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//���� FHT����	
 4��������� FHT������� FHT��
module 

fhtpart(Clk,Reset,FhtStarOne,FhtStarTwo,FhtStarThree,FhtStarFour,
           I0,I1,I2,I3,I4,I5,I6,I7,I8,
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           I9,I10,I11,I12,I13,I14,I15,
           Out0,Out1,Out2,Out3,Out4,Out5,Out6,Out7,Out8,
           Out9,Out10,Out11,Out12,Out13,Out14,Out15);
input Clk;    //������
input Reset;   //��� 
input FhtStarOne,FhtStarTwo,FhtStarThree,FhtStarFour;  //4 �������

!"#$%

input [11:0] I0,I1,I2,I3,I4,I5,I6,I7,I8;
input [11:0] I9,I10,I11,I12,I13,I14,I15;                //FHT� 16�&'
output [15:0] Out0,Out1,Out2,Out3,Out4,Out5,Out6,Out7;
output [15:0] Out8,Out9,Out10,Out11,Out12,Out13,Out14,Out15;  //FHT �

16�&(

//) 1* FHT��+��&(
wire [12:0] m0,m1,m2,m3,m4,m5,m6,m7,m8,m9;
wire [12:0] m10,m11,m12,m13,m14,m15;

//) 2* FHT��+��&(
wire [13:0] mm0,mm1,mm2,mm3,mm4,mm5,mm6,mm7,mm8,mm9;
wire [13:0] mm10,mm11,mm12,mm13,mm14,mm15;

//) 3* FHT��+��&(
wire [14:0] mmm0,mmm1,mmm2,mmm3,mmm4,mmm5,mmm6,mmm7,mmm8,mmm9;
wire [14:0] mmm10,mmm11,mmm12,mmm13,mmm14,mmm15;

//) 4* FHT��+��&(
wire [15:0] Out0,Out1,Out2,Out3,Out4,Out5,Out6,Out7,Out8,Out9;
wire [15:0] Out10,Out11,Out12,Out13,Out14,Out15;

//) 1* FHT��+�
fht_unit1 fht_unit1(Clk,Reset,FhtStarOne,
           I0,I1,I2,I3,I4,I5,I6,I7,I8,
           I9,I10,I11,I12,I13,I14,I15,
           m0,m1,m2,m3,m4,m5,m6,m7,m8,
           m9,m10,m11,m12,m13,m14,m15

  );

//) 2* FHT��+�
fht_unit2 fht_unit2(Clk,Reset,FhtStarTwo,
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           m0,m1,m2,m3,m4,m5,m6,m7,m8,
           m9,m10,m11,m12,m13,m14,m15,
           mm0,mm1,mm2,mm3,mm4,mm5,mm6,mm7,mm8,
           mm9,mm10,mm11,mm12,mm13,mm14,mm15
           );
//) 3* FHT��+�
fht_unit3 fht_unit3(Clk,Reset,FhtStarThree,
           mm0,mm1,mm2,mm3,mm4,mm5,mm6,mm7,mm8,
           mm9,mm10,mm11,mm12,mm13,mm14,mm15,
           mmm0,mmm1,mmm2,mmm3,mmm4,mmm5,mmm6,mmm7,mmm8,
           mmm9,mmm10,mmm11,mmm12,mmm13,mmm14,mmm15

     );
//) 4* FHT��+�
fht_unit4 fht_unit4(Clk,Reset,FhtStarFour,
           mmm0,mmm1,mmm2,mmm3,mmm4,mmm5,mmm6,mmm7,mmm8,
           mmm9,mmm10,mmm11,mmm12,mmm13,mmm14,mmm15,
           Out0,Out1,Out2,Out3,Out4,Out5,Out6,Out7,Out8,
           Out9,Out10,Out11,Out12,Out13,Out14,Out15
           );
endmodule

Ô2 FHT�0�ex>>&'? 42���yf
module fht_unit4(Clk,Reset,FhtStar,
           In0,In1,In2,In3,In4,In5,In6,In7,In8,
           In9,In10,In11,In12,In13,In14,In15,
           Out0,Out1,Out2,Out3,Out4,Out5,Out6,Out7,Out8,
           Out9,Out10,Out11,Out12,Out13,Out14,Out15
           );

input Clk;          //������
input Reset;         //��� 
input FhtStar;        //�� FHT+�"#$%
input [14:0] In0,In1,In2,In3,In4,In5,In6,In7,In8,In9;
input [14:0] In10,In11,In12,In13,In14,In15;           //�� FHT+�&'
output [15:0] Out0,Out1,Out2,Out3,Out4,Out5,Out6,Out7,Out8,Out9;
output [15:0] Out10,Out11,Out12,Out13,Out14,Out15;   //�� FHT+�&(

//Single FHT calculation
reg [15:0] Out0,Out1,Out2,Out3,Out4,Out5;
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reg [15:0] Out6,Out7,Out8,Out9,Out10,Out11;
reg [15:0] Out12,Out13,Out14,Out15;
//,-+�
wire [14:0] In8Co =~In8+1;
wire [14:0] In9Co =~In9+1;
wire [14:0] In10Co=~In10+1;
wire [14:0] In11Co=~In11+1;
wire [14:0] In12Co=~In12+1;
wire [14:0] In13Co=~In13+1;
wire [14:0] In14Co=~In14+1;
wire [14:0] In15Co=~In15+1;

always @(posedge Clk or negedge Reset)
begin
  if(!Reset)
  begin
    Out0<=0;Out1<=0;Out2<=0;Out3<=0;
    Out4<=0;Out5<=0;Out6<=0;Out7<=0;
    Out8<=0;Out9<=0;Out10<=0;Out11<=0;
    Out12<=0;Out13<=0;Out14<=0;Out15<=0;
  end
  else
  begin
    if(FhtStar)
    begin
    Out0<={In0[14],In0 }+{In8[14],In8 };
    Out1<={In0[14],In0 }+{In8Co[14],In8Co };
    Out2<={In1[14],In1 }+{In9[14],In9 };
    Out3<={In1[14],In1 }+{In9Co[14],In9Co };
    Out4<={In2[14],In2 }+{In10[14],In10 };

Out5<={In2[14],In2 }+{In10Co[14],In10Co };
    Out6<={In3[14],In3 }+{In11[14],In11 };
    Out7<={In3[14],In3 }+{In11Co[14],In11Co };
    Out8<={In4[14],In4 }+{In12[14],In12 };
    Out9<={In4[14],In4 }+{In12Co[14],In12Co };
    Out10<={In5[14],In5 }+{In13[14],In13 };
    Out11<={In5[14],In5 }+{In13Co[14],In13Co };
    Out12<={In6[14],In6 }+{In14[14],In14 };
    Out13<={In6[14],In6 }+{In14Co[14],In14Co };
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    Out14<={In7[14],In7 }+{In15[14],In15 };
    Out15<={In7[14],In7 }+{In15Co[14],In15Co };
    end
  end
end
endmodule

þ¯@Ûí»��Ú7�AÏqQ�vÃì$�Ú7N 16$�����Þ FHT���
�����B<�B>>jk 1$�����B�p��CD"�Etjk�A�õ-ÛF
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//�
����� FHT+���
module wch_fht(Clk,Reset,
           PreFhtStar,
           In0,In1,In2,In3,In4,In5,In6,In7,
           In8,In9,In10,In11,In12,In13,In14,In15,
           Out0,Out1,Out2,Out3,Out4,Out5,Out6,Out7,Out8,
           Out9,Out10,Out11,Out12,Out13,Out14,Out15
           );
input Clk;          //������
input Reset;         //��� $%
input PreFhtStar;                     //FHT +�./$%�012��+�34
input [11:0] In0,In1,In2,In3,In4,In5,In6,In7;
input [11:0] In8,In9,In10,In11,In12,In13,In14,In15;               //FHT
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� 16�&'
output [15:0] Out0,Out1,Out2,Out3,Out4,Out5,Out6,Out7;
output [15:0] Out8,Out9,Out10,Out11,Out12,Out13,Out14,Out15;   //FHT �

16�&(

//FHT&(56$%
reg [15:0] Out0,Out1,Out2,Out3,Out4,Out5,Out6,Out7;
reg [15:0] Out8,Out9,Out10,Out11,Out12,Out13,Out14,Out15;
//FHT�789:
wire [15:0] Temp0,Temp1,Temp2,Temp3,Temp4,Temp5,Temp6,Temp7;
wire [15:0] Temp8,Temp9,Temp10,Temp11,Temp12,Temp13,Temp14,Temp15;

//FHT+�"#�;<�0=>2?@A��BC
reg [2:0] Cnt3;//count from 0 to 4,when Reset Cnt3=7;
reg FhtEn;//Enable fht culculate

always @(posedge Clk or negedge Reset)
begin 
   if (!Reset)
      Cnt3<= #1 3'b111;  
   else
   begin
       if(PreFhtStar)
       Cnt3<= #1 3'b100;
       else 
       Cnt3<= #1 Cnt3-1;
   end
end

always @(posedge Clk or negedge Reset)
if (!Reset)
   FhtEn<= #1 0;
else
begin

 if (PreFhtStar)
     FhtEn<= #1 1;
     if  (Cnt3==1)
     FhtEn<= #1 0;
end
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//,-+���#D% 
        assign Temp0=(Cnt3==4)?{4{In0[11]},In0}:Out0;
        assign Temp1=(Cnt3==4)?{4{In1[11]},In1}:Out1;
        assign Temp2=(Cnt3==4)?{4{In2[11]},In2}:Out2;
        assign Temp3=(Cnt3==4)?{4{In3[11]},In3}:Out3;
        assign Temp4=(Cnt3==4)?{4{In4[11]},In4}:Out4;
        assign Temp5=(Cnt3==4)?{4{In5[11]},In5}:Out5;
        assign Temp6=(Cnt3==4)?{4{In6[11]},In6}:Out6;
        assign Temp7=(Cnt3==4)?{4{In7[11]},In7}:Out7;
        assign Temp8=(Cnt3==4)?{4{In8[11]},In8}:Out8;
        assign Temp9=(Cnt3==4)?{4{In9[11]},In9}:Out9;
        assign Temp10=(Cnt3==4)?{4{In10[11]},In10}:Out10;
        assign Temp11=(Cnt3==4)?{4{In11[11]},In11}:Out11;
        assign Temp12=(Cnt3==4)?{4{In12[11]},In12}:Out12;
        assign Temp13=(Cnt3==4)?{4{In13[11]},In13}:Out13;
        assign Temp14=(Cnt3==4)?{4{In14[11]},In14}:Out14;
        assign Temp15=(Cnt3==4)?{4{In15[11]},In15}:Out15;

always @(posedge Clk or negedge Reset)
begin
if (!Reset)
begin
    Out0<=0;Out1<=0;Out2<=0;Out3<=0;
    Out4<=0;Out5<=0;Out6<=0;Out7<=0;
    Out8<=0;Out9<=0;Out10<=0;Out11<=0;
    Out12<=0;Out13<=0;Out14<=0;Out15<=0;
end
else
begin
  if ((Cnt3<=4) && Cnt3>=0 && FhtEn)
    begin
    Out0[15:0]<= #1 Temp0[15:0]+Temp8[15:0];
    Out1[15:0]<= #1 Temp0[15:0]-Temp8[15:0];
    Out2[15:0]<= #1 Temp1[15:0]+Temp9[15:0];
    Out3[15:0]<= #1 Temp1[15:0]-Temp9[15:0];
    Out4[15:0]<= #1 Temp2[15:0]+Temp10[15:0];
    Out5[15:0]<= #1 Temp2[15:0]-Temp10[15:0];
    Out6[15:0]<= #1 Temp3[15:0]+Temp11[15:0];
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    Out7[15:0]<= #1 Temp3[15:0]-Temp11[15:0];
    Out8[15:0]<= #1 Temp4[15:0]+Temp12[15:0];
    Out9[15:0]<= #1 Temp4[15:0]-Temp12[15:0];
    Out10[15:0]<= #1 Temp5[15:0]+Temp13[15:0];
    Out11[15:0]<= #1 Temp5[15:0]-Temp13[15:0];
    Out12[15:0]<= #1 Temp6[15:0]+Temp14[15:0];
    Out13[15:0]<= #1 Temp6[15:0]-Temp14[15:0];
    Out14[15:0]<= #1 Temp7[15:0]+Temp15[15:0];
    Out15[15:0]<= #1 Temp7[15:0]-Temp15[15:0];
    end

end    
end
endmodule

×ÒMsræ§ÑWÃ;��nojk�2) Synplify Pro r§ÑWÃ;<�N8ÒO
P!§GOPC��QpRÛF�S�wTUV×fXilinx Virtex-E XCV100E W6 BG352�
�s>>5X	
tjk�JKw"lmno�EnablehDisable I/O InsertioniC6�+Y
I IO�[j Synplify Pro 8Z�hFSM Compileri�hFSM Exploreri�hResource Sharingi�
hRetimingi�hPipeliningi OP�[C6!§GOP�\L�3 3�3 4t4!
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1.2 ��������	��

|T����}r HDL=/~�Þ��!
q�ÆÇ)� FPGA/CPLD�ASIC �lm	
t���|T�c��xHDLy:H�

T��x� C�C++ y#N�®�N�aC VerilogHDL ��×'x2345 plmR
ØÙÎ� Verilogy��e Verilog� �<Í�" C��¥���# Verilog�×|T�c�
��à��®��)s�c|TaÆÇßO0 Verilog #��Ò C �����|T����
à��WÃ\L#��c��W��k!tC¯��� HDL =/�����¨±#f
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f�c�WÃ�|T�k��-xÈ�.T"��§$;.y!¯��$	
�=/Ú·ç

��>>#(�$	
�|T� HDL =/�Ñ|Ã���¹�����PÕ!Þ�$	

���-�)�&Ø��[�s	
RØÙtL��|TWÃ;_�`�CzPÕ�!

�ÅÌ�¡N#��T����ÅÌ��.Ý¿=/�ì��Ó���#����#:

¯� HDL�¨±��Þ��a���~/;<#�q��80rtóWÃ�|T�k"�N
ã�"�rÇ��|T�\L:�å �]^�eQ��¡þ� HDL�¢|��}£,!
ñ¤�Verilog �×�Ñ HDL ���#�¥G�!æçý��¥GNfí»¦

(System)�0<¦(Algorithm)�JKw§�¦(RTL)�lm¦(Logic)��¦(Gate)��k¨¦
¦(Switch)	
 !í»¦"0<¦: C ���¥��,���<"|Ã��õ�©ª!X
RTL ¦CQ�HDL ���^-²«}«¬ýs|T�k��c�,���<"|Ã���
®�õ«&!¥æ÷e C��:í»¦"0<¦ Verilog�c�¥¯�9�Þ: RTL¦�
Gate¦�Switch¦�c��c7¨"|Ã���RNç&�°±!

� 3. �� RTL� Verilog����� C����������� 
ÓÔ�&' RTL ¦ Verilog �c�<" C ���c�<��9�N!) C ����c

8�×Ò=/²�`���:|cÓ��³��0�et4� for´µ�¢f
for (i=0; i<16; i++)
    DoSomething();

�#)23R�8�¶Ò�c·¸¹º»¼xtestbenchy��Î� for ´µ�¢¤�°
ô) RTL¦~/8Î� for ´µ!f�½# for´µ¾¿OPwÀ¨×tNsqo��²�
�¢�t$sqÁº��JKwno�tÂ²��¢�+-N`��|Tlmno�Ãã

Ä&�noÅÆ!) RTL |T�c8�Ç0U�0<�ÈÉ�;�#�Ê]Ë	
���
�¿�8�$ reg V
pw�)t$��ÌUB��)t$��Ì�S
pwo��8¥Æ
�#Õ��L-��#Õ���Íq��£ÎtN��R+-��õ�� case �¢
À¨#Õ!�et4f

reg [3:0] counter;
always @ (posedge clk)
if (syn_rst)
    counter <= 4'b0;
else 
    counter <= counter+1;

always @ (posedge clk)
    begin

  case (counter)
               4'b0000:
               4'b0001:
               ...    ...
               default:
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         endcase
    end

ñ¤) C�¢�c8N if…else" switchÂT�S�¢�f�<�et4f
if (flag) // E/ flagFG
…
else
…

ÏÐÑÒÓÔ �¢���Õ�#f

switch (variable)
{
case value1 : … 
break;
case value2 : … 
break;

…
default :  … 

break;
}

§Ì÷A��N��)s switch # �ÖCD�¢�Þ if �¢1N§$�Ö,×C
D!�e,C�ØÙ� if�¢}WÃ �ÖCD��	ü�Ø�ÚbÛ{!
rÆ Verilog õN if…else �¢" case �¢�if �¢��<¥��case �¢��<�

ef

         case (var)
               var_value1:

  var_value1:
               ...    ...
               default:
         endcase

ÜÝ+´ casex" casez���x�§$�¢�Æ����Â���JK#Þ,OPy�
case�¢" if…elseØÙ�c\L²N�&��N!) Verilog�<8�if…else if…else�¢
#N��¦����}(?�$ if ���¦����Q�$ else ���¦�ß!�L�c
�$~/w�) Xilinx� XSTOPQp²N�$¦s��¦~/w|T���C6 Priority 
Encoder Extraction!Þ case �¢#h·�i�\L�tN� case �ÂT"²�RàNh�
�¦i!Þáº��¦\Lx��¦ây¾jk&q�ûPlm�tC�L-�Î� case �
¢�A;�Íq� caseã¹ if...else\L!
¦s�äÓÔ�Få§äf?��õ,C� if...; if…;�\L�c�+æ��¦�h·

�iÂT�S�!?ç�ö«Ã)OPRÀ��[-è«}«ë�& po�e,CZ+é

����¦â�[ê!¦s if " case �¢��ëì�íî�ïQ.¦s Coding Style �³
´!
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1.3 �����
�����

í»��ÈÉ§$¥G�Éðf��¥.�"�#�$|Tí»���Ôñ�*���

�òÆ:óô�E�õ
ü�0<"^-¡Pö) FPGA g.WÃ�õ
ü�0<"^-
¡Pö) DSP�CPU g.WÃ�Cz FPGA �Í�@0p�å:	
 ðÀ¾0 FPGA 	

²�¿r	
�FN$ !��PÕ÷ø�æ���ù������ú�.T���

 '(!�û�)í»�����ü�.T�æ)=/�ÂýÂþ}�W�\ !

��}(W���¿����-�^-��¡PÎ� FPGA/CPLD WÃ!Þ FPGA "
CPLD ¥æ��¡PWÃÍ�ç&���ç��JKwnoÎ�ç �	
!Î�

FPGA/CPLD 	
��ÆÇr��c���Ñ�¥|Tno�",��	
noN�$ç�
��ßO!æ� FPGA ��uvwnoæç©ª�Þ CPLD ûPlmno�©ª�9��
ääå��«§ÌÎ��~/�Õ!FPGA/CPLD ��#��¥,~Ø|TÔ	�Block 
RAM no�
7no�,E� IO Ô	���no Lã!�¥,~Ø|TÔ	���u
vwxFFy"z{|xLUTyûã�Xilinx ��¥,~Ø|Tno� SLICE�� 2 $ FF "
2$ LUTûã�Altera��¥,~Ø|Tno� LE�� 1$ FF" 1$ LUTûã�¯@§
Ì���,~Øno�ó�JK�$�N!,E� IO Ô	�# FPGA/CPLD c���$ý
�Ô	���)WÃ8E�¥ÆC6�,�Î IO Ô	¡E+H� IO å:¨±�+H�w
T,Ö� IO ¨±+H��9�9wT,CÖfLVTTL�LVCMOS�PCI�GTL�
GTLP� HSTL�SSTL�LDT�LVDS�LVDSEXT�BLVDS�ULVDS�LVPECL�LVDCI  
 Ñ IO ¨±�)��@ùÆ�#ÞM�!
7no�C�å+H|TÔ	�����+
H�
7no�R�������-èR+H!NF�¥�F��
7no�õN��ç

-������Â�b7no����
7noõ�� Ñ!��no����c�ã��

9 DLL ËÌ PLL��sÛã�������ß���_������¥ ��!7Ê�
Xilinx �����ã�# DLL�Þ Altera ���ã�# PLL��3�N��ä�����
�^-��Þ���%�����) ps �pq¦!Block RAM # FPGA ��$ý�n
o�)�c�ã RAM# FPGA ���÷���9 FPGA ��c RAMÍ�«}«&�Æ�
õ«}« !�# SOPCx,~Ø��í»y�Nè|TÖ!Î��c RAM ,CWÃÔ
: RAM�": RAM�H2/±2 FIFO�ROM�CAM  ��Ô	��!7Ê FPGA �§$
ý�vÀ:�##�& p$,)f�9wT�R=×Ò���#Õwx� CPU�DSPy
 |%xHard CoreyË&[%xFixed Corey!æ� Xilinx � Virtex II Pro ��,C=×
Power PC�Þ Altera� Stratix�Excalibur í'��,C=× Nios�DSP" Arm ��!
) FPGA ��ã(#Õw�Î SOPC 	
�BMp:ë&!ñ�$vÀ#)+HwT,È
���9���&R�ãÒ����)vw���-��0 3Gb/s C��p�#Õ-è�)
Xilinx�Altera�Lattice RN¥Æ�wTV*=×Ç^-!�9+^-# FPGA �p�mn
-è&ø�,ë!

