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Processes otn VHDL

o [lepiypa@ouv akoAouBiakn ocuuTTEPIPOPA

« EmTpETTOUV TOV OPICUO CUUTTEPIPOPAC TTOU
avaTtrapioTaral QUOKOAQ ATTO TTPAYMATIKO KUKAWUA

« Agv gival TTAVTa OUVOECIUEC

e XpnolyoTtrolouvTal ME TTPOCOXNA 0€ KWOIKA OTOV OTToio Ba
Yivel ouvBeon



PROCESS pe SENSITIVITY LIST

« AioTta atro signals oTa

OTTOia €ival sensitive n o
orocess. label: process*(sensitivity list)

e Orav trpayyatoTroIEiTal
Eva event o€ OTTOIOONTTOTE
aTTO AUTA N process
EVEPYOTTOIEITAL.

e Kabe @opd 1TOU
EVEPYOTTOIEITAI, TPEXEI
oAOKANPN.

« AEN ENITPENONTAI
WAIT statements o¢
process pue SENSITIVITY
LIST.

declaration part
begin
Statement part
end process;

[MapadeiypaTa events:
IF Clock'EVENT

IF rising edge (Clock)



Flip flops & Registers

D Latch

D flip flop
Asynchronous reset
Synchronous reset

Registers

Generic Registers



D latch
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D flip-flop

Graphical symbol
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D latch
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LIBRARY ieee ;
USE ileee.std logic 1l1l64.all ;
ENTITY latch IS PORT (
D, Clock : IN STD LOGIC;
0 : OUT STD LOGIC);
END latch;
ARCHITECTURE behavioral OF latch IS
BEGIN
PROCESS (D, Clock)
BEGIN
IF Clock =
Q <= D ;
END IF
END PROCESS ;

END behavioral;

'l' THEN



D flip-flop

Timing diagram

ty ty t
\ 1 |

LIBRARY ieee ; Clock
USE ileee.std logic 1164.all ; D |
ENTITY flipflop IS Q
PORT (D, Clock : IN STD LOGIC;
Q : OUT STD LOGIC);

END flipflop;

ARCHITECTURE behavioral OF flipflop IS
BEGIN
PROCESS (Clock)
BEGIN
IF Clock'EVENT AND Clock = 'l' THEN
-— IF rising_edge(Clock) THEN
Q <= D ;
END IF ;
END PROCESS ;

END behavioral ;

—> Clock




D flip-flop

LIBRARY ieee ;

USE ileee.std logic 1lo4.all ;
—p

ENTITY flipflop IS Q

PORT (D, Clock : IN STD LOGIC ;

—_— >
0 . OUT STD LOGIC) ; Clock

END flipflop ;

ARCHITECTURE behavioral3 OF flipflop IS
BEGIN
PROCESS
BEGIN
WAIT UNTIL rising edge(Clock) ;
Q <= D ;
END PROCESS ;

END behavioral3 ;



D flip-flop & reset

To onua reset unoeviCer v €€ooo tov flip flop
Y ndpyovv ovo glom reset

e 20YYPOVO

* AcVUyypovo

D Q

> Clock

Resetn




Asychronous vs. Synchronous

210 IF:
« Asynchronous items:

— D Q

« Before the rising_edge(Clock) statement —P> Clock

* Synchronous items:

« After the rising_edge(Clock) statement

ARCHITECTURE behav OF ff ar IS

BEGIN

PROCESS (Resetn, Clock)

BEGIN
IF Resetn = '0' THEN
Q<= "'0"';
ELSIF rising edge (Clock) THEN
Q <= Dy
END IF;

END PROCESS;
END behavioral;

Resetn

1

ARCHITECTURE behav OF ff sr IS
BEGIN
PROCESS (Clock)
BEGIN
IF rising edge (Clock) THEN
IF Resetn = '0' THEN
Q<= "'0";
ELSE
Q <= D;
END IF;
END IF;
END PROCESS;

END behavioral;



8-bit register with asynchronous reset

LIBRARY ieee ;
USE 1leee.std logic 11lo64.all ;

ENTITY reg8 IS PORT (

D : IN STD LOGIC _VECTOR (7 DOWNTO O0);
Resetn, Clock : IN STD LOGIC;
Q : OUT STD_LOGIC _VECTOR (7 DOWNTO 0)) ;
END reg8§;
ARCHITECTURE behavioral OF reg8 IS
BEGIN (L
PROCESS (Resetn, Clock) 8 Resein
BEGIN

IF Resetn = '0' THEN —7L———*D

Q <= "00000000";
ELSIF rising edge (Clock) THEN

Q <= D; ——>Clock
END IF;
END PROCESS; reg8

END behavioral;



