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H €€EAIEN OTN OoXEdIaoN WNPIOKWY KUKAWHATWY

* MeyaAn ecEAIiEn Ta TeAeuTaia 40 xpovia
— 2TIGC adpXEC axedialape ye Auyvieg(vacuum tubes) kai transistors.

* Meta NpBav 1a oAokAnpwuéva ( Integrated Circuits — ICS)
— SSI: Aiyec TUAec ( Small Scale Integration)
— MSI: ekatovtadec TTUAeC ( Medium Scale Integration)
— LSI: xINadeg TTUAeG ( Large Scale Integration)
—VLSI: ToAAG ekaTtoupupla TTUAEG ( Very Large Scale Integration)

« Avaykn via texvikec Computer Aided Design (CAD) kal YAWOOEC
TTEQIYPAPNC UAIKOU VIO VA UTTOPOUNE va oXeOIAOUUE Kal VO
eTTAANBEUOUUE T KUKAWPATA.
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Tummikn Pon Zxediaong (Design Flow)
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lepapyxikec MeBodoAoyieg Zxediaong

* Top-Down 1 Bottom-Up
— 2ZUVABWC JIa pign
* To TEAIKO ouoTnua arroteAgital armro Ta Leaf blocks 1mou TpExouv
TTapAAAnAaQ.

Top-level Block
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Ti gival n Verilog;

* Verilog Hardware Description Language (HDL)

— Mia upnAou eTTITTEdoU YAWO oA TTOU PTTOPEI VO avaTrapioTa Kal va
TTPOCOUOIWVEI PNPIOKA KUKAWPOTA.
o Hardware concurrency
o Parallel Activity Flow
o Semantics for Signal Value and Time
— [Napadeiypata oxediaong ue 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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Avatrapaotaon Wneiokwyv ZUuoTRUATWY

* H Verilog xpnoiyoTtroigital yia va @TIGEOUPE TO HOVTEAO EVOC
OUCTNMOTOG.
« Aladikaaoia:
— Opiopocg ATTaitnocwy (requirements specification)
— Documentation
—'EAeyxoC HEOW TTPOCOPOIWONG (simulation)
— Aeitoupyikn ETTaAnBeuon (functional verification)
— M1TOpOUNE VA TO CUVOEOOUE!

* 2TOXOG:
— ACIOTTIOTN oXediaon ME XOMNAEC ATTAITOEIC KOOTOUC Kal XPOVOoU
— Attouyn Kal TTpoAnwn Aabwyv oxediaong
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2UMBdaocceIc otnv YAwooa Verilog

* H Verilog €ival case sensitive.
— A\ECEIC KAEIDIA €ival O€ PIKPA.
. TYOAIO
—lNa pia ypapun givai //
—[a TTOANEG [ 7/
* BaolkEg TIEC 1-bit onuatwy
— 0: Aoyikn Tiyn 0.
—1: AoyIKn Tiun 1
— X QyvwaoTn TIUN
— Z. aouvdeTo onua, high impedance
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ApiOuoi

* AvaTtrapaoTtacn apiOuwyv
— <size>' <base format> <number>

o <size> d¢eixvel Tov apiBud artro bits
o <base format> utropei va €ivai : d, h, b, o (default: d)

—Ortav 10 <size> Acitrel To pyEyeBog kabopiletal atrd Tov compiler

—OT1av To <number> £xel TTOAANG Yn@ia JTTopoUE va TO XwWPIOUUE NE
(underscore) otTou BEAOULE

« 100 // 100

« 4’h1111 I/ 15, 4 bits

« 6'h3a I/ 58, 6 bits

* 60111010 // 58, 6 bits

« 12’h13x /] 304+x, 12 bits
« 8b10 10 1110 /[ 174, 8 bits
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TeAeoTeg (Operators)

* Arithmetic + - */ %

* Logical | && |

* Relational < > <= >=

« Equality == I=

* Bit-wise ~ | &7

 Reduction & | ™ (epapudleTal o€ Evav TEAEQTEO)
* Shift << >>

« Concatenation/Replication {A,B,...} {4{A}} (TTOAAOUC TEAEOTEQ)
e Conditional X?Yy:z2 (3 TEAEOTEQ)
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Baoiko Block: Module

N1

N2

arith

:

Da.
4[>0—I

outl

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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[MopTec evog Module

arithl

inl 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

e [nstantiation givai n diadikagia dNUIoUPYIaC AVTIKEIMEVOU OTTO TO

module.

