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Yriaypdonon tng StdleEng

m Xtorela akolovbiakng oyedlaong ue Verilog HDL

Alota evouchnclog kol akLoITVEOSHTNGN
Flip-flop kaw pavSoadwtés
Blocking kot nonblocking avabéceig ge Aok always

m ITogadeiyuata oyedioong aroAovOK®OV KUKAOUAT®V

To flip-flop TVITOUL D

O D yavSaAntig

flip-flop t¥ToUv JK ko T

Kataywentng

Amabuntig mdvo/kdte (up-down counter)

Koataywentig olicOnong

AgtaBuntic yia to guetnua BCD (Binary-Coded Decimal)
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ALOUPOQRES UETAEY TV TTEQLYQAP®WV GUVEVOGTIKMOV KL
OKOAOVOLOK®OV KUKA®UATOV

B ZuvduaoTikG KURA®OUATO
B Agv €veQYOTTOLOVVTAL ATTO OKULOTTVEOIITNGN EEMTEQLKOV
GALOTOS OAAG wévo agtd T aldayés atn GTdbun Twv
onudtwv eleédou
m H Aertovgyla Toug Sev emnpedcetal amd To chga QoAoyLov
B AxoAOUOLOKA KUKRAGUATO
m Evepyottolovvtan katd tn JeTiki 1 agvntiki
OKUOTTVEO3HTNGN TOV EOAOYLOV
m X1n AMota evoucOncioc eppaviceton uovo to Gripa QOAoyLov
KO TIOOVOS KoL €val Grua eItavoatoTtobétnong (reset)
B Mirogel va sreprlaufdvouv GuvBuaGTIKL AOYIKA N oTtoio
TTAQAYEL ATTOTEAEGUATO VL0l EYYQAPNR GE KATAYWENTES
(flip-flop)
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Baoikd otoueion axkoAovBlakng Aoyikig: MaviaAwTég
kol katoywentés (flip-flop)

Mavdaiwtnig (latch): astokoion ue Kartaxwentng (register):
evoucnoia ematédov (level-sensitive) aKuoTTVEOSGTNTO GToLKElD
Agtobnkevel Sedouéva Tr.). dTAV TO (edge-triggered)

ohua clk givon 6e vpni oTddun Agrobnkevel deSoyéva Tr.y. KATA TRV

aveEyduevn okun Tou QOAoYLoU

—Ip o}
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Xnuota goAoyot ko flip-flop

m Ta crigata goAoylov dev elvor TuTikd cAgata elGédov Ge
€val VTTORUKA WU

B Awadidovtar uéga amd to diktuo Siddoong poAoylov (clock
distribution network)

m Xpetdcovton ki kKoAwSinon yio tn diddoon Toug Ge
ATTOLOKQEUGUEVO onueio Tou oAokAnQwuévou, dioebdvovtag
TUYOV aveTILOVUNTES XQEOVIKEG KABUGTEQNGELS

® Aev xpnowoItolovUe TO GAULATO QOAOYLOU GE AOYIKEG
ekPEACELS

B Avti avtol TteocBétouye pia elGodo evepyoTtoinong
poAoyoV (clock enable) gto flip-flop

B ATt6 toug yvwatoug tuTtoug flip-flop (RS, JK, T, D) otig
TeQLOGOTERES GYedLdoels xonaomoteltolr o TTog D

B Y& 0QLoUEVEG OXedLAoElS eLELBIKEVUEVMV UETENTMOV
yoncotototvton ta flip-flop JK kan T
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Alcta evancgOnclog (sensitivity list)

m H AMota evawebnoiag amotedel katdAoyo eL068wV Kol EGOTEQIRDOV
onUdTOV Yo LETOBOAES TwV oTtolwv €va uItAok always uTtoxeeovTal vo
avapével

