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2xedblaotika Eninmeda Adaipeong

uYnAo eninebo XaunAo eninedo
AopLko  agaipeons agaipeons  \glTOUPYLKO

(Structural) (Functional)

Processor, Memory (behavioral level)

itch (PM.
Switch (PMS) Finite State Machines

Register-Transfer

Level Boolean Equations

Gates Differential Equations

Transistors

Polygons (Masks)

Sticks
rE(U[J.ETp KO Standard Cells
(Geometric)  Floor Plan Gajski & Kahn “Y-Chart”
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Application Specific Integrated Circuits (ASICs)
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2xediaon Kuttapwv
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2xediaon pe Aopika Kottapa

| YAomoinan Wnolokwv OAoKANPpWHEVWY KUKAWUATWY |

| MARpw¢ EAevBepn szSiaon|

| HueAeVBepn Ixebioon |

| Xprion Kuttdpwv |
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Kottapa
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NAND 3-e1065wv

ST-Microelectronics

Aopika Kbottapa

Standard Cells

XopaKtnpLloTika Asttoupylog

Path

1.2V - 125°C

1.6V - 40°C

Inl—t,

0.073+7.98C+0.317T

0.020+2.73C+0.253T

Inl -ty

0.069+8.43C+0.3647

0.018+2.14C+0.2927

In2—ty

0.101+7.97C+0.3187

0.026+2.38C+0.255T

2t

0.097+8.42C+0.3257

0.023+2.14C+0.2697

In3—t,

0.120+8.00C+0.318T

0.031+2.37C+0.258T

3ty

0.110+8.41C+0.2807

0.027+2.15C+0.2237

C = ywpnukotnta otnv é€o6o

T = xpovog avobou / kadoSou onuartog eLoodou
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2xebioon pe Aopka Kuttapa (1)
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metal 2
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metal 1
contact
poly
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nWell
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2xebioon pe Aopka Kuttapa (1)
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2xebiloon pe Aopka Kuttapa (1V)
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MAARpNnc Etkova OAoKANpwHEVOU
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2xebiloon pe Aratagerc MuAwv
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Alataéeic MuAwv - OdAaocca MUAwv

OAokAnpwuévo
Awdtagng NUAwv - Odlacoag MuAwv

1 Mpaupeg

} AlaBéoipwy
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, KavaAla
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Kuttapo Awataéng pe Movwpévn NMUAn

metal 2
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Awaouvdéoelg Kuttdpwv
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OAokAnpwpévo Aataénc MuAwv

Noywn

LSI Logic (0.6 mm CMOS)
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2xediaon pe Npoypappati{Opeveg ALaTageLg
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Mpoypappati{Opeveg AlaTtageLg

Katnyoplonoujoeig NMpoypappatilopevwyv Alatagewv:
e Me Bdon tnv TEXVLKA TIPOYPAUUATIOHOU
— Xprion avtiaodalewwv (antifuses) — MOVLIHOG TPOYPAULATIONOG
— Xpron pvnuwv EPROM
— Xprion pvnuwv RAM (ko e§wtepikwv EPROM)
e Me Bdon tov TUTO TG TPOYPOUUATIIOMEVNG AOYLKNAG
— Xpnon datagewv Aoykn¢ (logic arrays)
— Xprion mwakwv avadopdg (look-up tables)
e Me Bdon tov TUTIO TWV MPOYPAUUATI{OUEVWV
Sdlacuvbéoswy
— Xpnon kavaAwwv dtacuvdeong (channel-routing)

— Xpnon mAeypotikwy Siktuwpatwy (mesh networks)
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Npoypoppoti{Opeveg AOYLKEG ALATAEELG
Programmable Logic Arrays (PLAs)

‘Opol MNvopévou
XXq KaBe Aoyikr) ouvaptnon pmopet
%, va ekdpaotel w¢ abpoloua
AND Aopn XXy x > OR AopA ywopévwv (AND-OR) 8nA.  wg
X%, 2 aBpolopa eAaXLoTOpWV.
fo =Xox, + g
f, = XXX, + g + sz
Ta PLAs mpoypappoati{oviol wg
fo fi mpoc ta ywopeva (ehayotdpouc)
EéobotL Kal/n w¢ mpo¢ ta abpoicuata
Xy X4 Xy Tiou Ba mapayouv.
Eicodbot
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Mpoypappati{OpeVEG AOYLKEC ALOTAEELC
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u OR &1dtagn Is 1 I o OR &1dtagn Is la s 13 11 lo Mévin OR Séragn
o K p o noRse
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MNpoypappanidpevn \/Vvv Méviun Npoypappatdopevn
AND &idragn AND &uatagn VVVV AND &tdrtagn VVVV
030,0,0, 030,010, 0,0,0,0,
PLA PROM PAL

