 <F,
= 200 %573 ¥ @ 2R (moderate level) 17 LATHYE 5 F,>200 &~ & R 2L 5
7142 R (strong level) % 4L %Y o

57 1% GNSS 4p =3 3 2 i M R B Z & (DCB) enif4 > # 4
T RERAE ST LE R DI BRI > A AR
HTHRE 2T I EFFARALAALETY  KBER L RATELL > L EHATFS
R AR 2 ehE B R R 2 NS PR R AR By D R g
B R o inEs  GNSS 4p g A T AR -

A 57 % 441 % IGS database * &1 GPS 2 GLONASS BLip| 74 > 3 B 4p =38
Joa RS KT iR o B 2-7 £ GPS £ GLONASS £ % #ie s 7 & i)
T REBl o ¥ AP E R GPS &7 GLONASS BiFh & Sk o i orisdhn
BURIF RS — B EFA AT -

IGS
% EHE .
GLONASS GPS
ERHIER ‘““Ej‘g 5
JE‘E"L 75..{— J*“ﬁt?_. |'
ERBH , Frdg
L[ 2= H — . _ o —
*'i s BEE . EEE
BEEEEE « | 2EF2E ZETFEE 2ETSE
Jp— e &;\_L._-%E
TR BEEE i
RFEES g5 |
EEETF T firiEs iR EEEE (ER
FEfIEELER
GLONASS B2 GPS

| BEeEIERE SR

B] 2-7. GPS ¥ GLONASS i snierh B & Lplm 7 7 LB -
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(2.13.3)% %
@ L IGS TR T Y B i fLip] 5 0 GPS &2 GLONASS 5 & puip] 4L i f
Ap gt A Ao H P BRI kour A% ,T%LELJ‘E'J GLONASS- 8] 2-8 &_kour g.ip] GPS
i %o p HpPE_2012# 1 % 12 p > day of year (doy) % 12 % - @] ¥ * = panel
AAp¥EE 23 F 7 & (TEC) > ™ > panel #4p =3 §* (phase fluctuations) e
o EEip P g R st ik F 0 47 Fy = 50 «h%F F42&  (background
noise level) #cF 1 % 77 S0<F, = 200 7§ i 2% (moderate level) 7 P[4 >
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ENGLISH

1.

P [ et

DEUTSCH

1. Nowted (sehe tachnmena Datan)

2. GPST70 aymam: 2. GPST70 Symam:
-LC Dptay, 4 x 16 charactars -1C Dispiay, 4 x 16 Zaichen
- Function busians: Menu, CilAck, Naxt, Inc - Funktionstastan: Manu, CifAck, Naxy, Inc
- Status LED:: Fan, Look - Starus LEDs: Fan, Lock

3. GENT70CHL: 3. GEN170CHE
-1C Dipray, 4 x 16 charsceers -1C Dispray 4 » 16 Zaichan
-Funcuon busiens: Menu, CulAck, Next. Ine - Funktionstasten: Manu, Crffick, Naxs, Ine
et U lealioas - Satus LED:: Fau, Lock

4. CON SN0, Convarer SMH: co 10MH- 4. CON 510, Convarer 5MH: au10MH:

Bl 4-3: g 5048 4 K % v AR B

h GEN170  Ext Sync &Ps1T0 | Re232
e [ - - - = - o " e I i
, e &)
ol 500 25ve) S0 0nm 255, 0 0mm S coMD
D F. Synth.
T Y - e
@ s . @ e @ s, o
1 ]
.
1 ]
@»*@rf-re's«“‘ - @ = @ e
D CONSI10
P
@ eyt senro 10 T Antenna @
& ® ®)]

