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��N-1ì�>6N���5ég	��Zÿþ�°ÝK�é�. ïÄ
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>6N�A5, âdJÑ�«êÆ�.Ö��{. |^®�1§�e��ûªÇ, ïá
Ä�NªXê�êÆ�..
±d�.é DFB -1ì�>6N���5?1Ö�, �±ò�û&ÒªÇýÿ���éØ�~�� 3%, Jp
X
Ú�ÿþ°Ý. êÆ�.Ö��{{z
ÿþXÚ�(�, ·^up°Ý�>6N�-13�ÿþXÚ.
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PACS: 42.55.Px, 42.60.Fc, 42.62.Eh

1 Ú ó

��N-1ì (Laser Diode,LD) duÅ��
N�!NÈ�!d�$�`³, ¤��Z1Ï
&!1ÿþÚ1Da�+��ÄÀ1
 [1]. Ù¥,
©Ù�"��N-1ì (distributed feedback laser
diode, DFB) äkÄ�üp�!>�³�'p�
A:, 31ÿþÚ1Da+�, X�N��4+
-1áÂ1Ì (tunable diode laser absorption spec-
troscopy,TDLAS) Eâ!1����O (optical time
domain reflectometer, OTDR)!1ª���O (Opti-
cal frequency domain reflectometer, OFDR)!1nZ
�¤�XÚ¥2�A^ [2−6].

3Äu Mach-Zehnder Z�¤ (Mach-Zehnder
interferometer, MZI) �-1g	�ÿþA^¥, X
Ú�ÿþ°ÝÚ©EÇ�6u-1ì�N�A5,
F"��N-1ì�>6N�A5äkûÐ��
5 [7,8]. 8c, Ï1�)û�{´1´Ö�, =3
ÿþXÚ¥N\��9Ï� Mach-Zehnder Z�
¤ (Auxiliary Mach-Zehnder interferometer, AMZI),

^ AMZI �û&Ò��>u&Ò, éÿþ&Ò?
1æ� (½­æ�)[5,6,9,10], ±-�-1ì�N��
�5. �´ù«Ö��{�¦9ÏZ�¤�û&Ò
ªÇ�puÿþ&Ò, Ïd�U¬��¤ì�ÿþ
��; Ó�1´(�E,, ´uÉ��¸^��K
�.

¢Sþ,DFB -1ì>6N����5kX{
ü!²(�Ån, =
u5\>6�9�A [11]. Ä
u DFB -1ì�N�A5, �±ég	�ÿþX
Ú?1êÆ�.Ö�.

¢�ïÄ
��N-1ì�ÑÑA5, � DFB
-1ì§Ýð½�, Ù>6N�äk²w���5
A�, �´�½ØC�. �´, 3g	�ÿþXÚ¥,
|^ÑÑA5ýÿ�ûªÇ, °ÝJ±��Jp.
Ù�Ï3u, �ûªÇØ
�-1ì�N�A5k
'	, ��1§�±9N�>6�ëê (X>6C
z��!N�ªÇ) ���'. Ïd, I�Äu DFB
-1ì�ÑÑA5, éÿþXÚ¥ DFB -1ì�
¢�A5�?�ÚïÄ, ��é-1ìN���5
?1Ö��8�.
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�©�O
-1g	��Zÿþ¢�, (½

�ûªÇ�1§�!N�>6ëê�m�'X, ?

��
Ä�NªXê�êÆ�., |^�.éÿ
þ¥��û&Ò?1
ýÿ, �*þ¢y
é DFB
-1ì>6N���5�Ö�, ¿ÏL�ü1§�
éÖ��{?1
�y.

2 Ö�Ån

2.1 ggg			���ÿÿÿþþþ���nnn

Äu1n Mach-Zehnder Z�¤�g	�ÿþ
�nXã¤«,DFB -1ì�ÑÑ1d MZI ¥�Í
Üì A ©�üå, ©O²L MZI �ü�:, ¿3Í
Üì B ¥u)Z�, d1>uÿì=��>&Ò,
²c���!AD =��x\�O�Å¥?1?
n.

é DFB -1ì?1ªÇ (Å�) N���>|
rÝ�

E = E0cos [2πf(t) · t + φ] , (1)

Ù¥ E0 �|�Ì,f(t) � DFB -1ì�N���
ÑÑªÇ.

