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H €¢EAICN OoTN oXediao N WNPIOKWY KUKAWNATWY

« MeyaAn eg€Aicn Ta TeAeuTaia 40 xpovia
- 2TIC apXeg oxedialaue pe Auxviec(vacuum tubes) kai transistors.

* MeTa npBav 1a oAokAnpwpuéva ( Integrated Circuits — ICs)
— SSI: Aiyec TUAec ( Small Scale Integration)
- MSI: ekaTov1adec TTUAEC ( Medium Scale Integration)
- LSI: xihadecg truAec ( Large Scale Integration)
— VLSI: ToAAG ekaToppupia TUAEC ( Very Large Scale Integration)

* Avaykn yia Texvikec Computer Aided Design (CAD) kal YAwooeg
TTEQIYPAPNC UAIKOU VIO VO JTTOPOUNE va oXeOIAlOUE Kal va
eTTAANBeUOUNE TO KUKAWMNOTA.
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Tumrikn Pon Zxediaong (Design Flow)
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lepapyxikec MeBodoAoyieg 2xediaong

* Top-Down 1} Bottom-Up
- 2uvnBwcg pia picn
* To TEAIKO ocuoTnua atroTeAgital atro Ta Leaf blocks 1Tou TpExouv
TTapAaAAnAa.

Top-level Block
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T1 gival n Verilog;

* Verilog Hardware Description Language (HDL)

- Mia upnAoU eTITTEOOU YAWO OO TTOU PUTTOPEI VO avaTTapIoTa Kal va
TTPOCOMOIWVEI PNPIOKA KUKAWPOTA.
o Hardware concurrency
o Parallel Activity Flow
o Semantics for Signal Value and Time
- Napadeiyuara oxediaong pe Verilog HDL

o Intel Pentium, AMD K5, K6, Athlon, ARM7, etc.
o Thousands of ASIC designs using Verilog HDL

« Other HDL : VHDL, SystemC, SystemVerilog
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Avatrapaoctaon Wneiokwyv ZUuoTnUATWY

* H Verilog xpnolyoTrolgital yia va gTIACOUME TO JOVTEAO EVOC
OUQOTNMOTOG.
« AladIkaaia:
- Opiouoc Atraitoewy (requirements specification)
- Documentation
- ‘EAeyxoc péow trpooopoiwong (simulation)
- N\eiroupyik ETTaAnBeuon (functional verification)
- MTTOopoupe va 1o ouvBEoouue!
* 2TOXOC:
— ACI0TTIOTN OXEdiaon ME XAMNAEC ATTAITIIOEIC KOOTOUG KAl XPOVOU
— ATTouyn kai TTpoAnywn AaBwv oxediaong

HY220 - BaciAng NatraguocTaBiou



2UMBdaocceic oTtnv YAwooa Verilog

* H Verilog €ival case sensitive.
— N\ECEIC KAEIDIA €ival o€ PIKPA.
e TYONIQ
- [a yia ypapun givai //
- [a TTOANEC /™ %/
* Baolkég TipeC 1-bit onuartwy
- 0: Aoyikn Tiun 0.
—1: Aoyikn TiuN 1
— X AyvwaoTn TIUN
— Z: aguvoeTo onua, high impedance

HY220 - BaciAng NatraguocTaBiou



ApiOuoi

* AvaTtrapaoTtaon apiOuwyv
- <size>' <base format> <number>
o <size> deixvel Tov apiBud atro bits
o <base format> uytropei va €ivai : d, h, b, o (default: d)
- Ortav 10 <size> Acitrel 10 pEyeOOC kaBopileTal atrd TOV compiler
- Otav 10 <number> £xel TTOAAG yn@ia PTTopoupE va 10 XwWEIiOUUE NE
(underscore) 01TOU BEAOUE

* 100 // 100

* 41111 /1 15, 4 bits

* 6'h3a /1 58, 6 bits

* 60111010 /1 58, 6 bits

* 12’h13x /1 304+x, 12 bits
« 8b10_10_1110 I/ 174, 8 bits
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TeAeoTEG (Operators)

* Arithmetic + - */ %

* Logical | && |

 Relational < > <= >=

* Equality == I=

* Bit-wise ~ | & A

* Reduction & | M (epapudleTal o€ Evav TEAEOTEOD)

