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Design and Experimental Verification of Dispersion
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Abstract A dispersion measurement prototype is designed based on the modulation phase shift method, which
improves the accuracy and reduces the cost of dispersion measurement. In addition, the dual phase discrimination
circuit is designed based on the amplitude and phase detection chip AD8302 and the accurate measurement of phase
difference is realized. The least square method is used to fit the received data and a reliable dispersion coefficient
curve is obtained. The modular design is adopted as a whole. The digital signal processing based on chip F2812 is
also used to accomplish the control to the board of each module as well as the collection and processing of data. The
interface is designed on the LabVIEW development platform. The performance of the prototype is verified by

experiments and the results show that the uncertainty of the cumulative dispersion measurement at wavelength of
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1550 nm is less than 10 ps/nm for the G.652 fibers with different lengths.

Key words optical communications; modulation phase shift method; dual phase discrimination circuit; digital signal

processing; least square method; LabVIEW
OCIS codes 060.2300; 060.2330; 060.2430

1 5 H

@HI(CD) S il fE2F B A E 245 bn . 20t
F ST WA RN, 32 (B I L (5 Rl iR
) 3 T T R B E TS B0 R A I A B
RGIRAS A A G, L, O 8 T R G AT
W 4% 3z 5 i 2 S BT @ HUR ORI 6 P RE Y
TE LGN L 535k 000 2 w0 rh O T T D3 1 1 46

e B AR B I .  TORA @ R A R
B SR FYRT LA N AR T8 FORES s AR
YA G Bt DR HAT A AR SAS  552 BROGS €8 R A
FEMLEGBIE ]

1] B s HE 19 6 2 €0 B30I o 7 A 4 ol 9 A A
Forkt 22 0 AL 1T T W I A vk R
IR A e i AR - PR T
SCH PN T 2 25 8 1Y 1 BE kAT I BT L A 3

Wi B HEA: 2018-06-06; EEI B HI: 2018-08-06; H A BHI: 2018-09-29

HEWB: BERHARFFH4(61571057,61527820)

" E-mail; xilixia@bupt.edu.cn

0206004-1



i

g3

TV J5 5 B A B W AT B 0w B TR R
] BAL, {H 37 BT 2 25 (10 8 55 9 Bl BT DA b oy ik o
T AU S R G R I e D R [
M Jik o 18] ) BsF 4B ok B o i, T A A . R AR
A% 2 308 5 A DA (] 30K 9 A 5 8 R X 4 R Sk il
TN KOS S W REmEAE , E W4 S OB LR @
ELAT IR R o R L 25 A AR T XU T R
5[] B2 S AN U AR 5 o T BB AR A € I (R AR

BEWLAY IR 175 2 AT i g 00 K DA B I
KA FEHBEAR A oA . 3T UL B %R, A SCRH
T AE RS T S B € R 0 L SR R 0 A A
e A4S AD8302, WA # . AR F AR (L) A
PRy W] /ADI 2~ W), E 1, 0 B4 4% . 90° 4% +H 75 F1 PR
A~ AD8302 ZH BN SEAH L B SE S Z AR 5 H IR
w22 I & L AT R e Ik AD8302 AH o7 A5 K [17)
558 TN F2812 (TMS320F2812, 8 JH A #%
NFLL FEED BBUFE S AL B (DSP) Sk 52 B 45 1 B
R 9 il LA B AR A 25 B50H 1 R 4 5 SR FH B/ 3 vk X
J S (0 AR A7 22 50 H E AT Ab B, HE I AR B AHUE S @
BOR B W O BN B IR A TP, R
LabVIEW ¥ & °F & i 47 54 1 % 11, 52 30 6 HUE LA
T A0 R B 26 10 o . AT REAL I AT S0 00 56 F L 15
2 A I LG R