Storage Cell

S —

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

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

/I Instance name
// delay
/[ name + delay
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Xpovog lNpoocouoiwong

* ‘timescale <time_unit>/<time_precision>
—time_unit: yovada pETPNONG Xpovou
—time_precision: eEAGXIOTO XpOVO BAMATA KATA TRV TTPOCOUOIWaCN.
— Movadecg xpovou: s, ms, us, ns, ps, fs
« #<time> : avauovn yia Xpovo <time>
—#5 a=8’h1a
c @ ( <onuo> ). avauovn JEXPI TO ojua va aAAagel Tiun (event)
— @ (posedge clk) /[ BETIKA aKun
— @ (negedge clk) /[ apvnTIKA aKun

@ (a)
—@ (aorborc)
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Module Body

e declarations —

module test (
input a,

e assignments (TTOAAQ. .. )~

« always blocks:

‘4>assign d =a & c;

—» always @ (posedge

— MTTOPEI VA TTEPIEXEI TTAVW
aT1To £va

— SystemVerilog (SV): always_ff,
always comb, always _latch

e Initial block: =

b = #2 a;
end

always @ (negedge

end

— MT1TOpPEI VO TTEPIEXEI Eva N
KaveEvA.

* modules/primitives

~pP initial begin
b = 0;
end

Instantiations

o not N1 (c, a)

endmodule

b = #2 ~c;

a)

a)

- wire c, d; // logic c,

begin

begin

output reg b); // output logic b (SV)

; (SV)
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ToTtrol yetaBAntTwyv otnv Verilog

* integer
> wire

* reg

o tri

* logic

/[ ap1BuoC

[/ KaAwOdIO — oUpua

I/ register

/[ tristate

/[l SystemVerilog equivalent for reg and wire
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Wires

* 2UVOUAOTIKN AoVIKN (OEV EXEI HVAUN)
* [ pAPOC £CAPTNOEWV
* MTTOpEI Va TTEPIYPAYEI Kal 1ID1AITEPA TTOAUTTAOKN AOVYIKN...

wire sum = a ~ Db; wire sum;

wire c = sum | b;

wire a = ~d; assign sum = a ~ b;
wire muxout = (sel == 1) 2?2 a : b;

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

* module ... endmodule
« AnAwon €1000wyv - £COOWV
e Concurrent statements

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

assign sum
assign cout

i1l
o)
>
O

endmodule
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Regs Kal akoAouB1aKn AOYIKN

* 2TOIXEIO UVNMNG

— KATI avaAoyo pe petaBAntéc otn C
* Movo regs (ox! wires) traipvouv Tiun og initial kai always blocks.

— Xpnon Twv begin kai end yia grouping TTOAAWY TTPOTACEWV
« O1T0U XPNOIYOTTOIOUUE reg OEV ONUAiVEl OTI Ba CUPTTEPIPEPETAN

gav KataxwpnTtng (register) !!!

reg J;

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 AOYIKA

Av n ouvaptnon F() €ival TToAUTTAOKN TOTE:

inl —>

in2 = ZUvd LAOT LKI) LS out

in3 =

Moy LKQ)

F()

looduvapua

reg out;
always @(inl or in2 or in3)
out = £(inl,in2,in3);

reg out;

always @(inl or in2 or in3)
out = inl | (in2 & in3);

wire out = inl | (in2 & in3);
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SystemVerilog kal xpnon Logic

* O TUTTOC logic pTTOPEl va XpnoiuotroinBei avti wire ko avti reg I.x.:
logic x;
assign x = (a & b) | c;

* ['la ouvduaaoTikr) Aoyikn (combinatorial) uttapyxel To always comb

[THENT

— XpnolJoTtroigiote yovo blocking assignments “=

always comb begin // no sensitivity list - auto inferred
x = (a & b) | c;

end

* ['la akoAouBiakn Aoyikn (flip-flops) utrapxel 1o always _ff

— XpnoiJoTtroigiote yovo non-blocking assignments “<="
always ff @ (posedge clk) begin

