
!!"#$%&" !"#! ’( $# )( #% *

!"#$%&’()*+,-./01234 !

+,-
!!"#$%&’ ()*+,"-. !" !!"##$#

! " ! ./0123456789:;< # =>?@ABC4DEBF $ GHIJK;4
%&’()%**+, 123LM456NO # P;QRST4UVWXYIZ[9: # \;Q]%4DEB
^#_‘abcQde $fZ[ghi&Zjkl4BFmn -./$opfZ[ghmnqjK;#W
rqsQ‘tuUV/0v4wjxy #uipPz1234{2|V_qs}6$

#$% ! UVWXYI %DE%de%u~UVWXYI
&’()* ! 01"23 +,-./ ! 4 +01* ! 3526)22!#!!#3!"3$)##7")#"

!"#$%& ’ &"( )*+" ,- ’.)$/" +,("0 -1.),0 .,00".)$,&
.$0.2$) 1&3 .,&)0,4 5")6,3#

8*9: ;<&=>9
!8>?@A,B>9, *= CD>’,A*9<’ C9:<9>>A<9:#E@9:FG*& -*DH,>’G9<’ /*DD>:>#E@9:FG*& !!"##$#/G<9@ "

!"#$%&’$! .A*B ,G> I@+<’ ,*?*D*:<’@D +,A&’,&A> *= ,G> +J<,’G ’*9K>A,>A# ,G<+ @A,<’D> D**(+ =*A @9 +<B?D> @9L ’*9K>9<>9, J@H *=
’*9,A*DM 4’’*AL<9: ,* ,G> I@+<’ ?A<9’<?D> *= ,G> ?*+<,<K> *&,?&, %&’( )%**+, ’*9K>A,>A# ,G<+ ?@?>A ?A*?*+>+ @ 9>J ?*J>A =@’,*A
’*AA>’,<*9 ’<A’&<, +,A&’,&A># ,G> ’*AA>+?*9L<9: ’*9,A*D B>,G*L# @9L <,+ +<B&D@,<*9N 0G<+ ’<A’&<, ’@9 A>@D<F> -./ IH &+<9: ,G> B*L> *=
K*D,@:> =*DD*J>LN %>’@&+> ,G> ’<A’&<, ’@9 A>@D<F> +,>?OL*J9 *&,?&,# <, A>L&’>+ ,G> ?A>++&A> A>P&<A>B>9,+ *= @DD ?*J>A +J<,’G ,&I>+#
,G> ,A@9+=*AB@,<*9 *= ,G> ’*9K>A,>A <+ G>D?=&D ,* <B?A*K> ,G> >==<’<>9’H @9L A>L&’> ’*+,N

()* +,%-#! ?*J>A =@’,*A ’*AA>’,<*9$ ’*9,A*D$ +<B&D@,<*9$ @’,<K> ?*J>A =@’,*A ’*AA>’,<*9

!!"#$ %!#33 %&’()*+,-./0#$ !33F#3 "

123456789:;0<=>?@ABCD
E &FGHIJKLMNOPQ ’ R@BCDE;0<
STBUBV9:@;!WXYZ[\] #^_‘ab
cd;DE[\ (efgbDE[\Whci\jkl
>; -./ XYZ #mnopqBCir #stjW;$
; ( FGHI;0<u=>v_‘cw;DE[\ #x
yz{;6-JKLMN #|}~!"~#$;FGP
% #mpq&’BC;ir #()FGBC #stjW (
*] #+,-.Z/;ir #01m2&’3pqBC
;ir (

An45f@ #_‘z{;5f6# #‘1234
5678BC;>70v898:; ( %**+, ;BCm
RFG(< #B=>?@AO!BCDTEF5f ( 2
no -./ ;FGHI3GH # Im 8/1 LJK;XL
FG%J //1 LJK;MNB=FG%5f~OE