®

ENGLISH DEUTSCH

1. Powersupply connector (see chapter powar supply) 1. Stramvarsorgungzaimgang (sana Aosennne Natzean)

2. GPS170 Sanai COMO / COM1 Pore. RS232 9pin. D-SUB connacter 2. GP$170 Senens Sennmstana COMO/COM1, D-SUB 9po1 (GPS170)

3. GPS170 Puza: output (F.Synen) / Tima Caprura, 9pin. D-SUB 3. GP5170 Impusausgang FSyntn. / Tima Capture, D-SUB 9p o

4. GPS170 Tima Sync Emon reiay outpus 4 GPS$170 Starmaiaarctaimausgang

5. GPSAntenna, type N connector 5. GPS Antanna

6. GPS170 PPS Out 1, PPS Out 2, T0MH: cutputs, type N connactor 6. GPS170 PPS Ouel, PPS Ouw2, T0MHz Out Auzganga, N-Norm Bucnsa
7. GEN170PPS In, 10MHz in, input, type N connactor 7. GEN170 PPS In, 10MHz In Eingsngs, N-Norm Buchse

8. Convartar SMHz x 2 Out (cutput), 5MHz In (nput), e N connacier 8. Convertar 5MHz x 2 Out (Auzgang), SMH: In (Eingang), N-Norm Buchas
9.  GEN 170 Sanai COMO / COM1 Pary, RS232 9pin. D-SUB connactar 9. GEN170 Scriete Schnittstene COMO/COM1, D-SUB 9p o (GEN170)
10. GEN170 AM Tima Man 1/ 2 cutput, typa N connactor 10.  GEN170 AM Tima Man 1/ 2 Ausgang, N-Norm Buchsa

W 4-4 0 P LA L (AL
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Optoelectronic oscillators (OEOs), based on optical fiber loops to act as a high-Q cavity, are
capable of generating stable radio-frequencies (RF). The long-term frequency stability of the
OEO is then limited by the cavity variation that is mainly induced by temperature sensitivity of]
the optical fiber. In order to actively stabilize the OEO cavity, we employ the technique of RF
transfer over optical fibers. We propose and experimentally demonstrate a dual-loop-OEO
scheme to enhance the long-term stability with an injected probe signal to monitor the phase
variation in the fiber loops. The experimental results show that the resulting spread-spectrum
signal is useful in monitoring the fiber delay without observable interference. The relationships
between the measured frequency and the monitored delay are theoretically and numerically
discussed. We also estimate the long-term stability of the proposed OEO scheme with the cavity
phase correction. The corrected result shows the long-term frequency stability of the proposed|
OEO is within 8.4x10 at one day.
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Optoelectronic oscillators (OEOs) are used to generate low phase noise microwave signals. Al
high performance OEO may act as a local oscillator that could lock the output of the absolute
reference frequency, provided by the atomic transition. This study investigates the relationship
between the phase shifts of a reference injection locked OEO and its fiber delay fluctuation. The
impact of fiber delay fluctuation and the method to realize a good injection-locked OEO are
discussed.
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Abstract—Two-way satellite time and frequency transfer (TWSTFT) is one of the main
techniques used to compare atomic time scales over long distances. To both improve the
precision of TWSTFT and decrease the satellite link fee, a new software-defined modem with|
dual pseudo-random noise (DPN) codes has been developed. In this paper, we demonstrate the
first international DPN-based TWSTFT experiment over a period of 6 months. The results off
DPN exhibit excellent performance, which is competitive with the Global Positioning System
(GPS) precise point positioning (PPP) technique in the short-term and consistent with the
conventional TWSTFT in the long-term. Time deviations of less than 75 ps are achieved for
averaging times from 1 s to 1 d. Moreover, the DPN data has less diurnal variation than that off
the conventional TWSTFT. Because the DPN-based system has advantages of higher precision
and lower bandwidth cost, it is one of the most promising methods to improve international
time-transfer links.
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Two major time and frequency transfer techniques, TWSTFT and global navigation satellite
systems (GNSS: GPS, GALILEO, GLONASS, etc.), are used for the UTC/ TAI. These time and
frequency transfer links comprise a worldwide network and the utilization of the highly redundant
time and frequency data is an important topic. In our previous study, we have proposed a feasible
method, utilizing full time-transfer network data, to improve the results of TWSTFT network. The
National Institute of Information and Communications Technology (NICT) has recently developed a
software-based two-way time-transfer modem using a dual pseudo-random noise (DPN) signal. The
first international DPN TWSTFT experiment, using these modems, was performed between NICT
and TL, and its ability to improve the time transfer precision was demonstrated. In comparison with
the conventional NICT-TL TWSTFT link, the DPN time transfer results have higher precision and
lower diurnal effects. The estimation also shows that DPN is comparable to GPS precise point
positioning (PPP). We adopted the DPN data for the NICT-TL link and solve the TW+DPN network
solutions by using our proposed method. The concept of this application is similar to the so-called
multi-technique-network T/Ftransfer. The encouraging results confirm that the TWSTFT network
performance can benefit from DPN data by improving short-term stabilities and reducing diurnal
effects. The results of TW+PPP network solutions are also illustrated.

