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Moo kSR R kS (v ]‘< RER ARG TEL 0 E
i > & 4 i3t (Biased Estimation) o &t F/xig & 354 > % i
BB BEE R RN FE LR R E A
(Observations) > £ ¢ # & ¥3-3 i& {7 Least Square Error i Eﬁ? (L
e R 5 A EIRP - § & Bias e 50 » %*ﬁ #H 2T

&

X

AFEET s o 4§23 R & o o ¥ ITU-R P368-9 2 33 #°4] » 2 (&
ﬂé%“%mﬁv‘%’ﬁ¢@1£@ﬁiﬁ’ﬂwﬁ%ﬂ§i%
2T R R R A o SR %k 2 B Bl L R LT 30

DBP O PBFZHEL TR G o AP ERIREY > APEET 50
R PPN TR FE SIS T T
2.2-27 #1571
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Theoretical Curve and Measurements

80

75 ¥ .
E m ¢
-~
3 LIS .
a 65 =
= e
= 60 L 2 - L 2
@ ot L] * 4 Measurements
& /S -
E = “:~ B ERP=0.6W
[y H.

45 ‘

40

1.000 10.000 100.000

Distance(KM)

Bl 2.2-27 : EIRP=0.6W 2z_ #3302 i ¥7 9 % £ Bl g 2 1L i

Theoretical Curve and Measurements of
80— OpenArea
75 &
E 70 L T
> [ | ¢ 3
_é 65 =
Ee0 | o oo ,
g .ﬁ *’\’0 @ Measurements
& 55 % YR I _
¢ WERP = 0.6W
T R,
g 0 o Refined, ERP = 2.17W
45 "‘
40
1.000 10.000 100.000
Distance(KM)

] 2.2-28: %%‘F#“ T R PIBE T 2 o -FEAEY > 2 & EIRP
=2.17TW

bRz R AP P REE LR R @20 87 EIRP = 0.6W 2
WAHER > P A EIRP ¥ 228 06W > & FFBE o m i3> 2
2w i i ke i (Y 32 % 0 Least Square o3¢ R fF 0 R fE
EIRP=0.6W 2_it j# ¥ s E0.6W(D) > D 3 50 i £ ip| 2k jEd i &
¢ Column Vector » £ ¢ T 7|2 Problem Formulation F % :

min ele
subjectto e = (10log# + E; 4-(D)) — Eppogsurea (D)
&= Matlab :# 5 > 17 r=3.617 » Least Square Error = 7.3237 o % % 3¢

# 4 EIRP=2.17TW > (&% & » {F 3735 -SE3d 4 o
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Urban
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(b) & & % > FHIFE > ¥ 42dBuV/m

Bl 2.2-30 © %

d PRF A Ld w2

o F A

-—\-

EERFRAPHES 3R £

Brop AR 8 A e 2 i o (e (v

PR AR AT w TF IR HAT T L AR R L FF b
2 %‘aﬁémgau@%@%%i’ﬂﬁQJ%ﬁ%°‘

ﬁﬁv»of*{m*i‘r} y I\ 1]’3 -H}ix?.qa ﬁbfﬁv %:lﬁ + r:}ﬁFm"L
BELT St e ndF 5 2%t 25 5% 0B 2.2-31"
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MR EIL Y — T E_ANY e e
......... compstiios THE DREAM OF CRAFT

A11 6FIC(LER 19/17/m-12/06/= 1801

(a) % % > FH DA H5 56dBuV/m

B22-31: 2 EEFF R27F Ble e g LR

dEZR%RERES > @y d5Es Ao iy > MAET R F %
B e T Talte A AT e BRIELE SN - HRF
AT T R

£ e e AR ST o TSR AT
mww@ﬁﬁﬂi&kﬁn?%?.

