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>XUvoyn Tov LAONUOTOS

B AwaAégerlg
H teyvoioyia VLSI - Aegyacieg CMOS
HE XuvduacTtikii kKot akoAovBlokn Aoyiki
ApLBUnTiKG KUKADUOTA KOL UWWALES

A Ewcoywyn otn yYAwcoo Tegypapns vaitkov VHDL: Mépog 1
Ewcaywyrit atn yAddceoa Tteprypapng viAtkov VHDL: Mépog 2

[ H opytektoviki ogydveon tov FPGA

Ou agyrtektovikég FPGA Xilinx Spartan-3 kow Virtex-5

H H ouown cxedlaon twv FPGA

El MeBodoloyles oxedlaong kaw n gon Aoywng givleong

KUk Awudtwv oe FPGA

m [otéToTog Tov pabnyatoc:
http://eclass.uop.gr/courses/CST326/
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Ykiaypdenon tng Stdlegng

Avadpount GTo TeQLEXOUEVO TOU LABNUATOS
Evdeiktikd déuata egetdoenv Bempla kol aGKAGELS)

Oduata yo egdoknon Bewpia kKol AcKNAGELS)
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Al: H teyvoloyia VLSI - Aepyacieg CMOS

[TpokANGeLS Ko TTEOPARLOTO GTNY Ynoloki oyedlaon
MeTowd kar koot otn oxedlaon ICs (Integrated Circuits)
O avtuigteoeéag CMOS - Xapaktnelotiki Vi, / Vo, -
[Tepoxég Aettovgylog

Katavdlwon oyvog e kukAduoato CMOS
Agaotnoiétnta petapdoemv Koufou

Evdeiktikd déuata

1) Tv eivar n Spactnudtnto petafdoenv kKOupov; AwOcTte Tnv
€glomwon VITOAOYLGLOY TNS SUVOUIKAS KATAVAA®GNS 1aYV0G
JT0U oQelAETOL GE QTA.

2) Ava@épete T TeQLOYES Aettovpylag ko oxedidote Tn
XOQOKTNELGTIKA UETOPORAS Tdong Tou aviigtpo@éa CMOS.
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H Y0QOKTNEIGTIKA UETAPOQEAS TAGNS KoL Ol TTEQLOXES

> M
O avugteogeas CMOS Aettovgylog tov aviigtpo@eéa CMOS

B KukAdouatkn oxedlaon tov aviigtpopéo CMOS A
m Ta tpaveiotop NMOS kar PMOS ce Stokomtikii Aettovpyio A B
‘v"'d d Vout T c i
—D‘ |
0 = E 3
vV, Vo2 Vpp=Vo
DD oo~ Vip VDD
VH’\
ITeguoxn | NMOS PMOS YuvOrikn
—‘ A Amoromn | Toapwknn | 0 <V, < Vi,
B Kdépog Toaywkd | Vi, < V;, < 222
1 C Kdpog Képog Vi, ~ 122
- D Toawukn | Képog % < Vin <Vpp =V
E Toowwknt | Astokomti | Vpp — Vg, < Vi, < Vpp
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Apactnouotnta petafdoenv koupou (node transition

.. A2: YuvBuaGTIKN Kol OKOAOVOLOKN AOYIKA
activity)

B Azotedel Tn ouyvdtnta Tewv petapdoewv avdueca oe dVo dobeioeg
AOYIKES KATAOTAGELS 0 §vav KUKAMUATIKG KOUBo

m [616tnteg Twv KUkAOWATOV CMOS
m Aivetar asté o AGyo Tov aBpoy Tov ueTafdcemv GTov KOUBo wg TTQog ’ ,
TOV GUVOMKO alBud TV aAAAydV GTIS TWES £1lGOS0V TTOV £TLEEOUV GTOV m Aoywi CMOS - Xyedaouos PUN kar PDN
Koupo B IToAUTIAERTNG KOl TELGTAONG OTTOUOVWOTIAG
m YupBoAizetan we @ ko vitodoyitetan yia Tig petofdoers 0 — 1 (1) rat , ,
1_%60 (; ) W vigetaw yia g uetapdoeis (@o-1) m Yyedwacuds/Aertovpyia D-ff kar D-latch
1-0
m H evépyeia Adyw tng uetoyoyng uwag swving CMOS yia N kdkAoug u ALd(POQOL 0QLGUOl GTA XEOVIKA SLayQAUILOTO GUVEVAGTIKMV
ooytoy Sivetar amé  oxéon Ey = Cp - V3, - n(N) KOL OKOAOVOLOKOV KUKAOUATOV

m n(N) elvar o aQuBuds Twv petafdoenv 0 — 1 ge N kKUKAOUS QOAOYLOU B EvSeiktikd éuara