B Av €youvue TeQLGGOTEQO aTTo €va crpata ¢tn AlgTa, Ta Staxweitovye ue
™ A€en-kAeldt or

el

Av éva oripa gtn Mota yenowottotel akpoTtuEoddtnon, Téte GAd T
VITOAoLTTa TTEETTEL Vo, SNAWOOUV KAl AUTA pe arLoTTULEOdGTNGN

m ITopddeyua 1:

always @(a or b)

begin
if (a != b)
cond = 1’bl;
else
cond = 1'b0;
end

TTopddeyua 2: Peeite to Adbog

always @(a)
if (a == 1’b1)
temp = ~temp;
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Evaitebnoeia emumédov (level sensitivity) kow
akpogTvEodotnon (edge triggering)

m Ot petofoAés Twv onudtmv Tov SnAdvovtal oe uio AloTto evaebnciog
KOL Ol OTTO{EC EVEQYOTTOLOVV TOV VITOAOYIGUS UETAPANTHOV Kol GnUdTOV G
uia always etvan Yo TOTTWOV:

B MetofoAn ematédou (yio cripata emitpeyng/evepyoTroinong kot dedouéva)

B Avepyduevn 1 kateQyouevn okl (yio Gripata oAoylov)

B MavSaAwTAS (eTaBoA eTtimtédon) w O ek@pdoelg posedge kot
always @(en or a) negedge eivar AAHOEIX 6tav
begin éxeL cuuPel uetafoAr (0 — 11 1

if (en == 1’bl) , ,
temp = a; — 0, avticToya) 6o cnya clk
end

i T ta wepuoadtepa epyaieio
guvbeong, Ta GNUATA EKTOS TOU

® TuyxQovIGUSS K¢ TTEOG aveEXSUEVI ki clk kar Tov reset (av vVITAQEXEL)

always @(posedge clk) cuvnbigetanl va TTapadeirovtan
begin 7 7 ,

temp = a: agtd wa Alota evoucOnciag (yia
end arkoAovBiaxés always)
// or
always @(posedge clk)

temp = a;
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EvtoAan WAIT

B Xpnawotroleiton yio tn Sndwon svarcdnailog emiatédov

m ‘Otav yeoncwottoeiton n WAIT, dev yiveton yorion Alotog
svoncOnaciog

B XVvtagn tng WAIT:
wait (<signal_name>) statement;

m ITopddeyuo

always
wait (count_enable) #20 count = count + 1;

m ‘Otav to count_enable yiver 1, n SnAwon count = count
+ 1; exteleltar petd amd 20 time units

m KaBdcov n count_enable magauével gto 1, n count
ovgdvetar katd 1 kdbe 20 t.u.
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Avopopd petagd blocking kow nonblocking avafécewv
ce wlo always (1)

m O avaBéoelg ue tov teleatn = ovoudgovton blocking ko
ERTEAOUVTOL OKOAOVOLOKA

m Edv eivar emtiBuuntd evidg ulag always va emiteéypouye tnv
TTAEAAANAN ekTEAEGN KATIOLWV SNANGE®DY, YENGLULOTIOLOVUE
Tov TeAEGTN <= 0 oTtolog dnAdver uia nonblocking avdbeon

m ITopddewyuo: Tpeig wapdAAndeg avabéaels katd tn Jetikn
okun Tou QOoAoyLov

always @(posedge clock)
begin

regl <= inl;

reg2 <= in2 " in3;

reg3 <= regl; // 01d value of regl
end

i O TeMkég TIwéS Twv regl, reg2, reg3 Sev e€aptovial
aTd Tn GYeTIKNA GelPd Twv avabégewy
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Avopopd petagd blocking kow nonblocking avafécewv
ce wlo always (2)

