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Fig.1 Model of energy transfer in an Er-Yb system

oN,(z,r)
zat =W12N1(z,r)—W21N2(z,r)—
N,(z,r
21, ) +Co N, (z,r)Ng(z,r) = C,N;(z,r) (1)
21
oN(z,r N(z,
$=W5‘5N5(Zs’) —M—Wﬁl\’(,(z,
Tes

r) —Co N (2,r)N(z,r)
Ng, =N, (z,r) +N,(z,r) (3)
Ny, =Ns(z,r) +Ng(z,r) (4)
P W omn BEGR ¢ F0 j 22 [ i) 32 MRl 20 %
ﬁ:\(fﬂ‘$,1'21 F Tes 5}5“% Er’” ﬁgé—&“[lza%ﬂ Yb** RE

(2)



6 3 HHE#H% . W2 Er-Yb A B b gs TR R 655

%F,, P E KBS F A, N, 71 Ny 50 52 EX°
Yb'* SR RO . 15 S o 3R R A R 32 3
R GHERT LSy 1R

Wi, (z,r) =P ()¢, (z,) 0, (v,)/ ho, (5)

Wy (z,r) =P (2)¢,(2,r) 0y (v,) /b, (6)
A, 00, (v,) oy (v,) 4 FIRE S RH R AR E
MRHEE,P,(2) RESHE ¢, (2,r) RESHE
AR FIA— e A, TR E RN o
H BT RR B, W

[Tou(r.¢)rdrdg =1 (7)
M WO A2 BRI BRI L, 7L
SIAFMHERET T, (v) B3]

Lowlvs) pr 2y 1p7 () (8)

WSG(Z) = hv A
p‘ " core

W) =202 (pe () 4P (2)) (9)

A7 () T 745 () 5L RN R
S A R SIER, P, ()R P, (2) 5 AR
WL RV RS BTN 36  1 TR AT,
KA KR, MMEHEALTS, T, () 45T
FETRENLRARZ L

8 DO 1.5 M R 1 A 51
%

L) TN o - M i)

» p(r,p)rdrdp ~a} P,(z)

(10)
(‘i_Pl:izi)‘= * (rp[assNe(z) —oNs(2) ] -
P,(z) —a,P,(2)) (11)
XH,a, ., FHRIESE LA P L5
U ES @
TEBUEST BT EX° H YD ™ _E BBGORL T4 A Bt

WAt A TR R R 7 3K R SR AR A F % 8

BT R :P,(0) =P P} (0) =P};

GNP, (0) =P P, (L) =P},

WIEFM:P,(0) =P P (L) =Py P, (L) =P},
Kb, P REMAMG S, Py PhL SR G [
WMARMINR,LRAAKE .

2 HESH

Lhret, I TR T RXOAR L RIEEHR T
W RNEREE HER WD LB T,
I, 1 RBUE S P, BRATE BT 972 nm
HBEERT, Xt T ARMERH X, 1 EC
YO R REGOR F RO IE R . AR SORUE 4347 940

LBREEN B YD A BIEL. 35 x10° m
8.50 x10*° m > ; L KERE18.Om, £F 5T E
3.3 pm N EEILER 0. 16;EC°" Yb' K58
St Ao A 11.0 ms F1 0. 35 ms; B AL C,,
=3.0x10 % m’/s, FEEEF C, =1.1x107" m’/s,
HRBFERLEGR 15 dB/km; Rl IRE 1.2 W.
2.1 RFEREHLEZNFRSH

Bl 2 FizR [ R B, B’ f Yb' Y FRBZRIA
— AR F R A TR E O, M 2 () ATLAE Y, 7R3
NNEGES (RAESIEN - 10 dBm) AFET, 72
BB ET B A SREE OBEF K BE/DT 1.5 m) AL,
Er'* f & KT 80% ; BEE LA KB, B’ |
RN TR TR A KEMEI4
PG Er” B AT i 8 T A58, FEIR 5 50% LU
FABEGAET S0%. XA BEEY, OB FEERE
(EERB/N, B 3R RIE(S 5 Zh3p B
TreRE HE, —BHERNESRELEME
L EC T BYEOR RETEE TREME .

fEE 2(a) 1, YD MK RIETF 9% , X B B
FE M YL ZEEALEREGREN, FELE
Yb ' B Er ' (B RS EE R, Bk EATRE EPC B
Yb ' MRER R G AR Bk, YO R RESOR TR

BES B THERERTEMEE.

= % 0
< 80: 93
2 70 g 2
o '
g sor 6 &
g 40l 5 =
£ 30 4 5
£ 20} 3 '§

B0 274 6 s 021416 18"~

Fiber length/m

(a)The input signal power is -10dBm

Erbium inversion level/(%)

Ytterbium inversion level/(%)

0 2 4 6 8 1012 14161
Fiber length/m
{b)The input signal power is 7dBm

B2 FH@E#Fu EC" oYY FHANE—ETR
BAAKENIH
Fig.2 Normalized population distribution of the Er’* and
Yb’* upper state along the fiber length under the
co-propagating pumping scheme
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Fig.3 Normalized population distribution of the Er** and

Yb'* upper state along the fiber length under the
counter-propagating pumping scheme
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Fig.4 Normalized population distribution of the Er’ * and
Yb’* upper state along the fiber length under the
bi-propagating pumping scheme
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Study on the Upper State Population Distribution of Double Cladding
Erbium-ytterbium Co-doped Fiber Amplifiers

Xia Guijin,Zhang Jumei,He Haiguang
Communication Engineering Department, Xi'an Communication Institute, Xi'an 710106
Received date:2003-06- 30

Abstract
Yb** of an double cladding erbium-ytterbium co-doped fiber amplifier was analyzed numerically under three

Based on rate and power propagation equations, the upper state population distribution of Er’* and
different 972 nm pumping scheme. It was shown that the upper state population distribution of Er’* is chiefly
affected by signal power and its lasing rate is almost kept upward of 50% ; and that the upper state population
distribution of Yb’* is chiefly affected by pump power and its lasing rate is almost kept under 10%. The results
could be important for the characteristic investigation of double cladding erbium-ytterbium co-doped fiber
amplifiers.
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