Generics

« Eivail integer TipgeG
* [laipvouv uia default Tiun
GENERIC (N : INTEGER :=16) ;

 H Tiyn autn UTTopEi va yivel overwritten étav n
entity xpnoiyoTtroligital cav component
* Eival xpnoiya o€ ouxva XpnoigoTroiouyeva component
« 'Evacg 32-bit register og eva anueio kal Evag 16-bit
register o€ Eva aAAo

* MtTopouue va XpNOIUOTTOINOOUUE TOV idI0 KWOIKA, UE
OIAPOPETIKA dIAPOPPWON



N-bit register with reset

LIBRARY ieee;
USE 1leee.std logic 1164.all;

ENTITY regn IS

GENERIC (N: INTEGER := 16);
PORT (D : IN STD LOGIC VECTOR(N-1 DOWNTO O) ;
Resetn, Clock : IN STD LOGIC ;
Q : OUT STD LOGIC VECTOR(N-1 DOWNTO 0)) ;
END regn;
ARCHITECTURE behavioral OF regn IS
BEGIN
PROCESS (Resetn, Clock) N N
BEGIN Resetn

IF Resetn = '0' THEN —7L———*D Q-7L——*

Q <= (OTHERS => '0') ;
ELSIF rising edge (Clock) THEN

Q <= D ; ——>Clock
END IF ;
END PROCESS ; regn

END behavioral ;

Q: Ti reset £xoupue, oUYXPOVO ) AOUYXPOVO;



2-bit up-counter with clear

LIBRARY ieee ;
USE ieee.std logic 1l64.all ;

USE ieee.std logic_unsigned.all ; Clear %
ENTITY upcount IS PORT ( 1
Clear, Clock: IN STD LOGIC;
0 : OUT STD LOGIC VECTOR (1 DOWNTO 0)) ; upcount
END upcount;
——NClock
ARCHITECTURE behavioral OF upcount IS
SIGNAL Count: std logic_vector (1 DOWNTO O0) ;
BEGIN
upcount: PROCESS (Clock)
BEGIN
IF rising edge(Clock) THEN
IF Clear = 'l' THEN
Count <= "00" ; Q1: Ti clear €xoupe, oUyXpPOVO 1] aOUYXPOVO;
ELSE

Count <= Count + 1 ;

END IF Q3: Ti TTPETTEI VO KAVOUUE VIQ VA EEKIVAOEL

END IF; va AEITOUpPVEI;
END PROCESS;

Q2: MNola akoAouBia guavieTal oTnv £¢0d0;

Q <= Count; Q4: Ti Ba £mrpeTre va aAAACOUPE OTOV KWAIKA
END behavioral; av BEAape va JeTpAEl avaTroda;



3-bit up counter with step =3

@£ANoupue va UNOTTOINOOUME KUKAWMPA TTOU VO PMETPAEI WG EENC:
000, 011, 110, 001, 100, 111, 010, 101, 000...

ENTITY count IS PORT (

Clear, Clock: IN STD LOGIC;

Q : OUT STD LOGIC VECTOR (2 DOWNTO 0))
END upcount;

ARCHITECTURE behavioral OF upcount IS
SIGNAL Count: std logic vector (2 DOWNTO O0) ;
BEGIN
PROCESS (Clock)
BEGIN
IF rising edge (Clock) THEN
IF Clear = 'l' THEN
Count <= "000" ;
ELSE
> Count <= Count + 3 ;
END IF ;
count END IF;
END PROCESS;
——9NClock Q <= Count;
END behavioral;

Clear

\\u




3-bit up/down counter with clear

@€ANoupE va UNOTTOINOOUME KUKAWMPA TTOU JTTOPEI VA JETPAEI KAl TTPOC TA TTAVW KAl
TTPOG Ta KATW. Oa £€xoupue €va emITTAEOV orua up_down

ENTITY count IS PORT (

Clear, Clock, U _D: IN STD LOGIC;

Q : OUT STD LOGIC VECTOR (2 DOWNTO 0Q));
END count;

ARCHITECTURE behavioral OF count IS
SIGNAL Count: std logic vector (2 DOWNTO O0) ;

BEGIN
PROCESS (Clock)
BEGIN
IF rising edge (Clock) THEN
IF Clear = '1l' THEN

Count <= "000";
ELSTIF U_D = ‘1’ THEN

Clear ? Count <= Count + 1;
— u d QF—F— ELSE
u_ Count <= Count - 1;
count END IF ;
END IF';
END PROCESS;
>CIOCk QO <= Count;

END behavioral;



PROCESS (Clock) 3-bit up/down counter with clear

BEGIN
IF rising edge(Clock) THEN
IF Clear = 'l' THEN Count <= "000";
ELSIF U D = ‘17 THEN Count <= Count + 1;

