
 

 

 
 

 

 

 

 

 

 

 

  



 

 

 

 

 !" #$% &' ( !)  * +, !-.  /01234  1" 567  8$9:; ( <=>?  (1@

 (. 5A BCA1D +>EFCNN  (G575H=; I0CMOS 

 

 !" #$%&'( )*+, 

 

-'*.+, / -.0 1*234(5 

 678 -'*.+, 1/79 

:$4/7;2<( /72$, =>?$?@A BC7, 

 

D>' E&+8 1390  

*F ( -'>.F >C GH 5 I0>J 5 I+H G,>4 K>J>" 

 

&.L( 5>;'(> : 

-0!%3, 5!M+8 7;C5 



 

 

 

 

 

.  /01234  1" 567  8$9:; ( !" #$% &' ( !)  * +, !- <=>?  (1@

 (. 5A BCA1D +>EFCNN  (G575H=; I0CMOS 

 

 !" #$%&'( )*+, 

 

-'*.+, / -.0 1*234(5 

 678 -'*.+, 1/79 

:$4/7;2<( /72$, =>?$?@A BC7, 

 

D>' E&+8 1390  

5 I+H G,>4 K>J>"*F ( -'>.F >C GH 5 I0>J  

 

>&.L( 5>;'( : 

-0!%3, 5!M+8 7;C5 

 



 

 

 

 

 

 

 

 

  

 

 

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

                                                       234567 )489: ;<=) >?@ A*BC 

                                                                                                                                                                                                                                                                     D*EF& >&G DHIJ&-H" KLM4N >H-"@ *1 

 H O PQ#$R 

                                                                                    PS*1TUV ;WXY H Z[ \*] H "#^ 
 



 

 &' ( !)  

 (CMOS 

N7;@, =O$L

  :* +, !-

 (G575H=; I0

L P7JQ" 5 !

87  K(!.R >8

 (. 5CNN

!,              

-.

- 70532002

5A BCA1D +>E

           1 >&

I079  (7S. 

 

.0 1*234(5 

-J!T34(5 1 >

EF (1@ <=>

&F /           

7S               

 

 

 

 

 

 

 

 

 

I5J K  >&F G8

>? .  /01234

         IMU 

          17&4 

K$LM4  (N

1" 567  8 4 

139 1 >&F /

             /

 )>SV G,>4NOA

8$9:; ( !" 

 W 30/11/90

       GMA  >8 

>4 K>J>"

#$%

WJ >A G8

K( /(5

 

 

 

 



 

/N$=%: 

X/7Y -J>'>.F Z-<![' -M\R )>L G2MF )>L578 >C ]( -2J E$A^)7;C( >C( *F>8 -, . -M\R G2MF _;`$'

 -J>'>.F _;`$' :J a>'>'( G,>4 K>J>" EJ(  5 1*F Gb( ( -<!['7;C( >C  P](57" *, /5  5 *4(!A -, GC I'(

*.C  >C -J>'>.F / . / -9cJ/ d(7e;'( 5 !,  5 -<![' -M\R G2MF  >;f>' Z-[MS )>L >C G8 GH!A >8

>,] *.,]>$4 7;C( >C -J>'>.F15!8 )7;3$8 K  -9cJ/ d(7e;'(  5 )7;&C IS5 )( (5 /*F>8 -, . K>J>" EJ(  5

 >8 )](!, g,>C  >;f>' >8 -<![' -M\R G2MF :J ]( ZIS5 hJ(B0( / P](57" K>,] hL>C I+H G,>4

7iF](57" )>L7\.R )7$9 >28)PE(  j!&T,  5 D![' 7L  5400 _$.C -, 15>k;'( 7iF](57" 7\.R . lm'

 D>&R( >8_$L5 -, N>T4( (  P](57" / P](57" h$" =>$[&R n.$4![C )>L!i<( . !i<( EJ*.o G,>4 K>J>" EJ(  5

 -, 15>,V -9cJ/ d(7e;'( )(78 >L!i<( EJ( )(7H( >8 7J/>\A / 1*F Gb( ( G$</( 7J/>\A P](57" h$" )(78

*4579 .<![' -M\R )>L G2MF p'!A -9cJ/ )5(*%A ZX/7Y )*.8 qgC I+H E$.r&LF d(7e;'( -1* 

