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A digitalis rendszerek modelljei
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cAnd2.vhd

Egyetlen ES kaput tartalmazé modul (entity) viselkedésének
leirasa VHDL nyelven

cAnd?2

PAC sA"'—____.\:;:
R sOUT ~ pOUT

pBC SB
~ANDZ- -

library IEEE;

use IEEE.STD LOGIC 1164.ALL;

use IEEE.STD LOGIC ARITH.ALL;
use IEEE.STD LOGIC UNSIGNED.ALL;

entity cAnd2 is

Port ( pA : In  STD LOGIC;
PB : In  STD LOGIC;
pOUT : out STD LOGIC);

end cAnd2;

architecture Behavioral of cAnd2 1is

signal sA,sB,sOUT : STD LOGIC;

begin
SA <= pA;
sB <= pB;

sOUT <= sB and sA;
pOUT <= sOUT;

end Behavioral;
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cLogic.vhd

Osszetettebb kombinaciés halozat

entity clogic 1S

end cLogic;

Port (

cLogic
PAC
Bl ) pOUT1
P
~y pOUT2
pCO P
pA in STD LOGIC;
pB In STD LOGIC;
pC in STD LOGIC;
pOUT1 : out STD LOGIC;
pOUT2 : out STD LOGIC);

architecture Behavioral oOf clogic is

signal sA, sB, sC
signal sOUT1, sOUT2

begin
-—- Inputs
SA <= pA;
sB <= pB;
sC <= pC;

-— Outputs

STD LOGIC;
STD_LOGIC;

Bitwise operators
sOUT1 <=
sOUT2 <=

pOUT1 <= sOUT1;
pOUT2 <= sOUT2;

end Rehavioral;

(sA Or sB) XOr sC;
(not soUT1) and sC;
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cSwap.vhd
To6bb bites portok (buszok)
cowap
4 4
pDATAIN - pPDATAOUT
#8 #8
4 4

entity cSwap IS
Port ( pDATAIN : in STD LOGIC VECTOR(7 downto O0);
pDATAOUT : out STD LOGIC VECTOR(7 downto 0));
end cSwap;
architecture Behavioral OFf cSwap IS
signal sDATAIN, sDATAOUT : STD LOGIC VECTOR (7 downto O0);
begin

sDATAIN <= pDATAIN;

sDATAOUT (3 downto 0) <= sDATAIN (7 downto 4);
sDATAOUT (7 downto 4) <= sDATAIN (3 downto 0);

PDATAOUT <= sDATAOUT;

end Rehavioral;
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Elére definialt tipusok (IEEE 1164)

STD_LOGIC Ertékek ('0','1",'2")
STD_LOGIC VECTOR

Port deklaracio

Bemenet: <port name> : in STD LOGIC;

<port name> : in STD LOGIC VECTOR(7 downto 0);

Kimenet: <port name> : out STD LOGIC;

<port name> : out STD LOGIC VECTOR (4 downto 0);

Signal (vezeték) deklaracio

Altalanosan: signal <name>: <type>

Pl.

: signal sLOAD : STD LOGIC;

signal sAl, sA2, sA3 : STD LOGIC;
signal sDATAIN : STD LOGIC VECTOR (7 downto 0);
signal sBUS1, sBUS2 : STD LOGIC VECTOR (1 downto O0);

Ertékadas

Altalanosan: <name> <= <value>

Pl;

sLOAD <= '0"';

sAl <= '1"';

sA3 <= sAl;

sDATAIN <= "01011011";

sDATAIN <= X"5B";

sDATAIN (3 downto 0) <= "1100";
sDATAIN (7 downto 4) <= X"5";
sBUS2 <= sDATAIN (7 downto 6);
sDATAIN (6 downto 5) <= sBUS2;
sDATAIN (2) <= sLOAD;

Bitenkénti operatorok

not, and, or, xor, nor, nand

Pl. sA1 <= (sA2 and sA3) or (not sLOAD)
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cMyFirstVHDL.vhd

Irja meg az alabbi abran lathaté modult VHDL nyelven!

- pOUTA

cMyFirstVHDL
PA
pB ] ;
pC—C ﬂﬂ
AND 3B1
pX O ,; S
XORZ2

- pOUTX
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ORZ2
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cNumCheck.vhd
Az if utasitas

cNumCheck

A kimenet értéke
legyen 1, ha
pDATAIN a bemenet értéke o pOUT

#8 h73, h92 vagy nagyobb
hA6-nal, egyébként O,

Egyszeru értékadassal:
sOUT <= (not sDATAIN(7) and sDATAIN(6)..) Or (sDATAIN(7)

and ..) or (.)

entity cNumCheck is
Port ( pDATAIN : in STD LOGIC VECTOR (7 downto 0);

pOUT . out STDiLOGIC);
end cNumCheck;

architecture Behavioral of cNumCheck is

signal sDATAIN : STD LOGIC VECTOR (7 downto 0);
signal sOUT : STD LOGIC;

begin

sDATAIN <= pDATAIN;
pOUT <= sOUT;

process (sDATAIN)

begin
if (sDATAIN = X"73") or (sDATAIN = X"92") or (sDATAIN > X"A6") then
sOUT <= '1"';
else
sOUT <= '0"';
end if;

end process;

end Behavioral;
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iIf <condition> then
<statement>

else
<statement>

end 1f;

if <condition> then
<statement>
else
if <condition> then
<statement>
else
<statement>
end if;
end if;

if <condition> then
<statement>

elsift <condition> then
<statement>

else
<statement>

end if;

A feltétel (condition) egy logikai allitas/kifejezés, értéke lehet igaz vagy
hamis.

Példak: if (sLOAD = '1') then ..
iT sDATAIN /= X"73" then ..
if ((sDATAIN >= X"71") and (sDATAIN(2) = '0')) then ..
if (sDATAIN(2 downto 0) = "101") then ..

A VHDL nyelv logikai és relacios operatorai

Not -- Negéalés

and -- Logikai ES

or -- Logikai VAGY

= -- Egyenld

/= -- Nem egyenld

< -— Kisebb

<= -- Kisebb vagy egyenld
> -— Nagyobb

>= -- Nagyobb vagy egyenld
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cCondExample.vhd

Irja meg az alabbi abran lathaté modult VHDL nyelven!

cCondExample

pDATA |
#5

pD9 = 1, ha a bemenet
oszthatd 9-¢el.

pD8 = 1, ha a bemenet
oszthatdo 8-al.

