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VHDL

1
VHDL N . .
) VHDL ASIC/FPGA
’ @ ’ @ ’ @ ’ @ o
2
VHDL N , » VHDL
VHDL
3
VHDL: Very high speed |C Hardware Description Language,
FSM: Finite Status Machine,
simulate: ) RTL o
( C )
4
VHDL For Programmable Logic Mr,Kevin Shahill
USA
5
5.1 VHDL
2001-8-28 ; 7, 142




VHDL VHDL (RTL, behaviord,

gate leve), )
511 (ldentifiers)
VHDL o

1

Packet_addr, Data_in, Mem_wr, Mem ce

. » VHDL 6.1.

2.

3.

Addr  address ; Clk clock; Clr clear ; Cnt counter

En enable ;  Inc increase ; Lch latch ; Mem  memory
Pntr  pointer ;  Pst preset ; Rst vreset ;
Reg  register ; Rd reader ; ; Wr write

ROM RAM CPU FIFO ALU CS CE

o

4,
. , : Addr_in Addr .
; : Addr_en en.
. , , : RAM_addr,
Rd_CPU_en.
5.
6.

2001-8-28 ) 8 , 142



’ ’

Data in ( ) + Din ( )+ FIFO_out (FIFO ) s
: Cnt8 q (8 ) .

2. s So S Same.

Cnt8 q STD_LOGIC VECTOR ) ‘4 ; Cnt8 q<=Cnt8 q+1
o + use IEEE.std_logic_arith.all )

signal Addr : STD_LOGIC_VECTOR(31 downto 0);
alias Top_addr : STD_LOGIC_VECTOR(3 downto 0) is Addr(31 downto 28);
3.

o

2001-8-28 ) 9 , 142



513

1. o
2.
VHDL ; o
3. N
M VHDL ’ (Signal) ) s ’
. (process) o , )

’ o

Sig_p: process(A, B, C)

begin
D<= A; - ignored!!
X <=CorD;
D <=B; ---- overrids!!
Y <= Cxor D;
end;
B D, (CxorB) X, Yo

Ver_p: process(A, B, C)
variabled : STD_LOGIC;
begin
d: = A;
X <=Cord;
d: =B;
Y <=C xor d;
end process ;

X<=CorA, Y<=CxorB.

514

1. N
e library IEEE; use IEEE.std logic 1164.all; IEEE , o
* buffer

2001-8-28 ) 10 , 142



) 0 o Count ,

signal Cnt8 q : STD_LOGIC_VECTOR(7 downto 0) ;

Cnt8 ¢ )
Count <= Cnt8 ¢ ; o
IEEE std logic_1164
STD_ULOGIC, STD_LOGIC o IEEE 1076 /93 BIT .
BIT + INTEGER o
. ) 80 o
. ( 80 ) o
. (25%)

-- Filename

-~ Author

-- Description

-- Called by  Top module

-- Revision History  99-08-01

-- Revision 1.0

-- Email ~ M@huawei.com.cn
--Company  Huawei Technologies .Inc

--Copyright(c) 1999, Huawei Technologies Inc, All right reserved

library IEEE;

use IEEE std logic 1164.all;

entity ENTITY NAME

port(
Portl : in STD LOGIC;
Port2 : in STD LOGIC;
Port3 :out STD LOGIC;

Portn : out STD _LOGIC

2001-8-28 ) 1, 142



);
end ENTITY NAME ;
architecture BEHAVIOR of ENTITY NAME is
begin

Statements;

end BEHAVIOR ;

2.
. : COUNTERS (8 ),
DECODER38 (3-8 )
J BEHAVIOR, STRUCTURE,
) A. B..... o
architecture BEHAVIOR of COUNTERS is
begin
end BEHAVIOR;
configuration o
) BOOLEAN o
e VHDL , ( Core) ,
o VHDL
3.
e VHDL - VHDL
Top-To-down
J in, out, buffer, inout. in ) out
) (
) o
e VHDL ) ,
5.15
1. VHDL
* with-select-when
2001-8-28 , 12 142



with- select - when s

with selection_signal select
Select_name <= value a when value 1 of_selection _signal,
value b when value 2 of selection_signal,

value ¢ when value 3 of selection signal,

value x when last_vaue of selection signal;

*  with- select - when selection_signal )
others ) ) ) S
) RTL ) ) RTL
. with S select

X <= A when 00 ,
B when 01 ,
C when 10 ,

D when others;

with S select
X <= A when 00 ,

B when 01 ,
C when 10 ,
D when 11,
D  when others;

with S select
X <= A when 00 ,
B when 01 ,
C when 10 ,
D when 11,
-- when others;

)

*  with- select - when X <=A when “00" |“10",
¢  when_else
when_else )
Signal_name <= value_a when conditionl else

value_ b when condition2 else

2001-8-28 ) 13
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value ¢ when condition3 else

when (a=b and C= ‘1 ) else

e if else ( else )

process( Clk,Rst)

begin
if (Rst ='1') then
Q<='0;
elsif (Clk ‘ event and Clk =‘ 1’ ) then
Q<=D;
end if;
end process;
else ) o

e case- when

, with-select-when

case- selection_signa is
when valuel_of _selection signal =>
Statementsl,
when value2_of _selection signal =>
Statements2;

when last_value of _selection signal =>
Statements x ;

when others =>

Statements x;
end case;
e case_when when others 0
. if -else  case-when , o
*  process
Clk  process , ) Clk Rst ,
. clk process ) )

Lab: process (CIk, Rst,

2001-8-28 )
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list, ligt2,....
begin
. process lable.

® process ’

D_p : process(Clk,Rst,
D1,D2,...,.Dn)
begin
if (Rst='"1') then
Ql<='0";
Q2<='0";

Qn<=Dn;

elsif (Clk 'event and Clk ='1') then
Ql<=D1;
Q2<=D2;

Qn<=Dn;
end if;
end process;

* generate

32
Gen_labl: for | in O to 31 generate
inst_lab: threestate port map(
Din => Vaue(i),
Rd => Rd,
Dout => Vaue out(i)
);
end generate;
. , Gen_labl
* if -then ) else elsif )
G1: for |l in Oto 3 generate
G2: for jin Oto 7 generate
G3: if (I <1) then generate
Ua: thrst port map(Val(j),Rd,vVa_out()));

end generate;

2001-8-28 )
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G4: if (i = 1) then generate .......
* port map
Uxx : Module name
port map (
portl => port 1,
port2 => port2,

portn =>portn

):
. ,  port map (=>) o
* port map (X downto Y) o
. X downto Y , o
e portmap module ( entity) Uxx , cel ( .
RAM. Core ) VXX o
2. VHDL

with tmp select

X <= A when “1---",

B when “-1--",
C when “--1-7,
D when “---1",

‘O’  when others ;

RTL ) s o
. , wait o
3. VHDL

* when_else ) when ) )

if-else o °

) when-else , o

. If --elsif ---elsif ---else o else o
5.1.6 (operator)

1.

) @) o
X<=(AandB)and (Cor (not D) );

2001-8-28
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) ) warning  error.
( numeric std ) .
5.1.7 function
1. function

¢ function

function FUNCTION_NAME ( 1: , 2: )
return is
begin
end ;
6.3
2. function
. ) IEEE1164 VHDL
) std_logic ) bit ) numeric_std
+ o °
3. function
J o 6.3

5.1.8 procedure
1. procedure
* procedure
procedure PROCEDURE_NAME (signal
signal
. s

begin

end procedure ;

2. procedure

L ]
o in.

5.1.9 ( generics)

2001-8-28 ) 17, 142



1. generic

. ) (
rise, fal) . ( load) N
UXX : generic map ( )
port map (
) s
6.5,
map ( ) o
5.1.10package
1. package
° ’ ( ) Al Al Al
component o
. use o all o

use work..yourpacketname.all;
yourpacketname packet .

2. package

. o ( 6.4)

5111FSM ( )
1. FSM
VHDL FSM , ,

VHDL FSM ) )

one-hot o

5.1.12Comments

1. Comments

2001-8-28 ) 18 , 142



5.1.13TAB

R <= (A + B) when (Source="1") else

: TOP. MID.

(C+D);

2000

CORE

; 2)

o

CORE

o

TAB :
VHDL
6
1
2.
4, :
5.
« TOP
MID
« MID
: D
«  CORE
7
71
VHDL
2001-8-28
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) Resource Sharing
o » A,B.C D R o Source R,
( ) :

R <= A when (Source="1") else

G
S <= Bwhen (Source="1") else

D;
F<=R+S

a’.l L E o A B L o

| — I | | |

=/ Y N

S
+
Rl

7.2
) o 4hit
C <= A and B;

C (3) <=4 (3) andB (3) ;
C 2) <=4 (2) andB ) ;
C (1) <=4 (1) andB (1) ;
C (0) <=4 (0) andB (0) ;

for I in 3 downto 0 loop

C (i)<=4 G) andB @) ;
end loop;

7.3

) scripts o )

o ) scripts

2001-8-28 ) 20 , 142



7.4 Latch
Latch ,
else, case others -

if case

process (Cond)
begin
if (Cond =" 1) then
Data_out <= Data_in;
end;

end process;

7.5

Tri_pl: process (Sel_aA)

begin
if (Sel_a="1") then
T<=A;
else
T<='2Z",;
end if;

end process;

Tri_p2: process (Sel_b,B)

begin
if (Sel_b="1") then
T <=B;
else
T<='2Z",
end if;
end process;
process

Error : process (Sel_a,A,Sel_b,B)
begin
if (Sel_a="1") then

Latch

latch

I

, DataOut

2001-8-28
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T<=A;

else
T<='2Z",;
end if;
if (Sel_b="1") then
T <=B;
else
T<='2Z",;
end if;
end process;
if ; ( ™ )
o if process o
process ) process
’ “ 7 ’ o
8
8.1 VHDL
VHDL
absaccess after alias  all and architecture array assert attribute
begin block buffer bus case  component configuration constant
disconnect downto else elsif  end entity exit  file for function
generate generic group guarded if impure in inertial inout
is label library linkage literal loop map mod nand new  next nor
not null  of on open  or others out package port
postponed procedure process pure  range record register reject rem
report return rol ror select severity signal shared sla sll sra srl
subtype then  to transport type  unaffected units until  use
variablewait ~ when while with  xnor xor
8.2 VHDL

-- Filename Div5.vhd

-- Author  zhouzhijian
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-- Description  Five division
-- Called by  Top module
-- Revision History  99-08-01

library |EEE;

use IEEE.std_logic_1164.all;
use IEEE.std_logic_unsigned.all;
use IEEE.std_logic_arith.all;

entity DIV5 is

port(
Rst :in STD_LOGIC;
Mclk :in STD_LOGIC;
Div5_clk :out STD_LOGIC
);
end DIV5;

architecture BEHAVIOR of DIV5 is
signal Cnt3 g : STD_LOGIC _VECTOR(2 downto 0);
signal Cnt3_ d : STD_LOGIC _VECTOR(2 downto 0);
signal DivO : STD_LOGIC;
signal Divl : STD_LOGIC;
begin
Cnt_pd : process(Cnt3_q)
begin
if (Cnt3_q="100") then
Cnt3_d<="000";
else
Cnt3_ d<=Cnt3 g+1,
end if;

end process;

Cnt_pq : process(Rst,Mclk)
begin
if (Rst ='1") then
Cnt3_g<="000";
elsif (Mclk ='1' and Mclk'event) then
Cnt3_g<=Cnt3 _d;

2001-8-28 ) 23, 142



end if;

end process ;

