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Study and Implementation of the Bit-Error Test Method
for Burst-Mode Optical Signal

SHI Wei, HUANG Qiuyuan
School of Information Engineering, Wuhan University of Technology, Wuhan, China

Abstract: On the basis of the characteristic of TDMA uplink optical signal of PON system, this article puts
forward a method of high-speed optical burst bit-error rate testing based on FPGA. The article proposes a new
method of generating the burst signal pattern include user-defined pattern and pseudo-random pattern, realizes
the slip synchronization, self-synchronization of error detection using data decomposition technique and the
traditional irrigation code synchronization technology, completes high-speed burst signal clock synchroniza-
tion using the rapid synchronization technology of phase-locked loop delay in the external circuit and finishes
the bit-error rate test of high-speed burst optical signal.

Keywords: burst mode optical signal; bit error test; fixed-point logic compare; synchronization

RENESRBMNK T ZHHARSEH
W, HH

TRPCHE TR B TR, ik, E, 430070

# E. 4txF PON Z %449 E4T TDMA 43 545 548 8 T A F FPGA ¢ 5 ik B L A2 52 AL MK b 2t
Tk, RETIHNSHREBAALA F ATk, FTIUTAL AT ML LG RESES
A KA T HESMRBARGEGHEAR SR AL, FIT S ZBREE. ZAKN AR, £
B @35 R A LA IR R R T H AR, TRT R BRLLEFTHATRF. FNT SRELAMETH
RAL I X,

KR RANES; EANK, ikt B

—t

Hil AT LB ETAR RS THT FPGA IR IOLME

mt

BEA G BRI KT A, PON RS 2N T
TN . #£ PON &G, FATE 5 & H 7
J& TDMA 438, & TDMA 155 BA R KIS 55 5.
BN BRI T MR BN AT, AR AN, AR
O KL X 5 ELERDUE S HIRAAR,
JE 1Ot TDMA Bt rh, i B A ik, A
) $ e 60 2 AR AP AEBRAY . — MR IE S5 5 1R
T2 280R (1K) 5, {HAE GPON [¥] TDMA 1555t [a] g
RGO T, IESAE 5 R A SRR 1 7 v,
BTN RS, SRR R RO GRS R (1) 1%
Ttk fe . S AN IR R = A FE R L 5 vE 0%
LA IR KA AEIEEAE 5 Bl AR
BT LA S TG, B AFE LEXT I, L%
P Es B LT o AR AR S AR R A I I
MR S R AT 5 BIARE A, T AT P S R0 LSRR A 1)
[F22, I HFTFEPE .

978-1-935068-04-4 © 2009 SciRes.

ST, AR R B AL AT S AR LU R S A 1R A
Rl 75ik, JFAE FPGA HR5g ik TARRS evh, sl 1
R R IEAR 5 IR IR
2 RANXESIREMRREREXK

i /B G T Sk RO BB P 43, i Sk s i it )2 G5 7
B B AR A RS G, WUR 2 [ A
[ B - K4k PON RS _FATAS S RE SR s /I e X,
w1 R

i g

EANIC

wosfen | 38

Bidrnt 1 ﬁ‘f‘?ﬁ|i#ﬁ| Heli
PRBS
A 1. PON B4R E1TISEH

WSk R RT3 A TR A B TR B T 1
I FLAE R BRI Hc s LUAS 08]SR VEAT iR i th L,
PRAE IR LGS BT 58 S AT e IR 8t s 53 AR R B



Technology and Application of Electronic Information

Z I AR BRAR , AR — R Bk, Bl B e
FFF 2 W BRI A AR B X e — P A
KRG TR R IDEES, IR ERFGE 1 BRI
o AT RISLEN I, Bidmia, wr . HdE
£, LK CID 90 A SR B R 75 n) A8 (1) 5 A7 LX)

PON R %[ AT S5 F AR R e 1 7 e an i
2 7R

mE

Iy —‘\\\\

.................

