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H €CEAICN OoTN OoXEdIaON WNPIOKWY KUKAWNATWY

« MeyaAn e¢€NiEn Ta TeAeuTtaia 40 xpovia
- 2TIC apXEc oxedialaue pe Auxviec(vacuum tubes) kai transistors.
* MeTta npBav 1a oAokAnpwpuéva ( Integrated Circuits — ICs)
- SSI: Aiyeg TTUAeg ( Small Scale Integration)
- MSI: ekaTovTddec TTUAEC ( Medium Scale Integration)

- LSI: xihadecg TTUAec ( Large Scale Integration)
— VLSI: TToANG ekaToupUpla TTUAEG ( Very Large Scale Integration)

« Avaykn yia Texvikec Computer Aided Design (CAD) kal YAwooeg
TTEPIYPAPNC UAIKOU VIO VA UTTOPOUUE VA OXEOIACOUME Kal va
eTTAANBeUOUNE TO KUKAWMPOTA.
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lepapyxikec MeBodoOAoyieg 2xediaong

* Top-Down ) Bottom-Up
- 2UvNOwcg pia uicn
* To TEAIKO auoTnua artroteAgital atmro 1a Leaf blocks 1mou TpExouv
TTapAAAnAaQ.

Top-level Block
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Ti1 gival n Verilog;

* Verilog Hardware Description Language (HDL)

- Mia upnAouU eTTITTEOOU YAWO O TTOU MTTOPEI VO avaTTapIioTa Kal va
TTPOCOUOIWVEI PNPIOKA KUKAWUATA.
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

e Other HDL : VHDL, SystemC, SystemVerilog
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Avatrapaoctaon Ynelakwyv ZuoTnuAaTWY

* H Verilog xpnolJoTrolgital yia va pTIACOUME TO JOVTEAO EVOC
OUOTNMOTOG.
« AladIKaOia:
- Opiouoc Atraitoswy (requirements specification)
- Documentation
- ‘EAgeyxo¢ péow tmrpooopoiwong (simulation)
- N\eiroupyik ETTaAnBeuon (formal verification)
- MTTOopoupe va 1o ouvBEoouue!

* 2TOXOCG:
— ACIOTTIOTN OXEdiaon ME XAMNAEC ATTAITIIOEIC KOOTOUG KAl XPpOVOU
— ATToQuyn kai TTpoAnywn AaBwv oxediaong
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2UuBaoceic otnv YAwooao Verilog

* H Verilog €ival case sensitive.
— N\EEEIC KAEIDIA €ival o€ PIKPA.
* 2XOAIO
- [a pia ypauun €ivai //
— [a TTOANEC [* %/
* Baolkég TipeEC 1-bit onuartwy
- 0: Aoyikn 1iyn 0.
—1: Aoyikn TiuN 1
- X: AyvwaoTn TIUN
— Z: dguvoeTo onua, high impedance
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ApiOuoi

* AvattapdoTtaon apliOpwyv
- <size>’ <base format> <number>
o <size> dgixvel Tov apiBuod atro bits
o <base format> ytropei va €ivai : d, h, b, o (default: d)
- Otav 10 <size> Acitrel 10 pEyeOOC KaBopileTal atrd TOV compiler
- Otav 10 <number> £xel TTOAAG wn@ia PtTopoupe va 10 XwEilouue NE
(underscore) 01TOU BEAOUE

* 100 /1 100

* 41111 /11 15, 4 bits

* 6'h3a /1 58, 6 bits

* 60111010 /1 58, 6 bits

* 12’h13x /1 304+x, 12 bits
« 8b10_10_1110 /1 174, 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}} (TTOAAOUC TEAEOTEOUCQ)
« Conditional X?y:z (3 TEAEOTEOUC)
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Baoiko Block: Module

arith

in1 :
N2

Da.
4[>0—I

out1

out2

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

endmodule

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

endmodule

out2,

inl,

in2) ;

HY220 - BaciAng NatragucTtaBiou & MNwpyog KaAokaipivog

10




[MopTeg evog Module

arith1

in1 P

N2 P

in3 P

—4@P bi_out

D—I out

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

input in3);

endmodule
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Modules vs Instances

* Instantiation cival n diadikagia dnuioupyiag AVTIKEIMEVOU ATTO TO

module.

