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Gain transient performance of Er/Yb co-doped fiber amplifiers in
optical packet and circuit integrated network
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Abstract: In order to investigate gain transient performance of burst-mode high-power Er/Yb co-doped fiber amplifier
(EYDFA) in optical packet and circuit integrated network, comparison mode of gain transient performance of EYDFA with
different doping area was proposed by adopting iterative algorithm of nonlinear rate-equations based on function limit. Gain
transient performance of optical packet switching and optical circuit switching output signals with/without optical feedback , are
analyzed and compared in detail. The results show that the maximum improvements of gain excursion for EYDFAs without optical
feedback are about 12% when the core diameter of double-clad fiber changes from 3. 6um to 4. 6pum. The gain fluctuation of
EYDFAs with optical feedback caused by relaxation oscillation decreases with the increase of core diameter. The analysis suggests
that relaxation oscillation of EYDFA feedback loop will be suppressed by enlarging active core diameter of doped fiber.
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Table 1 ~ Relevant calculation parameters

parameter values parameter values parameter values

[Er*] 4.8 x10%/m? TEeo/s 11 x107? Opra(A,)/m? 2.0x10°%
(YB3 ] 5.0 x10%/m? Ce/(m* - s71) 2.96 x10 "% g (A, ) M 2.75x10°%
A,/nm 980 Cyp Cra/(m® +s71) 4.464 x10 "% e (A ) /m? 3.395 x10 %
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A,3/nm 1560 oy (A,)/m? 5.0x10°% Opra(A,3) m? 1.970 x 10 ™%
Typ2/s 1.5x103 n 1.5 O e (A 3)/m? 2.630 x10 %
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Fig.3 Relationship between signal gain and core radius

PR, DR 1 S A s e i e I
TR A ZE AR R B K T, YA AR
N - & oS I Al i EA N SR e v A N P e et
SRR R Z, LT ERE AR 1. 8 um AE Ak
2. 3um BB FEET T BT 8 A8 /0N, iy i
E S AR BN, X 3 REFSFIVE A5 Y Rk,
LA 1. 8pm LA 2. 3pm [, 3 25 45 b 7
FE{Y A 0.08dB,

2.2 FRIERHEISRAN LS

2.2.1 OPSfZ5#EmAeti Rk OPS 554
KW 1. 64ps R H 10% ' a[ 15 3| Fa & i EYDFA,
FIEYDFA, f) OPS % i {5 5 D SR it 1] 25 £k WL 1E] 4.

0.25
a | AP=0.0114W
e
0.20 T
z
2 015
(=]
o
= 0.10
=
&b
“ 0.05
0.00 .
0 0.0 1.0 164 174 184
time/pus
0.25
b | AP=0.01004W
O ===
= T
B 0.15
z
(=]
£0.10
5
‘% 0.05
00065510 164 174 184
time/us

Fig.4 a—OPS signal power changing with time in EYDFA,  b—OPS sig-

nal changing with time in EYDFA,

M 4a AT LLE % T EYDFA, >4 OPS i i 5
R RS NI 3 NN - N T I S o W
0.2140W,0.2026W , R IEFE AP 2924 0. 0114 W ;i X}
T EYDFA, , f1 18 4b /] LA, 24 OPS i i 5 540 T



818 L

FRASHT, o f K de /N T 34 0 Ol 0. 20747TW
0.19743W , I HEFL AP £5°4 0.01004W , 4K #5 (1) =X
A B R  EAR N 3. 6pm 42 5 F 4. 3pm
i, DR S 208 12%

2.2.2 OCSAizH¥amAwrbs 16 Lk OPS (55
HERALEANEWE T, Bk 0CS 55 ik fy
5, AR RIS EYDFA, F1 EYDFA, #5554
i B R AR AL, ANl S TR

