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Ta Pndloka cvuotnpata eivol emavodlapopdwotpuo

H emavadiapopdwon (reconfiguration)
elval mavtou otnv KaBnuepvotnta pog!
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Ertavadiapopdwon (reconfiguration)

The process of physically altering the location or
functionality of network or system elements.
Automatic configuration describes the way
sophisticated networks can readjust themselves
in the event of a link or device failing, enabling
the network to continue operation.

Gerald Estrin, 1960




Ermavadiopopdwaotpn UTtoAOyLOTLKN
(reconfigurable computing)

Performance
@® Full Custom
® Rec Computing
high
low @ Processor

Compilation time:
low — high
Reconfigurable computing is defined as the study of
computation using reconfigurable devices

Christophe Bobda, 2007



Ertavadlapopdwaotpo cuoTrUoTa UALKOU

Performance

i

P
Software Reconfigurable Hardware
Hardware
Flexibility

“Reconfigurable computing is intended to fill the gap
between hardware and software, achieving potentially
much higher performance than software, while

maintaining a higher level of flexibility than hardware”
(K. Compton and S. Hauck, Reconfigurable Computing: a Survey of Systems and Software, 2002)



Ertavadiapopdwaotpa cvotnpota oto dltaotnua

* Adaptable instrument
— NMpoocapuoletal o anmpoopeva cupBavta
— AN\OyN ] EMEKTAON TWV ETILOTNUOVIKWY OTOXWV

— Auénpuévo yield ota emotnpovika Sedopva
— Mewwpévocg kivouvog yLa oAk amwAELa TOU opyavou
* Dynamic Adaptability
— AlooTnuLKn TEXVoAoyla axung
— Time-Space Partitioning
* Otav dev xpeLalovtal Tautoxpova OAEG oL AELTOUPYIEG

— 2nuavtika odpEAn oto size, weight, power and cost
(SWaP-C)



H e€ehién tnc ynodlaknc oxedilaonc oto xpovo...

* [aAawotepa: Xprion bread-boards

e Jnuepa: Xpnon development boards pe FPGAs

KaAwdiwon kukAwpdtwv SSI-MSI (DIP) pe to x€pt
Neploplopdc oe Aoyikég mUAec (=100)
Xwplic xpnon epyaieiwv Aoylopikov
Xpnon nmaApoypadovu yla verification kot debug

MeyaAn mukvotnta oAokAnpwon¢ (100K Logic Cells)
2xeblaon pe yA\wooa neplypadnc VALKoU
Xpnon epyaAeiwv AoylopkoU yia Aoyikr) cuvBeon (logic ¥
synthesis) kat vAomoinon (implementation) yLa
OUYKEKPLUEVO FPGA

Verification pe epyaleia mpocopoiwong

Debug pe xpnon €81KWV KUKAWUATWY 0TO UALKO
(on-chip debug)



Kootoc oxedlaonc kot uhomoinonc o FPGAs

VIVADO! +

(free WebPACK Ed't'on) (oto epyaoctiplo Oa xpnouomnoljcouvpe o cuvOeta boards..)




Baoikol cuupiBoacpot otn oxediaon

* Hoxeblaon YndLakwv cucTNUATWY ELVOL TAUTOXPOVA ETILOTH N KOL TEXVN

— To dnuloupyLlkd MveL A €ival KpLoLo 0To cuvOUaoUO BACIKWY OTOLXELWV KAl AAAWY CUCTATIKWY
O£ VEOUC TPOTIOUG YLa Vo eTteu)Oel n emBupnti Asttoupyia

— Opwg, avtiBeta pe TNV TEXVN, UTIAPXOUV OLVTLKELUEVIKEG UETPLKEG

Performance

Ar6800N (tasks/sec) uparefi_'?pﬁmalu Evonfier

(taxVTNTO) 1

Katavalwon
Lloxvog
(evepyelra) Cost (# of components)

Kootog
(moAumAokotnta)

* MrmopouUpe va BeATLWOOUUE TO €va £L¢ BApoug evog AAAou 1) kal Twv SU0 AAAWV
* Autol ot cupBLBacpol untdpxouv os kABe emninedo otn oxedioon TOU CUCTANATOC
*  Npodlaypadéc oxediaonc
— A&ltoupyLkn mepLypadn
— Amnobdoon, K6oTog, KatavaAwaon LoxVog
* Q¢ oXeOLAOTEG, MPETEL VAL KAVETE TOUG KATAAANAOUG CUUBLBAGHOUG yLaL va. UAOTIOLOETE
TNV AElToUupyia LKOVOTIOLWVTOG TOUC TTEPLOPLOLOUG 10



MeBoboloyla 2xedilaonc

* To ammAQ CUOTAMATA UTTOPOUV VA OXEOLAOTOUV OO
£VOL ATOMO XPNOLHOoTIOLWVTOC ELOLKEC peBOdoug

e Toa Mpayuotka cuotnpata oxedlalovtal ano opadeC
— Amnautouv pa cuotnuatikn peBodoloyia oxedbiaong
* KabBopilel
— Tic epyaociec mou avalapBavoupe
— Tnv mAnpodopia mou amalteltol Kot mapayetal
— TLC OXEOELC METOEL TWV EPYACLWV
e ££apTAOELG, KAOOPLOUOC TWV ALKOAOUOLWV

— Ta epyaleio EDA mou xpnotuomnolouvtal



Mua AtAn MeBodoloyia 2xediaonc

ATTOLTAOELG
KOLL
Meploplopol

12



lepapykn 2xedloon

Ta KUKAwpata eivat opkeTa MoAUTTAoOKa yLa val
OXEOLAOOULE OAEC TIC AETITOUEPELEC UE TN HLaL
2xeOLA(OVUE UTTOOUOTHHOTA YIO OTTAEC AELTOUPYLEC
2UVOETOUE TO cUOTNMA OO TAL LTTOCUOTH AT

— AVTILETWTIL{OULE TOL UTTOKUKAWHOTA WC «LOUPO KOUTLAY

— EnmaAnBeloupe aveéaptnta, Kol Enetta emaAnBevoupe TN
ouvBeon

2xeblaon top-down (armo mavw mMPo¢ Ta KATW) N
bottom-up (amo katw npo¢ Ta mavw)



MeBobdoloyia Zuoxedlaonc

Amattnoelg
Kot
Meploplopol

Profiling

ATt OELG
Ko Neploplopov
AoyLlopLKOU

ATt oEeLg
Kol Meploplopot
YAkoU

14



>UvBeon (Synthesis)

2uvnBwc oxedlalovpe xpnolpomnolwvtac HDL
eriunedou petadopac kataxwpntn (RTL)

— vPnAotepo eninedo adaipeonc amo TIC TTUAEC
To epyaleio ouvBeonc petadppalel To LOVTEAO O€ €val
KUKAWMO arto TIUAEC TTou eKTEAEL TNV LOLa AstToupyia
Mpoodlopllovpe oto EpyalElo

— TNV teXVoAoylo UAOTIOLNONC TTOU OTOXEVOULLE

— TIEPLOPLOMOUC OTO XPOVLIOUO, 0TNV EMLPAVELQ, KATTL.
EmaAnBsvon peta tn ocuvBeon

— TO KUKAwO Ttou TtPOoEKUE armo tn cuvOeon LKAVOTIOLEL
TOUC TIEPLOPLOMOUC



Duowkn YAomoinon (Implementation)