O pDY
O pD8
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Irja meg az alabbi abran lathaté modult VHDL nyelven!

cMultiComb

pA ]
pPBC

pOpcode
#2

Opcode| Out

e A and B
o1 A or B
10 A xor B
11 A nor B

OpOut
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cDFlipFlop.vhd

Szinkron mukodésti modulok

cDFlipFlop
ppC—=P—D . Q —ppo
pCLK (] >C

entity cDFlipFlop 1S
Port ( pCLK : in STD LOGIC;
pD : In  STD LOGIC;
pQ : out STD LOGIC) ;
end cDFlipFlop;

architecture Behavioral OfF cDFlipFlop 1S
signal sD,sQ : STD LOGIC;
begin

sD <= pD;
pPQ <= sQ;

process (pCLK)
begin
iIf (pCLK' event and pCLK = '1') then
sQ <= sD;
end if;
end process;

end BRehavioral;
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O PQ

pOG—— D Q

BCLE G <

pReset(] s Reset |

Aszinkron Reset:

process (pCLK, sReset)
begin
iIf sReset = '1' then
sQ <= '0"';
elsif (pCLK' event and pCLK = '1') then
sQ <= sD;
end if;
end process;

Szinkron Reset:

MyProc : process (pCLK)
begin
if (pCLK' event and pCLK = '1') then
if sReset = '1' then
sQ <= '0"';
else
sQ <= sD;
end if;
end if;
end process;
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A Process
process
begin
<statements>;

wait on sA, sB;
end process;

process (sA, sB)
begin

<statements>;
end process;
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A kombinacios process altalanos formaja:

process (<all input signals separated by commas
begin
<statements>;
end process;
Orejel felfuto illetve lefuté élére mkddoé process-ek:
process (<clock>,<reset>)
begin
iIT <reset> = '1' then
<statements>;
elsit (<clock>'event and <clock> = '1') then
<statements>;
end i1f;

end process;

process (<clock>,<reset>)
begin
if <reset> = '1' then
<statements>;
elsif (<clock>'event and <clock> = '0') then
<statements>;
end 1f;
end process;

>)
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A konkurrens értékadas

Gyakran eléfordul, hogy egy folyamat kizardlag egy jelhez rendel
értékeket kulénbozd feltételek mellett. Ilyen esetekben lehetéség van
arra, hogy egy kuilén folyamat definialasa nélkul, egyszerutsitett formaban
rendeljink értékeket az adott jelhez. Az értékadasnak ezt a formajat a
VHDL-ben konkurrens értékadasnak nevezzik. A konkurrens értékadas
szintaktikaja a koévetkezd:

Ertékadas process-

process (sA,sB,sSelect)
begin
sY <= sA and sB;

if (sA = '1'" and sB =
sY <= '1"';

else

sY <= '0"';

end if;

case sSelect IS

when "00" => sOut <=
when "01" => sOut <=
when "10" => sOut <=
when "11" => sOut <=

ben

'1') then

"0001";
"0010";
"0100";
"1000";

when others => sOut <= "0000";

end case;

end process;

Konkurrens értékadas

sY <= sA and sB;

sY <= '1' when

(sA = '1' and

sB = '1') else

'O".

with sSelect select

sOut <= "0001"
"oo10"
"o1o0Q0"
"lOOO"
"OOOO"

when "00",
when "01",
when "10",
when "11",

when others;
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cCounter.vhd
cCounter
DATAIN
P e 0..7, 16..91, 136..255 {0 pDATAOUT
#8
pCLK C
pLOAD C
pRESET C
entity cCounter IS
Port ( pCLK in STD LOGIC;
PRESET in STD LOGIC;
pPLOAD in STD LOGIC;
PDATAIN in STD LOGIC VECTOR (7 downto 0)

pDATAQOUT : out STD_LOGIC VECTOR (7 downto 0));
end cCounter;

architecture Behavioral of cCounter 1S

signal sLOAD : STD LOGIC;
signal sDATAIN, sDATAOUT : STD LOGIC VECTOR (7 downto 0);

begin

sLOAD <= pLOAD;
SDATAIN <= pDATAIN;
PDATAOQOUT <= sDATAOUT;

Count : process (pCLK,pRESET)

begin
if (pRESET = '1') then
sDATAOUT <= "00000000";
elsif (pCLK' event and pCLK = '1') then
if (sLoaD = '1') then
sDATAOUT <= sDATAIN;
elsif (sDATAOUT = "00000111") then -- 7
sDATAQOUT <= "00010000"; -- 16
elsif (sDATAOUT = "01011011") then -- 91
sDATAQOUT <= "10001000"; -- 136
else
sDATAOUT <= sDATAOUT + 1;
end if;
end if;

end process;

end Behavioral;
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Csoport Szimboélum Funkcio
+ Osszeadas
- kivonas
aritmetikai * szorzas
/ osztas
mod modulus
* hatvanyozas
= egyenld
/= nem egyenld
relacios < kisebb
> nagyobb
<= kisebb vagy egyenlé
>= nagyobb vagy egyenlé
and logikai és
logikai or logikai vagy
not logikai negalas
and bitenkénti és
or bitenkénti vagy
bitenkénti xor bitenkénti kizaré vagy
not negalas
(nand
nor
Xnor)
O0sszefizd & Osszeflizés

Példa az 6sszefiz6 operator hasznalatara:

signal sA,sB : STD LOGIC VECTOR (3 downto 0);
signal sOut : STD LOGIC VECTOR (7 downto 0);
signal sLl1,sL2,sL3,sL4 : STD LOGIC;

sOut <= sA & sB;
SA <= sLl & sL2 & sL3 & slL4;
sB <= "101" & sL2;
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Irja meg az alabbi abran lathaté modult VHDL nyelven!

cJKFlipFlop

FJKP
pPreC—|

U FEERED
pJ G
PKC— K
PClkC—hC

opQ

cJKFlopFlop.vhd
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cCounter3.vhd

Feladat

Irjon olyan VHDL modult, amely a pDir bemenet allapotatél fiiggéen
felfelé (pDir = ’1’) vagy lefelé (pDir = ’0’) szamol harmasaval nulla és 30
kozott! Aszinkron reset hatasara (pReset = ’1°) a kimenet O lesz.

cCounter3
pDir ()
pReset +/-3 Dp{?_;lt
pClk '
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cNumCheckWhen.vhd