1) Exedudote KUKA®OUATA ETITESOV TEOVIIGTOE YO TIG EEAG
AOYIKES GUVOQTAGELS:

m [ tn yéon Suvawkn oy €xovue:

E —
Pae = m@ﬁ-fdk E=(A+B)-T+D
n(N) , F=A-B+B-C+A-C
= (lim T) “CrL Vg - fe 2) Tepypdwte tn Asttovgyio Touv D flip-flop.

2
o1 Cp - Vdd - fei
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YUVOUAGTIKN KAl AKOAOVOLOKN AOYIKA

[Mapddetypa: XvvBetn TTUANR

B YuvduaoTiki Aoyikii: ot €5080L aTroTteAoVv GUVAQTNGN UGVO TWV ELGOSWV

—_—
Logic ’ B TJ
N — Out
Circuit A_4 [
. C—
—
B AxoAovBiaxn Aoyiki: ot €£080l agtoteAovv GUVAQTNON TV ELGOS®V KoL
TNG TEEYOVGAS KATAGTAGNS (state) n oTrolo ££0QTATAL AT TTEONYOVUEVES D_4 OUT=D+A+(B+C)
e16660ug
N I A
In | Logic N Out %
— il D[
Circuit _{ _{
|i j : i
State JT—
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Yxedacuog kow Agttovpyia Tov povdaiwtn D

Yxedracuog kow Aettovpyta tov D flip-flop
Yxedwaouds tov D-latch

Yxedwaouds tov D flip-flop
CLK
N o CLK
Q _
CLK ’4
D— § E —Q
Aettovpylia
Twa CLK = 0 Twa CIK =1
Aettovpylia
Q Twa CLK = 0 Ta CLK =1
Q
Dw_r‘ TQM 1o a Doy >W
_ CLK=0 ‘ﬁ_\/ - I
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A3: AQBUnTikd KUKAOUATO KOl WVAULES

A4-AS:

ITAneng abpowgtng, RCA, CLA, TTOAVTTAOKOTNTO XWEOU KL

xodévou

I[ToAAaTTAQGLOGUOS: YevikA woeor, Baugh-Wooley (titou

JTivoko)

YUYKQLTEG

Mvrign ROM kot vAoTtoinon, yevikd Gtoyela yio Wileg

RAM

Evdeiktikd déuata

1) Na oyeSiactel GuykeLting tgétntag (A = B) ko

avigowgotntag (A > B, A < B) o omolog Pacitetan e doun
a@aipeonc Kol XENGWOoTTolel TOV VTTOAOYIGUS TV GRUALWY Z
undevikd), C (kpatovuevo) ko V (umepyeilon).

2) Na oxedwactel uvaun ROM 4 Aécewv twv S bit ue ta €€ng
Teieydueva: 11011, 00001, 10000, 10101
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H yAwcoa gteprypapng vitkov VHDL (2)

m Xvvogtricelg (FUNCTION) ko Siadikaciec (PROCEDURE)
m [Topauetoikéc Teprypapes ue IF-GENERATE ko

FOR-GENERATE

I'evikég gtabepés GENERIC

AgtagiBuntol tiTol Sedouévwv

ITivaxeg - Andwon kar avdbeon

Kavéveg yia tn givtagn GuvBEGLLmY TTEQLYQOPWV
Yxedlaon uviaung ROM (synchronous/asynchronous read)
Yxedlaon uvnung RAM (synchronous/asynchronous read)
AnAwon ASSERT

ITeprypapes eAéyyov/eTtaiibeuong (testbenches)

‘OMa Ta KUKADRaATa Tov togadetyudtov (vhdl4ded. zip)
MeBodoAoyia cxediaong FSM

MeBodoAoyia oxediacong FSMD
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A4-AS5: H yMwcoa sregrypapng vAtkov VHDL (1)