Nonblocking assignment

always @(posedge clk) begin
a <= in;
b <= a;
c <= b;

end

‘OAeg o1 avabéaelg ekteAovvTon
OKQEBOS TNV (Sl XQOVIKI GTyUi

Ye kdbe avepyduevn okun Tou
oloylov, To a Taigvel Tnv
ITAAIA twn tov in, to b avutiv
TOU a KOl TO C QWTAV Tov b
Bempovue 6Tl ToTwobeTelTON €vag
KOTOYWENTAS LeTd agtd kabe
Snimon

i r;D;D;D;
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Blocking assignment

always @(posedge clk) begin
a in;
b a;
c b;

end

AueGOg VITOAOYIGUAS KAl avdbecn
TOV SEELOV UeAdV

‘Olec o avaBéaelg yivovtal
Sradoykd gty (8o mepiodo
QoAoyLoU

Ocwpovue Tl avtigTotyel e vav
KOTOY®ENTA e TOAAEGS (Bleg
££680vc 11 Ge TOAAOUG

TORAAANAOUG KATAYWENTES

in A B
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Avopopd petagd blocking kow nonblocking avafécewv
e uwlo always (3)

m O blocking avaBéaeis wiropel va dnyuioveyncouv
TTEOPAARATO €AV 0 KOSIKAG TreQLAAUPAVEL TTOAAAITTAG LITAOK
Aoywkng always

m Me 1ig nonblocking avafécelg vITOSNADOVOVTAL EGOTEQIKA
otddia Sroyétevong oe uio always kou £Tol efval xENoyeg
JT.Y. YO TNV TTEQLYQAPN KATAXwENT®OV oAlcBnong

(il Ou blocking avaBécels xENGLOTTOLOVVTAL Yol T
uovieAogroinon GuvduacTik®V UTTAoK always

(i Ot nonblocking avaBéoeilg ypnoywoIroloUvToL yio T
uovteAoroinon akoAovBiak®v pwitAok always
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B X0QaKkTnELeTiki egicwon: Q(t +1) =D

m ITepypapn D-type flip-flop tov 1-bit

module dff(clk, d, q);
input clk;
input d;
output q;
reg q;
always @(posedge clk)
begin
q <=d;
end

endmodule

B Audypauuo Xeoviopol ToU KUKADUATOS

B IXnuotikd Sidyeauuo

ATAG akoAovblokd kukAouata: Flip-flop Tomwov D
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Apxelo eAéyyov/eTtainbevong (testbench) yia to D
flip-flop

‘timescale 1 ns / 1 ns
module main;

reg clk, d;

wire q;

dff test(.clk(clk), .d(d), .q(q));

// Test clock generation.

//
// Clock pulse starts from 0.
initial

clk = 1’b0;

// Free-running clock
always
#25 clk = ~clk;

initial

begin
#10 d = 1'b0;
#50 d = 1'b1;
#150 d = 1'b0;
#50
$stop;

end

initial
$monitor ("%t: d=%b, q=%b", $time, d, q);
endmodule
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Kataywentig ye aciyypovn kol GUyyeovn Irovomoed

(reset)
Acvyypovn eTtovapod >Uyyeovn emovapod
~

module dff(clk, rst, d, q); module dff(clk, rst, d, q);

input clk; input clk;

input rst; input rst;

input d; input d;

output q; output q;

reg q; reg temp;

always @(posedge clk or negedge rst) always @(posedge clk)

begin begin

if (rst == 1’'bl) if (rst == 1’'bl)
q <= 1’b0; temp <= 1’b0;
else else
q <= d; temp <= d;

end end

endmodule assign q = temp;
endmodule
Eyxnuotikd Sidyeouuo
d_ q
rst
—

clk

Nworaog Kappadias nkavv@uop.gr TAdGeeg Ierypapng YAtkov I



Kataywentng ue emitoeywn @déptwong (load enable)

