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l@£1�>^Å��p'é, ÿþ1�DÂ
�Ý, �UC130�¥�+�Ý, ¢y1�+�
Ý��, �N
<aé1�Ô��p�^��
)
�Åì�\, ��L²<af¨g,�UåØä
�Or. ÏL1����ïÄ, <�òé1�0�
��p�^���k���n), �?�ÚuyS
3Ôn5Æ. Ø3�1Ï&�¥�A^	, 4ú1
��±^u1m'!�1&Ò?n, þfO�Å,

�ª1fÆ ('X�
U�) �+�. �1��ì´
�1Ï&��'�Ü�, �ØÓ^r¿�Ó��Ï
��, 1��ìUk�/)ûpé�Pl. Ïd, �
1��ì´ép�1&E?n�cJ. |^0�X
Ú¥1�~ú�n���1��´���~k¿
�å��Y, Ó�J¦4ú�1��¤��c1&
EEâ���9:¯K [1−5].

�,¬NÚ�f�í�ú10�é¢�C�
�¦�p, J±¢y���.z!8¤z. �Xï
Ä��\, 1�~úïÄó�®Åì=£�1n
0�¥5 [6−10]. 2005 ca¬Ú{IïÄ<
©O

3¢�þ¢y
1n¥Äu SBS ���ú1. a
¬ Luc Thévenaz ¢��|éó°� 100 ns �&ÿ
óÀ?1ò�, �OÃ� 30 dB �����ò´�
m 30 ns, �éò�� 0.3. 2006 c, Schweinsberg �
<|^1Ì��Eâ3��1n¥*ÿ�1�~
úDÑ [11]. 2008 c, M�Tó��ÆïÄ�|�é
��1n¥�1�~ú?1ïÄ, Ó�é��1n
¥��Ñ��^�?1ÐÚ?Ø, ¢y
�$�Ñ
G�e�1�~úDÑ [12,13].

31n¥é1óÀ�DÑ�Ý?1ö�k�
~p�¢^d�, ÙwÍA:´¤�$!�±ó�
3Ï&Åã!�Å��±N!!¿��p�^
ål�� [14]. Ïd, |^1ná�XÚÄu1�~
ú�n�¤�1��ìïÄäkã��²L�Ã
Ú¿Â. �Ó�1n0�äkr��áÂA5, 3
¢y1Å+�~úDÑ�, 7,¬��&Ò1rÝ
��Ñî, ù¦�ú1&ÒDÑ�ýî!ÿþ
°Ý$!1�~úDÑEâ3¢S¥J±��ý
��A^. Ïd, é¢yÃrÝ�Ñ^�e�1�
~úDÑ?1ïÄäk��y¢¿Â. �©{z
$�Ñ^�e�1�~úDÑXÚ, ��|^��
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1n��ì¥�Ä$1rÝÚ��1n�Ý, ÏL
`z��ëþ5ü$&Ò1rÝ�ÑXê, l�
±¢yÃrÝ�Ñ1�~úDÑ, ïÄ(Jéu1
�~úEâ�A^äk�¿Â.

2 nØïÄ

A^��1n��ì�nØ�. [15], Er3+ �
{z��U?-1XÚ, eÄ�âfê�Ý� n1,

æ�âfê�Ý� n2, �Ç�§�L«�
∂n1

∂t
= −R13n1 − W12n1 + W21n2 +

ρ − n1

τ
,

∂n2

∂t
= W12n1 − W21n2 + R13n1 −

n2

τ
,

(1)

Ù¥, n1 + n2 ≈ ρ, ρ ��lf��Ý, W L«�&
Òk'��[VÇ, R L«�Ä$k'��[VÇ.

dæ��Ç�§��
∂

∂t
N2 = Ps(0, t) [1 − exp{BsN2 − Cs}]

+ Pp(0, t) [1 − exp{BpN2 − Cp}] −
N2

τ
,

(2)

d ? ½ Â Bp =
Γpσ13

A
, Cp = Γpσ13ρL, Bs =

Γs(σ12 + σ21)
A

, Cs = Γsσ12ρL, ²í���

N0
2 =

CpP 0
p (0) + CsP

0
s (0)

BpP 0
p (0) + BsP 0

s (0) + 1
τ

, (3)

