
!%

!&"

"’

""

"$

!&"

"(

#&

)"

*"

*!"#

"!

+

,

,

+

-"

-!

.)/ .)/

! ! 01% "#$%

$&’()* !234 +,-./0 ! /1234$
&’536789:;$&<=) "$><=) "?@
<=) "$&ABCA$%4DEF 5GH,IJKL
MNOC:4$%PQR 6 !7# $&’5) $88%%%KS$
&TU$%F,78V:4LMWXYTR !Z[,9
:SCA\]) &^_)B$%F 6 "7# ‘a; 88%% 4 #
bcSde$f ! gh # bi $ b4$>jklem
n=4op !qYZrst4ou0vwxy #z{ !1
9:$%q|C$}6 # 9:;<= B~!"#-.m$&
}$%&’$&’5) $888%%% 6 #7! 1$%V:()*
+,-./m$% # b0 $ b$12341’5 # S
56/$&789:; $$&T$% %49:$%F !$
&jk)TR42<=>?@ # ABDEmLMC;
01% "#$%4$&jk)D* ! E:1t/FG # H
ZrIJKLMNOP$%QRMFG*$%4$&
’536 !Sg:Z:TUVW<=)XY.Z[\$
% !E].IJQ.[4jk2< &5.f^/Q_‘
aYbByc #

! !"#$%&’()*
! ! de7LM[fEg.:4 01% "#$% !h

ijKLM2<k:nl4$&A$% #DTUV<7
9mV< !S! ! F !-!&-" nopm‘qr !s!XU
hktuVW$% !v!XU$>jk) #

wx "!>"">"#>"’>"!yC ’

#&> !%

" ?!@

aU ?!Azf !R{TUV<4C|}~X!.L{
2<"n#4$> 1$&"#$% # a;$%$%F&

!" !"##$%&’()%*+,-./
+ ,# -./# 012

!!"#$ %&$’()*+$,"!" -. ’#$$3"#

+ ,! 3456789 01% :;<=><?@AB $C67DEFG> 01% :;<=HIJF#
KL6MNO6PQRST><?@AB $ UVCQRST>WX # YCSTZ[>\]^_‘a
5b789cdef %cdFG>gHhi #KLb7gH"<= $ jklm %nopqrstuo
<=vwxyz{hi|j}I $
-./ ! 01% :;<=& <?@AB &<?~<= & BCDEFGFH
01234 " I)J!$ 56789 " K 5:;4 ! !3J’+JJ"$?"$!"A"$+$$"$+$’

/=GFLM NO : P<=QFGFNM QC<<=ME ONDDNR=< ;:G=S NM 01% QNMT=<EFML QF<QCFE

/C (=F! UV:N W:FGVC! 8V=M XF:NO=ML
$9:QCDEY NO *VYGFQG :MS ZD=QE<NMFQG![C;=F -MFT=<GFEY!\CV:M ’#$$3"! 8VFM: %

#$%&’()& " IV= P:P=< S=GFLMG : QC<<=ME ONDDNR=< ;:G=S NM EV= 01% QNMT=<EFML QF<QCFE ] %E N;E:FMG : QC<<=ME ONDDNR=< RVFQV V:G :
Q=<E:FM GYGE=H =<<N<G ;Y E<:MGON<HFML : QNHHNM ON<H NO 01% QNMT=<EFML QF<QCFE ] IV<NCLV EV= :M:DYGFG NO GYGE=H =<<N< ^ EV= P:P=< PCEG
ON<R:<S ERN FHP<NT=H=ME GQV=H=G ;:G=S NM SFOO=<=ME FS=:G 5 L=EEFML ERN FHP<NT=S QF<QCFEG :QQN<SFML EN EV= H:FM O:QEN<G NO =<<N<G ]
IV=N<=EFQ:D S=SCQFML5 GNOER:<= GFHCD:EFNM :MS :QEC:D V:<SR:<= QF<QCFE E=GE :DD P<NT= EV:E EV= GQV=H=G :<= O=:GF;D= ]

*+, -.’/%’ 01% QNMT=<EFML QF<QCFE(QC<<=ME ONDDNR=<(QC<<=ME+HNS= QF<QCFE( BCDEFGFH

!"#$ 0(’/-(’+ 1+)23456+

    
 O

Fweek
电

子
工

程
网

    
   e

e.o
fw

eek
.co

m

    
    

