
书书书

!!

!

!"

"

!

!

#

#

$%$"

$

#

%

& ' ( ) * + + ,

&'()*(+,-.)*./01-

2

-)

3

4)*,-,5,1./&1+6).7.

38

9.7:!"

!

;.:#

<5

3

=$%$"

!!

!"#$

!

$%$% "$ $!

!!

%&'(

!

-./01+234567

!

>%??!%>!

"

!!

)*+,

!

89:

!

"@@?

#"$

;

$

<=>

$

ABC(-7

%

)-5

D

()

8

5%>!"

!

7-)E=,

8

5,=1F5=+)=

!!

-.)*

!

?@A

!

"@G#

#"$

B

$

<=

$

CD

$

<=>EF

$

ABC(-7

%

H6()

3

+6()

3

*5.

!

,

8

5,=1F5=+)=

/01234567689:;<=>?

!"#

!

!

$%&

!

!

'(%

!

!

)*

!

GH()*+ IJ)K+L

$

MN

$

GH

!

%I%%$!

"

@

!

A

!

OPQR

&

STQRUVWQRXYEZ[\]\^_`abcdefgh*

$

ijk

I

lQRXYEZ

dmnopqrstuauvZdwxyz{|}E~�

=

�������d(�����U��Q����

�qk

I

lQREZd��opUmnop��ij

$

�l��dij_�����

=

ij_���

$

OPQR[

����� [bc¡

$%

"

!!F0

'

C

dXYEZ

(

STQRd¢zEZbc£*¤

"#%F0

'

C

(

VWQRdEZb

c¥*¤

>%F0

'

C=

¦§

$

OPQR����dXYEZ¨¤bc©

&

ª«¬®¯°±²¡rstuad³wu

vZ

=

BCD

!

rstu

(

\]\^

(

EZQR

(

��W´

(

bcµg

(

��Q�

EFG3H

!

&JI>%

!!!

IJKLM

!

<

!!!

INOH

!

"%%"B%G!>

!

$%$"

"

%#B%?@"B%@

!"#

!

"%:">@"#

'

2

:,K-,"%%"B%G!>:$%$%:$IG

#$%&'($)(*%+',-(-./0(1*-(2

34

(5*$67(8*$9!(56:')6,0(

2(56,$

;

*%+:*'6,$

;

<*)=>*&65

;4LM()

8

5

$

!

NO<;PQ6()

3

*5.

$

!

NO<RS-)+6()

3

$

!

T4M1)

3

!

Q.771

3

1./U-)-)

3

A)

3

-)11'-)

3

$

&(-

8

5()L)-V1'*-,

8

./&1+6).7.

38

$

&(-

8

5()

$

W6()X-%I%%$!

$

Q6-)(

"

?@56:/)6

%

T.)

3

-,5F-)(7C.F1

$

,.'*-.)(7C.F1()F/71X5'(7C.F157,'(*.)-+

3

5-F1FY(V1*6(V1

F-//1'1),(,,1)5(,-.)

D

'.

D

1',-1*-)()+6.'1F'.+EK.7,=&61'1/.'1

$

,61*,5F

8

./,61,'()*C-**-.)

7(Y./,61,6'11C.F1*./57,'(*.)-+

3

5-F1FY(V1*6(*-C

D

.',(),

3

5-F-)

3

*-

3

)-/-+()+1/.',61

*171+,-.)./,1*, Y(V1*-)).)BF1*,'5+,-V1,1*,-)

3

!

;J&

"

=&61

3

7.K(7 C(,'-X C1,6.F()F

)5C1'-+(7*-C57(,-.) Y1'15*1F,..K,(-),61F-*

D

1'*-.)+5'V1*()F,-C1BF.C(-) Y(V1/.'C*

+.''1*

D

.)F-)

3

,.,61*1,6'11 C.F1*

$

'1*

D

1+,-V17

8

=&61+6('(+,1'-*,-+*./,61*1,6'11 C.F1*

.K,(-)1FK

8

,61.'

8

+(7+57(,-.)()F)5C1'-+(7*-C57(,-.)('1-)

3

..F(

3

'11C1),Y-,61(+6.,61'=

&61'1*57,*-)F-+(,1,6(,,61(,,1)5(,-.)./7.)