TexvoAoylec vAomoinong
— Application-specific ICs (ASICs): OAokAnpwHEVO KUKAWOTO
g€eldLlkeVLEVA VLI EPAPOYVEC
— Field-programmable gate arrays (FPGASs): Emitomnou
TIPOYPAUUOTL{OMUEVOL TIVAKEC TIVAWV
XwpoBetnon (floor-planning): dteuBetel ta utocvoTAUATA
TormtoBetnon (placement): dteuBetel tIc MUAEC pEca oTAL
UTTOCUOTH AT
ApopoAoynon (routing): evwvel Tic TTUAEC HE aywyoug
Quowkn enaAnBevon (physical verification)

— To puoLko KUKAWHO cuveXL(EL va LKOWVOTIOLEL TOUC TTEPLOPLOMOUC
— XpNOlUOTIOLEL KAAUTEPEC EKTLUNOELC TWV KABUOTEPNOEWV



NMwc AVvoupe Eva PoBAnua,
METAKWVWVTAC NAEKTPOVLOL;



>xeblaon pne xpnon Adaipeonc

* Adaipeon (Abstraction)

— Eotld{ouE 0€ ONUOVTLKEC TITUXEC
TOU CUCTAUOTOC, OlYVOWVTOC
KATIOLEC AAAEC

— Mnv ntapaBLalete vtoBECELC TTOU
O0lC ETILTPETIOUV VAL OLYVONOETE
KaroLa rrtuxn !

MpoBANua
AAyOpI6OC
NAOYIOHIKO [>Yhello
epappoywy |world!”
Ae1Toupyika
ougThpara

APXITEKTOVIKI)

Mikpo-
QAPXITEKTOVIKI)

NoyIkni

Ynoiaka
KUKAwpaTa

Avaloyika
KUKAwpara

Alatageig

Puoikn

o || W

Mpoypappara

MNpoypappara odnynang
S1aragewv/QUOKEUWV

EvToAEC
KaraxwpnTteg

Madpopeg DEBOPEVLIV
EAeykieg

ABpoIOTEG
Mvrpeg

MuAec AND
MoAec NOT

Evigyutég
Qiktpa

TpaviioTop
Aiodoi

HAekTpowvia
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Mpaypatika KukAwpota

YnoBeoelc niow amno tnv Yndlokn adaipeon

— 18avika KUKAwpata, povo duo enimeda TAONC, OTLYHLOLES
HeTaBAoeLg, Kapio kaBuoTtEpnon

ATAOTIOLEL oNUOVTLKA TN AELtoupyLkn oxediaon

Meploplopol MPOKUTITOUV OO TA TIPOYLLATIKAL
OUOTOTIKA OTOLXELO KOl aTtO TN PUOLKN

To va wkavormotnBouv oL teploplopol pac s€aodalilel
OTL TOL KUKAWMLOTO ELVAL « LPKETA LOOVIKA» YLOL VOl
urtooTtnpiéouv TIC adalpEoELC



OAokAnpwpeva KukAwpaorta (I1C)

e KukAwporto mou Kataokeualovtal oTnV ENMLPAVELD EVOC
rniAakidlov ntupttiov

— EAQXLOTO XOpOKTNPLOTLKO MEYEDOC TTOU MELWVETOL OE KAOE
TEXVOAOVYLKN YEVLA

— CMOS: cupnmAnpwpatika (complementary) MOSFET kukAwpota
— Nopoc¢ tov Moore: avénon tou aplBuov Twv TpaviioTop

+
— Z

=

(@)

€16000¢ £€000¢

_.F
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Process name
Transistor type

Transistor density
(MTr/mm?)

SRAM bit-cell size
(um?)
Transistor gate pitch
(nm)

Interconnect pitch
(nm)

Release status

Source: Wikipedia

2nm Process Nodes

Samsung/[381[34]
2GAP
MBCFET

Unknown

Unknown

Unknown

Unknown

2025 volume
productionl32]

N2
GAAFET

258.7139

Unknown

Unknown

Unknown

2024 H2 risk
production
2025 volume
production!*]

TSMC
N2P
GAAFET

Unknown

Unknown

Unknown

Unknown

2026 production
readiness(®”]

N2X
GAAFET

Unknown

Unknown

Unknown

Unknown

Unknown

20A
RibbonFET

Unknown

Unknown

Unknown

Unknown

2024 H1 risk

production[40]

2024 volume
production(311(30]

18A
RibbonFET

Unknown

Unknown

Unknown

Unknown

2024 H2 risk
production[40]

2025 production3']
[30]
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OMokAnpwpeva KukAwpata (ICs)

* Ta npwta PndLlakd KUKAwUOT
— PeAg, Auyviec kevou, Slakplta tpaviiotop

.......

* OAoKANpwWHEVA KUKAWOTO

(Integrated Circuits — ICs), i “tout”
— Kataokeun moAAwV TpavlioTop Kol CUVOECEWVY OTNV ETLPAVELA EVOQ
nAakidiov upttiov (wafer)
— Edevupebnke to 1958 amod tov Jack Kilby otnv Texas Instruments (Tl)
— Paydatia €€€EALEN amo TOTE, TOL cuve)ileTal

22



OAokAnpwpeva KukAwpata (ICs)

First transistor
Bell Labs, Dec 1947

23



Ta tpwto oAoKANpwHEVA KUKAwpata (1958-59)

Jack Kilby, Texas Instruments Bob Noyce, Fairchild

24



[MukvotnTa OAOKANPWONC

 Nopuoc tou Moore

— O Gordon Moore ntpogBAee (1965, 1975) tnv cuppikvwon Tou peyebBoug
TwvV transistors

e AuTAOCLOOUOC TNC TTUKVOTNTOC OAOKANpwaonc (# transistors)
— KabBe 12 pnvec (1965)
— KaBe 24 unvec (1975)

e Authaoloopoc tne anodoonc kabe 18 unvec (D. House)

‘ { = Gordon Moore
&

|
: [ L i 2uvidpuTng TnG Intel
et g ot poripis ) Enimipog Mpoedpog



http://www.intel.com/research/silicon/mooreslaw.htm

Moore’s Law: The number of transistors on microchips doubles every two years (oWl

Moore's law describes the empirical regularity that the number of transistors on integrated circuits doubles approximately every two years. in Data
This advancement is important for other aspects of technological progress in computing - such as processing speed or the price of computers.

Transistor count
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Dennard Scaling (1974)

IEEE JOURNAL OF SOLID-STATE CIRCUITS, VOL. SC-9, NO. 5, OCTOBER 1974

Design of Ion-Implanted MOSFET’s with

\ Very Small Physical Dimensions

ROBERT H. DENNARD, mEvmsER, 1EEE, FRITZ II. GAENSSLEN, HWA-NIEN YU, mEMBER, 1EEER, V. LEO

RIDEOUT, mEMBER, 1EEE, ERNEST BASSOUS, axp ANDRE R. LEBLANC, MEMBER, IEEE

e OLtadoelc (kal ta pevpata) Oa PETMEL VO KALLOKWVOUV OVOAOYLKA LLE TLG
SlaoTAoELC TwV transistor

— Mapopota Ba KALLOKWVEL N KABUOTEPNON Kal N KatavaAwaon LoxVog

— Kol Bewpntika,

Delay = C -V /Iy,

n mukvotnta Loxvog (power density) Oa eival otaBepn
TABLE I
ScaLiNg REsULTS FOR CIRCUIT PERFORMANCE

2 Device or Circuit Parameter | Scaling Factor

P ~ C ' V /Delay , Device dimension f,5, L, W 1/«

TL KQvou E: [ Poping concentration N, K
Voltage V' 1/x
GATE fo, =1000R Current [ 1/«
Capacitance e /i 1/
Delay time/cireuit VC/I 1/«
k=5 Power dissipation/circuit V7 i

not / L \ scaling Power density VI1/4 1

scaled
Ny 5,.015,“ Ti kepbilovpe:
2 A H
(b) K- TtEploocotepa transistors
Fig. 1. Illustration of device scaling principles with x = 5. (a) otnv Ol T KvVOTNTA LOXUOG
Conventional commercially available deviee structure. (b; 27

Scaled-down device structure.