%ﬁﬁ%ﬁq—///[

Kot

B4Rk

RERIER |

2. AR(ESERBNRREEE

T AT g FLIZ TS (FPGA) 7= A4E 574
1 WigEMIsE R G S, R RIME 577 Ao A5
RAAT T SERIEAF 5 BT ] LNERCEI (S 5
WO B X P A5 S, I IR A A I B e 34T [ 20 i
LT NI e R AL RS (B AT RS 0%
FOGASAF IR RE, e R R TAE R
(SR PE AT AR . A SCHp 32 B 1K AR — A
MRS AL — B A2 SR 15 5 U5 DA S AT SR R H
P[] 2 LS (R 77 7

FPGA BERT

Transmitter

et
B i P Bt
R RN

' eatis:

|
RERBRWLEF A

Rcuci\cr* *
---------------

! B !
ks

alla
S =
gﬁ
v

-

|

i
B
L4

3. RESREBNRARZITE

3 BEHXESIZBAK AR
ZRECK I FPGA 9280 17 N T A s SURS T 5 5 BEA LS

495 Scientific
#%» Research

SEMRKAF S, 28l E GTP WiE £
FESRERN TRSIG, HsEATetise (SFE) TRt
55, HEARFRRICAT AR Ly, BRRA
JEAF T o AEREMC 1 ST I 5 A AR A i AT
IEHAE S, SR e B e B S A S i R %69, AR
Bl L% R FH ZE I B PR (CDR) I PO [FEROR, 58
TR ARG TN . (e FPGA WHER L4t
BERD R P BRI XS . RG] 3 iR .

4 REAESRENXRABTRSZ
RIS R T 5B, HIhEf

B BAUHE TR  TLR I  3

4.1 BBEIFEERS

4.1.1 REFEMBFEESE

TR R G, 7 = A 4 T 2 7 AR P i R
U2 (data_out0 Fl data_outl) , 7ERWH R H
— {59 (data_out) 73 B 15 540 M 25 5

(data_out0 1 data_outl) )77V RIRTFIX N ERAE 5 o
A HAT BT IR S UK K data_out. A AL
s 4
il g ; wi2

Data_out ! : ]

00 < RAO<ER<PRBS X 00 __xCAA> @m 00

4. ata_out FIBFTREE

Kb 00 AR MIAIBE,AA AR S5, FA 3T
FFE, W SR E SR AR Sk PRBS ARk i%
(R P BEALAS, Mg . it 1 A 2 A2 k%

S data_out 55, TREMRNE 5 ProniiRA
BLBLH o

(DRESET, Z A7 R & o Wi R reset=1, 4k 42} $¥

RESET JRZ; WA reset=0,M1/f X SEND_IDLEO -k
xK

/BN o

(2)SEND_IDLEO. &b IHARZIS, data_out &
LR AE AL A 2 5t 1 FTIIEIRE C00D ot 1T
T CAA) i 1 ERAF (FA) o Ifg_cent0 f2&—/Nid
IR EES, ERIHMESE T 1 RN, JE R
data_out Ak —Ari 1 S RECE, ERIER 1. 4
ifg_cnt0>1 B, {54k 4 F SEND_IDLEO Rz, 4
ifg_cnt0<=1 i, HEATF—IRZE (SEND_DATAOQ) .

(3)SEND_DATAO. kb J HIRZAN, data_out &
1611 s 2 O BE LA, AR 50 R ot b 1) A R T
Frame_cnt0 & MGk 8, &R AT 1
(TS I RE, I BLAs I — S eEcls , e B 1.

978-1-935068-04-4 © 2009 SciRes.



3% Scientific
9,
443 Research

2 frame_cnt0>1 I, {5884 T SEND_DATAO RZ,
4 frame_cnt0<=1 I}, #EA SEND_IDLEI RA&RZE.