B OsueMddelg yvooelg tng VHDL
m ENTITY, ARCHITECTURE, COMPONENT, PACKAGE, PORT
B Xuyvd xencwosotovueva starkéta (std_logic_1164,
std_logic_unsigned)
m CONSTANT, VARIABLE, SIGNAL - AnA®ocelg kot avoOEcelg
TeAeotég tng VHDL
B Aouéc akoAOVBLOKOU KOIIKA
m PROCESS, Alota gsvarcbnoiog
m AnAwacelg eAéyxov: IF-ELSIF-ELSE, CASE-WHEN
B Anloocelg etovdAnyng: LOOP: FOR scheme or WHILE
scheme
m IleQypapn axkoAovblok®dv kukAoudtov (xonon clock,
reset)
B AoUEG GUVTEEYOVTOG KWALKA
m WHEN-ELSE, WITH-SELECT
m Yuvévoon cnpdtov (concatenation)
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A4-5: Eviewtikd déuata (1)

Tu epryedpetar otny ENTITY £vig KURAGULATOG

A. o unyoviguol Aettovpylag tou B. n Siemaen tou

I'. o wivakag ainbeiog Tou A. ta. COMPONENT aatd to ogtoia agtotedeiton
T wepryedpetanr oty ARCHITECTURE £vég KUKAGDUOTOG:

A. n Sieaen tou B. o mivakag aAnBeiag Tou

I'. ta COMPONENT mov to Guvigtovv A. ou unyavicuol Aettovgylag Tou
EmAégTe Ty 1godvvaun €k@Eacn yio Tnv oQVITIKA OKLOTTUROdSdTNGN:

falling_edge(clk)

A. clk’STABLE and clk = "1’ B. c1k’EVENT and clk = ’0’

I. c1k’EVENT and clk = ’1’ A. clk = ’0’ or clk’EVENT
T eivan éva apyeio testbench:

A. To top-level apyelo TOU KUKADUATOG

B. Apxelo yia Tov €Aeyxo TOU KUKADUOTOS

I'. "Eva mtaxéto pue dnAwacelg Tov xenotn

A. EVOALOKTIKIA TTEQLYQOALPN TOU KUKAMUATOS
Mio VARIABLE 8ev umopet:

A. Na dwacuvdéoel §Yo avtituta COMPONENT (VTTOKUKAMUOTO)

B. Na xenowosownbet uéca e puio PROCESS

I'. Na Swpactel kar va yoopel uéoa otnv (Sia PROCESS

A. Na SnAwBel gtnv steguoxn dSndwcewv tng PROCESS
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A4-5: Eviewtikd dépata (2) A4-5: Evdewtikd déuata (3)

1. Na yeapet o KU')S.LKOK VHDL kukAduatog sictopngiog (majority voter) toiov 4. Alvetou To KUKA®UO Tov GYAaTos. Na yeagel o aviictoyog koduwkag VHDL. Ta
e1668wv Tov 1-bit. Tnv vAomoinon tov D flip-flop yencwomoumiate tny asdvincit Gag 6to
2. Na ypaget o koddukag VHDL yia Tnv oQxITEKTOVIKI, KUKADUATOS avTweTtdbeong TLEONYOUUEVO VITOEQWTAUCL.

ynelwv (bit swapper) yia Stavicuata twv 8-bit. To kikAwua da vAoTonbel ue
xonon tng Snilwong FOR. . .GENERATE kai €xel tnv mtaQakdteo ENTITY.

ENTITY bit_swapper IS
PORT (
din : IN std_logic_vector(7 DOWNTO 0);
dout : OUT std_logic_vector (7 DOWNTO 0)

s
END bit_swapper;

ar @
3. Na oyeduaotel To FSM pe to Sidypauua katactdoemv tov oxiuatog e VHDL. A
D Q

np=0

on G

S
inp=1 RESET CLK
inp
5. BewEnote 4Tl To TORATTAVE KUKAmUa déxetar elcodo RESET = 1’ katd tnv
inp=0
TEMOTN TEQ{0So Aettovpylag Tov, kal atn Guvéyela etvaw RESET = 0. Adcte Tig

TwéS Twv A, B, C yia T meaodTeg 11 meQuddoug AettouQylag Tou KUKADUATOG.