2 JRE T

2.1 FAREBENEERREE
PR TR R 125 00 AR B R AN 18] 1 B, iR R A o 4
X AT A OGO S AT 5 B R R 9R R S
HAE B OCAE 530 5 R G 2R, 7 422 Wi 38 D'
PRON 28 58 OG5 5 ke . 2555 55
KA AR IR SZAE T o VA TRAR RS A AR 40 M A
i 7 O AL i 5 5 TS % (55 AR AL I &, 355 58
X AH AL 22 R AR A AL IE B L AU A S s A 3
B 1 AT A R R S AR KR
77 A B HE 3R AT 38 Bk A A7 25 R VAR I8 A S A X =
ZAG S AR 5 RERTAE 22 1Y O R AT LASRIR
_ b b 1
3607 f.
b o AR IR A ¢, S A A XF N Y A A7 1A 5
bt B HAG S XN AL s Ac S RERTIE 25
AR A HER A D, W L, T BB R ECh

Cldan 1 dg,
L dx 360°Lf, da

At

, @)

D/I ’ (2)

©

intensity photoelectric
tunable laser modulator detector
detected
reference signal
signal signal phase
generator detector

analog-to-digital
conversion sampling

phase
tracking

curve fitting

Pl 1 308 AR RS i B DU e [
Fig. 1 Principle diagram of measurement by

modulation phase shift method

Xrf L RFEIDEAKE., sTUAEN . B TaREK
S P AR Ao E 22 11 5 00T AN 2 R e A8 25 e gt A
UL AT DL 20 S 5 A5 5 A AL ¢ RIS 25 i 1 2B TR
X I 5 SR A s e

AH AN 25 110 9 B A 000 2 S 30 o W0 A 00 ) G
ORI E AT BT T MR A5 A8 ) BUE A H O R AT
T R A A
2.2 BHEEY ADS302 K48 B

R ARAS B B AD8302 AT LAAERE & 2 A~k <7
(1) S A 5 ARV 25 . (EIZEES R A AR AN, 22 il 7 i 2k
() 7E —180°~ 1807t [l PN A7 16 AH A7 A5 R 1) 731, R
— A~ R AE I A AR A R

hy U b AR A B Y R, R B TR
YEAHHL B B — A 07T A A L — A 907 RS AH #E A
P AD8302 4l pl . tnid 2 Firon . 5 Z7E i e A
S ASER [0) R A ) B, 7 KT A 7 00 Y L SE BT
—180°~360° M {1 2= K .

P
° ~
RF1 80 d Pa
——] phase ADS8302
shifter P2
P
0 Py
RF2 po(iver ADS302 '
division P2y
”

Bl 2 W R T R
Fig. 2 Design of improved circuit
WA 2,5 — S BUE — RFL @i —4> 90°%
AR A8 43 PR A2 22 90°HIMR 5 ) Fl @l » 28 i
SEIUE S RE2 M4 05l 43 5% 53 1P % AH A7 AH 55 1)

{%‘% P20

0206004-2



Es i

R AE T AL 250 457, b 3% AD8302
(kR 135 mV., #1245 o] F Wi {5 55 AH AL 22
45°8#H —45°, M T LXK 0. =91 — @2 F LI
0, =0, — @, =@, +90°— @, , MR A L7 22K 45°, N
T3 AD8302 it HL Y 45 mV s AR A A 25 K
—45°, R 3% AD8302 i if HL o135 mV il ik
T3P AD8302 (% th HL R 45 mV, W] 15 B WA {F
SR 2 R 45°,

DR I o 55 45 T 66 S5 R T LA o IR A 37 25 A5 R A )
R, AT AR A X TE] (0°, 360°) PRS2 AR A7 25 B ORG

phase Di—Prer A/D

D= Prer

IR

SR PR B A% 5 I AH 62 22 T BE 23 A M 360719
5 O 30K K 5 BOUR IV 22 (8 04 AR 7 OB ) BT, B
W, T BN A A AT 38 B A RCR A P 2 (E
IR/
2.3 fHALIEER

{55 23k AD8302 %5 A HL J% 58 J % #H 17 25 1
M, ff A DSP i AD AR B R 45 A 07 22 Bl .
Xof >R B B 1 B 58 BAH 07 38 B R0 4 AU A L D R
EE 3 s,

phase de; curve

detector >

sampling

\ 4
A 4

tracking fitting

3 Bl b B

Fig. 3 Flow chart of data processing

M dg, € (0°,360°) B, AJ LA T #2238 5o 40 0B b 422
BEAESS 60— ¢ MAREFRBE dg, 2 E KT 180°;
M dg, KT 360°, AT LR Bl dg, 1977 25 5K fif ok
R 2 ] . AR SR AT 2SR O 0, A
A R AEE 1) 22 38 X