X <= a;
end

 [a yavraAwrtég (latches) uttapyel To always latch
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AvabBeoeic (assignments)

* blocking =
always_ff @(posedge clk)

begin >

a=Db;
c = a; // c Traipvel iy Tou b
end

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

a <= b: >
Cc <= a,; // c Taipvel TTAAIA TIUN TOU a
end
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Assignmer

ts: Example

time O0: a = #10 b;
time10: ¢ = a;

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

b (t=0)

time 0 : #10;
time 10: a
time 10: ¢

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

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

time0: a <= #10 b;
time0: ¢ <= a;

a(t=10) = b(t=0)
c(t=0) = a(t=0)
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Kavovec NMopTtwyv Module

 Ta Input Kal Inout €xouv TUTTO wire yéoa oto module

 Ta outputs UTTOPEI va £XOUV TUTTO wire 1) reg

net
net [ inout
input output
|:::>=:>_ ==
reg or net | et reg or net

net
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2UVOE0oEIC METACU INStances

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

* 2UOXETICOVTAC oOVOpaTa (TO KOAUTEPO)
—module adder(Sum, Inl, In2)
—adder (.In2(B), .In1(A), .Sum(C))
Sum=C,In1=A,In2 =8B
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Multi-Bit Vectors/Busses (1/2)

in1[1:0]

arith2

module arith?2?2 (
output [1:0] out,
input [1:0] 1inl,

input [1:0] 1n2);

endmodule
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Multi-Bit Vectors/Busses (2/2)

e Kauia dlapopd otn
OUUTTEPIPOPA
* 2UMUPACEIC:
— [high : low]
— [msb : Isb]

* [lpoooxn oTIC avaBEaelg
(MAKN) KAl TIC CUVOEOEIC EKTOC

TOU module...

module adder (
input [7:0] a,
input [7:0] Db,
output [7:0] sum,
output cout) ;

wire [8:0] tmp = a + b;

wire [7:0] sum = tmp[7:0];
wire cout = tmp[8];
endmodule
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Conditional Statements - If... Else ...

e To yvwoTO
—if ... else ...

* Movo uéoa o€ blocks !

* EmiITpETTOVTAI TTOAAQTTAG KOl

neSted IfS _ if ( sel == 0 ) begin
—[loAAG else if ... out = a;
V 4 V4 V4 end
e Av uTTadpxel yovo 1 Tpotaon else .
Oev xpelaletal begin ... end g ET
endmodule

module mux (
input [4:0] a,
input [4:0] b,
input sel,
output reg [4:0]

out) ;

always @(a or b or sel) begin
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Branch Statement — Case

* To yVWOTO case

* Movo péoa og blocks !

* MOVO O0TOOEPEC EKPPATEIC
« Agv uttapxel break !

* YTTapxel default !

module mux (

input [4:0] a,
input [4:0] b,
input [4:0] c,
input [4:0] d,
input [1:0] sel,

output reg [4:0] out);

always @(a or b or c 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 Apaipeonc Kwoika

* H A&iToupyia evoc module ptropei va opioTei pe dIAPopouUC
TPOTTOUC

* Behavioral (eTTiTredo 1110 KOVTQ OTNV AOVYIKN))
— lNapopola pe TV C — 0 KWOIKAC OeV £XEI AUEON axEon Pe To hardware.

wire a = b + C;

» Gate level/structural (emritredo KovTad oT1o hardware)
— O KWOIKAC OEiXVEl TTWG TTPAYUATIKA UAOTTOIEITAI OE TTUAEGC N AOYIKN.

wire sum = a - Db;
wire cout = a & Db;
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2uvBeoipoc Kwodikag

* O Synthesizable kwdikag¢ uTtropEi va yivel synthesize kai va
Tapoupe gate-level povrtéAo yia ASIC/FPGA.

