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�
ü$ ROF XÚ¤�, O\DÑål, JpXÚ5U, JÑ
�«Äu#. �½Î�Åu)ì�11Ã
�Ï&e1ó´DÑXÚ. �DÚ ROF XÚ�', TXÚ|^� 1n1»Àª�)�ü� �½-1&Òûª
�)Î�Å, ´u¢y¿ü$
õÇD(éXÚ�K�. �ý©Û
TXÚ¥�/-1ìrÝ!Ì�°Ý!� 1
n1»��ÌA5éÎ�Å5U�K�; ©Û
XÚ¥� 1n1»�+�ò!�Ý!ÚÑ, VÅ�-1&ÒóÀ
�ä°Ý!}òXêéÎ�ÅªÇ�K�. `z� 1nëê, �ª�) 60 GHz �Î�Å&Ò, ¿©ÛTÎ�Å&
Ò3 ROF e1ó´�DÑ5U, (JL²TÎ�Å��B1ÅN��1Åþl¥%ÕDÑ 80 km �ÄÕ�²U�
u��^rà, )NE,��éÐ�úã, ¿©y²
��Y�`�5U.

'�c: 1nÃ�Ï&XÚ, Î�Å, � 1n, 1Ï&

PACS: 42.25.Ja, 42.30.Lr, 42.65.–k

1 Ú ó

�X£ÄÏ&�×�uÐ, ykÃ�ªÌ]
®Ã{÷vFÃO\�°�Ã��Ö�I¦ [1,2],
�)ûÃ�ªÌ]"y�¯K, <�JÑ
11
Ã�Ï& (radio over fiber, ROF) Eâ. TEâ|^
1n¢yÎ�ÅB1Å�DÑ, Q�)ûÎ�Å3
�í¥DÑålá�¯K, q�¢y�NþDÑ!
p��\�Ï&I¦, �@�´�5�°�Ã��
\�kcµ�Eâ��, Cc5Úå
<�2��
'5. Î�Åu)ì3 ROF XÚ¥äk��Ú
u���^, ´K� ROF XÚ5U�'�Ï�
��; DÚ ROF XÚ¥�1)Î�Å�{k: ��
N�{!	ÜN�{!1	��{; Ù¥1	�
�{´�«�é{ü!¤��$�Eâ. 1	�
�{��n´�ü�ªÇ��u¤I�Î�Åª
Ç�Ä�°1Å31>&ÿì¥ûª�)Î�Å
&Ò, ûª¤I��ü�1Å&Ò�±ÏLü�Õ
á���N-1ì�) [3]; �duü���N-
1ì�Ð©� Ø�', ���)�Î�Å&Ò�

°é°, Ó���X�Å�� D(, ùòéXÚ
5UE¤é�K�. Cc5<�JÑ
15\£½
{ (OIL)[4]!1Æ£��{ (OPLL)[5] Ú15\£
��{ (OIPLL)[6] �Eâ±~�-1ì�Å� 
D(�K�, ùA«EâÑI�E,���ÚXÚ
(�, l²L¤�5�Ä, ·�F"é�QU~�
� D(qUü$¤��Eâ. �©JÑ
�«Ä
u#. �½Î�Åu)ì�11Ã�Ï&e
1ó´, �DÚ ROF ó´�'�, TXÚ�Î�Å
u)ì(�{ü!;n, ¤�$, õÑ�, ´u¢y;
¿�|^� 1n1»Àª�)�ü� �½
-1&Òûª�)Î�Å, ¿æ^6 ì(�
ü
��� ��õÇ���5, ;�
1	�¥Ð©
� Ø�'�":, ��ü$
õÇD(éXÚ5
U�K�, Jp
XÚDÑ5U.

2 Ä��n

Äu#. �½Î�Åu)ì�11Ã�
Ï&e1ó´Xã 1 ¤«. TXÚÌ�d¥%
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Õ (central station, CS)!ÄÕ (base station, BS) Ú^
rà (mobile station, MS) |¤. #. �½Î�
Åu)ì��¥%Õ�Ì���, 3XÚ¥äk
��Úu���^, §Ì�dÄu� 1n
1» (PMFBG) ��/-1ì!6 ì (PS)!� 
1n (PMF) Úp�1>&ÿì (PD) |¤. Ù�n
�: �/-1ìÑÑ� �����VÅ�-1
&Ò?\6 ì¿©6 �, ²� 1nDÑ, ±
(�VÅ�-1&Ò�õÇ��, ��, 3p�&
ÿì¥ûª�)Î�Å&Ò; ÏLUC\3� 
1n1»þý�Aå���Ú��, �k���ü