A when utasitas

cNumCheckWhen

A kimenet értéke
legyen 1, ha
pDATAIN a bemenet értéke o pOUT

#8 h73, h92 vagy nagyobb
hA6-nal, egyébként O,

entity cNumCheck 1S
Port ( pDATAIN : in STD LOGIC VECTOR (7 downto 0);
pOUT : out STD LOGIC);
end cNumCheck;

architecture Behavioral OF cNumCheck IS

signal sDATAIN : STD LOGIC VECTOR (7 downto 0);
signal sOUT : STD LOGIC;

begin

sDATAIN <= pDATAIN;
pOUT <= sOUT;

sOUT <= '1' when (sDATAIN X"73"™) or
(sDATAIN = X"92") or
(sDATAIN > X"A6") else

IOI;

end BRehavioral;

A when utasitas altalanos formaja:

<name> <= <expression> when <condition> else
<expression> when <condition> else
<expression>;
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cDecoder.vhd

A case utasitas

cDecoder
I out
pln " - OpOut
#2 o0 0001 #4
01 K0010
pReset(} 19 p100
pCﬂ{C 11 1000
entity cDecoder IS
Port ( pClk in STD LOGIC;
pReset in STD LOGIC;
pIn in STD LOGIC VECTOR (1 downto 0);
pOut  : out STD LOGIC VECTOR (3 downto 0));

end cDecoder;
architecture Behavioral OF cDecoder 1is
signal sIn : STD_LOGIC VECTOR (1 downto 0);
signal sout : STD _LOGIC VECTOR (3 downto 0);
signal sReset : STD LOGIC;
begin

sReset <= pReset;

sIn <= pln;

pOut <= sOut;

DecoderProc : process (pClk)

begin
if ( pClk' event and pClk = '1') then
iT ( sReset = '1') then
sOut <= "0000";
else

case sIn IS
when "00" => sOut <= "0001";
when "01" => sOut <= "0010";
when "10" => sOut <= "0100";
when "11" => sOut <= "1000";
when others => sOut <= "0000";
end case;
end if;
end if;
end process;

end Behavioral;
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Altalanos forma:

case (<n-bit select>) 1S
when "0..00" =>
<statement>;
when "0..01" =>
<statement>;
when "0..10" =>
<statement>;

when others =>
<statement>;
end case;

Példak:

case sDhatalIn 1iS

24. lap
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when X"00" => sDataOut <= X"03";
sPage <= '1";
when X"0A"™ => sDataOut <= X"A5";
if (sLoad = '1'") then
sPage <= '1"';
else
sPage <= '0"';
end if;
when others => sDataOut <= "01011100";
sPage <= '0";
end case;
case sSelector IS
when "001"|"011l" => sStore <= not sStore;
when "010"™|"101"|"111"™ => sStore <= '1';
when "110" => sStore <= sA;

when others => sStore <=

end case;

IOI;
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Feladat

[rja meg az alabbi abran lathaté modult VHDL nyelven case utasitast
hasznalval

cMultiComb

Opcode| Out
PACGT 00 [ & and B
pBQ 01 A or B [DpOut

Oncode 10 A xor B
P 1;2 ® 11 A nor B
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Jelek mintavételezése
sIN D - Q [BINX /T g [sINY
o Lo e
sIN
sINX OOOOOOOOllllllOOOOOOOOOOOO1111100000
sINY Q0000000011111110000000000001111110000
Sampling : process (pClk)
begin
iIf ( pClk' event and pClk = '1') then
sINX <= sIN;
SINY <= sINX;
if ( sINX = '1l' and sINY = '0') then
end if;
end 1f;
end process;
FPGA FPGA
sIN
sIN| — ﬁ
pIN D] D
pCLK sIN¥ sINY —@—SINX
pCLK
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cEncoder.vhd

Irja meg az alabbi abran lathaté6 modult VHDL nyelven! A modul pClk
orajellel mintavételezze a pEncode jelet, és annak lefuté élére mukédjon,
valamint pClk-hoz képest szinkron reset-tel rendelkezzen.

cEncoder

Encode oo01 o0 #2
P 0010 A 01
PReset ) p1pp 10
pClkCl 1000 11
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A with utasitas

cDecoder
In Ot
o0 o001
01 _hOO010 OpOut
10 Vo100 #4
11 1400

architecture BRehavioral of cDecoder is

signal siIn
signal sout

begin

sIn <= pln;
pOut <= sOut;

with sIn select
sOut <= "0001"
"0010"

"0100"

"1000"

"OOOOH

end;

when
when
when
when
when

STD LOGIC VECTOR (1 downto 0);
STD_LOGIC_VECTOR (3 downto 0);

"oo",
"o1",
"10",
"ilv,
others;

A with utasitas altalanos formaja:

with <choice expression> select
<name> <= <expression> when <choices>,
<expression> when <choices>,
<expression> when others;
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Strukturalis modell, almodulok

cTopLevel
cAnd?2
pAC—EA-CIpA OUT
=B P
pBC——pb cLogic
sC = pA OUTI%CEQ OUT1
I](:(: I)Eg P P
cAnd?2 i, - pOUT2[——HpOUT?
A 4 pC sOUT2
OUT [O—
I)I)(:_ELE__Czljfg P
entity cTopLevel is
Port ( pa in STD LOGIC;
pB in STD LOGIC;
pC in STD LOGIC;
pD in STD LOGIC;
pOUT1 : out STD LOGIC;
pOUT2 : out STD LOGIC);

end cTopLevel;
architecture Structure

component cAnd2 1is

Port ( pA in
PB in
pOUT : out

end component;

component cLogic 1S
Port ( pA
PrB
pC |
pOUT1
pOUT2 :
end component;

n
n

of cTopLevel IS

STD_LOGIC;
STD_LOGIC;
STD_LOGIC) ;

STD_LOGIC;
STD_LOGIC;
STD_LOGIC;

: out STD LOGIC;
out STD LOGIC);
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signal sa,sB, sC,sD
signal sX,sY

signal sOUT1, sOUT2
begin

sSA <= pA;

sB <= pB;

sC <= pC;

sD <= pD;

pOUT1 <= sOUT1;
pOUT2 <= sOUT2;

And2 Instl : cAnd2

Port Map( pA =>
pPB =>
pOUT =>

And2 Inst2 : cAnd2

Port Map( pA =>
pB =>
pOUT =>

Logic Instl : cLogi

Port Map( pA =>
PB =>
pC =>
pOUT1 =>
pOUT2 =>

end Structure;

Komponens deklaralasa:

Példany létrehozasa:

STD_LOGIC;
STD_LOGIC;
STD_LOGIC;

sC,
sD,
sY );

C
sX,

sC,

sY,
sOUT1,
sQUT2 );

) ;

end component;

<instance name>
port map

component <component name> 1S
port
<port name>
<other ports>...