   <
jan

ck>



!!xy yc

!% &’( !!!$ )! $)* ! !!!!)* " !!!!!+ !!!!!* !!!!!, - . !$
I !/&’( 0$)$.* $ 0$)+.* $ 0$ )..+ * 0!)+.+ " 0!)..# . 0# ).." - 0+).." # 01 )..! " 0, )..$ 1 0-)..$ ! 0. ).-. *
J ’:(p &!( *)$$! .! * )$+- #+ * )*+ *)-" 1)$. , )" ,),* - )-* . )+ .).* !$)*!
. !/&’( 0$)$.$ 0$)+-. 0! ).-1 0!)+-$ 0!).,! 0# ).* 0+).# 01 ).! 0,).$ 0-)-. 0. )--
[ ’:(p &!( !$ !! !+ "$ ". *$ ,$ .$ !$$ !!$ !"$

! ! <?@AB"">vw#$!

""

#/"

"+

"$

#/"

"2

!/

3"

4"

4!"#

0

5

5

0

6"

6!

738

738

!%

! " $&jk)D*

""

#/"

"9

"$

#/"

"2

!/

3"
4"

4!"#

0

5

5

0

6"

6!

738

738

!%

"+

3!

"!

! # FG % *$&jk)

)cS:*/; !+$>0$&:* "$,0$-:* #
./R{TUV<C|}~XYm$> &$&"#$
% ! 012/cSaR{TUV<C|}~XY4$
& &$&"#$% !3$&jk) $ ! " de37ADE
4$&jk)4D* $

DTUV<79mV< !S! " F !4c56u5
7D9C :#3!;#4!%#3";#4""!"";!%"!"/;!/<8z :

#/!;#4!0!%"" =">

#4!; "#

"#$"+
#/"< #/"; "#$"+

"#
#4! =#>

!/; #/!%#/"

"$
=+>

aU =">"U =#>uU =+>z/hi :

!/;0 ""

"$
!%0 "+

"$"#
#4! =*>

9 "";"$""+??"$"# i !C &
!/;%!% =1>
U =*>uU =1 >:J !! " de4$&jk)cSL

44(p !S2<@tq#iz/9: ’;s !9 "" u
"$ 4<qBi !=z/XU$&<=$% $ ! " $%|
C5pf^> %5.f^# %?Xk:@A43B $

9Cu.Z:J !! " de$%F$ff<4Dx
@~E !FyGg$%45p$fr= !HgLI4$
&AJKLM$&jk) !N@H(pO= !NPQ_
‘aYb $hi !f<qEGg$%4Rqrr= !@H
$%C*ST_4zY $

S @ABCDED’!$)$ 4UVW:! " de$%GXI
J !E:.YZY4$% =[\r[FTUV<V:4

K2\VW<=) /4$,>GX[\hi5p$&u5.
$&4:9>$ !+: ! de $

: ! :JIJ]^k:nl ! ‘.Y$%yq9
m !5.$&4jk36np ’hi !IJu.[4’:
(p_‘abc6dO4ef $ aU =* >uU =1>zg !(
pLhi0* #4! j ! ;Lhiy0*$f4kl(p
/Q.YV<4mv$> %mv$& %5p$&B $

! !"#$%<=)*
n~! " $%Oou.[ycOozg !1$%(

pp@Ka #4! u)q4r9m36os4 ! g0 #4!

UR">$ $ t:(ple4Dz !AB-.RMqh
PU %qhum4FGhK $

! !" >? # (!"#$%
FG % *4um7 & r9m36p@a)qos !

zD:#6Y4TUV<’vA.ZFd:42\V
W<=) /4$,$ FG % *qwxyq4r9m36 !p
@z{;FO$%|}xy !~zY!4A"#$$%
(p #4! le4Dz $ Oozg !/ p@a #/! u #4" %
4 !& #/! 0 #4!%#4" 0 #/"%#4! 0 #/" C> !E9FO #4!

0 #/" 4>$3zg #/!0 #4"p<’0!%U"($
)! " F 6" XU4$>jk)O7hk"(VW

$% !FO #4! 0 #/" 4"(>$ !+! # de $ $>j
k)0hk"(VW$%A*L+ !z7$>jk)z
,-K"($y7 ! 4hk"(VW$% $ A*qO !
y./z0CFODC$%4qrPU !S#$$%(
p4hi !1Im126Yq3PQ $

DTUV<79mV< !S! # F !4c56u5

!"#$ $%&’(%&) *)+,-./0)

    
 O

Fweek
电

子
工

程
网

    
   e

e.o
fw

eek
.co

m

    
    

