
第
!"

卷
!

第
#

期

!$$%

年
#

月

半
!

导
!

体
!

学
!

报
&'()*+*,-./)01-2+*3(&-)4.&5-/+

6789!"

!

)79#

3:;9

!

!$$%

"

<;7

=

>?@AB

CC

7;@>DE

F

@G>):@H7I:8):@B;:8+?H>I?>27BID:@H7I7J&GHI:

"

)79L$K%!$$#

#

:ID@G>+@:@>e>

F

4>O>87

C

R>I@<;7

Q

;:RJ7; :̂AH?

/>A>:;?G7J&GHI:

"

)79!$$N&̂ #!M%$M

#

P&7;;>A

C

7IDHI

Q

:B@G7;9*R:H8

$

S?8H

!

R:H89V

=

@B9>DB9?I

!

/>?>HO>D!M+>

C

@>RE>;!$$L

!

;>OHA>DR:IBA?;H

C

@;>?>HO>D#M-?@7E>;!$$L

"

!$$%&GHI>A>(IA@H@B@>7J*8>?@;7IH?A

@:).M)*'$+).2)*'1NAMN15D3=+*4)1+(

&

.'!).%

"

1HUBI?G:7

M

!

P

!

,H:I

Q

X:78HI

!

!

:IDcB,H:IRHI

!

"

MJ40++3+

.

23'4-,+$"49#$:<$

.

+,6#-"+$2$

;

"$'',"$

;

!

N"

(

#$O"#+-+$

;

@$"8',9"-

(

!

N"

(

#$

!

%M$$K̀

!

A0"$#

#

"

!J40++3+

.

J4"'$4'

!

N"

(

#$O"#+-+$

;

@$"8',9"-

(

!

N"

(

#$

!

%M$$K̀

!

A0"$#

#

;70*$)/*

$

(I7;D>;@7AB

CC

;>AAD;:HIZHIDB?>DE:;;H>;87[>;HI

Q

HIDB:8R:@>;H:8

Q

:@>+-(3-+2*5A

!

G:87D7

C

HI

Q

HA

BA>DHI@G>?G:II>8I>:;@G>A7B;?>95[7ZDHR>IAH7I:8:I:8

F

@H?:8R7D>8A7JAB;J:?>

C

7@>I@H:8:ID@G;>AG78DO78@:

Q

>

J7;@G>I7O>8+-(3-+2*5:;>D>O>87

C

>DE:A>D7I@G>>V

C

8H?H@A78B@H7I7J@G>@[7ZDHR>IAH7I:8<7HAA7I

(

A>

\

B:Z

@H7I9(@A?G:;:?@>;HA@H?HR

C

;7O>R>I@HAHIO>A@H

Q

:@>D9(@HA?7I?8BD>D@G:@@G>I7O>8A@;B?@B;>>VGHEH@AE>@@>;AB

CC

;>AZ

AH7I7JD;:HIZHIDB?>DE:;;H>;87[>;HI

Q

:IDGH

Q

G>;?:;;H>;@;:IA

C

7;@>JJH?H>I?

F

@G:I?7IO>I@H7I:8DB:8R:@>;H:8

Q

:@>

+-(3-+2*5A9(@AD;:HIZHIDB?>DE:;;H>;87[>;HI

Q

D>?;>:A>A[H@GHI?;>:AHI

Q

G:87D7

C

HI

Q

?7I?>I@;:@H7IEB@D7>AI7@

?G:I

Q

>R7I7@7IH?:88

F

[H@GG:878>I

Q

@G95G>:I:8

F

@H?:8R7D>8A:

Q

;>>[>88[H@G@G>@[7ZDHR>IAH7I:8D>OH?>AHRB8:Z

@7;3*4(&(9

<'

"

=%$#0

$

DB:8R:@>;H:8

Q

:@>

%

+-(

%

@G;>AG78DO78@:

Q

>

%

:I:8

F

@H?:8R7D>8

DD;>>

$

!NL$/

%

!NL$̂

>?>(:67'$

$

5)#"L

!!!

@%/:6'(*/%#'

$

0

!!!

;$*+/.'A@

$

$!N#ZKM%%

"

!$$%

#

$#Z$#!%Z$N

B

!