<mode> <type>;

<component name>

<port name> => <signal name>,

<other ports>...

) ;
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Kétiranyu portok kezelése

cInOut
pDir ()
pReset () & p];)#ngA
pClk )
entity cInOut is
Port ( pDATA : inout STD LOGIC VECTOR (7 downto 0);
PRESET : in STD LOGIC;
pCLK  : In STD_LOGIC;
pDIR in STD LOGIC);

end cInOut;
architecture Behavioral of cInOut iS

signal sRESET,sDIR : STD LOGIC;
signal sDATAIN, sDATAOUT : STD LOGIC VECTOR (7 downto 0);
signal sCOUNTER : STD LOGIC VECTOR (7 downto 0);

begin

SRESET <= pRESET;
sDIR <= pDIR;

sDATAIN <= pDATA;
pDATA <= sDATAOUT when sDIR = '1' else "77272777";

Count : process (pCLK,sRESET)
begin
if (sRESET = '1') then
sDATAOUT <= X"00";

elsif (pCLK' event and pCLK = '1') then
if (sDIR = '1'") then
sDATAOUT <= sDATAOUT + 1;

else
sDATAOUT <= sDATAIN;

end if;

end if;

end process;

end Behavioral;

clnOut.vhd
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cFSMCounter.vhd
Allapotgépek (FSM)
cFSMCounter
pDATAIN
3 DATAOUT
P
pCLK . 48
PRESET (]

pPDATAIN (00 [00 [ 47 [ n (00 [ 00 ] 00 ] 00 ] 00 )

pDATAOUT (00 J05 06 )

\ J
n db

(44n] 00 ] 00 |

A fenti rendszer két allapot ko6zott ugral:
e Varakozik egy bemeneti h47-n kombinaciora (Idle)
e Szamlal a kimeneten h05-t6l (4+n)-ig (Count)

entity cFSMCounter IS

Port ( pRESET : in STD LOGIC;
pCLK : in  STD LOGIC;
pDATAIN : in STD LOGIC VECTOR (7 downto 0);

pDATAOUT : out STD LOGIC VECTOR (7 downto 0)
);
end cFSMCounter;

architecture Behavioral OF cFSMCounter IS

type tState IS (Idle,Count);

signal sRESET : STD LOGIC;

signal sDATAIN : STD LOGIC VECTOR (7 downto 0);

signal sDATAIND : STD LOGIC VECTOR(7 downto 0);

signal sDATAQOUT : STD LOGIC VECTOR (7 downto 0);
signal sCOUNTER : STD LOGIC VECTOR (7 downto 0);
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begin
SRESET <= pRESET;
SDATAIN <= pDATAIN;

PDATAOUT <= sDATAOUT;

FSMCount process (sRESET, pCLK)
variable vState tState;
begin
ifT (sRESET = '1') then
vState = Idle;
sDATAIND <= X"00";
sDATAQUT <= X"00";
sCOUNTER <= X"00";
elsif (pCLK' event and pCLK = '1') then

sDATAIND <= sDATAIN;

case vState 1S
when Idle =>

if (SsDATAIND = X"47") and (sDATAIN /= X"00")
vState := Count;
sCOUNTER <= sDATAIN-1;
sDATAOUT <= X"05";
else
vState := vState;
sCOUNTER <= X"00";
sDATAQOUT <= X"00";
end i1f;
when Count =>
sCOUNTER <= sCOUNTER-1;
if sCounter = X"00" then
vState := Idle;
sDATAQUT <= X"00";
else
vState := vState;
sDATAOUT <= sDATAOUT+1;
end i1f;

when others =>
vState := Idle;
sCOUNTER <= X"00";
sDATAQUT <= X"00";
end case;

end if;
end process;

end Behavioral;
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then
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ModelSim SE 6.0 programmal lefuttatott szimulacié eredménye:
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cTrafficLight.vhd

Feladat

[rja meg az alabbi abran lathaté modult VHDL nyelven, kétféle
valtozatban!
1) A jelzé6lampa minden orajel élre allapotot valt.
2) Az egyes allapotokban t6ltott idé a valosagos mukddésnek
megfeleléen kiillonbo6z6.

cTrafficLight

S PRED
~PYELLOW

~pGREEN

pRESET O
pCLK (]
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A Signal és a Variable k6z6tti ktilénbségek

Moduljainkban egyarant hasznalhatunk signal-okat és valtozokat
(variable):

e A signal-ok a hardverhez (D-tarolo, vezeték) hasonlitanak, értéktuk
nem frisstil a process végéig. Ha egy process-ben egy signal
tobbszor is értéket kap, csak a legutolso értékadast kell figyelembe
venni.

e A valtozok ezzel szemben régtén megvaltoztatjak az értékuket, és
Ujabb értékadasig tarjak azt.

signal sA, sB, sC : STD LOGIC;
signal sOUT1,sOUT2 : STD LOGIC;

signal sD : STD LOGIC;
variable vD : STD LOGIC;

SIG : process (sA,sB,sC)

begin
sD <= sA; -- ignored !!
sOUT1 <= sC XOr sbD;
sD <= sB; -— overrides !!
sOUT2 <= sC XOr sbD;

end;

VAR : process (sA,sB,sC)

begin

vD := SA;

sOUT1 <= sC XOr vD;
vD := sB;

sOUT2 <= sC XOor vD;
end;

SIG VAR

pOUT1
pC O

B
pPBC pOUT2
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Elére definialt tipusok
STD_LOGIC __lUl’ le’ lOl’ lll’ lZl’ 'W', lLl’ lHl’ v_
STD LOGIC VECTOR --Natural Range of STD LOGIC
BOOLEAN --True or False
INTEGER --32 or 64 bits
NATURAL --Integers >= 0
POSITIVE --Integers > 0
REAL --Floating-point
BIT -—'0','1"
BIT VECTOR (Natural) --Array of bits
CHARACTER --7-bit ASCII
STRING (POSITIVE) —-—-Array of charachters
Signal és valtozé deklaracio
Altalanos forma: signal <name> : <type> := <value>;
variable <name> : <type> := <value>;
Példak: variable D : STD LOGIC VECTOR(3 downto 0);
variable IntR : INTEGER := 55;

