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�?�Ú�«1XÀæÄ� Er3+ �(�1néu¥ù	Åã&Ò���A5, æ^LK|»{ï�
 Er3+

lf�,� Ga5Ge20Sb10S65 1XÀæ, ÿÁ
Àæ�¬�áÂ1ÌÚ 2.7 µm ÅãF11Ì, |^ Judd-Ofelt

Ú Futchbauer-Ladenburg nØ©OO���
 Er3+ lf�Ë��[VÇ!Ë�Æ·±9 2.7 µm ÅãÉ-u��
¡. 3dÄ:þ, ïá
�� 980 nm Ä$eTÀæÄ� Er3+ �(�1n 2.7 µm Åã¥ù	&Ò����., nØ
þïÄ
Ù�� 2.7 µm Åã¥ù	&ÒOÃ0���1��A5. (Jw«, 1XÀæÄ� Er3+ �(�1näk
`É�pOÃÚ°���¬5. 3 200 mW Ä$õÇ-ye� 100 cm 1n�Ýþ, ���&ÒOÃ�L
 40 dB,

pu 30 dB &ÒOÃ����°��
 120 nm (2696—2816 nm). ïÄL², Ga5Ge20Sb10S65 1XÀæÄ� Er3+ �
(�1n´�«n���A^u 2.7 µm Åã¥ù	°���ì�OÃ0�.

'�c: 1XÀæ,�(�1n, ¥ù	&Ò, &ÒOÃ

PACS: 77.84.Bw, 42.70.Ce, 42.65.Yj

1 Ú ó

2—5 µm Å���¥ù	-1 u�í�n
�DÑI� (1—3 µm, 3—5 µm Ú 8—14 µm) S,

¿�CX
Nõ��©fA�Ì�, Ïd3-1
X�!�a!ÿå!�¸uÿ!)Ôó§Ú��
�+�kX�©2��A^ [1,2]. d	, duá��
a| (Rayleigh) Ñ��-1&ÒÅ��og�¤�
', æ^ 2—5 µm Åã¥ù	-1&ÒO�8c2
�¦^� 1.55 µm ÅãCù	-1&Ò��1n
Ï&ó�Å���±?�Úü$1n�Ñ, O\Ã
UÏ&�ål [3] Ïd, ?1¥ù	Åã-1ìÚ
��ì�ïuäk�©��y¢¿Â.

8c, Dèlf�,�1n-1ìÚ��ì
�õæ^�=ÀæÄ�. ,, �=ÀæÄ��
1n��ìÚ-1ì�ó�Å�  É��=

á�ù	áÂ��Å����, ��ó�Å�=
� 2 µm, Ã{A^u�éß²�4���í1
�DÑI� 3—5 µm D�1nDÑI� 8—14 µm

Å�«�. ±1x�� (S, Se, Te) �Ù¦7á
½�7á��/¤�1XÀæ, äk`É�¥�
ù	Åãß15U. ~Xy�S�|ï��|©
�'� Ge28Sb12Se6 �1XÀæ, 3 8—12 µm Å
���äkpu 65%�ß1Ç [4], m¢u�|ï
��|©� GeTe4-Ga �1XÀæ, Ùù	áÂ
��Å��L
 20 µm[5]. Ïd, 1XÀæÄ�
1n�±2�/A^u¥�ù	Åã-1&Ò
DÑ!¥�ù	)ÔÚzÆ1nDaì�¯õ
+� [6,7].

�'uy�ãÊH¦^�~5(�1n, õ�
�(�1n (½1f¬N) äk�
ÕA�1ÆA
5, XÃ��ü�DÑ!��ÚÑA5!��|
¡ÈÚ$��Ñ� [8,10], Ïd�±;�põÇ
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���51Æ�A��)!JpÄ$1�ÍÜ�
ÇÚ¢y$�Ñü�DÑ. 8c, 1XÀæÄ��
(�1néu¥ù	Åã&Ò�DÑA5®Úå
IS	¯õ1>Å��2�ïÄ, �Dè Er3+ l
f�,�1XÀæÄ��(�1néu¥ù	Å
ã&Ò���A5�mkïÄ, =k¿�|� De