DivO_P: process(Rst,Mclk)
begin
if (Rst ='1") then
Div0 <="1}
elsif( Mclk ='1' and Mclk'event ) then
if (Cnt3_q ="100") then
Div0 <="1";
elsif (Cnt3_g ="001") then
Div0 <=0}
else
Div0 <= DivO0;
end if;
end if;

end process ;

Divl P: process(Rst,Mclk)
begin
if (Rst ='1") then
Divl <="0";
elsif (Mclk ='0" and Mclk'event) then
Divl <= DivO0;
end if;

end process ;

Div_clk <= DivO0 or Div1;
end BEHAVIOR;

Div0 o

8.3

-- Filename FullAdd vhd

2001-8-28 )
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-- Author  suwenbiao

-- Description A example of function
-- Called by  Top module

-- Revision History  99-08-01

library IEEE;
use IEEE.std_logic_1164.all;
use IEEE.std logic_unsigned.all;

entity FULLADD is

port(
A :in STD_LOGIC;
B :in STD_LOGIC;
Carry_in :in STD_LOGIC;
Sum :out STD_LOGIC;
Carry_out sout STD_LOGIC

)i

end FULLADD;

architecture BEHAVIOR of FULLADD is
function Majority (A,B,C: STD_LOGIC)
return STD _LOGIC is
begin
return (( A and b) or (A and C) or ( B and C));
end Majority;
begin
Sum<=A xor B xor Carry_in;
Carry_out <= Mgjority(A,B,Carry_in);
end BEHAVIOR;

8.4

-- Filename My pkg.vhd

-- Author  suwenbiao

-- Description A example of Package
-- Called by  Top module

-- Revision History  00-03-18

2001-8-28 )
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library IEEE;
use IEEE.std_logic_1164.all,
package MY _PKG is

-- Defined constant

constant NUMG64K : integer := 65636;

constant EXT_RAM_ADD_ WIDTH : integer := 16;

constant HW_NUM : integer := 4;

constant CELL_OUTPUT_CHANNEL_WIDTH : integer :=5;

constant INPUT_CHANNEL_WIDTH : integer := ADDRESS BUS WIDTH,;
constant QUEUE_WIDTH : integer :=5;

constant WORD_|L ENGTH_WIDTH : integer := 6;

--Define subtype
constant QUEUE_OVERFLOAT_WIDTH : integer := 16;

subtype QUEUE_OVERFLOAT_VECTOR is
STD_LOGIC_VECTOR(QUEUE_OVERFLOAT_WIDTH-1 downto 0);

--Defined Reg group
component Rddfl
port(
Clk :in STD_LOGIC;
Rst :in STD_LOGIC;
D :in STD_LOGIC;
Q out STD_LOGIC
)i

end component;

component Rregl

port(
Clk :in STD_LOGIC;
Rst :in STD_LOGIC;
Load :in STD_LOGIC;
D :in STD_LOGIC;
Q ‘out STD_LOGIC
);

2001-8-28 )
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end component;
component Rreg

generic(Size  :integer :=2);

port(
Clk :in STD_LOGIC;
Rst in STD_LOGIC;
Load »in STD_LOGIC;
D :in STD_LOGIC _VECTOR( Size - 1 downto 0);
Q :out STD_LOGIC _VECTOR( Size- 1 downto 0)
);

end component;

end Reg_pko;

8.5

-- Filename Reg group.vhd

-- Author  suwenbiao

-- Description A example of Reg Group with generic size
-- Called by  Top module

-- Revision History — 00-03-18

library IEEE;
use IEEE.std_logic_1164.all
entity REG_GROUP is

generic (Size: integer : = 2);

port(
Clk in STD_LOGIC;
Rs  :in STD_LOGIC;
Load :inSTD_LOGIC;
D :in STD_LOGIC_VECTOR(Size - 1 downto 0);
Q :out STD_LOGIC_VECTOR(Size - 1 downto 0)
)i

end REG_GROUP;
architecture BEHAVIOR of REG_GROUP is
begin

R_p: process(Clk,Rst)
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begin
if (Rst="1") then
Q <= (others =>'0");
elsif(Clk * event and Clk =‘1") then
Q<=D;
end if;
end process;

end BEHAVIOR,;

Ul: REG_GROUP map(4)

port map (
Clk => Clk,
Rst => Rst,
Load => Load,
D => D,
Q => Q
);
4,
2001-8-28 ) 28 , 142



VERILOG

1
) VerilogHDL ) ASIC )
: @ , @ , ® ( hardware model), @
2
Verilog HDL ) , Testbench
Verilog model (RTL, behavioral, gate level),
3
VerilogHDL : Verilog
FSM
(STA) )
4
Verilog Style and Coding Guidelines Sun Microsystems
Revision 1.0
Actel HDL Coding Style Guider
5
5.1 Verilog
Verilog Verilog model (RTL, behavioral,
gate leve), )
511
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For(I=0;1<1024;1=1+1)

Mem[I] <= #1 32’ b0;

For I loop_index o
Addr  address
Pntr  pointer
Clk clock
Rst reset
Rst , Trdy , Irdy , Idsel.
) ( parameter, integer
),
Packet_addr, Data_in, Mem _wr Mem_ce_
: D_addr[7:2] , “D” (Decoder module)
: parameter CYCLE=100;
: in; out, x, g N
_Clk
next
Z
_f
Xi
)
_xod
Xz
-xbio
5.1.2 Modules
2001-8-28 )

30

30



Verilog )

) reg o
, Synopsys design compiler

Filename RX MUX.v
Author
Description
Called by Top module
Revision History  99-08-01
Revision 1.0
Email M@sz huawei.com.cn
Company  Huawei Technology .Inc
Copyright(c) 1999, Huawei Technology Inc, All right reserved

¥ = ========================1/
. Inpu t , module )
) warning,
. 80 ; N o
) ( 80 ) o
. module Uxx o )
(name_based) (order_based) -
Instance Ulnstance2(
.DataOut (DOUT )y
.Dataln (DIN )y
.Cs_ (Cs_ )
)5
) o Clock
Posedge Clk _,
2001-8-28 ) 31
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* Module )
: Module DFF _ASYNC _RST(
Reset,
Clk,
Data,
Qout

);

10 (pads), . JTAG. (CORE),

~ combo —

¢ logic A |
bl s i elk | A

C D
DC ,
DC
DC , DC
5.1.3 Net and Register
. reg always

,  Dad-4: 0], LSB[O][-1[-2][-3][-4IMSB, Data[0: 4],

2001-8-28 ) 32, 32



LSB[4][3][2][1][O]MSB, , Data[4: O]
. net register ( PORT ) .
, Verilog wire o
5.1.4 Expressions

’ I

If ((alpha < beta) & & (gamma >= delta))....
If (alpha < beta && gamma >= delta)...

. (function)

(task) -
515IF

, verilog 0
Reg  Abc [7:0];
Reg  Bca [3:0];

If (Abc == 8’ b0) begin
. If else

o else RTL

always @(Cond)
begin
if (Cond)
DataOut <= Dataln;
End
I/l Else :
DataOut

. If .elseif ..elseif ...else

2001-8-28 )
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. If-else  case ) )
V1=2’b00;
V2 =2’b00;
V3 =2’b00;
If (a ==b) begin
Vi=2’b01; //V3 is not assigned
V2=2"b10;
End
Else if (a == ¢) begin
V2=2’b10; //V1 is not assigned
V3=2’bll;
End
Else : ;
5.1.6 case
* case ( ), if-then-else

) o ) case if

J Case default case ,

Default : ;
5.1.7 Writing functions
. function function
Function CompareVectors; // (Vectorl, Vector2, Length)
Input  [199:0] Vectorl, Vector2;
Input  [31:0] Length;
/ocal variables

Integer i;

2001-8-28 ) 34 , 34



Reg Equal;
Begin
i=0;
Equal = 1;
While ((i<Length) & & Equal) begin
If (Vector 2[i] !== 1’ bx) begin
If (Vectorl[i] I== Vector2[i])
Equal = 0;
Else ;
End
i=i+1;
End
CompareVectors = Equal;
End

Endfunction //compareVectors

HDL o
Sfunction ByteCompare ;
input [15:0] Vectorl ;
input [15:0] Vector2;
input [7:0] Length ;

begin
if (ByteSel)
// compare the upper byte
else
// compare the lower byte
end

endfunction // ByteCompare

ByteSdl, ) o
5.1.8 Assignment
* Verilog : (procedural) (continuous) .
Cinitial, always, task or function) reg integer . timérealtime.
real ) wire o

2001-8-28 ) 35 , 3H



*  Always @( ) , )
always @(d or Clr)
if (Clr)
q=1'b0;
else if (e)
q=d;

Assign/deassign )

* Forcelrelease debug;

Disable

. reg , reg
.= A=

Always @(posedge Clk or negedge Rst )

Begin
If (!Rst_) // prioritize the “if conditions” in if statement
Begin
Rega <=0;  //non_blocking assignment
Regh <= 0;
End
Else if (Soft_rst_all)
Begin
Rega <= #u_dly 0; //add unit delay
Regh <= #u_dly 0;
End
Else if (Load _init)
Begin
Rega <=#u dly  init_rega;
Regb <=#u dly  init regh;
End
Else
Begin
Rega <=#u_dly Rega <<1;
Reghb <=#u_dly St 1;
End
End // end Rega, Regb assignment.
5.1.9 Combinatorial Vs Sequential Logic
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Wire Ct 24 e4; //it ccarries info. Last over several clock cycles
Assign  Ct_24_e4 = (count8bit[7:0] >= 8’ h24) & (count8bit[7:0] <=8’ hed);
8 ) , )
Reg Ct 24 ed;
Always @(poseddge Clk or negedge Rst )
Begin
If (!Rst )
Ct 24 e4 <=1’b0;
Else if (count8bit[7:0] == 8’ hed)
Ct 24 ed<=#u dly 1’b0;
Else if (count8bit[7:0] == 8’ h23)
Ct 24 e4d<=#u dly 1’bl;
Esle
. o  default ) o
Wire OE_default;
Assign OE_default = !(oel | 0e2 | 0e3);
Assign bus[31:0] = oel ? Datal[31:0] :
oe2 ? Data2[31:0] :
oe3 ? Data3[31:0] :
oe_default ? 32’ h0000_0000 :

32’ hzzzz_238%;

5.1.10Macros
. , “*defing”
. ““define”
(parameter) ) (
) 5 ““defing” , ““define” ,

5.1.11Comments

/style 1
If (~OE_ & & (state != PENDING)) begin

End // if enable = = ture and ready

2001-8-28 ) 37 ,



//style 2 ---identical lables on begin and end
If (~OE_ & & (state != PENDING)) begin //drive data

End  //drive data
// Comment end<unit> with the name of the <unit>

Function Calcparity; //Data, ParityErr

Endfunction  // Calcparity

5.1.12FSM
* \Veril ogHDL
Veri | ogHDL par amet er , VHDL
e Mealy , Moore o
Mealy

reg CurrentState, NextState, Outl,

Parameter S0=0,81=1,

always @ (posedge Clk or negedge Rst )
// state vector flip-flops (sequential)
if (!Reset)

CurrentState = S0,
else

CurrentState <= #u dly NextState;

always @(Inl or In2 or CurrentState)
// output and state vector decode (combinational)
case (CurrentState)
S0: begin
NextState <= #u dly SI1;
Outl <= #u dly 1'b0;

2001-8-28 )
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end
Sl: if (Inl) begin