Vdd in Volts

VWAAAAAAAAY

End of Dennard Scaling

Moore, ISSCC Keynote, 2003
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To tehocg tou Dennard Scaling

|II

e To téAoc tou Dennard scaling npBe otav nécape oto “power wal

\

10,000
_ Yntel Skylake Core i7
Intel Pentium4 Xeon 4200 MHz in 2017

3200 MHz in 2003

Intel Pentium,
1000 MHz irg2000 2% lyear

FOOO Aot C-"...... SO ..
Digital Alpha 21164A

500 MHz in 1996

I Digital Alpha 21064/ " 409 year
= 150 MHz in 1992/,
[} af
& 100 dsmsmmrsnmammmrrammsssmghe e S
£ MIPS M2000/ .-
= 25 MHz in 1999

10 dop st L SUNASPARC.

______ 16.7 MHz in 1986
Digital VAX-11/780
5 MHz in 1978
15%/year
1 I T T T T T T T T T T T T T T T I
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To «power wall»
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Ertudpavela katl ZuoKkevaoia

Ta KUKAwpata UAOTIOLOUVTOL OE TOUT TTUPLTLOU
— MeyaAutepn emidpavela => VPNAOTEPO KOOTOC
Ta TOUT 0€ CUCKEVOOLEC HE aywyoUu¢ Staocuvdeonc
— Meploootepol aywyol => v PNAOTEPO KOOTOC
— H ouvokevaoia amadyet tn Beppotnta
Ol ovokevaoiec SlaocuvdEovTol O€

LLLOL TTAOLKETOL TUTTWLEVOU
KUkKAwpatoc (PCB)

— MeyeBog, oxnua, Pusn, KA.,
neplopifovtol armo To TEALKO TPOioV

31



Awadikaota Blopnyovikng Kotaokeung IC

Papdog trupitiou

-

2 UYKOAANON
TOU TOITT
oTn oUOKEUaaoia

|

Aokiyaopévol Kupol

o

2 UOKEUQOMEVOI KUBOI

T

TEPOXIOHOU

AoKIJAOHEVO

Keva
TTAQKiOIO

20 £€wg 40
BriMaTa eTTECEPYQTIAG

ul= TTAaKidIO
IZIDIZI&I:IDIZIgD ) K > < A
OTITIKO OKIMN
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1 [

AOKIJOOMEVA CUOKEUQOMEVA TOITT

Aokipyn | __ @ —
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Koataokeun IC : NMAakidLa

ZEKIWVAEL ME Lot KUAWVOPLKN
pafdo kaBapou mupttiov ,

.wuu‘wlll.u:. bls

]

Mploviletal og AoKioOLa

(wafer) kot Astaivetau
— Ta mpwTta mAakidLa: 50mm
— 2nuepa: 300mm

33



Kataokeun IC : Emeéepyaoia

ASML

*  BrApata xnuikAg emeéepyaoiag mou

Baoilovtal otn pwrtoAlBoypadia ‘
*  QuwtoAlBoypadia: «oloTnUa TTPOBOAARCH . l -
—  To dwc mpoPBAarAetal HEOW TNG LACKOG UE TO ;U_,
ox€61o ou BEou e va epdaviotet oto IC ‘
— To olOTNUA CUPLKVWVEL TO OXESLO EMAVW O €val , pree '
dwtoevaioBnTo mMAakidlo mupttiou \__, ' O?'F ~$380M

—  Auté enavohapBavetal (>100 popsc) yia Gha Ta TWINSCAN NXE:3600D supports @ 5nm and 3nm

>160 wafers/hour

TOAVUEPEC

H ~— vuévio
= mhakido

¢2) (©)



Kataokeun IC : Aokwun & Zuokevaolia

e Karmouwa IC amotuyxdvouv AdOyw aTeAELWY
— Aokiun (test) => mowa dev SouAevouy
— Anoppintovtal otav to wafer yivel tout
* [lvetal anmooBeon Tou KOOTOUC QUTWV TIou amoppidOnka
o€ autd mou douAevouv
— H eoobela (yield) e€aptatal (katd Eva PHEPOC) amod TNV
erupavetla tou IC £
* Meiwon tng emupavelag > peiwon teAkov kK6oTtoug tou IC
 To tout nou Aettoupyouv opBOa cuckeualovtal Ko
Sdokipalovtal EPALTEPW

 Automated Test Equipment (ATE)
— Advantest and Teradyne >95% tng ayopag

VN
L 753
V93000 EXA Scale aw

TERADYNE UltraFLEXplus 35

V93000 EXA Scale™ SoC Test System



Kootoc

Non-recurring engineering (NRE)
— Kootog yla tnv avarmntuén evog oxediou
— AvBpwrol, epyaleia, HAOKEC
— AmnooBévetal og 6Aa ta chips mou rapayovtol
— My $20M otnv avamtuén ->

$.20 oe kabe evo and ta 100M chips | Cost per IC= variable cost per IC +
Recurring fixed cost/volume

— Kootog yla tnv Kataokeun, SoKLUN Kot
ocuvokevaoia (packaging) evoc chip
— MMy wafer cost ~S10k pe yield:
e 50-100 large FPGAs or GPUs
e 200 laptop CPUs Variable cost= (cost of die+ cost of die test + cost of packaging)

* 1000 cell phone SoCs final test yield




Kootoc ynoidac (die)

. cost of wafer
cost of die =— —
dies per wafer * die yield
NVIDIA AD102

90 chips from ah N5 wafer,
or a base cost of $178 per chip

TSMC Cost per wafer

\I:\;:‘Z:, ®' $20,000 $16,000 $10,000 $6,000 $3,000 $2,600  $2,000

Node N3 N5 N7 N10 N28 40nm 90nm
Year 2022 2020 2018 2016 2014 2008 2004



Ecodeia (Yield) kat kootoc pndidac (Die)

No. of good chips per wafer

Die yield = Y = x100%
Y Total number of chips per wafer 0
Die cost — Wafer cost
Dies per wafer x Die yield
Dies per wafer = n x (wafer diameter/Z)2 _ mx wafer diameter

die area J2x die area

e
AT D
\ /) /

N~ Nl




ATeAELEC

Yield = 0.25 f

T |

Yield = 0.76

/ -
(@] (0] g

|

die yield = [ 1+

e

\

N

P—

—

L/

defects per unit area x die area

a

a is approximately 3

X

die cost =f(die area)

4
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SSI kot MSI

* To 1964, n Tl eLoryaye TNV OLKOYEVELA
5400/7400 twv ICTTL

— AkolouBnoav aAAOL KATOLOKEUALOTEG,
kavovtac tnv 7400 £va «de facto standard»