Q} Mpoodiopilel npoypappati{dpuevn cuvdeon
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YAomnoinon Zuvaptioewv o€ PLA
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MpoypapaTI{OMEVEG AOYLKEC ZUOKEVEG

Programmable Logic Devices (PLDs)
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INPUT/GCLK1 =
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INFUT/GCLRn C—-
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MNpoypapati{OMEVEG AOYLKEG ZUOKEVEG

LAB = Logic Array Block
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ALTERA MAX7000
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O0000000000000000

OOoO0000000

Opyavwon LAB YITOKUKAWHATWV

LAB
(Logic Array Block)
s
a 16
000000000 00000000 T macrocells
Chipwide interconnect T per LAB
(=) (k)
system systemn
clock(s) elear
LA [ n [ L | macroeell 1
(local Y i d ¥ - macrocell 2
array) | | Programm ahle clock, clear,
invemsion 1 preset, enable

ouT)
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macrocell
output
<] Y
" shared to next macrocell
1 expander macrocell feedback
~
other
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MNpoypoappati{opeveg Atataelg AoywKng

Field Programmable Gate Arrays (FPGAs)

Cyeeel,
o tI? 67 67 (‘7 Turiko Aopiko Kuttapo

Hq DinH2 SRHp EC ,
| Noywng og FPGA
CONTROL
OIN] ¥a
G —| Locic 5
2 FUNGTION ¢ F o 18 g
OF

Gy — 1G4 ‘M
o LUT,
LOGIC
£
L rurcmion = i
wH H

OF
=g

AND
H1
i LUT T L
3 CONTROL
F3 — oG N ] &
FUNCTION . . 0 a
oF o
Fg —  FiF
0| LUT, E‘]

=

K
(CLOCK)
;@ X
Configurable Logic Block (CLB)

Multilexer Controlled
FER Xilinx XC400E

by Configuration Program
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Noyikn pe Xpnon Mwvakwv Avadopag

Look-Up Table (LUT) Logic Cell

In1, In2 Out
Out 00 1
01 1
10 1
11 0
NAND
In1 In2
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30
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Opyavwon LUT YIOKUKAWHATWV

[T

G4

Gy

-
<
=

WRITE
CECODER

1of1&

DN

16-LATCH
ARRAY

LI

&

READ
WRITE PULSE ADDRESS

L T,
O
WRITE 16-LATCH
DECCDER ARRAY F

FreesFy

K
(CLOGK]

1of 18

g

Xilinx XC400E
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Alktvwpota Atoacuvdeong
KavaAt MAgyua
D DDDDDDDDDDDDDDD O00000000000000000000Qg, /
O PIA O = o
D S ] [nln]l=’inf
O I O 5 5
o O o “ o
- LaBl LAB2 o D D D ‘g\i
O — O o D\
O 0 o Ev.:
0 0 s L|U)U|{U|L] 8
0 — O E o
0 PIA 0 ! i
0 — 2 L LU DL g
D . D o =]
O O o o
LS OooooD
0 LAB6 [ 5 g
DDDDDDDDDDDDDDDDDD DDDDDDDDDDDDDDDDDDDDDDDD
KavaAl AtacUvéeong AAgypaTIKO ALKTUWHA
(ALTERA MAX 3000-7000) (ALTERA MAX 9000)
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MAeypotiko Aiktiwpa

MAéypa Alacvéeong
Mritpa ﬁ\-?éﬁr;r }E@ o ;FEFEFEF;I-
ArakonTwv Y A Y A Y
M - - e -
~ = H—p- = H—H- e
~ > A > ~ >
- \ o A s N A e
LJ?\ [rﬁrﬁr O Y FrFrFrErﬁl—
v NS ¥/ N
| ) |
r - 1 — ! |
A I T T
3 N
ACACACAC A L A0 4§4 1
= Y =Y
~ L+ ol R -
A nglaml .
o A A
5\—5}55»} 5|75}5r5rﬁr E
AvaSLATAKTEG ONUATWV 0TO SIKTUW A Slaclvdeong AtaxénTng
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Fevikl XwpoB<tnon FPGAs

1/0 Buffers
| Program/Test/Diagnostics |
Vertical routes ]
[TTTRITTTITTTTTT ITTTT]
[EREUIINENEENEEEE] IT11T]
|4 [TTTTTTTTITTITT ®ITITITITI 2]
e £
a a
o ITTTTTT T TTIT IO T ITTITTd o
[EERRENEELANENENIINN|INNNEEE]
Rows of logic modules [TOTTTTTITTTTT I
Routing channels
[ITTTITTTITTTIT eI Iy L
1/0 Buffers .