F # PQA)Q3RS1TTf; -./ FGUVWX (
WY;$;v2-.XYZ!W;DE[\WZ #|}
(<JP[;FGPJ (

\]8^_W; %&’()%**+, XYZ‘a;!Wb
c #pWTa9d;345678BC[\ #PeWT
f5;FGPJ (gBCrhefBijk;PJno
-./( lmgBCrhnosi_W # 5nstT‘k
134-.o;pi>7 #1empqXYZ;qYr
4JstjW (

. /,,#$ 012 2345678"9
WYstG2m‘a#ufvwB2;0<xy #

gxy;=>xyz{|K (
!3" _}ci ( )B %3"6Q!56 R#"#!7 SF$6N" (T

~!ZB" %3"6Q!56 R#"#!7 SF$ ] !U R% 8/ !U R
7N" (T##B$% %8/ !6 RV!## 4G( !!"_Wci (_W
&C 8/ !6 R( !7"’=_}8();_Wci (_WB

!"#$ 3&%-+&%) 4)’56789)

6#

《电子技术应用》 www.ChinaAET.com

《电子技术应用》 www.ChinaAET.com



!"#$%& !!!"#$%$&’(%)$*+!!"#$%&" !"#! ’( $# )( #% *

iO !"#"!$%" &! _W34O ’ $$$ ("
_WBi>?z,m )$ *&"B2r5A
m"Om !+"*wr5Am"Om ’+ #
$,%#B$ !, & "] !- & _});_W
ci & _WBiO !"%"!$%" &"_W34
O ’ $$$ ("_WBi>?z,m )$ *&"
_Wci’_W&C ./ !, && $"%+B!
,-. ’)B (!" (] !- &(B$ & $0%
/0 & ’=_}yi/0’!0, &"’=_}
1i/0’)", &"] !- & _}/0"yi/
0’’!!1#" &"1i/0’!1!1#" &"23/
0 & $2%#B$/0 & y4/0J23/
0& $-%_W/0& yi/0’!2 &!1%" &&
$3% y=56C/0 & r4,m"Om
-1+ "3456,m 1%3& $)1%7Bci & 8(7Bc
i ’~q7BBi !-%-!1%! &"~,7BB= ,1!" 4"
7B)8O 0%" 5" 7Br9O:=)**Ni;=***
<7 " B$=>?B);7BciO@= +)4%***:
=***Ni;=***<7 &

OTABm3>7 !WCYDET1n40<FG
;!m 6/’-", FG; 7889: ;</ XYBCG0< &

H@nI !<=>?@AB ; ;</ JKLmno_} ( _W
;MN !OlmRMNXiZPU<^P) !QCRP
xRSFGTU !XiZef4t !BCxyzOTU (
RV !nQ1Wist !IXYTB2;’Z (>[ (\
] ( ^]_jW & gN‘GTa;n45f & 7889: ;
;</ _}B=bc (LmFG !3456 ;< q !B=d
Xe6 CD. A ! _WBiq ! fgBthij8;B
r !rpkjl)8;mB/0 !gb!BnQop3
abBUBVZ/qrsT +|tuv(wZ (xy %-
Z W z 8 i r { ( | w 1 W ; ? j F G U V ! |
6/’-"!(6/’-",(6/’-""(6/’-"2(6/’-"-(6/’-"11(EF,-1’
O !Q 7889: XYZ}CTEF;5f &

! "#$%&’ :;
6/’-", va912345678~fFGUV &

a1m!j"iXYZ783456kl;#$FG
3r !Q3456%D 1%33 m3 !_}B=?&’(A
m "+& gFGZ)fMNB=;FG !FG*&+q !
-.,-@t & )f 6/’-", %j;345678BC
. !/_}BiA -"G!01 & 08X)) !_WBi^1
/1|w ! 5*01aO 4/H./ |iB2 & 6/’-", )
f23_W4 !_WB=1% ) 4 m3 !5* !_W;5
wL4 ;(E 67189,34 EIJ<KC& 6/’-", s$
:;|; ) k< &

$ ())*+ ,-. 23456<"=>?78@8A
$/0 ())*+ BC56?78@8A

7889: BC;xy=>=v34Z/;D>JB?