— Muwkpn KALpoka oAOKANpwWoNG
(Small-scale integrated - SSI)
* 7400: 4 x NAND mOAeg
 Meoaia KAipoka oAokANpwong
(Medium-scale integrated - MSI)

— 7490: peTpnTNG TWV 4-bit
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AAANEC NOYLKEC OLKOYEVELEC

* MapaAAayEC oTa NAEKTPLKA XOPOLKTNPLOTIKA
— 74L... : yapnAnc (Low) woxvoc
— 74S... : btodol Schottky => ypriyopn petaywyn
— 74LS... : cupBLBacpOC peTalL TaXUTNTAC KOl LoXUOC
— 74ALS... : mponypevNE XapunAng oxvocg Schottky
— 74F... : ypnyopn (fast)
* Owoyevelec CMOS
— 4000 olkoyeveLa: TTIoAU xatnAng toxvocg, 3—15V
— 74HC..., 74AHC... : cupBati pe TTL



YPnAn KAtpaka OAokANnpwonc

Aekaetia 70: Large-Scale Integration — LSl
(xtAtadec tpaviiotop)
— EPIKTN N KOTAOKEUN HLKPWV ULKPOETIEEEPYAOTWY |
— Mpoocapuoopeva LS| yia epappoyeg uPnAou oykou
Xpnon SSI/MSI kupiwc yia “glue logic” ]
Entopevec mpoobnkec ota 74xx... adopolvoav
o€ glue logic kat Aoyikn Stacuvdeonc

— [.x., tristate drivers moAAamAwv bit, kataxwpNTEC

— AM\ec Aettoupyiec umtookeAlotnkayv amno ta PLD

42



Noapadeypa MSI : Metpntic/0006vn

>CPO QO
>CP1 Q1

Q2
MR Q3

—

[_

ol

L

>CPO QO
>CP1 Q1
Q2

MR Q3

L

o2l

L

L

>CPO QO
>CP1 Q1
Q2

MR Q3

e 741S390: dutAoc 6ekadLKOC LETPNTNAC

>CPO QO
>CP1 Q1
Q2

MR Q3

o2l

L

L

>CPO QO
>CP1 Q1
Q2

MR Q3

-

e 741LS47: anokwdlKomolntneg 7-TUNUATWV

OnNnw >

RBI RBO

Q .« QN T
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Noapadewypa MSI : Metpntnic / Display

MR

+V
|
>CPO QO A ap—WN—
>CP1 Q1 B bpP—WN—
Q2 C cp—WN— U 0
MR Q3 D d pP—MW\—] 0<:>0
ep—MWN— —
+V fD—'\AAr—
tz T gpP—AWWN—
RBI RBO p—
+V
|
>CPO QO A ap——WWA\—
>CP1 QI B bpP—WN—
Q2 C cpP—WN— [Z 0
MR Q3 D d pP—WWAN— U U
ep—WN— —
+V fb—AM—]
L4t gpb—AW—
’—c RBI RBO p—
+V
|
>CPO QO A apP—T—MWN—]
>CP1 QI B b P—T—MW— —
Q2 C < P—T—MWN—] U 0
MR Q3 D d P—T—MN— 0<:>0
epP—T—MWN— “—
+V f b——AAN—
Ld T g pP—T—"WWN—
’—c RBI RBO p—
+V
|
>CPO QO A ap—T—WN—
>CP1 Q1 B bPT—WN—
Q2 C cP—T—WWN— [Z U
MR Q3 D d P—T—MN— 0 0
ep—T—MWN— —
+V f b——AA—
Ldir o p1—WA—
RBI RBO p—
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Programmable Logic Devices (PLDs)

e Oumpoypappatilopevec dtatatelc Aoyiknc (PLD)
LLTTOPOUV VA TIPOYPOLULUOTLOTOUV UETA TNV KATOLOKEUN
yLa vo. eKTEAEOOUV OLAPOPEC AELTOUPYLEC

— AvtiBeta pe ta SSI/MSI IC kat ta ASICs

* YynAotepo kootog povadac amo ta ASICs
— AN xapnAotepo NRE

— 16avIKA yLot ULKPOUG Kol LECALLOUC OYKOUC TTAPOYWYNG



Programmable Array Logic (PAL)

* Mpoypappatilopevn Aoyikn rtiivoka (PAL)
— Monolithic Memories Inc (MMI) to 1978
— Ta mpwta EVPEWC XpnoLpomotovpeva PLD
— Mpoypappatilovrtal Kailyovtog CUVOECHOUC
aopaAelog 0To KUKAWUO LE ELOLKO TIPOYPOAULLATLOTH
(Device Programmer)

* PAL16LS

— 16 eloodoug, 8 e€o6douc active low

* PAL16R8

— 16 elcodoug, 8 e€066ouc pEow KaTaxwpntn
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PAL16L8

18-110

— N LD OO O — Logic diagram of PAL16L8
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KOkAwpa E€o6ou tou PAL16R8

|

i |

|

- mivakag D Q B
.~ AND 1 dk Q>“

| \

| ‘

| —

l ¢
e B

* To povomatt avadpaong eivol YprioLpo yLo thv
vAomoinon FSM



2xebloon pe PAL

e Xpnolua akopa Kot yior armAd KuKAw ot
— H amAn cuokevoaoia LELWVEL TO KOOTOG
* [lepypadn ouvaptnonc LE AOYLKEC
eELOWOELC
— 2e HDL, ) og pwa amtAn yAwooo (ty ABEL)
— JUvBeon ToU OPXELOU TOU XAPTN TWV
aoPaAAELWV TIOU XPNOLUOTIOLELTAL OTTO TO
device programmer
— Eav n oxedioon dev xwpadel tnv dlopoupe
o€ moAAamAd PAL i xpnoluomolouue Eva
no ouvBeto PLD

PAL16R4 PAL PAL DESIGN SPECIFICATION
CNT4SC

4 bit counter with synchronous clear

Michael Holley and Dave Pellerin

Clk Clear NC NC NC NC NC NC NC GND
OE NC NC /Q3 /Q2 /Q1 /Q0O NC NC VCC

Clear

/Q3 * /Q2 * /Q1 * /QO
Q3 * Q0

Q3 * Q1

Q3 * Q2

Q3 :

Clear

/Q2 * /Q1 * /QO0
Q2 * QO

+ Q2 * Q1

Q2

+4+0 ++++0

Q1 := Clear
+/Q1 * /Q0
+ Q1 * Q0

Q0 := Clear
+ /Q0

FUNCTION TABLE
OE Clear Clk /QO /Q1 /Q2 /Q3

Neplypadn petpntn 4-bit pe ABEL



Generic Array Logic (GALSs)

* [evikn Aoyikn mtivoka (GAL)
* [poypappoti{opeva LaKPOKEALA AoyLkn S e€odou
(Programmable Output Logic Macrocells - OLMCs)
— Xpnon texvoloyioc EEPROM
— MN.x., GAL22V10

B

@—§ : R —
= 1 ormc —A Lo

3 §_Q o T ——-—D

=1 3G = o moC P> L
§_g T : D Q — T
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Complex PLDs (CPLDs)

e Jtoifaén nmoAlamAwv PAL og eva IC
— Mpoypoappatilopevo diktuo dtaocuvdeong
— Texvohoyia RAM yla amoBnkevon tng dtapopdwonc (configuration)