3

-,5F-)(7C.F157,'(*.)-+

3

5-F1FY(V1*'()

3

1*/'.C

$%

"

!!F0

'

CY-,66-

3

6/'1

Z

51)+

8

=<,,1)5(,-.)*/.'(77,.'*-.)(7C.F157,'(*.)-+

3

5-F1FY(V1*

('1

3

'1(,1',6()"#%F0

'

C=U.'1.V1'

$

(,,1)5(,-.)*/.'/71X5'(7C.F157,'(*.)-+

3

5-F1FY(V1*('1

3

'1(,1',6()>%F0

'

C=&65*

$

7.)

3

-,5F-)(757,'(*.)-+

3

5-F1FY(V1*Y-,66-

3

6/'1

Z

51)+

8

('1,61

C.*,(

DD

7-+(K71C.F1*K1+(5*1./7.Y(,,1)5(,-.)()F1(*

8

1X+-,(,-.)=

A(

3

B*:-5

%

).)BF1*,'5+,-V1,1*,-)

3

(

()+6.'1F '.+E K.7,

(

3

5-F1F Y(V1 C.F1*

(

F-*

D

1'*-.)

+5'V1*

(

(,,1)5(,-.)+6('(+,1'-*,-+*

(

)5C1'-+(7*-C57(,-.)

!!

XYEZrstu¶·°±[¸¹º\]_`

d»¼½¾¿\]ÀÁdtu

$

ÂÃl�Ä

&

ÅÆ

&

�Çd\]ÀÁtu��

=

��kl¶·��tu

È

$

ÉÊ|[\]�d\^ËÌ«¬ÃÍ�ÎdX



!

?@$

!!

& ' ( ) * + + , !

!"

"

!

YEZ

$

0Ï[ÐÃÑÒÓ�ÔÕÖ×ØÖ×\^

ÙËdÚÛÔÕ

$

ÜÝ�ÞkßÔÕà°±áâ¢

u\]_`dÀÁãä

)

"$

*

=

åÂ¿zij��

$

[

\]_`amndXYEZ¨¤ [æ{dçÁè

éêr�áâ\^ÙËdÚÛÔÕ

)

I!

*

=

¦§

$

ij

\]_`aXYEZdmnop

$

ëábc©

&

ì�

¤rstudXYEZÂÃ6íî{|d)²

=

XYEZ [OPQR

&

STQRUVWQR

I

lïð

)

>

*

=

��XYEZtuñò_`dóô

È

$

¸ÐQRõödEZqóôd÷øKù¸Ð

=

OPQRqúPóôû÷ø

$

qüPóôý�¸þ

ÿ

$

êSTQR°±!�"ý�k�l�Pdó

ô

)

G

*

=

��XYEZtu\^_`d\]ÀÁÈ

$

Ü#±OPQR¡ijq$

)

?

*

$

ÜÝ(���

&

��

Q�U¾%uvd�ðij\^_`adEZmn

op

$

&êëábc©'ç�¤¿(tud)®«

¬Z

)

!

$

#@

*

$

*+[OPQREZd2,-./ç0

«¬1ÃQRdEZ

)

"%

*

=

2OPQR34

$

\]_

`aSTQRUVWQREZmnµgdij3q

�5

=

¨¤STQRqüPóôd÷øgU°±z

Çý�678g9:dµg

)

"""$

*

;áijSTQ

RdEZmnop¥!{|

=

êq¤VWQR

$

¸

<(�ij!5

$

ê=¨¤«¬Zd>>4�?@

¥!5��3Ad¾%uv

)

"I

*

=

¦§

$

BC±\^DÖ\]¤rEF7dG

H\]_`¡ZE_`

$

ÜÝ(���U��Q

��l��ijOPQR

&

STQRUVWQR

XYEZdmnop

$

&ê}Erstuauv

Zdwx

=

C

!

PQ12RS/0=TUVW

CDC

!