(4)SEND_IDLE1. 44t T IARAS K, data_out Ki%
(B8 A0 ot 1 i 2 FRTRIRS 00D 5 i 2 IR S:AH
(AA) Wi 2 [ERTT (FA) o Ifg cntl & — i)
THEES eI A5 T 2 128 PR I S, I H. data_out
g AR — AT 2 ()25 PREHE , e B 1.4 ifg_ent0>1
i), {754k 4+ SEND_IDLEL k7, 4 ifg_cnt0<=1
i, HEANT-—ikA& (SEND DATAL .

(C RESET ]:
=
L SEND_IDLEO ]
ifgicll10<:: 1
[ SEND_DATAO
frame_cntO=—1

frame_chtl ‘:%1 SEND_IDLE1

ife _cntl=—1

[ SENID_ _IDATAIL

5. BIZ 4 ARSI

(5)SEND_DATAl. 4t T HOIRFSHS, data_out &
eI EAE TP v R IR RN Ul Sl R S G Lo
Frame_cntl A& — MG THEES, ERBIMESE T 2
(IS (R R, I HLASE 0% — (7 il , e RO 16
4 frame_cnt1>1 I, {35840 T SEND_DATAIL R,
4 frame_cnt0<=1 I}, ¥ SEND_IDLEO iRZ&, Llik
e, AT A5 1 FHT 2 A2 % IR ot Kt
4.1.2 HEWE9IRE TS 7%

TP BRI S 5, AT LA data_out 33ty
= {5 5 “frame_div’ BL K& #2515 5 IR 7 5
“~frame_div’EAT 5 BRAER 20 B X PR 5 .

Bl: Data out0=Data out&frame div

Data_outl=Data_out&~frame div
FEIXHL, P2 frame div 155 [ BLE & AR RN

AL = — AR I I B E 5. Wi 6 s
i1 2
Data_out
00 < AA ><FA ><PRBS > 00 < AA ><FA ><_PRBS > 00
Frame_di
Data_outd
PRBS 00
Data_out1

00 AA ><FA PRBS ><_ 00

6. ALBIENTER

4.2 ABEVGENER S5
RIS LS PN B, — SRR )

978-1-935068-04-4 © 2009 SciRes.

Technology and Application of Electronic Information

FD 7, e BB s Lkt i
4.2.1 BE¥H*

© Ik

0 G [F) 20 3 AT A0 380 1 5t D82 5 ) i e )
o XA LIAE FPGA ANIBIK SR R AG ST
Wi L %k CDR 5 SEHL

lg%ww
o 40
—_—

Bl R AT HRE .
——» K CDR HiFf

PEST AT I
—

& 7. Y% CDR B TIEREE

B ECHE Pk 52 (CDR)  HELIES 1T LA AN FRIC B 1K 35 A7 48
KFHAEL S BT 5 S AL A 20 8, 9
XA BB A5 5 EHRFE, W5 B ARG
R BRGSO I B 5 s 24
IBE[FAS, AT DA A R A A AT ER (R £ s R i N

FERE—Wi R 2k i, AR —58 0 s (—
JBeAE HU A ) 3T I IR S P AR L K A LR AR R B
B, AT A I AEE LEt . TR AR R 5 AR
5 R A% o

A: 44bit 5 GBI, KD
B: 20bit & FAF CERIN, KREEWTID
C: Walfg: 8*N (N AN 0 MATEAED
D: WK M (M NAK 0 (A=)

HATE 44bit 57 T A P AR E IR B, A A2
SO I A (R et o By AR B8 e v 1) SR £ AH Y.
] CDR A & K

O & E I Uh 2 A T 15

XA (P AT 55 5 A B4 e A — i bt S s (o
BB BRI E . X BRI AEWTR Oy
B A8 e LERE, NIRRT 7 41 1 aX
GRR IR (1) 58 1 LUARF SRR B s 1R R 1 5 18 7
XL A7 U ARE R HT 10 P U R o R4

H TSI A R AR E AL, R AT T Y,
AT AT S, FLDRE S N3 1) £
P PRI 8 FRAT, e B I 5, IS 2
BCEAR RS Aa e AL B R, X2 5 L ] LLIE A gk
TSP ac At e I SRR R 5 R an 1 8 FTow .