175/208




ES SRS EFESTREET 23

=

PR | 2 |2 apRRS TS RS

M- e The Maintenance and New Technology Establishment of National Standard for Time
s ‘ and Frequency

4 %%, [101-1403-05-05-09

HEFEr |PETEFETIR A 101 & 17" 3% 101 # 127
IR A Bl aAFFA |F OE @
T8 FEA @ BT ((03)424-4441
¢ >
= % ¢ H . Recent Development and Utilization of Two-Way Satellite Time and
‘ Frequency Transfer
%, 2 3
Bon o4 e Lk 40
Fg ¥ Li LI
EBp Y &% @ 10lE 40 159 |EBETAE& | ¥2 10§
i % 8 11 P E AR & AR B e |4
TWSTFT; SATSIM; DPN; Multi-technique-network
B it 3
STTE

TWSTFT (Two Way Satellite Time and Frequency Transfer) has been developed for a long time,
and has become one of the most precise and accurate techniques for comparison of the frequency
standards located at remote sites. Since 1999, TWSTFT has been used in TAI (International Atomic
Time) generation. More than two-thirds of TAI clocks and almost all the primary frequency standards
are transferred using TWSTFT. To increase the time transfer precision and stability, several calibration|
methods were developed and the possible instability sources were investigated. Due to the high
redundancy of the time transfer links and quick developments of independent time transfer techniques
(e.g. GPS), much utilization was proposed to enhance the robustness, to reduce the uncertainty, and to
reduce the diurnal effect of TWSTFT. For example, one can adopt the concept of network time transfer
to improve the short term stability, or combine the data of different time transfer techniques to take
their advantages. The numerical results of network time transfer are very promising. For the future
development, a newly developed DPN-based TWSTFT method shows competitive performance with
the GPS PPP and much less diurnals than the conventional TWSTFT. It is a very promising method for
the next generation TWSTFT. This paper will give an overview of the above topics.
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Previous research has developed a time source selecting and data monitoring system (TSMS) for the time synchronized
speaking clock (TSSC) [1]. This developed includes two sub-systems. One is for multi-time signal source selecting and the
other is for input status monitoring.

In this research, the TSMS was extended to monitor the output of the TSSC on dedicated telephone line, called TSMS_Al.
From this sub-system, an interrupt circuit with a Linux kernel driver was developed for capturing the rising edge of the
on-time tone which is from TSSC output to produce an interrupt event. Through this event, the TSMS’ controller was
trigged immediately to measure the time error and record the announced voice program into an audio file. The audio|
recording procedures and a raw file converting from PCM (Pulse Code Modulation) into Waveform Audio File Format
(WAVE) were studied. In the system design, Unified Modeling Language (UML) notation tools, such as user case diagram|
and activity diagram were used to express basic concepts of the system requirements and interactive behaviors.