‘z—‘»
AT R FLFRA I 2T EEAFE TN A RE
g BB BN L R R M Y E s R

p
@#E’%§i§zn’%%$%9ﬁ%ﬁ,ﬂwaﬁﬁ1%ﬁ

M bt 2~3 BB L 7 544-8.16dBuV/m > > ¥
AR BT BIRE > VoA SR R Ry o
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ROEY L FEANCERIE S

MAEF SR RET AR A IR T2 TR g kB
ﬁﬁW’AJ*ﬁWmﬁ%ﬁuﬁﬁag@%p; » BN R e S IS
Wk KL E A ETE % 3o ;ﬁuﬂ:f‘;% TR ALY AR B kSRR R
ﬁJmWE @2%ﬂﬁﬂdy%Nﬁﬁﬂ5%%§¥%’£1%MA
BEGRY - o EREHBTER SV - 2 RREEKE o

AR UPS == s > PR RFEFRABRE > I EFERY
B R RR T R T 4 7 RE T 2 R SRR 30 A 4B o B
Weerg X v ¥ iF B d T atvy iR 2.2-33 417 0 3%
AT IR B R E T WPEE P o SR A BTT kA2 MAE R Bk K
Ko FER PR AR R T B 0 B 22-34 5 2011/08/10 £
2011/08/17 & = ifi % Hef) crph T PE 2 BTk 5L2 3 (F % o

Event Log Record Ho: 1-13413
izj  DATE TIME EVENT TYPE DELETE
o_[ 20110817 141730 UPS in COIMI4 &C Power Restored ml
B_[ 20110817 141726 UPS in COM3 &C Power Restored r
A‘ 20110217 141425 UPS in COIM4 AC Pouwrer Failure l
A‘ 20110817 141423 UPS in COM3 AC Powrer Failure ul
_o_[ 20110810 16:22:29 UPS in COMS3 AC Power Restored _
g_[ 20110810 16:22:24 UPS in COM4 AC Power Restored r
A 20110810 16:19:27 UPS in COM3 AC Power Failure r
ﬁ 20110810 16:19:24 UPS in COM4 AC Power Failure r
o 20110727 154239 UPS in COM3 &C Power Restored r
B_[ 20110727 154834 UPS in COIM4 &C Power Restored r
A‘ 201107727 15:14:00 UPS in COIvI4 &C Power Failure -
A‘ 20110727 15:13:41 UPS in COM3 AC Powrer Failure ul
[ i IR 143251 |Agent Start nl
| r
I u

B 2234 % LF ok A3 TR FFIFR &
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N

2.3 MAE R MPEAE G3E v B AR

zkgi%«*ﬁﬁwgﬂ@mmp B ke B2 R R A MARE R PF
A B R A RY - FELF AR EE ffﬁﬁaﬁiwﬂ'—l' )ﬁ%
*OPRFRETE EZ]WF"%% RARAIFT ~ MR TR T3

z?ﬂ

ﬁWP%$°%ﬁ%- ﬁi;$i£wﬂﬁﬁ{,
EARMPEAR BAE AT R AR

M T A BHFFEI B A B RT3 RERNEEL G Y
(International Telecommunication Union, ITU) M4 & & & 3 #5-3] (ITU-R
P368-9)7 § 47 2 A 4 » ¥ 81 3 oty B iTFEAR(<S00km) 1B R L A
B ¥ BEAE(500~1500km) > R F B 2 X ARSI F O om R FEA
(ﬂwwm’WU%ﬁéioaam¢ wmmw%ﬁﬁﬁ 98 R
L SRR A TR B A P S R R L o INT - R LR 10~15dB >
_E"ﬁd?dé%ﬁi?, LW o0 TSR B R 13%%%*‘5;&’“’76_?@
FOLEE { i o MOAF R AR ﬁ@@%‘wz B A e AL SR
[R2 % SRR T o AR PO R MU Ak SR R T

B fLATF 60~80KHz (4 + 11 77.5kHz (AL H i)
B it 50kW

B :3AE 125~150m

B L 100~150 m

B R R 100 A

B & F LT iRt 500 km

1 L RO AT B3k s AR o AR EH(1) MO AR
BRI ~ (2)F B AR Q) BT ER RRF
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(1) 9 & SR IE B 45, 4 3028 3

AR SUPEAE B4R kAL e B 23-1 AT 0 A BT 23R R R
B s PAEELA 2 3 KA AT h s AMT e o a
R PIRE o PO R R B4 kS d GPS K ARE & B g pE
g Sgmn TRRET RS RER % 0 SRR EETE