A(*$%#:/*+%(

4B:8 R:@>;H:8

Q

:@>

"

43W

#

+-( 3-+Z

2*5A

&

M

#

#

'

A>>R@7E>:O>;

FC

;7RHAHI

Q

7

C

@H7IJ7;

B8@HR:@>A?:8HI

Q

7J&3-+@>?GI787

QF

DB>@7@G>H;

>V?>88>I@AG7;@?G:II>8>JJ>?@

"

+&*

#

:IDG7@?:;Z

;H>;>JJ>?@

"

'&*

#

AB

CC

;>AAH7I:IDGH

Q

G?:;;H>;

@;:IA

C

7;@ >JJH?H>I?

F

&

K

!

N

'

9'7[>O>;

!

43W +-(

3-+2*5AAG7[?7IAHD>;:E8>D;:HIZHIDB?>DE:;;HZ

>;87[>;HI

Q

"

4(̂ 1

#

HI@G>ABEZM$$IR;>

Q

HR>917Z

?:88

F

;:HAHI

Q

@G>?G:II>8D7

C

HI

Q

I>V@@7@G>D;:HI

7;D;:HI

)

A7B;?>?:IHR

C

;7O>3-+2*5

(

A

C

>;J7;RZ

:I?>

&

L

#

"

'

9(I@G>

C

:A@J>[

F

>:;A

!

@G>87?:8GH

Q

GD7Z

C

HI

Q

?7I?>I@;:@H7IHI@G>?G:II>8I>:;A7B;?>

)

D;:HI

=

BI?@H7IAG:AE>>IHR

C

8>R>I@>DOH:8:@>;:8

?G:II>8>I

Q

HI>>;HI

Q

!

>9

Q

9

!

G:877;

C

7?T>@HR

C

8:IZ

@:@H7I

&

`

#

MM

'

9+HI

Q

8>ZG:87 3-+2*5A@;B?@B;>AG:O>

E>>IHI@;7DB?>DJ7;EB8T

&

M!

'

:A[>88:A+-(3-+Z

2*5A

&

M#

'

@7:D

=

BA@@G;>AG78DO78@:

Q

>9':87HR

C

8:IZ

@:@H7ID>OH?>AAG7[>V?>88>I@7B@

C

B@?G:;:?@>;HAZ

@H?A[H@G87[ 4(̂ 1

!

GH

Q

G>;D;HOHI

Q

?:

C

:?H@

F

:ID

87[8>:T:

Q

>?B;;>I@A?7R

C

:;>D@7?7IO>I@H7I:8

3-+2*5A9'7[>O>;

!

AB?G :I :@@>R

C

@G:AI7@

E>>I;>

C

7;@>DJ7;43W +-( 3-+2*5A9(I@GHA

C

:

C

>;

!

J7;@G>JH;A@@HR>@G>A@;B?@B;>7J:43W

+-(3-+2*5[H@G:AHI

Q

8>G:87HAHIO>A@H

Q

:@>D9

5[7ZDHR>IAH7I:8:I:8

F

@H?:8 R7D>8A7J

C

7@>I@H:8

:ID@G;>AG78DO78@:

Q

>J7;@G>JB88

F

D>

C

8>@>D+-(

3-+2*5:;>D>O>87

C

>DE:A>D7I@G>>V

C

8H?H@A78BZ

@H7I7J@G>@[7ZDHR>IAH7I:8<7HAA7I

(

A>

\

B:@H7I9

5G>?G:;:?@>;HA@H?A7J@G>I7O>8+-(3-+2*5:;>

?7R

C

:;>D[H@G@G>?7IO>I@H7I:843W+-(3-+Z

2*5:ID@G>HIJ8B>I?>7J@G>G:87A@;B?@B;>AHA

A@BDH>D95G>R7D>8A:;>O>;HJH>D[H@G@G>@[7ZDHZ

R>IAH7I:8D>OH?>AHRB8:@7;3*4(&(9

C

!

M%#'.,%$6:.)*+%(

CGB

!

;().

"

*+/).

F

%*'(*+).

5G>A?G>R:@H?A@;B?@B;>7J@G> 43W +-(

3-+2*5[H@G:AHI

Q

8>G:87

"

43W'

#

HAAG7[IHI

2H

Q

9M95G> D7

C

HI

Q

?7I?>I@;:@H7I >

0

I>:;@G>

A7B;?>;>

Q

H7IHAGH

Q

G>;@G:I>

^

HI@G>;>A@7J@G>

?G:II>89&7IAHD>;HI

Q

@G>

Q

:@>:IDD7

C

HI

QC

;7JH8>

!