NextState <= #u dly SO0,
Outl <= #u dly In2;

end

else begin
NextState <= #u_dly S1;
Outl <= #u dly !In2;

end

endcase

endmodule

5.2
. for-loop )
for (i=0;i<4;i=i+1)
begin
Sigl = Sig2;
DataOut[i] = Datalnfi];
end

for-loop )

z=(cond)? (a+b):(ct+d);

if-then-else
if (Cond)
z=a+b;
else
z=c+d;

module COUNT (AndBits, Clk, Rst);
Output Andbits;

Input Cik,
Rst;
Reg AndBits;
/internal reg
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Reg [2:0] Count;

always @(posedge Clk) begin
begin
if (Rst)
Count <=#u_dly 0;
else
Count <= #u_dly Count + 1;
End //end if
AndBits <= #u_dly & Count;
End //end always
endmodule
v 4
module COUNT (AndBits, Clk, Rst);

Output AndBits;
Input Cik,

Rst;
Reg AndBits;

/internal reg
Reg [2:0] Count;

always @(posedge Clk) begin //synchronous
if (Rst)
Count <=#u_dly 0;
else
Count <=#u_dly Count + 1;
End //end always

always @(Count) begin //asynchronous
AndBits = & Count;
End //end always
Endmodule //end COUNT
3

module COUNT (Z, Enable, Clk, Rst);
Output [2:0] VA
Input Rst,

40
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Enable,
Clk;

reg [2:0] Z;

always @(posedge Clk) begin
if (Rst) begin
Z <=#u _dly 1'b0;
end
else if (Enable == 1'b1) begin
If (Z == 3'd7) begin
Z <=#u_dly 1'b0;
End
else begin
Z<=#u dlyZ+1'bl;
end
End
Else ;
End //end always
Endmodule  //end COUNT

module COUNT (Z, Enable, Clk, Rst);

Output [2:0] Z;
Input Rst,
Enable,
Clk;
Reg [2:0] Z;

/internal wire

wire GATED_Clk = Clk & Enable;

always @(posedge GATED_Clk or posedge Rst) begin
if (Rst) begin
Z <=#u_dly 1'b0;
end
else begin
if (Z==3'd7) begin
Z <=#tu_dly 1'b0;

41



end
else begin
Z<=#u dlyZ+1'bl;
end
End //end if
End //end always

Endmodule /end module
c=a &b;
c[3:0] =af3:0] & b[3:0];

¢[3] = af3] & b[3];

c[2] = af2] & b[2];

c[l1] =a[l] & b[1];

c[0] = a[0] & b[0];

for (i=0; i<=3;i=i+1)
clil = afi] & bfif;

) scripts

) scripts o
) o ,» 500~5000 o

( Point-to-point exception) ,

o o

I ’ o

. (False path)
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(STA) )

warning, ,
Latch
Latch ) All_registers -level_sensitive
Latch, Latch , ,
) if else, case defaults,
Latch )
if case latch ) ,» DataOut
always @(Cond)
begin
if (Cond)
DataOut <= Dataln ;
end
(Gated clock) ) ) )
o Power compiler )
module COUNT (Reset, FEnable, Clk, Qout); module COUNT (Reset, Enable,
Clk, Qout);
input Reset, Enable, Clk; input Reset, Enable, Clk;
output [2:0] Qout; output [2:0] Qout;
reg [2:0] Qout; reg [2:0] Qout;
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wire GATED Clk = Clk & Enable;

always @(posedge GATED _Clk or posedge Reset)
begin
if (Reset) begin

Qout = 1'b0;

end
else begin
if (Qout == 3'd7) begin
Qout= 1'b0;

end
else begin
Qout = Qout + 1'b1 ;
end
end
end

endmodule

always @(posedge Clk) begin

if (Reset) begin
Qout = 1'b0;
end

else if (Enable == 1'b1) begin

if (Qout == 3'd7) begin
Qout = 1'b0;
end
else begin

Qout = Qout + 1'b1 ;

end
end
end

endmodule

6
6.1 Module
S mm—m———————————————————— == |
Filename
Author
Description
Called by
Revision History  mm/dd/yy
Revision 1.0
Email M@sz. huawei.com.cn
Company  Huawei Technology .Inc
Copyright(c) 1999, Huawei Technology Inc, All right reserved
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Module module_name(
//comment ; port description

Output _ports,
Input_ports, //comment ; port description
lo_ports, //comment ; port descripttion
Clk_port, //comment ; port description
Rst _port //comment ; port description
)
//port declarations

Output [31:;0] Dataout,;

Input [31:0] Datain;

Inout Bi_dir_signal;

Input inputl,
Input2;

/interrnal wire/reg declarations

Wire [31:0] internal data;

Reg output _enable;

//module instantiations , Self-build module

Module_namel  Uinstance_namel(...);

Module name2  Uinstance_name2(...);

// TSC4000 cell
DTCI12 VI (.CIk(Clk), .CLRZ(CIr), .D(Data), .Q(Qout));

//continuous assignment
Assign Data_out = out_enable ? Internal data : 32’ hz;

//always block
Always @(input2)
Begin

End

//function and task definitions

Functiom [function_type] function_name;

Declarations _of inputs;
45
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[declarations _of local variables];
Begin

Behavirol_statement;
Function_name = function_express;
End

Endfunction  //end function_name

Endmodule //end module_name

6.2 testbench

module TB_GRAY;
reg Clock;

reg Reset;

wire [7:0]  Qout;

integer fout; V4

parameter CYC = 20;

GRAY DUT(.Clock(Clock),.Reset(Reset),. Qout(Qout));

initial

begin
Clock = 1'b0;
Reset =1'b1;

#(5*CYC) Reset = 1'b0;

#(5*CYC) Reset =1'b1;

#(5000*CYC)
$fclose(fout);
Sfinish;

end

initial

begin
$shm_open("GRAY.shm");
$shm_probe("AS");
Sfout=$fopen("'gray.dat");

end
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always #CYC Clock = ~ Clock;

V4 gray.dat
always @(posedge Clock)
begin
Sfwrite(fout," %d %b\n",Qout,Qout);
end
endmodule
a . testbench , #20#15 #(CYC+15)
parameter , #(CY C+OFF0) , ;
b) . GRAY .shm, gray.dat .
simwave ) ; )
C) ) ’ b b b
ASIC
» ASIC, FPGA.
1
SOC.  Xilinx FPGA Virtex-E ) 0.18
, 6 ) 300 ) 300MHz.
ASIC ,  SOC , ASIC o )
) ASIC o ) )
ASIC, ASIC.
o , ASIC )
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ASIC

«

ASIC
ASIC

”»

ASIC

ASIC

, ASIC

ASIC

ASIC
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(2)

2.2

»

ASIC

2.3
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SOC (System On aChip)

’

ASIC ) ASIC

)
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A w D P

“«

3

31

g »d w D P

0w D P

3.2
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ASIC

ASIC

’

EDA

’

VHDL Verilog

s

ASIC

o

o

ASIC
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321

3.2.2

323

ASIC,

ASIC,

CLK

2001-8-28

0 1
I DIN
—~/|DIN DAT.
DOUT A DouT
I N
A WENA1 RAM
- 32x 6
WENAO RAM
256x% 7
51 ,




4062xla ’
,  DATA, )
RAM

60ns ’
60ns

113

3.2.4 (

[13

Verilog o ’

3.25 (

1. RTL
RTL

RTL

2001-8-28

32.768MHz ( CLK ) o
, 256x7 RAM
60ns °
,  256x7 RAM
60ns  DATA. (
)
, VHDL Verilog
EDA , >
)
. RTL
)
RTL

”

ASIC

Xilinx FPGA
60ns

’

b

”»

’

RTL
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) 100 %

0 » RTL
RTL )

Xilinx FPGA

3. (

&)
(2)
(3
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”

ASIC

RTL

’

, ucf

’

RTL

RTL )

» RTL
o
) )
’
’
’
’
’ ’
’
o
’ ’
’
o
’
) ’
o ’

100%

113 ”»

/0

RTL
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“ASIC

3.3

“ASIC

3.4
1 )
2.

4

4.1 ASIC
80%, 15%,
o ASIC

128 )

128 “
1\ “« ”»
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“Verilog
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[
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) ) UHW N )

’ o ’
’ ’
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o
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’ o
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’ ’
“« ”»
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’ o
o
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o
N

) ) ,  Verilog
FPGA o
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2. FPGA
FPGA

4.2 ASIC

ASIC
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FPGA

, ASIC

, ASIC
ASIC

128

A}

[

SD530

’

ASIC
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. DFT

SD530

SD530
SD530

SD530
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(O o
EG1 REG2
CLK
T cycle——
T2
| T1
CLKCREG1 —
AT
REG2(D) n n+1
Ts Th—
CLK(REG2) |—
AT
REG2(Q) X n >< n+1
11
,  REG2 )
: T_setup, : T hold,
@ H Tl’ @ H T2’ @ H T37
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: T_cycle,
Ts= (T_cycle+ AT) —T1, Th=T1—-AT,
AT =T3—T2,

1. T setup<Ts, T satup< (T_cycle+ AT) —T1,
T _setup REG2 D ,

o

2. T hold < Th, T_hold < T1I—AT,

o o

1 2 , AT>0 , T hold ;. AT<0 , T_setup o
) CLK, PAD

BUFF ( ) AT ; 0; )
) BUFF ( ) s AT

CLK

1.2

3
3.1

1. / b 9’

2. ’ 9 b b

3- b b ,

) Xilinx  FPGA 4062xla ,
32.768MHz ( CLK ) 60ns , DATA.
, 256x7 RAM , RAM
) 60ns ) )
, 256x7 RAM , RAM 60ns ,
60ns DATA. ( ) 60ns 0
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0 1
B ] /DIN
—|DIN DAT
DOUT A DOUT
N
B A WENA1 RAM
E— 32x 6
WENAO RAM
256% 7
CLK
1.3
4, ,
3.2
1. 9 b
2. FPGA s ,
3. , )
),
4, , (AT
6. N
3.3
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D Q[
14
2. /
[D ol |:D Q= [D Q Q2
clk
Q1
Qo
15
) , ( ) (AT
)’ b / b o
) ) VHDL 4
Counter4.
Process(nreset,clk)
Begin

If nreset="*0" then
Cnt <= (others=>“0");
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Elsf clk = 1" and clk’ event then
Cnt<=cnt +1;
End if;

End process counter4;

4,
{+1] Q5 0]
D Q =53} —
6
clk
CLRN
1.6
53 , 53 o, o
’ b't b't 9 ’ H “ 110011 i
—> “110100” , ) “110101” , 0.
O 9’ ’ 0 o
I_ {+1] Q5 0]
000000" == D Q @_
6
clk
1.7

5.