Ù ¥, A L « n � � , � k � ¡ È. Γs, Γp �
L & Ò 1 Ú Ä $ 1 � | � n � � , « �  U
È © Ï f, Ù � � � , � »  C. σ12, σ13 ©
O � Ä � é & Ò 1 Ú Ä $ 1 � á Â � ¡. σ21

� æ  � � É - u � � ¡. Ú \ � � m U C
� { u õ Ç & Ò � � D Ñ & Ò (½ ö Ä $) �
N � Ps(0, t) = P 0

s (0) (1 + ms cos ωt), N2(t) =
N0

2 [1 + δ · cos (ωt + φ)], dª¥ δ Ú φ �½, ²í
���

−N0
2 δω sin (ωt + φ)

= P 0
s (0)[1 − exp{BsN

0
2 − Cs}

×(1 + BsN
0
2 δ cos(ωt + ϕ))]

+P 0
s (0)ms cos ωt

×[1 − exp{BsN
0
2 − Cs}]

+P 0
p (0) ·

[
1 − exp{BpN0

2 − Cp}

× (1 + BpN0
2 δ cos (ωt + φ))

]

−N0
2

1 + δ · cos (ωt + φ)
τ

. (4)

1 n Ñ Ñ à Ñ Ñ & Ò 1 õ Ç � Ps(L, t) =
P 0

s (L) [1 + m′
s cos (ωt + θs)], - ωeff = P 0

s (L)Bs +
P 0

p (L)Bp + 1
τ , Bs

[
P 0

s (0) − P 0
s (L)

]
= κ, ²í��

��±��

tan θs =
− ω · κ√

ω2
eff + ω2√

ω2 + ω2
eff +

ωeff · κ√
ω2

eff + ω2

= − ω

ωeff +
ω2

eff + ω2

κ

. (5)

&Ò1rÝ�ÑXê γ = ln
Pss

0(0)
P 0

s (L)
, dd�

�� γ ≈0 �, \�&Ò1õÇÚÑÑ&Ò1õÇ
Cq��, ÑÑ&Ò1�Ñ��, �ÑXê��; Ñ
Ñ&Ò1�Ñ��, �ÑXê��, æ^ØÓ�¢
�^�9EâÃã¦þ5ü$�ÑXê.

d��1n��ì��.9ú1nØ©Û�
�: ���1n��ì¥�Ä$1'4�, ��
1n��ì¥��1n?uráÂG�, d�N�
��&Ò1\����1n��ì¥, �â�.%
d - �VZFÚÑ'X��, duþf�ZÙØ�
��A, �N�ªÇ�u½Cq�uâfêµþ�
m��ê�, &ÿ1áÂ�â,ü$, +ò�Ç�
3Ó���éÄ�ªÇ��S:ìOr, ù�+�
Ý¬C��~��, ¢y1�~úDÑ, �&Ò1
�rÝ�Ñé�, d�&Ò1�ÑXêé�, ù¦
�ú1&ÒDÑ�ýî!ÿþ°Ý$, Ø|u¢
S�A^; ���1n��ì¥�Ä$1rÝ�½
� ($uú1��1�=C��.�), ��1n?
u�f�áÂG�, d�N���&Ò1\���
�1n��ì¥, �â�.%d - �VZFÚÑ'
X��, +�Ý¬�A~�, �&Ò1�rÝ��
�½�OÃ��. ù�, 3¢y1�~úDÑ�Ó
�, &Ò1�rÝ����, dnØ©Û��, ��
1n��ì¥�Ä$1õÇ���9�1n��
Ý´dXÚ�'�, ù�·�ÏL����1n�
�ì¥�Ä$1rÝÚ��1n��Ý�±ü
$&Ò1��ÑXê, l?�Ú`zëþ�±�
�&Ò1�ÑXê�". ù«rÝOÃ��{��
·�?�Ú¢yú1&Ò��ålDÑ�Ñ�#
�g´, =ÏL¥U����{5¢yú1&Ò�
�ålDx.

�©�½\�&Ò1õÇ� 4.0 mW, ÏL1P
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~ìëY�N (0—4.0 mW) ��1n��ì¥�
Ä$1õÇëY�N (0—40mW), �1n�Ý�±
ëYUC. O�L§¥¤I��ëêd1núiJ
ø, &Ò1Å�� 1550 nm, Ä$1Å�� 980 nm,

�lf;.�µþ�m τ � 10.5 ms.