I'(.  5>%8(  5 :.$<!&$' ) (B0( N74 p$@,  5 G,>4 K>J>" EJ(  5 G;0  >28 -<![' -M\R G2MF20×20  15>$"

I'( 1*F )]>' G$MF s[;e, )>L!i<( / 7J/>\A D>&R( >8 / 1*F )]>' . E$.r&L G,>4 K>J>" EJ(  5 :J

F -07%, -<![' -M\R G2MF -[C 572[&R ]( *J*H N(79>J5 t![8 / 1* )*J*H =( (*, P](57" I+H

\A> )u!<!.2A  5 _C -07\, K(!A / ^>8 IS5 / IR7' >8 7J/m CMOSµ .!"  G$[C / I'( 1*F Gb( (

  (B0( N74 p'!A =( (*,HSPICE  / 1*F )]>' G$MFLayout   (B0( N74 p'!A B$4 >+4VCadence 

d(7e;'( I'( 1*F. 



 

I 

 

 !"#$ %&'() 

*+ ,-) :./0 12"& .3"45 1"6 748 '9 1:;'$ ; <!=>& <?-@ 1"6 AB?0 ............................  ........     1 

 !"#!..........................................................................................................................      ...................................................2       

1-1-  $%&'( $)*+ ,-.  /)0......................................................................................   .........................................   3 

 -!-  $)*+ ,-.  /)0 $12-34.%&'($.............................................................................................................      4          

 -"-  $)*+ ,-.  /)0 567-8!$%&'(................................................................................................................      4 

1-4-  9"0 ,:-( 97-;< ,-. =;> ?@ ,AB?!.............................................................................. .........................     7 

1-4-1-  7?/'4+PE ....................................................................................................................................  .............    8 

1-4-2-  AC"! PWM CNN ......................................................................................................................   ...........11 

1-5-   !-D E-2-< F2C :C G"...............................................................................................    ......................................15 

C;3 ,-) : "6 <DE+; FG'HI&G ; J2G3'5 K45................................................................ .................................    16  

2-1-  ?2&*H I:C7?<.........................................................................................................................      ......................17 

2-1-1-  9AC&.-! ?2B-*H I:C7?<.....................................................................................................      .....................19 

2-1-2- I:C7?< ?2&*H A7 J8KL B $/0M< ................................................................................      ....................19 

2-2-  I:C7?< N;<.............................................................................................................................      ...................20 

2-2-1- J'/(C OC?PQ(C),"K@ J'/(C...................................................... (................................      .....................21 

2-2-2-  9"0 A&*R! S3/;< ,:-(C"T.......................................................................................     ......................24 

2-2-3-  9?UV E7?W ?<....................................................................................................................... ....................    25 



 

II 

 

2-2-4-  X:-D Y&Z[ ,:-( C"T......................................................................................................     ....................25 

2-2-5-  9"0 A&*R! 9-;( ,-. S3/;< G\V.............................................................................    ....................  26 

2-3-  $]^2B OC?PQ(C..........................................................................................................................    .................... 27 

2-3-1- S3/;< :-( A-/0_),-. ($D-2-<)End................. (..................................................................     .............27 

2-3-2-  9?UV :-( A-/0_.......................................................................................................................     .................28 

2-3-3-  ,MW?!  Z#D :-( A-/0_ `Q2A&1%C........................................................................................     .................28 

2-3-4- -*HC :-(A-/0_56)Junction........................... (....................................................................     .............30 

2-3-5-  $#aC Y&Z[ :-( A-/0_.............................................................................................................     ..............31 

2-3-6-  $#aC Y&Z[ :-( A-/0_...............................................................................................................     ............32 

2-3-7-  ,7&4+ B $#aC Y&Z[ ,-.  )% :-( A-/0_.........................................................................     ...............32 

2-3-8-  ,?Zb -2 cA&! Y&Z[ :-( A-/0_.....................................................................................    ....................33 

2-4-  ,"K@ deW................................................................................................................................    ......................35 

C=& ,-) :*L4!=M4& :3 <!=>& <?-@ 1"6 AB?0 12"& A4?0)simulink (......................    ...39 

"- -  ?@ ,C  !"#!f'Q!..........................................................................................................................................     40 