Storage Cell

R — Q
S|R|Q Q
0] 0| undef
O] 11110
1100 1_
1111 Q|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

o ETTiTrEdO [TUAWV
—and, nand, or, nor, xor, xnor, not, buf

 [Tapdaodelyua:

—and N25 (out, A, B) // instance name
—and #10 (out, A, B) // delay
—or #15 N33(out, A, B) // name + delay
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Xpovog lNpoocouoiwong

* 'timescale <time_unit>/<time_precision>
- time_unit: yovada pETpnong Xpovou
— fime_precision: eAAXI0TO XpOVO BAUATA KATA TNV TTPOCOUOIWON.
- Movadeg xpovou: s, ms, us, ns, ps, fs
« #<time> : avapovn yia Xpovo <time>
-#5a=8h1a
@ ( <onua>): avauovh HEXPI TO orfua va aAAGgel Tiun (event)
- @ (posedge clk) [/ BETIKN aKuN
- @ (negedge clk) /[ apvNTIKA OKUA

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

e declarations

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

— MTTOpPEI Va TTEPIEXEI Eva N
Kaveva.

module test (
input a,
output reg Db);

wire c;

* modules/primitives
Instantiations

—2 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

e integer // apiBuoOCg

* 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 ~ b; wire sum;
wire ¢ = sum | b;
wire a = ~d; assign sum = a ~ b;

wire muxout = (sel == 1) ? a : b;
wire op = ~(a & ((b) ?2 ~c : d) ©~ (~e));
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2UPHATO KOl CUVOUAOTIKN AOYIKN

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

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

assign sum
assign cout

i1l
o)
g
O

endmodule
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Regs Kal akoAouBi1akn AOYIKN

* 2TOIXEIQ UVAMUNG
— KATI avaAoyo pe peTapBAnTéc otn C

* Movo regs (ox! wires) traipvouv Tiun oe initial kal always blocks.
— Xpnon Twv begin kai end yia grouping TTOAAWV TTPOTACEWV

« O1TOU XpPNOIYOTTOIoUUE reg OV oNUaivel OTI Ba CUUTTEPIPEPETA
oav Karaxwpentng (register) !!!

reg g; reg a;
always ( (posedge clk) initial begin
begin a = 0;
q = #2 (load) ? d : qg; #5;
end a = 1;
end
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Regs Kal cuvOuaoTIKN AOYIKN

Av n ouvaptnon F() gival TToAUTTAOKN TOTE:

inl —=>

in2 = ZUuvd LAOT LKI) L3 out

in3 —>

MOy LKI)

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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AvabBeoeig (assignments)
* blocking =

always @(posedge clk) b

begin —

a=Db;

c = a; // c TTaipvel Ty Tou b

End

* non blocking <=
always @(posedge clk)

begin

a<=Db: > b

c <= a; // ¢ Taipvel TTAAIA TIUA 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 O : #10

time 10 : = Db

time 10 : c = a

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

c(t=10) = a(t=10) = b(t=10)
time 0 : a <= #10 b

time 0 : c <= a

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

c(t=0) = a(t=0)
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Kavoveg NMoptwyv Module

 Ta input Kal inout £€xouv TUTTO wire yeoa oto module
 Ta outputs utTopei va £€xouv TUTTO wire 1) reg

——

reg or net | net

net
net [ inout

input output

=)
reg or net

net

HY220 - BaciAng NatragucTtaBiou & MNwpyog KaAokaipivog

23



2UvOsoelg NETACU Instances

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

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

in1[1:0]

arith2

1:0]

module arith?2 (
output [1:0] out,
input [1:0] 1inl,
input [1:0] 1nZ2);

endmodule
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Buses (2/2)

« Kauia dla@popda otn
OUMTTEPIPOPA
« 2UpBaOoEIC:
- [high : low]
- [msb : Isb]

* [IpoooxN OTIC AVaBETEIC
(MAKN) KAl TIC OUVOEOEIC EKTOC

TOU module...

module adder (
input [7:0] a,
input [7:0] b,
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 ...

* TO yVWOTO

module mux (

_lfelse input [4:0] a,
’ 1 t [4:0] Db,
» Mévo peoa o€ blocks ! inut so.
, ’ tput [4:0] t)
« ETiTpétrovral TTOAMATTAG KOl oUPEE S8 "
neSted |fS always @(a or b or sel) begin
) _ if ( sel == 0 ) begin
- [MoAAG else if ... out <= a;
s ’ , end
* AV UTTapXEl Jovo 1 TpoTaonN else
Oev xpeladeTal begin ... end g | HETE
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 (

el,
:0] out);
always @(a or b or ¢ or d or sel) begin
case (sel)
2’'b00: out <= a;
2’'b01l: out <= Db;
2'bl0: out <= c;
2'bll: out <= d;
default: out <= 5’'bx;
endcase
end
endmodule
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EtriTreda Apaipeonc Kwoika
* H Acitoupyia €voc module utropei va opioTei ye dIAPOpPOoUC
TPOTTOUC
* Behavioral (eTTiTredo 1110 KOVTQ OTNV AOVYIKN)
- [Mapopola pe TNV C — 0 KWOAIKAG OEV £XEI AuEONn oxEon e To hardware.

