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ªÇ£½õ1Å1
´¢y�'AXÚDÑ�'�ì���, 8c®¤�1nÏ&+��ïÄ9:. ÄuÌ�
ª£Eâ�)�ªÇ£½õ1Å1
Ïäk°Ä>Ø$!G6�!²"Ýp�`:
É�­À, �´ÙÑÑ�þ
N´É�N�ì�k�p��ÅG6�K�,AO´n��ÅG6. �
~�n�G6�K�, �©JÑ
3 I/Q N
�ìü|´þ2\1,�ªÇ� 3fm ��ª&Ò��Y, ^Ù�)���&Ò5³�n�G6. ÏLnØ©Û�ê
��ý, ��
1Åê� 24!1Åm��õÇ��u 0.1 dB �õ1Å1
ÑÑ. ��æ^n�G6³��Y�(J
'�, 1
ÑÑk�1&D'Jp
 2 dB. (JL², æ^�©�U?�Y, �±k�/Jpõ1Å1
�ÑÑ²"
ÝÚk�1&D'.
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1 Ú ó

�
÷vØäO��Ï&NþÚ�ÖI¦,
�'A? (Tbit/s) 1nÏ&DÑXÚ®¤�8c
ïÄ�9: [1−19]. 8c, ÄuªÇ£½õ1ÅE
â��'A1nDÑXÚ�ïÄ�´��9:�
� [9−19]. éuù«XÚ5`, ªÇ£½õ1Å1

´��'�ì���. �)ù«õ1Å�1
©O
kÄuü>�N�ì�Ì�ª£ì [9−13,20−27]!
ÄuêâO��N�ì�Ì�ª£ì½ö1�"
�´ [14,15]!Äu� N�ì�Ì�ª£ì [16−19].
Ù¥, Äuü>�N�Ì�ª£Eâ�)�õ1Å
1
duäk$°Ä>Ø!p²"Ý�`:
�
�
�þïÄ. Ó�, K�õ1Å1
ÑÑ­½5
��«Ï�, �)d I/Q N�ì��5�)�G6
�éÑÑ1&D'�K�, ®²��
nØ©Û9

¢��y [20−27]. ,
, �X1Åê8�O\, ÑÑ
&Ò�²"Ý�5��, &D'���ü$. éu
p?N�è (x-QAM) 
ó, 1&D'$u 20 dB �
õ1Å1
´ØU÷v1Ï&XÚ�¦�.

�
JpÄuÌ�ª£ì�õ1Å1
ÑÑ
1&D', �©ò©z [28] ��YÚ\�õ1Å1

�)�U?�Y¥,ÏLén��ÅG6�³�
�n�nØ©Û, ��
�Øn�G6��Z�ª
>Ø,Ó�'�
³�n�G6c��&D'!�
�1Å?�8�zG6!1Å²"Ý±9k�1
&D', ��©Û
�n�^�e�n�G6³�
�¹.

2 ó��n

�â©z [21], Ì�ª£ì¥ I/Q N�ì�8
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�zDÑ¼ê�±L«�

T = exp(j2πfmt) + b3 exp(−j6πfmt)

+b5 exp(j10πfmt), (1)

ª ¥ b3 = −J3(δ1)/J1(δ1), b5 = J5(δ1)/J1(δ1),
© O ´ n � Ú Ê � G 6 X ê. ù p δ1 =
(πVpp1)/(2Vπ), �L� N��Ý, fm ´�ª&
ÒªÇ. �Òm>1��´¤I����&ÒÜ©,
1��´n��ÅG6, 1n�´Ê��ÅG6.
n�G6�'Ù¦G6'��, Ù�3¬ü$ÑÑ
õ1Å1
�1&D'. Ïd, I�æ^�½��
Y5³�n�G6.
ã 1 � ³ � n � G 6 � � n µã. ª Ç

� fm � � ª & Ò © � ü ´, � ´ � � Ñ \
� 90◦ · Ü Í Ü ì ¥; , � ´ K ² L 3 � ª
ì ! � N ! P ~ ì Ú 90◦ �   ò ´ ì � 2 Ñ
\ � 90◦ · Ü Í Ü ì ¥. ÏL Ü n N ! ì �,
90◦ · Ü Í Ü ì � ü ´ Ñ Ñ � fI(t) + FI(t) =
Vpp1 sin(2πfmt) −Vpp2 sin(6πfmt) Ú fQ(t) +
FQ(t) = Vpp1 cos(2πfmt) +Vpp2 cos(6πfmt), ©O
òÙ\1� I/Q N�ì�ü|´þ. ÏL¢�¢y
n�G6�³��, ¢Sì��ã 1 ¥�ì���.
¢�L§¥,ÏLN!�N!Pì5��I���
J. XÚ¥�·ÜÍÜì´®k�y¤ì�. §´
�oà�� 3 dB � 90◦ ·ÜÍÜì, Ø=U
òÑ
\&Ò©¤ü´õÇþ�Ñ\&ÒõÇ����
� �� 90◦ �ÑÑ&Ò, 
�U
3�±�à�
pÝ�l��¹eÍÜü´Ñ\&Ò.