Sario �|Ú Prudenzano �|©Ou 2009 c��
L1XÀæÄ�� Er3+ �(�1néu 1.538 µm

Å�Cù	&ÒÚ 4.5 µm Åã¥ù	&Ò��
�A5 [1112], éuäk4Ù�A^� 2.7 µm

Åã¥ù	&Ò���A5��k�'ïÄ�
�. dd, �©ï�
 Er3+ lf�,�|©�'
� Ga5Ge20Sb10S65(2S2G) �1XÀæ, ÏLÿÁ©
ÛÀæ�¬�áÂ1ÌÚ 2.7 µm Åã¥ù	F1
1Ì, (ÜO����1Ìëê, ?1
1XÀæ
Ä�� Er3+ �(�1n 2.7 µm Åã¥ù	&Ò
���A5ïÄ, �3nØþ�«Ñ1XÀæÄ�
� Er3+ �(�1n��¥ù	1n��ìOÃ0
���15,��Yïu¥ù	Åã�1n��ì
Ú-1ìJønØÄ:.

2 ¢ �

2.1 ���¬¬¬������

À^|©�'� Ga5Ge20Sb10S65 �1XÀæ,

¢�¥±ü� Ga, Ge, Sb Ú S �/ªÚ\, XÝþ
� 5N. �, Er3+ lf´d Er2S3 ¤©±	��ª
Ú\, XÝ� 3N. �¬��L§: UìzÆ|©�
'°(¡� 20 g �Ü�²¿©þ!·Ü, �\S
L¡®ýk�W¿óZ��=Á+¥. ,�éCk
�Ü���=Á+?1ý\9� 100 ◦C ¿Äý�
±Ø���¥� O2 Ú OH Ä, �Á+¥ý�Ý�
� 1.0 × 10−3 Pa ±þ�^¯#»�µ�Lä, 2ò
Ù�\~{¬¥± 1—2 ◦C/min �Ç,§� 980 ◦C

�LK�A 12 h, �Ñ�×��\Y¥|e, ��
�\ò»¬¥3Àæ=C§Ý:NC (∼400 ◦C) �
§ 2 h ��úò»�¿§. òò»��Àæ\ó
¤ Φ10mm× 2 mm ü�¡�1��¬, ±?11Ì
ÿÁ.

2.2 111ÌÌÌÿÿÿÁÁÁ���©©©ÛÛÛ

é u ï � � D èEr3+l f � ,Ga5Ge20

Sb10S651 X À æ, ÿ þ � � Er3+ l fáÂ 1

Ì X ã 1 ¤ «. d ã w «, T | © À æ � á
ÅáÂ � � Å � u 600 nm N C, 3 ÿ þ �
Å � « � S = � * 	 � o � Er3+ l fáÂ
¸, ¸ � Å � © O� 1536 nm, 983 nm, 805 nm

Ú 656 nm, éAu Er3+ lflÄ� 4I15/2 U?
�-u� 4I13/2, 4I11/2, 4I9/2 Ú 4F9/2 U?�áÂ
�[.

ã 1 GeGaSbS Àæ¥ Er3+ lf�áÂ1Ì

�DèÀælb	�Cù	�áÂÏ~´d
Dèlf 4fN >f|�m�[Úå�, ù«�[
�±^ Judd-Ofelt nØ?1©Û [13,14]. �â Judd-

Ofelt nØdáÂ1ÌÏL���¦{[Ü�±
��Dèlf3ÀæÄ�¥�1Ìëê~Xgu
Ë��[VÇ!F1©|'ÚË�Æ·. L 1 �
Ñ
O���� Ga5Ge20Sb10S65 1XÀæ¥ Er3+

lf��'1Ìëê. dL��, Ga5Ge20Sb10S65

1XÀæ¥ Er3+ lf�U?�Ë�Æ·ÊH�
uÁ�íÚ��íÀæ¥�éA�Æ·� [15,16].

duDèlf�Ë�Æ·�ÀæÄ��ò�Ç
¤�' [13,14],  Ga5Ge20Sb10S65 1XÀæ�ò�
Ç (∼2.25) �u�zÔÀæ (∼2.0), ÏdÙË�Æ
·�é��.