S,L AZ)?
T, = 8 (Alj + 705 (3)
dg, =360°f,.dr,, 4

KPS, WA WMEOHERI R A0 N FE B
Koo HBFTE B, SGLF A E AN T
U Ay AIFRORUARER S, #A M N Y S %
H. P ARG dg, B BUASE 2 dg, L T ILA
JES S DA B3 A LR
2.4 KRS

)X L f AR 2E dg IR ERR dd ¥
SR A5 G AE B ST P L DU UD€ TR B R 2
i s
aD,
Ifm

Aldg) +

ADA:

ID, .
Afm+

IL
aD, aD,
I(dg) I(dA)

SRR ATAEL L f M dA AR e BE . 1]
DUKs H A, DRI R R 25 1 S R TR
HHAZ 22 dg .

XEITAE R AD8302 11 %5 AH R B HE 47 55 UF L fif
JH AFG3000[ 3£ [ Z£ 7% ( Tektronix) 2~ #) , 35 [ |77
Az T % R AR TR R RS WD AR AR LR O IR S HE —
FE I 25 8] B R A 22 A — 180° ~ 180° 7% 1k i} £ i
B4 .

ACdV . (B)

2.0
181 o

16
14 //

12 /
10F / "\

0.8 F 4 )

0.6 - o/ \
04 r
0.2 / \

-..I 1 1 1 1 1 L %

0
-200 -150 -100 -50 0 50 100 150 200
Phase difference /(°)

4 AD8302 HyAH A 25 M 1o il £&
Fig. 4 Phase difference response of AD8302

5 ADS8302 H it (1 A A7 25 #h £& M Lo, 5% 25 /1
F 0.5°%,

ZE 45 X% T 100.4 km B G.652 SGeF, 78 H
PRI A 200 MHz BYIE G0 T H A HR F0w 52 2
1G336 /T 0,03,

2.5 HM&EWE

KR /D e ik h AT i Pl A, AR AR
Sre/IME B B RSB A0 T B 22 7 7 FoR
BRI G, BUFEEm R,

XF— 4 R (e y) s (G=1,2, 000,
m) b A UE MRy y = f () U2 AR 22
MIEE B O f Cx) — yos BT A SR J7

Response /V

D) —y, I BeAME D Lf () — v, 02 AR

AXF R 25, AR B IS ek y=f (1),
XF G.652 4, AR ¥ E br B T2 il & (TEC)
bRAE . AELR S D, "R A 3 Tl Sellmeier £ 1 2

0206004-3



ot & & i
TG, 2T RoR A 1800
1600 F (a) —s—with jumping
D, =2B XA —2C X21?%, (6) 1400 L —s—without jumping
A B fC MG RBL 1200 F
FILFH S5 /s Z3fe v R A7 i £ 400 & B, SR A 09 B b é\,:lggg:
PR R $ 600
min(|2B XA, —2C X2, — D, |9, (D < a00r
(B.C) 200
T a5 e /N 22 SF O AR DA 56 il £ HUL A MR RE o
2SI IIE , fe /I e 1 X il £ AL A B g /N R 22 —200, s . . . . .
N N . 15635 1540 1545 1550 1555 1556 1565
O RN LA SRR E Wavelength /. /nm
3 FEHLIT 2000 - ® —a—with jumping
—s—without jumping
3.1 #HNMEEIET 1500 F
BEHLR A Pl 35 AR 8 F T4 0 D i 2
s - 21000 |
VR, REEEEHHERIE 5 Fis . s
&
laser module 500
L 11
modulator module tical 0F
OpTtIC 1 1 1 1 1 1
I N1 fiber 1570 1575 1580 1585 1590 1595 1600

RF module

[T 111
DSP module

power module

+12V

Bl 5 ZG0H IR B E ]

Fig. 5 Block diagram of overall system design

Xof £ R A3 S R AT B v B R T K R A
BOBCPE {5 5 o 26 B TR AL, T LR
LabVIEW JF & & s EE 54 A
3.2 ##LAY LabVIEW FRE% T

K H LabVIEW - & B HAEHL A A 1 B os @
R B 2 &1, o mT DA S g A K A5 20 R R Y £
U .
4 FEALIN G gk