Konstansok
Altalanos forma: constant <name>: <type> := <value>;
constant cID : std logic vector (23 downto 0) := X"000309";
constant cSI Key : std logic vector (7 downto 0) := X"56";
constant INPUTS : natural := §;

sID <= cID;
SsENABLE34U (0) <= '1' when INPUTS > 2 else '0';
sENABLE34U (1) <= '1' when INPUTS > 4 else '0';
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Fluggvények

cKeyGenerator

pDATAC
pRESET O Q%IEEZY
pCLKJ]

entity cKeyGenerator IS
Port ( pRESET : in STD LOGIC;
pCLK : In  STD LOGIC;
pPDATA : En STD LOGIC;
pPKEY : out STD LOGIC_VECTOR (31 downto 0));
end cKeyGenerator;

architecture Behavioral of cKeyGenerator IS

--- Next Key function ---———----------------————
function NextKey
( Data : std logic;
Key : std logic vector (31 downto 0))
return std logic vector 1is

variable NewKey : std logic vector (31 downto 0);

begin
NewKey (0) := Data xor Key(31);
NewKey (1) := Data xor Key(0) xor Key(31l);
NewKey (2) := Data xor Key(l) xor Key(31);
NewKey (30) := Key(29);
NewKey (31) := Key(30);

return NewKey;

end NextKey;

signal sRESET,sDATA : STD LOGIC;
signal sKEY : STD LOGIC VECTOR(31 downto 0);
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begin
SRESET <= pRESET;
sDATA <= pDATA;
PKEY <= sKEY;

process (pCLK)

begin
if sRESET = '1' then
sKEY <= X"FFFFFFFE";
elsif (pCLK' event and pCLK = '1') then
sKEY <= NextKey (sDATA, sKEY) ;
end if;

end process;

end Behavioral;

Altalanos forma:

function <FUNC NAME> (<comma separated inputs>
<comma_separated inputs>

return <type> 1S

39. lap
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<type>;
<type>)

—-—- subprogram declarative items (constant declarations,
variable declarations, etc.)

begin
-- function body

return <ret val>;
end <FUNC_NAME>;
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Paraméterezhetdé modulok, Generic

Allithat6 bitszélességli 6sszead6-kivoné modul:

entity cNAdder 1is
generic( width : natural );
port (

pB :
PSUBSEL : in std logic;

pA : In  std logic vector(width-1 downto 0);
: In  std logic vector(width-1 downto 0);

cNAdder.vhd

PSUM : out std logic vector(width-1 downto 0));

end cNAdder;

architecture rtl of cNAdder 1is

signal sa : std logic vector (width-1 downto 0);
signal sB : std logic vector (width-1 downto 0);
signal ssuM : std logic vector (width-1 downto 0);

signal sSUBSEL : std logic;

begin

SA <= pA;

sB <= pB;
SSUBSEL <= pSUBSEL;
pSUM <= sSUM;

ADDERPROC : process (sA,sB,sSUBSEL)

begin
if sSUBSEL = '1' then
sSUM <= sA - sB;
else
sSUM <= sA + sB;
end if;
end process ADDERPROC;
end rtl;
Példanyositas:

NAdder : cNAdder
Generic Map( width => 8 )

Port Map (
PA => SA,
PB => sB,

PSUBSEL => sSUBSEL,
PSUM => gsSUM) ;
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Altalanos forma:

entity <entity name> 1S

generic ( <generic name> : <type> := <value>;
<other generics>...);
port ( <port name> : <mode> <type>;
<other ports>...);
end <entity name>;
Példa (Spartan 3 DCM modulja):
component DCM
generic( CLK FEEDBACK string := "1X";

CLKDV_DIVIDE : real := 2.000000;
CLKFX DIVIDE integer := 1;
CLKFX MULTIPLY : integer := 4;
CLKIN DIVIDE BY 2 : boolean := FALSE;
CLKIN_ PERIOD real := 10.000000;
CLKOUT PHASE SHIFT : string := "NONE";
DESKEW ADJUST : string :=

"SYSTEM SYNCHRONOUS";

DFS_FREQUENCY MODE string := "LOW";
DLL FREQUENCY MODE string := "LOW";
DUTY CYCLE CORRECTION boolean := TRUE;
FACTORY JF : bit vector := x"C080";
PHASE SHIFT integer := 0;
STARTUP_WAIT boolean := FALSE;
DSS MODE : string := "NONE");
port ( CLKIN in std logic;

CLKFB in std logic;

RST in std logic;

PSEN in std logic;

PSINCDEC in std logic;

PSCLK in std logic;

DSSEN in std logic;

CLKO out std logic;

CLK90 out std logic;

CLK180 out std logic;

CLK270 out std logic;

CLKDV out std logic;

CLK2X out std logic;

CLK2X180 out std logic;

CLKFX out std logic;

CLKFX180 out std logic;

STATUS out std logic vector (7 downto 0);

LOCKED out std logic;

PSDONE out std logic);

end component;
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DCM modul példanyositasa:

DCM INST : DCM

generic map( CLK FEEDBACK => "1X",
CLKDV_DIVIDE => 2.000000,
CLKFX DIVIDE => 1,
CLKFX MULTIPLY => 4,
CLKIN DIVIDE BY 2 => FALSE,
CLKIN PERIOD => 40.000000,
CLKOUT PHASE SHIFT => "NONE",
DESKEW ADJUST => "SYSTEM SYNCHRONOUS",
DFS_FREQUENCY MODE => "LOW",
DLL FREQUENCY MODE => "LOW",
DUTY CYCLE CORRECTION => TRUE,
FACTORY JF => x"C080",
PHASE SHIFT => O,
STARTUP WAIT => TRUE)

port map (CLKFB => CLKFB_IN,
CLKIN => CLKIN IBUFG,
DSSEN => GND1,
PSCLK => GND1,
PSEN => GND1,
PSINCDEC => GNDI,
RST => GND1,
CLKDV => open,
CLKFX => open,
CLKFX180 => open,
CLKO => CLKO BUF,
CLK2X => open,
CLK2X180 => open,
CLK90 => open,
CLK180 => open,
CLK270  => open,
LOCKED => open,
PSDONE  => open,