6768XYZ[14=\]

)Kad\]\^_`°±I²Â¨\^

&

\

]JUrEF7`>dKHLM7Qö

=

q¤\]

J¡NOPdQ6\^

$

¨¤NOPRâSO»¼

Ï

$

TdUVW�2F7d3X

$

[ija°±YN

OPUF7I²ÃlUV

$

ZÐ²¡\]\^d\

]7

=

¦§q¤Q6\^

$

Td(�Qö°±[:

¡\^DÖ\]¤rEF7dGHLM7Qö

$

\

]

"

¢^

=

_`)K¾a

$

��(���d\^D

b¡

$%CC

$

F7[bP�PrE*

$

q�dUV

W�\�

"

¢^

=

z

r

5-

>>
@<

θ

]

"

!

Q6\^dGHLM7Qö

[-

3

:"

!

&Y.B7(

8

1'-)/-)-,1'.+EC(**C.F17./

3

'.5,-)

3

'.+EK.7,

^

C

!

_`68=abcd

2/@DC

!

1/6(:,/&

4

/:/E(6(:5*%

;

:*'6,$

;

:*)=@*&65

UV

cgQÁ

!

'

PM(

dù

!

'

!

E

3

+

C

\I

"

ef4

"

OZb

cg�

'

!

)

D

+

Y7

\"

"

hiZb

cg�

'

!

)

D

+

Y7

\"

"

\^

$%? ?@%% %:$@ %:%%I %:%%#

F7

!% $>%% %:$> %:%I% %:"%%

CDF

!

TUef=\]

BC�������

)

"!

*

jkXYEZ[lH

LM7ZE_`amnd���K

=

_`Q6\^

(�QödH�Umn»¼

$

°±�ð

!

"

"

�^��

�KdÜ��Rð

$

ða��

!

Â2QöUVW

�

$

bPÒÓ

"

$

úPo�

#

$

±pqrst�3Ad

G]G

u��

$

$

%

&

Â��

!

dÃ6

$

îy7��vð

WwCx

)

"!

*

=

_`ð

!

"

"

°±yEáâOPQR

&

STQRU

VWQRXYEZ[Q6\^ad���K

=

¦¡

OPQRUSTQR£ÂüqzQR

$

q�dúP

o�

#

¡

%

$

¢±Y

# %̂

{|ð

!

"

"$

ÜÝ}(à°

±áâOPQRUSTQRd���K

$

�ð

!

$

"

U

ð

!

I

"

�^

=

q¤VWQR

$

îúPo�

#

°±¡~

~�}�

)

>

*

$

êBCÉij

"

oVWQRXYEZ

d��op

$

¢±Y

# "̂

{|ð

!

"

"

àáâ�

"

o

VWQRd���K

=

¦§

$

Q6\^_`aOP

QRXYEZq�d���KÂ�

!]!

u��ð

�^dð

$

STQRXYEZq�d���KÂ

�

$]$

u��ð�^dð

$

VWQRXYEZq

�d���KÂ�

G]G

u��ð�^dð

=

"

'

$

"$

$

"!

$

"G

(

$

""

(

$

"I

(

$

">

$

$$

$

$!

$

$G

(

$

$"

(

$

$I

(

$

$>

$

I$

$

I!

$

IG

(

$

I"

(

$

II

(

$

I>

$

!$

$

!!

$

!G

(

$

!"

(

$

!I

(

$

!>

$

>$

$

>!

$

>G

(

$

>"

(

$

>I

(

$

>>

$

G$

$

G!

$

GG

(

$

G"

(

$

GI

(

$

"

#

$

%

G>

'

%

!

"

"



!

!

#

# 89:

%

EZQRõöq\]\^rstud��

?@I

!! !

"

'

$

"$

$

"!

(

$

""

(

$

"I

$

$$

$

$!

(

$

$"

(

$

$I

$

!$

$

!!

(

$

!"

(

$

!I

$

>$

$

>!

(

$

>"

(

$

"

#

$

%

>I

'

%

!

$

"

"

'

$

IG

(

$

I>

$

GG

(

$

) *

G>

'

%

!

I

"

CDG

!

TUgh=ijkGl

BC_`

TR_A

)

">

*

��d�Ç�����K

d��

$

��

U(,7(K

�¼���Ã������K

dK�

$

0Ïq¸ÐQRd���K����

=

CDGDC

!