A

W o £ 3 % R (TP 4o T

—

&

B paiilfd th! Raiifd tARREIHAES AT &8 T
3RS D H R ER OER CRRASRERE > R

T AARERIAT E P ARARC DT REPEC A
23 kA 4 PTAR AR 2% & AR S SMHZ/10MHz £ %
> %5 Ipps ©

™

N

B PR C LA 4 3 AL IR RS A A 3 KA RS ki
R R LA A RS RS o {1 GPS R AR

BREMNRARRERRE =]

EES o

T Ea T R N/
BALEETHIER L
& b
T ‘zﬁ
85 F48C k&) T
e EHEE | —> TETE ar - E;gi ler
HEaw I TEAL 4—’:|mm~g»1
EH N 1 Py BaMA
- EX
= |4 | ey
PR b ,| mpas > s b
J £2A o] 2EEA - ‘_,\_0/5 ¢ || s || 0
- ¥ mhew BIRE o
v Y 4
Ry | BHER >
NETE 2T 8 " ssmp —
e |
AEWE S| _T -
i __"I’ #EB | ExzB
anEn [ iR
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BRER ~
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LR PREERAL F AN B R RIRERFFE T o
%%%?%ﬁﬁ&%ﬁﬁ+%%%Jﬁﬁ@ﬁﬂo et L
PRERAFEREERES AN DR T4 - EﬁF'&mﬁ‘pr’% R AL
& 3% B3k i (Frequency Shift Instrument) %k % = o ¥ 25 3 » i ik
@wwwﬂﬁJE%%ﬂﬁﬁﬁEﬂ%’ﬁwf%ﬁﬁ%ﬁﬂ“%@
geni S ki3I0 R

o

W R F AT KRRt B g sl o ko
PR 5 BRA X TLAE (T X o PR 4 o ‘%ﬁ% wﬁﬁéﬁﬁ
oo AW G A BB E R KA, kg4 & T &k
éﬁ&iﬂﬁ@a@%iﬁlﬁ%%%’%ﬁﬁﬁ%ga@ﬁ

* o);ﬁ;_é/j'%—;- /:‘i“%ﬁ;»"t‘ ;}f’g;ﬂé:, #Bﬁﬁg ?*ii'@f‘fiﬁ?&%ﬁ’]é

ki
%
s
1%
Jﬂ
?ﬂ

B TR ! TRF M2 T RAALLT R TRERE
(Matching Transformer) » #& i3 5827 X 2 I enfe 7 fe > 3% 8
F ISy o et 2 REGUSLGHE AT fie > -0t RF UL 832

I XA

B o2 RHERE SR A RHPRESERR O
Rﬁﬁﬁéi4ﬁﬁ?ﬂ’iﬁ%§i£{ﬂumyﬁ
RIEIRIEE - BAJEE (S cha X X 4 JRIFF A > %51 RS-232 ¢

A

MAE S ePEAE R BLA 4 Sk Lo

P
J
e
e
1)

(2) MAFmAMPFIE B3E kSRR
B G afRET 5 s

® Rtk kg



74t 5 & (Harmonic)-| **-40dBc » #5344 5 & (Non harmonic)
] #+-80dBc > # 5 3 N-type > f §redz 50Q -

Ipps I % 3 B8 9148 15 71 % 24V(dn 3 % TTL) - 12423 50
Q » + A pERF] Y 15ns 0 Jitter<1ns rms °

g R SBRIR TR b 0 SR Ipps B~ R
@ ke o

£ g5 B -0.5~+0.5s > f245 & 5 50ns e
Frequency and Accuracy :
v' Accuracy: 2.5 E-13 for any combination of
Temperature: 0 to 50°C
Humidity: 0 to 80% (40°C maximum)
Magnetic Field: DC, 55, 60Hz, 2G peak any orientation
Shock and Vibration: 100 mm drop
v’ Set ability:
Resolution: 6.3 E-15 > Range: +1.0 E-9
v Frequency change due to environment: +1.0 E-13
v" Flicker Floor:
Value: = 5.0 E-14

Averaging time required to reach flicker floor: =10 Days

v" Reproducibility: +1.0 E-13
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Frequency Stability:

v Time Domain Stability (Allan Deviation)