3-2-  gK;%&4;(.........................................................................................................................     ..............................40 

3-3-  X&'@ J[-(PE  hK;%&4;( A7...........................................................................................................     .....43 



 

III 

 

3-3-1-  X&'@ J[-(PWL  hK;%&4;( A7...................................................................................     ..................45 

3-4-  J[-(CNN 7-8@C -@ ! ! ..........................................................................................................     ...........49 

iA-j> S*a :1N=!=LBO :3 PQ 1:G/$ 1G'RG ; <!=>& <?-@ 1"6 AB?0 <>S CG'D"+3 T=>9 

CMOS.....................................................................................................................................................      ....50 

4-1- $'W $32&D  !-D?@ "VCB)GPU...(.....................................................................................   .........................   52   

4-2- $'W k?QKW "VCB)GCU........(...............................................................................................     .......................53 

4-3-  $TB?[B ,7BAB ,-. X&'@..........................................................................................     ...............................55 

4-4- E-4%C ?10:C7?<)PE..................................................................... (....................................     ............................58 

4-4-1- $'R! l&%-D_  ma-V)LAM................................................... (..........................     ...................................59 

4-4-2- $'R! nZK!  ma-V)LLM......................................................... (.........................     ................................61 

4-4-3 ( l&%-D_  @ k-Q;o27 k")!)A/D.................... (.....................................................     .................................62 

4-4-4 ($'R! 5-)(-R! B nZK! "VCB)LCLU........................... (.......................................     ..........................63 

4-4-4-1 ( 9"KKW c?p AC"!?2\< k?QKW)CMC........................... (..........................................     ......................65  

4-4-4-2 (?2\< k?QKW 9"KKW d&/8! AC"!)CIC................................. (......................      .................................66 

4-4-4-3 (?2\< k?QKW 9"KKW `;3#H AC"!)CDC................ (...........................................      .............................67 

4-4-5 (9"KKW 7B"R! X&'@)Limiter.................................. (.............................................      .............................68 



 

IV 

 

4-4-6 ($'R! 5-q-)HAC B k?QKW "VCB)LCCU....... (.................................................................      .................69 

4-5 ($'W  ma-V)Global Memory.......................................... (......................................      ..........................70 

4-6 ( r%-< XeW ,"K@ E-!:)Timing......................................................................(.........      ..........................71 

UVL5 ,-) : ; WG:G/$ 12"& A4?0Layout ................................................................... ......89-73 

1'4D AV4IX.............................................................................................................................         ..90 

YRG'$.............................................................................................................................................     91 

 

 

 

 

 

 

 

 

 

 

 



 

V 

 

Z"B0G %&'() 

Z;G ,-): 

S/01-1 ( $%&'( $)*+  /)0 ,-j%&'( E-!";> ...........................................................................      .................3 

S/01-2 (a ( $12-34.r="(#*#)  Bb ( $12-34.r= ($*$) )0 A7 $)*+ ,-.  /.............      ...........4 

S/01-3 ( k&'( h2 iC?]-27 X&'@CNN  -.?Q!CA-< ?;s-H -@............................................      ..............................6 

S/01-4 (  ,:-3%-8a t@-HPWL ......................................................................................................      ....................7 

S/01-5 (tT?! A7 $)*+  /)0 A-Q[-([ "]..............................................................................      ......................8 

S/01-6 (?10:C7?< ?*K+ A-Q[-()PE( tT?! A7[ "].............................................................     ........................9 

S/01-7 (tT?! A7 $/;!-K27  ma-V ?*K+[ "].............................................................................     .................10 

S/01-8  (,-. k-K1;( :C 97-UQ(C -@ E:B $D: t4T AC"!PWM tT?! A7[ #] ..........................     .........10 

S/01-9 ( $%&'( AC"!CNN PWM tT?! A7[ #]........................................................................    .............11 

S/01-10 (  /)0 $'W A-Q[-(CNN tT?! A7[ $]...............................................................    .......................12 

S/01-11 (  u&D ,-. k&'( $'W iC?]-27 X&'@C tT?! A7[ $]...........................................................    ......13 

S/01-12 ( AC"!DFF tT?! A7[ $].....................................................................................................    ............13 

S/01-13 (tT?! A7  ma-V AC"![ $]..................................................................................    ...............................14 