Me emitpeyn @dpTmcng Tynuortikd Stdyeoyto
module dff(clk, rst, en, d, q);
input clk, rst, en;
output q; d q
reg temp; ——f~ -~
always @(posedge clk) rst
begin en
if (rst == 1’bl) _.,
temp <= 1’b0; iy
else
begin
if (en == 1’bl)
temp <= d; C”‘C
end
end
assign q = temp;
endmodule
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Moaovdaiwtng (latch) tdItov D

m IToAY guyvd oe pla yneuaxki oxedlaon eledyovtal
oveTTivunTol Pavd8oAwTES aItd KATIO0 GOAALO TOU
GxedaGT (IT.Y. Un yenon akpotvgoddtnceng e €va D
flip-flop 1 Adyw vITOVOOUUEVNG aTTOBNKEVLGNG)

m Ymovoouuevn astofnkevon dnyutovpyeitar dtov dev
dnAwvouue dieg Tic mequrtwcels ulag IF i CASE ce
GUVEVAGTIKG KMOSIKA

m Ileprypapn D-type latch tou 1-bit

module dlatch(guard, d, q);
input guard;
input d;
output q;
reg q;
always @(guard or d)
begin
if (guard == 1)
q <= d;
end
endmodule
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Flip-flop tdItov JK

m Me tn BonbBea Vo Eexwpiotov e16édwv (J, K), 1o JK
flip-flop vAoTolEel TEELS Pacikég AstTovyies:
m Totrobétnon tng katdotacng 6to 1

m Emoavatomobétnon oto O

® Awtignon tng TeEXoVGAS KATAGTAGNS
B AVTIGTQOQN TNG TREXOVGAS KATAGTACNS

m Xapaktnootikn ggicwon: Q(t+1) =JQ' + K'Q

m ITivakag Siéyepong tov JK-ff

L K| Qa

E
<l

[

[
=
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m YAomoinon tov JK-ff ue
Bdon to D-ff
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Mua yevikn mepuypapn tov JK flip-flop

module jkff(J, K, clk, Q, Q_b);
input J, K, clk;
output Q, Q_b;
reg Q;

always @(posedge clk)
case ({J, K}

2’b00: Q <= Q;

2’b01: Q <= 1’b0;

2’b10: Q <= 1’b1;

2’bll: Q <= ~Q;
endcase

assign Q_b = ~Q;

endmodule

AtGypauuo xeoviopol ToU KUKADUATOS

5@ns

ST s WY s W s WO s O o Y e, N
N e WY L
K - f 1 [ 1 f
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Flip-flop tomtov T

m To T flip-flop uetafdAAer Tnv KATAGTACH TOU KAOE QoEA
JTov aAAdcer to cnpo athv eigodo T

B Xopaktnelotiki eglcoon: Q(t+1)=Qe T

® YAottoinon pe Bdon to JK

®m YAogttoinon pe fdon

10 D

flip-flop flip-flop
o1 daq o) O e
EN O CLK [
> o on en —>ck a an

.

il Ta JK kar T flip-flop xenouloTtoloivtol oQLouéves poQRES Ge
oxeSLAGELS UETENTOV Yo un-8uadikés axkolovbieg
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Mia yevikn gregrypapn tov T flip-flop

m IIegyoaepn T flip-flop

module tff (Q, T, clk, rst);
output Q;
input T, clk, rst;
reg Q;

always @(posedge clk)
begin
if (rst == 1’bl)
Q <= 1’b0;
else if (T == 1’bl)
Q <= ~Q;

end

endmodule

B Audypouuo Xeoviorol ToU KUKADUATOS

58nS

ST s WY p WY WY s S o WO
rst J—‘ll
N e WU S
e~ e
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Koataywentng (register)

B O katoywEnTig aoteAel To O GUYVA XENGUOITOLOVUEVO
doutkd atoyelo e wia pneraxkn oxedioon cto emizedo RTL

B Q¢ ecwTeQKS GToKelo aTrodnkevong, Guvinlmg
yoncototeitar to D flip-flop

m H elcoSog DIN moc@épel €lGodo yio wapdAinin
agtofrikevon vémv 5edoUuévmv GTOV KATAY®ENTA

m To Ttepieyduevo Tou KoTaxwEnT aAAdZovv wévo Gtny
Trepimtwon tov LD = 1 Ge avepyduevn akun tTov QoAoyLov