» Shift << >>

« Concatenation/Replication {A,B,...} {4{A}} (TToOAAOUC TEAEOTEOUCG)
« Conditional X?y:z (3 TEAECTEOUG)
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Baoiko Block: Module

in1
in2

arith

:

Da.
4[>0—I

out1

out2

module arith (outl, out2,
output outl, out2;
input inl, in2;

endmodule

module arith (
output outl,
output out2,
input inl,
input in2);

endmodule

inl,

in2) ;
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[NopTeg evog Module

arith1

in1 P
N2 P

—

in3 P

>

bi_out

out

module arithl (
inout bi out,
output out,
input inl,
input in2,

input in3);

endmodule
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Modules vs Instances

* Instantiation eival n dladikagia dnuIoupyiag AvVTIKEIMEVOU OTTO TO

module. |

Storage Cell
R — Q

S|R|Q Q

0] 0| undef

O 11110

1101 0 l_

1111Q|Q

module nand(input a, input b,
output out);

assign out = ~ (a & b);

endmodule

module SRLATCH (input Sbar, input Rbar,
output Q, output Qbar) ;

//Instantiate lower-level modules
nand nl (Sbar, Qbar, Q)
nand n2 (Q, Rbar, Qbar)

endmodule
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Primitives

e ETTiTred0 NMUAWYV

—and, nand, or, nor, xor, xnor, not, buf

 [lapadelyua:
—and N25 (out, A, B)
—and #10 (out, A, B)
—or #15 N33(out, A, B)

/l instance name
// delay
// name + delay
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Xpovog lNpoocouoiwong

 ‘timescale <time_unit>/<time_precision>
- time_unit: yovada pETpnong Xpovou
— time_precision: eAGxI0TO XpOVO BAUATA KATA TAV TTPOCOUOIWON.
- Movadeg xpovou: s, ms, us, ns, ps, fs
« #<time> : avapovn yia xpovo <time>
- #5 a=8’h1a
* @ ( <onuO> ). avaugovn JEXPI TO anua va aAAacel Tiun (event)
- @ (posedge clk) [/ BETIKN aKuN
- @ (negedge clk) /[ apvNTIKN OKUN

- @ (a)
-@ (aorborc)
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Module Body

e declarations

* always blocks:
- MTTOpEI VO TTEPIEXEI TTAVW
aTro Eva
* initial block:

— MTTOpEI VA TTEPIEXEI Eva N
KAvVEVOQ.

module test (
input a,
output reg Db);

wire c;

* modules/primitives
Instantiations

—>» always (@ (posedge a) begin
b = #2 a;
end

always (@ (negedge a) begin
b = #2 ~c;
end

not N1 (c, a)

initial begin
b = 0;

end

endmodule
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TuTtrol yetaAnTwyv oTnv Verilog

* integer // apiBuOC

* Wire /[ KaAwdIO — oUpua
* reg I/ register
o tri /] tristate
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Wires

* 2UVOUAOTIKN AoyIKN (OEV EXEI HVAUN)
* [ pAPOC £CAPTNOEWV
* MTTOpEI VO TTEPIYPAWEI Kal I01AITEPA TTOAUTTAOKN AOVIKN...

wire sum = a * Db; wire sum;

wire ¢ = sum | b;

wire a = ~d; assign sum = a ~ b;
wire muxout = (sel == 1) ? a : b;

wire op = ~(a & ((b) 2?2 ~c : d) ©~ (~e));
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2UPHATO KOl CUVOUAOTIKN AOYIKN

* module ... endmodule
* AnAwaon €1000wyV - £COOWV
 Concurrent statements

module adder (input a, input b, output sum, output cout);

assign sum
assign cout

endmodule
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Regs Kal akoAouBiakn AOYIKN

« 2TOIXEIO NVAUNG

— KATI avaAoyo pe petapBAnTéc otn C
* Movo regs (ox! wires) Traipvouv Tiun o¢ initial kal always blocks.