Averaging Time (second) | Stability
0.01 =7.5E-11
0.1 =1.2E-11
1 =1.2E-11
10 =8.5E-12
100 =2.7E-12
1000 =8.5E-13
10000 =2.7E-13
5 days =5.0E-14
v" SSB Phase Noise
Offset (Hz) 10MHz Output
1 =-100 dBc
10 =-130dBc
100 =-145dBc
1000 =-150 dBc
10000 =-154 dBc
100000 =-154 dBc
Internal Standby Battery:

v’ Capacity: 45 minutes from full charge

v Charge Time: 16 hours maximum from fully discharged state

v" Charge Source: AC input power only
B &
v+ & NSA65-6

v' Hfield : IMHz F¥ > % > 100dB

v' E field & Plane wave : 10MHz - 10GHz % ** ** :¥ 100dB

* 4 11
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o 1itHy
v' Temperature: 5 to 40°C
v’ Relative Humidity: 20 to 85%

v' Magnetic field : DC, 55, 60Hz 0 to 2 gauss peak - any

orientation

v" Power Requirements : AC: 120 Vac +109g, 45 to 440 Hz
B PS8 A 4 F % AL

PRAE R ELA 4 F KA = XA I PR RELA 4K E SN
B PR R

® mERELA G ERF

PRAR L BLA 4 W ¢ R 2.3-17 PG LA 4 F i SLenpiif
'fa%’fu):?)r.;_%A‘E‘ﬁ'}tﬁ'é%ﬁaéiSgB-‘?B?’:E‘&'é%UﬁPI%ﬁ?L:‘% °
PEERALR R D LR DL B
/@%’fu Tp 3 MEIL s A4 ?‘*L\[&]wﬁ&'ﬁ%ﬁ?} —"y— mEE;—”:F‘
BEL s d FEEI AT o T o

Y e 33 A SPRGRAS Bo - SRR REIERLE -
V FHEEAS BLERTETFBRAT 38 E
— S 5 77.5kHz

— PRS- ~ 4573 60 B PWM(Pulse Width Modulation)
PR

_ n)’(ﬁ\ -”r?f/rﬂF’“&r.gi“fé ,Qi\./ﬁ\%rbg—t,}i 10% >
Rypp b F TR R SEEFEFA vk
T 100%38 15 % -] o

— R AR AT 2 R KRR ]
PFRF 5 0:200ms, 1:400ms, 3:600ms, 2:800ms °
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TTL-Highfo- 7 #
TTLLow b enm— ; i i ;
o il 400 &00 B00 1000
me
Symbol 1 [1)
TTL-Higgh _r
TTL:-Low ! i L
] .1 1] 400 (71 1] B00 1000
ms
Symbal 3 (11)
TTLHigh f---- ) ' E——
TTL-Low _ﬁ
o 200 400 B0 B0 1000
ms
Symbol 2 (1)
TTL-High ¢ ' : : ! : -
TTL-Liww b o
o 200 400 600 B0 1000

TTL-High [ L -]

TTL-Lovw

20 400 B00 600 1000

ms

B 2.3-2 1 = AF A% PWM & 557 & W

— FREERHRE  RHRR GRS PHREE  &

Y

ii?—‘ f/'/’:'fi!%‘ 100%(5’1;})%*@—’\ /J\ o T fﬁ?ﬁﬁ—'—“
B Rk T R Bl ] 2322 91 -

%k PWM i3

Py RERERS GEFEFFAE DL Fas <30
Ao PR B A 4 BIE AR

(S

IR

=]

Tmr

o

(3%

(S
N
S
=l
E
E
3

¢
Ao AR ELA 2 B
@

Toap dlT e &

VBT SLA 4B R

B #e 1z 1pps ﬁs?] »(2.5Vpp into 50Q0) » & * N-Type

A B Ep o

JF i #& SMH2/10MHz 47 5 #85 » (+13dBm into 50
Q) i * N-Type * $5f °

74 4% 77.5kHz 47 3 R 21 (TTL level into 50Q) > ¢
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* N-Type # £ 2 -

— RAEIAARZ E%l?%%ﬁif]ﬂ:(TTLlevelintoSOQ)’T%
* N-Type # 4% o

— 4 COMO~COMI 2 {# 9-pin D-sub £ 17 # 7
REPE D EFH

— JE %3 8 0% 2m N-type = ¥ 20 i &5 27 1 i% 2m 9-pin
D-sub = %+ i@ 4 -

— '3 GPS EjxE& Ao H ¢ GPS &4 F 7 Ipps
iy 31 8% UTC(TL) S8 £ /f 5450008 14 p

— PR SLA 4B bk e B RIRIE B O R e
T G ELA 4 Fen Ipps 5 01 & UTC(TL)snit 4
JE 7+400ns ©p o