DIN 7L-
N
—

DOUT

+

N

CLK

@mZ>a

LD

RESET ———
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[Tepuypapn evdég 8-bit kataywentn gtn Verilog
(acVyyovo reset)

module register8 (clk, reset, 1ld, din, dout);
input clk, reset, 1d;
input[7:0] din;
output[7:0] dout;
reg[7:0] dout;

// Use of asynchronous reset
always @(posedge clk or posedge reset)
begin
if (reset == 1’bl)
dout <= 0;
// Change register state on rising edge and assertion of load line
else if (1d == 1’bl)
dout <= din;
end

endmodule

.

Audypauua xeovicuov

58nS

clk [T [ VY Y N VNN o WY [ WO VY I VY U
reset N

1d - / !

din(7:0) -{00 {1 JCFF 5s AR WBA L) AR
dout(7:0) -{00 }oL }FF WCAR ¥ BA ¥ 1B W AE_
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ITeprypapn evdg 8-bit kataywenti gtn Verilog
(GVyyeovo reset)

module register8 (clk, reset, 1d, din, dout);
input clk, reset, 1ld;
input[7:0] din;
output[7:0] dout;
reg[7:0] dout;

// Use of synchronous reset
always @(posedge clk)
begin
if (reset == 1’bl)
dout <= 0;
// Change register state on rising edge and
// assertion of load line
else if (1d == 1’bl)
dout <= din;
end

endmodule
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ATtoBuntig mdve/kdten (up-down counter)

m H oxedlaon evdg astapibuntit facitetor GTo LovtéAo Tov
KaToywENTN we tny meoctnkn evéc abpolati/amaipén

H eicoboc U_D kaBopiter Tov TpdTT0 HeTABOANG TG
KOTAGTAGNS TOU aIraiunti

H Aertovgyio Tov agtopiBuntii efvan evepyrt uévo yio EN = 1
H elcobog DIN mpoc@épel €lGodo yia TagdAAnin
agtofrikevon vémv eSoUévwV GTOV EGMTEQIKO KATOXMENTA
H emitpeyn amobrikevong (LD) €xel TTRoTEQOLAOTNTO EVOVTL
ng EN

DIN 7[\%

CLK

DN DouT

LD —

EN

ImMmH4zZCOoO0

UD ——

RESET
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[Tepuypapn evég up-down counter

input clk, reset, 1d,
input[7:0] din;
output[7:0] dout;
reg[7:0] dout;

if (reset)
dout <= 0;
else if (1d)
dout <= din;
else if ((en) && (ud))
dout <= dout + 1;
else if ((en) && (~ud))
dout <= dout - 1;
else
dout <= dout;
endmodule

module up_down_counter8 (clk, reset,
en, ud;

1ld, en, ud, din, dout);

always @(posedge clk or posedge reset)

ALdypaar xeoviGuov

5@ns

clk e ey e e
reset -

1d -

en [ | S
ud [ | |

din(7:0) {100 HCAS H5E

dout(7:0) {100 W_AS K_AB ¥ A7 ) LE] A7 K_AB K_AS WAY
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Kataywentnig oAlcgOneng (shift register)

m O kataywentig oAicOnong Swabétel puia eicodo EN, n otroia
oTav elval evepyn moayuatottoleltol aQloteen (Seld)
oAlcOnon Ttwv TEQLEXOUEVOV TOU KOTAXwENTA KATd wio Jéon

m H eicoSog SIN ewgdyetan eite 6to LSB evic apiatepot
olaoBntn eite gto MSB evdg deglo) oMaOnThn

m H elcobog DIN mpoc@épel €lGodo yia agdAAnin
agtofrikevon vémv eSoUévwV GTOV EGMTEQIKO KATOXMENTA