   <
jan

ck>



!!!!xy yc

!% &’( $)! $ )* ! !)* " + * , - . !$
I !/&’( 0$)$.+ . 0$ )+.+ . 0$)..+ . 0! )+.+ . 0! )..+ . 0#)..+ . 0+ )..+ . 01)..+ - 0,)..+ - 0- )..+ - 0.)..+ -
J ’:(p &!( *)$- !!!* )$. !!!*)!$ !!!*)!$ !!!* )!! !!!*)!# !!!* )!* !!!* )!, !!!*)!. !!!!* )"$ !!!!*)"!
. !/&’( 0$)!!$ !0$ )*$, !0!)$$+ !!0! )*$ 0")$$ 0+)$$ 0* )$$ 0,)$$ 0- )$$ 0. )$$ 0. )..
[ ’:(p &!( !$ , + " $ $ $ $ $ $ !$

4 !a;.Z[\5qC6 "9[\<=; " ’( i "[\2<7#8Yi !$ !( # !% S " ’(2. ’( 49:| ".[4’:(p7

$ !( "y:J.Y(p;; * !( $: # ych+ % &

! " gH % "<?@ABvw#$!

""

#%

"#

"! "3

!/
"

4

0
5#

678

678

! + 9:;<=>? $&A$%

79C "C @#7!A#B!’#7"A#B"’!""A!%’!"/A!/C8z @
#7!A#/!4!%"" D,E

#B!A "#

"#4"+
#/" D-F

d/ !

#/!4!%""A "#

"#4"+
#/" D.F

3 !

#/"A "#4"+

"#
D#/!4!%""F D!$F

#B"A#7"A "!

"<4"G
#/" D!!F

< @

#B"A "!

"<4"G

"#4"+

"#
D#/!4!%""F D!"F

8z7 !/A #/!$#B"

"$
H wx "!

"<4"G
A "#

"#4"+
"yC !

!/A0 ""

"$
!% D!#F

aU D!#Fzg "5.$&’0 "$’""’!% C> "9x
"$A"" i "C !/A0!%# 9C"=>?@4c6>$ #

S IJ<KLML’!$)$ 4UVW:! # $%GXIJ "E
:.YZY4$%[\hi5p$&u5.$&4:
9>$ "+: " de #

: " :J.Y$%4[\6YA;IJ]^ "p@
Kz7wxid:$f42<_q# HS.Y$%F "G

:2\$B)’v "/C#z$f2<ukl(pos
4(p # hi " Dv #B" 4<=z/}OEFTUV<
4r9m36os4(p "g(pGLGH; #
! !! >? "" (!"#$%

FG %% *4um7 !S$%Fop(pEF$%/
EF #B! os4(p #! B! 8V+$>-7(pEF$
%45p "Sqri5.IB # FG %% *4?BKXY
(pEF$% " a{S0JK;sLM N&% "#$% "
+! + de #

! + Kq h ; ! ! 4 ; L M N&% " # $ %(((
9:;<=>? $&A$% & DTUV<79mV< " S! +

F "4cTUV<56u5749C "wx ""

"<
A "#

"
"y

C !/A0 #%

"
&

9 9:;<=>? $&A5p0 #B! U"(i " 3z5.
L{EF$&:/EF! " $%Fa #B! os4(p "
5+LXUm! * de4FG %% *$&jk) &

a; B! 8Mm$>jk) " w 5* 79mV< "y
$>jk)5p$f "% 7JN= H D "# O7 "##A"%& &
"#!"#"EOPvCAqPQ1xy "3opEF$%
CAqG: #B! !UPQ &

QxyP:4>$7 !

!/!A0 ""

"$
!%0 "+

"$"##
#B! O!+F

!/"A0 #%

"$
A0 !

" D0 "G

"-
#B!FA "G

""-
#B! D!*F

wx "G

"-
A ""+

"$"#
"yC @

!/A!/!4!/"A0 ""

"$
!% D!1F

1F "G 72\$B) ":/DvR!4"(>$ "a;
"# 84B]<" "# f<; "d/ "G Mp$%4<G"
9C<R= &

S IJ<KLML’!$)$ 4UVW:! * $%GXIJ "E
:.YZY4$%GX[\ "hi5p$&u5.$&
4:9>$ "+: # de &

: # h+:J.Y$%4[\6YA;IJ]^ "
p@KDv "G 4<z}OEFTUV<4r9m36
os4(p H C#z$f2<ukl(pos4(p "
g(pGLGH; &

.Y$%F5pbStpL{;$f+ !$$ ""G
g5pbS4$>7R< &
! !# @ABC2D

S5p$&Du7 * ’( i "FO "3 4< "hi !/0

!"#$ $%&’(%&) *)+,-./0)