ã 2 ´ 3 980 nm Å � - y e ÿ þ �
� Ga5Ge20Sb10S65 1XÀæ¥ Er3+ lf3 2.6—

2.9 µm Å����¥ù	F11Ì, éAu Er3+

lf 4I11/2 → 4I13/2 U?m�Ë��[. dã
��, Ga5Ge20Sb10S65 1XÀæ¥ Er3+ lfäk
�°�¥ù	F1u�, F1�p° (FWHM) �
u 150 nm, �«Ñ1XÀæ·Ü��¥ù	Åã°
���ìÚ�N�-1ì�ÀæÄ�. �âÿþ�
�¥ù	F11Ì, �â Futchbauer-Ladenburg(F-
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L) nØ [17], d

σ e(λ) =
1

8πcn2
(β/τrad)λ4 I(λ)∫

I(λ)dλ

, (1)

�±?�Ú�� Er3+ lf 4I11/2 → 4I13/2 U?m
�[�É-u��¡Ì, Xã 3 ¤«. (1) ª¥, β�
F1©|', τrad �U?Ë�Æ·, n�ÀæÄ�ò
�Ç, c ´1�, I(λ)�ã 2 ¢�ÿ���Å� λ C
z�F1rÝ.

L 1 GeGaSbS Àæ¥ Er3+ lf�guË�VÇ A!F1©|' β ÚË�Æ· τrad

�[ λ/µm
A/s−1

β τrad/ms
Aed Amd

4I13/2 → 4I15/2 1.54 407.20 112.97 1.000 1.92

4I11/2 → 4I15/2 0.98 590.71 — 0.851 1.44

4I13/2 2.74 68.46 34.95 0.149 —

4I9/2 → 4I15/2 0.81 59.26 — 0.791 0.93

4I13/2 1.70 211.28 — 0.186 —

4I11/2 4.44 2.48 7.50 0.023 —

4F9/2 → 4I15/2 0.65 3021.69 — 0.885 0.29

4I13/2 1.14 113.41 — 0.033 —

4I11/2 1.96 278.08 — 0.081 —

4I9/2 3.87 1.44 — 0.001 —

ã 2 GeGaSbS Àæ¥ Er3+ lf 2.7 µm ÅãF1Ì

O�L², Ga5Ge20Sb10S65 1XÀæ¥ Er3+

lf 4I11/2 → 4I13/2 U?m�[�¸�u��¡
��
 6.2 × 10−21 cm2, ù��pu���Íz
Ôß²Àæ>b (4.3 × 10−21 cm2) Ú ZBLAN À
æ (5.7 × 10−21 cm2), ��K�� FP Àæ (6.57 ×
10−21 cm2) �� [18−20]. É-u��¡´ïþOÃ
á�-15U`�����ëê, §�XÀæÄ
�ò�Ç�O�O�, Ï�pò�ÇU
OrD
èlf�:?�Û�¬N|, l���r�Ë�
�[.

ã 3 GeGaSbS Àæ¥ Er3+ lf 2.7 µm Åãu��¡Ì

3 nØ�.

Dè Er3+ lf�,� Ga5Ge20Sb10S65 1X
Àæäk'�`É�¥ù	Åã1ÌA5, ·
Ü A ^ u ¥ ù	Å ã ° � � � ì Ú � N � -
1ì, Ïdk7�é±T|©Àæ��Ä��
� Er3+ �( � 1 n ? 1 & Ò � � A 5 � n Ø
ïÄ.
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3.1 111nnn(((���999���|||©©©ÙÙÙ

1XÀæÄ�(�1næ^ü�n��í�
÷¶�þ!ü�¤, Ù�¡Xã 4 ¤«. �¡©
���«Ún�«, ���þ!�í��U8�/
ü�5K/¤±Ï5(�, n�d"��í�=X
1XÀæ�¤.

æ^k��{ [21], A^ Maxwell �§, (Ü
�{ � � � (perfectly matched layer, PML) áÂ
> . ^ �, O � � ��( � 1 n ¥ � � � � |
©Ù. ã 5 ´31n�» D = 125 µm, �í�
�» d = 3.2 µm, �mål Λ = 8 µm Ún�
ò � Ç n = 2.24 � ( � ë ê e, 1 X À æ Ä
�(�1n¥ 2700 nm Å�&Ò�Ä�|î�
©Ù.