@G>?G:II>8?:IE>DHOHD>DHI@7@G;>>S7I>A9

)>

Q

8>?@HI

Q

@G>>JJ>?@7J@G>JHV>D7VHD>?G:;Z

Q

>A7I@G>>8>?@;7A@:@H?A7J@G>?G:II>8

!

@G><7HAZ

A7I

(

A>

\

B:@H7I7J@G>

C

7@>I@H:8DHA@;HEB@H7IHI@G>

@G;>>AH8H?7IJH8RS7I>AE>J7;>@G>7IA>@7JA@;7I

Q

HIO>;AH7I?:IE>[;H@@>I:A

&

MK

#

ML

'



半
!

导
!

体
!

学
!

报 第
!"

卷

2H

Q

9M

!

+?G>R:@H?A@;B?@B;>7J43W[H@G:AHI

Q

8>G:87

$

"

#

%

"

B

!

(

#

$

B

"

P

$

"

#

%

"

B

!

(

#

$

(

"

C

G

>

%

$

AH

!

)

%

H

!

%

B

%

)

%

!

#

%(%

-

AH

!

%

C

!

!

"

!

$

"

!

#

[G>;>

$

AH

HA@G>DH>8>?@;H??7IA@:I@7JAH8H?7IJH8R

!

>

M

b>

0

!

>

!

b>

^

!

:ID>

#

b>

^

9

5G>

C

7@>I@H:8

C

;7JH8>HI@G>O>;@H?:8DH;>?Z

@H7I

!

H9>9

!

@G>

(

ZD>

C

>ID>I?>7J

#

%

"

B

!

(

#"

%

bM

!

!

!

#

#!

?:IE>:

CC

;7VHR:@>DE

F

:AHR

C

8>

C

:;:E78H?

JBI?@H7IJ7;:JB88

F

D>

C

8>@>D+-(3-+2*5:A

#

%

"

B

!

(

#

C

#

A

%

"

B

#

P

4

%

!

"

B

#

(

P

4

%

"

"

B

#

(

"

!

)

%

H

!

%

B

%

)

%

!

#

%(%

-

AH

!

%

C

!

!

"

!

$

"

"

#

[G>;>

#

A

%

"

B

#"

%

bM

!

!

!

#

#

HA@G>J;7I@AB;J:?>

C

7Z

@>I@H:8HIS7I>

%

:ID)

$

b$9

0??7;DHI

Q

@7*

\

9

"

!

#

:ID@G>?7I@HIBH@

F

7J

>8>?@;H?J8BV:@@G>J;7I@:IDEB;H>D7VHD>ZAH8H?7I

HI@>;J:?>A

!

*

\

B:@H7I

"

#

#

?:IE>7E@:HI>D9

!

!

#

%

"

B

!

(

#

C

#

A

%

"

B

#

P

$

7V

$

AH

E

#

A

%

"

B

#

H

M

Q

A

!

J

P

M

2̂

!

J

%

-

J

(

P

4

AH

4

E

"

M

Q

A

!

E

H

M

2̂

!

E

%

#

P

4

J

"

4

AH

P

4

E

#"

M

Q

A

!

J

H

M

2̂

!

J

%

#

H

"

4

AH

4

E

P

4

J

4

E

P

4

J

4

AH

#

#

A

%

-

"

AH

"

4

AH

4

E

P

"4

"

AH

#

(

"

!

)

%

H

!

%

B

%

)

%

!

#

%(%

-

AH

!

%

C

!

!

"

!

$

"

$

#

'>;>4

AH

b

$

AH

-

AH

!

4

J

b

$

7V

-

J

!

:ID4

E

b

$

7V

-

E

9

.AHI

Q

*

\

9

"

#

#

HI*

\

9

"

M

#

:ID?7IAHD>;HI

Q

@G>

HID>

C

>ID>I?>7JB:ID

(

!

*

\

B:@H7I

"

K

#

?:IE>D>Z

;HO>D9

D

"

#

A

%

"

B

#

DB

"

H%

"

#

A

%

"

B

#

C

&

%

!

)

%

H

!

%

B

%

)

%

!

%

C

!

!

"

!

$

"

)

#

'>;>

%C

"

"

4

E

4

AH

P

4

J

4

AH

P

4

J

4

E

#

-

"

AH

4

AH

"

"4

AH

P

4

E

& '

#

!