inp=0 ZxoMdoTe T0 ATOTEAEGUOTA.
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7 7 7 7
Emi{Avon tng doknong 1 EmiAvon tng doknong 4
s 1
11brz_|ry ieee; . rlibrary IEEE; h ( U_dff_A: dff port map (
use ieee.std_logic_1164.all; use IEEE.std_logic_1164.all; clk => clk, rst => rst,
. L . d => d_a, q => g_a,
entity majority_voter is entity dcounter_3b is q_n => q.n.a
port ( . . port ( bH
inl : in std_log}cz clk, rst : in std_logic;
}DZ s in std_log]_.c; a, b, ¢ : out std_logic U_dff_B: dff port map (
in3 : in std_logic; ); clk => clk, rst => rst,
outp : out std_logic end dcounter_3b; d =>db, a =>gqb,
o q.n => q.n.b
end majority_voter; architecture gatelevel of dcounter_3b is bH
. I : component dff
architecture comb of majority_voter is port ( U_dff_C: dff port map (
signal temp : std_logic_vector(2 downto 0); clk in std_logic; - cik => clk, rst => rst,
begin X X i rst : in std_logic; d => q.n.c, q => q_c,
pruFess (in1l, in2, in3) d in std_logic; q_n => g_n_c
begin . . . q : out std_logic; DN
temp <= 1n} & in2 & in3; q_n : out std_logic);
case te’:lp is . . . . . . o end component; t® <= q_b or q_c;
when "011" | "161" | "110" | "111" => outp <= ‘1‘; signal gq_a, q_b, q_c : std_logic; d_a <= g_a xnor t0;
when others => outp <= '0’; signal q_n_a, q_.n_b, gq_n_c : std_logic; d_b <= q_b xnor gq_c;
end case; signal t®, d_a, d_b : std_logic;
an plx)'ocess; begin a <= q_a;
end comb; N\ J b <= q.b;
- - c <= q_c;
end gatelevel;
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H opydvwon evog un-mrooyQauilaTiiOUevoy eTTEEEQYAGTN To mEOPAnUA TOU UEYLGTOU KOWOU dtonpétn dvo aQliuwv

B Tevikd oynuatikd Sidypouua evag un TToyQAUUATICOUEVOU m Agyduacte 6t ged(n, 0) = ged(0,n) = ged(0,0) = 0
ETEEEQYOGTA m Evpeon abuov m o omoiog va elvarl o ueyoMitepog Jetikdg
arépauog o ogroiog diarpel kow Toug Vo aEBuovg
control inputs datapath inputs

m Xto apyafo EAAnvikG wobnpotikd aviiipgocmItevel To
TEOPANUO €VEEGNES KOWNAG avapods yio Tn uétenon 60o
evbvypauLOV TUNUATWY

m AAyépiBuoc:

control signals

- EIPIOTH int gcd(int a, int b) {
XEIpIoTrg sAfyyou ﬁﬁﬁﬂpé\ﬂg\-‘ mimg:cre:l\lt? x?ny;
- X =a;y=h;
(control unit) status signals {datapath) 1fwli)i{1!:0(i&lzl;§'){{
-t if (x >=y) {
\g } :l;ex{_ v
y =y - %}
}
result = x;
3 } else {
control outputs datapath outputs result = 0;
3
return (result);
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z /7 ’ z /7 Vi rd
ApBuntikd TTapddeyuo vitoAoyicuov tov GCD AAyolOuko didypouua gong ywa tov aiyoebuo GCD
m O wkedTepog apBuds agtd dvo apuovc a,b aporpeliton S0
agtd Tov peyaAvteQo oe Sadoyikd Prpata
m ‘Otav ot Vo auol yivouv igol, tdte IGovvToL UE TO =

Méyigto Kowéd Awarpétn toug ]

m Xe giepitttwon wou n Sradikacia @Tdoer puéxpl to onueio
Tov a=1n b =1 té1e 0L 3V0 aEBuol dev €xouv un
TeTouuuévo GCD, SnAadn ueyaAitepo Tov 1

m [Topdderyua (a = 196,b = 42)

Briga | A B

Y

154 | 42 =
12 19 result=0
v

2 |14 2w
28 14
14 14

m To amotéAecua eivar: ged(196,42) =14

NOU A WwN -
~
(=)
S
N
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[Teprypapn tng vAomoinong FSMD tovu emegepyactin [Teprypapn tng vAomoinong FSMD tovu emegepyactn
GCD (1) GCD (2)