30.74
30.72} a
30.70
30.68
30.66
30.64
30.62
30.60
30.58
30.56

305455 1.0 2.0 3.0

time/s

30.72
30.70
30.68
2 30.66
£ 3064
%" 30.62
£ 30.60
@ 30.58
30.56

3054079 10 . 20 3.0
time/s

signal gain/dB

Fig.5 a—OCS signal gain changing with time in EYDFA, b—OCS sig-

nal gain changing with time in EYDFA,

M S AR Fa ST, OCS {553 25 A 0 B Z
THIRTRE, 2 1. 64 s Bk i/ IME, 285 T IRIE R, &
16. 4ps KB KAH . W55 1P Eh Y e K2« 78
Ows ~ 1. 64 s BF[AIEL, (T OPS {55 B, i {5
SUMRIHFE RO AR /03 45, th 33 OCS fi th 5 5
HA AR AOREARG T 7E 1. 64 s ~16. 4pus IF[A]BZ, i T OPS
F5 AR, R AR K OCS 155, PR HC 1 25 40
SRIEIN, IE /2 T OPS {75 B3 /4, 780 1 OCS 4 45
PEEs . XF T EYDFA,, \[El 5a 7] LU Y, 34 25 3 5)
AG ByE{H R 0. 161dB; [fif %} F EYDFA, , A& 5b 7] LA
A L,AG =0, 154dB, i1 (1) AT 15 M < I 3 25 9%
SIUGEER R 12%

2.3 WREMIEHEBRSHELE

SRR 13 A B T — B T8 IE 34 25 4
ZLETZE B HE 2 FR i AR, v X AR
%280 EYDFA 193 5 RS T LU
2.3.1 MEFHAMBER AR ETSHEL
BRO13 ] v g5 i SO i 451, i i AR 5 il K
1560nm, A f5 5] EYDFA, fl EYDFA, /M 2 i KB,
WA 1550nm {5538 25 il S 45 1 5 080 R 4 B A2 1K1

2015 4£ 11 A

14
512
%10
TE“(, 8
Z 6
(1
g4

2

10 20 30 40 30

loop attenuation/dB

Fig. 6 Relationship between small signal gain and loop attenuation of each
EYDFA

M2k, aniEl 6 frm o

M6 "] LIE i, B8 R BN R R, Toie 2kt T
EYDFA, #1 EYDFA, , /M5 S i BRI HHE K o /IME
A o BE R U R G A D R < p T R [
AL EYDF 5 [ 5t 0] % Z [ADE AR B oG &, 7 28 ik
FEY B 1560nm SEHRIE , IZIHOL 2 FE IR IR 0] 2]
EYDF {4 b v 107 BRI IR B 06, 24 2 B S I/
B, Ao K, B TS 3 1 U R 2, AT
BB R ER N, MHE 56 RTEIZ R D 1
SR TR T S BRAE, UL, B M S 2R 4
WNo RZ, AT R B I KT (81 3] EYDF 2 46 sy
MIVEHRIEEC N, B AR T 10 RO R R b, 45
ES It K. Mg KRB SR, ME 51
22 /N SR R s S (2SR AR 35 K, i (2) AT
AL VRO BT A TR AN D) 3R G K, TR AR S R T,
M3 EYDF 2 46 i i OB 28K, i I 3 30 RS
S REFH0 N, TR/ IME 5 ORI 45538 25 080/ o
2.3.2 OPS/1ziE Tiurt OCS ¥ Hk sheg ks Rk
JABAF 5By 1560nm , BF 2 (14 5 98 R %L B = 20dB;
OPS {5 543K 25 s, fL K 10% 1, OCS Hy i L5
B kR 2, AT 5 %] EYDFA, f1 EYDFA, & OPS &
SERIE, OCS {5 1B £ 6 sl BE I ] A 22 fk an &l 7 e
No

MELT AT LU H, DL O B ZIFF 46, 24 OPS i1 0CS
{55 R A EYDFA i), OCS {538 3 £ th 8 L F
31, % 25ps, XY OPS {FIEMBRET, P o) W FH K, H
it 2R WA WD o AE S 45 B B R A2 2 OPS
F1 OCS f55- i AR ARET, 52K B 1560nm F & 46 5
28 BT U RS WOGHR 5 B IR, OB B B 72 8T
(1) 5 i At b= AR BT 4R, B 3 OPS AT OCS {5
SRRSO IR IR G S A T AT R R T AR BRAE
PR 25 B8R BRI By 1724 OPS {55 HiBR B,
OCS 553 za BE B3GR H RS [R)3E 0, i B A5 5 WA
/N R R RS TR AN 1B LT, OPS {5 54
B, 3 1560nm FHOK [ & F8 GG R , H S st [l 3



