NMOC/IEAOBATEJ/IbBHOCTHAA

JleKunoHHOEe 3aHAaTnE
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Perncrpsbl

Peructp — 3TO 371eMeHT noc/iefoBaTe/lbHOU  JIOTUKW, KOTOpPbIU
«3arMoMmnHaeT» npeabiayLlee COCTOAHNE Ha CBOEM BXO/eE.

CurHanbl, 3HauyeHMs KOTOPbIM MPUCBOEHbI B onepatopax always
COXPaHAIT CBOE COCTOfIHME, MOKa He CAyunTca cobbiTme M3 Cnucka

YyBCTBUTEZIBHOCTU ONnepatopa, npmeojaiee K USMEHEHNHO X 3HAYEHUA.

module flop( Y Tpurrepa B cnncke 4yBCTBUTENBHOCTHU
input  logic  clk, ecTb TONbKO curHan clk, n notomy Tpurrep
input  logic [3:0] d, XPaHWUT CTapoe 3HaveHue g 40
output logic [3:0] q); cneayrouiero nepeaHero ¢poHrta clk, aaxe

always ff @(posedge clk) eC/In BXOAHOW curHan d nameHuncs

q <= d; paHbLue.

endmodule




Perncrpsbl

A3bIK oNMcaHma annapatypobl
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Onepatop q <= d BbINOJHAETCS, KOrga CayyaeTca cobbiTue, 3alaHHOE B

CNUCKEe YYBCTBUTENbHOCTU. Tpurrep konupyetr d B g MO nepegHemy

$POHTY TAakTOBOrO CMrHasa, a B OCTaJlbHOE BPEMS 3HAUYEHWEe ( OCTaeTCH

HEN3MEHHbIM.

module flop(
input  logic  clk,
input  logic [3:0] d,

output logic [3:0] q);

always ff @(posedge clk)

q<=d;

endmodule

Ana cosgaHua Tpurrepos, 3aLlenok
ncnonb3yeTca onepatopsbl always nan

always ff.



module flopr(
input
input
input
output

logic clk,
logic reset,
logic [3:0] d,

logic [3:0] q);

// aCMHXPOHHbIN C6pPOC

always ff @(posedge clk, posedge reset)

if (reset)

else
endmodule
module flopr(
input
input
input
output

q<=4" b0;

q<=d;

logic clk,
logic
logic [3:0] d,
logic [3:0] q);

reset,

// CMHXPOHHBIN cbpoC

always ff @(posedge clk)

if (reset)

else

endmodule

g <=4" b0;
q<=d;

A3bIK oNMcaHma annapatypobl
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Perncrpbl co cbpocom

ichnonb3oBaHWe perncTpoB co
cbpocom, JaéT BO3MOXKXHOCTb MPUBECTM
cucTemy B NpegonpesaeneHHoe
COCTOfIHMeE.

Cbpoc 6bIBaeT CUHXPOHHBIM
(cbpacbiBaeT BbIXOAHOW CUIHAN TONbKO
no cnegyrowemy nepeaHemMy GpPOHTY
TakKTa) NI aCUHXPOHHbLIM (MPOUCXOANT
HeMeANEeHHO).

CurHanbl B CNmMcKe YyBCTBUTENbHOCTU
onepartopa always pa3genarorca 3anatou

N1 C10BOM OfF.
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input logic clk,
nput  logic  reset, Perncrpsbl co cbpocom
input logic [3:0] d,
output  logic [3:0] g); Y Tpurrepa ¢ acCMHXpPOHHbIM COpOCOM
PR @5 PO B CMUCKE YyBCTBUTE/IbHOCTY
always ff @(posedge clk, posedge reset)
if (reset) g <=4" bO;
lse q<=d; Y Tpurrepa ¢ CMHXPOHHbIM COPOCOM

NpUCYTCTBYeT posedge reset.

endmodule 3TOro curHana Hert. Tpurrep ¢

module flopr(
. _ aCUHXPOHHBLIM COpOCOM pearnpyet Ha
input logic clk,

input logic e nepeaHNU GPOHT reset HeMeANEHHO, a C

input  logic [3:0] d, CUHXPOHHbLIM — TONbKO MO NnepeaHemMy

output  logic [3:0] q); ¢pOHTy TaKTa.

// CMHXPOHHBIN cbpoC

always ff @(posedge clk)
if (reset) q <=4" bO;

else q<=d;

endmodule
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Perncrpbi co cbpocom

- .

k _~ BUlE [3:0]

d[3:0] - e— D[3:0] Q[3:0] —— q[3:0] —
R

reset > .

a)

—

clk < B[ 3:0]
d[3:0] = o—{ D[3:0] Q[3:0] F—e—— q[3:0] —
reset . R

b)

CunHTe3npoBaHHas cxema moayns flopr
(@) C aCMHXPOHHbLIM COpPOCOM,
(b) ¢ CMHXPOHHBIM cOpoCcoMm
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Perncrpbl ¢ cMrHazI0M paspeLueHuns

module flopenr( Perncrpbl ¢ curHanom
input  logic  clk, paspelueHuns pearmpytoT Ha
input  logic  reset, TaKTOBbIVN MMIYJ/IbC TOJABKO NPW
input  logic  en, yCNOBUM NOAaYM aKTUBHOTO

input  logic [3:0] d, YPOBHS Ha BXOJ, pa3peLueHuns en.
output logic [3:0] q);

// aCMHXPOHHbIN cHpOC

always ff @(posedge clk, posedge reset)
if (reset) g <=4" b0;

else if (en) q <=d;

endmodule

PETICTP C YC/TOBVEM N CBPOCOM
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Perncrpbl ¢ curHanom paspelleHus

k__— [330] [3:0]

D[3:0] Q[3:0]

q[3:0]

o
=
]

.

CuHTe3npoBaHHasa cxema moayns flopenr
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'pynnbl perncrpos

CUHXPOHM3ATOP — 3TO YCTPOWMCTBO, Ha BXOA KOTOPOro rmnocTynaet

aCUHXPOHHbIV curHan D n TakTtoBbI curHan CLK.

module sync( 3a orpaHM4YeHHoe BpeMs OH
input  logic dopMuMpyeT BbIXOZHOW CUTHAI,
input  logic KOTOPbIV C OYEHb BbICOKOW
output logic ; BEPOATHOCTbIO UMeeT
logic ni; KOPPEKTHbIVN IOrNYeCcKnm
always ff @(posedge clk) begin YPOBEHb.
n1 <= d; // HeBnokumpytrowmi CLK CLK

| |
g <= n1; // Hebnokmpyrowmi 5 N1

end

endmodule

Cxema CMHXpoHM3aTopa

CNHXPOHW3ATOP



'pynnbl perncrpos

module sync(

input logic
input logic
output logic
logic
always ff @(posedge clk) begin
n1 <= d; // HebrokupytoL it
g <= n1; // Hebaokumpytowmi
end

endmodule

CNHXPOHW3ATOP

A3bIK oNMcaHma annapatypobl
SystemVerilog

Mo nepegHemy dpoHTy clk, d
Kornunpyetca B N1, n B TO Xe

Bpemsa nlkonupyeTca B q.

KoHcTpykumsa begin/end
obpamaset rpynny u3
HECKOJIbKMX OrnepaTopos,
HaxOoAALLMXCA BHYTPM ornepaTopa

always.
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'pynnbl perucrpos

clk > —> D L e D> D
T —] Ql—T>
nl qg

CnHTE3NpPOBAHHaA CXxeMa MOAYAA sync

11
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