[1lporpammmnpoBaHmne FPGA u nx
ncnonb3oBaHue Ans

Tema s
CxeMoTexHUKa rnocnenoBaTernbHbIX
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CurHan CMHXpoHu3auumu

Y10 TaKoe CMHXPOMMITYJIbC U
3a4eM OH HYKeH?
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awenka (latch)

use IEEE.STD LOGIC 1164.ALL;

®ns 100 ns 200 ns 400 ns

ort ( load : in STD_LOGIC;
D =:in STD_LOGIC;

0 —_—ﬁ
- I_ _ -

out STD_LOGIC);
end Latch;
architecture Behavioral of Latch is
signal gq_tmp : std logic := '0';
begid
Process (load, D )
Begin
If (load = '1') then
q_tmp <= D;
End if;
End process;
Q <= gq_tmp;
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library IEEE;

entity Dtrig is

Port ( clk : in STD LOGIC;
D : in STD_LOGIC;
Q : ocut STD_LOGIC);

end Dtrig;
architecture Behavioral of Dtrig is
begin
Process (clk)
Begin
If (rising_edge(clk)) then
Q<=D;
End if;
End process;
end Behavioral;
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D Tpurrep ¢ CUrHanom
pa3peLleHmns

22 library IEEE;

23 use IEEE.STD LOGIC_1164.ALL;

24

25entity DtrigCE is

26 Port ( clk : in STD_LOGIC;

27 D : in STD LOGIC;

28 CE : in STD_LOGIC;

29 Q : out S'I‘D_LOGIC);

30 end DtrigCE;

31

32 architecture Behavioral of DtrigCE is
33 signal Q_tmp : std logic := '0';
34 begin

35

36 Process (clk)

37 Begin

38 If (rising_edge(clk)) then
39 If (CE = '1') then

40 Q_tmp <= D;

41 End if;

42 End if;

43 End process;

44 Q <= Q_tmp;

45

46 end Behavioral;
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D TpUrrep ¢ CUHXPOHHbLIM
cbpocom

library IEEE;
use IEEE.STD LOGIC_1164.ALL;

entity DtrigSReset is N Val
Port ( clk : in STD LOGIC; — —
D : in STD_LOGIC;
reset : in STD LOGIC; 1% d
Q : out STD_LOGIC); 1% q
end DtrigSReset; “; o,
architecture Behavioral cf DtrigSReset is
begin
Process (clk)
Begin

If (rising_edge(clk)) then
If (reset = '1') then
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D TpUrrep ¢ aCMHXPOHHbIM COPOCOM

library IEEE;
use IEEE.STD LOGIC_1164.ALL;
entity DtrigAReset is

Port ( clk : in STD_ LOGIC;

D : in STD_LOGIC;

reset : in STD LOGIC; 1B ;
3 gy rese
Q : out STD_LOGIC): s
end DtrighReset; le dk_peri
architecture Behavioral cf DtrigAReset is
begin
Process (clk, reset)
Begin
If (reset = '1') then
Q<= "'0";
elsif (rising_edge(clk)) then
Q <=D;
End if;

End process;
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T TpUrrep

library IEEE;
use IEEE.STD LOGIC 1164.ALL;

1B ck
entity Ttrig is 1k q
Port ( clk : in STD_LOGIC;
Q : out STD_LOGIC);
end Ttrig;

[\l

rchitecture Behavioral cf Ttrig is
Signal Q_tmp : std logic := '0';
kegin

roccess (clk)

If (rising_edge(clk)) then
Q_tmp <= not Q_tmp;

end Behavioral;
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library IEEE;
use IEEE.STD LOGIC 1164.ALL;

entity EdgeDetect is
Port ( clk : in STD_LOGIC; 1 ak
d : in STD_LOGIC: 1 d

d_knok : out STD_LOGIC): ,é d knok
end EdgeDetect;
architecture Behavioral of EdgeDetect is
Signal d_last : std logic := '0';
begin
Process (clk)
Begin
If (rising_edge(clk)) then
d_last <= d;
d_knok <= d and not d_last ;
End if;
End process;
end Behavioral;



3agaHune

« Co3paTb OETEKTOP crnaaos.
» CospaTb AeTEKTOP PPOHTOB 1 Crados.