OPQRXYEZd��op

YQödUVW�UQö��{|ð

!

$

"$

��

áâOPQREZdbc��W´\]

$

!

(

"

¢^

$

3

�d3�ù��W´\]

$

!

K

"

¢^

=

]

$

!

(

"

a

$

[�

Î©¤

$=>UOH

bc©¤

$>%F0

'

C

d���

$

 [

"$

»bc��W´

$

��W´���Î&©â*d

��YT����Õ¡

)

!

%

$

"

"

"

)

!

%

$

"$

"

=

_`bcW´d9:ïð

$

°±Y]

$

!

(

"

ad

W´�¡Kõ

%

!ÃõÂ

)

!

%

$

"

"

QRW´

$

Td��

EZ�ÎÖ�

%

$

q�dbcÂzE�

!

$%%F0

'

C

"$

'=W´ [ÃÑí©�¯

(

!�õÂ2

)

!

%

$

?

"

9

:ïð3XdQRW´

$

kßW´dbc���Î

d��&rE*��c©

$

0Ï-½Z�' ¡¢

¤£¤

$

¦§W´- [lÑí©�¯

$

'=bc3

q�©

(

!KõÂ¥¦dQRW´

$

kßW´d9:

ïð2!Ãõd3X

$

å��EZdbcÂrE*

ê¸ÂzE��

=

Ð§kßQRq�d3�ù��W´¥°±�¡

Kõ

$

\]

$

!

K

"%

!Ãõd

)

!

%

$

"

"

QRW´d��3�

ùÂzE�

$

'=3�ù���Îd��¨�Ïc

$

)

Ï¢¤\^dhiZ�

(

!�õd

)

!

%

$

?

"

QRW´d

��3�ù&rE*���c©

$

0Ï¤©9:' 

¡¢�¤\^dOPZ�

(

!KõdîªQRW´d

��3�ù¥Â&rE*��c©

$

å���Îd�

�

$

3�ù)S ¡¢�¤\^dhiZ�

=

¨]

$

!

(

"

d b c � � W ´ ° «

$

[ © ¤

%:>UOH

d¬����

$

)

!

%

$

"

"

"

)

!

%

$

!

"

QRd¢

zEZbc£*¤

"%%F0

'

C

(

ê����� [b

c�©dXYEZ

$

îa

)

!

%

$

?

"

QRW´-¢zí

©�dEZbc[

$%

"

!!F0

'

C

���

$

'=kß

EZdbc����Îd��[ ¡c©

=

¦§

$

Éz�����

)

!

%

$

?

"

QRW´dbcí©�¯

z°ç²¡rstuad)®uvZ

=

]

$

!

(

"

a

$

¯

*

Â

)

!

%

$

G

"

QRW´dí©�¯

$

¯

+

"

,

��¡

)

!

%

$

?

"

QRW´-dí©�¯

$

kßEZY

²¡��Q�ad«¬Z

=

250

200

150

100

50

α/
(d

B
·m

�1
)

C
p/

(k
m
·s
�1

)

0
0.0 0.5 1.0

L(0,6) L(0,7)

L(0,12)L(0,11)
L(0,10)

L(0,9)

L(0,8)

L(0,5)
B C D E F

A

L(0,1)

L(0,7)

L(0,12)

L(0,4)
L(0,1)

L(0,2)
L(0,3)

(a) ;08:9?

1.5
f/MHz

(b) ?;,8:9?

5-D+08);

f/MHz

2.0 2.5

0.0 0.5 1.0 1.5 2.0 2.5

8

7

6

5

4

3

2

]

$

!

OPQREZd��W´

[-

3

:$

!

J-*

D

1'*-.)+5'V1*./7.)

3

-,5F-)(7C.F1

3

5-F1FY(V1*

CDGDF

!

STQRXYEZd��op

��ð

!

I

"

áâSTQRdbc��W´\]

I

!

(

"

¢^

$

3�d3�ù��W´\]

I

!

K

"

¢^

=

[

©¤

$:>UOH

d�Î���

$

_`QRW´d��

�ÎqW´±

-

!

%

$

.

"!