�� FPGAí»Í-�Ó[�Ø� 6t4!
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��������	��
�

�����������������

���������

�� !��"�

��#$� %&'�(��)*+,-�

./01

�2��

�	�3�
�4�356����

��3
�789:;<=>�?@�

A�3B���

9:CDEB�FG

��HI

A�3J���

9:CDEB�FG

��HI

A�3K���

9:CDEB�FG

��HI

�������

�3LM�NO�PQ

��FG��� !NO���PQ�

./�R�SQ�TU

�1-6  ������	
�

f8ì	
����ÆÇ)í»^-�ðQ²�256��r���-�G���

�!��-�%�ý��¶Ò¦í0#Þ�&Ø��v.67ã/�0H	
-è�ÞÝä

å��«	
�OP�WÃ`L"¥¦����A���-��À¾;<1Q5?çb�

Coding Style8¦s��-����´c!
rsí»��8�äFå�ÓÔ22��[	
;<!��[	
#í»����$�

`�¾Ã�à+>>#�Ñ	
RÀ�à�#�Ñ	
�k�	
;<�à##�3�e�

��-���R0�	
�k��8¾Ã!#þ=&V�í»�ÈÉ	
;<!7Ê� 

� EDA$,R=�Ò��[	
RÀ�� Xilinx ISE 5.xí'8�hModular DesigniRÀ
È!)hModular Designi	
�Ø8�WÃ24�?�2�õ#ì$	
�Ø��ý��
�2²# Initial Budgeting�Initial Budgeting ²ý�¾ÃÒí»���	
Õ¶�)Ç2
4�	
5ÕÌr	
�ì¾��ò�
��Ûã�út$a���Í�"�ù��òt
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$����I/���r	
��F���ú óô!

� 4. ������	
��
645)�78p8=0,~Ø9E:;wWÃ WCDMA �<�;_�²ýp�Ò

í»���=�Ô	�������Þ&&�=ß|Tjk!fÓÔ^-H3 7t4!

�1-7  �����������

f	
��#fp���&N¡äx��� pilot ����\L y�Æ�Ã=,~Ø
p>�*#Õ��?x� DSP�FPGA  y��[�@:��9E:;;��WÃr6��
�AB�C�X�ÖBÖD!Ç,~Ø MF���ûã��×Ce1��f�A/vEw�
,~Ø�*MFxS MFy�F9E:;wxFRAME MFy"��w!�A/vEw,Eã�
Ñtó�B��BD�'!,å)��w��4G��áEÍ���AÖB�ÖD�'��

× S MF �Q5�'ðS MF #Ûã9E:;��¾�,å)��w��4G��ZXY�
9E�H¤¹Ie�9E�HðF MF Ûãr��* ¡J�*x�Cæ¡KC�N®y
�L¹�Eã�4¥¦M��û��wZ S MF¤¹Ie�9E�Hð��w»�0N��
�R�!�Ñ,~Ø:;w,C)�«�¤¹�H2;.�CPCH )v�O  ;.Æ��
�L¡þ÷ø���Ø�,C)ç&�Ø����|Tno!

1.4 ������������

��H2��	
# FPGA/CPLD 	
��$ý���!ÓÔæç�e±2�k"H2
�k�¡ä!

• ���

• ��������	
����������� FIFO/RAM ������

������

������

��	
��

�����

����

����

����

�

	




�
�

�

�������

��

��

��

���	


���	��
��

�����

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

�./ FF01�
• ��)2���3456,78019:;<=<>?@AB���CDE

FG�H��)�IJ9:KLMN

• ������

• ��������OJOP�QRS��

• �������������T,-U()*V./QRS01�W�

• X�)2��YZ[\�]^9:<=<>?@A�B���CDE_P�

H`a��Tbc9:

�s&MrH2��	
���RN���ÒÖ�)*+UcH2��	
�ý���

>>rH2��	
8�9�ïP'8C�Q"ÖR!

• ���������������	������ 

�def�g ASIChiWj�4kl� 7(mW��'( DQRS�n'(
moY��'( 2�pqrm�sZ'tWu ASIC hiv�X�)2���
����w�x4�yz{,-$ FPGA/CPLD ,|}\�~�e���$
Xilinx S�'(~�Y��e� Slice �� 2 (QRS�FF�B 2 (���
�LUT���$ Altera S��'(~�Y��e� LE �� 1 (QRS�FF�
B 1 (����LUT�Lv FF �Z��X������LUT �Z��	

��FPGA/CPLD�3����� Slice�� LE����W��sZ�$
U(�|S��LY���X�����B����������B��,�

|�I6������� LUT� ¡¢ FF ��£���� FF� ¡¢
LUT ���¤¥�¦n�$ FPGA/CPLD X�)2hi!'|���hi§
¨©���ef�gªk���«�¬�®¯°±²³´µ�������

hi�{,hi�¶�)·¸�¹X�)2hiºW�bc9:���»|�

¼6�sZg�����«�½j�FPGA/CPLD hi�¾,¿À_�X�)
2hi�

• !"#$�������%� 

����01Á)�'tÂÃ,Äp'( BufferÅÆÇrm��IJÁ)ÈÉ
ÊË,!Ì�$X�)2hiÍÎ�ÏÐ�MÑ'6 HDL ÒÓv�Á)Ô
}ÒÃ���Õ

#5 a<=4'b0101;
Lv�Á) 5()Öe×�,Ø�ÇÙ�ÚÛ�Ü�$@AGÝÞß�{,;
��à
, áâã� !äå/Á)a�

X�)2���Á)'t,æ�)2Ô}ç��èéêu�X�)2���

Á)áëì'(����Whi�$�í4�Bîï|)�ð�Á)�'t

�ñò)*01'(i�S�óôi�S�i��Ô}Á)£�$�íõ�Á

)�YZ� D QRSö'÷�IJìÃ!øø���Á)�'()*ùú�
nûç����q)*�üýX��;�p��_PBþ�)2k���v�
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�

• ��������&!"'( 

X�)2������,)*�)*V./ FF Ô}�ô�01�,X�)2
���������sZ)*���B»|+�	
|�X�)2���+

ä

���ñ./äÅ��/)ÁÅ»|�w���)*���'t��

FPGA/CPLD �����)*��01X�)2����`a)*��)*
�����Æ�C�'�C,<>������=)*<>���B�>��

��'�C, FPGA��� PLL�� DLL�$��)*��B PLL/DLL
�����ÂÃ����Ü���� Õ�=)*��q)*!"#$

• )*+,���

X�)2���ð��p��%ØX�&�X�&���a�,�'Ç)*�

()V�"�$�ô�3�c*())Ö�gn��x��)Ö���

d�p�ô�ª+B'Ç²³�())*X,� û-.Å/0)Ö1´�Y

Z�	�'Ç²³��)*��p�ô23S_P�ç��p�ô�X�&

�d�p�ôB'Ç²³�())*,����î4,,�!1´�)5�6

7,��())*��p�ôìÆý23S_P�8äç��p�ô�X�

&l�uM�,�Æý23S_P�a�;$c*�9:�;»<��ô=

<!|��>?�,?Ç�����@�c*�@�{,IJ() !ä9

:AB_P�@�01�$�p�ô�X�&��CDÛ�E��F'hi

ÍÎqGH�IÕ�ô	J�X�ÂÃ$

• �-��./ reg012��34567819:�������� 
KL,M|�; Verilog Ù�v3Ü��ÆJ�ôNO, wire B reg�'t
Wu�wire O�|��ôBP>æ�	
�����n reg O�|��ô!'
|�,�23S��÷y��Q�,'(f	
�����SR4ST

U�Ù�vV���� Dout |W� reg O�{,à
q��XdYbc��
FF�I(��,'(f	
��hi
module reg_cmb(Reset,
               CS,
               Din,
               Addr,
               Dout);
input Reset;           //Asynchronous reset
input CS;              //Chip select, low effect
input [7:0] Din;       //Data in
input [1:0] Addr;      // Address
output [1:0] Dout;     //Data out
reg [1:0] Dout;
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always @(Reset or CS or Addr or Din )
if (Reset)
    Dout = 0;
else if (!CS)
     begin
          case (Addr)
                2'b00: Dout = Din[1:0];
                2'b01: Dout = Din[3:2];
                2'b10: Dout = Din[5:4];
              default: Dout = Din[7:6];
          endcase  

     end
else
     Dout = 2'bzz;
endmodule

1.5 ��������	
�:���

Q. 3$Â��ÓÔ���9 FPGA�	
��:����!FPGA�	
��"��
 Ñ ü�7øt®�23+,-ZP�R�8yz�tN	
��"��R��³´�)

*>>SCÒ 3$N=|��;<BCÓ����DE{Ì-���P�R�WT�U\�
� �	
��:��!

h����i#�$��Æ�sp�����#Õ��!VV�����;<�3 8t
4!

��

��

��

��

	


��

��

����

���

����

��

�����

����

��
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��

	


��

��

�1-8  �������

�����#Õ�Ø�c�ef�Ip����h�Ip�CDÔ	i� ��Zp�

� ��E0§$p�W��!p�W���,C×ó*KX���æç���KXÔ	×

": RAMxDPRAMy�Ô: RAM(SPRAM)�FIFO  !)?�$W����Z�I�p�
�WK0hp�W��� 1i!)? 2 $W������h�Ip�CDÔ	i�¤¹�Z
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�I�p��WK0hp�W��� 2i�:*H��Zhp�W��� 1iWK�? 1$�
��p���h�Ip�CDÔ	i�CD�Y0hp���0#Õ��i¿�0#Õ!)

? 3$W������h�Ip�CDÔ	i��G¤¹�Z�I�p��WK0hp�W
��� 1i�:*H��Zhp�W��� 2iWK�? 2$���p���h�Ip�CD
Ô	i�¤¹�Y0hp���0#Õ��i¿�0#Õ!�*´µ��Þ¬!

������&¡ä#���h�Ip�CDÔ	i"h��p�CDÔ	iZ�[�

¥¸EP�¤¹�Z³�W��p��àN�A\]�Y0hp���0#Õ��i�¿�

0:#Õ!^������þ8�$ì¾�<)�$���§9"p���Ip��"��

p��R#�_+S��àNó*\]�½*%�¡Prp�����Ú7�#Õ!tC�

������Æ�s�Ú7�0<�Ûãp��`aW�:#Õ!

�����?ç$�ä#,C��W��bA!æ�) WCDMA �æÆ�8�1 F
xFramey#� 15 $�cxSlotyûã��N�ó�Z 1 ìF�p����$�cQ#Õ�
æçäå�d<#Z�Fp�WKG}�eQ�� 1$�c���#Õ!��W���b�
# 1 ìFp�b�l	p���# 3.84Mb/s�1 Fb 10ms��*�ó�W��b�#
38400bit!�L�������1ó�ð§$-W� 1 $ slot p�� RAMxÔ: RAM £
,y�þ��� RAM �p���e��ñ�� RAM {p��eQY0#ÕÔ	#Õ�*

��t� RAM�dq>ó 2560bit£,!2� RAMBG}õ1N 5120bit�dq!
ñ¤�f��������x,C�0�ß���#Õ��p���`L!�3 9 t

4�p�W�����Ò": RAM��) DPRAM QFIÒ�¦p�+#Õ����$p
�+#Õ,C��ó�#�Ñp��0�æ�) WCDMA 	
8�r�Ip���ÖB�
ÖD�gh� !l	9: A ��Ip�����× 100Mb/s������W���#
10ms!23e.�G�Q�e�$�ä9:�p���!

��

��
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��
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�1-9  	
���������

�Ip�� A 9:#p���× 100Mb/s�)? 1$W��� 10msc���h�Ip
�CDÔ	i�� B1 0� DPRAM1!B1 �p���õ# 100Mb/s�) 10ms c�DPRAM1
��I 1Mbp�!HÕ)? 2$ 10ms�p��¿¤¹0 DPRAM2�9: B2�p���õ
# 100Mb/s�DPRAM2)? 2$ 10ms¿�I 1Mbp�!�Þ¬�)? 3$ 10ms�p�
�i¤¹0 DPRAM1�DPRAM1¿�I 1Mbp�!
jì�Q�e�²¾vÃ0? 3 $W�����kl DPRAM1 {[p��Y0hp�

+#Õ�� 1i��A�m# 20Ms!N�HIæçnos DPRAM1 �{p�A×õ
#
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20ms�fW��äÛF,CWÃ!q�))? 2 $W����� DPRAM2 �p�� 10ms
c�DPRAM1 ,C��{��ðñ¤)? 1 $W����? 5ms Gxpr�A× 5ms �
�y�DPRAM1 ²,Cq� 500K CQ�Ar�p�q�Ar 0 {p�0� 10ms ��
DPRAM1s`�ÛÒ 1Mbp���Ý{Ò 500Kp���$W��Ac DPRAM1{Ò 5ms
��Aðñ¤)? 3$W����? 5msGxpr�A× 35ms��y�HÕ,Cq� 500K
CQ�Ar�p�q�Ar 0{p�i{[Ò 5$ ms�tCtu DPRAM1?�$��KI
�p�¿ÛFvwCÊ�DPRAM1 � ,C{[Ò 20ms �A�Þtó{[�p�×
1Mb�tC9: C1 �p���×f1Mb/20ms=50Mb/s!½*hp�+#Õ�� 1i��ß
p�mn-èõ>>�¿× 50Mb/s!HÕhp�+#Õ�� 2i��ßp�mn-èõ>
>�¿× 50Mb/s!¹�÷��������hp�+#Õ��i���xèúyÒ�t�¿
�p�#Õ��>>×�Ip���� 1/2!
������WÃß���#Õ��p��W®#f�� DPRAM �ÑWKÔ	�W

ÃÒp������¹����hp�+#Õ�� 1i"hp�+#Õ�� 2i#Õ���
p��#.T:��¸¹���N�$¾Ãa

1.6 ��������	
�:����

���¹# FPGA 	
��$ý�����Â�«zä��à#p��#Õ���{
���&�«zäZà#.T:��¸¹���äå¾Ã!���¹�WÃ;< Ñ ü�

��p��ø�"pq��¿�,CC�JKw�RAM  WÃ!Ê.)����3 9 �&
'�²#�� DPRAMWÃÒp������¹�ÞÝ�sÎ�Ò DPRAM�p��W��
,C¨��&!rspqæçÂ�	
,C��JKwÛã���¹!�`¡Jó¿�ÆÇ

�H2��	
Ûã��÷A��¹!æ�p����0���p�ø'|�#�ò)Ê�

,C�e.�~/WÃf

prl_temp <= {prl_temp,srl_in};
f8�prl_temp#����WKJKw�srl_in#��p��I!
rsø'|�NÍ�����¹�,C� case �¢�SWÃ!rs�����¹�

x,C��HOWÃ!���¹�;<U�}(æçÓÔ�)*+8� �Öî!

1.7 ��������	
�:�����

q�ó�})�#�gt�c��Ú7#��Ñ#Õ�Ø"|����	
����%

FPGA�ASIC 	
8�[��t��hPipeliningi�¦s Pipelining �[���;<)?ç
bNëì��!

�Ú7#Õ#��	
8��$��	
{�!�L6$	
�#Õ�Ø�×~�2

4�ÞÝì$p�#Õ#hÔ��i��£àN�@ËÌ�=�0�Ê�$24���#e

�$24��I�,C56���Ú7	
;<=�í»�R���!

�Ú7	
�\L4K3�3 10t4f
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�1-10  �����������

f��\L×fZ¡þ-�� n$��24Ô���<G}!�Ú7���� ¡ä"
�¿#�p��)�$24�#Õ���A�"#�_���LZt$��24Ó[l	×

���$ D uvwx²#�JKwý�$�[y�	
�Ú7��²U��$�òJKw
û�p��vG�³ D uvw�Ûãt$24���!�Ú7	
��4K3�3 11 t
4f
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�1-11  ����������

�Ú7	
��$¦�)sfì$	
���PÕ÷ø�ÊQ¦å:Ap����9

E!�²�¿t$��24�-�é�PÕ��»�56�$��24A�p��q!�L

Ê¦���A�` sQ¦����A�	
�×ÓÔ�Ê¦���äå�IQ¦��I£

,!�LÊ¦���AÂsQ¦����A��ó�rÊ¦���p�¡þWK��-�I

Q¦�xé�JKp����9E��uQ¦p����!�LÊ¦���A&sQ¦��
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E7Þ=LM���ßK\dÞà�kKTUV2���áâ 7É(ÊGH

E���Kãä�Þà�TU1åLM��Jßæ���c�ç�èéÞà�

��ê�ëëì���íçèé�îï�ð�£ñ�

A¸òój�>?Õ��èé�GHÞà��J�� RAM�FIFO�(�12
��j�>?Õ���ôõ�ör���(£ñK DPRAM�0¥C´÷��
67>?B���0¥Q´÷��F7>?P����qr1ø���¸j�
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• IJ%&��'(*KL4MNOP)

�üöýþ�ì�����§¨K���i����c��������á�

>ú�þ�`]����

T	
����@�\ 2Ã
(1):�����@ÇÌ��²÷������[�
&'
������>ú�á�>ú���	��������������

Æ��������Æ���>���:��@ÇÌ��²÷������

[�

(2)��ãä�>°��� 
!"ê\� FPGA ��à#ß$%&¶>°���'�(�T)�'	��
��������E�>°��� �������*�VQ+,�&¶>°

���'���@A-.>°K/����[�01�23�[��ãä

¥C����ø&¶>°���'¥Qãä�>°��� �

• Q%&��'(RS�TUOPV�W�)

4¼�¨ÀÁ XilinxÆ AlteraW���²÷���r����
1. Xilinx � � � � � � � � 	 Period 
 OFFSET_IN_BEFORE 


OFFSET_IN_AFTER
OFFSET_OUT_BEFORE � OFFSET_OUT_AFTER ��

�

(1) ���� Period
Xilinx���c435 12ê!�
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�1-12  ������	

>?�ö���c4AAÃ

TCLK = TCKO +TLOGIC +TNET +TSETUP 6TCLK_SKEW

TCLK_SKEW =TCD2 6TCD1

Øv TCKO A>?¥Q>ú�TLOGIC A��ñ7ùú�~������TNET A
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8����TSETUP A��ñ7���>ú�TCLK_SKEW A>?"#���9

¨�

(2) OFFSET_IN_BEFORE��� OFFSET_IN_AFTER��
OFFSET_IN_BEFORE Æ OFFSET_IN_AFTER ß K ¥ C : ; � � �

OFFSET_IN_BEFORE ÓÔ¸¥C��\d>?<:»x=>ú1>ý��
K89?@_¥CAB`C�~���������D�^>ú�/©\d>

?<,R>���EF\Üc�GH5��èéËOFFSET_IN_AFTER  Q
¥C��0\d>?<ùEx=>ú,+89�¥CAB�TH*	��,8

9?@���6G����_¥CAB`C�~���Ö×���

¥C��,+89AB����HIJ5 13ê!�
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�1-13  ������	
�

�HKå34Ã

TARRIVAL=TCKO+TOUTPUT+TLOGIC

S¥C��0\d>?<ùE� TARRIVAL>L,+�\¸T���ùE�	�

���¥C´
� OFFET_IN_AFTER ���M3� NET DATA_IN 
OFFET=IN  TARRIVAL  AFTER CLK�TH0���ñ7¥C´���Ö×�
�E���N��'æOP�¥C´��� TINPUT��4WaÃ

TARRIVAL +TINPUT+TSETUP<TCLK

Øv TINPUTA¥C´�~����8�Æ PAD ���ùÆ�TSETUPA¥C�

�ñ7���>ú�

(3) OFFSET_OUT_AFTER��� OFFSET_OUT_BEFORE��
 ßK¥Q:;���OFFSET_OUT_AFTER Qc¸¥Q��0\d>?
<ùEx=>úÜc4R�RS89?@�¥Q���TU��T�V�

OFFSET_OUT_BEFORE  Q4�789�¥C��]0\d>?<ù»x=
>ú1>ý�

�4�7¥C´���	��HQ�»��¥Q���TU0�>Üc4R�

W�T������¥Q´�����Ö×�����4�7���>ú�

[�áâ4�7GH���KÜc���H�[�¥QÜc>ú35 14 ê
!�
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�1-14  ������	
��

Kå34Ã

TSTABLE = TLOGIC +TINPUT +TSETUP

RSÐ��»��¥Q´���>?6X<:Y TSTABLE >úÜc4R�4

�7�	�ãäZGH���

W�T���	����¥Q´
� OFFET_OUT_BEFORE ���M3�
NET DATA_OUT OFFET=OUT  TSTABLE  BEFORE CLK�TH���ñ7¥
Q´���Ö×��E���N��'æOP[�^���N���¥Q´�

����4WaÃ

TCKO +TOUTPUT+TSTABLE<TCLK

Øv TOUTPUTA��vC²��ñ7¥Q´�~����8�Æ PAD���ù
Æ�TCKOA��ñ7>?¥Q>ú�

2. Altera�������	
Period�tsu�tH�tco ���������


(1) Altera������� 15���������

Clock Period = Clk-to-out + Data Delay + Setup Time - Clk Skew
SÃ

Tclk       = Tco      + B        + Tsu   -(E-C)
Fmax      = 1/Tclk
\Ã��4»¼�ÀÁ�Ð�M]¸ B $%¸ 7É(Êùú�ê\ logic
Æ net��>�æ��_ Xilinx��c4Kå���^�

�1-15  Altera��������

(2) Clock Setup Time (tsu)
�_ãäGH����TU���Æ��"#0\d>?<,+»�1>ý�

ê`>?��>ú�K >?,+»���Æ��¾¿1>ý�ö�>úú

a�Altera� Clock Setup Timebc35 16ê!�
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tsu = Data Delay – Clock Delay + Micro tsu 
\ÃT	c4 Setup >úK�]���=d����e¨�K$��bc
Micro tsu�Micro tsu �K��f�Ê?@���>ú�gKf�Ê�b\h
*��JijV�� 1~2ns�0 Xilinx��>°bcv�k Altera�Micro tsu
A setup>ú�� Tsetupl!�mDne��4�

�1-16  Altera� Clock Setup Time�����

(3) Clock Hold Time �tH 
>?á�>úKÐ�áâ\d>?<ãäG����Æ��"#�ö�Üc>

ú�Øc435 17ê!�c4�KåAÃ
tH= Clock Delay – Data Delay + Micro tH
\ÃØv Micro tH K É(Ê?@�b\á�>ú��HKÉ(Ê���b
\I��ijV�� 1o2ns�

�1-17  Altera� Clock Hold Time�����

(4) Clock-to-Output Delay�tco 
T�>ú �K�>?\d<�½E�5��lp��>°=d�¥Q´�ö

�>úúa�35 18ê!�
tco q Clock Delay + Micro tco + Data Delay
\ÃØv Micor tco *K��É(Ê�b\h*� �KÉ(Ê`]>?\d
<�5��r,¥Q´÷�?@>úI��g_ Xilinx �>°c4v�\�
�bc¹ TckoK���bc�
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�1-18  Altera� Clock-to-Output Delay�����

1.9 �������RAM/ROM/CAM�	
��

FPGA� RAM�ROM�CAM�������	
��������� ASIC��	
��
������� FPGA ��� !�RAM "��#$��	�%&'(�)*�+
,-./012345�67�89����:;<=�>?@�A+,�BCDE-

RAM �:FGH�IJK�LAMNOPQ�./RSTU-. FPGA ��V>W

X&� ROM Y$Z[�V\ ROM �]^'� RAM _`�aa�>bcA�a-de

CAM�' Content Addresssable Memory�fg�hijkl��#-CAMmn��#.�
op����qrsQ:pit�(�uv�gw CAM �xyz��i{���o:px
y|}(��>~����xy���d
i{xy�kl-G����RAM ':n�y

klK�gxy������ CAM � RAM ������~��'���xy����
i{kl-CAM�L&�MN���(�.^�#��kl���"-

FPGA ���� RAM�ROM�CAM "������	%&��G��:��'��

yd�#$�������
�%& FPGA i{Z[� ¡¢�£¤%&¥�¦§¨�©
ª«¥� ¬®¯°�©ª±J-

1.9.1 FPGA�������� RAM/ROM/CAM	 3
���

²³ FPGA �´µ¶·¸|�¹BX&º»�¼½Y$Z[¾¿¾ÀÁ-� RAM"�
����Â�Z[
ÃÄ�Block RAM�LUT�Register�mÃnZ[q¯ ÅÆ¡V\�
RAM "�Ç��-Block RAM h2NdÈ�É RAM�
Ê�ÅË� Embedded Block 
RAM�Ì²³ FPGA�it��Ç���mn RAM��¯ 23�Í� glue logic(Î¡u
v)V\���/Ï� RAM�ROM�CAM�FIFO "-�Q¹B SOPC �ÐÑL&�¨�
FPGA ��it Block RAM �jÒ�¯�Í���xÒ¾¿¾ÀÁ-ÓÔÕ;¨�#$�
it Block RAM �jÒÖ3 10Mbit-×7ØÙÚÛÜ� FPGA��¼½¯ÝÞuv��×
:ßà�q'á�â´#ãFFä�åæ�ãLUT�N& 4 çwåæ� 4èLUTäé��-m
êná4¯ÝÞZ[q¯ Æ¡>V\� RAM "�Ç��-(�ë�ìí¨���é�¯
 &î�#Z[V\����:;�ÊïðÒñò��Ç��¯ & LUT V\-ÓÔóô
Æ¡©õöcÄ÷ RAM�ROM�CAM "�Ç��%& Block RAM�Register�ø� LUT
Z[-ù£úûü�%&R�Z[Æ¡� RAM"�Ç#�ýþ��-
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1. !" RAM�#$%&'�()*+ Block RAM,-
§¨��s[�K Block RAM tu������ Block RAM tuK

FPGA ?v��Uw�tu�ê�lm0�� RAM�ROM�CAM �(x£

ñ>�yçz{�� Block RAM�ØÂ2\|Ã¡���� Block RAM t

u�	�Ä�}x� FFÆ 46LUT�~�	��£ñ��� Block RAM	�
ÓK{�����}�KöD����ê�Ê7d��Ä��F��U��Ë

¡|�Block RAMK�U	�Î���7���Ø	Y*Æi�_� LUTÆ
Register���(xÊ}\���

2. ./ FPGA�0123�4567 Block RAM,-
�� Block RAM >�TU�Î�ê�Ê7�����ù�Ê7�j>*

TU���,��v��,� RAM�ROM�CAM �(x£ñ��ç�´÷

�ç������JRÓ� Blcok RAM	���Q�\����/���j�
��/���	�¥CÉ(ÊGH�	�¥QÉ(ÊGH���]��£÷/�
÷/x÷ RAM�ROM�CAM���/j� FIFO �ij(x£ñ�0�� RAM
�´÷>�TU�W� Block RAM�§���	<����
3����A¸��0��ÄÅ�ÑPQ 256�����K�B¸��

£´÷BC�256 ´÷PQ� RAM��N6�-»F\���� FPGA �
Block RAM�´÷�ç 256���^ RAM3Z��Æ���D�*����
� FF � 46LUT N��RH5æ�½ D�	����tuË3Z�
Blcok RAMN����x� Block RAM¡²�RÒ��� 256�P´÷�¢
�£¡²x� Block RAM����¤� glue logic5æ�¥ D���tu�
.wx Block RAM¡²�R�3Z¦� Block RAM��çßF\����5
æ§�qrD� Block RAMtu�¨©�
-»Dx� Block RAM �76ªã�´÷Î�K 2 portItrue dual-

read/write portO� 4 portItrue quad-read/write portO����0��>]
^«â^Ê7�Ê7¬�yç��´÷�çÍÎ� RAM�3>�¥� glue 
logicöí�� Block RAM�(�Ìö��0 FPGA��v���6¼�R�
M®]^¯°�� 256 ´÷P� RAM�±�Øg��12�M30��ÇÌ
²³>�	��i� 1 ���~ DPRAMI�÷ RAMO�QPRAMI4 ´÷
RAMOP���DE.PQ����(�´�'��µ!f RAM Æ��]

^W�ØÊ7i�ÆPBi�äc�&':�ÇÌ��¶�´�µ¶����

12��	�5R� 256 ´÷P���±A�d� DPRAM � QPRAM ��
����òó¸���tu�¨©�Æ·MN�6�¸¹�EDACN £º6�
���»�� Xilinx VirtexII1000 Ê7N�6¼���±Ö»tu(�ÌD�
40%� slice�ö�>?ÇÌ Max clock frequency A 32MHzË±ÖEtu(�
ÌA 6% slice + 2blockRAM�ö�>?ÇÌMax clock frequencyA 140MHz�

3. 89 Block RAM:;�<=67 Block RAM,-
6¼½KF\��, Block RAM �´÷�ç�¾^¿2\d�� Block 
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RAM �M®�ØN Block RAM E\wx§*qrÀ��3�76 Block 
RAM ��f�ç�£f��ç�£fÁ��(Â��Æ������¦U

FPGA � Block RAM ßK�{f}�Ãå~���¦fK����`�w�
�	Î�(ÂÊ�Á���(Â��Æ�����~��\� FPGA 	¼Ð
\�U Block RAM �fD��`��ýÄÅ�kK Altera FPGA A¸�s
Blcok RAM �(�Ì�A�Æ:;}ÇÈ�(x1É�0Ø�´ FPGA v�
:;¸xU���ç� Block RAM�3Ø Stratix/Stratix GX�a± FPGAv
\�U¹ TriMatrix Memory� Block RAMÊ��Ø§�K089v?v¸Ë
U��D�� RAM f��¨KÃ512Bits � Block RAM�¢kA M512 
BlockË4KbitsD�� Block RAM�¢kA M4K Block�Æ 512Kbits� Block 
RAM�¢kA M6RAM Block�TËU Block�Ê�����d,¦ Kbit�
´÷�ç*���0��]�ÌÍ�89vËU Block ��çyz�cMÎ
��TU��D�� Block RAM �����ý����Î-��[�M3
M512 	�ÏN�A�ç��� FIFO�RAM�ROM��]��0»¼ 1.8
�ÄÀÁ�{��²÷���12}v��j�>?Õùú��ûõ�

DPRAM �ËM4K ]�öÐ�	�N�A�D�ç� RAM�ROM�CAM�
FIFO ��	�(Â���ÑAl�LMÊÒ¬�vú�Z�Ë�ç�öD�
M-RAM K�AD�ç(x�����	���&"ap�8ÓûõÊ��>

v�D�ç��(x���TU��Ñ���D�� Block RAM �öDýL
�K�Ô�Æ:;¸xH��µ��ÆW�ÕÖ(Â£ñD��µ�����

Block RAM�	��D���:� Block RAM �(�Ì������UD�
� Block RAM N�(ÂÊ�ö¢£12K�0 Altera Quartus � IP ��Ê
MegaWizardvÈ²��ê� IP coreN�0RUQ×� Block RAMv�35 1
619ê!�

�1-19  �MegaWizard���������� Block RAM�� ! IP core
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0�� Block RAM >��c�\�´÷��Æ�ç�ÍÎ¸¹��30
ALTERA APEX-II a±Ê7vN���A 128���A 64bits � DPRAM�Ø
�çA 128Ø64bitq8192Bits�Ù"Úý�0 2 f M4K vN���N6N�
T� 128Ø64bits� DPRAM�� 4fM4K�TK2A�f 4Kbits Block RAM
�öD����K 16bit�N�����K 64bits � DPRAM TU�� 4 Û
M4K Ò��´÷���TH�N�1åæ§� 8Kbits RAM tu�¨©�

0��>Æ�ç,�>TU����0 XilinxÆ LatticeFPGAv*(0�H�
¸¹�ê�Ó��M�d��� Block RAM tu�TU�¸]Ê7��7�
�Æ§*�

4. 8>� RAM,-�distributed RAM 
-» FPGA �~�	��£ñÜFßK� 46LUT Æ FF����Ø�Ý

Ü� SRAM ���46LUT �FÞK 16 ��ªVl�ßà¸ 4Ø4 �ê\�
��Xilinx Ü� SRAM ��� 46LUT ��§á�ZâãHÆ>?���N
�¸� 1bit ��� 16 �	�Zâ�()�`����A 16 ��A 1bit 
RAM���TU� RAM ���¦� FPGA �~�	��£ñ�ê�Ï�A
��å RAM�Lattice � ispXPGA *	�5~�	Î�£ñ��� distributed 
RAM���å RAM �(� FPGA 	��£ñù?�,~	�����=d
öä�qrå�N�ÇÈ��i���ç����¶�FIFO��

Xilinx FPGA Á� distributed RAM �Ê7æ\ÃSpartan-3�Spartan-
II/Spartan-IIE�Virtex/Virtex-E�Virtex-II/Virtex-II Pro�Ê7æ�Lattice FPGA
Á� distributed RAM�Ê7æAÜ� ispXPGA �ê\Ê7æ�4¼� Xilinx 
FPGAAM¢£ÀÁ�4 distributed RAM�§��Ø§�34Ã

• Distributed RAM ���K��B�j�P��kKÐ�5 Slice ?@_ LUT
C²* FF(��R�	�N���B���P� RAM�

• 5��� SLICEM£ñ	¼� 2� LUTC²�R�E	�N���A 16��
�A 1bit ��÷ RAM�TUN�1å*�ýM]�`��Øv�� LUT
N�¸�\P/B´÷� 16Ø1bit � RAM�$�� LUT N�Aë\�´÷�
16Ø1bit � RAM�yz��>°�>0 � LUT N�� 16Ø1bit RAM BC
���DE0¡|� LUT N�� RAM vw��PQ��S	�ê�

distributed RAM Á��(Â)j\Ã£÷��÷Ë��B/j�P���B/�
�P���)j�5 1620 A£÷��÷ distributed RAM �ÜF�7Âç

IprimitiveO!�5�
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�1-20  "#$%# distributed RAM�&'()*primitive+���

• »¼ÀÁ¸ 1 � 46LUT 	�N���A 16���A 1bit � distributed 
RAM�3Z��N�}D� RAM >����5 Slice � CLB ?@�
distributed RAM7C�R��� CLB?@	�N�� distributed RAM�D�
)è�^ CLB � 46LUT��ç�l 161 A Xilinx ��Ê7æ�� CLB 	
N�� distributed RAM tu�çl�l 162 A Xilinx ��Ê7æ�� CLB
	N�� distributed RAM�)jl�

�1�1. Xilinx �����	
 CLB ��� distributed RAM �����

�1�2. Xilinx �����	
 CLB ��� distributed RAM ����

• Distributed RAM tué¸Á�£÷��÷ RAM �%�3ZÏêëbì�V

E	�N�A ROM��H*	�N�A FIFO�
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• Distributed RAM ���1å*Á�Ò¬È²í¼�
���N�h*���

Ê7î� IP core��Ê���1å�3 Xilinx FPGA	0 Verilog� VHDLÒ
¬v
���h*��� CoreGenerator ���� RAM/ROM� cïV	
�� CoreGenerator ��ðñòA{ceo}�ïVó7��{INIT} !Âç
N��W�3��� Distributed RAM ÆAØ��ïV�0E¼ôÄæ\õö
ÀÁ�

é¸ Xilinx � FPGA \ Distributed RAM %�Lattice FPGA *\TU���
Lattice FPGA � Distributed RAM Á� 64bit £÷ RAM�32bit �÷ RAM Æ 32bit
;�É(Ê�Ø§*_ Xilinx FPGA�^���*qr1ø�

1.9.2 RAM/ROM/CAM�����	�
������

RAM�ROM�CAM "����
Ãná4�V\���%& HDL ³��U�%&Æ
¡���±ß�øÄ÷�%&#$Ü� IP core ÚË#-�Vm 3 ��U��óõ³�±�
	
IJ� IP core q¯ 23m 3 n��V\-��Ôên��º��Æ¡ RAM�
ROM�CAM "����� Coding Style ø���±��:n��MN���������
�����%&#$Ü IP coreÚË#�	 RAM�ROM�CAM"�������-ù£
�����8-

1. ?@A HDLBCD���EF
��Ò¬í¼ RAM�ROM�CAM �(Â£ñ$% U%4�Ø�K�

È²� HDL Ò¬í¼T¦(Â£ñ�ej�DE÷��Ê��)l�TU1
20 FPGA ��v�lm�2AÕ��÷��Ê)l�wø\d���ê�
�� RAM �(ÂÊ�ê���tu)jÆ¼ùi��WX 0Ë¡|U12
KÈ²[�Ê7î:;�_T¦(Â£ñ`W��7Âç�TU12úDN�

-0Ôä�kK��`��¤�����Æ��¬���3 glue logic �ûü
������@ç D��¢�[�Æqrh*Ê7î��7ÂçÆÊ7�?

@���ê�*�lm�

� 5. ���� HDL��	
 RAM����
TK���M���ÓÔÈ²�� HDL Ò¬í¼ RAM �(Â£ñ�ý

þ�wxï�W� Verilog � VHDL�ç2��4¼�ç�í¼����K
8bit���K 16��\j������� RAMÃ
module ram_WR_EN(A,CLK,D,WR,EN,RST,Q);
input [7:0] D;
input WR,EN;
input [3:0] A;
input CLK,RST;
output [7:0] Q;



��� 
!�RAM/ROM/CAM"#$%&

33

reg [7:0] mem[15:0];
reg [7:0] Q;

integer i;
always @(posedge CLK or posedge RST)
begin
  if(RST)
  begin
    Q=0;
    for(i=0;i<15;i=i+1)
    mem[i]=0;
  end
  else
  begin
    if(EN)
    begin
      if(WR)
        mem[A]=D;
      else
       Q=mem[A];
    end
  end
end

endmodule
��¢£�� Synplify Pro �6¼R«Ò¬���4��µÊ7A Xilinx 

Virtex2 XC2V4066 CS144����½I��)��V�&'�����N�
�Z�F\� Xilinx � Block RAM N���K� FF Æ LUT ��¸6¼ð
��Ø RTL View35 1621ê!�
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�1-21  ,-./0 RAM� Synplify Pro�1234� RTL5�

^j��� RAM 0 Synplify Pro ����Z� Technical View �@�5
Ã35 1622ê!�

�1-22  ,-./0 RAM� Synplify Pro�1234� Technical View*67+

	J���Z�	3��ê
���A RAM�
A¸����� RAM	��é6¼Ò¬vW�j����@���±AÃ
module ram_WR_EN(A,CLK,D,WR,EN,RST,Q);
input [7:0] D;
input WR,EN;
input [3:0] A;
input CLK,RST;
output [7:0] Q;
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reg [7:0] mem[15:0];
reg [7:0] Q;

always @(posedge CLK or posedge RST)
begin
  if(RST)
  begin
    Q <= 0;
  end
  else
  begin
    if(EN)
    begin
      if(WR)
        mem[A] <= D;
      else
        Q <= mem[A];
    end
  end
end

endmodule
3>0 Synplify Pro v��`����74����ZA RAM�Ò¬

�±E����Z� RTL�535 1623ê!�

�1-23  89:;<�1234� RTL5�

Ò¬�±E����Z� Technical �5I@�O35 1624 ê!��5
v	�����, Synplify ProÕ�5^Ò¬)l�� RAM16X8ST� Select 
RAM��7Âç�
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�1-24  89:;<�1234� Technical5�*67+

��ºúû� 3�'�
• ½T�M®�-���K �P3��±Ò¬�+,>���'��Õ�)

l RAM�T�M®K� �Dn�È²� HDLÒ¬í¼ RAM�(Â£ñ�
��&'��h*�1å����Ê�rræ��Q_���5�`���7

���

• }\���6¼Ò¬ví¼�����Æ�����½��G�����

�'���K�����'����F�6¼Ò¬Ö×��>ßæ�����

�����\>æG� FF� LUTN��\>æG� Block RAMN����
�ø�

• RS6¼Ò¬í¼1å0�>����TUÒ¬�JK0ap7�×A7�

ª'�v�����È²�R��N��0��>�Î���h*� ¾��

���

4¼� Xilinx FPGA AM�È²[�Æ RAM `W��7Âç�M½ RAM�
(Â£ñ���Æ RAM `W� primitive qrx�ê�ë�)!�ij� Verilog
Æ VHDLNM½í¼�

� 6. �� RAM� VHDL�����
4¼K´÷ A:8192 x 2 bits�B: 8192 x 2 bits��÷ RAM� VHDLNM½Ò

¬���{RAMB16_S2_S2}Block SelectRAM �7Âç�ì�� Spartan-3 �Ê
7æ�

-- Components Declarations:
--
component RAMB16_S2_S2 
-- pragma translate_off
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  generic (
-- "Read during Write" attribute for functional simulation

WRITE_MODE_A : string := "READ_FIRST" ; -- WRITE_FIRST(default)/ 
READ_FIRST/ NO_CHANGE

WRITE_MODE_B : string := "WRITE_FIRST" ; -- WRITE_FIRST(default)/ 
READ_FIRST/ NO_CHANGE

-- RAM initialization ("0" by default) for functional simulation: see 
example

);
-- pragma translate_on
  port (

DIA     : in std_logic_vector (1 downto 0);
ADDRA   : in std_logic_vector (12 downto 0);
ENA     : in std_logic;
WEA     : in std_logic;
SSRA    : in std_logic;
CLKA    : in std_logic;
DOA     : out std_logic_vector (1 downto 0);

--
DIB     : in std_logic_vector (1 downto 0);
ADDRB   : in std_logic_vector (12 downto 0);
ENB     : in std_logic;
WEB     : in std_logic;
SSRB    : in std_logic;
CLKB    : in std_logic;
DOB     : out std_logic_vector (1 downto 0)
); 

end component;
--
----------------------------------------------------------------------
--
-- Architecture  section:
--
-- Attribute "Read during Write mode" = WRITE_FIRST(default)/ 

READ_FIRST/ NO_CHANGE
attribute WRITE_MODE_A : string;
attribute WRITE_MODE_A of U_RAMB16_S2_S2: label is "READ_FIRST";
attribute WRITE_MODE_B : string;
attribute WRITE_MODE_B of U_RAMB16_S2_S2: label is "WRITE_FIRST"; 
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-- Attributes for RAM initialization ("0" by default): see example
--
-- Block SelectRAM Instantiation
U_RAMB16_S2_S2: RAMB16_S2_S2
  port map (