�Ñ1nÚÍÜì��Ñ, 1>&ÿìÑÑ�
>6��

I(t) =
1
4
E2

0ηcos{2π[f(tm) − f(tc)]t}, (2)

Ù¥ η �&ÿìû½�C�~ê,tm Ú tc ´ t

� � ü 1 n : Ñ Ñ � 1 ª Ç � � é � m, ÷
v tm − tc = τ , 
 τ = ∆L/c, ´ü1n:�é
1§� ∆L �)��ò, c �ý�¥�1�.

ã 1 Äu1n Mach-Zehnder Z�¤�g	�ÿþXÚ

�û&Ò�ªÇ�L«�

fB = f(tm) − f(tc) =
∫ tm

tc

df

dt
dt. (3)

é u - 1 ì � 5 ª Ç N �,f(t) = βt + f0,
d (2) ª��û&ÒÌ����ÿÔ�1DÑ�
Ñ, dÙªÇ�±�í��13 MZI �ü:DÑ�

1§� ∆L:

∆L = cfB/β, (4)

Ù¥ β �-1ì�N��Ç.
�-1ìN��3��5�, DÑ1§��û

&ÒªÇ�m�3E,���5'X,(4) ª´Ø¤
á�, �
-���5Ø�, Jpÿþ°Ý, I�?
1Ö�.

2.2 DFB ---111ììì���NNN���ÅÅÅnnn���AAA555

R/µC� DFB S8¤
9¯>{!9>�
eì, Ï~ó�uð§�ª.DFB �5\>6N�,

u-1ìk
«S�16fßÝCzÚ5\>
6�9�A [11,12]. -1ì�ªÇ (Å�) ´5\>
6� 2 gõ�ª�/ª.

f = ai2 + bi + c, (5)

Ù¥ a, b, c ´-1ì�N�Xê, �-1ì�a
.!(�k'. �Ò,�-1ì
ó, 3§Ýð½
�N�Xê�~ê [11].

é (5) ª¦�, �±��-1ì�>6NªX
ê

α(i) =
df

di
= 2ai + b, (6)

d (6) ª�±wÑ, é DFB -1ì�>6N�, Ù
ªÇCzÇ�>6���k', 3A^ (3) ª�, 1
§��û&ÒªÇ�m�3��5, K�
ÿþ�
°Ý.

2.3 ÄÄÄuuuNNN���AAA555���êêêÆÆÆ���...ÖÖÖ������{{{

Äu DFB -1ìN�A5�Ö��{, ´±
k��>6N�A5��â, 3g	�¢�¥, ¼
�õ|ØÓN�ëêe��û&ÒªÇ, 3v
�
�1§�e, �ÑÄ�>6NªXê, 2|^õ|
Ä�NªXê, (½Ù�1§�9N�ëê�m�
êÆ�§, ,�|^ù�êÆ�.é DFB �N�
��5?1Ö�.

é DFB -1ì?15\>6N��, -1ì
�ªÇ�,´��mCz�, �Ù¢�´�5\>
6
Cz, Ïd, ±5\>65L«�û&Ò´�
��Ú�����{. =, òû&Òl��=��
>6�:

fB = f(im) − f(tc) =
∫ im

ic

df

di
di, (7)

Ù¥ im,ic ©O� tm,tc éA�>6�.
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3-1ì§Ýð½�¹e, >6NªXê´>
6�¼ê, dd, �ûªÇ�±L«�

fB =
∫ im

ic

df

di
di =

∫ im

ic

α(i)di. (8)

�1§�éA�>6Czþv
��,(8) ª�
±æ^ê�O�5O�:

fB(in) = α(in)Iτ , (9)

Ù¥ n �>6lÑ���ê,Iτ ��ò τ éA��
�>6Czþ, æ^ç¸Å>6N��, éA1§
����>6Czþ�

Iτ = kτ =
di

dt
τ = (Im − I0)fmτ, (10)

Ù¥ k ´ç¸Å>6��Ç,I0 �5\�å©>
6,Im �ª�>6,fm �N�ªÇ,τ ´1§�éA
��ò. w,,k £ã
5\>6�N�ëê, 
 Iτ

K´nÜ
1§�9N�ëê�Ônþ.
d (10) ª��, UC5\>6 (>6Cz�

�!N�ªÇ) �,Iτ ¬��Cz, eUuÿ���
éA��ûªÇ fB, |^ (11) ª=��� DFB -
1ì�õ|Ä�NªXêlÑ�:

α(in) = fB(in)/Iτ . (11)

ïÄ(½Ä�NªXê�1§�9N�ëê
�êÆ'X, Ò�±¢yé DFB -1ìN���
5�Ö�.

