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^1�"��N-1ì�)·b�°� (UWB) &Ò, �ï
·b UWB 11Ã�Ï&ó´, ¢y
 360,
720 Mbit/s Ú 1.44 Gbit/s n«ØÓDÑ�Çe·b UWB óÀ&Ò�)¤ÚDÑ. 3�²?ÛÚÑÖ�?n��¹
e, 1.44 Gbit/s �·b UWB &Ò3²L 10 km ü�1nÚ 0.6 mÃ�ó´DÑ�, 3U��Âà�¤õ)N. du
·b UWB &ÒÑÑ��Å5, éA� UWB &ÒªÌ¥�Ñy?ÛlÑ�Ì�. ù¿�X|^·b UWB &Ò¢y
�11Ã�Ï&ó´, �±��;�lÑÌ�éXÚDÑ5U��z.

'�c: ��N-1ì, ·b-1, �°�&Ò, 11�°�

PACS: 42.55.Px, 42.65.Sf, 42.79.Sz

1 Ú ó

3@Ï�°� (UWB) EâïÄ¥, ±óÀÃ
�>�Ä:� UWB EâÏÙäkU
 “Bß” æ
N�A5
�2�A^3�¯+�. 2002 c, {
Ié�Ï&�
¬ (FCC) �ªON UWB Eâ?
\¬^+�, ¿úÙò 3.1—10.6 GHz �Ãìª
ãm�^u¿SÃ�Ï&9Da�ä. �
;
� UWB &ÒéÙ¦Ä�Ã�Ï&XÚE¤Z6,
FCC ò UWB õÇÌ�Ý�½3 −41.3 dBm/MHz
±e [1]. 3À-Ã�>�°� (IR-UWB) XÚ¥,
DÚ��uÃ�1Å�3'Az¦�À->ó
À S � ¤ � �, ù ¦ � IR-UWB & Ò ä k � °
° (−10 dB �°�u 500 MHz)!õÇ$!�Ç
p!½ °(Ú|Z6Uår�A: [2]. �
÷
v FCC é UWB ªÌ��½, ïÄök�JÑõ
«óÀ¤.Eâ, ~X|^>�©ì�)���
pd.óÀÚ|^9D(
½·b>´�)��
ÅS�óÀ� [3]. �, UWB Ï&XÚkXÃõ
`É�A5, �´3¢SA^¥, éuü�^r�
Ò´ UWB XÚ���ÄÕ, UWB &Ò�UDÑ
ê��ê��.�
ÿÐ UWBÃ�Ï&�DÑå

lÚCX��, ¿r¤TÏ&XÚ�Ù¦�äm�
KÜpé, ©z [4] JÑ
 UWB 11Ã�>Ï&
�Y. 3d�Y¥, UWB &ÒÄk3¥%ÄÕ�)
¤, ,�ÏL1n�¤�ålDÑ, 3^rÄÕ�
à, 1fÆ UWB &Ò²d1>&ÿì (PD) =�
¤ UWBÃ�>&Ò¿ÏL UWB U��¤&Ò�
u�Ú�Â.