F%ﬁ&f??uﬁs?lﬂiﬁﬁf‘.a/? iy L < ﬁs?] UL > IF JE pEAR
- el B?AE\‘Blfiaﬁs?’lﬂﬁ o

PR B R AR T RICH I P R E R R T

oo
FLREZR 2 3 iviE it
— BT R ACI110V10%
— RIRAEF 1 60Hz+5%
— RR IV A20% 3 85% i i
— BR EERERAESCI 40T

)

PR A

-.F]ﬂ-

%%‘.@.?&-”}Il 4% 3 & enpE 2B o %}“"“‘JE‘*F’“"
" frfé‘@—*é’e‘mfﬁﬁﬁ—i°%ﬁﬂ F’ffmbbﬁfﬁl%%]
|G H A AREXF T ’%?’f},%!,.é»#;‘%?—:‘,;:w%]ﬂim

-‘%f-
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R SE PR 2 B 0 1 ORI BLT rLag i 1) B ROk PR
FAHF o ZRpRE Rt e m MR HRE DR %
s FART o Ld ko AR ERAE o FEHE SR
B e R A 4o -

v One second stability better than 3.0E-13

v

v

Approximate 1/t stability from one second

Phase noise <10 dB over source

Three 5 MHz outputs, +13 dBm into 50 (2

VCXO range, >1E-6

Output isolation >80 dB

5 MHz input range, +6 dBm to +15dBm

Temperature sensitivity <10 picosecond per degree C

TIMING OUTPUT

Format: 1pps (positive going pulse)
Amplitude: >3V into 50C) (TTL compatible)
Pulsewidth: 20us

Rise time: <5ns

Jitter: <Ins rms

TIMING INPUT

Sync input: 1pps

Amplitude: >3V into 50CQ) (TTL compatible)
Pulsewidth:>20us

Rise time: <5ns

Jitter: <Ins rms

Synchronization input to output: <I5ns
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v Computer Interface:

— RS-232 compatible control port

— Supports 1200, 2400, 4800, 9600 and 19200 baud rates

— Remote lockout mode requires password for keypad
control

— All frequency, phase and clock controls available
remotely

— Operational data and identification available remotely

v 1R B

— POWER : 220V+10% or 115V+10% > FREQUENCY
60Hz+5%

— TEMPERATURE : 10 C ~35 C > RELATIVE
HUMIDITY : 20%~85%

— Secondary DC input, 18-30Vdc

PR R

PR VCHR G ¢ FRB23- 1R 54 4 3 e chE PIEE
PP R e RV R LR P i AT B eniE R pE
F?Li?ﬁi:k:’;}. g‘_ﬂ/t}_o

TRIEAE I IAFEE R T F%'Fﬁ%]”"’éi
WAFT M o PFRVIEL TR T A FRT e & R REE AR

P % FORTIREREF o AT pﬁﬂﬁﬂi%
BVl o ERVHXG "HREASHEIAFLES D
2 4 R+ 48 ﬁ4’u ShFAE R F AN TER R o A W e
T i

%@
AL

&=

v BRIEER 1 # 7 - I =38 TIC (Time Interval Counter) e
— Time Interval Counter & s¢ #%& i 25 ps single-shot time
resolution e “/T‘ T EFAREEE B s R @,]
Ao A VS RS 42 R L o S U
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Feaa B AT REGET TIC A5d v Bl gk
TIC » |4+ % - % = R TIC o
V 1 ¥R KA Z -GPSR~ F - M ET o
— GPS &4 3 7 RINEX HR&E#:4 g » 13 i 3e

AR S gl b I R S

I EFT % B TIC W Hisnt B E GPS E i
HFRFF 5B RS232AF CETIRE K A
F B R ALK

CR RS L I Bl S b LN SELS SR R AR e SR S
£ < R E (;aa F LT 430 500km) 2 HFs o 10T A b Aot g St
SRS SRR M mBE TORRE A CEIEAERR -

o it

VO FSSLEZ T EFI ke 7 60~80kHz(P w0 ¢ o p
37 5 77.5kHz) 3% &+# & 5 S0kW » 4 #cre < Characteristic
Impedance) = 50Q) » £ F & % o