: M/C -3 |
| we] |O 3
| nivoxoc | m/ic > : — |
| AND : Q| .
| ~~N |5
| we ] o=
| I
| |
| |

|

Aixtvo diacHvdeong
A A




Field Programmable Gate Arrays
(FPGAS)

Ertitomou Mpoypappatlopevol MNivakec MuAwv

— Mkpotepa AOYIKA UTTAOK, EVOWHATWHEVN SRAM

— looduvapa pe XIAMAOEC N EKATOLUPLA TIVAEG

S L

o] [10] 0] [i0] ~Ti0]10]
0| [LB||LB||LB||LB] - [LB| [LB]| |10 Hx
RAM
10| [LB||LB||LB||LB] - [LB| [LB]| |10 [
0| [LB||LB||LB||LB] - [LB| [LB]| |10 &
RAM
0| [LB||LB||{LB||LB] - - [LB| [LB]| |10 Hx
: S R P e
10| [LB||LB|[LB||LB] - - |LB| [LB] |10 X
RAM
0| [LB||LB||LB||LB] - [LB| [LB] |10 &
[o][10][o][10] = --[io][10]
MoOoMN oM om - MM
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O dpopoc rpoc ta FPGAS

1957 — PROM (programmable read-only memory)

1960 — MOSFETs

1971 — EPROM (UV- erasable programmable read-only memory)
1975 — PLA (Programmable Logic Array)

1977 — PAL (Programmable Array Logic)

1977 — EEPROM (electrically EPROM)

1981 — Flash Memory

1985 — First FPGA (Field Programmable Gate Arrays)

& XILINX

XC2064-33

PDASC
X0464M8608
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Notevta FPGA

Abstract
A configurable logic array comprises a plurality of configurable logic elements
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Freeman
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[11]
[45]

variably interconnected in response to control signals to perform a selected o
logic function. Each configurable logic element in the array is in itself capable

of performing any one of a plurality of logic functions depending upon the ra
control information placed in the configurable logic element. Each P
configurable logic element can have its function varied even after it is

[63]

installed in a system by changing the control information placed in that
element. Structure is provided for storing control information and providing i:
access to the stored control information to allow each configurable logic
element to be properly configured prior to the initiation of operation of the

[58]
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A configurable logic array comprises a plurality of
configurable logic elements variably interconnected in
response o control signals to perform a selected logic
function. Each configurable logic element in the array is
in itself capable of performing any one of a plurality of
logic functions depending upon the control information
placed in the configurable logic element. Each configu-
rable logic element can have its function varied even
after it is installed in a system by changing the control
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To npwto FPGA: Xilinx XC2064

 To npwto FPGA: XC2064

— 8x8 grid of CLBs (Patent image 3x3 version)
— Kabe CLB dtab<tel 4 etoodouc kat 2 e€ddouc
» uvduaotikn Aoyikn (Lookup Table — LUT)

I 14
» 2TOLlXELo Kataotaong: D-FF - — —
PAD PAD PAD
! LOGIC d ;
» [ToAuTIAEKTEC ecevent \ [T L N 1 S
: i AY ] - L
IN | ; oy
170 o "“"ﬂma\ - al s e 1/Q
PAD DIR; LE. our - LE. ouT i LE. OUT |1+~ | PAD
feotAfIN3 -2 | fof IN3 403
g T ING INg 40-2
INPUTS a0k M | %ﬂ"'
= L 2 g
A —» < » i) ;
8 —» FrNe W oumi|EEERE INE TN quni)EEET TR TN oy 1/0
c — 1/0 AN | e LE 405|1 1L ;IIN4 e PAD
D —» PAD [ 1 g outal TTLIT T~ oura| TILLT ouT2
CEEPEING ING [ s e 5 1 R 40-6
40-4 "ot = B Iy o
e 'I]‘ - H —PPI
: NI 40-7 N2 INT E> INT e
1/0 et e LE. ouT 2E our LITRINE e ouT 9
PAD | f //(1 3 L{J ( \1“3 40-8 N3 40-9 FAD
- 1 am AP -
A T v . ]
A'AZ/ i I SmET)
o e T
A4 L1 P
o1 Yes B [0 ar Bz P e FIG. 40
PAD PAD PAD ;

CLB amo XC2064 datasheet
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To mpwto FPGA: Xilinx XC2064

select

LA s AR

Pads Shiftreg  Power ) ) L
Die closeup showing circuitry for one

Layout of the XC2064 chip of the 64 tiles in XC2064 FPGA

Source https://semiwiki.com/fpga/290990-reverse-engineering-the-first-fpga-chip-xilinx-xc2064/



H evvola tou Lookup Table (LUT)

* Meéoa oto CLB dev umtdpxouv AOYLKEC TTUAEG yLa TNV UAOTIOLNGN TNG
ouvbuaoTikig Aoykng aAla LUTs B

 LUT: Lookup Table

———

ol

— YMAormotouv éva mivaka aAnBelag pLag cuvaptnong UE LVAUN

i !
IBUBUELUE
- ] e ]

L 4
F T T T
t— 1 — —
I i
r T

—

AT

— [MoAumAEKTEG yLa TNV emtdoyr) tng dtevBuvonc s

16 SELECT BITS

— Ol oAUTIAEKTEC UAOTTOLOUVTOL UE pass transistors

Figure 3B

— [&evika pmopouv va UAoTmoLjoouV pia Aoykn ouvaptnon N petofAntwy
* [pwto FPGA N=4
e JUyxpova FPGAs N=6
* Eupwnaikd FPGA N=4...
* [Mapadetypo: MOAN AND pe N=2
— MvAun 4 bit pe xpon mMoAUTIAEKTN yLa TNV ETILAOYH TNC 6L£u6uv0nq

Inverter (buffer)

<

LeJlel=][=]
-~

~ = O O
-~ O = O
= O O O

ourt

«_memory
cell

mux

b «_Mmemory
cell
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To npwto FPGA: Xilinx XC2064

* Interconnects (routing)
— NoAAamA€c opll{OVTLEC KAl KAOETEC YPOUMES
— Interconnect points: emttpenouv cuvdEoelc petaél opllOVTLWY Kal KABETWY YPAUUWY
— Switch matrices

== n .D - ::P'P 3 . ::PS P4 - ::F‘S P2 :PSS PE7] . ::PEG [PeS] - ::Péti IP&3] - ::P62 Péls 'BH - (o ey I J - - - - I J ] - - - I J - - -
] f [RE f [AC f [AD [RE [AF [RG AH = = a o o o o o o

==l T T = T Tt T T . oono =1-1-] gon o

E :;tuunn unn nnn
LE.% 280’ aga® s00”| gge”| 300}
i A 1= S 1= SO T T R T o3 [—- —— " " "
l& = -] ~.A[F° ~.I[FD —m:” BE | oc |f—e—e— oo
T e ! ! ! B 1 | 1
i = ol i i i wed oo~ | Dl: DE B EE-E
A Il Al woll || ool |23 -—':Eq—«:_. ' | a ! snaa-u
l‘—ff : o T T a - . -
-5 SRS g, N
0D | f==— ||[DE L=} a —
[
A =i i< | | o
_ , 5 5 g . - B g a
b i e || [ET | =—=—||[ED moo_ 2 o
(s ol A . IED "‘—" IEE P o :
- '%;.' f{;él H [ SH [ g g
T * '::- -=;u '::

el Y e e : —=—a ||[EC | == ||[ED |[==— ||[EE |~
-y 3 B H e EEEE-a
™ el ixel —~ — —  E-EE-E—-a
I.= e . = . | I | i n i
I =t ot et —a—a
e e - - -
- B8 g B g B a

T T T ooo ooo ooo o

- oo oo oo

% = T :;tu o o o
i ! e e i te et o o i
il

Interconnect structure of XC2064, logic blocks (cyan), /0 pins (yellow).
Closeup of the routing features. The green boxes are the 8-pin switch Example: signal routed from an output of block DC to block DE
matrices, while the small squares are the programmable
interconnection points.
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[ole}

Source https://semiwiki.com/fpga/290990-reverse-engineering-the-first-fpga-chip-xilinx-xc2064/



memory cell

To npwto FPGA: Xilinx XC2064

e 8-pin switch matrix |

— YAomoinon pe pass transistors

:
N
?ﬂ %O
N
Ia lw
il 14
o
;A %U

§T
7

O

SWITCH J
MATRICES

op-fQ----

O
o +—r

!

