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Chip = I'poupog Tran3|stors
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* H TexvoAoyia (process) TTou XpnOIUOTIOIOUME Yia TNV KaTtaokeun (fabrication)

Intel processor
10 000 000 TTUAEG

KaBopilel TIC TTApAUETPOUC TWV transistors Kal To HEyeBOC Toug

« KaBwc BeATiwveTal N TEXVOAOYiIQ:
- Mikpaivel To péyeBoc Twyv transistors (TTepIocodTEPA transistors aTov idl10 XwpOo)

— Aucavetal n TaxuTnTd TOUC

— EAQTTWVETAI N KATAVAAWON EVEPYEIAC TOUG
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Pon 2xediaonc — Design Flow

System specification (functionality, timing)

N
C’ description (Golden Model)

Block partitioning

/ \
HDL code. (verilog)

e
Full Custom Synthesis (Standard Cells)
transistor level Hardware
(Memories) Floorplanning Implementation
1 (next slides)
Place and Route
e

N\ hd

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 l\

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

Plan View ;
p-transistor | n-transistor
i
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u° substate
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p-ausistor | n-transistor Cross Section

* H diatagn (layout) Twv transistors €ival X€1po1roinTn XpNOIPOTIOIWVTOG
VLSI editors. Xprjoluo Kupiwg o€ PIKpA designs AOyw aTTaITAOEWY O€
XPOVO

- Méyiotn eAeuBepia
— MTTAOK upnAWYV £TTIOOCEWV
- Apyn diadikaaoia

HY220 - Mwpyog KaAokaipivdég & BacoiAng MNMatmraguotabiou 6



Semi-Custom: Array-Based (Gate Array)

« MeyaAol Trivakeg aTro transistors divovTal a1ro TOUC
KATOOKEUAOTEC TWV Chips.

» AldouvOEOVTAC AQUTA Ta transistor Pe Tov KATAAANAO TPOTTO
TTPOKUTTTEI N ETTIOUUNTA AOYIKN
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Semi-custom: Programmable Logic Array (PLA)
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* O1 PLASs £xouv mrpoypaupatiiopyeva AND kail OR etritreda (planes).
* MtTopouv va uAoTtroinoouv otroladntroTe 2-eTTiredn Aoyik AND-OR
* ATTOOOTIKN QUOIKN UAoTToinon o€ TexvoAoyia CMOS.
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MNpoypauppaTtiiopevn Aoyikn: LUTs (Lookup Tables)
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0010:
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FPGA: Field Programmable Gate Array
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| switch matrix

- wire segments
“

| contigurable logic blocks (CLB)
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IO blocks (IOB)
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Ta CLBs ouvdéovTal oTa KOVTIVA KaAwdIa
Ta KaAwdia ocuvdEovTal HETAEU TOUG NEOW Tou switch matrix
YTTapxouv Kal Jakpiva KaAwdia yia va dlacuvdEouv atmouakpuopéEva CLBs

O1 TTAnpo@opieg yia TNV TTPOYPAUMATICOMEVN AOYIKN Eival ATTOBNKEUPEVEG O€ bit
UVAUNG TA OTTOIO POPTWVOVTAI KATA TOV APXIKO TTPOYPAUMATIONO TNC.
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MNapadeiypa evog CLB (Logic Element)

Carry out

Carry in

LE example
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H diaocuvdeon otnv FPGA
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H pon oxediaong yia FPGA

always — - — p—
mumble § g\ nthesis —__ gatesrgates, gates, ...
blah — O -
blah = — © m— N
Synthesizable Verilog \o@‘
\\00 '\<‘°"
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=" | = Place )
- and -
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- Logic Elements in FPGA Chip
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H ouvBeon (synthesis)

* Aoyikn ouvBeon (logic synthesis)

- ‘Eva epyaAcio/TTpoypapua oxedIAlel KUKAWPATA ATTO «aPnNPNMEVES»
TTEPIYPAPEC TNG AOYIKNG
o AExeTal TTEPIOPIOPOUC (constraints) yia 1o pEyeBog, TNV TaxUTNTA K.A
o Xpnoiuotrolgi BIBAI0Onkec (11.%. 3-input gates)
* [wc;
- [eprypagoupe o€ Verilog «a@npnuéva» 1n AoyiKn
— To epyaAcio pag Tapayel eVOAAAKTIKEC UAOTTOINCEIC

constraints

Verilog blah___, SFFRTIFSST

blah blah DR sss

T =y
-

library
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ATTAO TTOPAOEIYNO OUVOEONG

* Ti cuuPaivel;
- 'pa@oupe Tov KWAIKA Kal N ouvBeon pag Byadel TIC TTUAEC

— Mrtropei va xpnolyoTrolei dIaPOopPETIKES PIBAIOBNAKES aTTd Tov oxXedIAoTH (EOW PHOVO
TTUAEG 2 aoonvk‘

- Mia nepwpacpn gival ApKETA yIA VA JAG TTAPAXO0UV APKETEG DIAPOPETIKEG
u)\onomoalg

. AAAG auTO TTPOUTTOBETEI OTI GEPOUPE TNV UAOTTOINCN O€ TTUAEG - TO OTTOIO KATAANYEI
Va JNV gival «apnpnuévny Tepiypagn Bart%ala'"

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

input a, b,c; E— —I—
and A(atl,a,b,c),

B (82, a, “‘bs ~C),

C (a3, ~a, o1);
or D(o1,b,c),
E (f, a1, a2, a3);
endmodule
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AuTtopartotroinpévn Aovyikiy 2uvOeon