3 ¢�(J

3.1 DFB ---111ììì���NNN���AAA555

¦ ^ 1 Ì © Û ¤ (Agilent: 86142B) ÿ þ

 DFB -1ì (Furukawa: FOL15DDBA-A31, �
°�� 10 MHz) �ÑÑA5. d-1��ì (ILX
Lightwave:LDC3908) é-1ì�§Ý��Ú5\
>6°Ä. -1ì§Ýð½3 25 ◦C �, ÑÑ1ªÇ
�5\>6�'XXã 2 ¤«.

éã 2 �¢�êâ, Uì (12) ª�­�[Ü:

f = −5.3679×106i2−2.8646×108i+1.8972×1014.

(12)
�'Xê R2=0.9998, IO� SD = 5.037×108,

[Üúª�¢�(JÎÜ��~Ð, `² (5) ª�
Ñ�>6N�A5��ÎÜ DFB -1ì.

�§ÝCz�, �Ó�N�>6e, §Ý�p,
ÑÑ�1ªÇ�p, �ÑÑ1ªÇ�5\>6�'
X�,¥��¼ê'X, ­�äk�q�/G.

d (12) ª���>6NªXê�

α0(i) =
df

di
= −10.73 × 106i − 2.86 × 108. (13)

(13) ª£ã
 DFB -1ìÑÑªÇé5\>
6�CzÇ, ¡�ÑÑ�.. ÑÑ�.ØU�N-
1ì3g	��ZÿþXÚ¥�¢�A5, dd�
.ýÿ��ûªÇ�Ø�é�.

ã 2 ÑÑ1ªÇ�5\>6�'X­� (25 ◦C)

3.2 ---111ggg			���ÿÿÿþþþ¢¢¢���

3ã 1 ¤«�¢�XÚ¥, �½ DFB -1
ì§Ý 25 ◦C, é-1ì�5\>6�ç¸ÅN
�, N � ª Ç � 20—1000 Hz(Ú � � 20 Hz), å
©>6� 20 mA, ª�>6´ 60—100 mA (Ú�
� 10 mA). �1n MZI �ü:�Ý�©O� 100
mm Ú 200 mm. 3d^�e��
õ|�û&Ò,
ã 3 � MZI ü:1n�Ý�� 100 mm, N�ªÇ
� 40 Hz, ç¸Å>6Cz��� 20—80 mA �, �
�ç¸±ÏS�û&ÒÅ/.

ã 3 û&Ò�Ð©�ã´N�&Òdç¸Å
£§���µþ (J�µS), 3êâ?n��GØ.
����ûªÇ¥yüNOª³. �é�û&Ò�
a�uÅA5, é²wÈÅ��&Òæ^
���
?n�{.

ÄkÀJ��5\>6±ÏS��û&Ò, Ù
g(½�û&Òz��û±Ï�¸�:, ,�éz
��û±Ï^n�¼ê?1[Ü, L�ªXe:

f(t) = Asin(2πBt + C) + D. (14)

²L[Ü�,A �z��û&Ò�ÌÝ�,B �
ÙªÇ�,C �� �,D �U\Ùþ��6©þ.
^ù«�{, ��
ØÓ¢�^�e��ûÌÝ�
�ªÇ�. du1rÓ�É�
N�, �ûÌ� A

¤�5þ,ª³, 
du DFB -1ì�N���
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5, �ûªÇ B ¿Øð½, ´ÅìO��.