3 �ýO�

·�À^rÝ� 1 mW �&Ò1?1nØ
�ýO�, Ä$1õÇëY�N. ã 1 �&Ò1
�ÑXêÚÑÑ&Ò1rÝ��1n�Ý�'
X, d�Ä$1'4. ã 2 ���1n� 0.2 m

�¤éA��mò´9�A�+�Ý, dã��
�±¢y�����mò´� 0.07 ms, �A�
+�Ý� 2.91×103 m/s. dã 1 ��, ���1
n�Ý� 0.1 m �, &Ò1�pÑÑrÝ�±�
� 0.983 mW, d�éA��ÑXê� 0.017, d�
®²é�Cu 0. dã 1!ã 2 ��, 3æ^á��
1n���1n��ì (ßÝ: 5.4×1024) ��¹e,

ÑÑ&Ò1�õÇ�r, &Ò1�ÑXêé�, C
q�", �d�du�p�^åléá, ú1&Ò
��mò´��, 1�~úk�. Ó�, �
ïÄ�
�1n��ì¥�1n�ßÝ�K�, A^pßÝ
� EDFA(ßÝ: 3.2×1025) ?1
Ó��ïÄ, ïÄ
(Jdã 3!ã 4 ¤«, ·�äNO�
ÑÑ&Ò
1õÇÚ�ÑXê, O�
 0.2 m ����1n¤
éA��mò´Ú+�Ý. dã 3 ��, �À^p
ßÝ���1n��ì�, ��1n� 0.1 m �, &
Ò1�pÑÑrÝ�±�� 0.915 mW, d�éA
��ÑXê� 0.088, dd��pßÝ��¦�Ñ
Ñ&Ò1õÇü$Ú�ÑXêOr. ã 4 �Ñ
�
��1n� 0.2 m ���mò´Ú¤éA�+�Ý
�O�(J, dã���±¢y�����mò´
� 0.352 ms, �A�+�Ý� 567.37 m/s. dã 3 Ú
ã 4 �©Û��À^pßÝ���1n�,�Ñ
Xêk¤Jp, �Ù1�~úOr.

ØÓÑ\&Ò1õÇe�ÑÑrÝÚ�ÑX
êdã 5 ¤«. dã 5 ��, ��1n�Ý�½�
�¹e, ØÓ�Ñ\&Ò1õÇéAØÓ�ÑÑ&
Ò1õÇ9�ÑXê, ·�ATÀ^�ÑXê$�
Ñ\&Ò1õÇ. d±þã 1!ã 3!ã 5 ��: 3
��1n��ì¥, ¢yÃ�Ñ&Ò1�Ñ´�1
�, ÀJÜ·�1n�Ý9��1nßÝ9\�&

ã 1 ÑÑ&Ò1rÝ9�ÑXê���1n�Ý�'X (Ä
$1'4)

ã 2 $ßÝ��1n� 0.2 m �, ¢y��mò´Ú�A�+
�Ý

ã 3 ÑÑ&Ò1rÝ9�ÑXê���1n�Ý�'X (Ä
$1'4)

ã 4 pßÝ��1n� 0.2 m �, ¢y��mò´Ú�A�+
�Ý
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ã 5 ÑÑ&Ò1rÝ9�ÑXê�Ñ\&Ò1õÇ�'
X (Ä$1'4)

ã 6 ÑÑ&Ò1rÝ9�ÑXê�Ä$1õÇ�'X

ã 7 �Ä$1õÇ� 3.5 mW �, ¢y��mò´Ú�A�+
�Ý

Ò1õÇ, `z�Ä�Xê�m��''X.

3±þ�?Ø¥, �½Ä$1'4, e¡ä
NO��Ä$1�m�, ØÓ�Ä$1^�e,

¤¢y�Cq"�Ñe�ú1DÑ. d?·��½
&Ò1rÝ� 1mW, ��1n�Ý� 10 m, O�Ø
ÓÄ$1õÇe�ÑÑ&Ò1õÇ9�ÑXê. d
ã 6 ��, �XÄ$1õÇ�Or, ÑÑ&Ò1�õ
ÇOr, �ÑXê~�, �Ä$1õÇ�� 3.5 mW