DIA     => , -- insert 2 bits data in bus (<1 downto 0>)
ADDRA   => , -- insert 13 bits address bus
ENA     => , -- insert enable signal
WEA     => , -- insert write enable signal
SSRA    => , -- insert set/reset signal
CLKA    => , -- insert clock signal
DOA     => , -- insert 2 bits data out bus (<1 downto 0>)

--
DIB     => , -- insert 2 bits data in bus (<1 downto 0>)
ADDRB   => , -- insert 13 bits address bus
ENB     => , -- insert enable signal
WEB     => , -- insert write enable signal
SSRB    => , -- insert set/reset signal
CLKB    => , -- insert clock signal
DOB     =>   -- insert 2 bits data out bus (<1 downto 0>)
);

� 7. �� RAM� Verilog�����
��£ß����AÏ� RAM ��� A:8192 x 2 bits�B: 8192 x 2 bits�%&

�RAMB16_S2_S2 Block SelectRAMY$!"�#&� Spartan-3"#$$-
��ý%ij� Synopsys"Æ¡©õ�Æ¡���±-

// Syntax for Synopsys FPGA Express
// synopsys translate_off
  defparam  
//"Read during Write" attribute for functional simulation

U_RAMB16_S2_S2.WRITE_MODE_A = "READ_FIRST" -type string; 
//WRITE_FIRST(default)/ READ_FIRST/ NO_CHANGE 

U_RAMB16_S2_S2.WRITE_MODE_B = "WRITE_FIRST" -type string; 
//WRITE_FIRST(default)/ READ_FIRST/ NO_CHANGE 

//RAM initialization ("0" by default) for functional simulation
// synopsys translate_on

//Block SelectRAM Instantiation
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RAMB16_S2_S2 U_RAMB16_S2_S2   (   .DIA(),    //insert 2-bit data_in bus 
([1:0]) 

          .ADDRA(),  //insert 13-bit address bus ([12:0])
      .ENA(),    //insert enable signal

          .WEA(),    //insert write enable signal
          .SSRA(),   //insert set/reset signal
          .CLKA(),   //insert clock signal
          .DOA(),    //insert 2-bit data_out bus ([1:0]) 

//
  .DIB(),    //insert 2-bit data_in bus ([1:0]) 

          .ADDRB(),  //insert 13-bit address bus ([12:0])
          .ENB(),    //insert enable signal
          .WEB(),    //insert write enable signal
          .SSRB(),   //insert set/reset signal
          .CLKB(),   //insert clock signal
          .DOB()     //insert 2-bit data_out bus ([1:0]) 

   );
// Attribute Decalrations:
  /* synopsys attribute 
Attribute "Read during Write mode" = WRITE_FIRST(default)/ READ_FIRST/ 

NO_CHANGE
WRITE_MODE_A "READ_FIRST"
WRTIE_MODE_B "WRITE_FIRST"
*/

� 8. ����� RAM� VHDL�����
A�&' RAM�é�� 32(1bit�³��ù�

-- Components Declarations:
--
component RAM32X1S 
-- pragma translate_off
  generic (
-- RAM initialization ("0" by default) for functional simulation:
        INIT : bit_vector := X"00000000"

);
-- pragma translate_on
  port (

D    : in std_logic;
        WE   : in std_logic;
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        WCLK : in std_logic;
        A0   : in std_logic;
        A1   : in std_logic;
        A2   : in std_logic;
        A3   : in std_logic;
        A4   : in std_logic;
        O    : out std_logic

); 
end component;
----------------------------------------------------------------------
-- Architecture  section:
--
-- Attributes for RAM initialization ("0" by default):
attribute INIT: string;
--
attribute INIT of U_RAM32X1S: label is "00000000";
--
-- Distributed SelectRAM Instantiation
U_RAM32X1S: RAM32X1S
  port map (

D      => , -- insert input signal 
WE     => , -- insert Write Enable signal
WCLK   => , -- insert Write Clock signal
A0     => , -- insert Address 0 signal
A1     => , -- insert Address 1 signal
A2     => , -- insert Address 2 signal
A3     => , -- insert Address 3 signal
A4     => , -- insert Address 4 signal
O      =>   -- insert output signal
);

� 9. ����� RAM� Verilog�����
ù£'A�&' RAM � Verilog Vß�³����ý%ij� Synopsys "Æ¡©õ�

Æ¡���±-

// Syntax for Synopsys FPGA Express
// synopsys translate_off

  defparam  
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  //RAM initialization ("0" by default) for functional simulation:
  U_RAM32X1S.INIT = 32'h00000000;
// synopsys translate_on

//Distributed SelectRAM Instantiation
RAM32X1S U_RAM32X1S  (  .D(),    //insert input signal

.WE(),   //insert Write Enable signal

.WCLK(), //insert Write Clock signal

.A0(),   //insert Address 0 signal

.A1(),   //insert Address 1 signal

.A2(),   //insert Address 2 signal

.A3(),   //insert Address 3 signal

.A4(),   //insert Address 4 signal

.O()     //insert output signal
      );

// synthesis attribute declarations
  /* synopsys attribute 

INIT "00000000"
  */
	��,TU[�Æ RAM �(Â£ñ`W��7Âç�È²M½�12

�12úDáâ¸��ÆN�>���Æ c� RAM tuI3 Block RAM
Æ Distributed RAM �O�kK���Æ�ê�Ê7��7Âç����Ò	

�ãä���$%��Æ��� RAM �(x£ñ���Æ��_�����
Block RAMÆ Distributed RAMtuN��7�ç���`�>�TU¬��
���!f Block RAM �!� Slice ùúWa� glue logic����@çw
D�

2. 67G4��HIJKG4LMN RAM�#$%&
TU1å���K��ÇÈ��dËý�K�[���-0Ê7���

Æ���'���h*������»¼ÀÁ¸�£��Y���'�Õ�)

l�� RAM�ROM�CAM �(x£ñKqr�	Y��	�2A���'

����������'��F����Ò¬í¼� ×�! RAM �(
x£ñ��������½�,��^������\>� FF"LUT N��
\>	���Ê7� Blcok RAM tu�qrø����K�U�lm���
12�A¸#$TU12��äc*���0��>%½Z c�����
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RAM�(Â£ñ�����!0-0Ê7���)j��
�J*�&���>
���h*�12\ 2UÃ¡�UKÈ²0Ò¬v

���U���'���h*WX'��� !ÂçË¡|U12K0���

'�5Ã(¼4¥C��h*�»�U12��ÇÈ�	�ßà!"ê\��

�h*ËE�U12��¢ø�5�Æ�)*���h*+,v]-QR�

��h*2���'���j�������'���h*WX'���

T	T�ÀÁ Synplicity�Synopsys �ij���'�� RAM �(Â£ñ�
r�./�

SynplicityK0� FPGA ���'N�\ Synplify�Synplify Pro�Amplify
��1�Synplicity���'_ RAM`W�N���h*K{syn_ramstyle}�
T���h*��%½Z cê��� RAM ���tu)jÆ(Â���W
����Ê7)j�{syn_ramstyle}	����h*öx\�4 4UÃ

• registers
3h*V�� cê��� RAM )jA{É(Êj}�S� FF+LUT N�^
(x���3Z��3����h*�©��Êæ¯°^Ê7��\ RAM �
7tuI3 Block RAM�O��� FF+LUTN� RAM���

• block_ram
3h*V�� cê��� RAM)jA{f RAM}�S�^ FPGAÊ7?@
� Block RAMN� RAM���3ZN�� RAM����¤���ÊæÕ�
�� Block RAMùú� glue logicI������ FF+LUTN�O�

• no_rw_check
3h*V�� cê��� RAM )jA{¿PB23� RAM}�^I�ëë
� Xilinx Virtex/VirtexE/Virtex II/Virtex II ProÆ Altera Stratix/Stratix GX�Ê7
æ� FPGA\d��� Xilinx Virtex/VirtexE/Virtex II/Virtex II Pro�Ê7æ�
��^��h*5æ��Q¿��
� glue logic�ëë� Select RAMN��
(Â��Ë�� Altera Stratix/Stratix GX�Ê7æ���^��h*5æ��
Q¿��
� glue logic�ëë� EABN��(Â������Zâ�>Ö×
PB4@5æ¾^¥QA�c¶�TUnoæ§� RTL ð��ªÆ PAR E�
ª��ê`{PB23}��K��·«TU�5�4@�
���� cF

I�E�Synplicity ���'5���TU
�·3������í¸��6
7�kK)�PB23���TU���8�/©æ§� RAM (ÂÊ�	Y
*49�

• select_ram
T�I�ë� Xilinx Ê7\d��� Xilinx FPGA ��3h*V>�

Synplicity ��Êæ5êí¼� RAM ��A Distributed RAMI��å
RAMO�W� Distributed RAM�õöbc�mI� 1.9.1Ä¡ 4���£¼�

��:î� FPGA 	��{syn_ramstyle}��Âç�h*V_��)j
3l 1-3ê!�



��� 
!�RAM/ROM/CAM"#$%&

43

�1�3. ����� FPGA 	
��syn_ramstyle�����������

���

������

��� ���

������

���

Syn_ramstyle
����	


����	
����	


����	


��

����

��

���

������

��� ����

��������

����

registers FF+LUTFlex 10K
ACEX
APEX block_ram EAB

registers FF+LUT

block_ram ESB

Altera Stratix
Cyclone

no_rw_check
����

� glue 
logic �

EAB

� �

altera_auto_use_eab=1
	 ture,
���
����� RAM �

�� Registers ���
��� EAB 	�

ESB��

registers FF+LUTXC4000

select_ram Distributed 
RAM

select_ram

registers FF+LUT

block_ram Block 
SelectRAM

no_rw_check
����

� glue 
logic �

Block 
SelectRAM

Xilinx Virtex
VirtexE
VirtexII
VirtexII 
Pro

select_ram Distributed 
RAM

���� block_ram
� � � � � � �

Block SelectRAM �
� � � ! � � �

Block SelectRAM 


� � � Distributed 
RAM

registers FF+LUTLattice ORCA "
ispXPGA
#$%&

'

block_ram EBR

� � ( ) EBR
� Embedded Block 
RAM *+����
!() Block RAM�

 � � ( )

Distributed RAM

Synplicity���'þ�����h*�12�ÇÈ�\0 HDLÒ¬v
È²
�����h*�0 SCOPE 5Ã(¼4����h*�SDC ����
ó7vþ���h*�ËU12N��

� 10. � Verilog����� syn_ramstyle���� !"#$���%���&'
. Verilog³��Ì® syn_ramstyle�"�)'��

object /* synthesis syn_ramstyle = "string" */ ;
���object � reg Ä
���#*+�&,-�.��synthesis syn_ramstyle �ý

%/+�£� synthesis ' Synplicity Æ¡©õ� Verilog ���±2&Â01�
�syn_ramstyle 'Æ¡ RAM Ä
����±Â01��string �yd�#$Ä
�¯ �
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2 registers�block_ram�no_rw_check�select_ram ��:n�±a-. Verilog ³��:F
��. mem 
®3Ê45AÆ¡���±��ù£.ß�6��#�mem ®3�
�registers �h%& FF7LUTV\�men -³��ù�

reg [7:0] mem[31:0] /* synthesis syn_ramstyle="registers" */;

8�.�£9ß³���®3 mem%& Block RAMZ[�
module ram_WR_EN(A,CLK,D,WR,EN,RST,Q);
input [7:0] D;
input WR,EN;
input [3:0] A;
input CLK,RST;
output [7:0] Q;

reg [7:0] mem[15:0] /* synthesis syn_ramstyle="block_ram" */;
reg [7:0] Q;

� 11. � VHDL����� syn_ramstyle���� !"#$���%���&'
. VHDL³��Ì® syn_ramstyle�"�)'��

attribute syn_ramstyle of object : object_type is "string" ;
�� object ¯ ' signal �¯ '#$�Vß��,-�.��attribute syn_ramstyle 

of ' synpilicityÆ¡©õ� VHDLÆ¡���±Â01�"string"�:�yd�#$Ä
�
�2 registers�block_ram�no_rw_check�select_ram��:n�±a-
. VHDL³��Ì®�mem *+%& Block RAMZ[�.ß�ù�
library ieee;
use ieee.std_logic_1164.all;
entity ram4 is
port (d : in std_logic_vector(7 downto 0);

addr : in  std_logic_vector(2 downto 0);
we : in  std_logic; 
clk : in  std_logic;
ram_out : out std_logic_vector(7 downto 0));

end ram4;
library synplify;

architecture rtl of ram4 is
type mem_type is array (127 downto 0) of std_logic_vector (7 downto 0);
signal mem : mem_type;
-- mem is the signal that defines the RAM
attribute syn_ramstyle : string;
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attribute syn_ramstyle of mem : signal is "block_ram";

� 12. � SDC()��� syn_ramstyle���� !"#$���%���&'
SDC ;$' Synplicity Æ¡©õ2&�Æ¡���±;$��<µ=�”sdc”-. SDC

Ì® syn_ramstyle�"�)'��
define_attribute {signal_name [bit_range]} syn_ramstyle {string}

���,-1�.��define_attribute ' SDC ;$����±Â01��signal_name
[bit_range] '³��ºÆ¡� RAM "Z[�*+=�,-1�.��syn_ramstyle '
Æ¡ RAM Ä
���±Â01� "string"�:�yd�#$Ä
��2 registers�
block_ram�no_rw_check�select_ram��:n�±a-
ß�Ì®*+�mem[7:0] Æ¡��register Ä
������º. sdc ;$�>5

�ù���±�

define_attribute {mem[7:0]} syn_ramstyle {registers};
?à@QA©. SDC ;$�>5Æ¡���±à�B¯ ��. Synplify Pro "Æ¡

©õ� SCOPE CDE£����Ídº�Æ¡���±-SCOPEãSynthesis Constraints 
Optimization EnvironmentäF&CD�GËE£�¯ H&I¯ ���J£�
�k��
	|}Æ¡��-

%&��MNK���L MN�OP SCOPE�.���±ãAttributesä��Q��
2*+=È�>�2����±� syn_ramstyle��Í�±ah¯-

� 13. *� 5 ��+	
� RAM #$,-� syn_ramstyle  !."/0 Synplify Pro
��12+��� RAM34&'
4ß�RSF&. SCOPE ��ÍÆ¡���±ãAttributesä����� syn_ramstyle

���±_R���±a�>& Technolgy View(�Æ¡éT-
U�©Þ���Í#$� Xilinx Virtex2 XC2V40 –6 CS144���VW:XÆ¡YÞ�

Z��L MN�OP SCOPE�.���±ãAttributesä��Q��2*+=È�
�mem ��2���±��syn_ramstyle ��±a��block ram ��C 1è25d.-

�1-25  � SCOPE ��� syn_ramstyle ��	
 block ram

b���;$�. Synplify Pro�D[Æ¡��%& Technolgy View\]Æ¡éT��
C 1è26 d.-¯^ Synplify Pro 6A RAM %&�RAM16X8S SelectBlock RAM Y$!
"V\��LY$Z[' Block RAMZ[-
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�1-26  syn_ramstyle ��	
 block ram �� Technology View

�:����Í���±��syn_ramstyle ��±a��register �b���;$�.
Synplify Pro�D[Æ¡-%& Technolgy View\]Æ¡éT��C 1è27d.-¯^¯^
Synplify Pro& FF7LUTV\A RAM��-

�1-27  syn_ramstyle ��	
 registers �� Technology View

_�£�ß�RS¯ `a�bc�. Synplicity �%& syn_ramstyle Æ¡���±¯
 
����kde RAMfg�Z[Ä
-

. SynlicityÆ¡©õ��� ROMZ[�Â�Æ¡���±'�syn_romstyle �AÆ¡
���±�s3�&���syn_ramstyle 
óú�Ä(±�./hªK��ij�01K
�23Ä( syn_ramstyle��-

syn_ramstyle �¯��±a
Ãp�logic� block_rom�select_rom-k:p�±a�L
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�&l¡uvã%& LUTäV\ ROM�kmp�±a�L%& Block RAM Z[_`n®
��aV\ ROM�kÃp�±a�L�%&�&' RAM Z[V\ RAM��. Xilinx 
Virtex/Virtex E/Virtex 2/Virtex 2 Pro� Lattice#$���&' RAMZ[V\ ROM-opq
rù(�ë� ROMz%&l¡uvV\��É� ROMsÒF& Block RAMZ[V\-�
�ë ROM��T#$
��' RAM Z[ã� Xilinx�Lattice Õ;#$$� FPGAä�
Synplify ProBz�PÄ÷F&�&' RAMZ[V\-Altera#$�V\�É ROM�APEX
"#$$N& ESBãExtended System BlockäV\�FLEX "#$$N& EABã Extended 
Array BlockäV\-

syn_romstyle ���±�45���
Ãn�. HDL ³����45Æ¡���±�
. SCOPE CDE£ù�Í���±�SDC Æ¡��;$�>5���±-�VmÃn��
�' SynplicityÆ¡©õ45Æ¡���±�:F±���tK�Ou��mÃn��-
ù£239ß��8 syn_romstyle�%&��-

� 14. � Verilog����� syn_romstyle���� !"#$ ROM�5&'
. Verilog³��Ì® syn_romstyle�"�)'��

object /* synthesis syn_ramstyle = "string" */ ;
��� object � reg 
*+ø� output 
çv�&,-�.�� synthesis 

syn_romstyle 'Æ¡ ROMÄ
����±Â01��string �yd�#$Ä
�¯ �2
logic�block_rom�select_rom��:n�±a-%&Ê:F��45.*+wx�-�Ì®
*+�rom_table Æ¡��logic Ä
� ROM�h%& LUTV\-³��ù�

reg [7:0] rom_table /* synthesis syn_romstyle="logic" */;

� 15. � VHDL����� syn_romstyle���� !"#$ ROM�5&'
. VHDL³��Ì® syn_romstyle�"�)'��

attribute syn_romstyle of object : object_type is "string";

�� object¯ ' ROMÄ
�çv�,-�.��attribute syn_romstyle of 'Æ¡
©õ� VHDL Æ¡���±Â01� "string"�:�yd�#$Ä
��2 logic�
block_rom�select_rom��:n-
. VHDL³��Ì®*+�rom_table %& Block RAMZ[V\ ROM�.ß�ù�
signal rom_table : std_logic_vector(63 downto 0);
attribute syn_romstyle : string;
attribute syn_romstyle of rom_table : signal is "block_rom";

� 16. � SDC����()��� syn_romstyle���� !"#$ ROM�5&'
. SDC;$�Ì® syn_romstyle�"�)'��

define_attribute {rom_primitive_name [bit_range]} syn_ramstyle {string}
���,-1�.�� define_attribute ' SDC ;$����±Â01�

�rom_primitive_name [bit_range] '³��ºÆ¡� ROM Z[*+=È�,-1�.
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��syn_romstyle 'Æ¡ ROM Ä
���±Â01�"string"�:�yd�#$Ä
��
2 logic�block_rom�select_rom��:n�±a-
ß�Ì®*+�rom_table[3:0] Æ¡��logic Ä
� ROM ���º. sdc ;$�

>5�ù���±�

define_attribute {rom_table[3:0]} syn_romstyle {logic}
�:�@QA©. SDC ;$�>5Æ¡���±à��¯ ��. Synplify Pro "Æ

¡©õ� SCOPECDE£����Ídº�Æ¡���±-

1.9.3 RAM/ROM/CAM��������	
�	�

�5ij3ÚË RAM "�����÷y��'%&#$Ü� IP core-ÓÔ EDA z$
�&IE£q(�{��Xilinx�Altera�Lattice"|Y FPGA}Üq
�L� IP CoreÚË
#�%&MNK��~º.�y���Ì.��Ídº�x�Z��LMN�ÚËh�-�

T%&}Ü� IP Core V\ RAM�Ø� RAM "��#$�Æ¡����V\�:F� IP 
Core �J:�-�T.}Ü���z$���Æ¡V\��MNK��:FRº���
ª�}Ü�z$z�P���Ëd
����T.kÃ�z$��ËÆ¡����V\��

�
R�-

• ��

kÃ�z$�¢}Ü� IP Core �:F��'Æ¡�,��ãBlock Boxä-ß�
Synplify Pro �wx,�����
ên�:'�A�Éhh|}�É=È���wx��
IJV-���� Synplify Pro �P6�Æ¡Ë,���kmn��'%&Æ¡���$�
. SCOPE��±ãAttributeä�Í�£ø� HDL[³��>5Æ¡Ë,����±���
1è4d.-

�1�4.  Black Box �����	

�1�5. 


�

�1�6. 