« H ouvBeon TTOAU ouxva epunVveUEl TOV KWOIKA DIQPOPETIKA OTTO
TNV TTpocopoiwon M
e H TrepITTA AOYIKN MTTOPEI VA unVv avixveuetal travral
— Ta TTapAKATW KUKAWUATA €ival AEITOupyIKa iIcoduvapal

X clk
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Mapping — Place & Route

* Mapping: MeTagopa TNG AOYIKNG TTOU TTAPAYETAI ATTO TNV
ouvBeon ota Aoyika aToixeia (LE-CLBs-Cells) Trou Trapexel
PUOIKA n ekaoToTte TeExXvoAoyia (FPGA-ASIC)

— Katd 10 mapping n AOyIKI METATPETTETAI KATAAANAQ O€ QUTAV TTOU
uTTOOTNPICEI N TEXVOAOYIQ.

» Place & Route: Xwpobetnon kail Alaocuvoeon TwWV KUKAWPATWYV
OTNV PUOIKN TOTTOAOYiIQ.

- TotroBetei TNV Aoyikr) ota CLBs 1n¢ FPGA kal Ta dlacuvOEel e TETOIO
TPOTTO WOTE VO KOAUTITOVTAI Ol XPOVIKOI TTEPIOPICOI

o H kaBuoTépnon Twv kaAwdiwv (wiring delay), yia Tnv 01aoUVOEON PETAGU TWV
blocks TnNG AOYIKNG, TTPETTEI va €ival ATTOOEKTN

o TotmoBeTei Ta KpioIUa KOUPATIA TOU KUKAWHATOG KOVTA YIa VA JEIWOEI 000 TO
duvatdv TNV KabuoTépnon atro Ta KaAwdla

o H kaBuoTépnon Twv onUATWY O0TO KUKAWMA £CQPTATAI CNUAVTIKA ATTO TNV
kaBuoTépnon TnG diaocuvdeonc (routing delay)
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Partitioning and Floorplanning
Katatunon kol Karowyn 2x£0iou

Floorplanning

Chi P (abstract level)

Partitioning
into blocks

Place them in
floorplanned area
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Cell-Based Design

« Semi-custom: Auon Baciopévn o€ epyalEia TTOU XPNOIUOTIOIOUV
standard cells TTou TTaPEXEI N TEXVOAOYIQ KAl €ival OuoIouop@a

Rows of Cells

N

Feedthrough Cell

Logic Cell

T* T

(RA.M ﬂ

P

—:F———*————
D LD
ﬂ.l—d |

b 11 b
[ 2

The height of each
standard cell is fixed.

Routing
Channel

Routing channel
requirements are
reduced by presence
of more interconnect
layers
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Ailatagn Evog standard cell

« H diaragn (layout) evoc standard cell atré pia BiBAI06rkn
standard cell. Eivai full-custom!

mi——y |

neowall ——fpw

contact

pdiff ——

poly
TS L —

p-well —p»

P i
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Cell-based Flow

always
mumble
mumble
blah
blah

Synthesizable Verilog

GO0 043
Go4404048490
LEERERURURUEIRE
DT e O O

gates, gates, gates, ...
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ASIC: Application Specific Integrated Circuit

« Chip yia pia ocuykepigeEvn epapuoyn. Aev JTTopEi va
COVATTPOYPOAMUATIOTEI N AOYIKA TOU YIa va KAaAUWel GAAEC AUOEIC

« Aivoupe oTov KaraokeuaoTh Tnv diaragn ue full-custom r} semi-
custom blocks.

Fabricate
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KooTtn YAotroinong

« Kb6oTn:
— Unit cost (k6oTOC novadacg): To XpNUATIKO KOOTOC YIa TNV KATAOKEUN KABE
AvTIYPA@OU TOU CUCTINMATOC

- NRE cost (Non-Recurring Engineering cost — Mn etravaAaupavouevo KOOTOC
oxediaong): To epaTTac KOOTOG yia TNV oXediaon TOU CUCTANATOC

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

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

 [Mapadeiyua:
- NRE-cost = $2000, Unit-cost = $100
- a 10 pyovadec:
o Total =2000 + 10*100 = $3000

o Per-Product-Cost = (2000/ 10) + 100 = $300
o Na va kaAu@Bei To NRE kdoT0o¢ emmifapuvBnke 1o KOGTOC TNG KGBE povadag pe $200!!!
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FPGA vs. ASIC (Pros and Cons)

 FPGA (gate-array)
— XapNnAO apxIko KOOTOG
— XapnAO XpnuUaTiko pioko
— [ PrYOPEC KATAOKEUAOTIKEC aAAQYEC (reprogram)
— EUKOAeC aAAayEc oTn oxediaon
- ETravatrpoypapuaTti{Ouevn
— Apyo PoAol
- MIKpr XwpnTIKOTNTA O€ TTUAEG

* ASIC (full-custom, semi-custom)
— ['priyopo POAOI
— MeyaAn XxwpnTIKOTNTA O€ TTUAEC
— «I'Tukvo» ox€dio
- YWnAOG KOOTOC
— APYEC KOTAOKEUAOTIKEC OANAYEC
— MeyaAog XpOvOog KATAOKEUNG
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EpyvaAgia CAD: Computer Aided Design

Specifications

Ea

X=AB:Y=CD:
Z=X+Y:

Zj m%

s |
e S i |

&

000

& |

Specifications

Functional Design

L 4

Logic Design

\ 4

Circuit Design

v

Physical Design

v

Fabrication

11111

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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