ELSE Count <= Count - 1; , , , . , .
° - Q1: MNati oTa TPWTA 100 ps To OAPG ££650U gival KOKKIVO;

END IF;
END IF; Q2: Nari n €¢0do¢ ueEvel yia duo KUkAoug aTo 0;
END PROCESS; ]
0 <= Count; Q3: Pixvw 10 ofua u_d oto 1400. MNaTi n £€£€0d0¢

QUCAVEI yIa Eva KUKAO Kal HETA apXilel va PEIWVETAL;

“ CERRA g e F wplAHRAL BPAB-T TN J fOf 7| & J Lajout Simalate vl
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Shift register

Q(3) Q(2) Q(1)
Sin
D Q D Q D 0 D
> > > >
Clock
L L ] o
Fnable
L L ]

Q1: Ndéool kukAol xpeidlovTal yia va eoptwbouv Ta flip flop;
Q2: Ti Tiun TTpETTEl va €XEl To enable;

Q3: OewpnoTe TIC aKOAOUBEC TINEC Yia TIC e106d0ou¢ Sin, Enable.

Sin: 11010101010
En : 11101011010

[Moieg o1 £¢odol Twv flip flop yia autoug Toug 11 KUKAOUG
Ocwpnorte ot 1a flip flop éxouv apxikd Tnv TIPA 0.



Shift Register With Parallel Load

Load

Q: OewpnoTe OTI . -
* apxIka ol TiuéEG Twv flip flop i D(2)
gival O kai oTl _l«

* ol gicodol D(3:0) £xouv OAeg e
oT1aBepd TNV TIPA 1

¢ OewpnoTe akouN TIG Clock
OKOAOUBEG TIPEG yIa Ta Sin,
Enable, Load.

Enable

Sin: 11010101010
En : 11101011010 0(3)
Ld : 10110101011

[Moieg o1 £€odol Twv flip flop yia auToug Toug 11 KUKAOUG




4-bit shift register with —~=~1~! 1ood 12
ARCHITECTURE behavioral OF shiftd4 IS EIVGI OAG KGAG;

SIGNAL Qt : STD LOGIC VECTOR (3 DOWNTC v,
BEGIN Load °
PROCESS (Clock) - 1
BEGIN i D(2) D(1) D(0)
IF rising edge (Clock) THEN J‘ J‘ I
IF Load = '1' THEN D 0 D 0 D 0 D ©
Qt <= D ;
ELSIF Enable = ‘1’ THEN e 4 2 2 2
Qt(0) <= 0ot (1);
Qt (1) <= Qt(2);
Qt(2) <= Qt(3); N
Qt (3) <= Sin;
END IE 0(3) 2(2) 0(1) 2(0)
END IF ; .
END PROCESS ; LIBRARY leee ;
0 <= Ot; USE ieee.std logic 1l1l64.all ;
END behavioral: ENTITY shift4 IS PORT (
D: IN STD LOGIC VECTOR (3 DOWNTO 0);
Enable: IN STD LOGIC;
4 [Enable] 4 Load: IN STD LOGIC;
_4_*im q—— Sin: IN STD LOGIC;
Sin Clock: IN STD LOGIC;
O 0: OUT STD LOGIC_ VECTOR (3 DOWNTO 0));

END shift4;



N-bit shift register with parallel load (1)

LIBRARY ieee ;
USE ieee.std logic 1l64.all ;

ENTITY shiftn IS
GENERIC ( N : INTEGER := 8 ) ;
PORT ( D : IN STD LOGIC VECTOR(N-1 DOWNTO 0) ;
Enable : IN  STD LOGIC ;

Load : IN  STD LOGIC ;
Sin : IN  STD LOGIC ;
Clock : IN  STD LOGIC ;
Q : OUT STD LOGIC VECTOR(N-1 DOWNTO 0) ) ;

END shiftn ;

N Enable N
—+—D Q—+—

——l.oad
—Sin

A’P Clock

shiftn




N-bit shift register with parallel load (2)

ARCHITECTURE behavioral OF shiftn IS

SIGNAL Qt: STD LOGIC_ VECTOR (N-1 DOWNTO O0) ;

BEGIN
PROCESS (Clock)
BEGIN
IF rising edge (Clock) THEN
IF Load = '1' THEN
Qt <= D ;
ELSIF Enable = ‘1’ THEN

Genbits: FOR i IN 0 TO N-2 LOOP
Qt (i) <= Qt(i+l1l) ;
END LOOP ;
Qt (N-1) <= Sin ;
END IF;
END TIF ;
END PROCESS ;
QO <= Qt;
END behavioral;

N Enable
—+—{p Q—+—
— Load
—Sin
shiftn

4>|> Clock