3 4 ’ b b

1.8 . 19.44MHz 8kMHz( 2430)
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0 - D Q =1214 D Q g clkout
11 ENA
clk — ‘_
18 2430
5

wok  — DL LD L L
DIV5_CLK 41 | | | |

MCLK

vew | LILTLIL LML LT L
COUNTO 4o X 1 X2 X 3% a Xo X 1 X2 X 33X axXo

DIVO
counTt  4aX 0 X 1 X2 X 3 aXo X 1X2X 3X4xXo
DIV1 —l |
DIV5_ CLK | | |
195
, COUNTO , COUNT1 , DIVO DIV1
, DIV5_CLK DIVO DIV1
HDL
(1) DIVO DIV1 DIV5_CLK : . 11
(2) MCLK
(3) COUNT1 : . , COUNT1
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) o 1.10 o
D 407— SREG2 DQ
Q REG4
~REG1 C >
D Q 1
__>REG3
CLK1
CLK2
1.10
110 , CLK1 CLK2 ) )
o ) ,  REG2 REG3 ;
R €« ”» REGl €« 1” R “0” R
) o ( )
) 0 REG1 ,  CLK2

REG4

REG5

REG1
>G

—D 1 }—D Q
— REG2 D Qr—
—

REG3
>

CLK1

CLK2
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" O ,
—| SREG8 DQl—
Q D Q}— REG1(
>REGG NG >
DQ
__.>RE(59
| SREG2 DQr—
Q D Q+— i REG4
- HREGL | gl RECS >
DQ
_’>REG3
CLK1—
CLK2
1.12
7.RS
R D0
S —:) ' Q
1.13
RS , R=S=1 , o

2001-8-28 ) 66 , 66



) ) ) VHDL

o ’ ’

Process(nreset,clk)
Begin
If nreset="0" then
Rs<=‘0";
Elsif clk =*1" and clk’ event then
Caseré&sis
When “00” =>
Rs<=rs;
When “01" =>
Rs<='1";
When “10” =>
Rs<= ‘0 ;
When “11" =>
-- R=S=1
When others =>
Rs<=‘0";
End casg;
End if;

End precess;

-1-—D Q out

CLRN

clrn

115
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10.
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In D Q D QF—>0—
clk
1.16
’ 0‘>1 o
11— P QT
In—[>°—
CLRN
1.17
In D Q D Q
clk
1.18
, 1->0 .
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clk

11

12.
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D O —)Di out

clk

1.19

out

clk
1.20

Gray (PLD) One-hot (FPGA) )

’ ’

121



13.

14

1.25
ck 2

2001-8-28

’

SEL

input ENA
clk
1.22
D—ID Q—Q
LE——LE
1.23
373 IC ), )
D——D Q—Q
LE—ENA
CLK—
1.24
, FPGA )

clk
SEL
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AerES

%

e

1.25

HEEE

1.26

3.4
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“ 7 , RS o
4 SET RESET
/Reset,
) “ ¢ “
y « ”
“ 7 ( ),
“ 7 o AHDL
SUBDESIGN example

(
clock D INPUT ;
/reset - INPUT ;

)

VARIABLE

-- State Machine declaration
poll : MACHINE WITH STATES

(Idlesl,s2);

-- Varible & Counter declaration
varl : DFF,;
var2 : DFFE;
counter[5..0] : DFF;

2001-8-28 ) 72
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BEGIN

-- global reset & clock, initial setto 1
varl.clk = GLOBAL (clock);
varl.prn = GLOBAL (/reset);

-- global reset & clock, initial set to O
var2.clk = GLOBAL (clock);
var2.clrn = GLOBAL (/reset);

-- global reset & clock for counter, initial value set to O
counter[].clk = GLOBAL (clock);
counter[].clrn = GLOBAL (/reset);

IF counter[] == 53 THEN
counter[] = 0;
ELSE
counter[] = counter[] + 1,
END IF;

-- state machine global clock & reset, initial state set to idle
poll.clk = GLOBAL (Clk25m);
poll.reset = not GLOBAL (/Reset);

CASE pall IS
WHEN idle =>
;)oll =gl;
WHEN sol =
;0” =s2;
WHEN ;2=>
;oll =gl;

o

WHEN OTHERS =>
poll =idle;
END CASE;



END

5
1
2
6
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Goop e
R e BT —— G
mchckIHFUT =t : ...............................
;o 5!3..1. ..... :IWUT Eg'tﬁn
Y
127
) CLOCK SEL )
) CLOCK SEL
) FPGA , )
, CLOCK, SEL
SEL ) CLOCK )
2: ’
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“GO0OD” SELECT

OUTCLE §

CLKA. CLKB

CLKA,CLKB

SELECT é

REGA

REGA_CLK _ ‘ ‘

REGB

REGB_CLK

OUT_CLK _ \—1
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1.29 128 GOOD o REGA CLKA )

REGA_CLK; REGB REGB_CLKB. ,  REGA REGB
” ., OUT_CLK
GooD
1. SELECT CLK : ?
2. ?
(2) .
1.30 , “17 :
, CLOCK .
1.31 : “0” ,
CLOCK, .

1.30

P~ ISR ComEr A :
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131

(3) N N s

&)

RC . RC )

FPGA

2\ i ’
: . UCF . NET
*x% MAXSKEW=3;
: . AT<T1— T hod.
. Xilinx , MAXSKEW , MAXSKEW
, PAD : IBUF ,

3\

I/O ’ - ’ ]
4. 30MHz , ) o
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) 20ns, 50MHz.

8 ALTERA

Ensure Clock, Preset, and Clear configurations are free of glitches.

Never use Clocks consisting of more than one level of combinatorial logic.

Carefully calculate setup times and hold times for multi-Clock systems.

Synchronize signals between flipflops in multi-Clock systems when the setup and hold time
reguirements cannot be met.

Ensure that Preset and Clear signals do not contain race conditions.

Ensure that no other internal race conditions exist.

Register all glitch-sensitive outputs.

Synchronize al asynchronous inputs.

Never rely on delay chains for pin-to-pin or internal delays.

Do not rely on Power-On Reset. Use amaster Reset pin to clear al flipflops.

Remove any stuck states from state machines or synchronous logic.

2001-8-28 ) 79 , 719



VHDL

: VHDL,

VHDL: Very High speed |C Hardware Description Language
FSM: Finite Status Machine
DFT: Design For Test

VHDL ) ) )
1
, VHDL )
) VHDL VHDL
o ) ) VHDL
2 VHDL
21
1 N ) )
2 package generic, o
5. ) process ) ) ) o

2001-8-28 ) 80 , 80



6. “VHDL

”»

2.2
1
2.
3.
(Design Partition)
( ) o
4. )
5. )
6. )
7. glue ,
A
C
— BAD
B
A .
— c
B J
GOOD
1glue
8. , , ) 2000 o
9.
: TOP. MID, CORE
*TOP
MID (
*MID
: 1) ’ H 2)
. CORE
2001-8-28 ,

CORE

81

81



3.1
3.11
( VHDL )
variable SUM:interger = 0 ;
3.1.2 ( )
, “ ” . ASIC )
Buffer) »  FPGA Delay Buffer.

FPGA ) )

wait for 10 ns ;
Data in <= 55 after MCLK_PERIOD ;
, MCLK_PERIOD

3.2 std_logic

VHDL ) N N STD _LOGIC
(port map) - ) BIT,
Synopsys VHDL ) STD_LOGIC
3.3 inout

entity ; inout

2001-8-28 )

(Delay

BIT,

82 , 82



A sinout STD_LOGIC;

, inout )

-~ e

, As ( “g”
1. architecture A s
signal A_s : std logic;
2. entity A s ) A s
3. A )
A<=A_s;

3.4 Latch

process (A, B, C, Cntr)
begin
if Cntr ='1"then
A<="1";
B<="1;
else
C<="1;
end if;
end process;;

, AL, B, C LATCH. LATCH,
process (A, B, C, Cntr)
begin

if Cntr ='1"then
A<="1";
B<="1;
C<="0"; --

else

2001-8-28 )

4

same” ) ,

83
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A<='0"; --
B<='0'; --
C<="1;
end if;
end process;;
) case , o , case ,

’

process (A, B, C, D, S
begin
A<="0
B<='0;
C<="0
D<='0";
caseSis
when "00" =>
A<="T;
when "01" =>
B<="1;
when "10" =>
C<="1;
when "11" =>
D<="1";
when others =>
null ;
end case;

end process;;

3.5 process

, process o

3.6 (VHDL)

VHDL ) o

l\

2001-8-28 ) 8 , 84



-- XOR_SI G VHD
-- May 1997
Li brary | EEE;

use

| EEE. std | ogic_1164. all;

entity xor_sig is

port (A, B, C in STD LCA C
X, Y: out STD LOGE O);

end xor_sig;
architecture SI G ARCH of xor_sig is

begi

end

2001-8-28

signal D. STD LOd C;

n
SI G process (A B, O
begi n
D<= A -- ignored !!
X <= C xor D
D<= B; -- overrides !!

Y <= C xor D
end process;

SI G_ARCH,
—
A
c 1BUF
e OBUF X
] 1BUF
DBUF ¥
Xa5d2
4
-- XOR_VAR. VHD
-- My 1997
Li brary | EEE;

use | EEE. std_| ogic_1164.all;
use | EEE. std_| ogi c_unsi gned. al | ;

entity xor_var is
port (A, B, C in STD LQG C;
X, Y: out STD LCGE C);
end xor _var;
architecture VAR ARCH of xor_var is
begin
VAR: process (A B, O

85



variable D STD LCd C

begi n
D:= A
X <= C xor D
D := B;

Y <= C xor D
end process;
end VAR _ARCH;

% [
c L”IEUF
H [~
D [~ D [y
A LTEUF &DHZ SBUE
[ &t [, |~
B “Bur 'XoR2 R
5
3\
Pl:process (CLK)
begin
if (CLK="1" and CLK * event) then
X <=A and B;
Y <=X;
Z<=Y,
end if;
end process,
P2:process (CLK)
begin
if (CLK="1 and CLK * event) then
Z<=Y;
Y <=X;
X <= A and B;
end if;
end process,
pl, p2

2001-8-28
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P1

W >

CLK

|
]

B
CLK
6
P1:process (CLK)
variable X, Y : std logic;
begin
if (CLK ‘eventand CLK =‘1") then
X :=A andB;
Y =X;
Z <=Y,
end if;
end process;
P2:process (CLK)
variable X, Y :std logic;
begin
if (CLK ‘eventand CLK =‘1") then
Z <=Y;
Y =X;
X :=A and B;
end if;
end process;
P2
z A
— 51
CLK
7
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bit) . ) N
3.7 RAM
RAM ) 64X16 RAM,
(L
(2) RAM
, ) RAM )
3.8 ( VERILOG)
(L ;
(2) o
ASIC ’ , P
ASIC , DFT (Design For Test) , ASIC o ,
ASIC »
) (2) o
’ ’ A\ B T:

Tri_pl: process (Sel_aA)
begin
if (Sel_a="1") then
T<=A;
else
T<='7Z";
end if;

end process;

Tri_p2: process (Sel_b,B)
begin
if (Sel_b="1") then
T <=B;
else
T<='2Z",
end if;

2001-8-28 ) 88 , 88



end process;
process ?
Error : process (Sel_a,A,Sel_b,B)
begin
if (Sel_a="1") then
T<=A;
else
T<="2Z",
end if;
if (Sel_b="1") then
T <=B;
else
T<=2Z",
end if;

end process;

if )

3.9

) o
(2) )

“«

s I

process (Mclk, CPU_reset, Hard reset)
begin
if (CPU_reset="1"or Hard_reset ='1') then
D<='0;
elsif Mclk ='1" and Mclk'event then

end if;
end process;;
entity process )
(D “ o7
(2) o
( )

2001-8-28
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(

process
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Rst <= CPU_reset ='1' or Hard reset ='1";
process (Mclk, CPU_reset, Hard reset)
begin

if (Rst="1") then

D<='0";

elsif Mclk ='1" and Mclk'event then

end if;
end process;;

Rst.
FPGA , Rst startup “5.4.4

“« 2”

, clk ,

o

process (Mclk, Reset)
begin
if Reset ='1' then
Mclk _d2<="0";
elsif Mclk ='1' and Mclk'event then
Mclk_d2 <= not Mclk_d2;

end if;
end process;;
process (Mclk_d2, Reset)
begin
if Reset ='1' then
D out<='0";
elsif Mclk_d2 ="1"and Mclk_d2'event then
D out<=D in;
end if;
end process;

2001-8-28 )
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process (Mclk, Reset)
begin
if Reset ='1' then
D out<='0";
elsif Mclk ='1' and Mclk'event then
if Mclk_d2 ='0' then

D out<=D_in;
endif ;
end if;
end process;;
E}< _ '.;
>
—
4
(L (PAD
( )
(2) )
buffer , o
(3 ) buffer ,
, xilinx s MAXDELAY MAXSKEW.