- Xpnon tTwv begin kai end yia grouping TTOAAWYV TTPOTACEWV
« O1T0U XPNOIYOTIOIOUUE reg OEV ONUAIVEI OTI Ba CUUTTEPIPEPETAN

oav Karaxwpentng (register) !!!

reg gy

begin

end

always ( (posedge clk)

q = #2 (load)

reg a;

a = 0;
2 d : qg; #5;

a = 1;
end

initial begin
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Regs Kal cuvOuaoTIKN AOYIKN

Av n ouvaptnon F() ival TToOAUTTAOKN TOTE:

inl —> ) reg out;
in2 = Z:U\)ABOLYO(LCKTI,]LKI] —> out always (@ (in_l or in2_ or _in3) .
. out = £(inl,in2,in3);
in3 = F()

reg out;

always @(inl or in2 or in3)

, out = inl | (in2 & in3);
lcoduvapua
\ wire out = inl | (in2 & in3);
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AvabBeoeig (assignments)

* blocking =
always @(posedge clk)

begin —

a=Db;
c = a; // c TTaipvel Ty Tou b
End

* non blocking <=
always @(posedge clk)
begin

a<=b; >

c <= a; // ¢ TTaipvel TTAAIG TIPA TOU a
end
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Assignments: Example

time 0: a = #10 b;
time 10: c = a;

a(t=10) = b(t=0)
c(t=10) = a(t=10) = b(t=0)

time 0: #10;
time 10 : a
time 10 : c

a(t=10) = b(t=10)
c(t=10) = a(t=10) = b(t=10)

time0: a <= #10 b;
time0: c <= a;

a(t=10) = b(t=0)
c(t=0) = a(t=0)
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Kavoveg Noptwv Module

* Ta input Kail inout €xouv TUTTO Wire peoa oto module

 Ta outputs utTopei va £€xouv TUTTO wire 1) reg

——

reg or net | et

net
net [ inout

input output

=)
reg or net

net
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2UvOsoelg NETACU Instances

* Me Baon Tnv B€on
- module adder(Sum, In1, In2)
—adder (A,B,C) //Sum=A,In1=B,In2=C

* 2UOXETICOVTAC OVOUOTA (TO KOAUTEPO)
- module adder(Sum, In1, In2)
—adder (.In2(B), .In1(A), .Sum(C))
[ Sum=C, In1 =A,In2=8B
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Buses (1/2)

in1[1:0]

arith2 module arith2 (

output [1:0] out,
input [1:0] 1inl,
input [1:0] 1in2);

endmodule
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Buses (2/2)

e Kapia dlagopd otn
OUUTTEPIPOPA

* 2UMBaOoEIC:

module adder (
input [7:0] &,
input [7:0] Db,
output [7:0] sum,

output cout) ;
~ [high : low] |
wire [8:0] tmp = a + b;
- [msb : Isb]
, , wire [7:0] sum = tmp[7:0]
* [lpoooxn oTIC avaBEéoelC wire cout = tmp[8]
(MNKN) KAl TIG OUVOEOEIG EKTOG cndmodule
TOU module...
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Conditional Statements - If... Else ...

e To yvwoTo
- if ... else ...

* Movo peoa oe blocks !

 ETITPpETTOVTAI TTOAAQTTAQ KAl
nested ifs
- [MoAAa else if ...

* Av UTTapXEl yOvo 1 TTpoTaCH
Oev xpeladetal begin ... end

module mux (

input [4:0] a,

input [4:0] Db,

input sel,

output reg [4:0] out);

always @(a or b or sel) begin
if ( sel == 0 ) begin
out <= a;
end
else
out <= b;
end

endmodule
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Branch Statement — Case

* To yvwoTO case

* Movo peoa oe blocks !

* MOVO OTOBEPEC EKPPATEIC
» Agv uttapxel break !

* YTrapyel default !

module mux (

input [4:0] a,

input [4:0] Db,

input [4:0] c,

input [4:0] d,

input [1:0] sel,
output reg [4:0] out);

always @(a or b or ¢ or d or sel) begin
case (sel)
2'b00: out <= a;
2'b01: out <= b;
2'bl0: out <= c;
2'bll: out <= d;
default: out <= 5’'bx;
endcase
end
endmodule
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Etritreda Apaipeong Kwoika
* H AgiIToupyia eévoc module pytropei va opIaTei UE OIAPOPOUC
TPOTTOUC
* Behavioral (emTitredo M0 KOVTa 0TNV AOYIKN)
- [Mapopola pe TNV C — 0 KWOAIKAC OEV £XEI Aueon oxEon e To hardware.

wire a = b + cC

» Gate level/structural (emitredo Kovra oto hardware)
— O KWOIKAC OEIXVEI TTWC TTPAYMATIKA UAOTTOIEITAI OE TTUAEC N AOYIKT).

wire sum = a
wire cout = a & b;
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2UVBECINOGC KWwdIKaG