-1&Ò�ªÇm�, =���)�Î�ÅªÇ.
3¥%ÕÄ�&ÒÄkN�� �½Î�Åu
)ì�)�Î�Åþ, ,�ÏLêâ - Q��N�
ì (MZM) N��1Åþ?\1nDÑ, 1nòÙ
DÑ�ÄÕ, 3ÄÕÑ²L1>&ÿì1>=�)
NÑÎ�ÅB1Å&Ò, ,�²LU�ux�^r
à, ^rà²L�Z)NÑ�kD(� ASK Ä�
&Ò, ,�ÏL��$Ïo��l�ÈÅìÈÑ¤
��Ä�&Ò. �
©Û�B, ·�b�3ÄÕ¥
1>=�Ñ�Î�ÅB1Å&ÒÚ MS �Â��
Î�Å&Ò���Ó [7].

ã 1 Äu#. �½Î�Åu)ì�11Ã�Ï&e1ó´

�-1ìÑÑ�ü��� ��-1&Òó
À�ä©O�

A′
x(z = 0, t) = A0x exp(−(1 + iC1)t2

2T 2
1

), (1)

A′
y(z = 0, t) = A0y exp(−(1 + iC1)t2

2T 2
2

), (2)

C1, C2 Ú T1, T2 ©O�ü-1&ÒóÀ�ä}ò
XêÚ°Ý.

Ø�Ä� 1n�P~�Ñ��¹e, � 1
n¥�ÍÜÅ��5�§� [8]

∂Ax

∂z
+ δ

∂Ax

∂t
+

i
2
β2

∂2Ax

∂t2

= iγ(|Ax|2 +
2
3
|Ay|2)Ax, (3)

∂Ay

∂z
− δ

∂Ay

∂t
+

i
2
β2

∂2Ay

∂t2

= iγ(|Ay|2 +
2
3
|Ax|2)Ay, (4)

Ù¥, γ ���5Xê, β2 �+�ÝÚÑXê, Ù�
��K, ùÌ��ûu1Å�´�u�´�u1n
�"ÚÑÅ�. 2δ = (1/υgx −1/υgy) �ü� ��
©þ3 X ¶Ú Y ¶þ�+�ò�Ý�ê��, Ax

Ú Ay ©O� X  ��Ú Y  ��©þ��ä, ü
� ��©þ�©OL«�

Ex(z, t) = Ax(z, t) exp(−iω0t) exp(iβxz), (5)

Ey(z, t) = Ay(z, t) exp(−iω0t) exp(iβyz), (6)

ω0 �óÀ�ªÇ, βx Ú βy ©O� x  ��Ú y  
���óÀÅê.

3 (3) Ú (4) ª¥, du� 1n�Vò�éÚ
ÑXê�K�é�, ¤±·�b�ü� ��©þ
�ÚÑXê´�Ó�. �â ��éA�+�ÝÚ
�m�'X, (Ü τx = t − δz Ú τy = t + δz �C
�, ¿�Ñ� 1n���5�Ñ. K (3) Ú (4) ª
�{z�

i
∂Ax(τx, z)

∂z
=

1
2
β2

∂2Ax(τx, z)
∂τ2

x

, (7)

i
∂Ay(τy, z)

∂z
=

1
2
β2

∂2Ay(τy, z)
∂τ2

y

. (8)

ò (1) Ú (2) ª©O�\ (7) Ú (8) ª, du-
1ìÑÑ�ü-1&ÒÐ©� �Ó, 6 ì¦
ü��� ��õÇ��, ¤±ü-1&Ò�óÀ
�ä´�Ó�, = C1 = C2 = C, T1 = T2 = T0,
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A0x = A0y = A0. �±��ü��� ��-1&
ÒóÀ�ädu1nÚÑ��^��� Ïf©
O�

ϕ(z, τx) =
1
2

[
−(β2z + CT 2

0 + Cβ2z)τ2
x

(T 2
0 + Cβ2z)2 + (β2z)2

+arctan
β2z

T 2
0 + Cβ2z

]
, (9)

ϕ(z, τy) =
1
2

[
−

(β2z + CT 2
0 + Cβ2z)τ2

y

(T 2
0 + Cβ2z)2 + (β2z)2

+arctan
β2z

T 2
0 + Cβ2z

]
. (10)

�±wÑ, �/-1ìÑÑ�ü��� ��-1
&Ò²L� 1n�u)
ªÇ}ò, ü�-1&
ÒÏL� 1n���éªÇ £þ�

∆ωPMF =
dϕ(z, τy)

dτy
− dϕ(z, τx)

dτx

= − 2(β2z + CT2
0 + Cβ2z)

(T2
0 + Cβ2z)2 + (β2z)2

· δz. (11)

�Ý� L �� 1néü-1&Ò��éª
Ç £þK�� [9]

∆fPMF = − δL[CT2
0 + β2L(1 + C2)]

π(T2
0 + Cβ2L)2 + π(β2L)2

. (12)

� ∆fPMF < 0 �, ¬~�ü�-1&Ò�ª
Ç�, l~��)�Î�ÅªÇ; � ∆fPMF > 0
�, ¬O�ü�-1&Ò�ªÇ�, lO��)
�Î�ÅªÇ.

