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Zakladni kroky navrhu obvodu

 Popis
— vytvoreni modelu obvodu

e Simulace

— Vstupni hodnoty jsou privedeny na vstupy
modelu

— Kontrola spravnosti vystupnich hodnot
— Uspora penéz pfi ladéni navrhu pomoci simulace
e Syntéza

— Transformace HDL kodu do netlistu (seznam
hradel a jejich propojeni)

e Preklad

— netlist je transformovan pro konkrétni technologii



Popis obvodu
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Simulace - Testbench

Testbench

Design under
Verification

Testbench vytvafi virtualni svét testovanému obvodu.
Vstupni stimuly —vystupni odezvy
Vstupni testovaci vektory —vystupni data



Logicky simulator

BEGIN CIRCUIT=TEST
INPUT SET_A, SET-B,
DATA, CLOCK,
CLEAR_A, CLEAR_B;
OUTPUT Q, N_Q;
WIRE  SET, N_DATA, CLEAR;

GATE G1=NAND (IN1=SET_A,
IN2=SET_B,
OUT1=SET);
GATE G2=NOT  (IN1=DATA,
OUT1=N_DATA);
GATE G3=OR  (IN1=CLEAR_A,
IN2=CLEAR_B,
OUT1=CLEAR) ;
GATE G4=DFF (IN1=SET, IN2=

IN3=CLOCK, IN4=CLEAR,
0uT1=Q, OUT2=N_Q); cc
END CIRCUIT=TEST; s s c Ié Ié B c
EEDLAA DL
TTAORR SAE N
TC ETA _
A K TAR QQ
= LO iC 0111000;()()_()—(_)_(
Textual gate-level netlist g 5111900 x0x xx
500111100 000 XX
S' 520111100 000 01
ImUIator 1000111000 000 01
15001 10000 000 01
1505110000 010 01
2000110100 010 01
cc 2020110100 010 10
LL 2500 110101 010 10
ss CEE 2510110101 011 10
EEDLAA 2530110101 011 01
TTAORR
__TC__
INEABAKAB
11100_6 ;S&_}t_up -
11900 1A e Textual (tabular) results file
110000 ; .
100EY heem (stimulus and response)

Textual (tabular) stimulus



Postup navrhu ASIC

Register Gate-level
transfer level netlist

Place-and-
Route

RTL Synthesis

Logic
Simulator

RTL functional Gate-level functional
verification verification
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Circuit netlist Timing Constraints

i Constraint Editor
Electronic Design Native g _

Interchange Format Cons_tlraint
ile

User Constraint File

Translation

Native Generic Database file

ECE 449 — Computer Design Lab
George Mason University



Vyhody HDL jazyku

» Jazyky popisujici hardware (Hardware
Description Language HDL):

— dovoli navrhari specifikovat pouze logickou
funkecl.

— Z HDL navrhovy system syntetizuje
optimalizované zapojeni hradel.

— Popis pomoci HDL je univerzalni, nezavisi na
realizacni platforme (ASIC, hradlové pole,
FPGA, PLD).

o VétSina navrhovych systému vychazi z popisu
obvodu pomoci HDL



Popis systému zalozeny na HDL

 Umoznuje rychlejsi zadani slozitych
obvodu
e Zrychluje simulaci

Postupné se HDL vyviji tak, ze logicka
syntéza je nahrazovana syntézou berouci
ohled na architekturu obvodu



Sdileni zdroju

itT (B > 0)
then Y = A + B;
else Y = A + C;
end i1f;
Resource Resource
Sharing = ON Sharing = OFF
A
B Y
Y
C —
Total LUTs = 32 Total LUTs = 64

Clock frequency = 87.7 MHz Clock frequency = 133.3 MHz (+52%!)



HDL

Verilog

— Vyvinut v roce 1984 Gateway Design Automation
— |IEEE standard (1364) v roce 1995,standard IEEE 1800 v roce 2009

VHDL

— Vyvinut v roce 1981 Department of Defense, USA
— |IEEE standard (1076) v rocel987, revize 2008

System Verilog
— Vyvinut v roce 2002
— |EEE standard (1800) v roce 2005

System C
— Vyvinut v roce 1999
— |EEE standard (1666) v roce 2005

VétSina navrhu obvodu je provadéna pomoci Verilogu nebo VHDL






Entita a architektura

* Entita - ,Cerna skfinka“ se vstupy a vystupy (obdoba grafického
symbolu)

Entita nepopisuje chovani modulu (nedefinuje funkci)

o Architektura - urCuje chovani entit

telo architektury ma dvé cCasti:

— deklaracni ¢ast (napf. definice signall)

— pfikazova Cast (uzavieno do begin - end )
architektura musi byt spojena se specifikovanou entitou
rozdilné architektury definuji rozdilné pohledy na entity
ke kazdé entité |ze definovat vice architektur



Entita a architektura

use IEEE;
use IEEE.std _logic _1164.all;

entity AND2 _OP is

port(
A, B: 1n std _logic;
Z - out std _logic);

end AND2 OP;

architecture MODEL of AND2_OP 1is
begin

Z <= A and B;
end MODEL;




Pfikazy VHDL

Deklarace:
— definice konstant, typu, sequential
Objektlj ! oncurent statement 1
o , [ statement 1 +
Soucasné (concurrent,

dataflow) prikazy

at sequential
concurre .
[ statement 2 ]—b Slgnals statement 2

— popis kombinacnich

Y

obvodu

concurrent i
sequential
[ statement 3 statement 3

Sekvencéni (sequential,
behavioral) prikazy: '
— if, case, loop, next, wait ...

VHDL code +



VHDL navrhove styly

VHDL styly-..
navrhu
dataflow structural behavioral
. soucasné Prvky a jejich Sekvenéni prikazy
s pfikazy propojeni - Registry

. Stévove automaty

W u L abh &l

o TestovaC| budici soubory

Podmnozma pfikazu vhodnych pro
syntézu



Priklad: XOR3

o

__>Result



Entity (XOR3 Gate)

entity XOR3 1s
port(
A - 1In STD LOGIC;
B - 1n STD LOGIC;
C - 1n STD LOGIC;
RESULT : out STD LOGIC
);
end XOR3;



Dataflow Architektura XOR3 hradlo

architecture XOR3_DATAFLOW of XOR3 is
signal U1 _OUT: STD_LOGIC,;
begin
Ul OUT<=AXxor B;
RESULT<=U1l OUT xor C;
end XOR3 _DATAFLOW,;

XOR3
A [O——

B D—»—)D - D_L)D—’—DResult

Ul out

DalSi dataflow operatory: not, and, or, xor, nand,nor



Dataflow popis

* Popisuje , jak se data presouvaji v
systemu

» Dataflow popis pouziva serii soucasnych
prikazu pro realizaci logickych funkci.
Vsechny prikazy jsou vyhodnoceny v
jeden okamzik, nezalezi tedy na jejich
poradi.

* Je uziteCny, kdyz je mozné logiku obvodu
representovat Boolovskymi rovnicemi.



Strukturni architektura

hradla XOR3

architecture XOR3_STRUCTURAL of XOR3 is

signal Ul _OUT : STD_LOGIC;

component XOR2 is
port(
I1 : in STD_LOGIC;
I2 : in STD_LOGIC;
Y : out STD_LOGIC
)

end component;

begin
Ul : XOR2
port map(Il1 => A,
12 => B,
Y => Ul OUT);

U2 : XOR2
port map(I1 => Ul_OUT,
I2 => C,
Y => RESULT);
end XOR3_STRUCTURAL;

2 Y

XOR2

XOR3 — RESULT

UL QUT

KMW RESUL

Co —

XOR3



Prace s vektory

library IEEE;
use IEEE.STD_LOGIC_1164.all;

entity inv is

port(a : in STD_LOGIC VECTOR(3 downto 9);
y : out STD LOGIC VECTOR(3 downto 9));

end;

architecture synth of inv is

begin

y <= not aj;

end;

a[3:0] 130 II..;- 301 !IEI:'I.-—



podminéné prifazeni signalu
— vicebitova vyhybka

library IEEE;
use IEEE.STD_LOGIC_1164.all;

entity mux2 is

port(
do, d1 : in STD _LOGIC_VECTOR(3 downto 0);
S : in STD_LOGIC;
y : out STD LOGIC VECTOR(3 downto 0)
)
end;

architecture synth of mux2 is

begin
y <= d1 when s=‘1° else do; E;:::::; =
end; . [3:0]
d0[3:0] 0 20

B




Multiplexor

library IEEE;
use IEEE.STD_LOGIC_1164.all;

entity mux4 is

port(
do, di, d2, d3 : in STD_LOGIC_VECTOR(3 downto 0);
S : in STD_LOGIC_VECTOR(1 downto 9); .
y : out STD_LOGIC_VECTOR(3 downto 0)); ED*_
end; uni_s_2
architecture synthl of mux4 is [daf3:0]
begin BN
y <= do when s = "@0" %t[:> .