ã 4 �(�1n�¡«¿ã

ã 5 GaGeSbS Àæ�(�1n¥Ä�|�î�©Ù

3.2 Er3+ lllfff 2.7 µm FFF111uuu���

1XÀæÄ�(fUþ�$ (∼ 350 cm−1), é

u Er3+ lfU?XÚó, U?m�ÃË�µþ
L§��I�õ(fë�, �éuË��[L§
�±�Ñ, Ïdäk�p�Ë�þf�Ç, ù�A
5¦� Er3+ lf3��U?m�[4´�)r
��C!¥Ú�ù	Åã&Ò. éu 2.7 µm Åã
¥ù	&Ò, Ùu�L§�±dã 6 ¤«�U?
�[5L« [11]. 3 980 nm Ä$1-ye, ?u
Ä� 4I15/2 U?þ� Er3+ lfáÂ\��Ä$
1f�[� 4I11/2 U? (=Ä�áÂ, GSA), �e
U? 4I13/2 /¤lfê�=. � Er3+ lf±É
-Ë�½guË�/ª�£� 4I13/2 eU?, B
�) 2.7 µm Åã�¥ù	&Ò. Ó�, ?u 4I11/2

U?þ�Ü© Er3+ lf�¬UYáÂ\��Ä
$1f?�Ú�[� 4F7/2 U? (=-u�áÂ,

ESA). d	, Dè Er3+ lfm��3XXeUþD
4L§: 1) ��þ=�: ?u 4I13/2(½ 4I11/2) -u
�þ�ü��� Er3+ lfu)�p�^, Ù¥�
� Er3+ lf (�Ìlf) òUþD4�,�� Er3+

lf (ÉÌlf) ¦Ù�[� 4I9/2(½ 4F7/2) -u
�U?, g�KÏLÃË�µþ�ª�£�Ä�;

2) ��µþ: ?u 4I9/2 -u�þ� Er3+ lfòÜ
©UþD4��C?uÄ�� Er3+ lf, V��
Ó�[� 4I13/2 -u�.

3.3 Er3+ lllfffêêê���ÇÇÇ���§§§

�âã 6, 3 980 nm Å�Ä$1-ye, 4I11/2

U?þ Er3+ lf3	5&Ò1�^e�)É-Ë
� 2.7 µm Åã¥ù	&Ò�, �U?þ Er3+ lf
ê��m�Cz�±£ã�

∂N1(r, z)
∂t

= − WpaN1 +
N2

τ21
+ C2N

2
2 + WpeN3

+ C3N
2
3 − C14N1N4, (2a)

∂N2(r, z)
∂t

= − N2

τ21
+

N3

τ32
+ (Wse + WASE)N3

− 2C2N
2
2 + 2C14N1N4, (2b)

∂N3(r, z)
∂t

=WpaN1 − (Wpe + WESA + Wse

+ WASE)N3 −
N3

τ32
+

N4

τ43

− 2C3N
2
3 , (2c)

∂N4(r, z)
∂t

= − N4

τ43
+

N5

τ54
+ C2N

2
2

− C14N1N4, (2d)

157701-4



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 15 (2012) 157701

NEr =N1 + N2 + N3 + N4 + N5, (2e)

ª¥, òU? 4I15/2, 4I13/2, 4I11/2, 4I9/2 Ú 4F7/2

©OIP� 1, 2, 3, 4 Ú 5, éA� Er3+ lfêß
Ý©O� N1, N2, N3, N4 Ú N5, NT ´ Er3+ lf
�,oßÝ. 1/τij ´ i, j U?m�guË��[
VÇ, C2 Ú C3 ©O´ 4I13/2 Ú 4I11/2 U?� Er3+

lf��þ=�Xê, C14 ´ 4I9/2 Ú 4I15/2 U?
m� Er3+ lf��µþXê. Wpa, Wpe Ú WESA

©O´Ä$Å�e�Ä�áÂ�[VÇ!É-Ë
��[VÇ±9-u�áÂ�[VÇ, Wse, WASE

©O´&ÒÅ�Ú��guË� (ASE) D(Å�
e�É-Ë��[VÇ.