�

�7. ����� �8. �������

Verilog /* synthesis syn_black_box */; /* synthesis syn_black_box black_box_pad_pin="��
�"*/

VHDL attribute syn_black_box of bbox: component is true; attribute black_box_pad_pin of ���: component is 
"���";

��Æ¡©õRQ8,��i{�é��d
RJ
����,���Êï}�-��

,��|}Êï��(����º%& STAMP�h Synopsys �É�U"!�A"!��
ôx EDA z$��Ü�#$��Üdöc-%& STAMP ¯ �U,���Êï���
Ê���bcÊ "-. Synplify Pro ��,��%& STAMP �UÊïÂ¡¯ %
Synplify ProÆ¡éT¢£v�«¥Â¡�V¤&¥&¦��«¥Â¡§5�¨-
©ª EDA }Ü� �«¬�Y�Æ¡z$�}�¡ª®���ÓÔ Synplify Pro "

|YÆ¡z$¯°¯ �P�óô#$$� RAM "����|}Êï���§
��%&
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Timing Driven�'|}Æ¡-

• 67

������
ên�k:n'F&�5ij�Ý�����}Ýg Behaivior ±��
�³��|}���kmn��'%&#$Ü������
-

Ô:n��#&�K���� ²³´��	���µ�'%&MN¶·�¸�~J&

�IJ���R#&¹Êï���-º�Êï�������
MN» Ýg-?àÝg�

��
¼½� IP Core�IJ�J:��d
mn��ó¾%&-
:F�����'F&#$Ü������
-:F.ÚË IP Core�3Þ��IP Core

ÚËz$z�P�y&I®3��x�ÊÚË Verilog � VHDL����
���Ê~º�
�6���
ûwh¯-¿'�����
':p�x���
���û&Q�Ò#$Ü�

Y$!"�¼½À���d :F%& IP Core ����
��Ê�q¼½.��©õ�5
Á�L���Â-��Â�ÝÃ�5Á��Ä^��©õÅx-Êï���W
Æ����

��º�.V\��RAM " IP Core ¯°Å}��V\©õ<Ç�IJV-�_��&¥
&¦xyÂ�Èv�V\����
�:F�	W
ÉÊË��d �Êï���3Þ�:

F���×��-

• �5

V\3Þ��K�-.³���y IP Core ÚË#��Í��xVß� RAM " IP 
Core�óô IP Core ÚË#.ÚË IP Core ��Ê�PÚË:pX�Vß� �	��Ì;
$�~ºÍ¬A{�³�h¯�MN��-Z�6Æ¡ÚË�Î��w}��&¥&¦©

õ���V\h¯-}��&¥&¦#z�Pû&�Â�Y$!"�À���<µ RAM �
IJV-��ËÏpV\3Þ-

1.10 ��������	
���
����

J¥ÊÐ&¦Z[:F%&��©ÑV\ã(�JÒ½ä�>�	QX&ÊÐÓÔ�Õ

Pé��_ %J¥ÊÐcÖ×Øi{�d
¯�Í���I/O ����2±É RAM �Ê

��ÙPq��ë-Ú¦Z[�
Ê�È�kmJ¥ÊÐZ[-�'�&.×Ø�}�Û�

ÜÝãBankä��:FF&Ò�Þ©Ñ��Úí�ÕPJßh��J¥ÊÐZ[-�J¥
ÊÐ�à�kmJ¥ÊÐZ[���¯�Í���I/O ����2±É RAM "uv��á

��kmJ¥ÊÐ*+�ÕPJß�ÊÐÙP�â"Ìãh��J¥ÊÐ*+-Ú¦Z[:

F(J¥ÊÐZ[�xÒ§ÀÁ:;-

ÓÔ�ôx FPGA }Üq. FPGA i{GËQY� DLLãDelay-Locked Loopäø�
PLLãPhase-Locked Loopä�& �ËÊÐ�¨äí�åÙP�æ«��«�ç�(ûÏè
�"-ÓÔ¨� FPGAÛéGË� DLL� PLLZ[¾¿¾ÀÁ�IJ¾¿¾ÐÑ�äí¾
¿¾¨ã:F. ps �xÒ±ä-Xilinx ×Ø|GË�' DLL� Altera ×ØGË�'
PLL-Xilinx ×Ø DLL ��É=È� CLKDLL�.¨� FPGA ��CLKDLL �êú
�É
� DCMãDigital Clock Manager�x1ÊÐë¢�Éä-Altera ×Ø� PLL�É���êú

 PLLãEnhanced PLLä�¨ìãFast PLLä"-m;ÊÐ�É�ÚË��Í��:F��
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ên�:n'. HDL³��!¢C���Vß��?:n��'. IPìÚË#��Í�Â
�x��PÚË IP-Xilinx� IPìÚË#í Core Generator�?à. Xilinx ISE 5.xî4�
23 Archetecture Wizard ÚË DCM �É-Altera � IP ìÚË#íï MegaWizard-?à¯
 23.Æ¡�V\�����;$�Ýg���±�ËÊÐ�É���-

ù£��ij Xilinx � Altera Â�J¥ÊÐZ[� DLL�PLL �Â�Y$!"�IJ
�É-

• Xilinx8)9:;<=34> DLL?@�A)BC>DEFG
��������	
��� Xilinx ������IBUFG�IBUFGDS�
BUFG�BUFGP�BUFGCE�BUFGMUX�BUFGDLL�DCM ���� 19 �
��

�1-28  � 1 IBUFG�IBUFGDS�BUFG�BUFGP�BUFGCE�BUFGMUX�BUFGDLL	
�

(1) IBUFG ��������	
������������������
������������������ IBUFG !"�#$%&�&'
()*� IBUFG +, AGP-CTT-GTL-GTLP-HSTL-LVCMOS-
LVDCI-LVDS-LVPECL-LVTTL-PCI-PCIX-SSTL ./012� IO 3
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4�

(2) IBUFGDS 	 IBUFG �5672�8���9:56��������
��;� IBUFGDS <=��������IBUFGDS +, BLVDS-LDT-
LVDSEXT-LVDS-LVPECL-ULVDS./012� IO34�

(3) BUFG ������>���	 IBUFG ��?�BUFG ��?@A FPGA B
C� IOB-CLB-Block Select RAM��DEFGHIJ�

(4) BUFGCE 	K��;LM������>�9N�� I-9NLM CE-
9N�?M O�O8 BUFGCE �LM CE �PQRSTU�BUFGCE V
��?�

(5) BUFGMUX 	���WX���>�YN�� I0 F I1�9NZ[M S�9
N�?M O�8 S =\ST�?�= I0�]^= I1�_`a?�	
BUFGMUX�b�c6de�I0F I1YN���fghi=jklm�

(6) BUFGP�8n IBUGop BUFG�
(7) BUFGDLL 	����DEq�r��8n BUFG 
 DLL �st�%uvw

xy�z;���i{|����}k-~H.�L��������

!"QDCMU���{���� BUFGDLL �b������ DCM ��

��

(8) DCM ������!"��`{|��}k-��-6�-��-�G

HQskewU.�DCM 
�������h6��m�=�A@IJ�DE

FGH������ DCM b��`;��������DCM hi� Xilinx 
ISE��y� Architecture Wizard �¡|�

• Xilinx:;<=34���HI
Xilinx����	
������ ! 5"��� 20���
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�1-29  Xilinx������ 5�����

(1) IBUFG + BUFG�;�¢£¤
IBUFG #$%& BUFG ���'()*�����	
������+,
IBUFG -. BUFG �/, BUFGP�� 01"����234 BUFGP �
��

(2) IBUFGDS + BUFG�;�¢£¤
/56��7849:78��;<�� IBUFGDS=> IBUFG�

(3) IBUFG + DCM+BUFG�;�¢£¤
1"����(4?@�A�����BCDE�F�GH DCM IJKLL
MA��NOPQ�R��:S�TS�UV�WXY ������5Z[

\]^_`abc0dskewe�
(4) Logic ¥ BUFG�;�¢£¤

BUFG KfY g_ IBUFG �5Z�hY g_ijkG78�5Z�/l
m78b����M�nopqe�rZs�t�uX<v^_`a(w��

Y �� BUFG g_x78��x78y�����	
�f';<z{�
'�kG IO �56|kG}~78N6�������;<�m���`
����0 10ns ���2�'�kG IO �kG}~78�56\ BUFG 5
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Z��m� 10ns �����`��f' BUFG �5Z\}~����
bIOB�CLB�Block Select RAMe�`�Y ��K�4c0dns�

(5) Logic + DCM+BUFG�;�¢£¤
DCM P�2Y BCuUVkG��78�2�'� DCM �562Y '

kG}~78�

• �� Xilinx:;<=34�JKLM
Xilinx ����	
������<��'�c�� IBUFG | IBUFGDS

�����

��������

������'78���������56�dV����/lm78�

������56�K�j'�4��78� ���� IBUFG |

IBUFGDS¡�¢Alm78��£ IBUFG | IBUFGDS ¤�����1m7
8�¥'�������56���¢¦§£1����¨©0�����ª

«¬�1����+ Xilinx � FPGA �~®¯°±¥�� IBUFG �
IBUFGDS �56²LL�³}�������56���´µ%&��kG
IO�ij~® CLB�¶�´µ%&�
·¸+, BUFGP �/, IBUFG � BUFG �-.�� BUFGP ���

2��¹º»¼����

����	
�½¾��t¿Y:4À"��'0ÁÂÃÄ&½¾���

�	
�Å'GHÆ.ÇÈ�É|ÊËÌÇÈ�ÉËÌA����	
��

��

Í�"��ÎÏÐ���ÑÒ;ÓÔÕ$Ö¼� 5"����	
�)*
����×Ø=Ù|ÊÚC�µ�ÛY�ÍÅ��'GHÆ.ÇÈ�É|ËÌ

ÇÈ��ÉÜÝA����	
�Þ��1"��ßàÆ.áâ�����á

â�KPWã�·¸täåÆ.áâªæ_:ç��78�rZåè�0��

��	
é,�êë!�ìrZåè(t�78æ_í¥������	
�

1��Ñ��îïÆ.¯¢'���»¼�� IBUFG�IBUFGDS�BUFGP�
����¢lm78ðrZñt�WòÆ.æ_í¥�� IBUFG�
IBUFGDS�BUFGP ����	
�Wx78u¶����������5
6�0�����ª«¬�1�óx0Æ.'í¥x78K������	


�âô�Æ.�Éõö�÷øðÆ.áâKPWã�!$LLù½

Synplify/Synplify Pro� FPGA Express/FPGA Compiler IIÃí¥K�����
�	
����

• Synplify/Synplify Pro Ã�úû SCOPEbSynthesis Constraints Optimization 
Environment�Æ.�Éü¾ýþe����É��bAttributese������
�ÉA��	bObject Typee4cclockd�
#0�ÉA�bObjecte4��
Ã�lm������É��bAttributee4csyn_noclockbufd����É
�bValuee4c1d�� 21��40 Synplify Pro� SCOPEÃí¥78K��
����	
����
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�1-30  � SCOPE����������������

• 2Y 0 Synplify/Synplify Pro �É��b���4 SDCe|Ê
=ÙÃ��
�Éõöí¥K������	
��� 1�3���

�1�9. Synplify/Synplify Pro �����	
�������

���� ����

SDC	���� define_attribute     {clk} syn_noclockbuf {1}
Verilog
�� input clk  /* synthesis syn_noclockbuf = 1 */;
VHDL
�� attribute syn_noclockbuf : boolean;

attribute syn_noclockbuf of clk : signal is true;

• 0 FPGA Express/FPGA Compiler II Ã��������×�#�³}���
0�Z�õöA��Ã��cEdit Constraintsdõö×�Æ.�É��b��
�4 CTLe���²�bPortse����í¥�;78������4
cDONT USEd�� 22��40 FPGA ExpressÆ.�É×�Ãí¥78K
������	
����
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�1-31  � FPGA Express� !"#$%����������������

• 2Y 0 FPGA Express/FPGA Compiler IIÆ.�É��b���4 CTLeÃ
Ä&��cport  clk  global_buffer  "DONT USE";dõöí¥56²�78
cclkdK������	
�

• Xilinx Virtex-II> Virtex-II Pro8)NOP DCM�HI
A, Xilinx Virtex-II � Virtex-II Pro ����£ÓÔ»$ !� DLL |
DCM �������=Ù|Ê�µ�Þ� DLL | DCM ¸�hY �� ISE 
5.1  "i##*$E�%&��áâ''Architecture Wizardb��¯°(
)eÜÝ DCM �*Ý�Architecture Wizard ���s�Ð��K��+$,
-h'����» � Core Generator .:�/�� 23027 \Ð���½£
DCMIJ�*Ý���

1. ¦§ 23�¨�WX©�ª= Virtex-II« Virtex-II Pro�

�1-32  &'%()* Virtex2P
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2. % Project Navigatory¬ Architecture Wizard���¦§ 24�¨�
3. !® ¯°�±¨¬���²�!® ¯°³´¬���²�

µH Architecture Wizard�WX_`¬�¶·¸¹�¦§ 25�¨�

�1-33  +, Architecture Wizard�� � 2-25  -. DCM/0

4. !® ¯°µH DCMº»�DCMº»¼½
 Core Generator¡| IP¾�
¼½¿z�À�¦§ 26 �¨�wÁ DCM ����Â-��-]Ã-�
�-ÄÅÆÇ7F�?��.È��

�1-26  DCM12&'

5. !® ¯°�wÁ DCM qÉ��ÊËF��	# 2 6�.R�È��
¦§ 27�¨�
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�1-27  &'3412

6. !® ¯°³´R�È�wÁ�ÌÍ!® ¯°³´ÎÏÈ�wÁ�

Ð����wÁ¼½�=�A@ÑÒ�ÓL
ÔÕ�Xilinx Ö×Ø DCM
¶·���;������QBUFGP�Global BufferU�!® ¯°

;�������{| DCM¶·�¡|�

• Altera8) PLLQR
Altera �� PLL ��ÎÏ�1���' '� EDA %&áâÎ�

Magafunction|Maga Wizard*Ý IP�
#Þ��Altera FPGAKP�Y�
� PLL ��KP���';<ßà��	���ó�	
��� 28�29�
30��:2' Enhanced PLL�Fast PLL�Cyclone PLL�KP�	� PLL¯
°�{��
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�1-28  Stratix/Stratix Gx%()� Enhanced PLL56	
�

�1-29  Stratix/Stratix Gx%()� Fast PLL56	
�

�1-30  Cyclone PLL56	
�

0�� Altera PLL ��3�45óxßàæ6�����	�78x�
Y�� PLL 	
�
#ßà;<�� PLL �9å�GH Magafunction |
Maga Wizard�� PLL�9åu*Ý IP core�0=ÙÃÞ�ÛY�:m��H
Á���0,;< Alter PLL���9å=>�

• Altera8) PLLS�T�>UVQR
!$A Altera � PLL ���²��9åE Ð �KP�âô?@�²
��9å��KP����A98x���BC�

(1) pllena>	 PLL�;LM�R�P�8=\�PLLÙ�?�
(2) areset>	 PLL�jkÚÛM�R�P�jkÚÛ PLL�
(3) OPERATION_MODE WX PLL �Ü<¶2�Stratix ©�ª� PLL Ý WX

PLL �Ü<¶2=Þnormalß«àÞzero delay bufferß�hiáâãBFãä
��DE�z�håÁ�¶2¦æ¤ÞNormalß¶2æ�PLL ���ç�
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I/O !"����èé©�l�êÞZero delay bufferß¶2æ�PLL ���
ç�F PLL ��?ç��D�l��Ý PLL �ëÇ�@AYàÞìßD
êÞExternal feedbackß¶2æ�PLL �����F PLL �]Ã��D�
l�êÞNo compensationß¶2æ��: PLL�����ÐíDáâ�

(4) SCAN_CHAIN��iHîïå Stratix PLLðî�� LongF ShortY0�}ñ
Õ�òóô�

(5) BANDWIDTH��iaÉ PLL ��lKñ�õ´ö÷æøÈ��wÁ=
Þautoß�

(6) DOWN_SPREAD�SPREAD_FREQUENCY�ùYNlnú��È��iûü
PLL� EMIQSýþ�U�

(7) clkswitch�clkloss�clkbad�ù 3 NÈ�F enhanced PLL �������
l�Ý PLL �����; PLL ���%YN�}��������;
�øÈ���;LÞinclock1ßM��clkloss �iaÉ PLL%9N����
��H��@	9N���êclkbad �iaÉ PLL %9N���
�
�5�H��@	9N���êclkswitch �iÖaÉ PLL % 2 N��
�^����

(8) CLK[ ]_MULTIPLY_BY���B= CLKPLL �3��øÈ�	I=z��È
�^9��iwÁ CLKPLL������

(9) CLK[ ]_DIVIDE_BY���B= CLKPLL �3��øÈ�	I=z��È�
^9��iwÁ CLKPLL�6����

(10) CLK[ ]_PHASE_SHIFT���B= CLKPLL �3��øÈ��iwÁ�?
���Û���

(11) CLK[ ]_TIME_DELAY���B= CLKPLL�3��øÈ��iwÁ�?�
��DE�DE�����3ns@ 6ns�

(12) CLK[ ]_DUTY_CYCLE���B= CLKPLL �3��øÈ��iwÁ�?
��ÄÅÆyRST��6��ÎhwÁ��F�����Â�l�

(13) clkena[ ]���B= CLKPLL �3���iaÉ�N CLKPLL 	#�P�
?�RST�P�8�N��aÉ clkena =\�Î�l� VCO �Ì�
���	�?�M�������

• �� MegaWizardOP altpll
Altera �	�� altpll ������� MegaWizard ����������

MegaWizard ��!" altpll��#Enhanced PLL$Fast PLL$Cyclone PLL%&'(��
)�*�� PLL	!+,-���./0�$123456789�4MegaWizard	:�
1;3

<= Quartus�>?@ToolsA/@MegaWizard plug-In Manager…A"B�CD�EFG
H"I��J	 Megafuntion�7K NEXT LMNO IP PQ"IH�RS 31 !9�C I/O
PQT�UV4"I ALTPLL�WCXY��ZXO[\	XY��]3
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�1-31  �MageWizard�-. altpll

7K NEXTLM�NO ALTPLL	^_,-��3��R`"I Enhanced PLL�� 
+ 15EFGHYab"I Fast PLL + 8EFGHYa���c9deCFGHZ��!
f	 PLL,-�g)�h ALTPLL IP core	��3
RS 32 !9�D�EFGH���� altpll 	ij,-klm[n�Rop:� Fast 

PLL��q�XOrs	tu���:Q$vw%�"xy��� PLL 	rz{|[n
%3CFGH	}~�� altpll 	,-kxy9�S�*9�S ����	,-����
��3

�1-32  altpll78129:;�<&'

RS 33 !9�� altpll ��	D�EFGH����� altpll 	������,-k�
�XYrs%3
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�1-33  altpll=>?@9A�BC�&'

S 34� altpll	��k�t,-��3

�1-34  altpll�DE9FG12&'

S 35� altpll	XOrs����FGH3

�1-35  altpll�BH�IJ&'
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S 36!9��� clock C0	�t$Tt$��$z�$�����%��3*FGH
./������EFGH	������������� -Tt/�t��w����
�����rz��%¡¢�£	 PLLXYrs3

�1-36  KG�LG�MN�OP�QRSTUV12&'

¢¤1;�����¥¦rs C1~C5k E0~E3	�t$�t%,-3
}§�EFGHF����	xyk,-C altpll 9�SZ¨�©9�ª«¬§�7

K®Finish¯LM�Quartus g °��� altpll 	 IP core3Altpll 	±²$³´$µ�1;
¶�� IP core)·�¸�C¹¡º»¼3

• ,-<=WVXYZ<"�� Altera PLL<=�JKLM
C¡¢rs½¾¿�-�r�Àhf�Á� 1.8®-�ÂÃ	¢Ä1;¯!¼Á�ÅB

Æ�C:� altpllr�Ç�Á�R4ÈÉ3
(1) }k}¹��^���� �
¦!YN PLL �	"}9N PLL #¡�}¸¹��Q¦�	����«à
�	$�Ó�U�$ùYN��^�� register�to�register �� �I=%
!��_`&o'()*��=��½Þ�����}k¢£ßy+,��-

.�%ù0ö÷æ�;�9�èé©/01L{|���}k2 3��(#¡

*4STF¿5î�67�

(2) }kj¹��^���� �
¦!YN�	"�}� PLL #¡�«à	�}¸¹��Q9N	����
9N	$�Ó�U�"}9N�]Ã8ÙD«à�ÛëÇ�$%Ðí�� 

����9�9N LEQLogic element�)*!"�Altera �:;håÁ¶·U�
¦§ 37�¨�
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�1-37  WXY0�Z[\�2]^J_`abH LE

(3) jk��^���� �
R`o)·ÊÄ	rs½¾-�¿��ËLÌ 1.8®-�ÂÃ	¢Ä1;¯!¼1;�

:� DPRAM ÍÎ FIFO )����67	Ï�ÊÄrs½-�¢Ä	ÐÑkÒÓÔÍÎ
ÕÖ�%ÈÉ3Altera×³:� DCFIFO)�ÊÄrs½Ø¾	-�¿��RS 38!93

�1-38  �� DCFIFOcdYX�Z[\�2]^J

• [\<=]gate clock^�_`

1.11 ��������	
�/���

ÙÚ�ÛÎC:�·Üvw#GSR&$·Ü�w#GTS&% startup Ý
rÞßhàÚ	
áâ�aCã�ä GSR/GTS% startupÝ
	:�¨�6å3

• �� GSR/GTS Õ���Ê��<D<E�F���Ã'�GH;<��
GSR/GTSI
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1�Js��<�GSR/GTS KK����	
'LM�����	
�N2
0 Virtex/E/II/II Pro�Spartan-II/III ���Ã�0�Ñ��	
éO�êë
!�PQKLM���R<ð4 GSR/GTS � skew �`�Ït�oSñT�
ªUV���oS��¢ GSR/GTS �W@�X��KY�hª)Z[pu\
GH���]^��^�)Z_�¬`�W»¼��¢	
�éa�Y Ä

