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« H TexvoAoyia (process) TTou XpnolIJoTToloUUE yia TNV kataokeun (fabrication)
KaBopilel TIC TTAPAUETPOUC TWV transistors Kal To JEyEBOC Toug
« KaBwg BeATiwveTal N TEXVOAOYiIQ:

— Mikpaivel TO pEyebog Twyv transistors (TTeploooTEPA transistors oTov idl10 XwEOo)
— AucdveTtal n TaxuTnTa TOUG
— EAatTwveTal n katavaAwaon evEPYEIAC TOUC
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Pon 2xediaonc¢ — Design Flow

System specification (functionality, timing)

et
C’ description (Golden Model)

Block partitioning

HDL code (verilog)

Full Custom Synthesis {Strandard Cells)
transistor level Hardware
(Memories) Floorplanning Implementation
(next slides)

Place and Route

......................................................................... //

System Testing
(functionality, timing)

Chip Prototyping
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MEBoOOI 2xediaong

‘ Digital Circuit Implementation Approaches I
‘ Custom I ‘ Semicustom I

‘ Cell-based I ‘ Array-based “

standard Cells Macro Cells Pre-diffused Fre-wired
Compiled Cells (Gate Arrays) (FPGA's)
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Full Custom

Plan View ;
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* H diaragn (layout) Twv transistors gival X€IpOTroiNTN XPNGCIKOTTOIWVTAG
VLSI editors. Xproiuo Kupiwg o€ pIKpa designs Aoyw aTtTaITi|OEwyY O€
XPOVO

— MéyioTn eAeubepia
— M1TAoK upnAwyv £TTIOOCEWY
— Apyn diadikacia
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Semi-Custom: Array-Based (Gate Array)

* MeydaAol TTivakeg aTro transistors divovtal atrd Toug
KATOOKEUAOTEC TV chips.

« AldOUVOEOVTAC AUTA Ta transistor Je Tov KATAGAANAO TPOTTO
TTPOKUTITEI N €MIBUUNTA AOYIKN
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Semi-custom: Programmable Logic Array (PLA)
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* O1 PLAs €xouv mrpoypappatiifopeva AND kal OR etritreda (planes).
* MtTopouv va uAoTtroinoouv otroladNTToTE 2-eTTiTredn Aoyik AND-OR
* ATTOOOTIKN QUOIKN UAoTToinON o€ TeXvoAoyia CMOS.
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NMNpoypappartiopevn Aoyikn: LUTs (Lookup Tables)
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FPGA: Field Programmable Gate Array
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- wire segments

| contigurable logic blocks (CLB)
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Ta CLBs guvdéovTal oTta KOVTIVA KaAwdIa
Ta KaAwdia ocuvdEovTal HETAEU TOUC JEOW TOou switch matrix
YTTapxouVv Kal Jakpiva KaAwdia yia va dlacuvdEouv atrouakpuopeva CLBsS

O1 TTAnpoOpPIEG yIa TNV TTPOYPAUMATICOUEVN AOYIKN) Eival aTTOBNKEUUEVEG O€ bit
UVAUNG TA OTTOIO POPTWVOVTAI KATA TOV APXIKO TTPOYPANUATIONO TNG.
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MNapadeiypa evog CLB (Logic Element)

Carry out

1. Programmable
Logic

LT

Carry in

LE example
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H diaocuvdeon otnv FPGA
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always
mumble
mumble
blah
blah

Synthesizable Verilog

Synthesis

LE 1 -

LE 2

_ Logic Elements in FPGA Chip

Place
and
Route

gatesrgates, gates, ...

H pon oxediaong yia FPGA
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H ouvBeon (synthesis)

* Aoyiknl ouvBeon (logic synthesis)
— 'Eva gepyaAcio/TTpoypauua oXediAdel KUKAWUATA ATTO «APNPNMUEVESY
TTEPIYPAPEC TNG AOYIKNG

o AExeTal TTEPIOPIOUOUC (constraints) yia To PEyeBoG, TNV TaxUTNTA K.
o XpnoiuoTrolgi BIBAI0BAKeC (TT.X. 3-input gates)
* [Nwg;
— lNepiypagoupe o€ Verilog «a@npnuéva» Tn AoyiKn
— To epyaAgio yag rapayel EVOANAKTIKEC UAOTTOINCEIG

constraints

Verilog blah___, SFFRTIFRH N

blah blah or ...

O —

=
1

library
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ATTAO TTOPAOEIYNO OUVOEONC

* Ti ouuPaivel;
— 'pdoupue Tov KWOIKA Kal N ouvleon pag Byadel TIG TTUAEG
— MT1TOpEi va xpnoiyoTToIEi DIOPOPETIKEG BIBAIOBNKEG ATTO TOV OXEDIOOTA (EQW PMOVO
TTUAEG 2 EI005wV5]

— Mia mplypa(’)n €ival APKETN yIA VA PAG TTAPAXO0UV ApPKETEG DIOPOPETIKEG
quwomoalg

. OAAG auTO TTPOUTTOBETEI OTI CEPOUUE TNV UAOTTOINCN O€ TTUAEG - TO OTTOIO KATAANYEI
Va JNV gival «a@npnuévn» Trepiypa®n B rt%oua

module gate (f, a, b, c);
output f;
input a,b,c;

and A(al,a,b,c), o
B {32! a, ""bl ""G}!
C (a3, ~a, 01);
or Df{o1,b,c),
E (f, a1, a2, a3);
endmodule
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Autoupartotroinuévn Aoyikn 20vBeon

* H ouvBeon TTOAU cuxva eppnVveUEl TOV KWOIKA DIQPOPETIKA ATTO
TNV TTpogopoiwaon M
e H TTepITTA AOYIKA MTTOPEI VA unVv avixveuetal ravral
— Ta TTOPAKATW KUKAWHATA €ival AeiITtoupyika icoduvaua!