;xy & XYZ;_}Bi@Av 4/ -1"!2" &!_W
O ./ ,11 &!{B34O ’11 (!-.L4O "1 BDL!X
YZ‘aA ./E K & KQGeWC’;D6xy &

lm34:w !_}B=;~,EGvA_}Bi
O~t) ’

!MN*@OP ! "
#MN*MN! P"%’ 4 +)%

F?e6> "1+!5*B=F?EEGO ’

!!MN*MNP!MN*@O#"1+P!%0" 4 +!%
_WBi:w !~,GHH0WoA_}BiO~

t) ’

$P)Q !! #MN*MN

#8R:
P1#2)2 +’%

%P !! ##MN*MN#$*@OS&9P!!MN*MNP0#)!#)1Q,D +,%
> %P1#- *D
PUIJDf"KLM T; eN; ENQUN \O’ !

;PO KK,!/& )fQRO 1#, ** ;STy !- UP
V !W6O 31 W !PX1 ’ ** YZ;[\ !mpqB
?;]^JrU!01mxy[\;_&G‘aB?;G &

Bt;D> & _WOBi ,11 & ;Q=B !5* !_
WBt5gOpiO ,"1 & ;bBcBt & a;t[l
J +"%Gdw ’

’P !#"#!(
#1

!Q#1+*MN%
+"%

R@ !" Oew34 !!( OBt;fg)8 !ah> )""
"1 *9!#1 +*MN%v_WBi;~AG !ah> ’11 &!5*
_WBt;G> ,"1 "<&

*] ! 34oD> VW ijqr; W<;,01F/! pi
O 011 &!~,8^xkB= !1 4 +!"$) %& c=lm
oDf IN9X*M ijqr E6W-01 nopRlmo !pi
011 &!8^ewB= - 4!2^pR)8O ’" N9&
$/! DE56?78

MqGxym 6/’-", Ors;12345678

!%%

&’ (
)*+
,-. (

&/

&&

’

0-. (
!1)*1)

"+%

!2314

&5 11 &6 "+

6 &6 &,

21)7%7"1)*1)

tuZ

&. ( &

&’

q

_W
"&

2
28
1

9:;<
9:=<

&.
!%%

2)9

0-. (
!v2

>,5
<?:37

2@*

!+=@7 3@:7
=@7

.0

"&

3A+B C %
+

B

%

3

Bwxy
4,Z ;D3

H@Z
Bixy
4,Z

%+
=@

7

E,

; & @%54.6 s$:;

!"#$ 12345236 7689:;<=6

,)

《电子技术应用》 www.ChinaAET.com

《电子技术应用》 www.ChinaAET.com



!!"#$%&" !"#! ’( $# )( #% *

ZBC !|; ! k< "
!"#"$ 5FGH56

B=):1&9P% !AXYZ;zC@x{|}
B~"f!B="?Z): "B~|}$#t34"#
t_WB=6# !A,B=) !>:B~3;34$]
+, !z%)f !lm "##$% BCv{MN; !OTm.
;P& !WY)fT!"?ZB=):;P% " ah>
! &$’( )* +!"?Zb’J(’;WHO ",!--!u1 #

#’($./0%, #$%"&$./0%1 !#2
)34526 7 $3%

>:B~O #

’8, "&!&$’(

#’($./0%
$9%

(8,:-4*9 "
> (8,:- "’
g:n4;EG|}BiO #

!&$’(, (8

"
#’(()*%(./0% (;%

!&$’(,-46<< +
&=oDqLo =><*<;’

!%&%& IFJK56
A ?@:;A< @ ! B=‘Gvxy(<;!vBiD

B=|}B~;MiGx{; ! /)8B=n‘) !2
*SmtBS!34o.+’ ah> +’(#BCD,9EA 7!(’(,*- ("!