S/01-14 ( u&D ,-j%&'( $'W iC?]-27 X&'@B tT?! A7[ $].........................................     ............................14 



 

VI 

 

S/01-15 ( A-Q[-(DDF tT?! A7 -j%&'( F2C A7 97-UQ(C 7A&! ,-.[ $]............................     .................14 

 

C;3 ,-): 

S/02-1 ( $Q;@ kB"T 5A&*@ ,7BAB ?2B-*H....................................................................     ...............................21 

S/02-2 ( J'/(C OC?PQ(C ,C  'V?! iC?]-27..............................................................     ....................................22 

S/02-3 ( ?QWCA-W J'/(C OC?PQ(C"A"k-4+C :C r< ,"K@ J'/(C ,&1%C...............................................     23 

S/02-4 ( ?QWCA-W J'/(C OC?PQ(C"E" k-4+C :C r<,"K@ J'/(C ,&1%C.................................     ...............24 

S/02-5 ( 9"0 A&*R! S3/;< ,:-(C"T ,C?@ gK;D&'W ,&1% C k-4+C..........................................     ...........25 

S/02-6 ()a (v,7BAB ?2&*H)b (9?UV E7?W ?< I:C7?< N;< ,&1%C k-4+C  o;QD ...............................     25 

S/02-7) (a( v,7BAB ?2&*H)b(X:-D Y&Z[ G\V I:C7?< N;< ,&1%C k-4+C  o;QD ...............     .........26 

S/02-8) (a( v,7BAB ?2&*H)b(9"0 A&*R! 9-;( ,-. S3/;< G\V ,&1%C k-4+C  o;QD .............     ....26 

S/02-9 ( $]^2B OC?PQ(CEnd ?QWCA-W ,C?@"A" ......................................................................     ..................27 

S/02-10 ( $]^2B OC?PQ(CEnd ?QWCA-W ,C?@"E" ....................................................................     .................28 

S/02-11 (?QWCA-W ,C?@  9?UV $]^2B OC?PQ(C"A" .........................................................     ............................28 

S/02-12 (S/0 ,MW?!  Z#D OC?PQ(C11-2 ...........................................................................................        30  



 

VII 

 

S/02-13 (?QWCA-W ,C?@  56-*HC $]^2B OC?PQ(C"A") .a ( :-( A-/0_ ,&1%C k-4+C  o;QD56-*HC )b (

 ,MW?!  Z#D :-( A-/0_ `Q2A&1%C k-4+C  o;QD........................................................................      .........................30 

S/02-14 (?QWCA-W ,C?@  56-*HC $]^2B OC?PQ(C"E") .a (56-*HC :-( A-/0_ ,&1%C k-4+C  o;QD 

)b (;QD ,MW?!  Z#D :-( A-/0_ `Q2A&1%C k-4+C  o................................................................      .........................31 

S/02-15 (?QWCA-W ,C?@  $#aC Y&Z[ OC?PQ(C"E") .a ( ?QWCA-W J'/(C 

)b ( Y&Z[ :-( A-/0_ ,&1%C k-4+C  o;QD$#aC.........................................................      .......................................31 

S/02-16 (?QWCA-W ,C?@  $#aC Y&Z[ OC?PQ(C"F") .a ( ?QWCA-W J'/(C 

)b ( $#aC Y&Z[ :-( A-/0_ ,&1%C k-4+C  o;QD.........................................................................................      ......31 

S/02-17 (?QWCA-W ,C?@  ,7&4+ Y&Z[ OC?PQ(C"E") .a ( ?QWCA-W J'/(C 

)b ( o;QD  ,7&4+ Y&Z[ :-( A-/0_ ,&1%C k-4+C.............................     ..............................................................32 

S/02-18 (?QWCA-W ,C?@   )% OC?PQ(C"E") .a ( ?QWCA-W J'/(C 

)b ( ,7&4+ B $#aC Y&Z[ ,-.  )% :-( A-/0_ ,&1%C k-4+C  o;QD................................................     .............33 