)

"

:ID

!!!!

&

%

C

G

>

%

$

AH

H

"

"

M

Q

A

!

J

P

M

2̂

!

J

%

#

4

J

"

4

AH

P

4

E

#

-

"

AH

4

AH

"

"4

AH

P

4

E

#

H

"

"

M

Q

A

!

E

H

M

2̂

!

E

%

#

4

E

-

"

AH

"

"4

AH

P

4

E

#

!

!

%

C

!

!

"

!

$

[G>;>M

Q

A

!

J

HA@G>J;7I@

Q

:@>Z@7ZA7B;?>EH:AO78@Z

:

Q

>

!

M

2̂

!

J

%

"

%

bM

!

!

!

#

#

HA@G>J;7I@?G:II>8J8:@

E:IDO78@:

Q

>7JS7I>

%

!

M

Q

A

!

E

HA@G>ABEA@;:@>EH:A

O78@:

Q

>

!

:IDM

2̂

!

E

%

"

%

bM

!

!

!

#

#

HA@G>E:?T?G:II>8

J8:@E:IDO78@:

Q

>7JS7I>

%

9

*

\

B:@H7I

"

K

#

HA:A>?7IDZ7;D>;DHJJ>;>I@H:8

>

\

B:@H7I[H@G?7IA@:I@?7>JJH?H>I@A

!

:ID@G>;>J7;>

@G>>V

C

;>AAH7IJ7;@G>AB;J:?>

C

7@>I@H:87J@G>

J;7I@?G:II>8HA7J@G>J7;R

$

#

A

%

"

B

#

C

L

%

>

H%

B

P

Q

%

>

%

B

H

&

%

%

"

!

)

%

H

!

%

B

%

)

%

!

%

C

!

!

"

!

$

"

'

#

!!

.AHI

Q

@G>?7I@HIBH@

F

7J>8>?@;H?J8BV:IDAB;Z

J:?>

C

7@>I@H:8:@@G>E7BID:;H>A7J@G>@G;>>AH8HZ

?7IJH8R S7I>A

!

@G>EBH8@ZHI

C

7@>I@H:8D;7

C

M

E

:?;7AA@G>A7B;?>ZE7D

F=

BI?@H7I

!

:ID@G>:

CC

8H>D

D;:HIZA7B;?>EH:AM

DA

!

[>?:I7E@:HI@G>?7IA@:I@A

L

%

:IDQ

%

"

%

bM

!

!

!

#

#

9

L

!

C

"

M

E!

P

"

!

H

>

%

)

#

M

Q

A

!

J

#)

"AHIG

"

%

)

#

Q

!

C

"

M

E"

P

"

>

H%

)

H

!

#

M

Q

A

!

J

#)

"AHIG

"

%

)

#

L

%

C

L

%

H

!

H

>

%

)

%

H

!

"

&

%

H

!

H

&

%

#)

"

%

"

!

!

%

C

"

!

$

Q

%

C

Q

%

H

!

H

>

H%

)

%

H

!

"

&

%

H

!

H

&

%

#)

"

%

"

!

!

%

C

"

!

$

"

*

#

[G>;>

M

E!

C

"

M

E

P

&

!

)

%

"

P

M

Q

A

!

J

#

>

%

)

H

"

M

E

P

M

DA

P

&

$

)

%

"

P

M

Q

A

!

J

#

H

&

"

%

C

!

?7AG

&

%

"

)

H

)

%

#'"

&

%

H

&

%

P

!

#)

%

"

M

E"

C

M

E

P

M

DA

P

&

$

)

%

"

P

M

Q

A

!

J

P

&

"

%

C

!

?7AG

&

%

"

)

H

)

%

#'"

&

%

H

&

%

P

!

#)

%

"

H

"

M

E

P

&

!

)

%

"

P

M

Q

A

!

J

#

>

H%

)

)

C

)

$

!!

5G>>8>?@;H?JH>8D

C

:@@>;I:87I

Q

@G>?G:II>8

D>@>;RHI>A@G>>8>?@;7I@;:IA

C

7;@O>87?H@

F

@G;7B

Q

G

@G>?G:II>895G>>8>?@;H?JH>8D?7R

C

7I>I@HI@G>B

DH;>?@H7IHA

Q

HO>IE

F

DHJJ>;>I@H:@HI

Q

#

A

%

"

B

#"

%

bM

!

