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Abstract In order to realize high precision comparison between remote optical clocks, the two-way optical phase
comparison scheme proposed by the Calosso group in Italy is extended, and a two-way optical phase comparison
method based on local measurement is proposed. Two optical signals which come from the same laser source are
injected from two ends of the same optical fiber. One signal transmits to the far end through the optical fiber and
then returns to the local end by reflection. The other signal transmits from the far end to the local end through the
optical fiber. In this way, the two signals are beaten at the local end with the reference light to obtain the phases of
the two beat signals. In this case, the common-mode phase noise induced by fiber links can be eliminated without
the active fiber phase noise compensation. The most important advantage is that the acquisition and the processing
for beat frequency signal can be done at the local end without adding extra time synchronous signal to ensure the
synchronization of beat frequency signal acquisition, which simplifies the experimental system. The ultimate phase

noise performance of the scheme is calculated, and a demonstration system based on 60 km spool fiber is
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established. The frequency instability are 1.45 X 107" for 1 s and 1.51 X 10" for 1000 s. The scheme is
expected to be used for more reliable high precision frequency comparison among remote optical clocks and other
advanced atomic clocks.

Key words fiber optics; two-way optical phase comparison; remote optical phase transfer; local end measurement
OCIS codes 060.2310; 060.2330; 140.3510

1 5l E

A5 25 0 AR R R S T 1 B o R B I T 050 % — A TR R R 2 0 T S R &
S T, W o PR A AR B SR T TR R TR O R AR MRS L 5 KL P 2 ]
AR S5 R B T PR T R BSR4 B G 4 £ AR B I A L S S O £F i
SHEAT B80T T 0 45 10 7 R B R 7 R A B O 38 o7 T 5t TR 1 A R A
DR H AR A A B T R A DG AT A I AR 0T USRS . B RTC AR R DL G SRR e Bk B A
Fo 10 SRR | LT i 1 50 Sk A AT S BRI T T B ) (8 DG B B BURR TR U1
B 5] 36 4 AR AT 26 B 85 0 T ELXF o SIE 4R SRR R 9 B 7 7 K o LA R B RS W 22 4 3 )
BER 10 RGO (LG DR RN CR A 5 0 g B AL O E L R e T HBER B AR 10 &
S0 2N T O A B I R G B 22 1) He X RGBSR L IR L, AT DL R SR FH G AT O A A R L R R g
7 JIE B 75 9 A 2 ] 9 H X

2014 4 5 AR Calosso /N H T 6 £F X1 2 M1 0 B X B0 JUARCT L 6 %07 22 b o R D406 e
50 50 HUBLHE & BKG— 4 BOG B RO 640 B I BT 9 ORI T R M O A MO SS . T 4 i
S 58 17 1 6 5 28 5 Y6 135 5 ) T 4 £ 0 00 (7 o 5 G 15 % 5 16 22 T MOV L TR S A S £ 5 7
S 2 Hh AU 11 £ 45— Y B P A P54 7 16 b 8 T TE PSR I 27 B B b 0 6 1 7 R 25 ) A 32 L £ 78
1 e 27 - 1 M AEATT (3 R 75 4 L B, T30 77 102 BEE I 7 BB R B . %607 SR I AU 7 R
S5 P B A B I B 4 Ceracking DDS) W 56 £F 1 3 10 6 A 6200, A T 38 5 T 2 B 1 B B 5
A GEME . AR 3R Berey /NALBET 13 JE IR HY T 001 2 52 LT A 52 36 77 20107, A 56 - i 3 R
GV (5 RO AR B9 3001 36 LT L HL T A 030 3 B B ik 1) 102 k4%

LR PRI 8 B 5 T R B LU (ELJ 778 DL 1« Calosso /N BIA T 305 Fs il i i, o 2 3 43
SIS 4% s Berey /INAL I Iy 8 7E 5 Hb G X (19I5 7776 — 52 01 J50 WP , DKL 43 301 50 S b o 53 34 0 A 2
R T A ) 15 52 i 2 A S B ) 4 1 25 6 0 A IE IR A 00 25 R 490 6 £ 2 R
R TR A T 30 3o R B 1 5 T I 8 7 DT 0 L X5