COBUroBbIN PErnCTp

22 library IEEE;
3use IEEE.STD LOGIC_1164.ALL;
200 ns 300 ns

ity SReg8 is j" i
Port ( clk : in STD_LOGIC; ]
: in STD_ LOGIC; = 1
) : out STD_LOGIC); e :
end SRege; o [ ososoosc
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If (rising_edge(clk)) then

0

architecture Behavioral of SRegf is 0

Signal S : stcl_lo-gic_vector('." downto 0) 0

3 = (others => '0'"); 0
4 begin

S Process (clk) g

& Begin 0

0

0
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g S(7 downto 1) <= S(6 downto 0);
9 S(0) <= D;

40 End if;

41 nd process;

4

E
Q <= 5(7):
Behavioral;
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COBUroBbIN PETUCTP C
napannenbHOU 3arpy3kou

se IEEE.STD LOGIC_1164.ALL;
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entity SReg8_ParLoad is
Port ( clk : in STD_LOGIC;
D : in STD_LOGIC;
LD : in STD_LOGIC VECTOR (7 downtec 0);
Load : in STD_LOGIC;
Q : out STD_LDGIC);
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1 end SReg8_ParLoad;

- 10101011
33 architecture Behavioral of SRegf8_ Parload is 00000000
34 Signal 5 : std logic wvector(7 downto 0)

35 := (others => '0');
36 begin 0
37 0
38 Process (clk) 0
39 Begin a
40 If (rising_edge(clk)) then 0
41 If (Load = '1') then

42 S <= LD; A
43 else 0
44 S(7 downto 1) <= S(é downtoc 0);

45 5(0) <= D;

48 End if;

47 End if;

48 End process;

43 Q <= 5(7):

50

51 end Behavioral;
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v IEEE;
IEEE.STD LOGIC_1164.ALL;
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entity SReg8_Parfut is
Port ( clk : in STD LOGIC; Name
D : in STD_LOGIC;
Q : out STD_UDGIC_VECTOR (7 downteo 0));
end SReg8_ParOut;
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architecture Behavioral of SReg8_ParQut is
Signal S : std logic wector(7 downto 0)
:= (others => '0');

rocess (clk)
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If (rising_edge(clk)) then
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8 S(7 downto 1) <= S(é downto 0);
9 S(0) <= D;
40 End if;
41 End process;
42 Q<= 5;
43

44 end Behavioral;



3agaHune

« CosgaTtb 8-Mu pas3psiaHbIA COBUTOBbLIV
PErNCTP C CUrHaNoOM pa3peLleHnst Ha
paboTy (CE).

« CosgaTtb 8-Mu paspsiaHbIA COBUTOBbLIV
PEMCTP C NapannenbHOU 3arpy3Kou.

« Co3naTb 8-MU paspsiaHbIv PEBEPCUBHBLIN
COBUIOBbLIN PErnUCTp.
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4-X pa3psagHbIA CHETUUMK

s W

library IEEE;
use IEEE.STD LOGIC 1164.ALL;
use ieee.std logic arith.all;
use ieee.std logic unsigned.all;
entity Counter4 is
Port ( clk : in STD_LOGIC;
Q : out STD_LOGIC VECTOR (3 downto 0));
end Counter4;
architecture Behavioral of Counter4 is
Signal counter : std logic vector(3 downto 0)
:= (othexrs => '0");
begin
Process (clk)
Begin
If (rising edge(clk)) then 1 ak
Counter <= counter + 1; V
End if; & B
End process; jf
Q <= counter; H? @
nd Behavioral; hé,ﬂ]
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4-X pa3psaaHbIA PeEBEPCUBHbLIN
CUYETUYMK

library IEEE;

use IEEE.STD _LOGIC 1164.ALL;

use ieee.std_logic_arith.all;
use ieee.std_logic_unsigned.all;
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entity RevCounterd is
Port ( clk : in STD_LOGIC;
load : in STD_LOGIC;
dl : in STD_LOGIC VECTOR (3 downto 0);

o o

Name Value
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1 CR : out STD_LOGIC); U ik

2 end RevCounterd; 1 10ad

3 1 o

4 architecture Behavioral of RevCounter4 is » B diB:0)

5 Signal counter : std logic vector(3 downto 0) ¥ B2 counter3:0]

6 := (others => "1");

7 beg:
7 begin =

8 Process (clk) Pﬁ [2]

9 Begin lﬂ_u]

=
o

If (rising_edge(clk)) then
41 If (load = '1') then
42 Counter <= dl;
43 Else
44 If (counter /= 0) then
counter <= counter -1 ;
End if;
End if;
End if;
End process;
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CR <= '1' when counter = 0 else '0';
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end Behavioral;

w
(o]



3agaHune

* Co3naTtb ABOUYHO-OECATUYHbIN CYETYMK Ha
4 NecATUYHbIX pa3psaa.

« Co3paTb OeTEKTOP PPOHTA, BbIXOOAHOMU
MMMYIbC KOTOPOro ASNINTCA:
— 2 TAKTa
— 4 TaKTa
— 8 TAKTOB
— MoxeT ObITb B Npeaenax ot 1 4o 16.



KOHTpOnbHbIE BONPOCHI

* B yem pasHunua mexgy AMHaMUYECKNM U
CTaTU4YeCKMM BXOOOM?

* B kaknx cniydaax y RS Tpurrepa
NOABMNAKTCA 3anpeLleHHble COCTOAHUA U
noyemy?

« KakoBO Ha3sHa4yeHune Tpurrepos?

« KakoB npuHUun paboTbl CABUIOBbIX
PErncTpoB?

« Kakmne obrnactun npyuMmeHeHns caBUroBbIX
PErncTpoB?