b�ëY1
Ñ\� Ein(t) = A exp(j2πf0t),
3�ª&Ò�°Ä�e,ã 1 ¥ I/Q N�ìÑÑ�
N�&Ò�

Eout(t) =
Ein(t)

2

[
j sin

(
π

2
fI(t) + FI(t)

Vπ

)
+sin

(
π

2
fQ(t) + FQ(t)

Vπ

)]
. (2)

|^ Jacobi-Anger Ðm (2) ª, �ÑKpuÊ
��Ü©, � I/Q N�ì�DÑ¼ê

Eout(t)
Ein(t)

≈ [J1(δ1)J0(δ2) − J5(δ1)J2(δ2)

−J2(δ1)J1(δ2) + J4(δ1)J1(δ2)]

× exp(j2πfmt)

+[J0(δ1)J1(δ2) + J3(δ1)J2(δ2)

−J3(δ1)J0(δ2)] exp(−j6πfmt)

+[J5(δ1)J0(δ2) − J1(δ1)J2(δ2)

−J2(δ1)J1(δ2) − J4(δ1)J3(δ2)]

× exp(j10πfmt)

= [J1(δ1)J0(δ2) − J5(δ1)J2(δ2)

−J2(δ1)J1(δ2) + J4(δ1)J1(δ2)]

×[exp(j2πfmt) + c3 · exp(−j6πfmt)

+c5 · exp(j10πfmt)], (3)

ù p δ2 = (πVpp2)/(2Vπ), � L �   N � � Ý.
d (3) ªwÑ, z�ªÇ�ÌÝòd Vpp1 Ú Vpp2

�Óû½. Ù¥

c3 =
[J0(δ1)J1(δ2) + J3(δ1)J2(δ2) − J3(δ1)J0(δ2)]

[J1(δ1)J0(δ2) − J5(δ1)J2(δ2) − J2(δ1)J1(δ2) + J4(δ1)J1(δ2)]
, (4)

c5 =
[J5(δ1)J0(δ2) − J1(δ1)J2(δ2) − J2(δ1)J1(δ2) − J4(δ1)J3(δ2)]
[J1(δ1)J0(δ2) − J5(δ1)J2(δ2) − J2(δ1)J1(δ2) + J4(δ1)J1(δ2)]

, (5)

©O�L\1 3fm �ª&Ò���n�G6Xê
ÚÊ�G6Xê, Ù��þÏ,��ª>Ø�\1

u)
Cz (�{B, E©O±n�G6ÚÊ�
G6�¡).

d� I/Q N�ì�8�zDÑ¼ê�

T = exp(j2πfmt) + c3 · exp(−j6πfmt)

+c5 · exp(j10πfmt). (6)

(6) ªm>1���¤I��&ÒÜ©, 1���
n��ÅG6Ü©, 1n��Ê��ÅG6Ü©.

�
�Øn�G6�K�, �é�½� Vpp1,

ÏLN! Vpp2 ���¦�1���Xê c3 �",
d�8�zDÑ¼êC�

T = exp(j2πfmt) + c5 · exp(j10πfmt), (7)

� (1) ª�', w,DÑ¼ê��
Uõ.

�
ïþén�G6�³�§Ý, ½Â¤I&
ÒõÇ (^ P+1 L«) �n�G6ÚÊ�G6�õ
ÇÚ (©O^ P−3 Ú P+5 L«) �'�� SNR, Ù
½ÂªXe:

SNR =
P+1

P−3 + P+5
. (8)
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�n�G6c�� SNR ©O^ SNR1 Ú SNR2 L
«, Ù���ûu\13 I/Q N�ìþ��ª&Ò
ÌÝ���. ÏLÜn�O�ª°Ä>Ø, �±�
��Øn�G6, ¦ SNR2 ����.