�, ÑÑ�&Ò1õÇ� 0.957, �ÑXê� 0.043,

d��&Ò1rÝ�Ñ®²é�, �Cu". ã 7

�Ä$1õÇ� 3.5 mW �¤¢y��mò´9
�A�+�Ý, d�����mò´� 0.09 ms, �
A�+�Ý� 113.72×103 m/s. dã 6 9ã 7 �©
Û��, ��Ä$1õÇ���´¢yÃ�Ñ&Ò
1rÝe1�~úDÑ��«k��EâÃã, �
duÄ$1������1n�áÂG��'é,

dOÃnØ©Û��: �Ä$1õÇ���½ê�
�, �1n?uOÃG�, 1óÀò²{OÃ�Ú,

d�¢yú1��1��=C, ¤±¢yú1DÑ
�cJ´XÚ?u3�1n�áÂ«�. ÏLnØ
©Û��, ØÓ���1n�ÝéAØÓ��ÚÄ
$õÇ, ���p�^åléAX�p��ÚõÇ.

4 ( Ø

1n0�äkr��áÂA5, 3¢y1Å+
�~úDÑ�, 7,¬��&Ò1rÝ��Ñî,

ù¦�ú1&ÒDÑ�ýî!ÿþ°Ý$!1
�~úDÑEâ3¢S¥J±��ý��A^. Ï
d, �©{z±c�nØ9¢��., |^{ü�
C�¢yÃ&Ò1�Ñ^�e�1�~úDÑ. ï
ÄL²: k��|^��1n��ì, ��Ù�1
n�Ý!\�&Ò1rÝÚÄ$1õÇþ�¢y
Cq"�Ñe�1�~úDÑ, �©¥¤����
$�ÑXê� 0.017.
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[7] Song K Y, Herráez M G, Thévenaz 2005 L. Opt. Express 13 82

[8] Okawachi Y, Bigelow M S, Sharping J E, Zhu Z M, Schweinsberg
A, Gauthier D J, Boyd R W, Gaeta A L 2005 Phys. Rev. Lett. 94
153902

[9] Sharping J E, Okawachi Y, Gaeta A L 2005 Opt.Express 13 6092

[10] Janner D, Galzerano G, Della Valle G 2005 Physical Review E

094204-4



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 9 (2012) 094204

72 1
[11] Schweinsberg A, Lepeshkin N N, Bigelow M S 2006 Europhys.

Lett. 73 218
[12] Qiu W, Zhang Y D, Ye J B, Tian H 2008 Acta Phys. Sin. 57 2242

(in Chinese) [¤�, Ý%À, �ïÅ, Xâ 2008 ÔnÆ� 57
2242]

[13] Qiu W, Zhang Y D, Ye J B, Tian H 2007 Acta Phys. Sin. 56 7009
(in Chinese) [¤�, Ý%À, �ïÅ, Xâ 2007 ÔnÆ� 56
7009]

[14] Christodoulides D N, Joseph R I 1989 Phy. Rev. Lett. 62 1746

[15] Novak S, Gieske R 2002 J. Lightwave Technol. 20 975

Slowdown of group velocity of light pulse in
erbium-doped optical fiber amplifier under
no absorption loss at a room temperature∗
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Abstract

Because of the absorption of erbium-doped optical fiber, the group velocity of the optical pulse propagation is slowed down

and the intensity of signal is reduced, which brings more difficulties to the actual measurement of slow light and its application in

communications, such as the distortion and the low measurement .Therefore only after the group velocity slowdown of light pulse in

erbium-doped optical fiber under no absorption loss is realized, can the slow light technology really have the practical application. We

investigate the erbium-doped optical fiber amplifier deeply and develop a technology, in which the different pump powers and fiber

lengths are used to reduce the signal loss through theoretical calculation and realize the group velocity slowdown of light pulse. The

results show that no absorption loss is realized at a pump power of 3.5 mW, and we realize the slow light with a fiber length of 0.1 m

when the pump power is zero.

Keywords: erbium-doped optical fiber amplifier,controllable parameter, coherent population oscillation, slow light

PACS: 42.25.Bs, 42.70.Nq

* Project supported by the National Foundation in Advance of Liaoning University (Grant No. 2009LDGY06), the Liaoning University Doctor
Startup Fund, and the National Natural Science Funds(Grant No. 10874062).

† E-mail: qiuwei1202@yahoo.com.cn

094204-5