wire a = b + cC

* Gate level/structural (etriTredo KovTd 10 hardware)
— O KWOIKAC OEIXVEI TTWC TTPAYMATIKA UAOTTOIEITAI OE TTUAEC N AOYIKN.

wire sum = a ~ Db;
wire cout = a & b;
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2uvBeoiIpog Kwoikag

* O Synthesizable kwdikac ptropeEi va yivel synthesize kai va
Tapoupue gate-level yovrtého yia ASIC/FPGA.

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

* Non-synthesizable KwdIka¢ XpnoiIJoTTOIEiTAI POVO YIa
TTPOOOUOoIWaoN Kal ayvoeital (ouvnBwc) kaTtd Tnv dladikaaoia TNG
ouvBeonc (logic synthesis).

initial begin
a = 0; b= 20;
#5 a = 1;
b = 1;

end
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Xpnon KaBuoTtepnong otnv Verilog
« \&iToupyikn ETTaAnBeuon - Functional Verification (RTL Model)

- H kaBuoTépnon gival TTpooeyyioTikn. T1.X.
always (@ (posedge clk)
q <= #2 d; // FF ue 2 pov&dec xabBuotépnon
- 2UVvNOwC¢ Bewpoupe OTI N ouvOUOAOTIKN AoyIKA dev £xEl KABUOTEPNON TT.X.
wire a = (b & ¢c) | d;
// udévo 1nv Agittoupyla 6xL KoBUOTEépnon OUAQV
- H kaBuaoTtEpnon xpnoidoTrolsital Kupiwg oTo testbench kwodika yia va

@TIACOUNE Ta inputs.
« Xpovikn ETTaAnBeuaon - Timing Verification
— AVOAUTIKA KGBe TTUAN €xel KaBuoTEPNON.

- 2uvnBwg kavoupe timing verification o€ gate-level model 1o omroio
@TIAXVETAI aTTO £va synthesis tool.
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Testing

* [epapxIKOC 'EAeyX0C

« KaBe module ¢exwpiota
— Block level simulation

—‘EAgyxoc¢ Twv 1Tpodiaypapuy,
TNG AEITOUPYIaC Kal TwWV

m
.

XPOVIOUWY TWV ONUATWYV

* OAo 10 design padi (System

level simulation)
—'EAgyX0c¢ TNC OUVOAIKNC — L
AgIToupyiag Kal TWV SIETTAPWV — 1
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‘EAgyx0¢ cwoThC AgiTOupyiag

* Testbench: top module tTToU
Kavel instantiate To module
TTOU TEOTAPOUME, ONMUIOUPVYEI
TIC TIMEC TWV EI000WV TOU
(stimulus) kai eAEyXEl OTI Ol
£C000I TOU TTAIPVOUV OWOTEC
TIMEC.

* 2 TTIPOCEVYIOEIG :

—'EAEYX0G £600WV Kal XpOoVIGHOU
ME TO MATI

— 'EAeyx0g €£600WV Kal XPOVIGUOU
HEOW KWOIKa ONACON QUTOHATN

oUYKPION TWV AQVAUEVOUEVWY
£COOWV.

« Stimulus block

=
= —

Top-level Block

Stimulus
Block

:
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‘Eva atrAo «test bench»

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

adder addoO (a,

initial begin

a = 0; b = 0;

b,

#5 $display ("a:

a = 1;

#5 $display ("a:

b =1;

#5 $display ("a:

a = 0;

#5 $display ("a:

end

endmodule

endmodule

assign sum
assign cout =

= a
a

module adder (input
output sum,

A

a,
output cout);

b;

& by

input Db,
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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 = out + 1;

always (@ (posedge clk) begin
i1f (reset)
out = #2 8'b0;

else
out = #2 next value;
end

endmodule

module clk(
output reg out);

initial out = 1’b0;

always
out = #10 ~out;

endmodule
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MeTpnTtNng 8 bits (2/3)

module test;

wire clk;

reg reset;
wire [7:0] count;

clock clkO (clk) ;

counter cntO(clk,

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

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

reset, count); Sstop;
end

endmodule
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MeTpntNng 8 bits (3/3)

e counter.v
 clock.v
e test.v

clk

reset

count

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