Finally, the data were analyzed from the on-time tone measured by setting three typical threshold levels. Comparing these
results, optimum one was chosen as the input threshold for the TSMS_Al. Its time comparison error is within £100us after|
the path delay has been removed. From this result, we could indeed monitor the output status of the TSSC and then could be]

providing more reliable voice time service for users.
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Time scale difference has been compared at nanosecond level so far by using two-way

satellite time and frequency transfer (TWSTFT), benefiting from many signal delays are

pretty canceled out due to the reciprocity of propagation path. For next-generation TWSTFT

which compares time scale difference at sub-nanosecond level, further studies for signal

delays are necessary. This work studies the impact of the ionospheric delay corrections on

next-generation TWSTFT. The results demonstrate that the ionospheric corrections vary
with both latitude and solar activity. At low latitudes and during moderate or high solar

activity, they can reach 200 picoseconds, and thus can affect the time precision of

sub-nanosecond next-generation TWSTFT.
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We demonstrate that the phase shift of a reference injection-locked optoelectronic oscillator (OEQO)
varies as the change of its fiber delay over a long period of time. The dynamic variation of the fiber
delay is monitored using an injected probe signal and is compared with the phase shift. With actively
stabilized fiber delays according to the monitored data, the long-term frequency stability of the

reference injection-locked OEO is evaluated.
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The next-generation two-way satellite time and frequency transfer (TWSTFT) is to compare
clock difference at the sub-nanosecond level. However, many uncertainties, including
ionospheric effects, still have to be much well studied for farther reduction. Now, there is a
next-generation TWSTFT technique using dual pseudo-random noise (DPN) codes; it has
high precision for clock comparison and can also provide opportunities to investigate the
aforementioned uncertainties. This work investigated the influence of ionospheric
uncertainties of both total electron content and post-sunset electric field prereversal
enhancement on DPN-based TWSTFT.
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In this report, we measured the absolute frequency of cesium atom 6S-8S hyperfine transition with one-order
of magnitude better precision than previous result while different value was obtained. We found that different
cesium atom container of different materials yielded different measurement results that might be the reason of]
the discrepancies of the three experiments.

The approach of optical frequency measurement is as following: we first stabilized the laser frequency of an
822-nm diode laser system using the first order of the modulated laser beam after using an electro-optical
modulation (EOM). The un-modulated laser beam was used to probe the other room-temperature cesiumj
atoms. By tuning the EOM frequency step by step (100 kHz/step) in optical frequency and bridging the
frequency back by an acoustic-optical modulator (AOM), we were able to sketch the whole spectral profile
for determining the transition center with 700-Hz fitting uncertainty. During the EOM scanning, the laser
frequency is constantly calibrated by a self-reference optical frequency comb laser in which the repetition rate
was locked against a radio-frequency synthesizer where the time base was locked to a high performance
Symmetricom 5071a cesium clock. High-accuracy cesium clock is vital in this experiment since the mode
number is around 106. That is, even 0.5 mHz repetition rate instability over 100 MHz repetition rate could
yield 500 Hz optical frequency instability. As this Symmetricom 5071a was calibrated by the National Time
and Frequency Standard Laboratory of Taiwan, Telecommunication Laboratories (TL), using flying clock
method and the uncertainty of frequency offset was less than 10°. Therefore the absolute frequency
measurement could be controlled to have smaller than 1 kHz uncertainty. We will present the measured
optical frequency of our cesium-stabilized diode laser in conference. We are aiming at building up a
convenient, reliable optical clock using simply diode laser and cesium cell.
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This paper describes a novel scheme for a high resolution phase comparator and its
applications. The phase resolution of traditional universal counter, using zero-crossing
technique to count measurand, is about 10* Hz. The proposed scheme utilities fast
analog-to-digital sampler (ADS) to detect sinusoidal signal from device under test and its
analyzed resolution could reach 10® Hz. This novel system is composed by two subsystems,
including numerical controlled oscillator and integrate-and-dump subsystem.