!&$B#CD,+’(#BCD& ’8

2--
(6%

!&$B#CD,*E*2A +
MiP,O #

’&$B#CD,’’(2&
!&$B#CD

!&FG
(*-%

km ’’(2,*EA ("’
!%! LM4NO

(*%MiZ
!HI/B,!HI&-E6!!GG,*E<*< +!!HI/B,92 +’
MiB~Gl : -P,dw #
’GG*1’GG2,*-3 "

’GG:

’GG*1’GG21’GG:
, *E<*<

9!
(**%

’GG2-(GG:

(GG*1(GG21(GG:
, 9EA

9!
(*2%

c01C #(GG*,6*- ("!(GG2,6* ("!(GG:,2- ("’
(2%Bi?&>:.CB~;D>

!’((./0%, 2! !HIC (*:%
!’((./0%,:;*E;: +
=B/J.HI )3--"*-

K3 7 (*<%

(B/J,
!’((./0%
!B/J(./0%

1C #(B/J,3:3E< ("!> 32- ("’

(:%B~ (L* ;D> #

(L*,
(B/J

<
(L*,*AA (" (*A%
(<%tuZBt;D> #

./, *E2A
($F%&0$

./,2EA"*-K6 M
’ PQ ()*+,)-. ?RSTUVRSWX
’%$ RSTU

FGBC)fMNB=FG; ! f ?@:;A< noF
G3r !kmL;0v!m ?@:;A< ;[\K/; !R0
(L;|; : k< ’ ?@:;A< T1TMNB=FG;3
45678FGBC;#$kl3r;<V?jBC !
=>lBi4,Z )L23%Z )B=4,ZJw46
_‘GZ%j " *]^T5534 NO8MPQ 6t;7m
89Z !REA + ;Bi!v )8y4}Z )Yw9rH@
Z )1i|}Jy=H@Z " ?@:SA< 3S%Z;_WB
=:O!vB= !a5|}B=dwGHH;,A "

+NO,+7@(!7OK*EA +% T1!.#
2

R@!!7OOBixy4,Z_W;P!!.#<O *EA +U<ER +!
1,#* OH=e6 !+7@ v3%Z;_}B= " MPZJ
S%Z>TBi?@af !Q_}BiX) "

(*%AB9vOTQBC;B91a-y, " *: :
‘a)]3a-Bt !UV-C‘a),la-Q=B
2‘R7B !QCGHHDEXY "

!$$

"%% #

!$

!$!

!$& $’
$$(

$)
$*

$$

$+

$(
$$,

$!

%! !*

!,

$, $$&
$*

!-
$$$

&
!)

!(

!’
$$!

"%%

$$)

$$)

*
w!

&

$$+

$$’
.

$$*

$!*,-()+

$($-$,$*$!$$$&’

; ! !m /%*+-, ; 01123 45% BC;

!"#$ /0123014 5467-)8+4

<2

《电子技术应用》 www.ChinaAET.com

《电子技术应用》 www.ChinaAET.com



!"#$%& !!!"#$%$&’(%)$*+!!"#$%&" !"#! ’( $# )( #% *

!!"tuBCfmrqLF? # la-BiFG-
. $B=FG;B=2_a-67B=2\j # Bt;
7BBiFG-.;GxJHI %n-.3;Bi2y
GFG "# B=2;,A # -.;&-JkvlBt;
BiGK+; % -C "$%&%"’ Oa-:=‘]3Bt
8^7B %/ ! !(’")’*+ , ) %-.#3 %*)m - L
;BiKsQMAm !*$ ,%"$ ;B=XO -& ./%2
^NO7B &/ !!-’"0-*- , ) %-.P- %!!-1"Bi
z" %QM ! !-1")2*# ,%"# B=QRO 3%-CKa
ST;74B # rqkl;tuLF? # "4 Om !’ .
C;B= %"$ ;B=vxy6UL;GL2; #