ã 3 ��ç¸±Ï�û&ÒÅ/, J�µS�ç¸Å£§�
�&Òµþ

ã 4 �û&Ò�ªÇé>6�[Ü­�

3.3 ÖÖÖ���(((JJJ999���yyy

(11) ª´¦)Ä�NªXê�nØ�â, ¤
á�^�´��>6Czþ Iτ v
�. ¢�¥,
|^ DFB -1ì�ÑÑA5 (3.1 !�¢�(J),
©O�â (8) Ú (9) ªO��ûªÇ, ¦�é�É
3 10−8 êþ?þ�, Ó��ÄO��Ý, (½
Ü
·� Iτ Ú n �ê�, ¿ò(J^uÄ�NªA5
�ïÄ¥.

d 3.2 !����ûªÇ�, ´��m (¢Sþ
´>6) 4O�, Ïd�±3>6�p£ã�ûª
Ç, =ò�ûªÇé>6?1[Ü. duz��û
±Ï�k��ªÇ�, �3���û±ÏþÀ�>
6Cz�¥m�, � 3 ��5[Ü (R2 > 0.99), =
����ª>6�§. ��>6Czþ Iτ ØÓ�,
�ª>6�§���Xê�ØÓ. éã 3 ¤«��
û&Ò��ûªÇ�é>6?1[Ü, [Ü­�X

ã 4 ¤«. ò>6UÀ�� n lÑz, �±O��
Ñ fB(in).

2�â (10),(11) ª��
ØÓ¢�^�e�
õ|Ä�NªXê α(in). *	lÑ� α(in) �>
6�Cz�¹, äk²w��5A�, � (6) ª£ã
� DFB �N�A5�Î. ã 5 ´ã 3 ¤«&Ò�Ä
�NªXêCzª³ã.

ã 5 >6NªXê�>6�Czª³

À�¢�¥1§� 100 mm, UCN�ëê¦
��>6Czþ3 7.7013×10−7—2.089×10−5 mA
��p� 120 |êâ, ©Oé>6?1
��[
Ü (R2 >0.97). [Ü�, ��>6Czþ Iτ ØÓ�,
�Ä�NªXê�§����XêØÓ. ÄÙ�Ï,
´du1§�Ú5\>6�N�ëêØÓE¤�.
�üök'�ëþk Iτ !k Ú fm, ò����~
ê�Xê©Oéù
Ônþ�£8, ÀJ�`�(
J, ïáÄ�NªXê£8�§Xe:

α(i) = (1.32 × 1016I2
τ − 4.00 × 1011Iτ

−1.32 × 107)i − 309.59f2
m

+9.41 × 105fm − 2.30 × 108, (15)

(15) ª¡�Ä�Ö��.. �ÑÑ�. (13) ª�',
w,Ä�Ö��.�bC DFB -1ì3g	��
ZÿþXÚ¥ó��ý¢�¹, ^d�.ýÿ�û
ªÇ�, �[�/£ã
�ûªÇ�1§�!5\
>6N�ëê�m�Ôn'X.

©O|^ÑÑ�.�Ä�Ö��.é�û
ªÇ?1ýÿ, Ä�Ö��.ýÿ���éØ�
3 10−2 êþ?þ, ²þ�éØ�'ÑÑ�.e
ü 3%�m.

ã 6 ´ã 3 ¤«�û&Ò�ªÇ��©O|
^ÑÑ�.!Ä�Ö��.ýÿ��'��(J,
Ä�Ö��.ýÿ�²þ�éØ�� 2.49%, 
Ñ
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Ñ�.ýÿ�²þ�éØ�� 5.66%. 3>6��
� 50—65 mA �, Ä�Ö��.ýÿ��²þ�é
Ø�� 1.79%, *�
°�ÿþ¥>6�Ä�N�
��.

ã 6 �ûªÇýÿ��¢ÿ�

�
�yÄ�Ö��.�O(Ý, |^�.?
1
1§���ü. 1§��lÑ��

∆L0(in) =
Iτ (in) · c

n · k
, (16)

Ù ¥ n = 1.444 � 1 n � ò � Ç, 
 Iτ (in) Ï
L (17) ªO�:

Iτ (in) = fB(in)/α(in). (17)

¢�¥, |^N�>6��3 20—90 mA, N
�ªÇ 220—320 Hz(Ú�� 20 Hz), 1§� 200 mm
� � � û & Ò ª Ç �, ^ Ñ Ñ � . Ú Ä � Ö �
� . � â (16),(17) ª é 1 § � ? 1 � ü, ² þ
� © O � 192.45 mm Ú 199.26 mm, ° Ý © O
� 3.8%Ú 0.37%.

dd`², Ä�Ö��.ü$
ýÿ���
éØ�, Jp
°Ý, �*þ��
éÿþXÚ
¥ DFB -1ìN���5?1Ö��8�.