&�b�	
bh��"c�4�ÍÅ����	
e�jd�oS�skew Î
GSR/GTSüãñä�MDef����;v�

• GSR/GTS�abcde�HI
GSR/GTS �g")*Þ���'�Ä&½¾�0Æ.��3E�É���h
i�L��

(1)  �<2 GSR/GTS �¢£ =�8�%�>y±2<2 GSR/GTS ���?
³@ABt©�Bt©C�DDEF��<2¢£¦æ¤

� 17. VHDLf�e� GSR/GTS��gh
-- This example uses both GTS and GSR pins. 
-- Unconnected STARTUP pins are omitted from 
-- component declaration. 
library IEEE; 
use IEEE.std_logic_1164.all; 
entity setreset is 
      port (CLK: in std_logic; 
        DIN1 : in STD_LOGIC; 
        DIN2: in STD_LOGIC; 
        RESET: in STD_LOGIC; 
        GTSInput: in STD_LOGIC; 
        DOUT1: out STD_LOGIC; 
        DOUT2: out STD_LOGIC; 
        DOUT3: out STD_LOGIC); 
end setreset ; 
architecture RTL of setreset is 
component STARTUP_VIRTEX 
      port( GSR, GTS: in std_logic); 
end component; 
begin        
startup_inst: STARTUP_VIRTEX port map(GSR => RESET, GTS => GTSInput); 
reset_process: process (CLK, RESET) 
      begin 
        if (RESET = '1') then 
          DOUT1 <= '0'; 
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        elsif ( CLK'event and CLK ='1') then 
        DOUT1 <= DIN1;      
        end if; 
end process; 
gtsprocess:process (GTSInput) 
begin 
if GTSInput = '0' then 
DOUT3 <= '0'; 
DOUT2 <= DIN2; 
else 
DOUT2 <= 'Z'; 
DOUT3 <= 'Z'; 
end if; 
end process; 
end RTL; 

� 18. Verilogf�e� GSR/GTS��gh
// This example uses both GTS and GSR pins 
// Unused STARTUP pins are omitted from module 
// declaration. 
module setreset(CLK,DIN1, DIN2,RESET, GTSInput, 
      DOUT1,DOUT2,DOUT3); 
      input CLK; 
      input DIN1; 
      input DIN2; 
      input RESET; 
      input GTSInput; 
      output DOUT1; 
      output DOUT2; 
      output DOUT3; 
      reg DOUT1; 
STARTUP_VIRTEX startup_inst(.GSR(RESET), .GTS(GTSInput)); 
always @(posedge CLK or posedge RESET) 
begin 
if (RESET) 
      DOUT1 = 1'b0; 
else 
      DOUT1 = DIN1;      
end 
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assign DOUT3 = (GTSInput == 1'b0)? 1'b0: 1'bZ; 
assign DOUT2 = (GTSInput == 1'b0)? DIN2: 1'bZ; 
endmodule 

(2) %Bt©�BtGÓywÁ;� GSR �WH�ù0¢£�Bt©�}8wÁ
� }� 9IJ "Force GSR usage"W H�Æ¦ Synplicity B t Ü K
QSynplify/Synplify Pro-Amplify.UL½�BtGÓ¤
/* synthesis xc_isgsr = 1 */
·¸2Y 0Æ.���j��+$kE�� GSR 	
����Î�
Synplicity Æ.áâ� SCOPE Ã��� "0 Leonardo �Æ.�É���j
+$����

(3) ���M/Bt©(�HNO@��<��jkÚÛ¸P= GSR�;� GSR
���ø 3	{��H{|���_wxàQR�¸Ps!Í(%Bt)

@yST�l�²��	: Xilinx� Virtex/E/II/II Pro�Spartan-II/III.©�U
��H¸P GSR�¦_;����¯VW90¢£�¨�%�>y±2ë�
STARTUP_VIRTEX�STARTUP_VIRTEX2�«à STARTUP_SPARTAN2 ¶
·�

• GSR/GTS�����
GSR/GTS (�����'�lãQ��]^/�^�/
2Y �lPQ��
�^/]^�f'��<mn<E�o���pq�·¸� GSR/GTS ]^/�
^rst�u��rst0v_#æ_N6w�rs|Ê IDEL rs��3�
2��<z{rst�×Ù���+, GSR ]^��3�ÁÂu¶�xyø
��� ��<D<Eæ6���rs��¢�� one�hot ×Ù��� one-
hot with zero initial state�×Ù���� GSR#æ_N6 initial�rs�

• GSR/GTS�zG
��£ GSR/GTS� startup 	
�0lzG���í¥E6 UniSim�SimPrim
�zG{�WX;<0áÁÃE6 glbl.v ���0 load ��£ load æ6�z
G testbench ¸�h< load glbl.v���|}~�Ã GSR�GTS ������
!�

reg GSR; 
assign glbl.GSR = GSR; 
reg GTS; 
assign glbl.GTS = GTS; 

initial begin 
GSR = 1; GTS = 1; 
#100 GSR = 0; GTS = 0; 
end 
�¢'�� CPLD������!�
reg PRLD; 
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assign glbl.PRLD = PRLD; 

initial begin 
PRLD = 1; 
#100 PRLD = 0; 
end

1.12 ��������������

jæ�çèéêëì?íî	:�1;kÁ�ÅB3�hcïð¨ñòÚó	ôõ�

kêö÷	øõ�ÙÚJ��ùúûFüXëukýþ���cYhðê	�£�R 3G �
��ù$10G ���$OC192 %%úû�¥������ßh GHz �3�h��J��	
f£��ÛÎ�ÛÎ�	
ßêëu$ê���$�j	��1�35F�����êë

ì?��1;�Ä�h�"��1�3ì?���FäW?����+�Ú©�	�ç3ì

?�Â�D�E�o}��	�çoê�Qkê !�(Robust)3S 1-39 oW?-�üXk
ì?-�üX	9�S�"Î	F�R4#

• ijVXklh

• äß����$�¡

• �ß����X���¡

• �ß�;<æ6���[p¡

• mjVXklh

• D��������$���¡

• 78�����\(w¡

• �A,uO�5Ò�£�w®:���[p¡

• ¶��^9(skew)�pq¡
�1-39  efgB9hfgB

$��%¼&ç�:�ì?üX1n�W?üX1nð'�U(êë)½	��3*+

	ì?üX	ëu���Ûv,�!�-a¡Y¥�.�/01Ó���¶l2	î3�

FPGA 45	êëì?íî�¥üXëuê$:�12$�Q��%�ç�ì?üX1�
ÁOhJ	673

ì?íî	8�9:o SERDES(SERializer & DESerializer);]<=�¦>"?T@
�#îAoì?îB7C SERializer��êërs�DE�-�FbÂA�ì?Âí7C
DESerializer�¥G�m�oH-�FZIvYrsýþ�W��ÇJ-����¥PQ�
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Âí7CÇ+�E]KLrs-�Iv#CDR�Clock and data Recovery&3S 1M40� 10
�-�N	ì?üXk�ì?Âí9�S�10� 100Mhz	ýþNNO SERDES�O�
ì?�F�rs��Dß�F43P�Q��¦IvW?	-�krs3

�1-40  SERDES�ij

SERDES	}��	"E,-RúoüXëuküXST�UCV��u�£	�W
�üXëu��üXÚSXY3ðZ[	\]1;o^�_S�_S	êk�P`hýþ	

üXö÷3S 1-41!9�_S0³3

Data 9:0 @100Mhz
45rskì?-�

CLK
F�: 11�aNk�FN

SERDES
45rskì?-�

SERDES

IvYQ	rs 100Mhz

Data 9:0 @100Mhz
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�1-41  k�lm

SZ´Âí_S[�RS 1-42�

�1-42  nok��p

¥Z�UI(Unit Interval)o 1bitr¾3³RFä 1Gbps	_S 1UIo 1ns. bC_SÆ	
-�c¬�Âí#BER < 1E-12&3_ê� mV, _�� UiÍÎ psQú93
¶ SERDES+�	,-Ç+Âíd�ef�îBd�kPg3¦hFä\i SERDES

	�Q�o./��	3

��j¨îBk¨�{|SXYüXêtT÷	lm�����no_S	ö÷�pW

�¡oqF	3S 1-43� Lattice��³rsk¨�	t`3

0.4UI

UI

Veye=200 mV1.2 V
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�1-43  qr?�st

U(uv FPGA �Ow Xilinx$Altera$Lattice 	êA FPGA Ox�yz+êëì?í
î	{|�cïê� 3Gbit/s	üXëu�Wcï}ä:�	�Û~�k IP|�:êëü
XÓ�	�Û��62$��3

Xilinxz+êëì?íî	GFOxo Virtex 2 Pro�¦o FPGAZ}*	êëì?
íîØ��¥üXëu� 600Mb/s�3.125Gb/sbLatticez+êëì?íî	GFOxo
ORT/ORS82G5$42G5k ORT8850 FPSC#Filed Programmable System on Chip&�� GDX2
%�q�¦hcïñò	~|k{|�ô¸7äêë��	�Û�¥üXëu�

126Mb/s�3.7Gb/sbbAlteraz+êëì?íî	GFOxo Stratix GX�¦¢ Lattice	ê
ëíî����cïhñò	~|k{|���¡¢^�	f£�¥üXëu� 622M�
3.1875GHz3

>ä LatticeU(�ô¸7ä SERDES	�����¥cï	~{|�àñò��
Rú�}�����!�45� Lattice�³�å� SERDES	PQ¶�Q3� 1-5o
Lattice��cï	 SERDES�E��3

�1�10. Lattice Programmable SerDes

Optimum
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� �E�&� êëÂÃ&�

ORT4/82G5
8-Channel x 1.25 / 2.5 / 3.125 Gbit/s
Transceiver

•ORCA Series 4 FPGA technology
•Up to 400K programmable gates
•432 Programmable user I/O
•111Kb Embedded RAM
•I/O support includes HSTL, LVDS, 
SSTL, LVPECL, PECL, TTL, CMOS
•Interface to three extra 2Kx32 dual-
port RAMs (in the embedded section)

•4/8 channels at 1.25/2.5/3.125 
Gbit/s
•High-speed CML I/Os with internal 
termination
•Total aggregate bandwidth – 10/20 
Gbit/s
•Power-down option on each HSI 
receiver
•Embedded 8B/10B coder/decoder 
•Cell Processing 
•High-speed 680 PBGAM Packaging
•Multi-channel alignment FIFOs
•Two 4Kx36 Memory blocks in 
embedded macro

ORSO4/82G5
8-Channel x 1.35 / 2.7 Gbit/s
Transceiver

•ORCA Series 4 FPGA technology
•Up to 400K programmable gates
•432 Programmable user I/O
•111Kb Embedded RAM
•I/O support includes HSTL, LVDS, 
SSTL, LVPECL, PECL, TTL, CMOS
•Interface to three extra 2Kx32 dual-
port RAMs (in the embedded section)

•4/8 channels at 1.35/2.7 Gbit/s
•High-speed CML I/Os with internal 
termination
•Total aggregate bandwidth – 10/20 
Gbit/s
•Power-down option on each HSI 
receiver
•SONET scrambler
•Cell Processing interface to devices
•High-speed 680 PBGAM Packaging
•Multi-channel alignment FIFOs
•Two 4Kx36 Memory blocks in 
embedded macro

ORT8850H
8-Channel 
x 850 Mbit/s Transceiver

•ORCA Series 4 FPGA technology
•Up to 600K programmable gates
•536 Programmable user I/O
•147Kb Embedded RAM

•8 channels of 850 Mbit/s
•Total aggregate bandwidth - 6.8 Gbit/s
•LVDS I/Os compliant with EIA-644
•3 full-duplex DDR I/O groups: 
RapidIO-like I/F
•Powerdown option on each HSI 
receiver
•Pseudo-SONET framer including 
A1/A2
•SONET scrambler
•In-band management & configuration
•Multi-channel alignment FIFOs

ISPGDX2 (64,128 & 256)
4 To 16 Channels
400Mbs to 850Mbs
Low Cost (>$2.00 / Ch)

•High speed high channel count
•Up to 256 User Programmable 
I/O’s•I/O support includes HSTL, 
LVDS, SSTL, LVPECL, GTL+, TTL, CMOS

•4/16 channels at 400Mbs/850Mbs
•High-speed, Low Cost LVDS I/Os 
•Total aggregate bandwidth – 3.4/13.6 
Gbit/s
•Embedded 10B/12B 
coder/decoder 
•Low Latency

ISPXPGA
4 To 20 Channels
400Mbs to 850Mbs
Non-Volatile

•ISPXP FPGA technology
•Up to 30,000 Registers
•496 Programmable user I/O
•415Kb Embedded RAM
•I/O support includes HSTL, LVDS, 
SSTL, LVPECL, TTL, CMOS
•

•4/20 channels at 400Mbs / 
850Mbs
•High-speed LVDS I/O
•Total aggregate bandwidth – 3.4/17 
Gbit/s
•Embedded 10B/12B 
coder/decoder 

ISPXPIO
1 Channel
9.95Gbs to 10.7Gbs
SFI -4 
 

•Parallel LVDS data range from 622 to 670 
Mbps 
•Single-chip solution
•0.13u CMOS technology

•Low jitter clock multiplier
•On-chip clock data recovery
•16:1 serialization and 1:16 deserialization
•Embedded limiting amplifier
•Built-In-Self-Test (BIST)
•Lowest power consumption  at 0.8W

� 1-6o Lattice¶ Xilinx	 SERDES�Q�à3

�1�11. SERDES ����

Feature Virtex II Pro LatticeORT82G5 Lattice ORSO82G5
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Data Rate Gbps per channel 0.6-3.125 
(limited to 2.5G on wire 
bonded packages)

1.0-3.7 1.0-2.7

Wire-Bond Packages 0.6 - 2.5 Gbps 1.0 - 3.7 Gbps 1.0 - 2.7 Gb/s
Flip-Chip Packages 0.6 - 3.125 Gbps N/A N/A

Max. Length FR-4 at 3.125 Gb/s 20 inches 34 inches 34 inches
Number of channels  4 - 16 8 8
Data rate independence btn ch Yes (for each Rx-Tx pair) yes, 2 ref clk grps yes, 2 ref clk grps
Parallel interface to FPGA 8, 16 or 32bit 32bit 32bit
8B10B encoder & decoder yes yes no
Separate Tx and Rx PLLs per channel no yes yes
Multi-channel alignment yes yes yes
SONET scrambling & framing no no yes
I/O power supply 2.5V 1.5 or 1.8V 1.5 or 1.8V
Power per channel @3.125Gbps 350 mW, typ 225 mW, worst case 210 mW worst case at 2.5 

Gb/s

Internal I/O termination
Tx Termination 50 or 75 ohm, prgmbl 86 ohm 86 ohm
Rx Termination 50 or 75 ohm, prgmbl 50 ohm 50 ohm

Programmable output amplitudes 5 2 2
Programmable pre-emph levels 4 3 3
CDR run-length tolerance 75b 75b 75b
CDR lock range +/-100ppm TBD- currently +/-

100ppm (note 3)
TBD-  currently +/-
100ppm (note 3)

Loopbacks
High Speed Serial Line Loopback yes yes yes
Low Speed Parallel Line Loopback yes yes yes

Low Speed Parallel System Loopback no yes yes

Standard compliance
    Fibre Channel yes yes 

(no support for forced 
negative disparity)

no

    XAUI yes yes no
    Gigabit Ethernet yes yes no
Jitter spec
     Rcvr total jitter tolerance 0.65 UI 0.734 UI 0.734 UI
     Rcvr Determ. jitter tolerance 0.41 UI 0.5 UI 0.5 UI
     Xmtr random jitter at 2.5 Gb/s ? 0.12 UI 0.12 UI
     Xmtr total jitter at 2.5 Gb/s ? 0.2 UI 0.2 UI
Embedded Link State Machines

Fibre Channel yes yes no
XAUI (10 GbE) no yes no

Cell Processing Capabilities
Cell Delineation yes no yes

Cell Striping Across Channels no no yes
Idle Insertion/Deletion partial (w/ FPGA gates) no yes

SERDES 	:�1;./62�����f£�Û SERDES ,-��§�ÂC�w
cï	 IP Core��~�Z��,-��� IP CoreU��¥:�1;k��	 IP Core:�
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1;�¢3¥0�SERDES �Û	}v��Cäêë PCB 	�Û�PCB �Ûl���	L
Ìêëû��,��wcï	�Û����Yêö÷	 PCB��Q²$-a SERDES ê
ëüX	�.Q3

�2� FPGA�������

j�G�é¼�F��äµ�k�Ü�NØÆ����=%	 Coding Stylek
�Ûû�3j�	G�4eR4#

• HDL��������
• Coding Style����
• 	
�����

• ���������

• ������ case� if...else�����
• ��� !"Latch#�
• $� Pipelining%&��'(�
• ��)�* Resource Sharing�
• +,)-�

• ./01�

• 23456�

• )7+,�

• FSM89�:;<=>�
• � Verilog��89 FSM����
• CPLD=?*89%&@

2.1 HDL�������

HDLAB Hardware Description Language�CDAEFGHI��@BJKL
M ASICNFPGANCPLD O�PQR�:S89TU%V@*�W� EDA =?X
"Shematic#TU%VY�AHDL 89TU%VZ[\]^_`ab89A]^
�����*)�AcdefgAh�fgA89ijkl�mn*	
�o�p

o�Aq]^a ASIC�deO�r@
HDL ��B���Ns<�APt����uv[wx*yz�"System 

level#N{|���"Functional model level#N}~�"Behavioral level#N� !
�T�"RTLARegister transfer level#���"Gate level#@�uv�b\
• wx*yz�"System level#
��<wx�89*���A��R�}���wx���HI@�' HDL
HI�Q^��wx������@�wx�����Q^���wx�{|

�f|�y���@wx�t� C ���������� HDL��HIA�
SystemCNCoWare CNSystemVerilogNSuperlogO@
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• {|���"Functional model level#
�����Q�HIwx�{|��@��R ¡~¢wx��{|��~c

���Z�{|��A�£¤¥��¦�§¨A�'©NªD23NL«¬N

-23O@�[®¯°bA±R�²«wxR³AHI´���µ���'

(¶·@¸¹����Aº»¼���wx½S���%V¾�¿A�ÀÁw

xf|�y�AÂÃcÄ�Å���89%Æ@��������RB�Ç´

�{|�{|�ÈÉ'(¯°@����ÊË�������� HDL ��H
I@

• }~�"Behavioral level#
}~���HI�P�ÌrBº»Í¤´���¦�Î[§¨�ÏÐ@�'�

� Ñ�{|ÒÓÍ¤A��¦�Î[§¨A`��TUNTÁ23O�}~

�ÒÓÔÕÖ�HIÁ×@� FPGA 89¬��At�}~�HI%V�D
ØÙÚÛ@Ü'HINÝÞHIOßàáB��DØÙÚÛâ��t��}~

��&@}~�HIt� HDL��~ Verilog� VHDLO@
• � !�T�"RTLARegister transfer level#
� !�T�HI�P�ÌrBcÄã§�äËmZäË~��å6@RTL
��¦�æç§¨N	
{|N'©èéOáÒÓÍ¤@hâäËmZ�êë

�ìNíîOäËïðAcÄ¢ RTL���� FPGA  Ñ�ñò6"LUT#N
� !"Register#�ÈÉ�FG=�"Primitive#��@FPGA �FG=�j
!G�óôiõpöAB FPGA �ÈÉ{|�����÷øA� Block 
RAMNDLL/PLL O@JKPtù FPGA/CPLD 89%VE~\²«{|R
³A89 RTL �ú�$�äËmZAäËûü+,å6�ý�!Gô�þ
ümZA�ü����O��ïðAÂûü!G���G@��ARTL TU
B��89��:ïAã§	¥
89�{|�Å�@g� RTL 89|��
+,{|�K�bA$89��������:S�����@RTL �H
IPt�� HDL��B Verilog� VHDL��@

• ��"Gate level#
_^JK FPGA 89A�½L����äËmZ�ü� RTL �úa��ú
���AÎ[89�ã§� HDL ��HI���<�¯°�×��A�Å
�äËmZ¢89��)� !���HI�"#$%Á×@JKã§$��

�HI�&Ë:;B ASIC� FPGA 89�'®��µ'(R³�����@
��HI�ÌrB��89�+,���Ahâ+,��(Ë)�HI*89

�æçN{|N'©èéOÎ[2+@

È^ HDL � FPGA 89N����¬��X 2,1 Î-@X��.�/6-
�ïðcÄ²«0J�)��12Ap��/6-�ïð~º»3}�ïð@
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�1-44  �� HDL� FPGA���	
��

K�ÒÓ��P¬}� HDL ��B Verilog � VHDL@��È4561Á*
7½����q��FGHI��A� SystemVerilogNSuperlogNSystemCN
CoWare CA�®�� HDL����&	
q89:AqÊË;wx�N{|�O
����89HI���@HDL���Ê���-<X�X 2,2 Î-@����
/6-Ê�����A.�/6-Ê����=@
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�1-45  HDL���������

2.2 Coding Style���

Coding Style�U!�	�����Coding Style�F�¡¢�Ê3(5 ¡r�j�¢
¼	�ço£¤äµ�$0al�	���=	 RTL� Coding Style3�¥+"¦z=��
§j�!¼� RTL � Coding Style��çCäRW�´ RTL ����W.¥¦¦e	¢¼
1n3!�¨Rô©ª	./«	¬@´�Û1;#Architectural-based design&	����
	J�k1;¶j�¬��®+ÙÚJ�k1;o¶j�!¼�¯�°	3