3L��Ac¥, �«a.�apdóÀ�)
¤�DÑ��
|^1fÆ�{�)5K UWB ó
À&Ò��Y�2���. ©z [5—7] |^1�
 N�ì!p��51nÚ�Å1f�ªì (X1
nÙ.�1»±9�n��ì�) ¢y� N��
rÝN��=�, l
�)÷vØÓ�¦� UWB
óÀ. 2008 c, ©z [8,9] A^êâ-Q��N�
ì (MZM) Úi�B� (sagnac) 1n����5A
5©O�¤
��9��pdóÀ)¤. 2009 c,
u¥�E�Æ�ûð�E�ÆÜ�|^?é�>
áÂN�ì9��N1��ì���áÂN�Ú
��OÃN��¤
��9��pdóÀ¤/ [10].
2011 c, ©z [11] JÑ
��Äu��N-1ì
ó�3ü�±Ï��l
�)����N UWB ó
À��{. ©z [12] |^��Z1|U\Eâ�
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)
óÀÃ�> UWB &Ò, ¿¢y
 50 km 1n
Ú 2.9—3.3 m �Ã�DÑ.©z [13] Äu� N�
�rÝN��=�, ¢y
ØÓ�Çe� UWB &
Ò)¤, ²L 22.5 km 1nDÑ�¢y&Ò�)N.
©z [14] |^>áÂN�ì�1Ø �A�)p
�Ç UWB &Ò¿3 40 km �ü�1n (SMF) S
?1
DÑ. ,
5K UWB &ÒS��óÀ5K
5Ú±Ï5��ÙUþ3ª�þlÑz©Ù, =ª
Ì¥¬klÑ�Ì�Ñy, ¦ UWB Ï&XÚéÙ
¦XÚ�ª�Z6��U5��O\, ùî­��

 UWB &Òu)ì�u�õÇ [15]. ���8c,
©lÌ�3 UWB 11Ã�>¥¤Úå�¯K¿
���)û. �,ù
¯K�±ÏLÚ\ËÄ [16]

½ö`zN��ª [17] 
��k��), �ù¬O
\ UWB 11Ã�>ó´�¤�ÚE,Ý. ,	, d
u´L�1Ì¤©±94Ä�óÀ°Ý, ¦�þã
1) UWB &Òé1nÚÑ�A4Ù¯a, l
Ú
u UWB &Ò�/C. Ïd, ©z [12—14] ¥7L
A^ÚÑÖ�C�5�¤é1fÆ UWB óÀ�2
¤., ±�y�ª²U�u�� UWB &Ò�ªÌ
/G, �ù7,¬��11Ã�>ó´3¢SA^
¥�(¹5.
©z [18—20] JÑ¿Øy
Äu��N-

1ì��5Ä�A5�1)·b UWB &Ò�
Y. 3�©¥, ·�|ï
�«#.� UWB 11

Ã�>Ï&XÚ, ¢y
n«ØÓDÑ�Çe·
b UWB &Ò�N�, ¿3�²L?ÛÚÑÖ�
?n��¹e, 3U��Âà¤õ¢y&Ò)N.
du·b UWB &ÒÑÑ��Å5, éA�&Ò
ªÌ¥�Ñy?ÛlÑ�Ì�, �pDÑ�Ç�
� 1.44 Gbit/s.

2 ªÌ���·b UWB &Ò)¤�
n9�[(J

1�"·b-1ì�) UWB óÀ&Ò�XÚ
�.Xã 1 ¤«. ·b��
d��N-1ì (LD)
Ú����Xê�N�1n��º (FM) |¤. 3
·���"rÝe, -1ìòd­�?\·b�,
l
Ñ�·b-1, ÏLN� �>6Ú�"rÝ
���T·b-1�ªÌA5 [21]. T·b1\�
���	N�ì, ò��8"èS�\1�	N�
ìþ, ��éd·b1?1m'�� (OOK) N�,
l
)¤B¦þ?� UWB ·b1óÀ&Ò. �ó
À°Ý tp ÷v tp > 1/2∆F (∆F ��©·b&Ò
� −10 dB �°) �, ·bóÀ&Ò��°ò��©
ëY·b&Ò��° ∆F ��. Ïd, ·��±3
N�&Òcé·b-1�ªÌþ�`z, ±¢yé
·b UWB óÀ&ÒªÌ��� [18].

ã 1 1�"·b-1ì�) UWB óÀ&Ò�XÚ�.