VORBR A REF A EEE o - w53 k% (Active) 0 ¥
- w4 #* k% (Standby) o é;ﬂﬁ%ﬁ#%‘%%%
IS S ENNERE ST R Y Y- B =2 SR
ol 2 AR EIRAER A2 P e B WA
o EY B REREE XA THELEE - B X
B RET LS FURKA BB E N FRER ¢
4 OIRFRAEE P TR REF 4 o

Vo ST B E R AU (R R RBE
PWM)z ety @ MAE 27 RE > 222 @EiEng i 10
2 2_; k= (High : 100% ; Low : 10%) ) ¥ e B 20 PRAR G B
ALRKEBEpR A RS H R 5m N2 A R Rise
Time) & | >+ 2ms > T "% ]:’EF'“(Fall Time) & | >+ 8ms o

V FREBEE RPN 0 REEHE FoAlE 2w o
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R AR B IR el K
CRR Sl o

— T3 VSWR K & o MB35 S8 5 Ser T ARk sz
7 ek R
— ;Fl 18
VOB L R EP RETE ARG F L ERS IR
P R BB AR TR - AR -
TET NS BT EE S o G PR FE S
A 4 SRR

v X 35;“1 WL earE s > FRF SRR p %

5
DRAEPIEFREER P FET AR EP T E
£ AT R RAR TR~ &SP ) o AR RS
o RF REFEPIL T E R A (- KRG = )E
RE B a8 St o

Vi ORAY > B MM R EENER TR FPB
P HIRBFEEE > a1l (B3 THHERB -

v R RAAE © AC 220V410% or 110V+10%(60HZ+5%) 5 Mk
B R TR I L KETS

— E R 15C~40C -
— JBRR 20%~85% °

o RN

S50kW 12 b 5 rufE ks ¥ iE T o
Vo F R B RS T MRS A MEFREE
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Low Frequency, Long Wave, Time and Frequency Broadcasting System,

B 42 International Atomic Time (TAI), Coordinated Universal Time (UTC),

Public Emergency Warning System, Emergency Management

nEAER

In Taiwan, National Standard Time and Frequency Laboratory in Chunghwa Telecommunication
Lab. (TL), entrusted by Bureau of Standards, Metrology & Inspection (BSMI) of Ministry of Economic
Affairs (MOEA), contributes to the calculation of the International Atomic Time (TAI). For the
promotion of applications of standard time and frequency, BSMI authorizes Telecommunication|
Laboratories (TL) to build a low frequency time and frequency broadcasting system.

In this paper, we firstly review the technology of low frequency. The basics of low frequency
broadcasting system are then introduced comprehensively. The characteristics and system performance
are sketched to show the potential applications. With the advantages of wide coverage, high
availability, low penetration loss and low cost, low frequency broadcasting system is applicable in the
areas of daily-life information broadcasting, public emergency warning system, traffic control, public
utilities control, energy saving, power management, and emergency management. The novel time code
and transmission protocol are proposed to deliver various information and control signals. The generic
scheduling scheme is studied for information management. Finally, the results and milestones of the
low frequency system development project in TL are shown, including the experimental broadcasting
system and various prototype receivers.

By using low frequency broadcasting system, traffic facilities and emergency situations could be
managed easily, reliably and efficiently. Furthermore, it is a cost-effective solution with plain system
and affordable user equipments. Therefore, the services empowered by the low frequency system could
be popularized easily and provides the public a more secure and intelligent living.
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ESD protection
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Wireless time signal broadcast system is an essential platform for the operation of radio watches. It
is also a good system for broadcasting other civil information such as disaster warning. To obtain wide
coverage area, the carrier frequency is usually as low as tens of kHz. When designing receiver
front-end IC’s in this low-frequency range, noise consideration is critical. In this paper, the design of a|
low-power, low-noise receiver front-end IC in 0.35 um SiGe BiCMOS technology for low frequency,
time signal broadcast system is reported. The front-end IC tolerates wide input dynamic range of 106
dB and has high sensitivity. With 3.3 V supply voltage, the IC only consumers 0.343 mW when

working. Stand-by mode has been implemented to save enevn more energy. The chip area is only 1300

um x 908 um, including ESD protection and bonding pads.
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