STATUS  => open);
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Kezdeti értékadas

signal sA : std logic vector (7 downto 0) := X"OF";
signal sSUBSEL : std logic := '0';
Zarojelezeés

sSUM <= sA + sB + sC + sD;

SSUM <= (sA + sB) + (sC + sD);

S.A—
B T 1 SA -
n sB - + 1
§C——— . + t sSUM
| SN
oD + - sSUM

Latch-ek és tarolok

LATCH : process (sDATA,sGATE)

begin
if (sGATE = '1'") then
sQ <= sDATA;
end i1f;

end process;

D REG : process (pCLK)
begin
iIT (pCLK' event and pCLK = '1') then
sQ <= sD;
end 1f;
end process;

Hogyan konvertalhato egy latch D-tarolova? Else aggal vagy orajellel.
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If és Case szerkezetek
If utasitas hasznalatanal figyeljiink az alabbiakra:
e Lehetéleg legyen else ag (lasd latch-ek).

e Minden kimenetrél minden agban rendelkezziink. Célszerli minden
if el6tt egy alapértéket adni a kimeneteknek.

Példa: sDATA <= X"F7";
if (sA = '1') then
sDATA <= X”88";
elsift (sB = '1'") then
sDATA <= X”89”;
end if;

e Kevesebb bemeneti jel cs6kkentheti a logikai szintek szamat.
e Lehetdleg csak a vezeérldjeleket allitsuk eld if szerkezetben, ne a teljes
jelfolyamot.

A Case utasitas szabalyai:

e Mindig legyen others ag.
e Minden bemeneti értéket soroljunk fel.
e Minden agban rendelkezziink minden kimenetrél.

Eréforras megosztas (resource sharing)

Az er6forras megosztas egy optimalizacios eljaras, melynek lényege,
hogy egyetlen funkcionalis blokkot (pl. 6sszeadd, komparator) tobbszoér
hasznalunk fel. Tipikusan az alabbi operatoroknal van erre lehetéség:

*
+ -
> >= < <=
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RESOURCE_SHARING : process (sA,sB,sC,sD,sSEL)

begin
if (sSEL = '1') then
sSUM <= sA + sB;
else
sSUM <= sC + sD;
end if;

end process;

sSEL
S.A .
3B +
— SR s STTM
g5 - +
s

Orajel engedélyezés, orajel kapuzas
Kapuzott orajelek helyett hasznaljunk Clock Enable bemenetet.
SGATECLOCK <= sCLK and sA and sB;

D REG : process (sGATECLOCK)
begin
if (sGATECLOCK' event and sGATECLOCK = '1') then
sQ <= sD;
end 1f;
end process;



VHDL alapismeretek

Jegyzet

46. lap

dr. Zigé Tamds 2010

SCLOCKENABLE <= sA and sB;

D REG : process (sCLK)

begin
iIf (sCLK' event and sCLK = '1') then
if (sCLOCKENABLE = '1') then
sQ <= sD;
end if;
end if;

end process;

RTL (Register Transfer Level)

pCLK C
A OT—pR1
pINO ——C O— pD1-C] |
| | : @==D O—> PQN
pINX ——) S pDN-C)
I
-
-
& [”
entity cCounterRTL 1S
Port ( pCLK In STD LOGIC;
PRESET in STD LOGIC;
pLOAD In STD LOGIC;
PDATAIN in STD LOGIC VECTOR (7 downto 0)

pDATAOUT : out STD LOGIC VECTOR (7 downto 0));
end cCounterRTL;
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architecture RTL of cCounterRTL IS

signal sLOAD,sRESET : STD LOGIC;
signal sDATAIN : STD LOGIC_VECTOR (7 downto O0);

signal sDATAD : STD LOGIC VECTOR (7 downto 0);
signal sDATAQ : STD LOGIC VECTOR (7 downto O0);

begin
sLOAD <= pLOAD;
SRESET <= pRESET;
sDATAIN <= pDATAIN;
pDATAOUT <= sDATAQ;

DOPROC : process (pCLK,sRESET)

begin
iIT (pRESET = '1') then
sDATAQ <= "(00000000™";
elsif (pCLK' event and pCLK = '1') then
sDATAQ <= sDATAD;
end 1f;

end process;

LOGICPROC : process (sRESET,sDATAIN,sLOAD,sDATAQ)

begin
if (sRESET = '1'") then
sDATAD <= "00000000";
elsift (sLoAD = '1') then

SDATAD <= sDATAIN;
elsift (sDATAQ = "00000111") then -- 7

sDATAD <= "(00010000"; -- 16
elsif (sDATAQ = "01011011") then -- 91

sDATAD <= "10001000"; -- 136
else

sDATAD <= sDATAQ + 1;
end if;

end process;

end RTL;
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Xilinx FPGA eszk6zok hardver elemei

1., Xilinx ISE kérnyezetben valasszuk az Edit menti Language Templates
parancsat. Az FPGA specialis hardver elemeit a VHDL | Device Primitive
Instantiation | FPGA alpontban érhetjik el. Az elemre kattintva az
ablakban megjelenik a példanyositashoz kimasolhaté VHDL kod. A
fordit6 program csak akkor ismeri fel az elemet, ha a modul elején
szerepel az alabbi kényvtarmegadas:

library UNISIM;
use UNISIM.vcomponents.all;

Példa:
BUFGMUX inst : BUFGMUX
port map (
o => 0O, —-— Clock MUX output
I0 => 10, -- ClockO input
I1 => I1, -- Clockl input
S => S —-— Clock select input

) ;

2., Egyes elemek létrehozasahoz és konfiguralasahoz a Xilinx ISE
program grafikus feliiletet is biztosit. Adjunk hozza 1Gj modult a project-
hez a szokott médon, de a modul tipusanak valasszuk az IP (Coregen and
Architecture Wizard)-ot. A kovetkezé ablakban valasszuk ki, milyen
elemet szeretnénk létrehozni (pl. FPGA Features and Design | Clocking |
Single DCM). Ezek utan grafikusan allithatjuk be a DCM modul
parameétereit (portok, frekvencia, stb.). A konfiguralt DCM elem .xaw
kiterjesztésu fajlként adodik a project-hez. A Sources ablakban a fajlra
kattintva megjelennek a modulhoz tartozo feladatok. Példanyositashoz
futtasuk a View HDL Instantiation Template parancsot, €és a megjelend
ablakbol masoljuk ki a megfelel6 kodrészletet. A View HDL Source
paranccsal a modul teljes forraskodjat elérhetjuk. Mindkét parancsnal, a
parancsra jobb egérgombbal kattintva beallithatjuk, hogy VHDL vagy
Verilog nyelven kérjik-e az eredményt.
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Project létrehozasa Xilinx Project Navigator 11.3-al

Inditsuk el a Project Navigator-t, majd valasszuk a File menu New
Project parancsat. Adjuk meg a project nevét (pl. XC3And) és elérési utjat
(munkakoényvtarnak célszeri a project kényvtaron beluli alkényvtarat
megadni), majd allitsuk be a legfelsé szint (Top-Level) tipusat HDL-re.