�
ý�·b-1ÑÑé1fÆ·b UWB &
ÒªÌA5�K�,·�éã 1 ¤«�1�" LD
�·bÑÑG�?1ê��[. 1�" LD XÚ�
nØ�.�de�1|E�Ì E Ú16f�Ý N

��Ç�§| [21] 5£ãµ

dE

dt
=

1 + iα
2

[
g(N − N0)
1 + ε|E|2

− τ−1
p

]
E

+
kf

τin
E(t − τ) exp(−i2πνsτ), (1)

dN

dt
=

Ib

qV
− N

τn
− g(N − N0)

1 + ε|E|2
|E|2. (2)

ùp kf ��"Xê, �"rÝ� 10 lg (k2
f ) dB,

� " ò � �� τ = 20 ns, � ¢ � X Ú � é A.
� [ ¥ ^ � � Ù ¦ ë ê X e: ß ² 1 6 f ß
Ý N0 = 0.445 × 106 µm−3, K�>6 Ith = 22 mA,
�&ÒOÃXê g = 1.414 × 10−3 µm3·ns−1, 1
6fÆ· τn = 2.5 ns, 1fÆ· τp = 1.17 ps,
-13nS �±Ï τin = 7.38 ps, �°OrÏ
f α = 5.0, OÃ�ÚXê ε = 5 × 10−5 µm3, k

�NÈ V = 324 µm3.

Äk,·�ê�©Û
 LD 3ØÓ �>6Ú
�"rÝe�ÑÑA5. ã 2 ¤«� �>6 Ib

Ú�"rÝ f ©O� 1.8Ith,2.2Ith,2.2Ith Ú −23,
−23, −15 dB �·b-1ÑÑéA�ªÌ!g�
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'ã±91Ì. '�ã 2(a), (d) �±wÑ, � Ib

l 1.8Ith N!� 2.2Ith �, ·b-1ªÌ�¥%ª
Çl 3.2 GHz O\� 4.1 GHz. 
3 Ib = 2.2Ith, f

l −23 dB N!� −15 dB �, ·b-1ªÌ��°
O\� 6 GHz �m, Xã 2(g) ¤«. lã 2(c), (f),
(i) w«�1ÌCzª³�±wÑ, 3�½��S,
�X �>69�"rÝ�O\, -1ìÑÑ�1
Ì¤©�kO\, ù´��·b-1ªÌA5u)
Cz����Ï. 
·b
ªÌCzª³�S3Å
n�±�Xe)º: �-1ì?\·bG�, §�

µþ��òC��{Z�G�, d�du-1�ª
m��p�^��1ÌO° [21]. Ïd, ·b-1�
Ì�Uþ3ª�þò©Ù3µþ��ªÇNC, ù
¦�ªÌ�¥%ªÇ���-1ì�µþ��ª
Ç��, ��X �>6�O\
O�. 
�"r
Ý�\r, O\
·b��E,Ý, l
¦·b-
1�ªÌ�°?�ÚO\. ã 2(b), (e), (h) L², ·
b-1PkûÐ�g�'5, ù¿�XÄu·b-
1�1) UWB &Ò�ÏL�')N�{¢y&Ò
�J�.

ã 2 LD 3 Ø Ó   � > 6 Ú � " r Ý e Ñ Ñ � ª Ì ! g � ' ã Ú 1 Ì (a) Ib = 1.8Ith, f = −23 dB � � ª Ì;
(b) Ib = 1.8Ith, f = −23 dB ��g�'ã; (c) Ib = 1.8Ith, f = −23 dB ��1Ì; (d) Ib = 2.2Ith, f = −23 dB �
�ªÌ; (e) Ib = 2.2Ith, f = −23 dB ��g�'ã; (f) Ib = 2.2Ith, f = −23 dB ��1Ì; (g) Ib = 2.2Ith, f = −15 dB ��
ªÌ; (h) Ib = 2.2Ith, f = −15 dB ��g�'ã; (i) Ib = 2.2Ith, f = −15 dB ��1Ì