m H emitpeyn amobriikevong (LD) €xel TTROTEQOLATNTO EVOVTL
ng EN

DIN 7L.
N Shift DOUT

CLK

LD ——

EN —

SIN ——

DM-A®=@m:o

RESET ——
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[Tepuypapn evdg shift register ue oAicBnon TEOG TOU
aQLGTEQA

module left_shift_register8(clk, reset, 1ld, en, sin, din, dout);\
input clk, reset, 1ld, en, sin;
input[7:0] din;
output[7:0] dout;
reg[7:0] dout;

always @(posedge clk or posedge reset)
if (reset)
dout <= 0;
else if (1d)
dout <= din;
else if (en)
dout <= {dout[6:0], sin};
else
dout <= dout;

endmodule
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AgtoteAéguata agtd Ty rpocouolwaen tov left shift

register

0: reset=x, ld=x, en=x, sin-x, din-xxxxxxxXx, dout=XXXXXXXX
10: reset=1, 1d=0, en=0, sin=0, din=00000000, dout=00000000
60: reset=0, ld=1, en=1, sin=1, din=10100101, dout=00000000
75: reset=0, ld=1, en=1, sin=1, din=10100101, dout=10100101
110: reset=0, 1d=0, en=1, sin=0, din=10100101, dout=10100101
125: reset=0, 1d=0, en=1, sin=0, din=10100101, dout=01001010
160: reset=0, 1ld=0, en=1, sin=1, din=10100101, dout=01001010
175: reset=0, 1d=0, en=1, sin=1, din=10100101, dout=10010101
225: reset=0, 1ld=0, en=1, sin=1, din=10100101, dout=00101011
275: reset=0, 1d=0, en=1, sin=1, din=10100101, dout=01010111
325: reset=0, 1d=0, en=1, sin=1, din=10100101, dout=10101111
375: reset=0, 1ld=0, en=1, sin=1, din=10100101, dout=01011111
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[Topddetyuo TTEQLYQAPNS KUKAMUATOS: ATtaduntnig
wneiov ue €£08o oe 006vn emtd Tunudtwv (1)

B Aekadikdg agraliunting evog yneiov (uetpd 0 — 9) kot
UETOTEETIEL TOUS dLASIKA KOSIKOTTONUEVOUS SERASIKOUS
(BCD: Binary Coded Decimal) e popen katdAAnin yio
agteikdvion ge 006vn erttd Tunudtov (SSD: Seven Segment
Display)

m To kUkAwpa Stacuvdéetar ue tnv 08évn wg €gng: abcedefy,
ue to o onyavtikd bit (MSB) va tpogodotel To Tunua a
kot to LSB to tunpa g. H vrodiactoAn x Sev
yonawototelton

module bcdcounter (clk, reset, digit);
input clk, reset;
output[6:0] digit;
reg[6:0] digit;
reg[3:0] temp;

Input: “xabedefg”
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[Topddetyuo TTEQLYQAPNS KUKAMUATOS: ATtaduntnig
yneiov ue €£080 ge 006vn emtd TUNUATOV (2)

begin

temp
else
begin

always @(posedge clk or posedge reset)
if (reset == 1’bl)
4’ho;

temp = temp + 1;
if (temp == 4’hA)

temp = 4’h0;

end

case (temp)
4’h0: digit <= 7’b1111110;
4’hl: digit <= 7’b0110000;
4’h2: digit <= 7’b1101101;
4’h3: digit <= 7’b1111601;
4’h4: digit <= 7’b0110011;
4’h5: digit <= 7’b1011011;
4’h6: digit <= 7’b1011111;
4’h7: digit <= 7’b1110000;
4’h8: digit <= 7’b1111111;
4’h9: digit <= 7'b1111011;
default: $display("Invalid BCD code.");

endcase

end
endmodule
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Avdypauuo xeovieuol Yo, To KUKA®UO Tou agtaliunti ywngeiou

58nS

clk [ VS e Y Y VN [ N I Y D Y S
reset \
digit(6:8) [IE ] ¥_BD W78 ¥ 33 ¥ SB W SF ]
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