}1
x
N |
T
oa--4---- -? jf
O O
o g
I x> O O
m|
r
mlﬂ: l— olé ;;la
ks v o " s &
= ks G P

.__.D.D....-I

Source https://semiwiki.com/fpga/290990-reverse-engineering-the-first-fpga-chip-xilinx-xc2064/



Eva «tbaviko» FPGA logic block

- Logic Block e T rEen

INPUTS

4-LUT J—D FF —;::1_—;» OUTPUT
0

* Look Up Table 4 elcobwv

— YAomolel cuvaptnoelg cuVOUAOTIKAC AOYLKAC

— O xpovLouOG elval aveEéaptnTog TNG CUVAPTNONG
* Flip-flop

— Mrmopel va anmoBnkevel tnv €€o0do tou LUT



[Latt va aoxoAnBw pe ta
FPGAS;



Mot va aoXoAnBw pe ta FPGAS;

Mot Bplokovtol MANTOY

— Datacenters, space...
— Acceleration & off-loading

Xpnon weg:
— Target platform
— Prototype platform for ASIC or SoC

Edappoyeg

— Genomics, Al, Video processing, automotive, space, finance
ALOPKWC AVOTITUOOOMEVN oyopa

— Estimated Market Value (USD) 2023: $9.7 Billion

— Forecasted Market Value (USD) 2028: $19.1 Billion



Mot va aoXoAnBw pe ta FPGAS;

Amazon EC2 F1 Instances

Enable faster FPGA accelerator development and deployment in the cloud

Accelerated Genomics Sequence Solution

Technology

WASAI forces to deliver the "Next- Generation Sequencing” accelerated solution, Lightning, an all-in-one
Get Started with F1 lpstances server that optimizes and accelerates Genomics data processing, specifically designed for the precision

G e
Apply for free AWS credits to get started on WASAI Lightning
Amazon EC2 F1 instances BWA & GATK Best Practice %
m Variant Calling Cafice & Dissase

5 > Diagnoses

=‘ - ' BWA-MEM gatk’)| ﬁiﬁﬁ

Amazon EC2 F1 instances use FPGAs to enable delivery of custom hardware accelerations. F1 instances are easy Po(?g'['xaoﬁr(t’g-tz?j?ed

to program and come with everything you need to develop, simulate, debug, and compile your hardware

acceleration code, including an FPGA Developer AMI and supporting hardware level development on the cloud. 3 2h — < 7 h
Using F1 instances to deploy hardware accelerations can be useful in many applications to solve complex rs rs

science, engineering, and business problems that require high bandwidth, enhanced networking, and very high

compute capabilities. Examples of target applications that can benefit from F1 instance acceleration are
genomics, search/analytics, image and video processing, network security, electronic design automation (EDA), = t |

: A
( mnee Intel PAC With Arria 10 GX FPGA w

image and file compression and big data analytics.

ACCELERATE COMPUTE TIME BY UP TO
100X

Amazon EC2 F1 instances provide up to 100X

acceleration compared to CPUs for a diverse set of

7 ications. rs can
compute-bound applications. Customers ca
discover, test and deploy custom accelerators

directly from the AWS Marketplace to accelerate Microsoft Integrates FPGA-Powered ‘Azure Boost' to

their compute pipelines with ease. There is no

need to know how to program FPGAs, as F1 based Enhance CIOUd Performance

products developed by F1 technology partners are Microsoft's novel cloud hardware upgrade, 'Azure Boost,' promises substantial performance enhancements across all future

packaged as any other EC2 instance software. Azure instance types




Mot ta FPGAs mapouotalouv evoladEpov;

e ATO TEXVIKNG TTAEUPAC:
— [ touc hardware/system-designers, mopopota pe ta ASICs -
— Akopa kaAUtepa: “Tape-out” evoc veou design oe Aemtd/wpeq
* “Reconfigurability” or “reprogrammability” Tt aAAa
nAgovektnuata npoodEpPeL o€ oxeon Ue tnv fixed logic;
— In-field reprogramming? Dynamic reconfiguration?

— Self-modifying hardware, evolvable hardware?

H oxetikni eveli€ia €xeL Kal Eva KOOTOC: LEYOAUTEPN ETLPAVELA TTUPLTLOU, Alyo TiLO
opya KUKAWHOTA KoL LEYOAUTEPN KATAVAAWGON LoXVOC
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VLSI kat ASIC

e Aekaetia 80: MoAL peyaAn kAipaka oAokARpwong
(Very Large Scale Integration)

— ‘Emewra ULSI (Ultra Large Scale), émewcta tu;

— 2nuepa to VLS| anmAd onpaivel oxedioon IC

e OAOKANPWUEVO KUKAWHOTO EEELOIKEVLEVA VLA
epappoyec (Application-Specific IC - ASIC)
— Edktd Aoyw epyaieiwv CAD Kal EpyOOTACLWY KATOOKEUNC
— Juyva, oxeblalovtal yLo pLo YKALOL OXETIKWYV TIPOTIOVIWV OE Eval
TUAMA TNG AyOopag

— Mpotumna npoiovta eelSIKEVUEVA YIa EPAPUOYEC
(Application-Specific Standard Products - ASSPs)

e [.x., ICyla Klvntd TNAEPwva
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Ta owkovopka twv ASIC

*  Eva ASIC €xeL xapunAoTtepo KOOTOG o €va FPGA ss
— AN\ nteploodtepn mpoomtaBela yia oxediaon/emaknBevon _
—  YynAdtepo un enavalapfavopevo KOOTOG TEXVIKAG LEAETNG /

(Non-Recurring Engineering - NRE cost)

Millions USD.

w
w

34
* Anoofeon og 0An TNV Mapoaywyn / e
—  Ta ASIC €xouv vonua yLo LEYAAEC TTOGOTNTEC / \ —Fea
, , /"“'F FPGA s more_cost effective
*  [MANpw¢ npooappoopeva (full custom) / after 400K units
51
— Xxeblaloupe kaOe tpavlioTop Kal aywyo e

w
ra

1 7 ’ 1 /] ’ 50 T T T T T T T T T T T T 1
YPnAS NRE, aAld kaAUtepn amodoon, Ukpotepn emdpavela PELLSL LSS E PSS ohme
* [lpotuna keAld (standard cells) S
Total Cost ASIC vs FPGA including NRE in MUSD

— XpnowomoloUpe Baolkd otolxeia arnod tn BLBAL0BNKN Tou EpyooTaciov KATAOKEUNG

anysilicon @D _ ASIC

Time to Market
NRE

Design Flow

Unit Cost

Performance

Power Consumption

Unit Size
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ASIC Design

e Standard cell ASICs (cUvnBec ota Yndpraka ICs)