3 �ý©ÛÚ`z�O

3.1 ---111ìììéééÎÎÎ���ÅÅÅ555UUUKKK���©©©ÛÛÛ

ã 2 �-1&ÒrÝéÎ�ÅõÇ�K�. �
�, Î�Å&ÒõÇ�-1ìÑÑ�-1&ÒrÝ
¤�'. ¤±, ÏLN��/-1ì�n�!1n
�,�Ë��°�UC�/-1ìÑÑõÇ�±
¼�ØÓrÝ�Î�Å&Ò [10−14]. ÏLé�Éà
&Ò�ØèÇ5©ÛVÅ�-1&ÒÌ�°Ýé
Î�Å5U�K�, Xã 3 ¤«. �±wÑ, -1&
Ò�Ì�°Ý�Ä, ØèÇ��. Ïd��Ä�°
��/-1ìé�XÚc��.

3¢S¥, du� 1n1»���ó², ±
9�)Vò��^å�Øþ!5��Ï¬¦1»
�ü���Å�¤éA���Çk¤�É, l¦
-1ìÑÑ�VÅ�-1&ÒõÇØ��. ã 4 �
� 1n1»ü��¸��Ç�é�ÂàØèÇ
�K�. �±wÑ, �ü��Ç��3 0—0.1 �m

Cz�, éØèÇK�Ø�, �´�u 0.1 �éØè
Ç�K�'��.

ã 2 -1&ÒrÝéÎ�ÅõÇ�K�

ã 3 -1&ÒÌ�°ÝéÎ�ÅDÑ5U�K�

ã 4 � 1n1»ü��¸��Ç��K�
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ã 5 � 1n+�òéÎ�ÅªÇ�K�

ã 6 � 1n�ÝéÎ�ÅªÇ�K�

3.2 ���   111nnnéééÎÎÎ���ÅÅÅªªªÇÇÇKKK���©©©ÛÛÛ

ã 5 �� 1n+�òéÎ�ÅªÇ�K�.
��, éÎ�Å&ÒªÇ�K��� 1n+�
ò¤�'. ã 6 �ØÓÚÑXê� 1n��Ý
l 0—20 km Cz�éÎ�ÅªÇ�K�. �±w
Ñ, �� 1n�Ý3 0—10 km SCz�, 1n�
ÝCzéÎ�ÅªÇ�K�'�wÍ, �1n�Ý
���½���, �ÝéÎ�ÅªÇ�K��J~
f. ,	, �XÚÑXê�~�, � 1n�ÝCz
éÎ�ÅªÇK��J�\wÍ. ã 7 �� 1n
+�ÝÚÑéÎ�ÅªÇ�K�. ��, ÃØ3�
~ÚÑ«�´�~ÚÑ«, �X� 1nÚÑXê
�~�, éÎ�ÅªÇK�§ÝO�.

3.3 ---111&&&ÒÒÒóóóÀÀÀ���äääéééÎÎÎ���ÅÅÅªªªÇÇÇKKK���

ã 8 �-1&ÒóÀ�ä°ÝéÎ�ÅªÇ
�K�. �±wÑ�XóÀ�ä°ÝO\, éÎ�

ÅªÇ�K�kO��~�, �óÀ�ä�°ÝO
���½§Ý�, óÀ�ä°Ý�O�éÎ�Åª
ÇvkK�. ã 9 �ü-1&ÒÏLØÓ�Ý��
 1n�, }òXêéÎ�ÅªÇ�K�, �±w
Ñ, }òXêéÎ�ÅªÇ�K�Ó�ØN�À.