2001-8-28
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4.1

411

) o VHDL
-- A isthe addend
-- B isthe augend
-- Cisthecarry
-- Cinisthecarry in
C0 <= (A0 and BO) or

((AO or BO) and Cin);
Cl<=(AlandB1l)or
((AlorBl) and CO);
cin a0 bo al bl
— ) |
cl zl
8
N ( )
-- Ps are propagate
-- Gs are generate
p0 <= a0 or bO;
g0 <= a0 and b0;
pl<=alorbil;
2001-8-28 ,

~
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gl<=alandbil;

c0 <=g0 or (p0 and cin);

cl<=glor (plandgo) or
(p1 and p0 and cin);

al bl al bl

cl cl
9
41.2
. Z2Z<=A+B+C+D;
A B o o
10
. Z<=(A+B)+(C+D);
A B c D

2001-8-28
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; ) A. B. C. D ) o
( ) , o A. B. C. D
41.3
) A TEMP , A TEMP 8 . TEMP B ( B<16 )
c(Cc 4 ) . , TEMP 4 0. s TEMP
BYTE o TEMP NIBBLE , 2 o , 8
) 4 4 ’ 4 4 ’ °©
1\
function ADD_ I T_16 (A, B: BYTE; C. NIBBLE) return BYTE is
variable TEMP: BYTE;
begin
if B< 16 then
TEMP : = B;
el se
TEMP : = C
end if;
return A + TEMP;
end;
2\
function ADD_ I T_16 (A, B: BYTE; C. NIBBLE) return BYTE is
variable TEMP: NI BBLE; -- Now only 4 bits
begin
if B< 16 then
TEMP : = NIBBLE(B); -- Cast BYTE to NI BBLE
el se
TEMP : = C
end if;
return A + TEMP;, -- Single adder
end;
, BYTE 8bits , BIBBLE 4bits o
4.2
3 : A B 5b|t ’ 16,
if A >=B then
else
endif ;

2001-8-28 ) 94 , 9%



5hits ) o )
if (A4)="1) or(B(4)="0and (A(3 downto 0) >= B(3 downto 0) ) ) then

else
endif ;
, 4bit , ,
o , “ 7 ( ), “ 7
43 IF Case
IF ,  Case , o IF
, Case o , Case
) ; Case o IF-Else
) o ) ) IF-Else
IF o ’
IF . IF (speed-critical paths)
(Critical Signa) - ) ) IF
Case
N IF
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NESTED_IF: process (CLE)

begin
if (CLE'event and CLE ='1") then
if (RESET = '0') then
if {(ADDRE_A = *00*) then
DEC_ Q{5 downto 4) <=ADDRE_D;
DEC_Q{(3 downto 2) <="01-;
DEC_0Q{1 downto 0) <="00";
if (ADDE_B = *017) then
DEC_ (3 downto 2) <= unsigned(ADDE_A) + *17;
DEC_Q(1 downto 0) <= unsigned(ADDE_RB) + *'1';
if {ADDE_C = *01*) then
DEC_Q{5 downto 4) <=unsigned(ADDR_D) + ‘1°';
if (ADDE_D = *"11"} then
7 Layaia o) DEC_Q(5 downto 4} <= “00%;
Indentation s _end if;
alse
DEC_Q(5% downto 4) <= ADDE_D;
end if;
end if;

else
DEC_0(5 downto 4) <= ADDR_D;
DEC_Q(3 downtao 2) == ADDR_A;
DEC_Qi(l downto 0) == unsigned(ADDE_B) + *1°:
end if;
else
DEC_Q == *000000";
end if;
end if;
end process;

\ IF-Case IF

IF CASE: process (CLK)
khegin
if (CLE'ewvent and CLK = *1'}) then
if (RESET = '0') then
case ADDR_ALL is
when *00011011% ==
DEC_Q(5 downto 4)
DEC_Q(3 downto 2}
DEC_Q(1 downto 0)
when *000110--% ==

i

“GO”;
unsigned (ADDE_A) + 1
unsigned (ADDE_B) + "1';

hA
mun

5 Levels of DEC_Q(5 downto 4) <= unsigned(ADDR_D) + '1';
Indentaticn _’ DEC Q(3 downto 2Z) <= unsigned(ADDE_A) + "17;
DEC_Q(1l downto 0) <= unsigned(ADDE_E} + '1°
when *0001---=* =>
DEC_D(5 downto 4) <= ADDR_D;
DEC_Q(3 downto 2) <= unsigned (ADDE_A)} + '1°;
DEC_Q{1 downto 0) <= unsigned(ADDE_B) + '1-;

when "Q0------ B
DEC_Q(5 downto 4) == ADDR_D;
DEC_Q(3 downto 2) <= “01%;

DEC_Q(1 downto 0) <= »00%;
when other ==
DEC_0Q(5 downto 4) <= ADDR_D;
DEC_Q(3 downto 2) <= ADDE_A;
DEC_Q({1 downto 0) <= unsigned(ADDE_EB) + *1°;
aend case;
else
DEC_Q <= *000000";
end if;
end if:
end process:
) IF-Case IF ) 3ns

XC4005E-2) .
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IF-Then-Else )
in[0]«
N IF-Then-Else 8 1
MUX6t 01: process(sel,in)
begin
i f(sel= "000") then
out <= in(0);
el seif(sel = "001") then
out <= in(1);
el seif(sel = "010") then
out <= in(2);
el seif(sel = "011") then
out <= in(3);
el seif(sel = "100") then
out <= in(4);
el se
out <= in(5);
end if;

end process;

in [5]
Case

CLB 4 1
IF-Else CLB
. Case 8 1

(Critical Signal) ,

12 if-else
8 1 VHDL o FPGA
, Virtex CLB 8 1 o
o , Case o

MUX8tol: process(C,D,E, F,G,H,1,JS)

begin
caseSis
when “000”
when “001”
when “010”
when “011”
when “ 100"
when “ 101"
when “ 110"

2001-8-28

=>7<=C;
=>7Z<=D;
=>7Z<=E;
=7Z<=F
=7<=G;
=>7<=H;

:>Z<:|;
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when others=> 7 <= J;

end case;
end process;
8:1 Mux
c |
D |
E =
F
B z
H _ 1
i NI
J PSR
5
13 case
4.4
FPGA , (critical path) o
\ critical 2

if(cl k' event andclk ='1') then
if(non_critical="1" andcritical="1") then
outl <= ini;

else
outl <= in2;
end if;
end if;
outi
non_critical ——
critical
clic
14 critical 2

critica ) , critical o

signal out_tenp : std_| ogic;
process (non_critical, inl, in2)
if(non_critical ="1'") then
out_tenp <= inl;
else
out _tenmp <= in2;
end if;
end process

2001-8-28 ) 98
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process( cl k)
if(cl k" event andclk ="1") then
if(critical="1") then
outl <= out_tenp;
else
outl <= in2;
end if;
end if;

end process;

in1
in2
non_critical
15 critical
4.5
45.1if
HDL
0 VHDL
AY 4
if(...(siz ="0001")...) then
count <= count + "0001";
elseif (... ((siz = "0010")...) then
count <= count + "0010";
elseif (... (siz = "0011")...) then
count <= count + "0011";
elseif (... (siz == "0000")...) then
count <= count + "0100";
end if;
if(...(siz = "0000")...) then
count <= count + "0100";
elseif (...) then
count <= count + siz;
end if;
AY 2
if(select = '1') then
sunx=A +B;
else
sunk=C +D;
end if;
2001-8-28

critical

clk

outl

HDL
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s o
if(sel ='1') then
tenpl <=A
tenp2 <=B;
else
templ <=C
tenp2 <=D;

end if;

sum <= tenpl + tenp2;

0

ML

4.5.2 loop

o VHDL

I
fori inO to3 loop
if(req(i)="1") then

sum <= vsum + of fset(i);

end if;

end loop;

2001-8-28
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17

b

lemp 2

sal

Fum

[— Sum
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fori inO to3 loop

if(regq(i)="1") then
offset_1 <= offset(i);

endif;

end loop;

sum <= vsum + of fset_1;

4.5.3

VHDL
temp<=a+b;
X <= temp;
y <=temp +C;
CLB )
454

reqi3:0]

VELIM —
offset[3] — +
VSLIM —]
offset[2] — +
VELIM —]
offset[1] — +
WELIM —] +
offset[0] —
18 4
b
o ’
offset[3]
offset[2] offset 1
offsat[1]
offsat[0]
WEUM
rag3:0]
19
2 o
(atb)
o 541

FPGA Compilerll/FPGA Express

2001-8-28
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1. * 4. >< >z <=

2. position

suml<=A +B +C;
sum2<=D + A +B;
sum3 <= E + (A +B);
suml sum3 (A +B), sum2
3. block ( process) ,

if (condl =..) then
Sl<= A+B;

else
if (cond2 ....) then

S2 <= E+F;
else
S3<=G+H;
endif ;
endif ;
S22 S3 ) Sl
4.6 (Pipelining)
FPGA

process(clk, a, b, c) begin
if(clk'event and clk = '1") then
atemp<=g
b temp <=b;
c_temp<=cg;
end if;
2001-8-28

clock-to-out

~
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end process;

Process(clk, a_temp, b_temp, c_temp)
begin
if(clk'event and clk = '1") then

out <= (a_temp * b_temp) + c_temp;

end if;
end process;
a 2 logic levels

P 1 cycle

b
> I out

>

C

>

N

process(clk, a, b, ¢) begin
if(clk'event and clk = '1") then

atemp <=g
b temp <=b;
C_templ<=c;
end if;
end process;

process(clk, a_temp, b_temp, c_templ)
begin
if(clk'event and clk = '1") then
mult_temp <=a temp* b_temp
C_temp2 <= c_temp1;
end if;

end process;

process(clk, mult_temp, c_temp2)
begin
2001-8-28 ,

103 ,

103



if(clk'event and clk ='1") then

out <= mult_temp + c_temp2;

end if;
end process;
1 logic level
a 2 cycle
b >
o o
>
C
[
20
4.7
) o Mealy
- Mealy o
Inputs Next State Current State Output
Logic Nt Register | Current Logic . Ouiputy
{Combinatorial) State (Sequential) Stale {Combinatorial)
Sychr 5 Reset Asychronous Reset
* State Vector Flip-flops
7 Medy
» Meay N )
) o , Meay )

VHDL o

.5 Mealy

- Exanple of a 5-state Mealy FSM
library i eee;

use i eee. std_| ogi c_1164. all;

2001-8-28 ) 104 , 104



entity meal y is
port (cl ock, reset: instd_| ogic;
data_out: outstd_| ogic;
data_in: instd_l ogi c_vector (1 downtoO));

end neal y;

architecture behave ofneal y is
typestate_val ues is(st0, stl, st2, st3, st4);
signal pres_state, next_state: state_val ues;
begin
-- FSMregister
stat ereg: process (cl ock, reset)
begin
if(reset = '0") then
pres_state <= stO;
elsif (cl ock' event andcl ock ='"1") then
pres_state <= next_state;
end if;

end process St at er eg;

