
Ô n Æ � Acta Phys. Sin. Vol. 61, No. 15 (2012) 154201

EEEggg���ZZZÝÝÝÝÝÝþþþ���ëëëYYYÌÌÌ���ZZZ555*

@O�1) �L¹1) û·1)† Hû1) ñm41) �a2)‡

1) ( I��ÆEâ�Æ1>�Æ�ó§Æ�, �â 410073 )

2) ( �¯�Æ�Æ����Ë��ÆïÄ¤, �® 100850 )

( 2011 c 6 � 23 FÂ�; 2011 c 10 � 13 FÂ�?Uv )

Ú\Eg�ZÝ5ÝþÓ�óÀ�)��ëYÌ��Z5, ¿éÙ?1
¢�ïÄ. æ^ Mach-Zehnder Z�
¤, ÿþ 700 ps óÀÄ$1f¬N1n�)��ëYÌ��Z5. ¢�ÿ��ëYÌØÓÅ�¤©��Z�Ýþ�
u 40 µm, 3�Å«�� 225 µm. �ëYÌ���1Ì«��Ì¤©��ZÝk�É, �Eg�ZÝ��²þ�
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1 Ú ó

�ëYÌ�)´�Ä�1\��p��50
��, 3ÚÑ�A±9õ«��5�A��Ó�
^e, ÑÑ1Ì��4�Ð°�y�. �ëYÌ3
Nõ+��A^Ñ�¦Ùäkép��Z5 [1−4].

2003 c Gu �¦^U?�¼V1Z�C�, ò
Ó�óÀ©1�, ©OÄ$ü� PCF Õá�)�
ëYÌ, é�ö��Z5?1
¢�ÿþ [5]. 2004

c Lu �¦^óÀ�òò��ÖZ�¤, éóÀS
�¥���óÀÄ$.I1n�)��ëYÌ�
m��Z5?1
¢�ÿþ [6]. 2007 c Türke �<
��
¦^.I1n�)��ëYÌ��Z5�
¢�ïÄ [7]. Óc Guo �¦^ò��ÖZ�¤é�
  PCF �)��ëYÌ��Z5?1
¢�ÿþ,

¼�
Ù�ZÝ��Z�Ý [8]. 2008 c Nicholson

�<©O¦^ü�1n���¡È1néóÀ?
1Ø , ��Ä$�)�ëYÌ, é�ö��Z5
?1
ÿþ¿'�, uy¦^��¡È1néÄ$

óÀ?1Ø ��)��ëYÌ��Z5�p [9].

ù
¢�þæ^�¦óÀé��51n?1Ä$,

�vk¦^��óÀ?1Ä$�)�ëYÌéÙ
?1�Z5ÿþ��'��. 3nØ�¡�Ì�8
¥3¦^�¦óÀÄ$�)��ëYÌ��Z5
�©Û [10−13].

�â Dudley Ú Coen �ê�O�(J, ��¦
^ó°�u�¦��óÀÄ$�)�üÕá��
ëYÌ�m��Z5é� [11]. ù´duÄ$óÀ
��, u)�f©�¤IDÑ�ålÒ��. Ó�
du�óÀ�°�áóÀÄ, 3�)��N�Ø
½5��OÃ�ªÇ�c, ®²òÄ$óÀ¤
����ÅD(¥÷vN�Ø½5��OÃª
Ç�D(¤©?1
��, ØÓ�Ä$óÀ��
�Å�� D(, Ïdd�ÅD(�)��ëY
Ì�m�AªÇ¤©Øäk(½�� 'X, �Z
5é�.
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ù
óÀ3��þ´©l�, ÏdäkØÓ��Å
D(, dù
óÀ¤����ÅD(�)��Aª
Ç¤©�m�äk�Å�� 'X. Ïd, Ó�Ä
$óÀ�)��ëYÌ�ªÇ¤©�äkØÓ�
�Z5. �©¦^Eg�ZÝ���½ÂédÓ�
�óÀÄ$�)��ëYÌ��Z5?1
¢�
ïÄ.