182/208



101 8 R FAFHEEIREFHRFSEHLE 2
gﬁ—é

Ph L]0 e [ 2 AR S

sk g | 3o The Maintenance and New Technology Establishment of National Standard for Time
FETETHT O land Frequency

3+ 4 %% |101-1403-05-05-09

S EH Y BRI HEHE [I01E 10 3 101 £ 127
iEL (Pt Sl AEA £ e
3B 0 FF

E;' ¥ WD [(03)424-4441

= % &4L| . . |Onthe Design of Low Frequency Broadcasting System and Its Applications to
Disaster Management

R Ny o

BE A ?J 7'\“ Vi 3% e
ERpw|¢ =2 ®I0l&E 2 ¢ 6 p [EBET Kk | 2 5 F
Eep] ¢ F AR & RfER B e |4

Low-frequency; pulse-width modulation; broadcasting;

hierarchical data structures, heterogeneous network
B 43
nEFEER

In this paper, we present a new and dependable disaster broadcasting network. The urgent
information is broadcasted in the low-frequency band of 40-80kHz and modulated with reliable pulse
width modulation(PWM). The coverage of one low-frequency broadcasting station is more than 500km.
With excellent propagation characteristics, the low-frequency signal could penetrate into remote areas
which are usually lack of telecommunication infrastructure. To promulgate the hazard information to
general people of one specific area, the hierarchical data structure is proposed. A series of field
measurement, test and theoretical comparisons are conducted to evaluate the performance of]
low-frequency system. It is shown from our experimental results that the low-frequency broadcasting
network is a dependable and cost-effective solution in disaster management. Finally, a sustainable
heterogeneous and layered ICT network designed for disaster management is drawn.
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In this paper, we present a preliminary experiment on two-way time transfer through a 25-km optical
fiber link. The fiber link based on a common-path configuration can provide good reciprocity in both
directions. Therefore, the propagation path delays in the fiber can be cancelled out almost entirely by
employing two-way method. The resulting data exhibit the time deviation of less than 7 ps for the
averaging times from one second to one day. The frequency stability of 1x107'° at one day has been
demonstrated.
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The first international DPN experiment has been successfully demonstrated. We compared the time
transfer measurements among DPN, conventional TWSTFT and GPS PPP for the consecutive 17
days. The DPN shows an outstanding performance, which is competitive with the GPSPPP in the
short term and consistent with the conventional TWSTFT in the long term. And, it is clear that DPN
has much less diurnal variation than the conventional TWSTFT. Moreover, the DPN technology will
enable the cost-effective utilization of the limited satellite bandwidth in TWSTFT systems. In 2010,
the DPN-based TWSTFT system had reached a milestone that the TDEVs of the NICT-TL link were]
all below 75 ps for the averaging times from 1 s to 1 day. For the next decade, the time stability
below 10 ps at 1 day has been a new goal.
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In recent years, the number of point-to-point TWSTFT links is growing, so the concept of network
time transfer has been proposed and the utilization of the redundant data of each indirect link in the
TWSTFT network becomes an important topic.

On the other hand, National Institute of Information and Communications Technology (NICT) has
recently developed software based two-way time transfer modems. Their ability to improve the time
transfer precision by using a Dual Pseudo-random Noise (DPN) signal has been demonstrated on the
Japan-Taiwan baseline.

In our previous study, a method was proposed to solve for TW-only network solutions. The results
show that better short-term stabilities and uncertainties of most links in the network can be obtained.
In this paper, we would use time transfer data from the DPN experiment, instead of the data of single
NICT-TL TW link, in the TW-only network. The results of TW+PPP network are also calculated and
compared with those of TW+DPN network. We find that the multi-technique time transfer is indeed
helpful to reduce the short term stabilities and diurnals. Besides, the solutions of TW+DPN network
are comparable to those of TW+PPP network.
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