3 ·b UWB 11Ã�Ï&ó´¢�
C�9(J

ã 3 ¤«�·b UWB &Ò��)ÚDÑ�
¢�C�. ��	1�"�©Ùª�"��N-1

ì (DFB-LD) ^5�)·b-1, 1P~ì OVA1
Úü� ���ì PC1 Ú PC2 ©O^5���
"1�rÝÚ �G�. 3·b
�ÑÑà, |
^��K|g1ï��è��N��8"è�Å
êu)ì (NRZ-RDG)[22] �)��8"èS�°
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Ä 10 GHz �°� MZM, l
é·b1?1 OOK
N�. N���&Ò²d 10 km � SMF DÑ�,
���1n��ì (EDFA) ��, ¿ÏL���°
� 50 GHz � PD =z�·b UWB >óÀ&Ò. >

&Ò²L�é�°�A��� 1—18 GHz �U�
�¤Ã�Âu, ü�U��m�ål�� 0.6 m. �
Â��&ÒÏLg½Â�l�è�'�{¢y)
N.�
©Û UWB & Ò � DÑ A 5,·�|^


ã 3 ·b UWB &Ò��)ÚDÑ¢�C�«¿ã

ã 4 ·b
3ØÓ� �>6ÚØÓ��"rÝ�¹e�ªÌ±9·b
ó�3�ZG�e�Å/ (a) Ib = 26 mA,
f = −7.8 dB ��ªÌ; (b) Ib = 35 mA, f = −7.8 dB ��ªÌ; (c) Ib = 35 mA, f = −5.2 dB ��ªÌ; (d) ·b
ó�
3 Ib = 35 mA, f = −5.2 dB ��·bÅ/
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LeCory wavepro725Zi . 2.5 GHz ¢ � « Å
ì !Agilent E4407B . ª Ì ©Û¤ Ú Agilent
N9020A .1Ì¤é)¤� UWB &Ò��S!
õÇÌ±9éA�1Ì©O3DÑó´þ�ØÓ
 �?1*	ÚP¹. PD cà�1P~ì OVA2
Ú�ÂU��à�>P~ì (EVA) ^5�o PD Ú
¢�ÿÁ��.

�ìnØ©Û, 3�\1&Ec�â FCC ¿
S UWB Ï&ªÌ��Äké1�" LD ÑÑ�
·b-1?1`z. Xã 4(a) Ú (b) ¤«, 3�Ó

��"rÝe, �·�ò �>6l 26 mA O\
� 35 mA, ¥%ªÇl 3.1 GHz O\� 4.2 GHz,

 −10 dB �°Ä�vkCz. �·��± �>
6ð½O\�"rÝ�, ªÌ�¸�ªÇvku)
�� £, �´ −10 dB �°k
wÍ�Or, ¿
é FCC 5½�ªÌ��kX�p�ªÌ|^Ç, X
ã 4(c) ¤«. ã 4(d) ´·b
ó�3 Ib = 35 mA,
f = −5.2 dB �¹e�·bÅ/. �·b
ó�u
dG��, ·�^ MZM é·b UWB &Ò?1N
�, ¢y·b UWB &Ò� OOK N�.

ã 5 ·b&Ò3©O²Lè�Ç� 360, 720 Mbit/s Ú 1.44 Gbit/s °Äe� MZM N����SãÚªÌ (a) è�Ç
� 360 Mbit/s ���Sã; (b) è�Ç� 360 Mbit/s ��ªÌ; (c) è�Ç� 720 Mbit/s ���Sã; (d) è�Ç� 720 Mbit/s ��
ªÌ; (e) è�Ç� 1.44 Gbit/s ���Sã; (f) è�Ç� 1.44 Gbit/s ��ªÌ

ã 5(a), (c) Ú (e) ´·b&Ò3©O²Lè�
Ç� 360, 720 Mbit/s Ú 1.44 Gbit/s °Äe� MZM
N����S. du«Åì�°��, &Ò�p
ª (pu 2.5 GHz) ¤©�ÈØ, Ïd�Sã¥¤w
«�z��·b UWB óÀ��ä��ý�(J,