- n n [3:0] '
else d1 when s = "01 unt s 3 d LB oo~
else d2 when s = "10" EXIH

d1[3:0] —d
else d3; d2(3:0] e
end; do[3:0] o
uni_s 4
[0]

uni_s 5
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Operatory — priority
provadeéeni operaci

Op Meaning

not NOT

*, /, mod MUL, DIV, MOD, REM
rem

+, - PLUS, MINUS

rol, ror, Rotarte,

sr1, s11 Shift logical

<, K=, 2, 2=

Relatnve Comparison

=, /= Equality Comparison
and, or, Logical Operations
nand, nor,

Xor, xnor




Pouziti hodinového signalu v
sekvencnim prikazu

process (hodinovy_signal) -- pouzitim citlivych proménnych
begin
if (podminka_hrany_hod_signalu) then
vystupni_signal <= vstupni signal;
.. dalsi sekvencni prikazy ..
end if;
end process;

process

begin

wait on (hodinovy_signdl) until (specifikace_hrany)
vystupni_signal <= vstupni signal;
.. dalsi sekvencni prikazy ..

end process;



Vice procesu

Entity Declaration

@S Process

@S Process

@S Process

Architecture

~
7

Concurrent



DFF

architecture synth of flop is architecture asynchronous of flop is
begin
begin process(clk, reset)
process(clk) begin
begin if reset then
if rising_edge(clk) then q <= "0000";
q <= d; elsif rising_edge(clk) then
end if; q <= d;
end process; end if;
end; end process;
end;

W S clk >
. . 3:0 3.0
B S0 0 e > [00) B oo oo o

reset —




Posuvny registr

library IEEE;
use IEEE.STD_LOGIC_1164.all;

entity sync is
port(clk : in STD LOGIC;
d : in STD_LOGIC;
q : out STD_LOGIC);
end;

architecture good of sync is

signal nl : STD_LOGIC; _TEH“%
C

begin
process(clk) 'Eifg;
begin

if rising_edge(clk) then

nl <= d;
q <= nl;
end if;

end process;
end;

D Q

D Q




library IEEE; d eko d ér

use IEEE.STD_LOGIC_1164.all;
entity decoder3_8 is
port(
a : in STD_LOGIC_VECTOR(2 downto 9);
y : out STD_LOGIC_VECTOR(7 downto 0)
)

end;

architecture synth of decoder3 8 is

begin
process(a)
begin
case a is
when "000" => y <= "00000001";
when "001" => y <= "00000010";
when "010" => y <= "00000100";
when "011" => y <= "00001000";
when "100" => y <= "00010000";
when "101" => y <= "00100000";
when "110" => y <= "01000000";
when "111" => y <= "10000000" ;
when others => y <= "XXXXXXXX";
end case;
end process;
end;

[alz:0] [2:0]
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Navrh automatu

library IEEE;
use IEEE.STD_LOGIC 1164.all;
entity divideby3FSM is

port(
clk, reset : in STD_LOGIC;
y : out STD_LOGIC);
end;

architecture synth of divideby3FSM is
type statetype is (S@, S1, S2);
signal state, nextstate : statetype;
begin
--state register
process(clk, reset)
begin
if reset = '1' then
state <= S9@;
elsif rising_edge(clk) then
state <= nextstate;
end if;
end process;

--next state logic
nextstate <= S1 when state = SO
else S2 when state = S1
else So;
--output logic
y <= '1' when state = SO else
end;

clk =

reset e

statemachine

C
= Q[2:0]

state[2:0]

N

e e e e



Rozpoznani vzorku — Mealy automat

library IEEE;
use IEEE.STD_LOGIC_1164.all;

entity patternMealy is

port(
clk, reset : in STD_LOGIC;
a : in STD_LOGIC;
y : out STD_LOGIC
)
end;

architecture synth of patternMealy is
type statetype is (S@, S1);
signal state, nextstate : statetype;
begin
--state register
process(clk, reset)
begin
if reset = '1' then
state <= S0,
elsif rising_edge(clk) then
state <= nextstate;
end if;
end process;

--next state logic
process(a, state)
begin
case state is
when SO =>
if a = '1' then
nextstate <= SO,
else
nextstate <= SI1;
end if;
when S1 =»
if a = '1' then
nextstate <= SO,
else
nextstate <= S1;
end if;
when others =>
nextstate <= SO@;
end case;
end process;

--output logic
y <= '1" when (a = '1' and state

else '9’;

end;

s1)



Syntetizovany obvod

a—Do—- — Tbjo) Qo _:D—‘—E}

Nextstate R y

| State
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