ã 7 � 1n+�ÝÚÑéÎ�ÅªÇ�K�

ã 8 -1óÀ�ä°ÝéÎ�ÅªÇ�K�

ã 9 -1óÀ�ä}òXêéÎ�ÅªÇK�
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ã 10 60 GHz Î�Å&Ò ã 11 11ÅªÌ

ã 12 11ÅDÑØÓål��Âà�úã

3.4 eee111óóó´́́`̀̀zzz���OOO999DDDÑÑÑ555UUU

ÏL±þ�©Û�±�Ñ(Ø, ÏL`z� 
1n�ëê, �±¦� 1néÎ�ÅªÇØ�)
K�, l¦Î�ÅªÇ�ÉVÅ�-1&ÒªÇ
m��K�, ±�BN�. ·�À�+�ÝÚÑX
ê� −20 ps2/km!�Ý� 2.5 km �� 1n, �-
1&ÒóÀ�ä�}òXê� 1, °Ý� 10 ps �,
� 1néÎ�ÅªÇvkK�. d�, )¤�Î
�ÅªÇ=�� 1n1»ü��¸éA�ªÇ
�. � 1n1»ü��¸éAªÇ�� 60 GHz
��)�Î�Å&ÒXã 10 ¤«.

3¥%Õ, ò�Ç� 2.5 Gbit/s ��8"è�

�ÅS���Ä�&ÒÏL¦{ìN���)�
Î�Åþ¢y ASK N�, ��Î�ÅB1Å&Ò.
�Ä�&Ò�

m(t) =
∑

n

ang(t − nT), (13)

ª¥ an ���èÎÒ, g(t − nT) �ü45Ø8"
Å/, T �è�m�.  �½Î�Åu)ì�)
�Î�Å&Ò� iRF(t) = ARF cos(ωRFt), Ä�&
ÒN�����Î�ÅB1Å&Ò�

Sms(t) = m(t) × iRF(t)

= ARF

∑
n

ang(t − nT ) cos(ωRFt). (14)
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,�2òÎ�ÅB1Å&ÒÏL MZM rÝ
N�ìN��1Åþ��11Å [15]

Sos(t) = c(t) × cos[∆ϕ(t)] × exp[j∆θ(t)]. (15)

ã 11 �11Å Sos �ªÌã. (15) ª¥ c(t)
� 1 & Ò, ∆θ(t) � N � & Ò �   C z, ∆ϕ(t)
� MZM ü:&Ò�� �, ÙL�ª�

∆ϕ(t) = 0.5π{0.5 − Erc[Sms(t) − 0.5]}, (16)

Ù¥ Erc = 1− 0.25π× arctan(1/
√

K), K � MZM
��1'.

éë�¥%ÕÚÄÕ�ü�1næ^ÚÑÖ
�Eâ. æ^dü�1nò11Å Sos DÑ�ÄÕ,
3ÄÕ1>=��²Lõ�!U�u��^rà,
3^rà²�Z)N¿^ÈÅìÈÑD(. ã 12
�11Å3ü�1n¥DÑØÓål3^rà)

N���úã, �±w�, �XDÑål�O�, ú
ã�pÝ¬Åì~�, �´�11ÅDÑ 80 km �
)N���Ä�&ÒúãE�4Ü, ¿©Ð«
T
XÚ3�ålDÑ��`�5U.

4 ( Ø

JÑ
�«Äu#. �½Î�Åu)ì
�11Ã�Ï&e1ó´, ©Û
�/-1ì!�
 1n!-1&ÒóÀ�äéXÚ5U�K�, `
z� 1nëê��ª�)
 60 GHz �Î�Å&
Ò, ¿�y
Ù3e1ó´¥���±DÑ 80 km,
¿©y²
��Y�`�5. �e��p��Nþ
� ROF XÚJø
�«�1��À�Y.
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Radio-over-fiber downlink system based on a new
polarization-stable millimeter-wave genarator∗
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( Received 27 June 2011; revised manuscript received 21 August 2011 )

Abstract
A radio-over-fiber(ROF) downlink system based on a new polarization-stable millimeter-wave generator is proposed to reduce

costs, increase transmission distance and improve system performance. Compared with traditional system, the system uses two
polarization-stable laser signals produced by selecting the frequency of the polarization maintaining fiber Bragg grating(PMFBG)
to generate millimeter-wave by beating frequency. It is easy to be implemented and the influence of power noise on the system
is reduced. The effects of laser power, linewidth and reflectance spectrum of PMFBG on the performance of millimeter-wave are
analyzed; Simulation shows that the frequency of millimeter-wave is affected by the group delay, the length, the dispersion of the
polarization-maintaining fiber(PMF) and the width, the chirp coefficient of laser’s pulse profile. After optimizing parameters of PMF,
millimeter-wave of 60GHz is generated, and the ROF downlink system is analyzed. The results of the study show that the eye dia-
grams demodulated in the mobile station are excellent when the optical carrier which is modulated by the millimeter-wave serving as
sub-carrier transmits over 80 kilometers from center station to base station. The excellent performance of the system is verified.

Keywords: radio-over-fiber system, millimeter-wave, polarization-maintaining fiber, optical communications
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