-- FSM conbi nati onal bl ock

fsm process (pres_state, data_in)

begin

case pres_state is
whenst0 =>
casedata_in is

when " 00" => next_state <= stO;
when " 01" => next_state <= st4;
when " 10" => next_state <= stl,

when " 11" => next_state <= st2;

when others => next_state <= (others <= 'x');
end case;
whenst1l =>
casedata_in is
when " 00" => next_state <= stO;
when " 10" => next_state <= st2;
when others => next_state <= st1;
end case;
whenst 2 =>
casedata_in is
when "00" => next_state <= st1l;
when " 01" => next_state <= stl;
when " 10" => next_state <= st3;
when" 11" => next_state <= st3;
when others => next_state <= (others <= 'Xx');

end case;
when st 3 =>

casedata_in is

2001-8-28 ) 105 , 105



when " 01" => next_state <= st4;
when" 11" => next_state <= st4;
when others => next_state <= st 3;
end case;
when st4 =>
casedata_in is
when " 11" => next_state <= st4;
when others => next_state <= stO0;
end case;
when others => next_state <= stO;

end case;

end process f sm

-- Mealy output definition using pres_state w data_in
out puts: process (pres_state, data_in)
begin
case pres_state is
whenst0 =>
casedata_in is
when " 00" => data out <= '0';
when others => data_out <= '1';
end case;
whenst1l => data_out <= "'0";
when st 2 =>
casedata_in is
when " 00" => data_out <= '0';
when " 01" => data_out <= "'0";
when others => data_out <= '1';
end case;
whenst3 => data_out <= "'1";
when st4 =>
casedata_in is
when " 10" => data_out <= "'1";
when " 11" => data out <= '1';
when others => data_out <= '0';
end case;
when others => data_out <= '0';
end case;

end process out put s;

end behave;

4.8 ) “ 7
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3 et
ik —— + e
.
ik —
8 ( )

process (cl k, a, b) begin
if(clk' event andclk = '1') then
al <= a;
bl <=b;
end if;

end process;

process (al, bl) begin
c <=al +bi;

end process;

a. b ) c ) ,
a ——
A+
ik ——
22 ( )

process (cl k, a, b) begin
if(cl k' event andclk = '1') then
Cc <=a +b;

end if;

end process;

4.9 , (fanout) ,
) o FPGA
) ( 16,
16 ) . VHDL , “Tri_en”
24,
N 24

architecture | oad offour_|l oad is
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signal Tri _en std_| ogi c;
begin
| oadpro: process (Cl k)
begin
if(cl k' event andclk ="1") then
Tri_end <= Tri_en;
end if;

end process | oadpr o;

endpro : process (Tri_end, Data_in)
begin
if(Tri_end = "1") then
out<= Data_in;
else
out <= (others=> 'Z');
end if;

end process endpr o;

end | oad;
T an Tri_end
|24 Loadsl
Clk—>
Data_in(23:0) — Crut{23:0)
11 I
11 I
11 I
11 I
11 I
I I
I I
I I
23
, ) 12,
H ’ o
N 12

architecture | oada oftwo_| oad is
signal Tri _enl, Tri_en2 : std_| ogic;
begin
| oadpro: process (Q k)
begin
if(cl k' event andclk ='"1") then
Tri_enl <= Tri_en;
Tri_en2 <= Tri_en;
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end if ;

end process | oadpr o;

process (Tri _enl, Data_in)
begin
if(Tri_enl = "'1") then
out (23:12) <= Data_in(23:12);
else
out (23:12) <= (others=> 'Z');
end if ;

end process;

process (Tri _en2, Data_in)
begin
if(Tri_en2 = "1") then
out (11: 0) <= Data_in(11:0);
else
out (11: 0) <= (others=> 'Z');
end if;

end process;

end | oada;
= Tri_and
Clk — : 1
i
Data_in{23:0) I__\l\
- 12 Loads
Trl_en s, . Out(23:0)
I
Cik 3 i
24
, \ buffer , )
5 C  Xilinx )
5.1 Xilinx
Xilinx  FPGA : (CLB) , CLB
. CLB , CLB

2001-8-28 )

FPGA
/
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(1oB) , 10B
4000 , CLB
o , LUT
4 : RAM
CLB ,
4000 Virtex ,
CLB o
CLB 10B
5.2
521
, PAL
. FPGA
FPGA
. one-hot )
(one-hot)
FPGA ,
) one-hot
5.2.2
FPGA
4 ,

2001-8-28

CLB

, |1OB CLB ,
LUT , CLB
, RAM, ) LUT
, 16X1 RAM. Virtex Virtex-E
CLB dice,
10B \ s
o ) , 10B
RAM
, Xilinx o
. FPGA CLB
one-hot.
o CPLD XC9500 o
n n )
«C L, “ (hot) ”
) 1 0 1, 1
. FPGA )
o HDL N
one-hot o
one-hot ( 8
FPGA CLB 4 LUT. , one-hot ,

o

110 ,

, CLB

l 00

110



26

State
Register
Inputs Combinatarial
Logic Output
Register » Outputs
Clock

27

523

(Fault Tolerance)

case present_stateis

2001-8-28 ) 1117, 111



when others =>next_state <=

end case;
) o one-hot )
) o ,  one-hot S )
) 2 n , n
one-hot )
o 18 , 262126

when others => next_state <= “----- "

’ 9 1
524 VHDL
7 , VHDL o
E
) . E ‘
— = '
Wi, 2
. ] 'y
v E
Statad AeBC Statet

il Contig Cartig Single

28

-- BINARY. VHD Version 1.0 --

-- Exanple of a binary encoded state machine --
-- May 1997 --

Li brary | EEE;

use | EEE.std_| ogic_1164. all

use | EEE. std_I ogi c_unsi gned. al |
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entity binary is
port (CLOCK, RESET : in STD LCG C,
A, B, C D E in BOOLEAN
SINGLE, MULTI, CONTIG out STD LOd O);
end binary;

architecture BEHV of binary is
type STATE TYPE is (S1, S2, S3, $4, S5, S6, S7);
attri bute ENUM ENCODI NG STRI NG
attri bute ENUM ENCODI NG of STATE TYPE:type is "001 010 011 100
101 110 111";
signal CS, NS: STATE TYPE;

begi n
SYNC PROC:. process (CLOCK, RESET)
begin
if (RESET='"1')then
CS<=4I;
gsif (CLOCK'event and CLOCK = '1"then
CS<=NS;
end if;

end process; --End REG PRCC

COMB_PRCC. process (CS, A B, C, D E)

begin
case CSis
when S1 =>

MULTI <= "'0";

CONTI G <= '0';

SINGLE <= '0';

if (Aand not B and C) then
NS <= S2;

elsif (A and B and not C) then
NS <= $4;

el se
NS <= S1;

end if;

when S2 =>

MULTI <= '1";

CONTI G <= '0';

SINGLE <= '0';

if (not D) then
NS <= S3;

el se
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2001-8-28

NS <= 4

end if;
when S3 =>
MULTI <= '0";
CONTI G <= '1';
SINGLE <= '0';
if (Aor D) then
NS <= &4
el se
NS <= S3;
end if;
when S4 =>
MULTI <= '1';
CONTI G <= '1';
SINGLE <= '0';
if (Aand B and not C
NS <= S5;
el se
NS <= &4
end if;
when S5 =>
MULTI <= '1';
CONTIG <= '0';
SINGLE <= '0';
NS <= S6;
when S6 =>
MULTI <= "'0'";
CONTI G <= '1';
SINGLE <= '1';
if (not E) then
NS <= S7;
el se
NS <= S6;
end if;
when S7 =>
MULTI <= "'0';
CONTI G <= '1';
SINGLE <= '0';
if (E) then
NS <= S1;
el se
NS <= S7;
end if;
end case;

end process;
end BEHV:

-- End COVB_PRCC

t hen
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Li brary | EEE;
use | EEE. std_| ogi c_1164. al | ;
entity enumis
port (CLOCK, RESET : in STD LOG G
A B, C, D E in BOOLEAN;
SINGLE, MULTI, CONTIG out STD LOG C);
end enum

architecture BEHV of enumis
type STATE _TYPE is (S1, S2, S3, S4, S5, S6, S7);
signal CS, NS: STATE_TYPE;

begin
SYNC_PROC: process (CLOCK, RESET)
begi n
if (RESET= '1') then
CS <= S1;
el sif (CLOCK vent and CLOCK = '1') then
CS <= NS;

end if;
end process; --End SYNC_PRCC

COMB_PROC: process (CS, A, B, C, D, E)

begi n
case CSis
when S1 =>
MULTI <= '0";
CONTIG <= '0';
SI NGLE <= '0';
.+ one-hot
Li brary | EEE;

use | EEE. std_| ogi c_1164. al | ;
use | EEE. std_I| ogi c_unsi gned. al | ;

entity one_hot is
port (CLOCK, RESET : in STD LOG C
A B, C D E in BOOLEAN,
SINGLE, MULTI, CONTIG out STD LOG C);
end one_hot;

architecture BEHV of one_hot is
type STATE_TYPE is (S1, S2, S3, $4, Sh, S6, S7);
attri bute ENUM ENCODI NG STRI NG
attri bute ENUM ENCODI NG of STATE TYPE: type is "0000001 0000010 0000100
0001000 0010000 0100000 1000000 ";
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signal CS, NS: STATE TYPE;

begin
SYNC_PROC: process (CLOCK, RESET)
begi n
if (RESET='1') then
CS <= S1;
el sif (CLOCK event and CLOCK ='1') then
CS <= NS;
end if;

end process; --End SYNC_PRCC

COMB_PROC: process (CS, A B, C, D E)

begi n
case CS is
when S1 =>

MULTI <= "'0";

CONTIG <= '0';

SINGLE <= '0';

if (Aand not B and C) then
NS <= S2;

elsif (A and B and not C) then
NS <= $4;

el se
NS <= S1;

end if;

5.3 (Barrel Shifter)
) 16 Barrel shifter o
VHDL 16 16 1 16 Barre shifters 16 1
16 4 20 o 4
FPGA (. XC4000 ) , 20 5 CLB. s
80 CLB (16X5) .
. 16 16 1 16 Barrel shifter

-- VHDL Model for a 16-bit Barrel Shifter --

-- barrel __org.vhd --
RN NN NN

-- THI'S EXAMPLE | S FOR COVPARI SON ONLY - -
-- My 1997 --
-- USE barrel.vhd --
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library

| EEE;

use | EEE. std_| ogi c_1164. al | ;
use | EEE.std_logic_arith.all;

entity

barrel _org is

port (S:in STD_LOGE C_VECTOR (3 downto 0);
A P:in STD LOG C VECTCR (15 downto 0);
B P:out STD LOQA C_VECTOR (15 downto 0));

end bar

archite
begin

rel _org;

cture RTL of barrel _org is

SHI FT: process (S, A P)

begin

case Sis
when "0000" =>
BP <= AP
when "0001" =>
B P(14 downto 0) <= A P(15
B P(15) <= A P(0);
when "0010" =>
B P(13 downto 0) <= A P(15
B_P(15 downto 14) <= A P(1
when "0011" =>
B P(12 downto 0) <= A P(15
B_P(15 downto 13) <= A P(2
when "0100" =>
B P(11 downto 0) <= A P(15
B_P(15 downto 12) <= A P(3
when "0101" =>
B P(10 downto 0) <= A P(15
B_P(15 downto 11) <= A P(4
when "0110" =>

downt o

downt o

downt o

downt o
downt o

downt o
downt o

downt o
downt o

1);

2);

0);

3);
0);

4);
0);

5);
0);

B P(9 dowmnto 0) <= A P(15 downto 6);
B P(15 downto 10) <= A P(5 downto 0);

when "0111" =>
B P(8 downto 0) <= A_P(15
B P(15 downto 9) <= A P(6
when "1000" =>
B P(7 downto 0) <= A_P(15
B_P(15 downto 8) <= A P(7
when "1001" =>
B P(6 downto 0) <= A_P(15
B P(15 downto 7) <= A P(8
when "1010" =>
B P(5 downto 0) <= A_P(15
B P(15 downto 6) <= A P(9
when "1011" =>

downt o
downt o

downt o
downt o

downt o
downt o

downt o
downt o

7);
0);

8);
0);

9);
0);

10);
0);
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B P(4 dowmnto 0) <=
B P(15 downto 5) <
when "1100" =>
B P(3 downto 0) <=
B _P(15 downto 4) <
when "1101" =>
B P(2 downto 0) <=
B _P(15 downto 3) <

A P(15 downto 11);
= A P(10 downto 0);

A P(15 downto 12);
= A P(11 downto 0);

A P(15 downto 13);
= A P(12 downto 0);

when "1110" =>

B P(1 dowmnto 0) <= A P(15 downto 14);
B P(15 downto 2) <= A P(13 downto 0);

when "1111" =>

B P(0) <= A P(15);
B P(15 downto 1) <= A P(14 downto 0);

when ot hers =>
B P <= AP
end case;
end process; --
end RTL;

VHDL

) 16 .