. "̂

$

$

$

I

,,"

dïð�Õ

=

[STQRdbc��W´]a

$

°±Iâ¢

zW´d9:ïð£3Ð

%

���Îd��

$

QRd

bc£Â&rE*��c©â

"#%F0

'

C

®�

$

0

Ï-½¤©Z�9:

=

q¤STQRd3�ù��

W´

$

Td9:ïðÐ§![1

%

���Îd�¯

$

3�ù£Â&rE*Å�c©'= ¡¢�¤EZ

[\^adhiZ�

=

2OPQRdbc��W´34

$

STQRd

bcW´°0±z�²dí�¯'=W´û�£

³

$

åÂ¢zEZdbc£*¤

"#%F0

'

C

$

¨¤¾

auvadÔÕ´*Ød)*�µÉz

#%F0

¶

·

$

¢±STQRdXYEZ¦bcG*êr�á

!!



!

?@!

!!

& ' ( ) * + + , !

!"

"

!

â\^ÙËdÚÛÔÕ

=

T(0,10)

T(0,5)
T(0,1)

300

500

400

100
0.0 0.5 1.0 1.5 2.0 2.5

200

α/
(d

B
·m
�1

)

(a) ;08:9?
f/MHz

T(0,10)
T(0,5)

T(0,1)

2

3

4

5

6

7

8

0.0 0.5 1.0 1.5 2.0 2.5

5-D+08);

f/MHz

C
p
/(k

m
·s
�1

)



(b) ?;,8:9?

]

I

!

STQREZd��W´

[-

3

:I

!

J-*

D

1'*-.)+5'V1*./,.'*-.)(7C.F1

3

5-F1FY(V1*

CDGDG

!

VWQRXYEZd��op

Y

# "̂

{|ð

!

"

"

áâ

"

oVWQRd���

K

$

ÜÝ��áâd��W´\]

!

¢^

=

¨¤V

WQRd���K4OPQRUSTQRd���

K£¸¹

$

¢±[3Ðd�Î���

$

VWQRd�

�W´�7ûl

$

W´d9:ïð¥û�¸¹

=

[

]

!

!

(

"

dVWQRbc��W´]a

$

Ãº�W´

d9:ïð2OPQRd3X

%

���Îd�¯W

´-dbc£Â*»ùZ�

$

ï>��²dí�¯

$

¼\

,

!

"

$

$

"

U

,

!

"

$

!

"

W´

(

½Ãº�W´2S

TQRd3X

$

���Îd��T�dbc¨�

�c©0Ï¤©-½Z�

$

¼\

,

!

"

$

"

"

U

,

!

"

$

>

"

W´

=

Ð§[]

!

!

K

"

a

$

VWQRd3�ù�

�W´¥°±q�¤OPUSTQRd3�ù9

:ïð

=

WwOPQRXYEZdbcop

$

VWQR

[�����¥ [bc3q�©dXYEZ

$

å

ÂkßEZdbc£*¤

>%F0

'

C

$

¼\

,

!

"

$

"%

"

W´dí©�¯

=

2½¾�lQRd���K34

VWQRdu�û�

$

3�dZ_`¥¿û¸¹

$

&

ê;áVWQRXYEZd«¬3q?@

=

¦§V

WQR¨¤bc*

&

¸ª«¬ó¯ê¸²¡\]

_`duvZ

=



F(1,10)F(1,8)F(1,6)F(1,4)

F(1,3)
F(1,2)

F(1,1)F(1,5)F(1,7)F(1,9)

300

500

400

100

0
0.0 0.5 1.0 1.5 2.0 2.5

200

(a) ;08:9?
f/MHz

F(1,4)
F(1,1)

F(1,6)

F(1,5)F(1,7)F(1,9)F(1,10)

2

3

4

5

6

7

8

0.0 0.5 1.0 1.5 2.0 2.5

(b) ?;,8:9?

5-D+08);

f/MHz

α/
(d

B
·m

�1
)

C
p
/(k

m
·s
�1

)

]

!

!

VWQREZd��W´

[-

3

:!

!

J-*

D

1'*-.)+5'V1*.//71X5'(7C.F1

3

5-F1FY(V1*

F

!

dm1n

��

<;Ẁ W
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