X clk
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Mapping — Place & Route

* Mapping: MeTag@opa TNG AOYIKNG TTOU TTAPAYETAI ATTO TNV
ouvBeon ota Aoyika oToixeia (LE-CLBs-Cells) Trou Trapexel
PUOIKA N ekaoToTe TEXVoAoyia (FPGA-ASIC)

— Katd to mapping n AoyIKr JETATPETTETAI KATAAANAQ O€ QUTAV TTOU
uttooTnpidel N TEXVoAoyia.

* Place & Route: XwpobeTnon Kal AiIaouvoeon TwV KUKAWUATWY
OTNV QUOIKI) TOTTOAOYIA.

— TotroBetei TNV Aoyik ota CLBs 1n¢ FPGA Kal Ta d1a0UVOEEl UE TETOIO
TPOTTO WOTE VA KOAUTITOVTAI Ol XPOVIKOI TTEPIOPIOHOI

o H kaBuoTépnon Twv kaAwdiwv (wiring delay), yia Tnv 0laoUvOeoN PETAGU TWV
blocks TNG AoyIKNC, TTPETTEI VA €ival ATTODEKTN

o TOTTOBETEI TA KPIOIMA KOPMUATIO TOU KUKAWMATOC KOVTA YIa VO JEIWOEI 000 TO
duvatov TNV KabuoTépnon atro Ta KaAwdla

o H kaBuoTépnon Twv onUATWY O0TO KUKAWMA ECOPTATAI ONUAVTIKA ATTO TNV
kKaBuoTépnon TnG diaocuvdeonc (routing delay)
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Partitioning and Floorplanning
Katatunon kol Karoyn 2xe0iou

Chi P (abstract level)

Partitioning
into blocks

Floorplanning

Place them in
floorplanned area

HY220 - BaoiAng MNMatraguotabiou
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Cell-Based Design

* Semi-custom: AUon Baciopévn 0€ EPYAAEia TTOU XPNOIUOTTOIOUV
standard cells TTou TTapExel N TEXVOAOYIQ Kal €ival ouoiopop@a

Logic Cell
Feedthrough Cell
' A,
o w—a
L |
Bl s e
g,f[ [ |
= / o -
2 I | I
=z | [ Functional
Module
o — o e (RAM.
| T [ mmltipher. ...}
.

The height of each
standard cell is fixed.

Rournng
Channel

Routing channel
requirements are
reduced by presence
of more interconnect
layers
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Alatagn evog standard cell

« H diatacn (layout) evog standard cell atré pia BiAi06nkn
standard cell. Eivai full-custom!

newall -

contact
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Cell-based Flow

gates, gates, gates, ...

always
mumble
mumble
blah
blah

Synthesizable Verilog

GO00040404040
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ASIC: Application Specific Integrated Circuit

* Chip yia yia ouykepiyevn epappoyn. Aev YTropei va
COVATTPOYPOAMMATIOTEI N AOYIKN TOU YIa va KAAUWEI AAAEC AUCEIC

« Aivoupue oTov KataokeuaoTtn Tnv diatacn ue full-custom ry semi-
custom blocks.
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KoéoTtn YAotroinong

« Kb6oTn:
— Unit cost (KOOTOC povadag): To XpNMATIKO KOOTOC YIA TNV KATAOKEUN KABE
AVTIYPAPOU TOU CUCTHMATOG

— NRE cost (Non-Recurring Engineering cost — Mn eravaAauavouevo KOOTOG
oxediaong): To epaTTac KOOTOG yia TNV oXEDIACN TOU CUCTHUATOG

— Total-Cost = NRE-Cost + Unit-Cost * #Units

— Per-Product-Cost = Total-Cost / # Units = (NRE-Cost / # Units) + Unit-Cost

* [lapadeiyua:
— NRE-cost = $2000, Unit-cost = $100
—la 10 povadec:
o Total = 2000 + 10*100 = $3000

o Per-Product-Cost = (2000/ 10) + 100 = $300
o Na va kaAueBei To NRE kéoT0C emTifapuvOnke 10 KOOTOC TNS KABE povadag pe $200!!!
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FPGA vs. ASIC (Pros and Cons)

* FPGA (gate-array)
— XapNAOG apxIKO KOOTOC
— XauNAG XpnUATIKO piOKO
— ['prlyopec KATAOKEUAOTIKEC aAAayEC (reprogram)
— EUKoAeG aAAayEC OoTn oxediaaon
— Emravatrpoypaupati{opevn
— Apyo PoAdI
— Mikpr] XwpnTIKOTNTA O€ TTUAEC

* ASIC (full-custom, semi-custom)
— ['prAyopo POAOI
— MeyaAn xwpnTIKOTNTA O€ TTUAEC
— «[ukvo» ox€dIo
~— YWnAO KOOTOCG
— APYEC KATAOKEUQOTIKEG AAAQYEC
— MeydAog XpOvoG KATAOKEUNG
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EpyaAgia CAD: Computer Aided Design

Specifications

Specifications

Ea

Functional Design

N=AB:. Y =CD;
L= X+Y:

\ 2

o>

=
Y s B i |

i

000

Logic Design

A\ 4

Circuit Design

v

Physical Design

v

Fabrication

11111
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System Description
Languages (System C)

Hardware
Description Languages,
Schematic Editors
(Verilog, VHDL)

Logic Synthesis
Tools (Synopsys)

Physical Synthesis Tools
(Place & Route)

Tape out and
Manufacture
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