39 HoM S OPCI R GONITB 2SI EYDFA 1925 W5 19 e 819
: HWRB IR S, REA R H] EYDFA B3 45 B 25 |
=20dB =3
2 S PAND L % PR I 5 R B 5 B 4
pi ain fluctuation in OCS channel
% 1 £ % x W
g [1] YILL. The research on optical information processing technologies in
g optical packet switching networks[ D]. Shanghai: Shanghai Jiaotong
g University,2008 ;1-35 (in Chinese).
) OPS input signal [2] SATO N, OTA K, MISHIMA N, et al. Less than 0. 19dB transient
0.00 070 050 730 gain excursion AGC-EDFA with digital control for 20-channel add/
] 5. " time/ms ’ drop equivalent operation[ C]//Optical Fiber Communication Confer-
gé b B=20dB ence 2011. Washington DC, USA: The Optical Society of America,
5 1.0 ain fluctuation in OCS channel | 2011:0MH3.
= 1 [3] FURUKAWA H, MIYAZAWA T, WADA N, e al. Moving the
'% boundary between wavelength resources in optical packet and circuit
§ 05 integrated ring network[ J]. Optics Express, 2014, 22(1) ; 47-54.
&= [4] FURUKAWA H, SHINADA S, MIYAZAWA T, et al. A multi-ring
= -1.0
'§0 OPS input signal optical packet and circuit integrated network with optical buffering
1 [ [J]. Optics Express, 2012, 20(27) :28764 28771.
0.00 0.10 0.20 0.30 [5] SHINADA S, FURUKAWA H, WADA N, et al. Huge capacity opti-
time/ms cal packet switching and buffering[ J]. Optics Express, 2011, 19
Fig.7 Gain fluctuation of OCS channel (26) . 406414,
a—EYDFA; b—EYDFA, [6] ZHAN S B, ZHAO SH, DONG S F, et al. Effects of suppressing en-
ﬁ é%%ﬁij{ E E%grj‘ﬁlﬁij{ , }J\ﬁﬁ@ﬁ EYDF Lﬁg ergy transfer up-conversion in Er®* /Yb** codoped fiber laser[ J]. La-
- L SUREN - & Infrared, 2002, 32(6) : 400402 (in Chi ).
GRHERLF BRI K 1T OCS {5 5 K AE B 5 AN Hich s T —
[7]  BOUZID B. High-gain and low-noise-figure erbium-doped fiber ampli-
%Eﬁit E/‘J}iﬁg*ﬂ:?ﬁﬂgﬁﬁ s Jﬂiifﬁﬂ’g*ﬂrlﬂiﬁiﬁ H fier employing dual stage quadruple pass technique[ J]. Optical Re-
ST - AT R PRSI T AR E sew, 2010, 17(3) :100-102
e AN NS 8 AWAJT Y, FURUKAWA H, WADA N, l. Mitigati f transient
FUFRIT i, DR - BB R T 408, S8 ocs 0 e, M o o
response of erbium-doped fiber amplifier for burst traffic of high speed
2N \ EYR s » 5 \ N3
Ei_’?ﬁjljtig ﬁﬁiﬁ@@d\ o il:g 5&\ 7a H] DA % II:EI s é' optical packets[ C]// Quantum Electronics and Laser Science Confer-
OPS F1 OCS {5 5 [A] it AR}, OCS {55 18 14 £5 3% 3h 1) ence 2007. New York, USA: IEEE, 2007 JTuAI33.
. - . . s - exe
j({é:é/‘]j"j?’ X10—4dB’ﬁzﬁ§ 25],1‘5,%/] OPS ﬁ%ﬁ%ﬂrj‘, [9] SHOOSHTARI A, MESHKINFAM P, TOUAM T, et al. lon-ex