ã 1 ³�n�G6�nã

3 �ý(J�©Û

3.1 ���âââ SNR ÏÏÏééé���ZZZóóó���^̂̂���

�âc¡�½Â��, SNR2–SNR1 ���u 0
�«��±Uõ&D'.ã 2 � SNR2–SNR1 'u
�ª>Ø Vpp1 Ú Vpp2 �Cz­�. �éz� Vpp1,
�±l�u 0 �«�¥éÑ����� SNR2 9Ù
éA� Vpp2. dã 2 �±w�, � Vpp1 �u 1.44Vπ

�, SNR2–SNR1 þªu 0, éØ��A�:�±
Jp SNR. Ïd, ��Ä Vpp1 �u 1.44Vπ ��¹.
ã 3(a) �Ñ
z� Vpp1 éA��� SNR2,ã 3(b)
���� SNR2 �éA� Vpp2. lã 3(b) ²ww
Ñ, � Vpp1 ªu 1.44Vπ �, Vpp2 ªu 0, ¤± SNR2–
SNR1 ªu 0. éÜã 2 Úã 3, ·��±ÀJ�Z
�ª>Ø5³�n�G6.

ã 2 SNR2–SNR1 ��ª>Ø Vpp1 Ú Vpp2 �Cz

ã 3 SNR (a) SNR1 Ú�� SNR2; (b) �� SNR2 éA� Vpp2

3.2 õõõ111ÅÅÅNNN���ÑÑÑÑÑÑ(((JJJ���'''���

�
�ynØ©Û(J, ·��ï
ÄuÌ�
ª£ì�õ1Å1
�ý²�, Ù(�Xã 4 ¤«.
äNëê��Xe: �ª&Ò�ªÇ� 12.5 GHz;
3 dB ÍÜì!I/Q N�ìÚÈÅì��\�Ñ
©O� 3 dB, 13 dB Ú 3 dB; -1
�ÑÑõÇ
� 12 dBm; .ù��ì��ÚÑÑõÇ� 25 dBm.

3.2.1 ü�1ÅªÌ
·��ý
² I/Q N�ì�ÑÑ�ªÌã,

Xã 5 ¤«, d?� Vpp1 = 0.365Vπ (³�n�
G6c, ÑÑ 24 �1Å���k�1&D'¤
éA��ª>Ø [21]), Vpp2 = 0.0053Vπ, d:´
� Vpp1 = 0.365Vπ � SNR2 U
�����:.
ã 5(a), (b) üã©O´�³�n�G6Ú³�
n�G6��ÑÑªÌã, �±wÑã 5(b) ¥�
n�G6A�����, `²3æ^
ã 1 ��
Y�n�G6²w~�. d�, SNR1 = 37.1 dB,
SNR2 = 65.1 dB.
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ã 4 õ1Å1
�)µã

ã 5 ÑÑªÌ (a) ��G6�ÑÑªÌã; (b) �G6���
ÑÑªÌã

3.2.2 24 �1ÅªÌ
·��ÏLê��ý'�
ÑÑf1Åê8

� 24 ��f1Å�8�zG6 [21] �©Ù�¹, X
ã 6 ¤«. dã�±²wwÑ, æ^³�n�G6
��Y��f1Å?�G6:ì~�.

ã 6 8�zG6

ã 7 24 �1Å�­½ÑÑ (a) ��G6�ÑÑªÌã; (b)
�G6���ÑÑªÌã

ã 7 ´ 24 �1ÅÑÑªÌã. ã 7(a) ´�
�n�G6� 24 �1Å, 1Å�mõÇ���
� 2.5637 dB.ã 7(b) ´�n�G6�� 24 �1Å,
ÑÑ1ÅäkéÐ�²"Ý, �du,��ª&Ò
�\1¦�Ê�G6�ÌÝC¤K�, �G6��
1ÅõÇE¬k��eü�ª³, 1Å�m���
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õÇ��� 0.0965 dB. �'u�³�n��ÅG
6��¹, 1Åm��õÇ��~�
� 2.5 dB, �
��J�´'�²w�.

3.3 kkk���111&&&DDD'''���'''���

3Ø�Ä��ìD(��¹e, �âã 3(a) �
�, Vpp1 ��, SNR ���p, 
��G6��J
�Ð. ,
, 3¢SXÚ¥, du��ìD(�K�,
XJ Vpp1 é�, ���1ÅÌÝÒ¬é�, �A�
1&D'Ò'�$. Ïd, ·�3dæ^©z [21]
JÑ�k�1&D' (^ OSNReff L«) 5ïþ�
�õ1Å�ÑÑ�þ. éu�G6�� OSNReff ,
b½n�G6®���Ø, ��Ä ASE D(ÚÊ�
G6�K�, ÙêÆL�ªXe:

OSNReff

= −10 lg
(

10−
OSNRRaman

10 + 10−
OSNR5th−harmonic

10

)
,

(9)

Ù¥, OSNRRaman (dB) ≈ 58 + (Pout (dBm)–NF (dB)
– Ltotal (dB) ) – 20lgN ´��Ä ASE D(�.ù
��ìÑÑ1&D', OSNR5th−harmonic (dB) = –
20lg (|c5|) – 10lg (N – 4) ´��ÄÊ�G6Ú\
�1&D', Pout Ú NF ©O´��ì��ÚÑ
ÑõÇÚD(�ê, Ltotal ´ÍÜì!I/Q N�ì
ÚÈÅì��\�Ñ±9 I/Q N�ì�N��Ñ
�Ú.ã 8 ´ OSNReff 'u Vpp1 Ú1Åê8 N �
�pã,ã 8(a), (b) ©O´�G6c�� OSNReff .
� Vpp1 = 0.365Vπ, Vpp2 = 0.0053Vπ, N = 24, �â
ã 8, �G6c� OSNReff �� 19.311 dB, �G6
�� OSNReff �� 21.175 dB, ù`²ã 1 ��Y
3k�³�n�G6�Ó�, �Jp
 OSNReff .