!

!

#

#

[H@G;>A

C

>?@@7B

$

2

"

B

#

CH

L

%

%

>

H%

B

P

Q

%

%

>

%

B

!

)

%

H

!

%

B

%

)

%

!

%

C

!

!

"

!

$

"

+

#

CGC

!

;().

"

*+/).*4$'04%.#P%.*)

&

'

cG>I@G>D7

C

HI

Q

?7I?>I@;:@H7I>

0

HA

Q

;>:@>;

@G:I>

^

!

@G>RHIHRBRAB;J:?>

C

7@>I@H:8

#

ARHI

8H>A

HIS7I>M

!

:AAG7[IHI2H

Q

9!95G>@G;>AG78DO78@Z

%"$



第
#

期
1HUBI?G:7'-#3I

$

!

4B:83:@>;H:8W:@>+-(3-+2*5[H@G:+HI

Q

8>':87

:

Q

>7J@G>?G:II>8HAD>@>;RHI>DE

F

#

ARHI

!

[GH?G

7??B;A[G>;>@G>DHJJ>;>I@H:@H7I7J

#

AM

"

B

#

HA>

\

B:8

@7S>;7:IDHA:AJ7887[A

$

#

ARHI

C

" L

!

Q槡 !

H

&

!

)

%

"

"

%

#

!!

5G>@G;>AG78DO78@:

Q

>HA@G>O:8B>7J@G>

Q

:@>

O78@:

Q

>:@[GH?G:?7IDB?@HI

Q

?G:II>8HAHIDB?>D

:@@G>AB;J:?>7J:I+-(3-+2*59(I:JB88

F

D>Z

C

8>@>D@GHIZJH8R+-(3-+2*5

!

H@HAD>AH;:E8>@G:@

@G>J;7I@?G:II>8@B;IA7IE>J7;>@G>E:?T?G:IZ

I>895G>;>J7;>

!

@G>@G;>AG78DO78@:

Q

>HA@:T>I@7E>

@G>O:8B>7JM

Q

A

!

J

J7;[GH?G

#

ARHI

b!

#

2

!

[G>;>

#

2

HA

@G>DHJJ>;>I?>E>@[>>I@G>>V@;HIAH?2>;RH8>O>8

HI@G>EB8T;>

Q

H7I:ID@G>HI@;HIAH?2>;RH8>O>89

&7IAHD>;HI

Q

-

E

#

-

J

:ID-

E

#

-

AH

Q

>I>;:88

F

!

M

@G

?:I

E>D>;HO>DJ;7R*

\

9

"

"

#

9

M

@G

C

H

'

"

'

"

#

)

!槡
(

"

!

"

&

#

[G>;>

!!

"?7AG

"

%

)

#

H

"

H

AHIG

"

"

%

)

#

'

!

M

E$

"

>

H%

)

H

!

#

P

M

E)

"

!

H

>

%

)

#

P

"AHIG

"

"

%

)

#"

"

#

2

P

@

!

#

(

!

M

E$

M

E)

H

AHIG

"

"

%

)

#"

"

#

2

P

@

!

#

"

M

E$

C

"

M

E

P

@

!

#

>

%

)

H

"

M

E

P

M

DA

P

@

$

#

H

&

"

%

C

!

?7AG

&

%

"

)

H

)

%

#'"

@

%

H

@

%

P

!

#

M

E)

C

M

E

P

M

DA

P

@

$

P

&

"

%

C

!

?7AG

&

%

"

)

H

)

%

#'"

@

%

H

@

%

P

!

#

H

"

M

E

P

@

!

#

>

H%

)

@

%

C

G

>

%

-

AH

4

J

H

"

M

Q

A

!

E

H

M

2̂

!

E

%

#

4

E

4

J

P

M

2̂

!

J

%

!

!

%

C

!

!

"

!

$

I

!

M%#'.P'$+,+/)*+%()(##+0/:00+%(

)7[ [>[H88:I:8

F

S>@G>

C

>;J7;R:I?>7J:

43W'HI@>;RA7J4(̂ 1

!

@G>@G;>AG78DO78@:

Q

>

;788Z7JJ

!

:ID?:;;H>;@;:IA

C

7;@>JJH?H>I?

F

!