2 Eg�ZÝÝþ SC �Z5

3©z¥, ¦^�ëYÌz�Å�?k��°
�Ì¤©���Ep�ZÝ��

|g(1)
12 (λ, t1 − t2)|

=
∣∣∣∣ 〈E∗

1(λ, t1)E2(λ, t2)〉√
〈|E1(λ, t1)|2〉〈|E2(λ, t2)|2〉

∣∣∣∣ (1)

5ÝþÕá�)��ëYÌ�m��Z5 [11]. Ù
¥ [E1(λ, τ), E2(λ, τ)] �Õá�)��ëYÌé,

�)ÒL«é�þ(J�²þ, t1 − t2 �óÀ±Ï.

�daq, ¦^Eg�ZÝ�� [14]

|g(λ, τ)| =
∣∣∣∣ 〈E∗(λ, t)E(λ, t + τ)〉√

〈|E(λ, t)|2〉〈|E(λ, t + τ)|2〉

∣∣∣∣ (2)

5 Ý þ Ó � ó À � ) � � ë Y Ì � � Z 5.

ª ¥, τ � � m ò ´. é � � ²  � Å L §,

k 〈|E(λ, t)|2〉 = 〈|E(λ, t + τ)|2〉, Ï d ª (2) �
z�

|g(λ, τ)| =
∣∣∣∣〈E∗(λ, t)E(λ, t + τ)〉

〈|E(λ, t)|2〉

∣∣∣∣. (3)

¢�¥¦^ Mach-Zehnder Z�¤, � u(t, λ)

��ëYÌ1 S �L�ª, ²LZ�¤�ü
:DÑ��, 3&ÿì D ?���üå1&Ò
± K1u(t, λ) Ú K2u(t + τ, λ) L«, ùp K1, K2 ´
d©å'9ü1´þ��Ñû½�¢ê. &ÿì&
ÿ��&ÒrÝ�

ID(τ, λ) = 〈|K1u(t, λ) + K2u(t + τ, λ)|2〉, (4)

Tª�z�

ID(τ, λ) =(I1(τ, λ) + I2(τ, λ))

×
[
1 +

2
√

I1(τ, λ)I2(τ, λ)
I1(τ, λ) + I2(τ, λ)

Re{g(τ, λ)}
]
,

(5)

ª ¥, I1(τ, λ) = K2
1 〈|u(t, λ)|2〉, I2(τ, λ) =

K2
2 〈|u(t + τ, λ)|2〉, ©O�Z�¤ü:Õáÿ�

�1Ì. g(τ, λ) �Eg�ZÝ, Ù½Â�

g(τ, λ) =
〈u∗(t, λ)u(t + τ, λ)〉

〈|u(t, λ)|2〉
. (6)

d g(τ, λ) = |g(τ, λ)| exp{j[α(τ, λ) − 2πντ ]}, K (5)

ª�z�

ID(τ, λ) =(I1(τ, λ) + I2(τ, λ))

×
[
1 +

2
√

I1(τ, λ)I2(τ, λ)
I1(τ, λ) + I2(τ, λ)

|g(τ, λ)|

× cos[2πντ − α(τ, λ)]
]
, (7)

�âdª�d¢�ÿ�d�Ó�óÀÄ$�)
�ëYÌ�Eg�ZÝ� �, ?��� Ù�
Z5.

3 ¢�(J�?Ø

�â (7) ª, ¦^ÈÅ¡ò�ëYÌ¥¥%Å
�� λ̄ �OüÚ�Ì¤©ÈÑ, UCZ�¤ü:
��mò´ τ , Kd&ÿì&ÿ��1rÝ�L�
ª�

ID(τ) =(I1(τ) + I2(τ))

×
[
1 +

2
√

I1(τ)I2(τ)
I1(τ) + I2(τ)

|g(τ)|

× cos[2πν̄τ − α(τ)]
]
, (8)

�âTúª, ��Z�1r��mò´�Cz, ?
����ëYÌ¥¥%Å�� λ̄ �OüÚ�Ì
¤©��Z�m. UCÈÅ¡, ���ØÓ¥%Å
��Ì¤©��Z�m. ¢�C�Xã 1 ¤«.