[ES New Project Wizard |

Create Mew Project
Specify project location and type.

—Enter a name, locations, and comment For the project

Mame: |><C3.ﬁ.nd

Location: I E: % C30emoBoard) < C3andi X C3And

ke

Working Direckary: IE:'\><C3Demu:uBu:uard'l,XCS.ﬁ.nd'l,WDrk'l,XCS.ﬁ.nd

Descripkion:

—Select the tyvpe of top-level source For the project

Top-level source bype:

HDL =

More Info | Mexk = I Cancel |
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Allitsuk be az CPLD vagy FPGA eszkdz paramétereit. XC3 Demo Board
esetén az FPGA tipusa (Xilinx Spartan 3) XC3S400, TQ144-es tokban.
Synthesis Tool-nak valasszuk az XST-t, Preferred Language-nak a VHDL-
t.

= New Project Wizard x|
Device Properties
Specify device and project properties,
— Select the device and design Flow For the project

Fropetty Mame Walue

Product Caktegory General Purpose Ll
Farnily Spartan3 R
Device 35400 =
Package TO144 =
Speed -4 Ll
Top-Lewvel Source Type HDL LI
Swnthesis Tool ¥3T (MHOL verilog) LI
Simulatar Modelsim-XE YHDL =
Preferred Language WHOL R
Property Specification in Project: File Store all values LI
Manual Compile Crder —

Enable Enhanced Design Summary ™2

Enable Message Filkering I

Display Incremental Messages —

Mare Info | < Back | Mk = I Cancel |

Ezt kovetéen a Create New Source ablakot ugorjuk at (a jovében itt
definialhatunk 1Gj modulokat).
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Az Add Existing Sources ablakban adjuk hozza a projecthez az
cXC3And.vhd és az XC3And.ucf fajlokat.

[ New Project Wizard x|

Add Existing Sources
Adding existing sources is optional. Additional sources can be added after the project is created using the "Project-
=Add Source” or "Project- =Add Copy of Source” commands,

—fdd existing sources

Source File Copy ko Project Add Source |
1 [#C3and.ucf
i
2 |c¥C3and. vhd Remone |
3

More Info | < Back | Mext = I Cancel |

A Project Summary ablakban kattintsunk a Finish gombra, majd az
Adding Source Files ablakban az OK gombra.
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E ISE Project Navigator - E:\ XC3DemoBoard' XC3And XC3And" XC3And.xise - [cXC3And.vhd] - Dlﬂ
Eile Edit Wew Project Source Process Tools Window Layout Help :lilil
IDPEHP LD X wa @2 XX2RAIZE0o]lLR[» 2 L[Q
Design +08x = 7 —-* grart daver 07.10.2010 =
[7] | Sowc (S Implemer™ M SimfSehiavic o] 7= & -7 Histary: 00 - Start version
= G TTTREERATERTETEEEETEEAEANETTIATIERTEEEETAEIEIETATITIIISEITRETERAIELE
£| Hierarchy
= ig —--* Notes: -
. [ - 1 AR AR AR R TR R A RA AR R IR AR EAA R AR A AT IR I AR AR RRAS
— - 1z library IEEE:
1 13 use IEEE.3TD_LOGIC 1164.4LL;
o 14 wuse IEEE.3TD_LOGIC ARITH.ALL:
E 15 use IEEE.STD LOGIC UNSIGNED.ALL:
16
17 library UMNISIM:
@ 13 use UNISIM.VComponents.all:
- i9
- 20
— 21 - FORTS
W | Processes: cXC3and - Bshavioral I 22
“n| I Design Summary/Reports 23 entity cXC3ind is
13: .. Design Liilities 24 Port [ pinSWl : in  STD_LOGIC:
Eri: -- User Constraints 25 pin3wz toin STD_LOGIC:
— | = E}O Synthesize - %57 26 pin3WLED : out STD_LOGIC
E”t B34y Implement Design 27 I
= | - B Generate Programming File 25 end cXC3ind:
;’3 Configure Target Device 29
h 30 architecture Behavioral of cEC3And is
31
27 —— STGWATS >
Ll »
Design Files I Libraries { I Design Summary (Programming Fils Generated) ‘ cxC3And. vhd | HC3ARd. uck
Consale 08 x
case, the option listed last will he used. ;I
Process "Generate Programming File™ cowpleted successfully
-
1| | 3
Console I Errors | ‘Warnings I Find in Files Resulks I
Ln19Col1 | ¥HOL v

A programozo fajlok eléallitasa

A design leforditasaval létre kell hozni egy .bit kiterjesztésu fajlt:

e A Hierarchy ablakban legyen kijeldlve a cXC3And — Behavioral... sor.
e A Processes ablakban kattintsunk kétszer a Generating Programming

File sorra.

e Sikeres forditas esetén a Console ablakban a ,Process Generate
Programming File completed successfully” kiiras jelenik meg. A

project kényvtarban létrejon a .bit fajl.

Az igy eléallitott .bit fajl kozvetlenul letéltheté az FPGA-ba, de a platform
flash-be nem. Ehhez az iMPACT programmal generalni kell egy .mcs
kiterjesztésu fajlt a .bit fajlbol. Inditsuk el az Impact programot, vagy
kattintsunk kétszer Processes ablak Configure Target Device soranak

Manage Configuration Project alpontjara.
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.mcs fajl eléallitasa iMPACT-el
Inditsuk el az Impact programot, majd valasszuk a File menti New Project
parancsat. A felbukkano6 ablakban valasszuk a Create a new project

opciot és adjuk meg az Impact project fajl nevét és elérési utjat, majd OK.