AT G FERAD MR 32 1A B — A B A0 #8 LA 44bit R
S f R 20bit (1) € A AT 10101111101011111010
(AFAFA) JF3k, HER TIX 20bit b, TE— B HARA
Y EL 10101111101011111010.

2445 20bit10101111101011111010 3 i ML IsF, &4



Technology and Application of Electronic Information

RERFIR BT B 710 SR I R e A v, PR
WELAR
Data_out
[HRRRERR
MUX =
=
reg reg 1=
IARIARL

& 8. AR A E

IR (R JBAR S . BTN A A7 (reg)
HEATZEMY, RS2 I AR vh - ST LU 2 bit R
AT £, AR S 00T DA A7 R s ke an 1
FEMAZAT B I U B I, DT B[] 28 (1 B (1)
4.22 kXA E

@ EexHLH]

BB T R IERI D BEN LG G, 45 B R UG 15
5 5B B O BE LAY AT A e st 2 B OB ER [1)
K T TT VMO R RS s a5 S E T
IAE s AEE R SR RN B R A5 5 (1) S Bsf wfl LA+
T TR ARG LU ] B S AR e 1) 1) S8

TEARR W, R P B RD A LS, B
FNEZSC 3 1) P Bt AT LAL) Hh i EAS b 78 7 24 88 T 75 TR
S, HRWAE W R BELISAE R A i, LBl
I EHE AT LEXT o X PR 772 T DAREAT 28 PR 2 A U
o JRELEIAE 9 FrR:

o —

Data(n) Data(m1)

Bl

>

Data(nt2) | Data(ntl)

Data’(n+2) | Data’(n+1)| Data’(n)

I

AR R

seed

WEH

B 9. F LX) s R E

Blrh, ARHBAG R P AR B A B AR R AL A I AR Y
i, g AN R AR — FE AR . Data(n+2),
Data(n+1), Data(n),Data(n-1)52& JL/™ &3 P AR kB2 2
{55, Data’(n+2), Data’(n+1),Data’(n)z F £ 2 1)
5 5 1E SEED {8 I H A< Hhy i f A A ke 7= A= 1 i ( Oy
BEMLAS 2 HH SEED {EIHE HIRIFD

271

495 Scientific
#%» Research

EEXTHLHIR 2N 10 FrasiRESHIRSEIL. &
link_up FE7nHEHRE, AR TARGRE QI

ink_up=0

RESET
AN

(immediate mode)

EPER s
(self_advance mode)

THE BG4
10. FHHIHRTE

A AT, AHAS R PR AR T AR ST BRI,
R fedse B0 B 7 4 SEED A/ A 10158 $cdis Sk i
B RS R BAT L, S ¢ A (nf ) I Bh
SN E A A R, WACK link_up=1,3E N F—IRZS
(AR o R WGkal TAEfE L IR

B 7 H BT, AR P A BN FE
W HEAE ) SEED fH, 1fiedt B Oy Ak Al ke N
SO AR SEED {H. fEXFT, (R E
SR AT IO, JEITAR B B T s, TR
HEAT AR 5.

C WHES: ¢ ASEpP R B AT I RS, Ak
link_up=0, WIFIS7 RIS, FHET B RS A
AR TAELE B BE At

@ L E

SERAT T LR ERIE L5 5 HIRAA N, EREK
BB, BT DAUA FEAC B AR R o il — ]
53 RS AECHE P 4Y s TR )3 A T ) B o
B B AT AT AT B, AN AT RS L s ot
T B AT R LU 3R s HARPE A0 384 1 e b »
M Sk 75 S LU PR TR AN 1) CH e T 56 Sk
WA R AL B SR o

BEXT IR AT 5 IRE s AR WIRR AR L TR H o
ks Lt TREAG TSIk, BRI B
TR, FRIGHE 3B BT LU, o) i A
ORI, (TR ED X R
MR (P 2 p e A T S REUECHE LU R S, T
DSTUSVNTIRZ" 5 &s:/N

A ST IS SRS I R A R R A S i
(A

978-1-935068-04-4 © 2009 SciRes.