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

* Non-synthesizable KwdIKO¢ XpNOIUOTIOIEITAI POVO YIa
TTPOCONOIWaN Kal ayvoeital (cuvnOwc) KaTta TV dladIKaagia TNG
ouvBeonc (logic synthesis).

initial begin
a = 0; b= 0;
#5 a = 1;
b = 1;

end
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Xpnon KaBuoTtépnong otnv Verilog

« Aeitoupyikny ETTaAnBeuon - Functional Verification (RTL Model)

— H kaBuoTépnon gival TTpooeyyIoTIK. T1.X.
always ( (posedge clk)
q <= #2 d; // FF pe 2 povadesg robuoTEépnon
— 2UvNBw¢ Bewpoupe OTI N ouvduaoTIKA AoyIKn dev £xeEl KABuOTEPNON TT.X.
wire a = (b & ¢c) | d;
// udévo 1tnv Agittoupyla OxL KoBUOTEépenon OUAQV
— H kaBuoTépnaon xpnoiyotroigital Kupiwg oTo testbench Kwdika yia va

PTIAEOUUE TA INPULS.
« Xpovikn ETTaAnBeuon - Timing Verification
— AVOAUTIKA KABE TTUAN €xel kKaBuoTEpnon,.

— 2uvnBwg kavoupe timing verification o€ gate-level model 1o oTroio
PTIAXVETAI ATTO £va synthesis tool.
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Testing

* [epapXIKOC EAEYXOC
« KaBe module ¢exwpiota

— Block level simulation

—'EAgyxo¢ Twyv tTpodiaypapwy,
NG A&ITOUpYiag Kal TwWV
XPOVIOUWYV TWV CNUATWV

* OAo 10 design padi (System
level simulation)

—'EAgyXx0¢ TNG GUVOAIKNG
AEITOUPYIAG KOl TWV OIETTAPWYV
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‘EAgyx0¢ cwoTnC AsiToupyiag

* Testbench: top module TTOU
Kavel instantiate To module
TTOU TEOTAPOUME, ONUIOUPYEI
TIC TIMEG TWV EICOOWV TOU
(stimulus) kai EAEyXEl OTI Ol
£C000i TOU TTAIPVOUV OWOTEC
TIMEC.

* 2 TIPOCEVYYIOEIC :

— EAgyx0g £600WwV Kal xpoviouou
UE TO UATI

—EAeyX0C £COOWV Kal XPOVIOUOU
HEOW KWOIKA ONAQON QUTOUATN
OUYKPION TWV AVAUEVOUEVWV
£COOWV.

«Stimulus block

—

I:D:D—-v

Top-level Block

Stimulus
Block
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"‘Eva a1TAO «test bench»

module test;
logic a, b;
logic s, c;

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

assign sum = a ~ Db;
adder addO(a, b, s, c);: assign cout = a & b;
endmodule

initial begin

a =0, b= 20;
#5 $display("a: %x, b: %$x, s: %x, c: %$x", a, b, s, c);
a = 1;
#5 $display("a: %x, b: %$x, s: %x, c: %x", a, b, s, c);
b =1;
#5 $display("a: %x, b: %$x, s: %x, c: %x", a, b, s, c);

a = 0;

#5 $display("a: %x, b: %$x, s: %x, c: %x", a, b, s, c);
end
endmodule
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MeTpnTNnNG 8 bits (1/3)

module counter (

input clk,

input reset,

output logic [7:0] out);

wire [7:0] next value = out + 1;

always ff @ (posedge clk) begin
if (reset)
out <= #2 8’b0;

else
out <= #2 next value;
end

endmodule

module clk(
output logic out);

initial out = 1'b0;

always comb
out = #10 ~out;

endmodule
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MeTpnTNnNG 8 bits (2/3)

module test;

logic clk;
logic reset;
logic [7:0] count;
clock clkO (clk) ;

counter cntO (clk, reset,

initial begin
reset = 1;
@ (posedge clk);
@ (posedge clk);

reset = #2 0;
@ (posedge clk);
#300;

count) ; Sstop;
end

endmodule
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MeTpnTNnG 8 bits (3/3)

* counter.sv

 clock.sv
e test.sv

=

+

\

H

|

R

R

+

H

'

774 00 X 00X 01)kO02)03XO04 k05 ) 06
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