( N
r ~ process (clock, reset)
library IEEE; begin
use IEEE.std_logic_1164.all; done <= ’'0’;
use IEEE.std_logic_unsigned.all;
if (reset = ’'1’) then
entity gcd is state <= s0;
generic ( X <= (others => ’'0’);
WIDTH : integer y <= (others => '0’);
); res <= (others => '0’)
port ( elsif (clock=’1’ and clock’EVENT) then
clock : in std_logic; case state is
reset : in std_logic; when s® =>
start : in std_logic; if (start = ’'1’) then
a : in std_logic_vector (WIDTH-1 downto 0); X <= a;
b : in std_logic_vector (WIDTH-1 downto 0); y <= b;
outp : out std_logic_vector(WIDTH-1 downto 0); state <= sl;
done : out std_logic else
); state <= s0;
end gcd; end if;
when s1 =>
architecture fsmd of gcd is if (x /= 0 and y /= 0) then
type state_type is (s0,sl,s2,s3); state <= s2;
signal state: state_type; else
signal x, y, res : std_logic_vector (WIDTH-1 downto 0); res <= (others => ’0’);
begin state <= s3;
J end if;
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II ] ( FSMD ]
Gé%y((gg)(pn Tng vAotmoincng FS TOU ETTEEEQYAGTN B e R

m AnAwcelg FILE yia Afiypn e1668wv astd agyelo ko eKTUTTmGN
SlayvwoTikig €£650v Ge apyelo

when s2 =>
if (x > y) then [: file TestDataFile: text open read_mode is "gcd_test_data.txt"; }

X <=X -Y; file ResultsFile: text open write_mode is "gcd_alg_test_results.txt";
state <= s2;

elsif (x < y) then

7 " "
Y <=y -x m [Iepexdueva tov "ged_test_data.txt" (A, B, result)
state <= s2;
else 21 49 7
res <= X; 25 30 5
state <= s3; 19 27 1
end if; 40 40 40
when s3 => 250 190 10
done <= ’'1’; 5 250 5
state <= s0; 111
end case; 000
end if;
end process;
Waves
outp <= res; 99|z 199 ns 299 ns 399 ns 439|n= 599|ns £33 s 759|ns 899 [ns 999 |ns hl]
end fsmd; ul
-

bl
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AT: Ouv apyrtektovikég FPGA Xilinx Spartan-3 ko

A6: H L 0Y4 FPGA :
6 OEYLTEKTOVIKIL OQYOVWON TWV Virtex-5

B Ot TTQOYQOAUUOTICOUEVES GUGKEVES KOL TOL XOLQOKTNELGTUKA
TOUg

m Tv elvaw FPGA - Aoyikd kittogo

B Avtictpopn unyaviki AoyikoV kuttdeou (Tr.y. Xilinx
XC3000)

m Tvmkég Widtnteg twv CLB

m Evdektikd déuata

1) Avopépete YEVIKG YOQOKTNQLOTIKG TOV TLROYQOUUATIIOUEVOV
GUGKEV®V.
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AT: Evdektikd déuata (1)

1) Ava@éete To 0QYLTEKTOVIKG YOQAKTNELGTIKA TOV GUGKEV®V
FPGA Xilinx Spartan-3.

2) Avo@EpeTe T AQYLITEKTOVIKA XOUQOKTNRIGTIKA T®V GUOKEVMV
FPGA Xilinx Virtex-5.

3) Ozwenacte 6T Swabétete ula PyAobnkn povddwv RTL n
omota agragtiteton amd abporctég (ADD), apapétes (SUB)
kol aELoteQoVs (SHL) kat de€lovc (SHR) Aoyikovg
oMaOntéc katd otabeprt ocdtnTa n. Znteltar vo
oxedlaotel To oxnUATIKG Sidypoauuo Lovdadag ylo Tov
TLOAMATTAAGLOGUS Wag LlGOdov X ue TG aTabeés 5, 33, ko
77. H povdda Yo Swabétel Tig aviicToyes e£660u¢ u, v, w.
Ynyedvetal 6Tt h oAMcbnon katd n Yéoelg aplated
teoduvauel ue woAlamAaciacud ue to 2" kow n oAlcOnon
katd n Yéoeig degid, ue dwalpeon ue to 2". Avagpépete
VEVIKA XO.QOKTNELGTIKA TOV TIQOYQAULATICOUEVOV GUGKEVMV.
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AQYLTEKTOVIKA YOQOAKTNELOTIKA TV Guokevwv Xilinx
Spartan-3