    
 O

Fweek
电

子
工

程
网

    
   e

e.o
fw

eek
.co

m

    
    

   <
jan

ck>



xy yc

!% &’( $)! $)* ! ! )* " + !!!!* !!!!!, - . !$
!/&’( 0$)$.# , 0$)+.# * 0$ )..# " 0!)+." . 0!).." , 0# )..! 1 0+)..! $ 01 ).-. . 0, ).-. + 0-).-- - 0. ).-- "
’:(p &!( 1)"* !1 )*$ !1),- !, )$1 !, )#+ !-)++ !- ).. !!$ )!$ !!$)1* !!! )"! !!! ),1
!/&’( 0$)$. - 0$)*$$ 0! )$$" 0!)*$$ 0")$$ 0+ )$$ 0*)$$ 01).. 0- )$$ 0-).. 0. ).-
’:(p &!( " $ " $ $ $ $ !$ $ !$ "$

! # gH %% "<?@ABvw#$! 2pqsv 3

xy yc

!/&’( 0* 0+).. 0+ ).- 0+). 0+)-
D "/&4 0$ )!"! 0$)#". 0$ )+*# 0")#++ 0+)11
* #5&6" $ )$"+ $ )$11 $)$.! $ )+,- $).,!
FG "/&4 0, )++- 0,)+,+ 0, )+.# 0,)*". 0,)*,-
% * $5&6" ! )+. ! )+.- !)*$* ! )*#, !)*,.
FG "/&4 0# )1," 0#)1., 0# ),$+ 0#),!" 0#),*1
%% * $5&6" $ ),#+ $ ),+! $),++ $ ),*- $),-#

! + %7FG<?@AB>&’()vw#$

$5 >$: !+: + de !qTmUM$%4_aYb "
: + :JD*$&jk)_aYbVp !RMFG*$
&jk)4_aYb_WX-# !Y1KFG % *6Y
Z7[. "

AB/ 4&% "#$%OPhi4$&jk)7D
* !-.RMFGh\ !hiRM.:*$&jk) !S
jk2<"WX-# !hi_aYbjJWO] " $%
?X@A !^;TU_ !TUv46Y)ZtA‘ "a;
Q$%nabmVW<=)4Ac6Y !gd$&jk
)|C2<# #5.f^# #efQ9lB3B "TUV
<46Y‘l 7y2<‘# !_aYb‘] " RMFG*
$%|C5pf^> #5.f^#43B !z/9:S
g:<=) #$&’5)F " a;$>jk)|C5p
f^# #5.f^>43B !9l~$>jk) !yz/
4chiAf^ #‘af^uhi’(i4jkUVB
zl !DmLMaGn}U47Co4lu:hiGX
<=N’( "
EF56
8! 9 pcq !rs ) :FG4$&’()./$&TU\]
) 8 : 9 ) $t[10g)~u 7!..*7.;+< =10!$)

8" 9 pYv !wxy !z7{ )LM|:|5p4>>>X}
>?/@ $&’5) 8 : 9 )D$t~0EW| !"$$-!"*;!!<$
,"0,1)

8# 9 A(BCD (7 @((%E /7 B/F>GDCC/H >) GIJK LMNOPNQRS
TUUVIRTWIXQY ZTYN[ XQ T QN\ RPMMNQW RXQWMXVVN[ RXQ]NSXM 8: 9 )
%DDD ^MTQYTRWIXQY XQ >IMRPIWY TQ[ @SYWN’0%= APQ[T’NQWTV
^KNXMS TQ[ (UUVIRTWIXQY 7 !..17+#;"< =-"0.")

;~!"# $"$!"0$,0#$<

GHIJ !
z$ !% !!.-. +e !A& !p@MNhx $$ADE #

hi89 #A_‘( DE "
’() !% 7!.*. +e !*+, !p@MNhx $$t-

.9: #$/-. #TU$%DE "
w01 !2 7!..! +e !A& !p@MNhx $$t-.

9: #3MZ4 "

! * FG %% *$&jk)

$"

"/"

$L

$5

%%
H!

_#

_!

$#

0

a

a 0
F+

F*

‘HE

‘HE

!/
$+

H#
$,

!/"

‘HE

a

0
F!

$$

!/!

0

a
F"

$1

a

0
F#

$

$*

H"
_"

$! $-

‘HE

&X!

!"#$ "#$%&#$’ (’)*+,-.’

《电子技术应用》 www.ChinaAET.com

    
 O

Fweek
电

子
工

程
网

    
   e

e.o
fw

eek
.co

m

    
    

   <
jan

ck>