S 1o AT T S 2 A 3 O X 7 5 B T — R T A b B 0 0160 S 2 o H X B 7 A
HIL S BB PR 8 6 T 075 ) 06 15 AR MK B £ Al T 5 A P — A [ B 9 3R T
3 5% O IAT » HG  7E—  H 5 A B L X 9 5 2 0 A 0 M3 T 5 M 328 2 i) i e ) 4
I B0 7 — 1~ 40 5 T L S B KR 10 R B AL B 8 4 RIS 7 8 M0 00 R 4 B R U6 S 2 1 o B i
LA R8T 5 0 058 2 A o 1 )2 L % 0 6 e 2% 200 R 85 WA G o 76 220 2 O o o i 0 RS o 1L
Sl 1 25 43 3 2 2 A 3 L X o 4 3 T A

2 AR F A
2.1 E-F ARl AW @ S 248 4L b 34 S0 18 TR 12

FEPI B 7 G2 v 3 8 WL IR) G245 5 1 TR 20 A% i A8 AR A 3 Sl AH 67 e 75 AN I RT3 T L B8P MW BR T &
TIAE R YT 1 1) AR A7 e 7, T L A b v 15 78 3 1) Y6 15 5 40 7 A b ity S G 5 AR M 2 2 5 I 000 3 1t
ot 33 AN FE A5 S B AR S T, BIVTT A5 3] g kS B A AR 37 X 45

A ARSI MR BIENE 1 FrR, o Lab 1 A M, Lab 2 Sdm i, AOM S 75 6 dil 8% . FM ik i
SERE A PD OGRS . Dl—6 HEI AL T 1.9 Hz 98 K8 1550 nm A8 %8 48 98 B0O6 870 V6 Ol
U8, 6 & B 28 4y Y b Ry 50250 14 BEAS 43 S A, F ARSSEL AL F 5 i i P SO R . Ol T RR IR SR 5

0504004-2



H = # ot

FR G S X O A R L ZE OB AR S AR 25 FE S 50 dB By RR B AR DRUE 1O A O Y B ) £%
o6 o 3 o R G T Ak R 5 0645 . P 65 W06 R 0 7 T B8 6 2F 19 7 i o LA HR 90615 5 A TR AR
LT AR AR Ho laser 2 M9% HOE BI85 AOM 1TGEEIER N £ F AOM 2GRS E R £, )5
A Lab 1,5 AOM M1E & F AR RHE o B A s S . GRS 2 FM 1 A E 1 laser
1 56T & R, /(5 5 th PD AR, Ry £+ fo, W IEAE PDa. [T, laser 1 19(5 564
AOM BHiik A Lab 2 J5 X 28 FM 2 SR HGR [P Lab 1.3%0615 55 laser 1 B2 % 64T A I F150
F5 T H PD AR AR R 2+ £ ATEAE PDy . 15 R H 54 PD $252 A AN [RUATCR I H0 450 , R
T oy B X A OSSR A S AT A A S P B L SRS A R N B SR . O T I BR RO
FHE AR FHASZE R0, AOM 1 5 AOM 2 1 451 5 I 3k 5 52 A5 BUOC 8 L I8 6 I v i) 78 42 MU AT I8 2
SR A A5 B TE 45 A A ABRAFE R RS, B, PDy (55 097 4 1 laser 1 7EGEF4E B 1R A IS
FOO = A 0 DG5S W AR A5 B AL B 2 i 1) BB B0 A 07 M s, 6 FLEAT 2 S MR 5 5 PDa 1R
S T AH R AT RO A B LA 7 MRS L 38 XTI AN E S AT IR R SRR IS R X PN Sk A
A7 A3 AT A (5125 A) f i A S 2 2 o EA T AR 62 00 42, [ 5125A PR Al Sl ad is S B A (s 5 5 2%
Uit 5 5 2Z 60 1) LA o PR O T B AR B B A PR AR 5 RO AR, 25 . TR 25 0 T 0TS R B I G 4T B B L i 3t
RRORR A M 75, DL S 65 0T #45% 22 ] 190 1 6 B8 AR S LE X

FM 1

S
. SMC1 /; -
laser 1

| PD Lab 1

Lbeat frequency f+f,

be;t frequency 2(f,+f,)

FM 2 Lab 2

X e

SMC 2

laser 2

SMC: single mode coupler

PEl 1 T 2R b T 1 0L 1] 2 K67 b X T 56 5 B0 285 4 s
Fig. 1 Experimental structure scheme of two-way optical phase comparison based on local measurement
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