— Baoiletal o ot npooyedlacpevwy standard cells

* Tlx NAND, NOR, FFs, FAs, yla ouykekplpéEvo technology node

— “Lego” like

IND

— Ta standard cells xpnolpomnotlovuvtal o cuvduaouo
He aAAa tpooxedlaocpeva block (pvripeg

.-/ Wi jl! -:]-.[ -:--2 7
o= = s
— Xpnon epyaieiwv EDA (VHDL-> Layout) = IR T 1| -
— Autéporto Place & Route (P&R) i _,_:
[ i [.
I 14 i.- iy --i
* Full-custom ASICs (cuvnBec ota avaioyika ICs)
— Xepokivnto layout kaBevog transistor E
— Y{PnAo NRE cost
— MNAARpNnc BeAtotonoinon tou peyebouc tou die, 3 ST
2 - - g H H s
KOTAVAAWGNC g LN e L
== e
2ENe |3 |8 |E[EE

Timing-critical cells placed together



Energy efficiency: CPU vs ASIC vs FPGA

Rehan Hameed, Wajahat Qadeer, Megan Wachs, Omid Azizi,
Alex Solomatnikov, Benjamin C. Lee, Stephen Richardson,

Christos Kozyrakis, and Mark Horowitz. Understanding sources 500x

of inefficiency in general-purpose chips. SIGARCH Comput.

Archit. News, 38:37—-47, June 2010. —
ASIC CPU

an Kuon and Jonathan Rose. Measuring the gap between X
pgas and asics. In Proceedings of the 2006 ACM/SIGDA 14th
nternational symposium on Field programmable gate arrays, 5

FPGA ASIC

-PGA '06, pages 21-30, New York, NY, USA, 2006. ACM

. FPGA : CPU = 70x
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Mrthok ELoobou/EEodou (1/0)

e JuvnObwc, untootnpilouv
ouvduaoTikn eloodo/E€odo N

LECW KOATOXWPENTH, KL TPLWV 0 o D
KOTOLOTAOEWV -«
— Mpoypoppatilopeva enimeda
AOYLKAG, pUBHOG LETABOMA, D \
' ' D Q
KatwdAL eLoodouv, ... CE
> clk

CE
> clk




[MAatdopuec FPGA

* MeplA\apPAVOUV EVOWUATWUEVOUC
TIUPNVEC YLA ELOLIKEC EPAPUOYEC
— Mupriveg enegepyactwy ARM Frocesiors £ W |0 sevn i
, , CorteiRs Jonlon e v BRiEC o)
— AplOuntikoucg MUPNVEC — ———
EMEEEPYAOLAC ONUATOC _mali G.-aph.csN.c.eol

» Application
ARM Processors
»ae s B 64-bit Quad-Core
with Virtualization

\ = Multiple Power Domains
Power Gated Islands

’ =\ Power ManagememJ

Application Offload

s ! Security
; e ( Information Assurance,
% | \J Trust, Anti-Tamper, TrustZone

Key and Vault Management

ARM Mali-400MP

I 1 1 H. H.265/264 CODECs
— Mupnvec dtaocuvdeonc Siktuou | HE¥E

UltraScale

° TO Evcw uatw IJ'E’VO on LG ulKé ; @ &EJCF{;AANNF;)C?!%e-14. I Runtime SW& Tools ‘ Sle(::ﬁ?g:?: ‘

uropetl va ekteheotel amo tnv s Bl s, | S St
SRAM oto FPGA
— AUon povou TOUT, HELWVEL TO KOOTOG Xilinx Zynq UltraScale+ MPSoC
— Anodeuvyel to uPnAo NRE tou ASIC
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Napadeiypota System-on-Chip oto
Staotnpa: Institutional Missions

LEON5 NoelV

Features

8x Fault-tolerant LEONSFT or NOEL-V FT with dedicated
FPU and MMU

32 KiB per core L1 cache, connected to advanced
interconnect providing multiple-parallel paths between
processors and Level-2 Cache

2+ MiB L2 cache, 512-bit cache line, 4-ways
DMA controllers

SpaceFibre x4+ lanes 6.25 Gbit/s, simpler protocols
(Wizard link)

12-port SpaceWire router with +4 internal ports

3x 10/100/1000 Mbit Ethernet with TT Ethernet support.
TSN support TBD.

2x MIL-STD-1553B

4x CAN FD

12 x UART

2x SPI master/slave, GPIO, Timers & Watchdog
2x 12C interface

NAND Flash controller interface

FPGA Supervisor interface

SoC Bridge interface for efficient connection to
companion FPGAs

High-pin count — LGA1752
Debug links: Ethernet, JTAG, SpaceWire, CAN

Source: Gaisler

DDRx
CTRLw.
EDAC

8/16-bit

PROM
&I10
CTRL w.
EDAC

System 10 bus X 2 X 2 APB
3> $ H 1 1 1 [[comoe JeBal e |
” St FPU FPU 'FPU FPU
g Boot Processor Processor Processor Processor AHB Interrupt
§ core core core core | fe Status Controller
L cache|MmU | [cache[mmu | [cache[mmu | [cache[mmu AR P’ S;}.ﬁvg&
3 Brid
g ] v v v | =] ﬂ I
:'i' Striped hi-speed interconnect * -ﬂ DBGMOD5 |‘_ _‘ JTAG I‘_'
3 3 T 3 ¥ pa— b = DCL
QsPI £
MEM @ FPU FPU FPU FPU —
CTRL Processor Processor Processor Processor i =
pa— core core core core = eFPGA
cache[mmu | [cache[mmu | [cache[mMmu] [cache[mmu
AHB/AHB § ? i * Debug Link
Bridges | 4 I I
AHB/APB iy |
Bridges ’ ’
Peripheral 10 bus & ¥

TDP
Controller

SpaceWire SpaceFibre
Router WizardLink

=

SoC
Bridge

AHB
Status

DMA 2x Ethemet
NAND Flash | 4x CAN FD -
controliers Controller ﬁ MAC

SerDes 3

i 11

i

r (| = |3 1 1 I_f_"
1%“,;‘\’;% ” LZx GPOH b n I‘:1x UART” '2st| “ , Bootslrapl Suigﬁgml 2x 15538
EEEIEEREERRR R

Specification

Processor target frequency: 1 GHz
Target technology: STM 28nm FDSOI

TID immunity: 50 krad (Si) assured by
technology - device targets higher tolerance

Main memory interface: DDR3 SDRAM fault-tolerant
memory controller with dual x8 device correction capability

High Speed Serial Links: SpaceFibre and WizardLink
controllers with on-chip SerDes

=
Ethernet
switch
¥
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Napadeiypata System-on-Chip oto
dtaotnpa: Institutional Missions

OPEN

DAHLIA

Deep sub-micron microprocessor for spAce

Context & Objectives
— H2020 project for “Critical Space Technologies for European
Strategic Non-Dependence” (COMPET-1-2016)
— covers the development of a rad-hard high performance SoC
with a quad-core architecture based on the state-of-the-art
ARM Cortex-R52 implemented in 28nm FDSOI technology
— Beyond Space applications, the adoption of the ARM processor—-

will enable the convergence with terrestrial appllcatlons —— " Multi-Processor System on Chlp
henefiting from the strong ARM ecosystem. \ .