o R R . . changed Ex/Yb phosphate glass waveguide amplifiers and lasers[ J].
0CS ’fﬁ%iﬁ*ﬂ—ﬁ]ﬂ"]'ﬂgﬁj{{ﬁﬁﬁu 4.7 x 10 dB’}J\ Optics Engineering, 1998, 37(4) : 1188-1192.
7b AT LLE H, 24 OPS HI OCS {55 [t AR, OCS & [10] SUN Y, ZYSKIND J L, SRIVASTAVA A K, et al. Analytical for-
iﬁif}fﬂﬁifjj E‘J%j{{ﬁ?"]ﬂﬂ 1.5 x10"*dB , ﬁzﬁ%/l OPS 1—5% mula for the transient response of erbium-doped fiber amplifiers[ ] ].
e i 34 ol » N 4 Applied Optics, 1999, 38(9) . 1682-1685.
THERAT, OCS {5 TE M a5 1 S Y I R MASUN 2.5 x 107 dB,, [11] ZHAN S B, ZHAO S H, DONG S F, et al. The analysis of steady-
izéljj:%ﬁ% R %%Tﬁ%ﬁ??ﬁ:ﬁﬁﬂ@iﬁu R %ﬁfiﬁ%%ﬁ% state behavior of Er** /Yb** co-doped fiber laser[ J]. Laser Tech-
EI/‘J EYDFA iﬁiﬂ‘fjﬁ}ﬁd\ , EE llilﬁ%éﬂﬂ , i jti‘%%l:ﬁﬁf\ nology, 2003, 27(4) : 345-348 (in Chinese).
N [12] ZHAN S B, ZHANG J, WANG P, et al. Study on influence of
0 &b 47 1 Vi=:8 £ = ) B
N Hhﬁ%&ﬁﬂ %in Lﬂ%ﬂ%% I @E/J gﬂ}'%%/ﬁ °© pump power changes for automatic gain control of EYDFA[ J]. Laser
N & Infrared, 2014, 44(10) ; 1123-1127 (in Chinese).
RN
3 =H e [13] ZHAN S B, QIN Z H, ZHANG J, et al. Theoretical analysis of
%TXTJ‘ OPCI /%éjﬁj(ljj% i %ﬁ%\%‘@ﬁ'ﬁ %%ﬁij{%ﬁ f(;lr)l—d;(r)n}z)(lﬁ; ‘resg:]t.s for )an EYDFA[ J]. Laser Journal, 2013, 34
: 20-21(in Chinese).
K, TE R B FR 0 36 htt R R L ey T A2 [14] HARUM S W, ABDUL-RASHID H A, MUHD-YASSIN S Z, et al.
%éﬁﬁjﬁ%% EYDFA i%‘iﬂ*ﬁ?& ttﬁ E(J -H—%*ﬁﬂ o /ﬁ{ Dual-stage Er/Yb doped fiber amplifiers for gain and noise figure en-
[N Sy N y he S . IEICE Electronics E ss, 2006, 23(3): 517-
ZRIR VEAIAMT T OPCI R 55/ JoHd 25 S B pancements L1 cctronics Express <)
T, 0PS F1 OCS [H34 g5 S, 45 L. (1) /MBS 4 [15] ZHANSB, ZHAO S H, DONG S F, et al. Study of amplified spon-
rfﬁFF , %@%‘%Eﬂ:{ E’:J i j( , EYDFA i_'?EAu' Hj {%‘%i %ﬁiﬁ_ ‘?ﬁ taneous emission behavior under small signal amplification[ J]. Jour-
ij(; (Z)ﬂﬁfjfﬁ%{ﬁF—F ,ﬁiﬁﬁf’lfﬂ:ﬁ'féﬂﬂ 4. 6|J,m H/‘J% nal o)f Optoelectronics « Laser, 2005, 16 (8): 930934 (in Chi-
nese) .
L o L A2 LTS24 vl
ZOLET, JL OPS A1 OCS i th (55 DR M PR /N T [16] SHIRAIWA M, AWAJI Y, FURUKAWA H, et al. Performance e-

LFAS RN 3. 6um HIBZOLLE , BRI 2E 1 B3 20 Ny
12% 5 (3)Hf LB AR PR , B 45 7 £ 5 i L
WA SR BE B 19 EYDFA 38 25 $H 8l h i

valuation of a burst-mode EDFA in an optical packet and circuit inte-

grated network[ J]. Optics Express, 2013, 21(26) : 32589-32598.