ã 6 Er3+ lf�[U?«¿ã

3.4 111õõõÇÇÇDDDÑÑÑ���§§§

& Ò 1 ! Ä $ 1 ± 9 d u g u Ë � Ú å
� ASE D(13� Er3+ �(�1n¥DÑ�,

§��1õÇCz�±de��§5£ã:

dPp(z, υp)
dz

=[σ31(υp)n3(z, υp)

− σ13(υp)n1(z, υp)

− σESA(υp)n3(z, υp)] · Pp(z, υp)

− α(υp) · Pp(z, υp), (3a)

dPs(z, υi
s)

dz
=σ32(υs)n3(z, υs) · Ps(z, υs)

− α(υs) · Ps(z, υs) (3b)

dP±
ASE(z, υASE)

dz
= ± [σ32n3(z, υASE) − α(υASE)]

× P±
ASE(z, υASE) ± 2hυASEδυ

× σ32n3(z, υASE), (3c)

ª¥, σ13, σ31 Ú σESA ©O´Ä$Å�e�áÂ
�¡!É-u��¡Ú-u�áÂ�¡, σ32 ´&
Ò (½ ASE) Å�e�É-u��¡. α(υ) ´�A
Å�e�1n�µ�Ñ, 2hυASEδυ ����Ñ\
D(õÇ. ni(i = 1—5) ´�U? Er3+ lfêß
Ý Ni(r, z) �8�z�|©Ù E(r, θ, υ) �UÈ
©, =

ni(z, υ) =
∫∫

S

Ni(r, z)|E(r, θ, υ)|2rdrdθ, (4)

ª¥, S ´ Er3+ lf�,¡È.

4 �[(J

(Ü>.^�, |^9� - ¥© (Runge-Kutta)

�{ê�¦) Er3+ lfê�Ç�§Ú1õÇDÑ
�§|, �±�� 980 nm Ä$1-ye1XÀæ
Ä� Er3+�(�1néu 2.7 µm Åã¥ù	&Ò
���A5.

�[ëê: 1n�» D = 125 µm, �í�
� » d = 3.2 µm, � m å l Λ = 8 µm; 4I13/2

Ú 4I11/2 U?� Er3+ lf��þ=�Xê©O
� C2 = 3 × 10−23 m3/s, C3 = 2 × 10−23 m3/s,
4I9/2 Ú 4I15/2 U?m� Er3+ lf��µþX
ê C14 = 5× 10−24 m3/s[22]; 980 nm Ä$e� Er3+

l fáÂ � ¡ Ú É - u � � ¡ © O� σa =
4.78 × 10−21 cm2, σ e = 3.84 × 10−21 cm2[11]; Ä
$Å�Ú&Ò (�) ASE) Å�e�1n�µ�Ñ
©O� α(υp) = 3 dB/m, α(υs,ASE) = 2 dB/m[11],

Er3+ lf�,ßÝ NEr = 1.15 × 1020/cm3. Ù¦
ëêë�L 1.

ã 7 ´ 2600—2900 nm Å���¥ù	&Ò
ÅÅ�Ñ\ Ga5Ge20Sb10S65 1XÀæÄ� Er3+�
(�1n�, �[���ÑÑ&ÒOÃÌ. Ù¥, 1
n�Ý� 100 cm, Ä$õÇ� 200 mW, &ÒÑ\
õÇ©O� −30 dBm, −10 dBm Ú 0 dBm. �±
w�, Ga5Ge20Sb10S65 1XÀæÄ� Er3+ �(�
1néu 2.7 µm Åã¥ù	Ñ\&ÒäkpO
Ã°���Uå: 3 200 mW Ä$õÇ-ye, =
3 100 cm �1n�Ýþ, �&ÒÑ\����OÃ
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�L
 40 dB, &ÒOÃpu 30 dB �Å����
�
 120 nm (2696—2816 nm). 1XÀæÄ� Er3+

�(�1nù«äkpü �ÝOÃÚ°���
Uå, Ø=k|u �1n��ì�º�, BuX
Ú��.zÚ8¤z, �k|uJp¥ù	&Ò
�Ï&Nþ, `²´�«n��A^u 2.7 µm Å
ã¥ù	&Ò°����OÃ0�. 1XÀæÄ
� Er3+ �(�1n�¤±äk`É�pOÃ°
���¬5, Ì�3uÙÀæÄ�äk���ò
�Ç, l¦�TÀæÄ�¥�,�Dè Er3+ l
fäk���ó4f��rÝÚguË��[V
Ç, ����ò�Ç¬¦1XÀæ¥� Er3+ l
f±��)r��Û�� |, Úå��É-u
��¡ÚU?©�. Ó�?�Úw�, �X&ÒÑ
\õÇ�ØäJp, �Å�&ÒOÃ��eü, c
Ùéu¸�Å�NC�Ñ\&Ò, ��OÃÌ
¥yÑ°�²"z�CzA�. ~X, 3 0 dBm Ñ
\õÇe, &ÒOÃÌ� 3 dB �°��
 140 nm