0S/2-19 (?QWCA-W ,C?@  $'LC ?Zb 5C:C&!  @ Y&Z[ OC?PQ(C"Z") .a ( ,7BAB ?2&*H 

)b (?QWCA-W J'/(C)C ( $'LC ?Zb ,:C&! Y&Z[ :-(A-/0_ ,&1%C k-4+C  o;QD..............................     ..........34 

S/02-20 (?QWCA-W ,C?@  $+?a ?Zb 5C:C&!  @ Y&Z[ OC?PQ(C"N" )a ( ,7BAB ?2&*H)b ( J'/(C

?QWCA-W)C (,:C&! Y&Z[ :-( A-/0_ ,&1%C k-4+C  o;QD   $+?a ?Zb..........................................     .................34 



 

VIII 

 

S/02-21 (?QWCA-W ,C?@  $+?a B $'LC ?Zb 5C:C&!  @ Y&Z[ OC?PQ(C"X" )a ( ,7BAB ?2&*H)b ( J'/(C

?QWCA-W)C ( o;QD &1%C k-4+C $'LC B $+?a ?Zb ,:C&! Y&Z[ :-( A-/0_ ,...............................     ...............35 

 

C=& ,-): 

S/03-1 ( E_  :C $8@-H hK;%&4;( B f'Q! ACMaC i?D iC?]-27 l&'@...................................     ...........................41 

S/03-2 (X&'@  $/;!-K27 `Q3;( h2 iC?]-27.......................................................................     .........................42 

S/03-3 ( :C k&'( h2 iC?]-27 X&'@CNN .........................................................................................     ..........43 

S/03-4 (H-! B7 ?w-KQ! ,-jD-4%C c?p $'W iC?]-27 X&'@ -jD_ t4T B r2?................     ............................44 

S/03-5 ( t@-H iC?]-27 X&'@PWL .......................................................................................     ............................39 

S/03-5 ( t@-H iC?]-27 X&'@PWL .........................................................................................     ..........................39 

S/03-6 ( $'W iC?]-27 X&'@PE ................................................................     ........................................................45 

S/03-7 (  `Q3;( ?2: X&'@PE ..........................................................................................     ..............................46 

S/03-8 ( 9?oK< iC?]-27 X&'@CNN  -@16 vPE ...............................................................     ...........................47 

S/03-9 (  `Q3;( ?2: X&'@PE .......................................................................................................     .................48 

S/03-10 (  /)0 iC?]-27 X&'@CNN  9:C"DC -@ ! ! ...................................................     ..........................49 

 



 

IX 

 

C:"(8 ,-): 

S/04-1(  $'W iC?]-27 X&'@CNN .....................................................................................................     .............52 

S/04-2(  A-Q[-(GPU  E_ ,-. "VCB ?2: Y-)HAC 9&RD B......................................................................     .....54 

0S/4-3(  $Q;@ A-j> ?Q3;TA JU;0SIPO .......................................................................................     ............56 

S/04-4(  $'[C7 A-Q[-(DFF ............................................................................................     ...............................56 

S/04-5(  ,"K@ E-!: AC7&4DDFF ...........................................................................................     .........................56 

S/04-6 ( $Q;@ A-j> ?Q3;TA JU;0PISO ............................................................................     .......................57 

S/04-7(  $Q;@ A-j> ?Q3;TA JU;0 9"0 97-( A-Q[-(PISO .......................................     ..........................57 

S/04-8(  :C k&'( h2 $'W iC?]-27 X&'@CNN .....................................................................     .....................59 

S/04-9(  $'R! l&%-D_  ma-V:C k&'( h2 AC"!........................................................................     .....................60 

S/04-10(  $'R! l&%-D_  ma-V AC"! ?a-@................................................................................................     .........60 

S/04-11(  ,-.  ma-V iC?]-27 X&'@ LLM......................................................................................     .............61 

S/04-12(  $'R! nZK!  ma-V AC"!...............................................................................................     ....................62 

S/04-13( 27 k")! AC"! l&%-D_  @ k-Q;o............................................................................   .............................  63 

S/04-14( $'R! nZK! "VCB iC?]-27 X&'@)LLU........................................................ (.........................  .....   64  

S/04-15(  $'R! nZK! "VCB 7?@ x;y&(..........................................................................     ................................64 



 

X 

 

S/04-16(  ?2\< k?QKW 9"KKW c?p AC"!........................................................................     .................................65 

S/04-17 ( ?2\< k?QKW 9"KKW d&/8! AC"!....................................................................     .................................66 