CLB 4 1

32 4 1
-- BARREL. VHD
-- Based on XAPP 26 (see
-- 16-bit barrel
-- May 1997

shifter

library | EEE;

End SHI FT

16 Barrel Shifter,
0. 1.2 3,
, 32 CLB (32X .
16 Barrel shifter

32 41

http://ww. xilinx.com
(shift right)

use | EEE. std_| ogic_1164. al | ;
use | EEE.std_logic_arith.all;

entity barrel is
port (S
A P

in STD_LOGd C_VECTOR(3 downto 0);
in STD_LOCA C_VECTOR(15 downto 0);

B P: out STD LOG C VECTOR(15 downto 0));

end barrel;

architecture RTL of barrel is

si gnal
si gnal
begin
FI RST_LVL:

begin
case SEL1 is

SEL1, SEL2: STD LOG C VECTOR(1 downto 0);
C. STD_LOG C_VECTOR(15 downto 0);

process (A P, SEL1)

) 118

0. 4.8 12

’
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when "00"=> -- Shift by 0
C<= AP
when "01"=> -- Shift by 1
C(15) <= A P(0);
C(14 downto 0) <= A P(15 downto 1);
when "10"=> -- Shift by 2
C(15 downto 14) <= A P(1 downto 0);
C(13 downto 0) <= A P(15 downto 2);
when "11"=> -- Shift by 3
C(15 downto 13) <= A P(2 downto 0);
C(12 downto 0) <= A P(15 downto 3);
when ot hers =>
C <= AP
end case;

end process; --End FIRST_LVL

SECND_LVL: process (C, SEL2)

begin
case SEL2 is
when "00"=> --Shift by 0
B_P <= (C
when "01"=> --Shift by 4
B P(15 downto 12) <= C(3 downto 0);
B P(11 downto 0) <= C(15 downto 4);
when "10"=> --Shift by 8
B P(7 downto 0) <= C(15 downto 8);
B P(15 downto 8) <= C(7 downto 0);
when "11"=> --Shift by 12
B P(3 downto 0) <= C(15 downto 12);
B P(15 downto 4) <= C(11 downto 0);
when ot hers =>
B P <=(C
end case;

end process; -- End SECOND_LVL

SEL1 <= S(1 downto 0);
SEL2 <= S(3 downto 2);

end rtl;
XC4005E-2 ) 64% ( 88 CLB
32 CLB) . ) 19% ) 35.58ns (5 ) 28.85ns (4
) o ) ) o
5.4 CLB IOB
541 ( )
FPGA , CLB o FPGA
(CLB) . spartan CLB o 3 (LUT)

y 2 2 . 2 16X1 (F-LUT G-LUT)
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4 ’ 4 4 ° 3

(H-LUT) 3 o
Bl ]
G-LUT -—|
G4 G4 | | SR
\ ey LOGIE = & e
G2 B3 punction | | .
gl » CK
52 G2 G1-G4
] |_ —l | | EC
G1 G H-LUT . ™,
SR .J— G s | ! ¥
: ,?lcfl
; remuaning
F.G3 H1
T t— )
Fa Fa | | SR
i LY A D QF— X
F3 F3 l—ulljl:ili(cu'll_. 41 »® | Y #®
| Ci
F2 F2 F1F4 :_
| L | &=
F1 F1
F-LUT | | X
D Bultiplexar Contralled g
’ | by Configuration Pragram |_ o J
EL
29 CLB (spartan)
4 (F G ) 3 (H ), spartan
CLB 4 . , CLB : (a) 4
; () 6 . © 5 ,  FGH
5 (d) 9 ) 0
CLB CLB )
o Xilinx  Virtex ) CLB 8 1 )
CLB ) -6 2.5ns o
) CLB. ) 3
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FunciGen

FunciGen
=—
o =+ O+

FunctGen

FunctGen
FunctGan

=D ug
— )
sat

(b)
30
1,
(b) CLB .
FunctGen
e B
FunctGen ) >
(a) —a}
FunctGen
FunctGen
— [ D=
~m )
FunctGen
(b)
31
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VHDL , (@ 2 CLB, 2 , (b) CLB, .
() 2 CLB

temp<= aandb
one :process (cl k, tenp, d, en) begin
if(cl k' event andclk ='1") then
if(en = "1") then
g2 <= tenp ord;
end if;
end if ;
end process one;
part _two: process(clk, tenp, c) begin
if(cl k' event andclk ="1") then
ql <= tenp orc;
end if;

end process part _t wo;

EZD—{
-

- q2
d 2n

clk

32 ,

part_one: process(clk, a, b, c, d, en) begin
if(cl k' event andclk ='1") then
if(en = '"1') then
g2 <= a andb ord;
end if;
end if ;
end process part _one;
part_two: process(clk, a, b, c) begin
if(cl k' event andclk ='1") then
gl <= a andb orc;

end if;

end process part _t wo;

Ty do—
E:E)__[> g2

an ——

clk
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33

“wb” s R
(instantiation) o
5472 10B
CLB 0B , , o Virtex
, 10B o
|=$ ¥}
' : L arak
:)" T LAk
S
:', r-\-\-\‘ L .:“_u:l
| % '::: - L"J |:.:3.:F fT:
>_.H
L 1
, A T T -
BLF
: ]
[T} "_}—
* oh_c spe
3410B (Virtex)
) 0B ( > D
o ) NODELAY ( ucpk o
IoB , buffer. 10B ,
OB o Xilinx I0OB . FPGA
10B. , 10B.
OB ( ) o ,
0B , CLB o , 10B )
o 10B ) clock-to-output
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Input Register

BEFORE

AFTER
DB CLB o8
— FDE IFD
710 ol— ——b al—
IN_SIG IM_SIG
/ —{rz —{rc
Routing Delay
Qutput Register
BEFORE AFTER
CLBE 2B Cal=}
FODE GRUE OFD_F
—0 Q I >—| ] D o
\ OUT_SIG / OUT_SHs
I \" Routing 3
Routing Delay Dislany
{No additional
sartup time)
35 10B
1/0 (Slew rate) . 1/0
, 10B o , 10B
Xilinx FPGA 10B buffer C(IBUF) FPGA
buffer (OBUFT) FPGA .
/0, , >
1/O o I1/0 ,
1/0 o /0,
1. I1/O
N 0B
3. LogiBLOX o
1. 2 VHDL , LATCH

1. 10
Li brary | EEE;
use | EEE. STD LOG C _1164. al | ;
use | EEE. STD_LOG C_UNSI GNED. al | ;

entity bidir_infer is
port (DATA : inout STD LOG C VECTOR(1l downto O);
READ WRITE : in STD LOd C);
end bidir_infer;
2001-8-28
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architecture XILINX of bidir_infer is
signal LATCH OUT : STD LOd C _VECTOR(1 downto 0);
begin
process(READ_WRI TE, DATA)
begi n
if (READ WRITE = '1') then
LATCH OUT <= DATA,
end if;
end process;

process( READ_WRI TE, LATCH QUT)
begi n
if (READWRITE = '0') then
DATA(0) <= LATCH OUT(0) and LATCH QUT(1);
DATA(1) <= LATCH QUT(0) or LATCH QUT(1);
el se
DATA(0) <= 'Z';
DATA(1) <= 'Z';
end if;
end process;

end Xl LI NX;

Li brary | EEE;
use | EEE. STD LOG C _1164. al | ;
use | EEE. STD LOG C_UNSI GNED. al | ;

entity bidir_instantiate is
port (DATA : inout STD LOG C VECTOR(1 downto 0);
READ WRITE : in STD LOG Q) ;
end bidir_instantiate;

architecture XILINX of bidir_instantiate is
signal LATCH QUT : STD LOG C_VECTOR(1 downto 0);
signal DATA _OUT : STD LOd C VECTOR(1 downto 0);

signal GATE : STD_LOG C

conmponent ILD 1

port (D, G: in STD_LOG G,
Q: out STD LOAE CQ);

end conponent;

conmponent OBUFT_S

port (I, T: in STD _LCOQ C,
O: out STD LOAE C);

end conponent;
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begin

DATA_QUT(0) <= LATCH OUT(0) and LATCH OUT(1);
DATA OUT(1) <= LATCH QUT(0) or LATCH QUT(1);
GATE <= not READ VRl TE;

INPUT_PATH O : ILD 1
port map (D => DATA(O0), G => GATE,
Q => LATCH QUT(0));

INPUT_PATH 1 : ILD 1
port map (D => DATA(1), G => GATE,
Q => LATCH QUT(1));

OUPUT_PATH 0 : OBUFT_S
port map (I => DATA _QUT(0), T => READ WRI TE,
O => DATA(0));

OUPUT_PATH 1 : OBUFT_S
port map (I => DATA OQUT(1), T => READ WRI TE,
O => DATA(1));

end Xl LI NX;
0B )
1 o
) o , 10B o
2. ) N N 0B ,
CLB )
(D
(2)
(3 , o
(4 ) OB, o
) “5.4.5 Buffer 7,
» Xlinx 0B, Buffer (BUFGP) , o
54.3 Buffer
) buffer,
buffer (BUFGP) .
) XC4000E/L  Spartan 4 (primary) 4 ('secondary )
buffer, ; o 8 buffer o

’ o

2001-8-28 ) 126 , 126



SGCK SGCKA
SL'rF\IHES E':lzcs ?
PGCKI > <
b -
BUFGP BLFGP Fauhe
BUFGS
BUFGF
o BUFGS BUFGR mrer
seémz = o “351“ usﬁ
| il P |
L | IJ_'I
BUFGP BUFGS
PGCHK2 SGCK3
36 BUFGP BUFGS
FPGA , buffer (BUFGS) .
BUFGS, BUFGS 0 FPGA , buffer
(BUFGP) , BUFGP ('semi-dedicated) o BUFGP
-~ BUFGS )
buffer, , buffer
N CLB 10B (K) & 4
buffer , o Xilinx BUFGS
( N ) .
Xilinx buffer,
buffer, (instantiate) - VHDL
buffer , , LOC ,
VHDL
insert pads ) pad, BUFG,
VHDL pad BUFG.
attribute LOC: string;
attribute LOC of CLOCKBUF: label is"BR";
CLOCKBUF:BUFG port map(l=>oscout,O=>clkint);
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Clacks | Paths Ports | Mu:u:lulesl Filir Dptiu:unsl