4 ( Ø

3Äu Mach-Zehnder Z�¤�g	�ÿþX
Ú¥, ��N-1ì�>6N���5éÿþ°Ý
�K�´�~��. 
 DFB -1ì�>6N��
�55
u>69�A, �ó�uð½§Ý (8c
Ñ´é-1ì?1ð§��) �, -1Ë�ªÇ�
5\>6kXp°Ý�éA5, äkêÆ�.Ö�
��¢y5.


3g	�ÿþXÚ¥, �ûªÇ�ÉN�A
5�K�, �1§��'Xäk��5, Ó��5
\>6�N�ëêk'. 3¼� DFB -1ìÑÑ
A5�Ä:þ, ÏLé-1g	��ZÿþXÚ¥
¢��û&Ò�ïÄ, òÿþû&ÒL��5\>
6�¼ê, (½Ä�NªXê���>6Czþ9
>6N�ëê�'X, ïá
Ä�Ö��., ��

éÿþXÚ¥ DFB -1ìN���5�p°Ý
Ö���J.

�,ù«Ö��{é-1ì�N�A5ké
r��65, I�¯kÿþ-1ì�N�A5, ¿
�é-1ì�Ïó�Pz�U�)�Å�¤£?
1?�, �´êÆ�.Ö�ØI�N\�Ö�C�,
1´(�{ü, éXÚ�ó��¸vkAO�¦,
·^u¤k�6-1ªÇ (Å�) N�A5�p°
ÝÿþXÚ.

[1] Hao X Q, Chen G X 2010 Opt. Commun. Tech. 34 4 (in Chinese)
[ÏD�, ��� 2010 1Ï&Eâ 34 4]

[2] Wang M, Zhang Y J, Liu J G, Liu W Q, Kan R F, Wang T D, Chen
D, Chen J Y, Wang X M, Xia H, Fang X 2006 Chin. Opt. Lett. 4
363

[3] Tarsitano C G, Webster C R 2007 Appl. Opt. 46 6923
[4] Manuel R M, Shlyagin M G, Miridonov S V 2008 Opt. Exp. 16

20666
[5] Fan X Y, Koshikiya Y, Ito F 2007 Opt. Lett. 32 3227
[6] Soller B J, Gifford D K, Wolfe M S, Froggatt M E 2005 Opt. Exp.

13 666
[7] Buus J, Markus C A, Daniel J B 2005 Tunable Laser Diodes and

Related Optical Sources (New York:John Wiley & Sons) p59
[8] Cui H X, Qi R B, Chen W L, Xu K X 2008 Chin. J. Laser 35

1558 (in Chinese) [wþ!, à[U, �©�, M�! 2008 ¥I
-1 35 1558]

[9] Koshikiya Y, Fan X Y, Ito F 2008 J. Lightwave Tech. 26 3287
[10] Boukari O, Hassine L, Bouchriha H, Ketata M 2010 Opt. Com-

mun. 283 2214
[11] Liu J W, Du Z H, Li J Y, Qi R B, Xu K X 2011 Acta Phys. Sin 60

074213 (in Chinese) [4µ!, Ú��, o7Â, à[U, M�!
2011 ÔnÆ� 60 074213]

[12] Du Z H, Zhai Y Q, Li J Y, Hu B 2009 Spectrosc. Spec. Anal. 29
3199

034207-5



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 3(2012) 034207

A method to compensate the tuned nonlinearity of
DFB diode laser in the laser self-heterodyne coherent
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Abstract
The measuring accuracy of self-heterodyne coherent measuring system can be deteriorated by the tuning nonlinearity of the diode

laser with injection current. The tuning characteristics of a DFB laser were analyzed, and a mathematical model for compensating
Mach-Zehnder interferometer based self-heterodyne system was presented. The dynamic frequency modulation coefficient of the
model was built by prior beat frequency of foregone optical path difference. The relative error of predicted beat frequency is reduced
about 3%. This method could simplify the setup of the system, and is especially suited for online tunable laser measurement system.

Keywords: self-heterodyne coherent measure, DFB diode laser, tuned nonlinearity, mathematical model compen-
sate
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