(2827—2687), ��u −30 dBm �&ÒÑ\�/e
� 43 nm (2766—2723) � 3 dB �°. &ÒOÃ�Ñ
\õÇ�Jp~�, ù´&ÒÑ\õÇÚå�O
Ã�Ú�Ay�, =&ÒÑ\õÇ�JpÚå
þ
U?âfê�='�eü.

ã 8 �Ñ
Ä$õÇ©O� 100 mW, 150 mW

Ú 200 mW ��[��� 2.7 µm Åã¥ù	&Ò
OÃÌ, Ù¥&ÒÑ\õÇ� −30 dBm, Ù¦ëê
ØC. (Jw«, 3�½�Ä$õÇ-y��S, �
XÄ$õÇ�Jp, �Å�&ÒOÃCq±�5�
ª4O, OÃÌ�Nþ£. ��XÄ$õÇ�?�
ÚJp, OÃÌþ£ª³Åì~�¿ªu�Ú, ù
�d�ã¥ 2700 nm Å�&ÒOÃ�Ä$õÇ�
Cz'X��?�Ú`². OÃ�Ú��Ï3ué
u�,ßÝ�½�1XÀæÄ� Er3+ �(�1n,

�Ä$õÇ���½���, -u�U?þ� Er3+

lfê�='ªu��, d�2UYO�Ä$õÇ
®Ã{?�ÚJp-u�U?þ� Er3+ lfê.

,	, UC1n�Ý, �±uy, 2.7 µm Åã¥ù	
&ÒOÃÌ�1n�ÝO��Cz'Xäkaq
uã 8 �Ä$õÇ�CzA�. ØÓ�´, éu�
½�Ä$õÇÚ&ÒÑ\õÇó�G�e, 1n�
Ý�3X���Z� (�Z1n�Ý), ù�&ÒO
Ã�����. �Lù��Z1n�Ý�, &ÒO
Ã�1n�Ý�O�¥yÑ�ú~��Czª³.

ã 7 ØÓÑ\õÇe� 2.7 µm Åã&ÒOÃÌ

ã 8 ØÓÄ$õÇe� 2.7 µm Åã&ÒOÃÌ

5 ( Ø

L�
Dè Er3+ lf�,� Ga5Ge20Sb10S65

(2S2G) 1XÀæ, ÿÁ©Û
Ù1ÌA5, X
é Ga5Ge20Sb10S65(2S2G) 1XÀæÄ� Er3+�(
�1n3 2.7 µm Åã¥ù	&Ò���A5?1

nØïÄ. ïÄL², 1XÀæÄ� Er3+ �(
�1n3 2.7 µm Åã?äk 40 dB ��&ÒOÃ
±9&ÒOÃ3 30 dB ±þ������ 120 nm

(2696—2816 nm) �pOÃ!°���Uå, �«

Ù��¥ù	1n��ìOÃ0���15. 8
c, 2.7 µm Å����¥ù	&Ò3�a!ÿå!
�¸uÿ!)Ôó§Ú���+�kX2��A
^, �A/I�muUDÑÚ��ù�a¥ù	&
Ò�1n��ì. Ïd, �©�ïÄó�éu1X
ÀæÄ� Er3+ �(�1n��Y�O!ï�ÚA
^äké��nØë�d�.
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Adam J L, Méchin D, Trégoat D 2009 Proc. SPIE 7503 581

[8] Wang D D, Wang L L 2010 Acta Phys. Sin. 59 3255 (in Chinese)
[�ÎÎ,�ws 2010ÔnÆ� 59 3255]

[9] Liu X Y, Zhang F D, Zhang M, Ye P D 2007 Acta Phys. Sin. 56
301 (in Chinese) [4�À, Ü�&, Ü¬, ��� 2007ÔnÆ�
56 301]