Hame |Direction npi Nelay, Quapit el Global Buffer P?d
(ns) (ng) Dir
1 =dletaLit= AUTOMATIC
2 CLK irpLit 2OHRC, CLK) BUFGS -
3 CE irpLtt 2OHRC, CLK) ALTOMATIC
4 CLR irpLtt 2OHRC, CLK) DOMT USE
g Q=3 |inout 200RC, CLE) 2RC, CLE) BUFG ]
B a2 |inout FURC,CLE) | 200RC, CLE) Sﬂggg ---------------------------
B Qel= |inout 2OHRC, CLK) 2NAC, CLE)
g8 Qel=  |inout 2OHRC, CLK) 2NAC, CLE)
BUFGP BUFGS bufferz
Device Family Glohal Buffer Number Foundation Express Infers
Symbol Name Available Maximum of
#3000 GCLK 1
ALK 1
HACA000/XC 4000 BUFGS 4 0
H#C4000L BLFGP 4 0
BUFG )] 4
HACA000ERS BUFGLS a 0
HAC4000LS BLUFGE 4 0
ACA000 BLFFCLK 4 0
BLUFG (3 a
HiCe200 BUFG 4 4
spartan BUFGS 4 0
BLFGP 4 0
BLUFG {8 4
Spartanxl BUFGLS d 0
BUFG (=] g
Yirtex BLUFG 4 4
HC9500 BUFG ] 0
544 Set/Reset
X4000 Spartan / (GSR)
10B ) flip-flops, RAM, and ROM GSR )

STARTUP GSR STARTBUF GSRIN

2001-8-28

) GSR
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o GSR
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s TARTUR

Pan MYRESET | }D GER @2 |
NS |
IBUF NV | ars el
aicd |
_ CLKE DOREIR [
37
CLB (GSR) , / (SR)
( SR, 4062xla) - Spartan CLB o ,
/ SR /  GSR . SR , GSR .
, , SR GSR .
=

GER

N T |

|
|
|
|
|
o
|
|
|
|
|

Mullipleser Controlled
by Corfiguration Pragram

38SR GSR
X4000 Spartan , GSR ) )
CLB / (SR)
) o INIT=S
o ) (
) o
VHDL
) STARTUP ) GSR ,

I

U1: STARTUP port map (GSR => RESET);
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Set/Reset 0

Family Global Buffer
Symbol Hame
#C3000 none
#4000 STARTLUP
#CR200 STARTUR
Spartan STARTUR
Wirtex STARTUP WIRTERX
#8500 BUFGSK
545 Buffer
CLB o 4 1 XC4000
Spartan CLB , . 6 (4 , 2 )
F. G H. , 4 1, CLB o , 16 1
2 , 5 CLB, o , Xilinx
buffer (BUFT) . BUFT
1. )
2. buffer o
3. BUFT CLB ) ) CLB )
4, one-hot o
VHDL o

SEL_PROCESS: process (SEL, A B, C, D, E)
begin
case SEL is
when "000" => SIG <= A
when "001" => SIG <= B;
when "010" => SIG <= G
when "011" => SIG <= D
when others => SIG <= E;
end case;

end process SEL_PROCESS;
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Mmoo me

SIG
SEL<0=
SEL=1=>
SEL<2>
39
N BUFT
SIG <= A when (SEL(0)= "0") else 'Z';
SIG <= B when (SEL(1)= '0") else 'Z';
SIG <= C when (SEL(2)= "'0") else 'Z';
SIG <= D when (SEL(3)="'0") else 'Z';
SIG <= E when (SEL(4)= '0") else 'Z';
SEL<(> j[:]
A-
SEL=1=
i
SEL<2= — SIG
o
SEL<3>
1] E—ﬁ
SEL 4>
Jr
40
: Xilinx ) o )
) ) CLB (
) ’ o ’ Al
5.4.6
XC4000E Spartan FPGA RAM ROM. CLB
ROM (ROM16X1, ROM32X1) , RAM (RAM16X1, RAM32X1) ,
RAM (RAM16X1S, RAM32X1S) RAM (RAM16X1D) . Spartan
RAM. RAM N N N N
, LIFO o RAM FIFO o
ROM
1. 16X1 32X1 ROM , ROM , Set
ROM INIT o o
2. LogiBLOX ROM.
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RTL RAM, o RAM

1. 16X1 32X1 RAM
2. LogiBLOX RAM.
3. RAM.

1 VHDL

RAMO : RAM16X 1S port map (O =>DATA_OUT(0), D => DATA_IN(0),
A3 =>ADDR(3), A2 => ADDR(2),
A1=>ADDR(1), A0 => ADDR(0),
WE => WE, WCLK => CLOCK);

N RAM (RAM16X1S, RAM32X1S, RAM16X1D) ,
RAM o
Virtex , RAM RAM ( LUT ) Block RAM. RAM,
RAM ) LUT ) ) RAM
547 I1/O
XC4000 4 ;
s 10B CLB, o
INTERCONNECT

HoR L

11 It

A c B

7 Tr 7
{ Cl ...
[AaB-C)..
A=BaCy.
RaB-).

4410
HDL XC4000 ; DECODEL 10, DECODEL INT,
DECODE4, DECODES8, DECCODE16 o , s
PULLUP o VHDL o

----- Instantiation of Edge Decoder: CQutput "DECODE(Q)" -----
AO: DECODE4 port map (ADR(3), ADR(2), ADR(1), ADR |NV(0), DECODE(0));
Al: DECODE1_| O port map (ADR(4), DECODE(0));
A2: DECODE1_I NT port map (CLB_INV(0), DECODE(O0));
A3: DECODEL1_I NT port map (CLB_INT(1), DECODE(O0));
A4: DECODEL1_I NT port map (CLB_INT(2), DECODE(O0));
A5: DECODEL1_I NT port map (CLB_INT(3), DECODE(O0));
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A6: PULLUP port map (DECCDE(O0));

548 (JTAG 1149.1D
XC4000. Spartan FPGA |EEE Standard 1149.1 . Xilinx
: HDL BSCAN
/0 TDI. TMS. TCK TDO, .
BSCAN
| oI I O [Do>
[THS ™S DRCK
| TCK TCK IDLE
TDO1 SEL
TDO2 SEL2

41

U1: BSCAN port map (TDI=>TDI_P, TMS=>TMS_P, TCK=>TCK_P, TDO=>TDO_P);
U2: TDI port map (I=>TDI_P);

U3: TMS port map (I=>TMS_P);

U4: TCK port map (I=>TCK_P);

US: TDO port map (O=>TDO_P);

549 (CoreGen/LogiBLOX)
) LogiBLOX CoreGen )
RTL . LogiBLOX , . . 110,
, o LogiBLOX RAM.

instance_name: MY _RAM port map
(A =>addr_sig,

DO => dataout_sig,

DI => datain_sig,

WR_EN => write_enable sig,
WR_CLK => write_clock_sig);
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HDL N N o )
) HDL
2
(IP) : IP
3
. , , Process ;
4
4.1
@ ? b
@ ’ b
®
@ N \
RAU ram_addr, ra;
@ b b
® ;
@ , b n
rs, , rst_n
©
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*—pn n {phase}

4.2 VHDL Architecture
VHDL Architecture

Architeture
ARCHITECTURErtl OF my-syn-model IS or
ARCHITECTUREStr OF my-structurou-design IS
ARCHITECTUREsm OF my-behave-rrvodcl IS or
ARCHITECTUREtbh OF my-test-bench IS
4.3
. Script )

@

@

®

@

® . . ( . ) o]

/l (C) COPYRIGHT 1999, HUAWEI Technology Inc.
/I ALL RIGHTS RESERVED

/I FILE name: A_program .ihd

/I Author . Zhang Zhanlong

/I E_mail : Zhangzhanlong @ huawei.com.cn
/I Date : 12000/6/4

Il version : 1.0

/Il Abstract Thisfileisthetop_level of -+-+--
7/

/[ Cdled by : None

=

/  Modification: History:
// Date BY Revision charge decsription
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I

=

/ 99/11Y10 ZzZzZL 10
[ 99/1120 ZZL

=

J|  eeeees @
4.4
)
@ \ .
®
@ ,
4.5
HDL )
4.6
72 )
4.7
@
@ 2 )
@  Settabstop=z
4.8 HDL
HDL N
VHDL Vevilog )
VHDL , VHDL
4.9
@ :
@ :
® .
Inputs:
*  ClLocks;
° Resets;
*  Enables;
e Other control Signals;
2001-8-28

origina

Vse RAM to replace vegistor

process.

VHDL Verilog

VI

N N N

VHDL Veviley
Verilog -

’

80

~ ENTITY

Verilog

136

’

72

’

136



J Dataand address Lines.

Outputs:
*  Clocks;
* Ressats;
*  Enables;

*  Other control signats;

J Data.
410 Generic
@® Generic ,

@ :

4.11 VHDL Entity_Architecture Configuration

VHDL )
entity  architecture
, VHDL

— — program trandate off
configuratin cfg_example_struc of exampleis
for struc
use example gate;

end efg_example_struc;

— — program translate-on

412

413 . LOOP
@ :
@ , for loop ,

for loop.

414
® process ,
Ul: process
@ process (name) — PROL;
® instance V- {(name)

2001-8-28 )

Entity, Architecture Configuration

o

configuration,

program trandate off progam trandate on
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® , entity .
5
51 IEEE
@) IEEE
) IEEE
@ std-logic std-ulogic, std-logic-vector
® ,
@ bit bit-vector ,
5.2

, Hard-Coded Numeric Value,
, 1001,

wire  [7:0] my-in-bus;

reg [7:0] my-out-hus;

defineMY-BVS-SIIE 8
wire [MY-BUS-SIIE-1:0] my-in-bus;
reg [MY-BOS-SRIE-1:0] my-out-bus;

5.3 package

DesignName-Package.vhd.
5.4 VHDL Verilog ( VHDL)
® generate  ,  verilog
@ block ,  verilog
® constant ,  verilog

6 Clock Reset

6.1

2001-8-28 )

std-wlogic-vector;

package

’
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- core

Core )

) RTL )

iolation ,

)

@ ,
, ) 50%,
®
Core
Core o
@
6.2 Buffer
RTL Buffer,
Buffer
6.3
RTL 0
, SKEW \
»  power Compiler
6.4
6.5
©) ,
Core ) )
@ ,
2001-8-28 ,
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— — Poor coding style:
clk-pl<= CLK and pl-gate;
EXA-PROC: Process (clk-pl)
kegin
if(clk-pl' eveut and clk-p1="1") then
end if;
end process EXA-PROC;
— — Good coding style
EXB-PROC: Process(clk)
begin
if(clk' tvent and clk="1") then
if(pl-gate="1") then
endif;
endif;
end process EXB-PROC

6.6

71
) ,» VHDL
VHDL
— — Process with synchronous reset
EXA-PROC: process(clk)
begin
if(clk' event and clk="1"then
if rst="1"then

else
eudif;
endif;
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end protess EXA-PROC;
— — Process with asynchronous reset
EXB-PROC: process (rst_a, clk)

begin
if rst_ a="1"then

dsif (clk'event snd clk="1") then

end if;
end process EXB-PROC;

7.2 LATCH
@) LATCH
GTECH D LATCH. LATCH,
LATCH, LATCH )
N ~ FIFO o
@ LATCH, all-registers-level-sensitive,
LATCH
@if else , case , LATCH,
LATCH precess
ese ) esf.
@ LATCH, LATCH o
TESTIN
D Q
Normal EN
TESTNODE
7.3
7.4
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@ process (VHDL ) , ,

process , ;
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