:IDO>;HZ

J

F

@G>R7D>8AE

F

?7R

C

:;HI

Q

@G>;>AB8@A[H@GAHRBZ

8:@H7IAHI 3*4(&(92B88

F

D>

C

8>@>D+-(I3-+Z

2*5A:;>B@H8HS>DHI@G>:I:8

F

AHA9.I8>AA7@G>;[HA>

I7@>D

!

@G>@

FC

H?:8O:8B>A7J

C

:;:R>@>;A:;>:AJ78Z

87[A9

27;43W'

!

F

M

bK_%%6

!

F

!

bK_M$6

!

M

Q

A

!

E

b$6

!

D;:HI:IDA7B;?>D7

C

HI

Q

?7I?>I@;:@H7I>

4

bM$

!$

?R

]#

!

>

0

bKdM$

M%

?R

]#

!

>

^

bM$

M%

?R

]#

!

-

J

b!IR

!

-

E

b#$$IR

!

-

AH

bM!IR

!

)

M

b!$IR

!

)

!

b

N$IR

!

)

#

bM$$IR

!

:ID@G>[7;TJBI?@H7I7J@G>

EB;H>D

Q

:@>HA>

\

B:8@7 F

M

927;:?7IO>I@H7I:8

43W

"

43W[H@GBIHJ7;RD7

C

HI

QC

;7JH8>

#!

>

0

b

M$

M%

?R

]#

!

:ID:88@G>7@G>;

C

:;:R>@>;A:;>@G>

A:R>:A43W'9

5G>AB;J:?>

C

7@>I@H:8:87I

Q

@G>J;7I@?G:II>8

HA

C

87@@>DHI2H

Q

9!9(@?:IE>A>>IJ;7R@G>JH

Q

B;>

@G:@J7;:43W'

!

:I>V@;:

C

7@>I@H:8A@>

CC

;7JH8>

>VHA@AI>:;@G>G:87E7BID:;

F

HI:DDH@H7I@7@G>

7I>I>:;@G>HI@>;J:?>E>@[>>I@G>@[7

Q

:@>AHI

@G>43W9

2H

Q

9!

!

+B;J:?>

C

7@>I@H:8

"

M

DA

bM6

!

M

Q

A

!

J

b$_#6

#

5G>AB;J:?>>8>?@;H?JH>8D :87I

Q

@G>J;7I@

?G:II>8HA

C

87@@>DHI2H

Q

9#9(@HAAG7[I@G:@J7;:

43W'

!

@G>;>HA:I:DDH@H7I:887?:8>8>?@;H?JH>8D

C

>:TI>:;@G>G:87E7BID:;

F

:ID@G>

C

>:T[H88HIZ

?;>:A>[H@GHI?;>:AHI

Q

>

0

9(@?:I:8A7E>J7BID

@G:@@G>7@G>;

C

>:T[H88HI?;>:A>[G>I F

M

HAHIZ

?;>:A>D9̂>?:BA>@G>:DDH@H7I:8>8>?@;H?JH>8D

C

>:T

HA?87A>;@7@G>A7B;?>

!

?:;;H>;A[H88E>:??>8>;:@>D

>:;8H>; :ID @;:O>8@G;7B

Q

G @G> ?G:II>8 R7;>

\

BH?T8

F

HI:43W'@G:IHI:43W95G>;>J7;>

@G>@;:IA

C

7;@>JJH?H>I?

F

7J?:;;H>;AHI:43W'HA

>IG:I?>D:A?7R

C

:;>D[H@G:43W

!

:IDH@[H88E>

JB;@G>;HR

C

;7O>D[H@G@G>HI?;>:A>7J>

0

HIA7R>

A?7

C

>?7IAHD>;HI

Q

@G> D>

Q

;:D:@H7I 7J R7EH8H@

F

[H@GHI?;>:AHI

Q

HR

C

B;H@

F

?7I?>I@;:@H7I9

2H

Q

9#

!

+B;J:?>>8>?@;H?JH>8D

"

M

DA

bM6

!

M

Q

A

!

J

b$_#6

#

&"$



半
!

导
!

体
!

学
!

报 第
!"

卷

2H

Q

B;>KAG7[A@G>@G;>AG78DO78@:

Q

>;788Z7JJ

[H@G

Q

:@>8>I

Q

@G

!