H2020 Schedule

2017: Kick-off
2018: FPGA prototype

ARM-based Real Time CPU ﬁoC Servlcps .

Clocks &PLL |
Cortex-R52 Cortex-R52 Cortex-R52 Cortex-R52 WatchDog
CCS05 OBT

7 partners from 4 countries

— STMicroelectronics (coordinator) France Security

. Debug & Trace
— Airbus D&S_ Germany & France Scalability On chip Memory | External Memory Interface
— Thales Alenia Space ltaly & France eRAM w/ECC DDR w/ECC
— I1SD Greece Embedded FPGA @ROM w/ECC FLASH w/ECC
— NanoXplore France e
' Enhanced internal AX| Interconnect System Bus
Connectivity
@ AIRBUS _ ThalesAl |a L N4
[ ePENcEA Space o0 v/ m N. CAN, SPI, 12€ HSsL GNSs
UG ied MENCXplOFE
1553 BC & RT SpW RMAP CCSDS TM & TC
1 By, 2017 Mulbcomne prooessng challenges and opporiunilies
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Napadeiypata System-on-Chip oto didotnpua:
NewSpace/Space 2.0, CubeSats, Nanosatellites

 NewSpace: Epunopevpatonoinon tov SLAoTHULOTOC
— Xprion Commercial-Off-The-Shelf (COTS) components
— YnAn anodoon ya epapuoyec on-board payload data processing
— Minimize time-to-market

* Field Programmable Gate Arrays (FPGAs) System-On-Chip (SoC)
— 2Auepa umtapyxouv dtaBeoipa FPGA SoC uPnAng anodoonc Kol XwpnTKOTNTOC

— Xpnotlgomotouvtol we System-0On-Programmable-Chip (SoPC) oAokAnpwvovtacg oA T
OUOTOTLKA OTOLXEL

Processing System

Processing System

Programmable Logic

Storage & Signal Processing
ock RA

E Programmable Logic M;E
(System Gates, DSP, RAM)
L ' Xilinx UltraScale+ MPSoC
Xilinx Zyng-7000 SoC

73



Napadeiypata System-on-Chip oto didotnpua:
NewSpace/Space 2.0, CubeSats, Nanosatellites

RJ45 Gigabit
Ethernet

Micro-AB

// USB 2.0 0TG
| A 40

High Efficiency
Power Supply

nnnnnnn

PIM Interface
(incl. RSXXX)

Xilinx Zynq

AP SoC
High Reliability

System Controller

Xiphos Q7 Q-Card (Zyng-7020 FPGA SoC)
ARM dual-core Cortex-A9 MPCore
processors each up to 766 MHz

Mass 24g, Power 2W, 78mm X 43mm X 9mm

Xiphos Q8 Q-Card (Zynq UltraScale+ XCZU7EG)
Quad-core ARM Cortex-A53 Application
Processing Unit at up to 1.2 GHz

Mass 64g, Power 4W, 85.8mm X 80mm X 11.2mm
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Hardware features:
SoC Xilinx Zyng 7030/7045 Programmable SoC.

Dual ARM Cortex A9 MPCore, clocked up to 800 MHz
Powerful FPGA module — 125K / 350K logic cells

Volatile Memory

1024MB DDR3 (512MB with ECC enabled)
Non-volatile Memory

256 MB NOR flash

70GB eMMC (pSLC) and 233GB eMMC (MLC)
Mechanical dimensions 95 mm x 95 mm x 31.5 mm
Mass 240g
Power supply voltage 12-32V DC
Interfaces:
SpaceWire x3, data link/network layer
USB x1, host/device
CAN/I2C/SPI/RS422/RS485/PPS
Fully Configurable I/O

FPGA I/O 11 x LVDS pairs, 10 x I/O
Conditionally Configurable I/0O

FPGA I/O 12 x LVDS pairs (or Spacewire)

8 x I/O (or RS-485)

ARM I/0O 6 x I/O (or eMMC#2)

Cortex-A9 .~

FPGA

Board

bl

(Siot A, B and C}

3 daugther board slots
{Slot A, B and C}

Credit: Gomspace

Figure 3.1: NanoMind HP MK3 Block diagram




On-Board Processor SoCs:
TexvoAoyLKo xaopua

iPhone Xs
= >70000 DMIPS
= 10 nm
80000
iPhone 8, 8+, X
70000 = >4 0000 DMIPS
= 10nm
60000 »
ARMvS - iPhone 7
- = >30000 DMIPS
50000 | ARM11-iPhone = ARMV7 —iPhone 4 ARMvVS — iPhone 6 * 14/16nm
* 512 DMIPS '+ 1600 DMIPS = >10000 DMIPS /
@ = 90nm |+ 45nm * 20nm
@ v | B
S 40000 ,
a s
30000
20000 LEON2-FT
r /
10000 o
0
2006 2014 2016

Years

Credit: ABDS



Juokevaolec IC

KUKAWMOTOC

* Ta IC evBuloKkwvovTal 0€ TPOOTATEVUTIK OCUCKEU Aol
— EéwTtepikol akpodEKTEC yLa va ouvdeBOUV e TNV MAAKETA

— KaAwdla cuykoAAnoncg n cuvdeoelg flip-chip

N
e

e

Ol
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Printed Circuit Boards (PCBs)

* MAQKETEC TUTIWUEVOU KUKAWUOTOG
e JTpwHOTO LETAAALKNC KAAWSIlwong petaéu
OTPWHATWYV povwTtikoU UAkou (fiberglass)
— Kataokevadletal pe xpnon ¢wtoAlBoypadiac kot eyxapaéng
* OLaywyol dtacuvdeouv IC kal aAAa otolyela

— EéwTteplkeC cuvdEoeLc o€ AAAA OTOLYXELDL TOU CUOTHHLATOC



Through-Hole PCB

e [MAakEta SLAMECOU OTIAC
* OLakpobEKTEC TNC ouoKkevaoiag Tou IC mepvolV HECA OE OTIEC
TTOU €£XOUV VIVEL HE TpUTIAVL
— KoAAnon pe toucg aywyouc tou PCB mmou evwvovTtal LE Tnv omn
XPNOLUOTIOLWVTOC KAOGITEPO
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Surface Mount PCB

* [AakeTa TomoBeTNONC EMLPAVELAC

KOAANoN Twv akpodeKTWV TNC ouoKkevaoiac tou IC pe toug
aywyouc otnv emnipavela tou PCB XpNOLLOTIOLWVTOC KOOGLTEPO

— To XapaKTNPLOTIKA TWV CUCKELOCLWYV Kal Tou PCB eival yevika
LLKPOTEPQ OE OXEON UE TNV TTAAKETA SLOECOU OTIAC

10 1 S
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Movadec MoAlarmAwyv Tour

* Multi-Chip Modules (MCMs)
e MoAAQ IC o€ €val KEPAMLKO
UTTOCTPWHOL
— Mrmopouv eniion¢ va
nepAapBavouv adnTika Ko

— EéwTteplkeC cuvOETELC YL
tornoBetnon oto PCB
— 16avika yla epappoyec upnAng
TTUKVOTNTOLC
* [.X., Klvntd TNAEdWVa

R L T
! L -
9‘. = e

I ‘;lt\\. % R ‘
AThg & PE
ARG
g
FE |
ey R R
I

_"'M

SLOKPLTA OTOLXELQ TTAVW OTO UMEVLO "% .f .

-
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