D�ç�j�!¢¼	o¡d±äµ�$0al�	����=%	����3��ç

²�³Q�àe}´µ��§vÚ- Coding Style�okµ�l����	�oä^�¶�
µ�l�	&ç�·¸*µ�l�¹º	 Coding Style E: RTL ��Q»î¼*µ�l�
}v	½Q��ßÅ¾P�	t`3¿�15�¡¢	µ�l�F��À;Áæ	ÂÃÄ+

¡¢�&¤oÅ��ä�§��0a	§§ÆÇ%�!�¡¢	µ�l�CE¤Áæ%F

Coding Style 	�Ã+��	ÈÊ3Du15�+� Coding Style oÉF¶��	&ç{
�¬@	��*Êw¹º	 Coding StyleQ»$Ë	0³´��Ì¦7C���	'�¥Í
+	{�¬@��� Coding Styleo¶��^}ÎÏ	3�hÐÑÒ¹ÓÔ�Õ¨\é�
j�7S��EÖT�èé����µ�l��×Ø���ä�ØÆ	���=%	

Coding Style	ÙÚkû�3
>ä��4?:�	 HDLE�ÛÜoiä Verilog	�!�j�èé¶9_ãðÝ�ä

VerilogÀÞ3
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2.3 �	��
��Hierarchical Coding�

¬@¦e´E�o[\´�Û<ß	��-a3U(v��ÛZ�	·�¬@¦e´E

�����cê��	�à��}ä[\áT�}äTlâm�}ä�Û±²ãäåæ3}

ij	¬@´¦eo>�Eç¦[\kèéE�[\@��êE�[\��f�Ç��yz

°ë	�[\3¬@¦e´E�¬@RS 2M3!93

�1-46  ����������

¬@¦e´E�+R4Á�ÅB#

• 	
���i>?@A:;~ 3 � 5 �Ec@�äË'A:;äËmZ~*A
Bqg�äËÅCAÌDB~*$äË	CÎE����qFAGHI¢

RTL ú���J�@p['~*�äËK�������K�'(���
�%L�òÁ:®�¦23A��M��¾¦�§¨23OAcÄ�äËmZ

�8�NO	
��AÄL^��23�ñò�PÇ@

• `���PgQQR��Î[���(S�ý�ApiTU�ü��)��+

,{|@�~Ë?�`���_\TUTÁVçWÍN���ý�*�X�N

Y�'©Z[NY��7/)7N\]^_�:®`÷�(Ë+,O
ü@
• Î[� IO23A�TUNTÁNaa23O�HI�`����ü@
• M��¾¦bcÄ[§¨AcBPgiRdeM��¦f���§¨AX�5

X��� A1 ��� B1 ¾¦igã§h§Ai�jRk��23cÄhâ�
� AA�� B �§¨�l@�mn�goBp8*89�cªf�cqr
f@

• M���Ë?��stQRATUäË�tM���{|N	
N'(N)�

�O½%�ju@
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2.4 ��������Design partitioning�

[\áT./����^ßop}v�T%î¼BU�ìâ¢�Û	Q7�ð��	o

¦�Â��0�Û	µ�$0a	gr¶tu345o��[\áT	ijJ�#

• ��������	
��
��������registering��
É=>bÔv~�� !�wõï'(���=>@$�� !�wõï'(

÷ø�go[\L^äËmZ¼�Î�w�M����(ËxyÑ��õï'

(xyÑ�A�p��qg�'(��ÅC@pÃ�S����zË'(¶·

�{|AL^]�¶·}f�}'(¶·@

• ���
����� !�
��"#$�%�&�

U=>['Ôv~~Twx=>@�mn�go[A:%�¢Y��+,�c

Ä)��+,���õ:��Ac�P���5�)�Z[A��89Î��

���@õ'bq]^äËmZ��'�Z�{|�'(��y�@�=j

BA�x�äËmZ�|õ'��':Ñ��+,ApÎ|õ'���+,�

ÈÉ÷ø�B��AÎÄ¢Y�{|���õ:��¢�'(���5ABq

g�äË��ÅC@

• �'�()*+
��#,�

�:��:�89=>���������*��@����Ë?�89Jy

TUäË�t��PF���P�i��y@g�89A�����89��

TU�ï��*89����'(��y�AÂ�89���Jy[:���

5���@�^'(���Ñ�ATU�e��~:���A���Jy~

"speed"A�S��%&L^89��}'(¶·AbL^äË���mZ�
}��@X�'(���]! AmplifyAÄ��~÷ø�}�?��¶·A�
p����y�'(AÄ��q��wxm;���q~%L[Å@¸:s¯

°B\89����Rþ��kl�Z[��5@�'TU¢Z[��â��

Ñ���~�e���A�s�����JyTU¥~"Area"@õ?A¢��
���:�Aq[]^����*¶·@�S²«��Jy�}���%&�

P�goBA�^'���äË!QQjR�t:S��Jy��2A�p�

�¡>���g���ÅC@Y���Cõ'�tiS��JyAG$äË!

�U�Y-¶�� A¡ü�¢£��äË��'¦bBi�à¤�<�äË

��	C���@

• �-./
��01�%��

[®+,�'(st¥¦AijR���'(¶·AcÄ¢�s+,§Uõ:

��A�½èéy�"multi-cycle path#O@¢�®��§sAÂ�¥¦¶
·A>cÄ¨äË!©ª�«1��Z[@

• ��2��34"#5��

RAMNROMNCAMNFIFO O ¬÷øTU�e����@�mn�goB
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L^]�äË¶·}f)��¥�® ¬÷ø�	
�Î$��Z[s<Ab

L^äË!¢�® ¬÷øêës~�¥!G�FG=�@¸:�goB�

��'���  bG�®AL^������@�Bj~�½L��!��

��� RAMá[�Ì�  V?%VAÄ����Å�@

• 67
�8��

�?®5¢A�������A�]^��Z[¯°"Resource Sharing#@c
B±����A¢R³�äË!õ'o?q½�+,	
A�¢�äË!�o

?|²�9³´����Á*���R³@¸¹±������Ai]^6µ

JKst¬}�pªäË*���¶��·@

2.5 ������ case� if...else����

��Qr case Àío"Ô?"#balance�parallel&	¬@�!+	 case 	î�kï?�
ð+"�§�"3�"if...else"vÚ-ñòo+�§�#Prior&3�Ù��§�¬@#�§�
ó& ôgv÷	õ�ö÷�!�R`Q»:� case Àí	�1�¹º:� case ø�
if...else ¬@3ù"ç{ú#�§ if...else ���:Y¡��§�	"Ô?"¬@	î�ûüÀ
í3Å0%�if...else ��¢¼!+	î�ûüö÷�)·��¸� case Àí3¥e�/0
aCµ�l�	�´Q7ýQýþ�vÚ-ñò4��ã¡��	�§�ó�´�3

2.6 �� !"Latch�

¢ÄrÇ�Û��÷ÐÑ:� Latch3µ�Y.U	� Latch 	G�J�Cä#¡)·
	î�ûüÀí�R if...�ð+ else...(���o���Q�W¡���� Latch)3¿Æ��
ñòo�ÛZ+õ�ö÷	P���#combinatorial feedback loops&%ÊÄö÷3
��	�� Latch	 Verilogk VHDLÀíR4#
Verlog#

reg data_out;
always @(cond_1�data_in)
  begin
    if (cond_1)
        data_out <= data_in;
  end

VHDL#
process(cond1)
  begin
    if (cond_1 = ’1’) then
        data_out <= data_in;
    end if;
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  end process;
%¼¢¼�>ä�R�Cî�®cond_1¯%ä®0¯r	�m���ñò4 ��RS

2M4!9	 Latch¬@3

�1-47  Latch� RTL���

�	O�.U	�	 Latch	
��#
• $��¸� if...else��@
• ¹ñ89�Bº�[(Ë+,�»¼y@

• ~´�TU½GA89TÁ¾;A� case ��8� default ¾;@ÌDB�¿
]´89�APg[:� default �¿]�dApÃ´�¿]Pgb[:�
default�¾;@

• �C$� case��'AÌDB�89¿]´'A©ªÀ8äË¶·ÁÂAäË
~�Y½G case��"full case#@JKA�½LäËmZÃÄ full case�äË
¶·ÁÂAZ���&ÅÆ�äËmZ�¶·}f�Ç@

• È�¹ñäË!�äËÉÊAJK�½L�äË!�ÎäËÁ� Latch áGÉ
"warning"AhâäËÉÊcÄ�~%L�òÁË<�ûü� Latch@

2.7 #� Pipelining�$�
%&

Pipelining�UF�NrÇ�´1;3¥jöo���EàS	õ�ö÷�Z	��
w�������T�*õ�ö÷��H��hF�	 clock-to-output k setup
%r¾,-	�£��ßcê�Ûtu	U	3po�	�Á�	o�:� Pipelining �´
���Q��	����w���¡�*��j¨���-�!� Pipelining +r�à
Register Balance3
U(��§N	µ�l�Q����,-���°�>� Pipelining ��������

Ô��ÛZ	àSõ��#Register Balance&�C���T%cê�Û	lmtu3�
�rÇ�´Ñ�F�;$ROM%7Ct`©�3

2.8 ��'�( Resource Sharing

D��^�J�Z� ¡èéRWC^�¦e%v�{�[\�W��³ 4 ×³rs3
®{�J�¯o�C��	ÖTT���j�	[\v�k Resource Sharing G��C1�
	ÖT��æ�5�	ÈÉ3�h2ä����§�h�"³�3
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9 19. Verilog Resource Sharing
9�;%�<=>?�
�o�E{�Ô1	³��XOo 8bit {��£¥Ô1k3>äXOo{��!�

�}êwo 1r��9J o!-�f�Lw¸P�¨ 1§ºÔ1b�}êwo 0r��9
J o$-��Â£Ô13

45o"�¢¼1n�ËàÎûü�4�"�W- Resource Sharing	z=3
D��0a1n#

module resource_share (data_in�square);
input [7�0]   data_in;     //�����

output [15�0]  square;
wire  [7�0]   data_bar;

assign data_bar = ~data_in + 1;
assign square=(data_in[7])? (data_bar*data_bar) � (data_in*data_in);
endmodule

D��0a1n#

module resource_share (data_in�square);
input [7�0]   data_in;       //�����

output [15�0]  square;
wire  [7�0]   data_tmp;

assign data_tmp = (data_in[7])? (~data_in + 1) � data_in;
assign square = data_tmp * data_tmp;
endmodule

#Á���4��îa#D��0a1nf�"E 16bit �;�¢rÔ1��§��
XO{�	Vþ"IXY¬`�¥�$Cä:�h"E�;�"IC�;Ø§3�D

��0a1;��§��XO{�	Vþ��%�$-��§ùÔ1�¥�$Cä"IC

�;Ø(���:�h�E�;�æ�hÝ
3D��0a1n¶D��0a1n��

æ�	Ý
+"?T#D�?T�æ�h�E 16bit �;bD�?T�§Î	"Io
1bitûü 8bitXY��(Î	o 1bitûü 16bitXY3
"���	{�¬@9�SRS 2M4�2M5!93

�1-48  � Resource Sharing�2����� !"#
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�1-49  Resource Sharing�1����� !"#

Á&	àÎ�� ¡Á�ß�j³!9	¬@9�So Synplify Pro µ�§�c¸	
RTL'S3�¥f�þ�	+ 5ç#

7. ��������	
 Synplify Pro 7.2������Altera Cyclone EP1C3 -
6 TC100������Resource Sharing��������� !"#$%&�
�'()*+� 236 ATOMs, !"#$%&��'()*+� 112 
ATOMs�-.�'*+/0!1234

8. 3�*+56�78
9&��:; Resource Sharing�<=�!>9&�?
!@�A�'��*+�B#CDEF!GHI�J9&�KLM&��N

&����OPQFRST!>U:�VW�XYZ[\��A��]^2

_����`aHb�:; Resource Sharing L1�<=cdVW�ef�*
+�

9. gh����	ih!���	�ghj�igh�����ighkl�

���ih!kl�gh��m�no]^pqLgh���ZD�

10. �crs���	]�Resource Sharing�tu�������Av����
��	wxyz{`a|
}�^2*+56�78�~��()�pg�

���G��� Resource Sharing�2���������ZD��C3�
|��� Synplify Pro ��Resource Sharing��������Synplify Pro w
xy��*+56����&�B��ZDJ� �"�������ZD

��!��

11. �X����� �
gpn����	���p¡¢��£¤�¥¦��
�	�§¨©xª Coding Style��«�¬
n�� !����	���¡
®¯�°�rs��gp±p�²$�� Resource Sharing �(), ��
c�³´µ;��gh����	ih!���	�ghj�igh����

�ighkl����ih!kl�gh��m�no�]w¶·¸¹�

��	���p¡?ºD��2¥¦���	���p¡»¼g^¦, 

½�~ ASIC`a|����	¾¿À�Á.ÂÃ�¬Ä Coding Style�MÅ
���2()�ÆÇÈÉ�ÊÂxª Coding Style%��ËÌÍÎÏ�

(Ç+�E Xilinx$Lattice ¡¢µ�l�	 VHDL ³��¿ÆÇ+�E(	 resource 
share�n��(�n��§�:�,- resource share(�:�§%	)�ñò3)
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2.9 )*'+

ö÷vD�o����j¨5��norÇî�	�´Ñ�3ö÷vD}/:�	*�

o��ýþ	+Y3R`¶Eýþf�,�§�	ÙÚ7C��íGr��go¥+Y./

v�Å-�hj¨�Eýþ	,�Q7��	.OÙÚ� buffer��¤gC���T%j¨
h�Eýþ�	zr3�r�h��vD���Eýþ	ö÷�:Ú�¢t¢�	ýþ,

�§/Ó��Ô0ßê�	+Y��¡f�¨ buffer�Q��,�Q7	�£��¤gæ
�h*ýþ	�rz3RS 2M6!93

�1-50  �$%&'()*+

f�rs	o�aCÙÚµ�l����°���}v+Y #Max Fanout&�R`¶
Eýþ	+Y vä}v+Y��*ý°�cµ�l�vD3}v+Y k�	l2Ï�

���¥�� �*���Ñ1	2skl�¡3��3�¥×³�ö÷vDÑ���+

Y��ß�´�rz��o�h4¼ö÷vD	56�¥0ö÷vDÇ+¥¦ÙÚZn3

³R78�3#Shannon Expansion&%rÇ�´��378�3C§5ã +9Á	å�3
+	àÎ:ß�ö÷vDkÝ
;<o"E=>	56�?�:�hÝ
;<�´�

���@-Ç�ùö÷vDAB

¥0�EÈÉ	jö�Ço5�¶ëT	Ô�3ö÷vD¶(5	 Resource Sharing o
"EF�¢�	563Resource Sharing 	U	o�hæC5�Ý
��ö÷vD	U	o
�hcêlmtu3�:�ö÷vDÑ�cêlmtu	rD��� j¨5�Ý
��o

¶Ý
;<�F�	15bpo$R(5D��5�¶ëT	F����¤�ö÷vDkÝ


;<�o�ß	�ÛUú	"�Ñ���EÝ�äëTUú��EÝ�ä5�Uú�"Î

�C��E�¶Ô�	�^�!�"ÎFo��	3

�§�45	�E³�3

9 20. %�@A�
BCDE9��

�E³�k(5�;	³�./����oãÔ1��h¨;30a�E¨;

�+"���:;�F�"�¡¢	{�¬@�RS!93

D��:;�F�~�	 RTL¬@9�S#
assign data_out= (sel)? (a+b) � (c+d) ;
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D��:;�F�G�	 RTL¬@9�S#
wire temp1�temp2;
assign temp1 = (sel)? (a) � (c) ;
assign temp1 = (sel)? (a) � (c) ;
assign data_out = temp1+temp2;

A

B

C

D

��

����

���

��

�

S

C

A

��

����

���

��

�

S

D

B

S

D��:;�D��Ch�E¨;3poH�	Q4�D��:;�D��:;gr

Ä1 ����Cj³Ç¡%ITs©��>%[\¡o¨;�o��àv,	ö÷r�

 �às©3��Û	rÇ���£�ÍÎ�Û	5�ÎJr��h�� ·�Ý
;<	

�´1;�ãD���ÛE��D���Û�qvÚ-ñòRobpoC¶�&Kñò4�

rÇ./ÎJ��h P¥¯�?Ø�ãD���ÛE��D���Û�H�2ä��õ�

ö÷ýþ	ß�r¾�cê�E¨;"I	lmtu3

2.10 ,-./01

(5 ¡4ß�78�3#Shannon Expansion&�o��ö÷vD�j¨5��cêt
u	rÇ�´Ñ�3

¥56R4��Lö÷��ùR4�3�

),,0(),,1(),,( cbFacbaFcbaF += .

H%5	�=���ß�78�3U�Lö÷�3�oMNö÷´6PO>%�78�

3��äö÷vD�cêtub�MNö÷´6��äÝ
;<�æ�5�3

78�3��j¨ MUX�H�9Ph¶E�§�ê�poõ��S	ýþ	�r
z�H�cêh*�$�	lmtu3��45	³��àÎ F78�3+�Eð·5

	��3

9 21. ��FGHI()J6����

�!f>%	ö÷��n�#

F = ((({8{late}} | in0) + in1) = = in2) & en;
¥Zýþ in0�in1�in2�o 8bit	-��ýþ latekýþ enoQDýþ�ýþ lateo
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jö÷>%	�$�ýþ�zr}v3

:�78�3�

F = late.F(late=1) + ~late.F(late=0)
=  late.[((({8{1'b1}} | in0) + in1) = = in2) & en] +

~late.[((({8{1'b0}} | in0) + in1) = = in2) & en]
= late.[(8’b1+in1) = = in2) & en] + ~late[((in0 + in1) = = in2) & en]
���ä�E� late�"Iýþ��[(8’b 1+in1) = = in2) & en]k[((in0 + in1) = = in2) &

en]�"EXOýþ	 2 " 1 	 MUX3�¹�late ýþ	�§�ccê�¥ýþ�	zr
��po¥�]o�Û	5�j¨h�WRf�"E�à>%V3

� shannon�3(	 verilog��¢¼R4#
module un_shannon (in0� in1� in2� late� en� out);
input [7�0] in0� in1� in2;
input late� en;
output out;
  assign out = ((({8{late}} | in0) + in1) == in2) & en;
endmodule

:� Synplify Pro 7.2µ��"IUú�� Lattice	 ORCA Series4 4E02�!�ß	
RTL'SR 2M7!93

�1-51  ������	
�������� RTL��

SZ��ST	�ß��:� Shannon �3(�HXO PAD late ßXY PAD out Ø¾
;+ 4 Eö÷7C�5 ��3¥µ�¬`:�h 1 E 8bit ÍU�1 E 8bit XO¨;�1
E 8bit�à�1E 2XO¶U3·�VW,-�� Synplify ProC%¼ LatticeUú�%
µ��¥¬`	lmtu�� 50.8Mhz3
�:� Shannon�3	 Verilog��R4�

module shannon_fast (in0� in1� in2� late� en� out);
input [7�0] in0� in1� in2;
input late� en;
output out;
wire late_eq_0� late_eq_1;
assign late_eq_0 = ((in0+in1) == in2) & en;
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//assign late_eq_0 = ((({8{1'b0}} | in0) + in1) == in2) & en;
assign late_eq_1 = ((8'b1+in1) == in2) & en;
//assign late_eq_1 = ((({8{1'b1}} | in0) + in1) == in2) & en;
assign out = (late) ? late_eq_1 � late_eq_0;
endmodule

�h12àÎ�C¹�WcïF�	 VHDL��R4�
library ieee;
use ieee.std_logic_1164.all;
use ieee.std_logic_signed.all;
entity shannon_fast is
port( in0� in1� in2 � in std_logic_vector (7 downto 0);
      late� en � in std_logic;
      out1 � out std_logic);
end shannon_fast;
architecture arch_shannon_fast of shannon_fast is
signal late_eq_0� late_eq_1� late_0� late_1 � std_logic;
begin
     late_0 <= '1' when ((("00000000" or in0) + in1) = in2) else '0';

late_eq_0 <= late_0 and en;
     late_1 <= '1' when ((("11111111" or in0) + in1) = in2) else '0';
     late_eq_1 <= late_1 and en;
     out1 <= late_eq_1 when (late = '1') else late_eq_0;
end arch_shannon_fast;

¢¤�:� Synplify Pro 7.2µ��"I�Uú� Lattice	 ORCA Series4 4E02�!�
ß	 RTL'SR 2M8!93
CSZ��ST	�ß�:� Shannon �3§�HXO PAD late ßXY PAD out Ø¾

;+ 1Eö÷7C�2��3¥µ�¬`:�h 2E 8bitXO¨;�2E 8bit�à�
2EXO¶Uk�E 2XO"I3·�VW,-�� Synplify ProC%¼ LatticeUú�
%µ��¥¬`	lmtu�� 67.4Mhz3
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�1-52  ���	��������� RTL��

X�:�¡¢	�q�µ�¬`	lmtu¡�¸�poH RTL 'S��ST	�
ß�·�78�3§�Fä lateýþ���$��ôÀh 3Eö÷¦e�H�vYT	c
êh�Û	lmtu3m�cêlmtu	�]�oÚ� 1E¨;k"I�ôghðÚ
	5�3

$R(5Pvþ�	5�këT	Ô��^!¼�op:�78�3rÇ�´Ñ���

$��c�´F�	�´Uúo5�Ço�3

2.11 23456

Z[!+	 Coding StyleR(Ñ1+�äýþ\:�	é¼3rÇö÷	ýþ\:��
à(:�Cýþ\:�:srsýþ	$!]î^U���äýþ\:�	G�ÈÉ_ZC

õ�ö÷	ýþ\:�	:;3C¹��h��þ��4õ�ö÷	ýþ\:�	���

ç#

• ��������	
��������Verilog� always block� VHDL�
process block�������������� !"��#$%�����
�&

• '()*������+,-./012345676�&

• 8-9������:;.<=>?@�ABCDEF=>?@8GH&

• GIABJKLM8-9�������NOP�Q�RS�������

����!"� ��#NOTU�AB?@�������QVLW	
X

Y����Z[����\]^�warning��_&
67	�Ã�4%5���ç3+�`aÎîaCýþ\:�Zjm��ýþ� �ß

¡¢	±²¬`�äobSd�cnýþ\:���12�)�¶�ö÷	�Û���ù;

ovÒ&Ò	3¥0��µ�l�	VWdm�o�ãdmN�#Verilog	 always blockÍ
VHDL	 process block&Z:�ß	!+XOýþkî�ûüýþ��ù]îýþ�µ�ß
ýþ\:�Z�!�jmýþ\:��¥0�ß	µ�¬`)·�¸3�jmýþ\:��
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�ß	±²¬`¡¢o��±²	lmeD��	�vÚ-±²o-�Fkrsf+,

�	�R`ýþ\:�Zð+¶Eýþ��¬;]îk*ýþ��	±²N��H��ß	

±²¬`¡¢3

2.12 '7)*

vwö÷o�E�àv,	ÈÉ�®·�W�vw1n}��B¯�EÈÉk�Û4e

��!"�	Uú�	Ì¦¬@gg���²Ohè³Q4eÙÚ3C¹67	å��4

øõö÷	T�3vw67	T+¢Ävwö÷$ÊÄvwö÷$·Üvwö÷3

¢Ävw$ÊÄvw	�Û1;	}v£¤Cäýþ\:�	_B%�R`ýþ\:�

Zz+vwýþ	$^ÍÎ!^]î��iäÊÄvwö÷3D��F·Üvw/�wýþ
 ¡ùhà�9�	é¼�C¹¡º»¼3j	Q4�·�¢Ävwö÷	 FPGA �Û	
lmtuàê�·�ÊÄö÷vw	 FPGA �Ûà�673�ä·Üvwö÷�¡¢Êw
	�	¹º�Û¡¢�CPLD ��¹º:�ÊÄ	·Üvwö÷bXilinx 	 Virtex/E/II/II 
Pro�Spartan-II/III %àJ� FPGA �q¡¹º:�·Üvwö÷���%¼�q	
Xilinx �	 GSR Ý
ëTà�skew àv�¡R�Â·�·ÜrsÝ
ÍÎD�·Ür
sÝ
,�vwö÷ðêëbLattice 	 FPGS k ORCA ^_ FPGA kk�P�þl¹º:
�·ÜvwÝ
�:� Lattice	·ÜvwÝ
����ß}m	�Û�Qktu3
��	¢Ävwö÷R4#

module reset_form (clk� reset� data_in� data_out);
input         clk�reset;
input   [3�0] data_in;
output  [3�0] data_out;
reg     [3�0] data_out;
always @ (posedge clk)
 if (!reset)

  data_out <= 4'h f;
 else
     data_out <= data_in;      
endmodule

��	ÊÄvwö÷R4#

module reset_form (clk� reset� data_in� data_out);
input         clk�reset;
input   [3�0] data_in;
output  [3�0] data_out;
reg     [3�0] data_out;
always @ (posedge clk or negedge reset)
 if (!reset)
     data_out <= 4'h f;
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 else
     data_out <= data_in;      
endmodule

45o·�¡¢Êw	�4�Synplify Pro CVWî�4�¹	vwÝ
	¬@'
S3

S 2M10oUú�q� Lattice ORCA 4�¢Ävwö÷¬@9�S3SZ���ß�
Lattice ORCA 4�q:�h¥Ì¦��w/vw]î	 PD¢ÄvwA�)�%5��	
¢ÄvwPQ3

�1-53  Lattice ORCA 4����������

S 2M11oUú�q� Lattice ORCA 4�ÊÄvwö÷¬@9�S3SZ���ß�
Lattice ORCA 4�q:�h¥Ì¦��w/vw]î	 GSR·ÜvwA�)�%5��
	ÊÄvwPQ3:� Lattice��·�ÊÄ GSR����ßàê	lmtu3



� 2� FPGA������


90

�1-54  Lattice ORCA 4����������

S 2M12oUú�q� Xilinx Virtex 2�q�¢Ävwö÷¬@9�S3SZ��
�ß�Xilinx Virtex 2�q:�h¥Ì¦��w/vw D]î	¢ÄvwA S�)�%5
��	¢ÄvwPQ3
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�1-55  Xilinx Virtex 2����������

S 2M13oUú�q� Xilinx Virtex 2�q�ÊÄvwö÷¬@9�S3SZ��
�ß�Xilinx Virtex 2�q:�h¥Ì¦��w/vw D]î	ÊÄ�wA PRE�)�%
5��	ÊÄvwPQ3¿�15�Xilinx Virtex 2�qW¡¹º:� GSRA)�ÊÄv
w�R`vwö÷	+YÙvÍÎrÇ�£àêr���:�·ÜrsÝ
#BUFG&ÍÎ
D�·ÜrsÝ
#Low Skew Lines&,�vwö÷3

�1-56  Xilinx Virtex 2����������

S 2M14oUú�q� Altera Stratix�q�¢Ävwö÷¬@9�S3SZ���
ß�Altera Stratix �q:�h¥Ì¦]î	ö÷A datab�)�%5��	¢ÄvwP
Q3
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�1-57  Altera Stratix����������

S 2M15oUú�q� Altera Stratix�q�ÊÄvwö÷¬@9�S3SZ���
ß�Altera Stratix �q:�h¥Ì¦]î	ÊÄvwA aclr�)�%5��	ÊÄvw
PQ3Altera ¡¢�q	�Ol2ÈÊàv�¹º	vw¬@��n�¤�C¹¡��n
¼3

�1-58  Altera Stratix����������

·�ÊÄvwr��Û1;à�67��fÁ�vwýþ	�Nzr¶ skew �	��



89:���;<	


93

vwr¾	�£U��polmtuà3·�¢Ävwö÷r�>ärsýþßQr��

�vw��	Á�Ó�	ö÷PQ�&¤oÓ�op²$	)�hvw3

2.13 89:;<�=>?@

o�eoö÷�ÛZ	}��	�Û4eØ����o�E�S�ÛÑ���ãv,	

QDrÇSZ´�9�T��o�Ø¾	E��^�ãÈÉ6´3:� HDL ÀÞêt$)
p$q·�¢¼o�eC���T%o��-a��PÌ	�ÛBU345o��E:o�e

	���J�3

• KLM
N=

BiaryCgray-code `Y��ab�cdeQfg�hB12&i one-hot
`Yjk&lM CPLD mg�nohB12pqQi FPGA mg�nocd
epqQ�r CPLDg�� gray-codeQi FPGAg�� one-hot`Y&sG�
tQLMuv	
�� gray-code � binary `Ym�wQi5vxyz��
one-hotm{w&
%XY�TUABe�AB|}~���%���t�	�AB|}~�

�r�f�����xy�`Y&SynplicityQ SynopsysQ ExemplarQXST�
ABJK�8� FSMAB~�&

FSM ��5����v���v&h.�����������Qxy

����<xy����Qxy��� Qxy���� &

• OPQKLM
�	?A

	
 FSM ����� g¡g¢Q£¤?¥¦��5��§G¡Q�

xy���xy����!"�¨�G©ª«�processCblock��&sG¡
�xy��¬¨.G©ª«Q�xy����!"�¨�sG©ª«�

�% VerilogXY�Q®�M���©"always" block�&
¯�f°��±F�&¯W²³�&FSM �¯´	
G¢Qa°��

�µ¶·�±	
Q¯°R8¸¹º&ixyzDEFQxy���»¼e

DE�Q�µ¶·½�&xy���� �!")*hB12!"DE

�Qk�r§¾¡�§G¡`Y�±BSQ¿%M§¾¡`Y��µ¶·�h

B12�ÀÁ�8���·«�processQblock��DE&Â¢P�°R8Ã
Ã�MÄÅCSÆCÇÈQmÉ��ÊMABeËÌXYQÊM�ÍTU

BÎ�¶·|}� QÊMÏÐÏÑeDE	
&

• RS)KLTUVKL�

G©-Ò�xyz�ÓÔ�Õ�Ö×KÒØÙÌxy�NOxy&�ÚÛ

UÜ����FQxyzÖ×4ÝÞß���!"� ��QV��ØÙÌx

y&à�áâ�GãQ5gä FPGA � GSR�Global Set/Reset���Q�
FPGA UÜFQGSR ��å{QL���»¼eQRAM �¬æ��/��QÂ
¶ç�M FPGA �12VèéwQ�r84êë�����ØÙÌxy&�
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r�� GSR ì��� FPGA �ØÙÌxyQíí:îé¡¡8ïGð�ñ
ò&GI���ó�ôµ����Q�õö�r���µ��Q£�á÷

�µ��12�	
&ÆøÂ©ùú�sG¡���NO�ØÙxy�`Y

	ûüýQÂ¢ GSR��FQxyzÞß��ØÙxy&
sG�txyzöÖ×�G©NO�default�xyQ���� 8þ�Q

��xydé���¶Q�4êë128:��"���"&ÂLxyzÓÔ
��G©É���Qö¿í	��KÒ"Þ
�"34&LÖM`Y¿L
caseQif…else ���7Àá÷Q���-Ò�� !"��&VHDL �Q
��� CASE ���¶�Q��� "When Others"��NOxy&��
"IF...THEN...ELSE"���¶�Q��%"ELSE"�ðNOxy�Verilog �Q�
�"case"���¶���"default"��NOxyQ��"if...else"��ö���-
Ò&

s�nG©� �5gäABe#�� Verilog `Yxyz�-Òxy~
��� "full case"&Â©~��M�ð�xyzAB.-Ò�xyQ³
Synplicity �ABJK Synplify/Synplify ProQ AmplifyQ� Synopys �ABJ
K FPGA Compiler II�.

Synplicity ABJK��G©�Mxyz�AB~�Q�"// synthesis 
parallel_case"¯34�����xy"V��"�parallel�Qö¿	%�G
¶� �G©xy4Ý.�&

2.14 Verilog� FSM;<��

45o:� VerilogÀÞ�Û FSM	���-��3
• xyz�ð!�r� parameter ð!Q£8"#��`define $ð!��±Q
²û'define $ð!%`%¶Þß&'9©	
��ð!�$Qi parameter Ã
Ãð!ª«(½�)äQð!�)ä8:*ª«��¯´xyz+,&

• 	
¶· alwaysª«¶Gð���"=>"-./01�±&ó�-./01�±
23�4g5678�9:&

• hB12ª«Qö¿<t	��;± FSM <º����!""nextstate"xy
��� �hB12¬n=.G©ª«Q%×ª«�<º��á÷�tG>

ùú&×ª«�r� always UÜ?���hB12DEQGIó�"@"./
01�±QAõííð!û"reg"vQ£V-�µ�»¼e&¯���û�
��rBCxy������ Q�����&GI%×hBª«�QDE�

G©NO� next state�<ºQõF>D�xy��l(½� case�� if...else
� !"�ð&"#��±�NO� idlexy��¯´�FüC�Gxy�
�¿HI%�<xy&

• FSM���12�é.&��12�`Y��¡�±Q§G¡��Q�Â½
�12+B�<ºxy���hB12��§¾¡��Q�Â½�12�

�¦Q¬¨G©½�&³@+B¨�JQa°���12¨.G©KtaskL
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MNQ× task �rOP©xy��� case ��Q�Qs��á÷Q% always
Ft�¨G©NO� output 01QRS�¨G©NO�xy��G¢&¬
¨G©12«Q�·�fSTQVU�rVWX÷XYé. Latches&task �
YZ�34)["� 5output_task �\&"Â¡YZ�<º���G�t�r]
^G½�pq�®�M��� task�QVU%�����ß�¶�-í��&

• Mealy xyzQ��12�r�"_��"<ºQ���� case ��!"���
 *����`�&

• ��� output a°� register aG�Qrbcm°�¶·�d�xy�eð&
�r�G©��g©¶· alwaysª«-.Â©34&

{ú"çÁ�ÅB#

• � FSM ���12�G©xyz<º�³�fã�¶·|}Cm�CQg�

ùú&iU844°��\ MealyFSM ���Qhi¨� LatchesQhi�
6&

• 8��� FSM#ïj	
.û full case� parallel caseQ�¶Â¢P:kl
xyz�34QV:��¾�C`Y�� grayYmnmg�pq&

2.15 CPLD�?A(;<BC

(5	�ErY�oCsÏ0�E�ö÷�	G- FPGA��E�ö÷�Ç+¿Æ
�E��õ�?T CPLD3��Ø4 CPLD 	v,Tk�ÛâT�à�67�!�R(J�
F CPLD	�Û1;W�&¤þ���htué¼	)�����Cj�¨�rs3

CPDLo Complex Programmable Logic Device	9:�Uv,	�E�ö÷��¡¢
	�wF���¨�¡¢	wx]K�R XCPLD$CPLD$ECPLD %�¥0¦h	j
ö¶�Û1;o�¸	��h2äé¼��h�K� CPLD3

• CPLDT FPGA$WXYZ[\
]^
CPLD C¬@kl2%�¶ FPGA +Ùv	£¤�FPGA ���o SRAM l2	�R

Xilinx$Altera$ Lattice 	 FPGA ^_��¦h�oiä«
�¬@	3� CPLD���
�oiä��B¬@	�R Lattice 	 LC4000$ispLSI5000$ispLSI2000#EECMOS l2&
^_��Altera 	 MAX7000$MAX3000#EEPROM l2&^_��Xilinx 	 XC9500
#Flashl2&^_�%�¦h�oiä��B	 CPLD3
�h� Lattice LC4000�³����4 CPLD	j-¬@�¥vÊw	 CPLD¬@¶Ø

./���LC4000	¬@9�SRS 2M16!93
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�1-59  Lattice LC4000 CPLD������

�� CPLD �T�u\¬@#ö÷?T#GLB/LAB&��N?T#GRP/PIA&�I/O Ã?
T3ö÷?To�	|&?T�¥ij7Co�7C#Macrocell&�SZ GLB oÚE�
7C	_��Fä¥Z�7C	-÷�¡¢Êw	�+¡¢	Û��R� 2M1!93

�1�12. �����	
�� CLB  Micro Cell 
��

Altera Lattice Xilinx
^_

Max7000 MAX3000 IspLSI2000 IspLSI500
0

LC4000 XC9500

MC-÷/GLB 16 16 4 32 16 18

>äêEÊw	 GLBv ¡�¤�!�H�Nxß GLB	ýþ-�¡�¤��--�
R� 2M2!93

�1�13. �����	
�� CLB �
����

Altera     Lattice     Xilinx
^_

Max7000 MAX3000 IspLSI2000 IspLSI5000 LC4000 XC9500
GLBXO
ýþ-

36 36 16+2 68 36 54

SZ%5	ýþ CLK0/I$CLK1/I$CLK2/I$CLK3/I$GOE0$GOE1 o·Ürsk·
ÜXY:Qýþ��ZEýþ+���N¶ CPLD Z	êE�7C���:ýþßêE�
7C	zr�¢WRzr¶d��} 3

GLB 4?�¥¬@�o>¶y_$Íy_k D ]î@�	3z/� LC4000 ��
³�LC4000	 CLB4?¬@RS 2M17!93
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�1-60  LC4000� CLB !�����

!���BU¶y_	XY�¥-÷ú{h CPLD e÷�F CPLD 	�Q�+��	
|}�¡¢Êw	 CPLD �D	��B-U¡¢3SZ�~Ý	��By_�0~%go
�E¶Íy_�ê�E¿�ç�o�E�E����R`(�go0a®¶®ö÷b§5	

ö÷T�o�E®Í¯y_3"Î��lm�)�v,	õ�ö÷PQ3SZ�GÝo�

E�	 D ]î�¦	rs$vw/�w$rs:Q��E�"I3¥]î
��:�·Ü
	ýþ����:�4?ö÷#��By_&O�	ýþ�R`¡f�]î����ã¹

]î���ýþ�ÂXYß I/OAÃ3
Å0%�U(!+Êw	 CPLD �o��GF¬@��¡�C4?¬@%+Á1	£

¤���rC"I��w�ro�E�F�àáâ	ÈÉ�f�ã�Ûf�$�QRúk

�j%��µ���3U(ô©	GF CPLD Oxo Lattice 	 LC4000 ^_k Altera 	
MAX3000 ^_3�"E�q�+&ç#Lattice ��o�w CPLD G(���LC4000 ^
_�o¥�&¹Y	Ox�·� 0.18um l2�W:�¥�S	 EECMOS ���_�h
¥*+ CPLD Ox	���Q���	\]o�E�à�P	OxbFä Altera�U(¥G
FOxo FPGA���C CPLD Ox	�7�F���p¥ MAX3000 ^_�·� 0.30um
l2�z�h MAX7000 	�Ê�Q��C�j%� MAX7000 +ðv	�.bXilinx >ä
���Ä�Ä	E��U($�Ä�Y CPLD %A�E��)½3�-"I�r�
f�µ������*�$�7C-÷$I/O AÃ-÷$���$��QRú$�j
%�Ú��3

• _`aWX
 CPLD��bcde
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�§�h��E67	Ó��³��-rs CPLD oRW^��%¬@0aö÷	�
Ó�RS 2M18!9#

�1-61  "�#$%&�

� � õ � ö ÷ 	 X Y # u X O ¶ U 	 X Y & � F � �

F=(A+B)*C*(!D)=A*C*(!D)+B*C*(!D)�CPLD ã�RS 2M19 !9	1;0a*õ�ö÷
F3

�1-62  '(�)F*� CPLD+,-.

SZST	�ß CPLD oRW^�¶Íy_Q0aõ�ö÷	3�FäÓ�Z D ]î
	0agð�67��Â^��7C	�E� D ]îQ0a3rsýþ CLK > I/O ¿
XO§NO��	·Ürs���¯��Â�Âß�E�]î	rsA3�E�]î	

XY¶ I/Oy����¬`XYß��xy3�¤gC CPLD�4?)�hSZ	Ó�P
Q3 
j³��0ah�E./67ö÷PQ��f��E�7Cg��)�3poFä�E

v,	Ó���E�7Co¡�Q0a	��gf�ðÚ��B���Qf�ãðÚ	�7

C����¤ CPLDg��0aðv,	ö÷PQ3
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• CPLDT FPGA
]^Yfg
}§m�j¬��h���	ZnF��4 CPLD k FPGA 	£¤¶�^��¨²à

ÎF CPLD&ç	�-�Ð3

�1�14. CPLD � FPGA ��������

��

����

��

FPGA CPLD
��

����

��

l2

SRAM
��B���%+Ú

� 0 a 1 ; #

EPROM $

EEPROM$Flash$P
��%

]î-÷ Ú � !� FPGA ð'�0
arÇö÷�CPLD
Ú�ä0aõ�ö

÷3

Pin to Pinzr ¡�kã Í� !�F FPGA �Þr
Ç��k±²./�

�3

Û[¶ö÷v,T Û[v�ö÷v,T

ê�J��ê��

�U�

Û[ �ö÷v,T



FPGA ��0av,
�Û�CPLD ��0
a67�Û

�j¶]� �jê�]�ê �j�]� CPLD �ä0a�
j�Û

E�¶�� 1 ; Ú � � � �

RAM�
��� ROM �3>

"�E�1n���

o��E��:

ROM�¿��à1
2	1no�� ISP
[n3

FPGA R`¡Æ��
�#EPROM%&�
�Óã��ö÷P

Q3

tÏ� È ( À.lô�k��ê

A��FPGA ¡e
}0a¨Ï3

��¬@��NÝ
 T�n�ñò	�N

Ý
3

_jn��F�NÝ


+f

'�	�Û�� v,	rÇPQ 67	ö÷PQ
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®¹��ä�Ûû�	èé�r ��b3färY��"�Z�h�QF�ÛZ��

�J�kÛ¡¨�T�¶å���Q²Oèé�¥0���Ûû���¡oqF	�/01

Ó�D¢¶ EDA ��	î3�&¤oD¢l2¶ EDA µ�0a��	£¤¥N�ÙÚ�
Ûû�Cî�0ö	�´3¦�¬Ì��Ûû�kÛ¡o(§¡3	j¬3!��ßÙ(	

���E�ö÷	�Û1;�¨©ªÐ¥�ÛÛ¡��	C«§°ë	0¬Zä<�kj

¬3
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