[G>;>M

@G

HA@G>@G;>AG78DO78@Z

:

Q

>7JD>OH?>A[H@GAG7;@

Q

:@>8>I

Q

@G:IDM

@G$

HA

@G>M

@G

O:8B>[H@G:

Q

:@>8>I

Q

@G7J!$$IR9(@?:I

E>J7BID@G:@@G>@G;>AG78DO78@:

Q

>7JE7@GA@;B?Z

@B;>A>VGHEH@AHIO>;A>+&*

!

:ID@G>DHJJ>;>I?>E>Z

@[>>I@G>RHAAR:889

2H

Q

9K

!

5G;>AG78DO78@:

Q

>;788Z7JJ

5G>4(̂ 1?:IE>>V

C

;>AA>DE

F

'

M

@G

)

'

M

DA

9

2H

Q

B;>NAG7[A@G>4(̂ 1O:;H:@H7IHI:43W'

:ID: 43W [H@G

Q

:@>8>I

Q

@G

!

[G>;>

'

M

@G

b

M

@G

'

M

DA

b$

]M

@G

'

M

DA

b!

:ID

'

M

DA

b!69(@HA>OHD>I@

J;7R@G>JH

Q

B;>@G:@@G>43W'>VGHEH@AE>@@>;

AB

CC

;>AAH7I7J4(̂ 1

!

[GH?G;>AB8@AJ;7R@G>D7BEZ

8>>JJ>?@A7J@G>:A

F

RR>@;H?:8G:87:IDDB:8R:@>Z

;H:8

Q

:@>A9

2H

Q

9N

!

4(̂ 1HI43W':ID43W

"

)

M

f)

!

f)

#

b

Mf#f̀

#

2H

Q

B;> L

Q

HO>A@G> 4(̂ 1 O:;H:@H7I HI :

43W'BID>;DHJJ>;>I@G:87A@;B?@B;>A9(@HAJ7BID

@G:@4(̂ 1D7>AI7@?G:I

Q

> R7I7@7IH?:88

F

[H@G

G:878>I

Q

@G:ID;>:?G>A:RHIHRBR[G>I@G>G:87

8>I

Q

@GHA:;7BID!$IR95G>4(̂ 1D>?;>:A>A[H@G

HI?;>:AHI

Q

G:87D7

C

HI

Q

?7I?>I@;:@H7I9

2H

Q

9L

!

4(̂ 1HI43W'BID>;DHJJ>;>I@G:87A@;B?Z

@B;>A

2H

Q

B;>A!@7LAG7[@G:@@G>D>;HO>DR7D>8A

:;>HI

Q

77D:

Q

;>>R>I@[H@G3*4(&(9

K

!

>%(/.:0+%(

0I7O>8A@;B?@B;>?:88>D:DB:8R:@>;H:8

Q

:@>

+-(3-+2*5 [H@G:AHI

Q

8>G:87HA

C

;7

C

7A>D@7

HR

C

;7O>4(̂ 1:ID?:;;H>;@;:IA

C

7;@>JJH?H>I?

F

HI

@G>ABEZM$$IR;>

Q

HR>95G>:I:8

F

@H?:8R7D>8A7J

AB;J:?>

C

7@>I@H:8:ID@G;>AG78DO78@:

Q

>7J@G>I7Z

O>8A@;B?@B;>HI@G>JB88

F

D>

C

8>@>D?7IDH@H7I:;>

D>;HO>D

!

:ID@G>?G:;:?@>;HA@H?A:;>>V:RHI>D95G>

I7O>8D>OH?>AG7[AE>@@>;

C

>;J7;R:I?>HIAB

C

Z

C

;>AAHI

Q

4(̂ 1:ID>IG:I?HI

Q

?:;;H>;@;:IA

C

7;@>JZ

JH?H>I?

F

@G:I?7IO>I@H7I:8DB:8R:@>;H:8

Q

:@>+-(

3-+2*5A9(@A4(̂ 1HA;>DB?>D[G>I@G>G:87D7Z

C

HI

Q

?7I?>I@;:@H7I HAHI?;>:A>D EB@ D7>A I7@

?G:I

Q

>R7I7@7IH?:88

F

[H@GG:878>I

Q

@G95G>D>Z

;HO>D:I:8

F

@H?:8 R7D>8A:;>HI

Q

77D:

Q

;>>R>I@

[H@G@G>@[7ZDHR>IAH7I:8D>OH?>AHRB8:@7;3*4(Z

&(9

J','$'(/'0

&

M

'

!