3% Scientific
9,
443 Research

B3 i A S A B v B L B R A A

AL S GZAE RN EAE R S08 s, HAARMRIE %
EIT;E)

U7 T I K BA A IO P (S S A
(2 9% \uﬁ

D A AR U B TS S ent_en, )b

BB AP C T H AL SR S AEHN ent_en 55 H)
B . AL XS BIRHL A, ont en A,

HLARWIZ ent_en AE Y.

E @it ent_en WRRESEHIRSTHEER I TAE, 4
cnt_en A HLPH, ERAGVFELER IEH TAE, BT
— AR, TPEESEME 15 24 ent en SHRHCPRS,
R TS AR A

XFE, LERT S LA TR Y, AR R Lt
R A VRS IE AN I, A T8 T 43
I E] R o

HARTAR 7R & B E 1 s

Received data

00 ><AA><FA><PRBS ><__ 00 ><AA><FA><_PRBS ><_00

Cnt_en

Tstart T end T start Tend

B 1. it ER

2 ent_en N HLTA, ARG THERE A BT HHEL,
ent_en MMEHLTFHS, R THEES KA. G
M Cstart) FIZLS (end) NG LL S BRI UG s AT £
5

/AN O

978-1-935068-04-4 © 2009 SciRes.

272

Technology and Application of Electronic Information

5 &it

ARUR B RENS U (R BEH) PON R 48 iR 5 5 11k
B ARFOCAE 5 B AR e g Il o 75 g 2 LA
SRRV 5950 R ARG H 10 75 1% REAS B SE 1)
AR R PERE, JF HASEREHR I 7 ik BE A
FPGA A 5l i P 4 R A 304 T 90 S K ﬂ%zliﬁ'%
AT S I T BE s KORERTHIA R S PR E
W ELARAY 5 A P AR ORGP I TR AP OG R o RIS

6 nTLUEH, BT SR s R i, ¥
AMEBELARCHY, BIEEIN T 5B
References (5% 3Ciit)

[11  Yamada.Y, Mino.S, Habara K. “Ultra-fast clock recovery for
burst-mode optical packet communication”. Optical Fiber Com-
munication Conference and the International Conference on Inte-
grated Optics and Optical Fiber Communications. 1999, Page(s):
114-116.

P. Ossieur, Y.C. Y1, J. Bauwelinck, et al. DC-coupled 1.25 Gbit/s
burst-mode receiver with automatic offset compensation[J]. ELEC-
TRONICS LETTERS. 2004, VOL.40, NO.7, Page(s):447-448.

P. Ossieur, T. D. Ridder, Xing-Zhi Qiu,et al. Influence of Ran-
dom DC Offsets on Burst-Mode Receiver Sensitivity. Journal of
Lightwave Technology. 2006, VOL.24, Page(s):1543-1550..
Quan Le, Sang-Gug Lee, Yong-Hun Oh.“Burst-mode receiver for
1.25Gb/s Ethernet PON with AGC and internally created reset
signal”. 2004 1EEE International Solid-State Circuits Conference.
2004, Page(s):474-540.

Roo-Da Lee, Hyun-Kyun Choi, Ho-Yong Kang. “An implement
of clock phase alignment for burst-mode data recovery in GPON”.
International Conference on Optical Internet held jointly with the
32nd Australian Conference on Optical Fibre Technology. 2007,
Page(s):367-369.

“Design and Simulation of the AC-coupled Burst-mode optical
receiver with a large time constant”, Proceeding of Asia Pacific
Optical Communications conference (APOC2008), 2008.10.
“Design and Simulation of the AC-coupled Burst-mode optical
receiver with the small time constant”, Proceeding of Photonics
and OptoElectronics Meetings (POEM2008), 2008.11.

(2]

(31

(4]

[3]

(6]

(7]