S/04-18 ( ?2\< k?QKW 9"KKW `;3#H AC"!..................................................................................     .....................67 

S/04-19 ( 7B"R! X&'@ A7 -. 9"KKW  32-#! E-!";> 9&RD 9"KKW............................................      ..............68 

S/04-20 (X&'@ ?]  32-#! AC"!  9"KKW 7B"R!..........................................................................................     ....69 

S/0)4-21( Y-)HAC 9&RDLCCU  -@GPU% GM ................................................................      .......................70 

S/0)4-22( $'W  ma-V :C k&'( h2.............................................................................................      ....................71  

 

UVL5 ,-): 

S/05-1 ( S/0 $'R! l&%-D_  ma-VAC"!  ,:-(  ;)09-4  J;'@-b -@write  Bread ...................     .......74 

S/05-2 ( S/0 $'R! nZK!  ma-VAC"!  ,:-(  ;)012-4  J;'@-b -@write  Bread ...................     .....75 

S/05-3 ( S/0 l&%-D_  @ k-Q;o27 k")! AC"!  ,:-(  ;)013-4 .....................................................     .......76 

S/05-4 (  ;)0 S/0 ?2\< k?QKW 9"KKW c?p AC"!  ,:-(16-4 ....................................................     .........77 

S/05-5 ( S/0 ?2\< k?QKW 9"KKW d&/8! AC"!  ,:-(  ;)017-4  z'QP! ?27-#! -@K ..............     .....78 

  



 

XI 

 

S/05-6 ( k?QKW 9"KKW `;3#H AC"!  ,:-(  ;)0 S/0 ?2\<18-4 .......................................................     ....79 

S/05-7 (S/0 9"KKW 7B"R! X&'@ ?]  32-#! AC"! ,:-(  ;)0 {2-QD20-4 .............................     .............80 

 S/05-8 ( ,7BAB ?2&*H S/0  /)0 A-Q[-(  @CNN  G?V ?1D-;@A     .....................................................81 

 S/05-9 ( S/0 ,"K@ J'/(C OC?PQ(C5-8      ....................................................................................................81 

 S/05-10 ( S/0 9?UV $]^2B OC?PQ(C5-8 ..............     ....................................................................................82 

 S/05-11 ( S/0 ,MW?!  Z#D :-(A-/0_ :C r< 9?UV $]^2B OC?PQ(C5-10      ......................................82 

 S/05-12 ($D-2-< S3/;< $]^2B OC?PQ(C)END ( S/05-8  ...     .............................................................83 

 S/05-13 ( 56-*HC $]^2B OC?PQ(C)junctions ( S/05-8      .................................................................83 

 S/05-14 ( 56-*HC $]^2B OC?PQ(C)junctions (#D :-(A-/0_ :C "8@ S/0 ,MW?!  Z5-13      ........84 

S/05-15 (Layout S/0 l&%-D_  @ k-Q;o27 k")! AC"!13-4 ...............................................     ..................85 

S/05-16 (Layout S/0 ?2\< k?QKW 9"KKW c?p AC"!16-4 ...................................................     ...............86 

S/05-17 (Layout S/0 ?2\< k?QKW 9"KKW d&/8! AC"!17-4 ..............................................     ...............87 

S/05-18 (Layout S/0 ?2\< k?QKW 9"KKW `;3#H AC"!18-4 .....................................................     ...........87 

S/05-19 (Layout  S/0 9"KKW 7B"R! X&'@ 9"KKW  32-#! AC"!20-4 ...................................     ...........88 

S/05-20 (Layout  AC"!CNN .................................................................................................................     ........89 

 



 

XII 

 

 %&'()Z;G/R 

kB"T2-1( F;H6 GB?V ,"K@ deW `;48H kB"T.......................................................................     ..................36 

kB"T2-2(  J;8b&! -@ F;H6 GB?V ,"K@ deW `;48H kB"TEnds.......................................     .................37 

kB"T4-1 ( E-2?T  @ ?2&*H S3/;< ?. $%-Q;o27 "W S2")H.........................................................     ...............62 

kB"T4-2 (S/0 $Q(A7 kB"T)15-4 (.............................................................................................     ...............64 

kB"T4-3 ( J)|! };RL 7C"+C A7 E-2?T c?p $Q(A7 kB"T.........................................................     ...........65 

kB"T4-4 (7 kB"T $UK! };RL 7C"+C A7 E-2?T c?p $Q(A..........................................     ..........................66    

kB"T4-5 ( J)|! };RL 7C"+C A7 E-2?T `;3#H $Q(A7 kB"T......................................................     ............67 

kB"T4-6 (Q(A7 kB"T 9"KKW 7B"R! X&'@ $..........................................................................................     .......68 