!+"Bixy4,Z # R_}:O 25%_W:O 22%
lyM4,ZJ4,ZBC\j # _W !/678 vlyM
4,Z 2 -?Bm;B=yFG; # Vx !9:;9 OmD
WBi %uXFB=2 "’%3%5O !5%(<$ ,%km =>$
=? YZmxGx % =y =+$=? [m;B=+A %2 -?
BmNM !@@%!/678 O 5<$ ,# \ !99:;A9 AmDWBi) %
"’03%‘Bt8^7B %! !23";BS]q %Q =? ^m
HI # !/678 Bi3" #{c %\ !9:;9 ,mDWBi %_j

! !23";BSKs %=? ;GxY‘ %!/6BC ;BiKs #
L;;‘abc5n4fa # L;@bcdT6UL
; %"’%"D$E!"D’E#

!4"B=xy4,Z # B=xy4,Z5Bixy
4,Z;[\J‘abc!Wa: % zQaefMN #

z{;va1 2 -XF2 # "5 vB=FGB=2 %a;
6UL;5 "’ fg # "(3 vh<3%S%Z;_WB
= # AL;@xy6UL;noT3%S%Z;3r #
!"# RSYZV([

WY0(T_}Bi@Av’= ($4 ,F2’4 ,%_
WO 21 , Q=%{B34O + &&& G%-.L4O #& HIJ
; "KKLM ;XYZ%L;@kfD;D6v\] 7@>1$? ;
Qfijxy;# R0([9|; ?F; -& k<# ; ? O
BC_}67?&&; $ OlmoB=?&&; ’ O=3
4oB=?&&; 5 OBtBi?&&; 1 OB2Bi$B
=?&&; N O78?Bi$B=?& &; -O k<TY3
45678.;Bi5B=;0(?&# xy?&;MN
1mlmnHD %f 7@>1$? O=UV; PC@ BC %34
5678r9ok%_W;BiB=?&1+p;+q#

!"#$ $%&’(%&) *)+,-./0)

"#$%&$’#’(
)#*+,-’&

"’QQ+$% .+/(’,+0+$%1
2 &
3

4 25
6#7%/-+

.+/(’,+0+$%

8" 6#7%/-+
9#’,:+

;<"

=>
=?

9+,&+( ;<" @,/$:A1

= =-

=B

;<"C ;<"B

;<"D

6#7%R-+ .+/(’,+0+$%1
2
5.

2 5
&

9:#)+E

"’QQ+$% .+/(’,+0+$%

9:#)+

;+7/F .+0#,F

;+)+/%&$-
9+G’+$:+

H:$I
’!>"!’!I" IJ(2>D

(

K,/$(L+,
H:$I 8MMI

!
2 N

O,#M’:%
H:$

’!I"2JPJC Q’Q
8R( 9&$+ S/4+

CPI

8MM
!
2

"#$(%/$%9/%’,/%&#$
K,/$(L+,
H#$
>J

JPD>B(2I

9+,&+( ;<" @,/$:A

6#7%/-+
.+/(’,+0+4

2 !

;<"T 9:#)+I

- M
0 (.#(+%I

; ? !m U"?TCE ; 9&0’7&$V 0(L;

�����������������������������		�
��
��������J JPC IPJ IPC >PJ
# W (

NIJ5B

?PJ

>PC

>PJ

IPC

IPJ

JPC

J

6
7
r
G

W,

; E _}67?&

?>

《电子技术应用》 www.ChinaAET.com

《电子技术应用》 www.ChinaAET.com



!!"#$%&" !"#! ’( $# )( #% *

����������������������������������������
���������������!""#"$"%"&""’&"

’%"
’$"
’#"

’!"" " "(& ")% ")$ ")# !)"