��Sã�,U
�NÃXèÇ!óÀ°Ý�ë
ê&E. ²LN�� UWB &Ò�ªÌ�·b
�
ªÌ'�, 3Ó+þÄ���, �´�)
#�$
ª¤©, 
ù
$ª¤©�Ä�&Ò�ªÌA5�
éA, ù�©z [3] ¥�nØýÏ�Î. du·b
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-1�©l�·bóÀ¤�O, Ï
�3ã 5(b),
(d), (f) �ªÌ¥*	��
�Å�fe. ��©
z [5—7,11—14] ¤�)�&ÒØÓ, ·b UWB &
Ò�ªÌvkÑy?ÛlÑÌ�¤©. ù´du·
b UWB &ÒÑÑ��Å5 —– óÀS�¥�z�
�óÀ��äÑØ�Ó, éªÌ�lÑz�)
³
��^. ù¿�X�©¤�)�1f UWB &Ò3
u��Ø¬É�lÑÌ�é&Òu�õÇ���.
�
©Û UWB ·b&Ò�DÑA5, �N�

�Ç�½3 1.44 Gbit/s �,·�3DÑó´�ØÓ
 �þ*	Ú'�&ÒªÌ�Cz. ã 6(a) �·
b UWB &Ò²L 10 km 1nDÑ��ªÌ. ��
²DÑ�&Ò�ªÌ'���, DÑ��&ÒªÌ
�ävk²w�Cz, �´3Uþþk���ü
$, ù´du1nDÑ�P~¤�. ù`², duü
� DFB-LD uÑ-1��°�é�Ä, 1nÚÑ�
A¿vk�� UWB &Ò�óÀ/Gu)Ø��
É�ÆC. lã 6(a) �±wÑ, Ø
Uþ�Ne£

±	, 3Ì�Uþà8�ªã, ªÌ	÷Ñy
±
Ï5���ä. ù´du1n�Ñ¦�óÀÌÝü
$�Ó��fz
z�óÀSÜ�ä��É, ù3
�½§Ýþ¦&ÒÑÑ��Å5éªÌlÑz�
³�~f. �&Ò²�ålDÑ�, E,vklÑ
z�Ì�Ñy. ã 6(b) ��² EDFA ����d
U�u�9�Â��ªÌ. du?\u�U��&
ÒõÇL$, 3�ÂU��à, &ÒA�ìv3�
.D(�¥, ùé&Ò�)N�5
4��(J.
ã 6(c)�²L EDFA ����²U�DÑ�&Ò,
�ã 6(a) �', &ÒUþ3ª�þk
C 15 dB �
Or. ã 6(d) �² EDFA ���U��Â��&
ÒªÌ. duU�Ø²"��A¼ê±9gd�m
¥Ù¦&Ò�D(�Z6, ¦�&ÒªÌ�)
r
��åÏ, ù�y��ÏLU?U��O¢y`z.

$ª¤©���, ´duU�Âu�ªÇ�A�
�3 1—18 GHz ¤�, �Ò´$ª&Ò3U�cà
�ÈØvkU
3gd�mDÑ.

ã 6 ² 10 km 1nDÑ�·b UWB &Ò2²ØÓ�ªDÑ��ªÌ (a) ��ÑÑ; (b)�² EDFA ����U�Âu; (c) ²
L EDFA ��; (d) ² EDFA ��2¢yU�Âu

�êâDÑ�è�Ç�½3 1.44 Gbit/s, ·
b UWB &Ò²d 10 km 1n¿ÏL EDFA ��
±9ål� 0.6 m ��éU�Âu�, 3U���
Âà|^��æ��Ç� 40 × 1010 s−1 �«Åì

æ8êâ, ¿^���')N�{éæ8�êâ?
1&Ò)N. ·�¤^��{�©z [12] ¥��
{�aq, êâ?nÜ©�)êiæ� (|^°�
°¢�«Åì¢y)!g�'$��¬ (S¹èÓ
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Ú$�)!$ÏÈÅì (^uÈØpªD(, ��Ä
�&Ò)!K�'��¬ (�½����Z�û�
�, �z� ��'²þ�?1'�, ±«O “0”,
“1” è)!Øè©Û�¬9úãÜ¤�¬ (^u©
Û&Ò�þ, Ù¥Øè©Û�¬���ò�Â)
N&Ò��&Ò'��$�§S). ã 7(a) Ú (b)