PEHL 20.2,40.4,50.2,70.4,100.4 km 5 A [A]
K BE AR HE B 2T s AR ML E AT €0 HI 0% T 4k
IHIE

VEH 50.2 km A5 o SO0 £F 56 UE 45 2R 47 0
Mr.oEl o6 45 i C BB M LB B 4y JF R A,
AD8302 AL 1Y A F% K Bk Bk A2 J5 (9 AH B Bl % K
A2

HRYEE 6,76 C P B L I Bl &2 v, 38 2o 7 Bk
BEAR 5 B AR R O I, ) dg, BI{EAE (0°,180°)
N .

TH BR AR AL J5 , v] DLt — 2015 B A A 1

Wavelength A /nm
[ 6 ASIa) U BT A A% Rtk 4 i AR A
(a) C B (b) LB
Fig. 6 Phase shift versus wavelength under different bands.
(a) C band; (b) L band

I {E 5 A THELRE S A9 2 Ak, &l 7 BR

145

—s— measured
140 + —&— estimated

135 -

—

3

o
T

A=) /()

125

120

115

1 1 1 1 1 1 1
1540 1550 1560 1570 1580 1590 1600
Wavelength A /nm

B 7 AH B b B K i AR AL

Fig. 7 Phase shift increment versus wavelength

&l 7 T LU S AH RS 1S i 0 i (e S A T HE
A AT — Bk

o TREHL AR S I % 200 MHz, K [0 B
M2 nm, W] LUAS B [6) T 8 68 R B,
&l 8 fi7s .

Il 8 Sy A [ gl K 5 I A B i I 6 5 4% IR =
I Sellmeier 2 3 X 19 480 & 18 B9 X 1L, €8 10 R £
LA E 50 5 5 A &S, UG 0 E v

0206004-4



Es i

[\
(=]

—
o]

e caulated CD
——fitted curve

m)
—
o s o
L

—t
(=]
T

CD /(ps-km™-n

S N = O ®©
T

1 1 1 1 1 1 1
1540 1550 1560 1570 1580 1590 1600
Wavelength 4 /mm

B8 WK T A R 54 Mk
Fig. 8 Measurement value and fitting curve of dispersion

coefficient under different wavelengths

AR ] B A5 Bk B - LA AR E R (I TU-T) G.65245
HEXTF G652 SBEF AE P K 1550 nm b, (AL R 4K
H 17 ps/(nmekm), A HERR A 0,056 ps/(nm’ »
km) ., ZrHrISE S, S ] 0 XK O 50.2 km (6
LR AT Z2 O B BRCR B E Y 16,95 ps/ (nme
km) , 4 FARR N 0.059 ps/(nm? «km) , RGO HE
A 850.4 ps/nm,f 7K 5.89 ps*/nm’,

Xt 5 RS BE G ER AT T 2 0l &, 15 F)
AR BE AT 1 R, 45 Rk 1 P,

2R 1 AT LLE 250 I 5 9 45 A A K
(627 SR HUE 5 B (E A 22 2/ T 10 ps/nm,
H i 89 B 6 A (FTB-5700, EXFO 722 & L fin
ERORPEREFE R M : 100 km YEEFAE 1550 nm b &

F 1 AREKER G.652 AL R ABIH

Table 1 Accumulated dispersion of G.652 single mode fibers with different lengths

Fiber length /km 20.2 40.4 50.2 70.4 100.4

Fitted dispersion /(psenm ') 342.5 684.4 850.8 1192.5 1704.4
Theoretical dispersion /(psenm™ ') 343.4 686.8 853.4 1196.8 1706.8
Dispersion of FTB-5700 /(psenm™ ') 339.4 682.7 852.4 1194.9 1696.7
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Table 2 Accumulated dispersion of G.652 single mode

fibers with same length

Dispersion of

FTB-5700 /

Dispersion of
Fiber length /km prototype /

(psenm ") (psenm™ ")

50.2 (Fiber A) 850.8 848.4
50.2 (Fiber B) 850.6 848.1
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