NAnpodopieg:
http://www.altera.com
http://www.xilinx.com
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OAokAnpwpévo FPGA

Xilinx XC400E

i
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Etepoyeveic MNpoypappatilopeveg NMAatpopueg

FPGA

Evowpatwpévn Mviun

AplBunTIka KukAwpata

\ 1/0 YgnAig Taxutntag

Kkﬁ > xedlaoTikég MeBodoAoyieg 36

Xilinx Virtex-Il Pro
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2xediaon pe Makpokuttapa

| YAomoinan Wnolokwv OAoKANPpWHEVWY KUKAWUATWY |
l

| HueAeVBepn Ixebioon |

| MARpw¢ EAevBepn szSiaon|

| Xprion Kuttdpwv | | Xprion Alotdaéewyv |
l l
[ [ |
AopKG ) Odlacoa NMuAwy| |Mpoypappatilo-
Kottapa Maxkpokuttapa Atotdelg MUAwY| | peveg Alatagelg
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)
T

Moakpokuttapa

T T e e e

string mat = “booth”;
directive (multtype = mat);
output signed [16] Z = A * B;

MakpokUTttapo MoAAamAQoLOoTH

EVUkapmro (Soft)

(0]
Xprion Aoutkwv Kuttapwv
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Axaprro (Hard)
MakpokUTTapo
Mvrung

38
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Mwooec Nepypadnc KukKAwpATwv

Hardware Description Langusges (HDLs)

Ou. yAwooeg HDL (VHDL, Verilog)
Xpnolgomolovvtal yia v mepypadn
NAEKTPOVIKWY CUOTNUATWV. Mpoodépouv

ToTnTA:
KQToypapng mpodLaypopwy
Tekunplwong

enaAndevong upue TN xprion
npooouoilwong

TUTTLKN G EMaARYeUOng
ouvOeong

aéomotn Sladikaoio oxediaong,
UE TaUTOXpOVn EAaylotomoinon
ToU KOOTOUG Kot ToU
QATTAUTOUUEVOU XPOVOU

anouyn oxedlaotikwv Aadwv

entity half adder is

port (in0O, inl : in bit;
sum, cout : out bit);

end entity half adder;

architecture rtl of half adder is
begin

sum <= in0 xor inl;

cout <= in0 and inl;
end architecture rtl;

architecture str of half adder is
begin

end architecture str;

Mapadetyua eptypacpric oe VHDL
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Zuotnpata—oe—£voa—OAOKANPWHEVO
Systems—on—a—Chip (SoC)

MokpokUTTOopa 1 TTUPAVEG (cores)

E B EE4AdNRERAEEER

1] |||||| !:
i

Clock

Interf.

Interf.

Interr. | [URTS i EBI
control | | Interf

g

e Xpnon eppwAevpévwv
KUKAWUATLKWY TIUPVWY OTIOU TO
KOGTOG, N anodoan, n
Katavalwaon kat n aflomotia
£€XOUV TOV TIPWTO AdYO.

e Avaykn DSP KUKAwUATWV.

e Yrapén LEKTWV OXESLACHUWV.

e Juvbuaopog
TIPOYPAUUATI{OUEVWVY TEXVIKWV
KOl TEXVIKWV oXedlaong
KUKAWUATWYV EL8IKWV EHAPUOYWV.

EmmEmEmEEE=BR AOYLOULKO glvat adloxwpLotog

ase-Band GSM

Kpikog.

OLmupnveg eivat ouvBwe povadeg mvevpatikig Wloktnoiag (intellectual property — IP blocks)
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Ofpata Ixedioong SoC

GSM

timing

Interr.

control

Base-Band GSM

«©

Ataxwplopdc utkol/AoyLopLkou.
Mpodlaypadec uepwv.
Juyxpovn/aclyxpovn oxediaon.
Hard/Soft IPs.

XwpoBétnon (floorplaning).
AlacUvéeon / aptnpieg
Sebopévwv.

Alapolpacpodg pohoyol Katl
TpodobocLwv.

TeXVIKEC avadel€ng oxeSLAOTIKWV
AaBwv (debug strategies).
TexVIKEC emMaAnBeuong
oxedlaopou (verification).
TeXVIKEC EAEyXOU 0pONG
Aewtoupylag (design for
testability).
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XwpoBEtnon - Awacuvdeon
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Noaketdplopa !

System-in-a-Package (SiP) VEEE Spectrum 3/11
/ (<

Single Package SiP Package-on-Package (PoP) Package-in-Package (PiP)

3D Chip Stacking

i
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