3.4 ���nnn���^̂̂���eee���nnn���GGG666³³³������¹¹¹

þã³�n�G6�Y�©Ûþ´3n��
¹eéA�Z�ª>Ø Vpp2 ¤?1�. ¢SXÚ
¥, �ª>Ø Vpp2 ��'��, éu°(Ý�¦'
�p, �U�n��¹�3�½Ø�. ã 9 ´ Vpp2

� �   l n � � 10%� 1 Å � ª Ìã. ã 9(a)
Ú (c) ©O´ Vpp2 ��'n��� 10%�ü�
1ÅÚ 24 �1Å�ªÌã, 1Å¸�õÇk��

eü�ª³, Ù��õÇ��� 0.306 dB. ã 9(b)
Ú (d) ©O´ Vpp2 ��'n��� 10%�ü�1
ÅÚ 24 �1Å�ªÌã, dud�n�G6´�
�, ¤±1Å¸�õÇk��þ,�ª³, Ù��
õÇ��� 0.171 dB. �±wÑ, � Vpp2  ln�
��, n�G6vk���³�, Ïd 24 �1Å�
m���õÇ���éun��¹ÑkO�. �´
�vkæ^n�G6³��Y��¹�',ã 9(c)
Ú (d) 1Åm��õÇ��©O~�
� 2.26 dB
Ú 2.39 dB, 
�n��¹e�ã 7(b) ��'��
C.Ó�, � Vpp2 ��'n��� 10% Ú� 10%�,
OSNReff ©O� 21.176 dB Ú 21.174 dB, ��n�
�¹e���©�C. (JL²: =¦3 Vpp2 ��
 ln�� 10%��¹e, d³�n�G6��Y
�,´�1�.

3¢S¢�XÚ¥, �±ÏLN!�N!P~
ì½öO\���ì59ÏN! Vpp2 ����±
��'�Ð�n�G6³��J.

ã 8 (a) ��G6� OSNReff ; (b) �G6��� OSNReff
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ã 9 �n��¹e�ªÌã (a) Vpp2 ~� 10%�ü�1ÅªÌã; (b) Vpp2 O\ 10%�ü�1ÅªÌã; (c) Vpp2 ~
� 10%� 24 �1ÅªÌã; (d) Vpp2 O\ 10%� 24 �1ÅªÌã

4 ( Ø

JÑ
3 I/Q N�ìü|´þ2\1��ªÇ
� 3fm ��ª&Ò5³�ÄuÌ�ª£Eâ�õ
1Å1
XÚ¥n�G6��Y, nØ©ÛÚê�
�ý��
�Øn�G6��Z�ª>Ø,Ó�'
�
³�n�G6c��&D'!�f1Å�8
�zG6!1Å²"Ý±9k�1&D'. ��æ

^n�G6³��Y�(J'�, 24 �1Åm��
�õÇ��~�
� 2.5 dB, k�1&D'Jp

� 2 dB. ��©Û
ªÇ� 3fm ��ª&Ò>Ø
� ln����¹, Ù1Åm��õÇ��Úk
�1&D'þ�Cn�^�e��. ïÄ(JL²,
æ^ù«�Y5³�½�Øn��ÅG6, �±k
�/Jpõ1Å1
�ÑÑ�þ, ¦Ùk��då
A^ue���'A1nÏ&XÚ.
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Abstract

The output quality of frequency-locked multi-carrier source based on recirculating frequency shifter (RFS) technology is easily

influenced by the inherent high-order harmonic crosstalk of modulator, especially the third-order crosstalk. In order to reduce the

third-order crosstalk, a scheme that another RF signal whose frequency is 3fm is loaded on both ports of I/Q modulator is adopted.

The first-order signal it produces is used to suppress the third-order crosstalk. A multi-carrier source whose number is 24 and maximal

power difference is smaller than 0.1 dB is achieved through theoretical analysis and simulation research. The effective optical signal-to-

noise ratio (OSNR) of multi-carrier source is improved by 2 dB compared with that before using the scheme of suppressing third-order

crosstalk.
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