Yyeblaon uviaung ROM kor RAM (yevikd)

Todmol Yeneng evenuat®uévwv TTOAAATTAAGLOGTOV

AQ)LTEKTOVIKA YOQOKTNELGTIKA TV GUoKEV®V Xilinx
Virtex-5

O evomuatouévog xelplotig dedouévov DSPA8E

Tedmol ypriong tng uovddag DSPASE
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AT: Evdeiktikd déuata (1)

4) OewENGTE TO ATTAOTIONUEVO GYNUOTIKG Sidypauua tng wovddag Virtex-4 DSP48
TOV TOQAKAT® GYRUATOS. Znteltal va oxeSlaaTel TTOAATTAAGLOGTAS UYASIKOV
aEWOLGV, aKE{PELOS TTEAYULATIKOU KoL @AVTAGTIKOU Uéeoug Twv 18-bit, ue uovddeg
DSP48. Arttodoynote moces uovades da xpetacTeite KoL GTn GUVEXELDL SMOGTE TO
avtioTor o oYnUaTikG Sidyeauuol.

YXHMEIQXH: ‘Ectw ov wyadwkol agibuol z; =a+i-b = (a,b) ka
zg =c+i-d=(cd). To ywéuevo toug z3 Sivetar agd tn oxéon:

z3 =271 X 29 = (ac—bd) +i-(ad + bc) = (ac — bd, ad + bc)
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A8: H @uoikn oyediacn tov FPGA

I'voeliopata ToV TOVASIOUOQPDCULOV OQYLTEKTOVIK®OV
Tevikd ylo TOUG TIEOYQAUUATIZOUEVOUS SLOKOTTTES
Kittapa SRAM

Avtioopdieieg (antifuses)

Mpoyeauuatigdueves Stacuvdéoels Xilinx

Evdeiktikd déuata
1) Iow n Sto@oed avAylesa GTIC SLLOQMOGLULES KL GTLS
ETTAVASLAUOQPDOCUUES GUGKEVEG;
2) Ava@épete YeVikA YOQOKTNELOTIKA TV TIQOYQOULATIIOUEVHOV
SLOKOTTTAOV.
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H pon tng Sradikaciag Aoyikng cuvleong

m H cvuykekouévn gon egtidicerl otis texvoloyieg FPGA. Ta meQuocdtepa
epyaldeta CAD yweltovtan ce frontend kow backend
m frontend: UETATEOTN TNG TTEQLYQOUPNGS TOU KUKAMDUOTOS GE netlist
m backend: Aoy gvvBeon tng netlist

Meprypagn oe RTL VHDL ‘

J

Z0veeon RTL ‘

J

mioToroinan ==
1o0duvapiag Hetaéu Noyikn ouveon ‘
RTL kai netlist J

Mpoo opoiwon
emmédou RTL

Eioaywyn Sopwv yia EAeyxo
G Apwong/BEATICTOTTOINC EIS

Mpocopoiweon oe
£TMiTMESO MUAWVY

Tomobémon kai ‘
Slaguvdson

Pelpa bit (bitstream) yia
ouyKekpIpévo FPGA
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A9: MeBodoloyieg oxedlaong ko n QON AOyKNIg
gvvbeong kKukAwudtwv ce FPGA

m Aoywn givBeon

m Awadikacieg gto frontend kow gto backend evig gpyaleiov
AoYIKIG gvvBeang

m I[Tpocouoiwon - Tu kaw TTOLQL €lvon T GUVNBEGTEEQ £(dn
TEOGOUOlWGNG;

B Xweobétnon - TowoBétnon - Atagivdeon

m Epunvela mapayduevov agxelov aitd epyaieia Aoyikig
ovvbeong

m Evdeiktikd déuata

1) Tu eivor n Aoyikn gvvBeon; No Sobel Sidypauuo Qong tng
TUTUKIAG QONG AOYIKNG GUVOEGNG;
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