B
i

*+
!B
=

*,

; !" 78.Bi!B=?&
! * -

!"#$ !"#$%"#& ’&()*+,-&

WYA8[?s0<;R@Ojt;MNB=%

FG;"i;3456789:5DE !""#$ ;XYB
C;!u3 "j3nvl#[#Aa> # AMNT12

345678Z;!W‘abc;!u3 "0(T34

5678JwS345678;BC "PQxyTf.

BiJB=?& $ SyH@.Zo "Sy %&’ 780.
BC;34561Tok+q $WYpW;34567

8BCdFGP%JCD;[9‘3456789:

;0<J5fC1aw;FG $
=\+,

() * z{| +<f}J&=w?*w;3456MN (’* +~
!L"#uB29:%# "),,, %-./0-.,+

(1 * $G% " &’L-.B2;bc5xy &~a( ’ (2* +
)* %BV‘+W(+ "),,/+

(3 * 4567 8 8" 9:567 ; 2" <== & ’+ %">?@ ABC$"@
C"@@?C$D"E >D$F AGHIBCJ C"EK?@$?@ ?LMG"HDEN CFB@N? C"E$@"G(9*+
:=== 4@BE#B$D"E# "E %">?@ =G?C$@"EDC#"),,O")1&1’%3OP03/P+

(- * Q=;’5R S+ %">?@ ABC$"@ C"@@?C$D"E T#DEN $F? U’3/V1
C"E$@"GG?W "E 0$DL? X?@" CT@@?E #>D$CFDEN $?CFEDYT? (Z*+
%@"WTC$[5MMGDCB$D"E# \BEWI""J" ),,P%-.P0-)3+

(V * 4]^^ % ’+ U’3/V- C"E$@"GG?W M">?@ ABC$"@ C"@@?C$D"E
CD@CTD$ W?#DNE(Z*+ %@"WTC$ [ 5MMGDCB$D"E# \BEWI""J" ),,P%
1.V01).+

(P * ,-e " o.qL-.B2nf9: &~a( ’ (2* +)
* %BV‘+W(+ "1..)+

(O * 65<S564 2 R+ 4F?"@H BEW BMMGDCB$D"E "A $F? 2<-/1)
BK?@BN? CT@@?E$ L"W? %&’ C"E$@"GG?@ (Z*+ 2DC@" <DE?B@
5MMGDCB$D"E 6"$?" ),,O%).V0))-+

(/ * %Q=__256 5 :+ _>D$CFDEN M">?@ #TMMGH W?#DNE &1EW ?W’(2*+
6?> ;"@J%Q+Q+^"EE?GG?H [ _"E# ’"EMBEH"),,/+

&/01T %1.)10.30.- ’

]^:; !
234 "5 "),OV %q "67 "89 "=>0<P^ %B

UBV5BU:9 !5fBV9: $

�������������������������������������������		
��
�����������" ")& ")% ")$ ")# !)"
! * -

!""
#"
$"
%"
&"
"

.&"

.%"

.$"

.#"
.!""

B
i

*+
!B
=

*,

�������������������������������������������������������
; # B2Bi!B=?&

" ")& ")% ")$ ")# !)"

!""
#"
$"
%"
&"
"

.&"

.%"

.$"

.#"
.!""

B
i

*+
!B
=

*,

; / 78?Bi!B=?&
! * -

��������������������	�
��

���������������#0$1%2&!"
; 1 lmoB=?&

" "(1 !(" !(1 &("
! * -

3!".$

l
4
o
B
=

*,

�
���������������������������	�	�
�
������
����������" ")1 !)" !)1 &)"

! * -

3!".$

%1
%"
21
2"
&1
&"
!1
!"
1
"

.1

B
t
B
i

*+

; 0 BtBi?&

; $ =34oB=?&

���������������������������	�
������
�����������	
�" ")1 !)" !)1 &)"
! * -

3!".$

%"

2"

&"

!"

"

.!"

.&"

4
5-
67
8B
=

*,

--

《电子技术应用》 www.ChinaAET.com

《电子技术应用》 www.ChinaAET.com