€. New iIMPACT Project x|

I wank ko

£~ lnad most recent: project IDemDSW.ipF j Browse, .. I

[ Load most recent project File when iMPACT starks

¥ create a new project {.ipf) |><C3.ﬂ.nd.ipl‘ Browse. .. |
(o] 4 | Cancel |

A kovetkezé ablakban valasszuk a Configure devices using Boundary-
Scan (JTAG) opciot, majd OK.

£, Welcome to iMPACT x|

—Please select an action From the list below

¢ Configure devices using Boundary-Scan (ITAG)

I.ﬁ.ut-:-matically connect ko a cable and identify Boundary-Scan chain ;I
"~ Prepare a PROM File
™ Prepare a System ACE File
™ Prepare a Boundary-Scan File
SWFE x

" Configure devices

using Slave Serial mode :I

|
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Kattintsunk kétszer az iMPACT Flows ablak Create PROM File sorara.

¥. PROM File Formatter

x|
Sfap 1. Select Storage Target Stap 2, Add Storage Device(s) Stap 3, Enter Data
Storage Device Type @ | FROM Family Flatform Flash = General File Detail Value
----- #ilinz FlashfPROM Checksum Fill F
[} Mon-Yolatile FPGA Device (bits) Ixcmzs [z 1] vl Yalue

- Spartan3aM St El d

[z} SP1 Flash Add Storage Device | Remave Storage Device | utpLt Flle Name | XC3An
----- Configure Single FPGA Output File —.
..... Configure MultiBook FPGA e ZM Location CiDemoBoard\XC3andiXC3and) |/

[=} BPI Flash

i Configure Single FPGA

..... Configure MultiBook FPGA FlashfPROM File Property Yalue
----- Configure from Paralleled PROMs = File Farmat MCS =
----- Generic Parallel PROM =S
Add Mon-Configuration Data Files [No I
™ Auto Seleck PROM
Description:
In this step, vou will enter infarmation to assist in setting up and generating a PROM file For the targeted storage device and mode, j
» Checksum Fill ¥alue: When data is insufficient to fill the entire memory of a PROM, the value specified here is used to calculate the checksum of the unused portions.
* Dutput File Name: This allows you ta specify the base name of the file ko which vour PROM data will be written
* Dutput File Location: This alows you to specify the directory in which the file named above will be created LI
2 Eiln Crmrs nbs OO Filer mmm b e sk in e o e =F indebin ok amdaed Frarn ke Demsmdine s e ORI File, s =k @ i 000 e rsese eme s mokook = TEL
0K | Cancel | Help |

Eszkéznek adjuk meg az xcfO2s platform flash-t, és allitsuk be a
kimeneti (programozo) fajl nevét. OK.

A program kérésére adjuk meg annak a .bit fajlnak a nevét, amelybdl az
.mcs fajlt el kivanjuk allitani. Az eléallitashoz az iMPACT Processes

ablakban kattintsunk kétszer a Generate File...

sorra. A muvelet

eredményeként létrejon a platform flash-be letoltheté .mcs kiterjesztésu

allomany.
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Létezd modul hozzaadasa a project-hez

Valasszuk a Project menu Add Source parancsat, majd adjuk meg a

csatolni kivant modul (VHDL fajl, Schematic szimbolum...) elérési utjat.
Uj modul hozzaadasa a project-hez

Valasszuk a Project menu New Source parancsat. A bal oldali listabdl
jeloljuk ki a VHDL Module-t. Adjuk meg a modul nevét (Pl. cMultiComb2),
elérési utjat, majd definialjuk a modul portjait.

UCF fajl modositasa
A Hierarchy ablakban kattintsunk az .ucf fajlra. A Processes ablakban

megjelennek a fajlhoz tartozo muveletek. Szoveges szerkesztéshez
kattintsunk kétszer az Edit Contstrains (Text) sorra.
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A Language Templates
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Valasszuk az Edit menU Language Templates parancsat. Az FPGA
specialis hardver elemeit elérhetjtk a VHDL | Device Primitive
Instantiation | FPGA alpontban.

Az XST (Xilinx Synthesis Tool) lefoglalt szavai

abs configuration impure null rem type
access constant in of report unaffected
after disconnect inertial on returm units
alias downto inout open rol until

all else is or ror use

and elsif label others select variable
architecture | end library ot severity wait
array entity linkage package signal when
assert exit literal port shared while
attribute file loop postponed | sla with
begin for map procedure | sll xXnor
block function mod process sra XOr
body generate nand pure arl

buffer generic new range subtype

bus group next record then

case guarded nor register to

component | if not reject transport
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Feladat

Hozzunk létre 1j projectet, amely egyetlen top-level szinth VHDL
modulbodl és a hozza tartozo .ucf fajlbol all. A project és a modul neve
legyen LEDTopLevel.

LEDTopLevel
LED
pCLKC OPEs
pRESETC "~ pRESETLED

Mukodés:

e Active low reset (pRESET = ’0) hatasara a pLED kimeneti port
nullazodjon, reset alatt a Reset LED vilagitson.

¢ A bemeneti orajel 8 MHz. A modulban hozzunk létre egy 24 bites
szamlalot, amely O-tol szamol felfele, és pontosan fél
masodpercenként nullazodik.

e A LED kimenetek 8 bites szamlaloként viselkedjenek. A szamlalo
értéke fél masodpercenként inkrementalodjon.

e A pRESET bemeneti porton legyen aktiv felhuzo ellenallas (ucf-ben).

Kulalak:
e Signal, port stb. elnevezések (s,p + NAGYBETUK)

e Kommentek (fejléc, tagolas, egyéni kommentek)
e Bekezdések (process — begin - end process, if — else — end if)
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-- Company: ByteStudio Bt.
-- Engineer: dr. Taméds Zigbd

-- Module Name: LEDTopLevel - Behavioral
-- Project Name: LEDTopLevel

-- Target Devices: XC35400

-- Additional Comments: -

entity cNumCheck is
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Port ( pDATAIN : in STD LOGIC VECTOR (7 downto 0);

pOUT : out STD LOGIC);
end cNumCheck;

architecture Behavioral OofF cNumCheck is

signal sDATAIN : STD LOGIC VECTOR (7 downto 0);

signal soUT : STD LOGIC;
begin
-- WIRES

pOUT <= sOUT;

process (sDATAIN)
begin
if (sDATAIN
sOUT <= '1"';
else
sOUT <= '0"';
end if;
end process;

end Behavioral;

X"73") or (sDATAIN = X"92") or

(sDATAIN > X"A6") then