* O Synthesizable kwdikac ytropei va yivel synthesize kai va
TTapoupe gate-level povrtero yia ASIC/FPGA.

wire [7:0] sum = tmp[7:0] & {8{a}};
wire cout = tmp[8];

* Non-synthesizable KwdIka¢ XpnoIJOTTOIEITAI UOVO YIa
TTPOCOMOIWON Kal ayvoeital (ouvnOwcg) katd Tnv diadikaaia Tng
ouvBeonc (logic synthesis).

initial begin

end

HY220 - BaciAng NatraguocTaBiou

30



Xpnon KaBuoTtepnong otnv Verilog
« Aeitoupyikn ETaAnBeuon - Functional Verification (RTL Model)

- H kaBuoTépnon gival TTpooeyyioTikn. T.X.
always ( (posedge clk)
q <= #2 d; // FF ue 2 pov&dec xabuoTtépnon
- 2UVvNOwC¢ Bewpoupe OTI N ouvOUOAOTIKN AoyIKA dev £xEl KABUOTEPNON TT.X.
wire a = (b & ¢c) | d;
// pdbvo Tnv AgLtoupyla 6XL KABUCTéoNon TTUAQV
- H kaBuoTtépnon xpnoiyoTrolgital Kupiwg oTo testbench kwodika yia va

@TIACOUME Ta inputs.
« Xpovikn EmaAnBeuaon - Timing Verification
— AVOAUTIKG KABE TTUAN €x€lI KABuoTEPNON.

- 2uvnBwg kavoupe timing verification o€ gate-level model 1o oTroio
QTIAXVETAI aTTO £va synthesis tool.
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Testing

* [epapxIkOC 'EAgyX0C

« KaBe module ¢exwpiota
- Block level simulation

—‘EAgyxoc¢ Twv trpodiaypapwy,

L1

NG A&ITOUPYIAC Kal TWV

XPOVIOUWYV TWV ONUATWV

* OAo 10 design padi (System

level simulation)

—'EAgyX0oc¢ TNGC OUVOAIKNC —
AgIToupyiag Kal Twv JIETTAPWV —
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‘EAgyx0¢ cwoTnC AgiITOUupyiag

* Testbench: top module tTou
Kavel instantiate To module
TTOU TEOTAPOUME, ONMUIOUPYEI
TIC TIMEGC TWV €I000WV TOU
(stimulus) kai eAEyXEl OTI Ol
£C000i TOU TTAiPVOUV OWOTEG

TIMEC.
* 2 TIPOOEVYIOEIG :
- ‘EAeyxoc €€60wv Kal Xpoviouou
LUE TO PATI

— 'EAEYX0G £600WV Kal XPOVIGHOU
HEOW KWOIKO ONAQON QUTOUATN
oUYKPION TWV QVOUEVOUEVWY
£COOWV.

« Stimulus block

=N _
:r‘}-'

Top-level Block

kll_lj

Stimulus
Block
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‘Eva atTtAo «test bench»

module test;
reg a, b;
wire s, C;

adder addO (a, b,

initial begin

a = 0; b= 0;
#5 $display ("a:
a = 1;

#5 $display ("a:
b =1

#5 $display ("a:
a = 0;
#5 $display ("a:
end
endmodule

module adder (input a, input Db,
output sum, output cout);

assign sum = a ~ b;
assign cout = a & b;
endmodule
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MeTpntNng 8 bits (1/3)

module counter (

input clk,

input reset,

output reg [7:0] out);

wire [7:0] next value
always @ (posedge clk)

if (reset)
out = #2 8’b0;

else
out = #2 next value;
end
endmodule

A

module clk(
output reg out);

= out + 1;
always

begin out = #10 ~out;
endmodule

initial out = 1’b0;
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MeTpnTtNng 8 bits (2/3)

module test; initial begin
reset = 1;
wire clk; 4 (posedge clk) ;
reg reset; @ (posedge clk);
wire [7:0] count;
reset = #2 0;
clock  clk0(clk); A @ (posedge clk) ;
#300;
counter cntO(clk, reset, count); Sstop;
end
endmodule

HY220 - BaciAng NatraguocTaBiou



MeTpntNng 8 bits (3/3)

e counter.v
 clock.v
e test.v

clk

reset

count

OOE E><O1E><OZE><O3E><O4E><O5E><O6

HY220 - BaciAng NatraguocTaBiou

37