©O�êâDÑ��©êâ�Ú)NÑ�êâ
�, ã 7(c) ´|^O�ÅéDÑ 4000 �è�Ü¤
�úã. êâDÑ�ØèÇÏLêi&Ò?n�
{ò�©êâ�Ú)NÑ�êâ��z�è?1
'�¼�. �ª, ·�¢y
 105 �è�"Øè
DÑ.

ã 7 ê â D Ñ � � © ê â � Ú ) N Ñ � ê â � ± 9 | ^ O � Å é D Ñ 4000 � è � Ü ¤ � ú ã (a) ê â D Ñ �
�©êâ�; (b) DÑ�¤�)NÑ�êâ�; (c) ¢y 4000 �èDÑ�Ü¤�úã

·b UWB 11Ã�Ï&3ÅnþØÓuD
Ú�·bÃ�Ï&XÚ, éu·b UWB 11Ã�
Ï&, ·b�aD(�ÅÑÑA5^u��Ï&Ø
2´'5�­:, 
'�´|^·bU,�°ªÌ
A5�) UWB óÀ&Ò. ¤�)�·b UWB &
Ò´�«óÀ/G4ÙAÏ� IR-UWB &Ò, 
Ù
AÏ���Å/¦�ÙéA�ªÌPkA½�/
G, Xþ¤ã, �óÀ°Ý tp ÷v tp > 1/2∆F �,
·bóÀ&Ò��°ò��©ëY·b&Ò��
° ∆F ��. Ïd, 3·b UWB 11Ã�Ï&¥,
�/èØ2I�ÓÚ�), �IòDÑ&Ò?1õ
Ç©å�g�' (dÜ©õU�$ÏÈÅ��) ¿

²L�K�'�ì�½ “0”,“1” ÑÑ, B�¢y&
Ò�)N [23]. 3�©�¢�¥, dÜ©�dl��
§S?n.

4 ( Ø

3 �©¥, ¢ y 
 � � & Ò ª Ì � � � ·
b UWB 11Ã�>ó´. nØÚ¢�©Ûw«, �
ÏLN!·b-1
5��Ú`z)¤� UWB &
Ò�ªÌA5, ù¦�§�·Ü3E,�¸¥A^.
3 360, 720 Mbit/s Ú 1.44 Gbit/s n«ØÓN��Ç
e, �)� UWB &Ò�ªÌÓ+��·b-1�
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ªÌÓ+Ä���. 3�²L?ÛÚÑÖ��¬�
�¹e, 1.44 Gbit/s �·b UWB &Ò² 10 km SMF
Ú 0.6 m �Ã�ó´DÑ�, �ª��ÂÚ)N. �

­��´, du·b UWB &Ò����Å5, ¦�
&ÒªÌþ�Ñy?ÛlÑ�ªÇÌ�, ù¿�X
dlÑÌ�Úå�Øû�J�±���;�.
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Abstract
We propose and experimentally demonstrate a chaotic ultra wideband (UWB) over fiber link based on optical feedback laser

diode, in which UWB signals are generated and transmitted at three different bit rates of 360, 720 Mbit/s, and 1.44 Gbit/s respectively.
Without utilizing any dispersion compensation module, the signal at a bit rate of 1.44 Gbit/s is detected using a digital signal processing
receiver after 10 km fiber and 0.6 m wireless channel transmission. The power spectrum does not have any discrete spectral line because
of the random output of the chaotic pulses, which means that the harmful effects of discrete spectral lines could be avoided with this
method.

Keywords: laser diode, chaotic laser, ultra wideband signal, ultra wideband over fiber
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