 

 

 

 

 

 

 

 

 



. /0 12"&& .3"45 1""6 748 '9

 

  

 

9 1:;'$ ;

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

<)CNN( <!=>& <?-

*+  

-@ 1"6 A

,-)

AB?0



 

! 

 

$/[$A 

 

      $%&'( $)*+ ,-.  /)0 ,![ ] )CNN
1

 ( k-( A7 A-@ F;%BC ,C?@1988  ~(&H ,7e;!Chua% 

Yang "KQ3. $/;!-K27 $)*+ ,-.  /)0  Q(7 h2  W v"0 $a?8! . :C $%&'( $)*+ ,-.  /)0 i&jU!

J(C 9"0 O-QKQ(C $)*+ ,-.  /)0 B $%&'( A-W7&[ ,-. F;0-! A-Q[-( .L  @ -!&4+ -.  /)0 F2C B7 5A&

"KQ3. f(-K! ?2&*H I:C7?< JjT ,"8@ . 5-DC&;V `�> ~(&H ?2&*H I:C7?< ,C?TC $1D&1> A&*H

J(C M;1DC JU10 .,?H&;�!-W `�> J;4.C "K> ?.
2

 J(C 9"0  Q[-K0 J;4(A  @ 97?Q3] A&Z@ .  8(&H -!C

"(A $! ?mD  @ S/�! 5-DC&;V `�> -@  @-�! J;'@-b -@ ,?H&;�!-W `�> .!-W `�> A7  'V?! A7 ,?H&;�

7&0 $! C?TC  K;!: ,BA 5-;yMT M;%-D_ B ?2&*H I:C7?< r�( B OC?PQ(C ?2&*H :C $]^2B h2 C"Q@C J3PD .

 S/�! $8bCB E-jT A7 7&T&! ?2B-*H z'QP! uC&DC ,C?@ J[C&K/2 A&Z@ $]^2B OC?PQ(C ,-j0BA  8(&H

"(A $! ?mK@ .T $';[ $]^2B OC?PQ(C ,-j0BA uC?Q[C B?K2C :C `j! ?!C "0-)D  Q3@CB ?2&*H u&D  @  W t!-

7&0 $! 7C"4'b . 5A&L  @ I:C7?< $2-DC&H B E7&@ $Z[ ?;� v$%&'( $)*+ ,-.  /)0 J;4.C ?< �C&[ :C

"0-@ $!?H t2?( B ,:C&! ."0-@ $! 97-( $p-2A k"! h2 $%&'( $)*+ ,-.  /)0",#[ ]  ,C?@ "DC&H $!  W

?2&*H I:C7?< `j! B 97?Q3] uC&DC)$]^2B OC?PQ(C B?QWCA-W $2-(-K0( ,"8@  ( S;'RH vk-K1;( I:C7?< v

fW?! �&Z() Y-#D ,:-(A-/0_min Bmax(7?;] AC?b 97-UQ(C 7A&! $yMT $';3DC?U27 567-8! SV B . F2C

 :C ,&b k-)#Q(C B I?2\<  @ ?oK!  '�3!CNN&'  9"0 ?;[C k-( "K> A7 $�.B^< ,-. F4oDC ~(&H

J(C . $'WA&Z@CNN ! ,-j%&'( 5A&*@  @  W E-34. $/;!-K27 ,-. `Q3;( :C ,C  2CA_ E&�4. "DC&H $

7&0  Qa?] ?mD A7 v"KQ3.  @ S*Q! . A-Q[-(CNN  ,-j%&'( ,C?@ ,:C&! �e!-W l&%-D_ I:C7?< S!-0

J(-j%&'( F;@-! S@-#Q! ?sC -@ `.  @ S*Q! $)*+$[ ]. 

                                                            
 
 Cellular Neural Network 

!
 Computer Vision 