ã 1 ÿþ�ëYÌØÓÌ¤©�Z�m�¢�C�ã

¢�^��¡-1ìÄ$ PCF �)�ëY
Ì. -1ì�ó° 700 ps �óÀ-1ì, ¥%Å�
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� 1064 nm, ¸�õÇ 13 kW, EªÇ 8.5 kHz. ¢
�¥¦^�ã 15 m � PCF, Ùn��»� dcore =

4.513 µm, ��¥�í��»� d = 2.205 µm, �
må� Λ = 3.359 µm. T1f¬N1n�"ÚÑ:
� 1.0013 µm, ��Ä$Å� u1n��~ÚÑ
«. �)��ëYÌ�1Ìÿþ(JXã 2 ¤«,

dã�� 20 dB 1Ì��CX
 600 nm—1700 nm.

ã 2 ��¡-1ìÄ$1f¬N1n�)��ëYÌ1Ì

ò PCF ÑÑ��ëYÌ©¤ü´, \��Z
�¤ü:, 3ÑÑà¦^ØÓ¥%Å����°
� 10 nm �ÈÅ¡ò�ëYÌØÓ�Ì¤©È
Ñ, ¦^��| PCF Â81&Ò, 1>&ÿì�
£���ìéZ�&Ò?1ÿþ. 3Z�¤�:
\\Ú?>Å5UC1§�, ¢�¥¦^�Ú?
>Å�©EÇ� 8.5 nm, £Äål� 25 mm. �
ÿ�1r�1§��Cz. ã 3 ¤«��ëYÌ
¥%Å�� 1600 nm �Ì¤©�Ú?>Å �C
z�Z�ã�, dã��1r&Ò���°Ý?
Ú?>Å� �UC� 0.1125 mm, duÚ?>
Å£Ä 1 mm, 1´�ÝUC 2 mm, �1&Ò��
�°Ý� 0.225 mm, �@�TÌ¤©��Z�Ý
� 0.225 mm.

¦^¥%Å�l 578 nm—1600 nm �ØÓ�
ÈÅ¡ÿþZ�&Ò, �©O���ëYÌØÓÌ
¤©��Z�Ý. ã 4 �ØÓ¥%Å�?��Z�
Ý. OüÚ1��Z�Ý�L«�

Lc =
λ̄2

∆λ
, (9)

ª¥, Lc ��Z�Ý, λ̄ �OüÚ1�¥%Å�, ∆λ

��°. ¢�¥¦^�ÈÅ¡��°þ� 10 nm, �
ØÓÅ�?��Z�Ý�¥%Å�²�¤'~. d
ã��, �Åã�Z�Ý÷v (9) ª. ��Z�Ýþ
�u 40 µm.

ã 3 ¥%Å� 1600 nm, ��° 10 nm � SC Ì¤©�Ú?
>Å �Cz�Z�ã�

ã 4 SC ØÓ¥%Å�Ì¤©��Z�Ý

e�½ü1´��mò´ τ0, �KÈÅ¡, ¦
^1Ì¤5éZ�¤ÑÑ�Z�&Ò?1ÿþ, K
ÿ��Z�1Ì�L�ª�

ID(λ) =(I1(λ) + I2(λ))

×
[
1 +

2
√

I1(λ)I2(λ)
I1(λ) + I2(λ)

|g(λ)|

× cos[2πντ0 − α(λ)]
]
. (10)

dTúª��Z�Ì^«���Ý�

V (λ) =
2
√

I1(λ)I2(λ)
I1(λ) + I2(λ)

|g(λ)|. (11)

�â©OüÕÿ��ü:1Ì I1(λ) � I2(λ),

±9dZ�1Ìÿ����Ý, �¦��Å�Cz
�Eg�ZÝ��, ?����ëYÌØÓÌ¤
©��Z5. ¢�C�Xã 5 ¤«. 1Ì¤�©E
Ç� 0.06 nm �ëYÌ��)Xþã¢�. ò�)
��ëYÌ©¤ü´3Z�¤¥DÑ, �½Ú?>
Å� �¦ü:�m��mò´� τ0, 3Z�¤
�ÑÑàØ¦^ÈÅ¡, òÑÑZ�&Ò¦^ßº
ÍÜ?��| PCF ¥, ¦^1Ì¤éZ�&Ò?
1ÿþ.
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ã 6 ¤«�Ú?>Å u 16.50 mm �1Ì¤
P¹�Z�1Ì.