[10] Liu S, Li S G, Fu B, Zhou H S, Feng R P 2011 Acta Phys. Sin. 60
034217 (in Chinese) [4a, oÜ1, GÆ, ±öt, ¾JÊ 2011
ÔnÆ� 60 034217]

[11] De Sario, Mescia L, Prudenzano F, Smektala F, Deseveday F, Naz-
abal V, Troles J, Brilland L 2009 Opt. Fiber Technol. 41 99

[12] Prudenzano F, Mescia L, Allegretti L, De Sario M, Smektala F,
Moizan V, Nazabal V, Troles J, Doualan J L, Canat G, Adam J L,
Boulard B 2009 Opt. Mater. 31 1292

[13] Judd B R 1962 Phy. Rev. 127 750

[14] Ofelt G S 1962 J. Chem. Phys. 37 511

[15] Jiassi I, Elhouichet H, Ferid M, Barthou C 2010 J. Lumin. 130
2394

[16] Hayashi H, Tanabe S, Sugimoto N 2008 J. Lumin. 128 333

[17] Chen Y J, Huang Y D, Huang M L, Chen R P, Luo Z D 2004 Opt.

Mater. 25 271

[18] Tikhomirov V K, Méndez-Ramos J, Rodr´iguez V D, Furniss D,
Seddon A B 2006 Opt. Mater. 28 1143

[19] Jackson S D, King T A, Pollnau M 2000 J. Mod. Opt. 47 1987

[20] Tian Y, Xu R R, Zhang L Y 2011 Opt. Lett. 36 109

[21] Brechet F, Marcou J, Pagnoux D, Roy P 2000 Opt. Fiber Technol.
6 181

[22] Kadono K, Yazawa T, Jiang S, Porque J, Hwang B C, Peygham-
barian N 2003 J. Non-Crysta Solids 331 79

157701-7



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 15 (2012) 157701

Fabrication of erbium-doped chalcogenide glass and
study on mid-IR amplifying characteristics of its

microstructured fiber∗

Zhou Ya-Xun† Yu Xing-Yan Xu Xing-Chen Dai Shi-Xun

( College of Information Science and Engineering, Ningbo University, Ningbo 315211, China )

( Received 3 December 2011; revised manuscript received 29 December 2011 )

Abstract

In order to demonstrate the characteristics of chalcogenide glass Er3+-doped microstructured optical fiber (MOF) amplifying the

mid-infrared band signal, Er3+-doped Ga5Ge20Sb10S65 chalcogenide glass is prepared with high temperature melt-quenching method.

The absorption spectrum and 2.7 µm band fluorescence spectrum of glass sample are measured, and the spectroscopic parameters such

as radiative transition probability, radiative lifetime and 2.7 µm band stimulated emission cross-section of Er3+ ion are calculated and

analyzed according to the Judd-Ofelt and Futchbauer-Ladenburg theories. The 2.7 µm band mid-infrared signal amplifying model of

Ga5Ge20Sb10S65 chalcogenide glass Er3+-doped MOF under the excitation of 980 nm is presented, and the amplifying characteristics

of 2.7 µm-band mid-infrared signals for chalcogenide glass Er3+-doped MOF are investigated theoretically. The results show that the

chalcogenide glass Er3+-doped MOF exhibits a higher signal gain and very broad gain spectrum: its maximal gain of small signal

exceeds 40 dB and amplifying bandwidth of higher than 30 dB gain reaches about 120 nm (2696—2816 nm) for a 100 cm long

chalcogenide glass erbium-doped MOF with a pump power of 200 mW. The theoretical studies indicate that the Ga5Ge20Sb10S65

chalcogenide glass Er3+-doped MOF is an excellent gain medium which can be applied to broadband amplifiers in the mid-infrared

wavelength region.
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PACS: 77.84.Bw, 42.70.Ce, 42.65.Yj

* Project supported by the National Natural Science Foundation of China (Grant No. 61177087), the Graduate Innovative Scientific Re-
search Project of Zhejiang Province (Grant No. YK2010048), the Ningbo Optoelectronic Materials and Devices Creative Team (Grant No.
2009B21007), and the Sponsored by K. C. Wong Magna Fund and Subject Project of Ningbo University (Grant No. XKL11078).

† E-mail: zhouyaxun@nbu.edu.cn

157701-8