+:V>I:3

!

':8D:;+

!

WB

C

@:3

!

>@:894>AH

Q

I?7IAHD>;:@H7IA

J7;I7O>8D>OH?>:;?GH@>?@B;>

$

G>@>;7ZR:@>;H:8D7BE8>Z

Q

:@>

"

'*3Z4W

#

3-+2*5 [H@GABEZM$$IR

Q

:@>8>I

Q

@G9+78HD

+@:@>*8>?@;7I

!

!$$K

!

K"

"

%

#$

MML̀

&

!

'

!

17I

Q

c

!

-B'

!

eB7,3

!

>@:894B:8R:@>;H:8

Q

:@>

"

43W

#

JH>8D>JJ>?@@;:IAHA@7;9(***5;:IA*8>?@;7I4>OH?>A

!

M̀`̀

!

KL

"

N

#$

"LN

&

#

'

!

UG7BY

!

17I

Q

c90 I7O>8G>@>;7ZR:@>;H:8

Q

:@>

"

'3W

#

3-+2*5J7;D>>

C

ZABERH?;7I.1+(@>?GI787

QF

9(***5;:IA

*8>?@;7I4>OH?>A

!

M̀ "̀

!

KN

"

MM

#$

!NKL

&

K

'

!

&G:BDG;

F

0

!

eBR:;3,9(IO>A@H

Q

:@H7I7J@G>I7O>8:@@;HEZ

B@>A7J:JB88

F

D>

C

8>@>DDB:8ZR:@>;H:8

Q

:@>+-(3-+2*59

#$$



第
#

期
1HUBI?G:7'-#3I

$

!

4B:83:@>;H:8W:@>+-(3-+2*5[H@G:+HI

Q

8>':87

(***5;:IA*8>?@;7I4>OH?>A

!

!$$K

!

NM

"

`

#$

MKL#

&

N

'

!

5;HO>DH6<

!

27AABR,W9):I7A?:8>24

)

+-(&3-+

$

@GH?T7;

@GHI -̂Y9(****8>?@;7I4>OH?>1>@@

!

!$$N

!

!L

"

M

#$

!L

&

L

'

!

3H

F

:R7@73

!

57

F

7@:e

!

+>THe

!

>@:890I:A

F

RR>@;H?:88

F

D7

C

>DEB;H>DZ8:

F

>;

"

04̂

#

A@;B?@B;>J7;87[ZO78@:

Q

> RHV>D

:I:87

Q

ZDH

Q

H@:8&3-+1+(A9(*** 5;:IA*8>?@;7I 4>OH?>A

!

M̀`̀

!

KL

"

"

#$

ML̀`

&

%

'

!

&G7H&

!

eHRe

!

&G7Hc94>AH

Q

I:ID:I:8

F

AHA7J:I>[A>8JZ:Z

8H

Q

I>D:A

F

RR>@;H?A@;B?@B;>J7;D>>

C

ABEZRH?;7R>@>;3-+Z

2*59+78HDZ+@:@>*8>?@;7I

!

!$$M

!

KN

"

`

#$

ML%#

&

"

'

!

-D:I:T:+

!

'H;7TH09<7@>I@H:8D>AH

Q

I:ID@;:IA

C

7;@

C

;7

C

>;Z

@

F

7J$9MZ

$

R 3-+2*5 [H@G:A

F

RR>@;H??G:II>8

C

;7JH8>9

(***5;:IA*8>?@;7I4>OH?>A

!

M̀ %̀

!

KK

"

M

#$

ǸN
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摘要!为了抑制异质栅
+-(3-+2*5

的漏致势垒降低效应!在沟道源端一侧引入了高掺杂
':87

结构
9

通过求解

二维电势
<7HAA7I

方程!为新结构器件建立了全耗尽条件下表面势和阈值电压解析模型!并对其性能改进情况进行

了研究
9

结果表明!新结构器件比传统的异质栅
+-(3-+2*5A

能更有效地抑制漏致势垒降低效应!并进一步提高

载流子输运效率
9

新结构器件的漏致势垒降低效应随着
':87

区掺杂浓度的增加而减弱!但随
':87

区长度非单调

变化
9

解析模型与数值模拟软件
3*4(&(

所得结果高度吻合
9

关键词!异质栅%

+-(

%阈值电压%解析模型
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