ã 5 �½Z�¤ü:�m��mò´� τ0, ¦^1Ì¤ÿ
þZ�1Ì�¢�C�ã

ã 6 1Ì¤P¹�Ú?>Å u 16.50 mm ?�Z�1Ì

d (10) ª��, 1Ì¤P¹�1ÌZ�^«�
ªÇ±Ï� Ω = 1/τ0, �âã 6 ¤ÿZ�1Ì, �
O����Ú?>Å u x = 16.50 mm ?�, ü
:��mò´� τ = 1/Ω = 0.319 ps. �Z�1Ì
±Ï�XZ�¤ü:�mò´ τ0 �O�~�, �
31Ìã¥áÅÜ©��ÅÜ©�±Ï��. ã 7

¤«�ØÓ�mò´�ÿ��Z�1Ì, ��mò
´�"�, Z�1Ìvk^«. �X�mò´\�,

1Ì^«�5��, �áÅ?^«��. dã��
�Å?Ì^«��Ý�áÅ��.

Cq@�Ó�±ÏSÅ�¤©���Ý�Ó,

�±O�ÑØÓÅ�?�Ì�ZÝ, Ó��âÿ�
� ID(λ), I1(λ) ±9 I2(λ), �O���Eg�ZÝ
�� |g(λ)|, Xã 8 ¤«. ����Ù��1Ìþ²
þ |g(λ)| � 0.461, �����ëYÌÅãS�Z
5Ñ�Ð. �Ó�, ØÓÅ�?��ZÝØÓ, ��
�ëYÌ�ØÓÌ¤©��Z5k¤�É. ù´d
uÄ$óÀ�B¦þ?��óÀ, óÀg�ØÓ�

�äkØÓ�� D(, 3ù
D(��^e, Ø
ÓÔnÅn�^�)��ëYÌ�ØÓ�Ì¤©
�mäkØÓ�� 'X, E¤ØÓ��Z5.

ã 7 1Ì¤P¹�ØÓ�mò´?�Z�1Ì

ã 8 Ú?>Å u x = 16.50 mm = τ = 0.319 ps �dÿ
þ1ÌO����Eg�ZÝ��

4 ( Ø

�©Ú\�ëYÌ�Eg�ZÝ5½ÂÓ�
�óÀÄ$ PCF �)��ëYÌ��Z5. Äu
T½Â�O¢�©Û
�ëYÌ��Z5. ¢�
©O¦^£���ì�1Ì¤P¹
�ëYÌ
ÏL Mach-Zehnder Z�¤��Z�&Ò. £��
�ìÿ��ëYÌØÓÅ�¤©��Z�Ýþ�
u 40 µm, 3�Å?�� 225 µm. 1Ì¤ÿ��Z
�1Ì^«±Ï�ü1´�m��mò´Cz, d
ÿ�1Ì, O�Ñ��1Ì«��ëYÌ�g�Z

154201-4



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 15 (2012) 154201

Ý� 0.461, �Z5�Ð, ��ëYÌØÓÌ¤©�
�ZÝØÓ. Ïd, d�Ó�óÀÄ$�)��ë
YÌ, du�)ØÓ Ì¤ ©�Ô nÅnØ Ó, Ïd

3D(��^e, ÙØÓÌ¤©��Z5�ØÓ,

�´3��1ÌþE,äk�Ð��Z5, �±÷
vX1Æÿþ!1Da�Nõ�A^I�.
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Abstract

The complex degree of self-coherence is introduced to quantify the coherence of supercontinuum generated by the same long

pulse, and experiments are performed. The coherence properties of supercontinuum generated in the photonic crystal fiber pumped

by 700 ps pulse are measured using the Mach-Zehnder interferometer. The experimental results show that the coherence lengths of

different wavelength parts of the supercontinuum are all longer than 40 µm, and can reach 225 µm in the long wavelength region. The

coherence degrees of different parts of supercontinuum are not the same; however, the mean coherence degree over the supercontinuum

is 0.461 which manifests good coherence property of the whole spectrum of supercontinuum. Consequently, requirements of many

applications such as optical measurement and optical sensing can be satisfied.
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