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[MAnpodoplec ya to padnua

Abaokwv: AvarA. KaBnyntng Nektaploc Kpavitng

— E-mail: nkran@aerospace.uoa.gr

Oewpta: Neumntn 16:00-18:00

Epyaotnplo: Meumtn 18:00-20:00 (Avayvwotnplo M&T)
lotooeAida Tou pabnuatog

— e-class: NMAatdopua Aclyxpovng TnAekmaidevong
* https://eclass.uoa.gr/courses/DI505/

e Oa eyypadeite WC MLOTOMOLNLEVOL XPNOTEC UE XPNON TWV
LOPULATIKWY 00C AOYOpLOC WV

— Méow e-class Ba evnuePWVEDTE yLa T VEQ TOU HaBnUOToC
* AvaKOWWOELCG, SLadAVELEG, AOKNOELS


https://eclass.uoa.gr/courses/DI505/

MaBnolakol 2toyot

e JT10XOC pabnuatoc: n dtbaockaAia TG olyxpovne oxedlaon agpodLaoTNUKWY
Pndlakwv cuotnuatwy Pe tn YAwooa meplypadnc uAtkou VHDL kal tnv uhomoinon
Toug o€ texvoloyia Field Programmable Gate Arrays (FPGAs) System-On-Chip (SoC)

*  Me tnVv entuxn oAokArpwon tou padrpatog o pottntig Oa eival og B€on va:

* JTO EPYOOTAPLO TOU HOBHOTOC:
— gpyalAeio AoyloptkoU VIVADO + VITIS
— avarntuélakn kapta Zedboard (Zyng-7020 FPGA SoC)
— Epyaoiec: nolaka cuotipata pe ePpoppOYES OTNV OEPOSLOOTNLKNA

oxebLalel katl vhomolel Pndlakd cvuothpata pe xprion YAwooag neptypadnc vAikou VHDL
katavoetl Ti¢ Stadikaoieg: synthesis, verification, implementation o FPGAs

BeAtiotomnolel tn oxedilaon kot va avaAUEL TOUG TTEPLOPLOUOUG XPOVLOMOU (timing constraints)
KATAVOEL Ta BACIKA TPWTOKOAAX SLOLUAWVY YLat SLAOTNULKEG EDAPUOYEG

KOTAVOEL Ta BACIKA TIPWTOKOAAX OELPLAKAG LETAS0ONG VLo SLAOTNULKEG EDAPUOYEG
(UART, SPI, 12C, CAN, SpaceWire, SpaceFibre)

yvwpllel Tic Baoikeg Texvoloyiec FPGA KATtAAANAEC Lot SLAOTNULKEG EDAPUOYEG
oxebdlalel kat vlormolel Pndlakd cvotnuata oe FPGAs pe cuyxpova epyaleia Aoyiopikol CAD

Katavoel ta npotuna oxediaonc Yndlakwv cuotnuatwy pe ASICs/FPGAS yla SLAOTNULKEC
edapuUoyEg

KATAVOEL TLG BACIKEG TEXVLKEG YLOL TO LETPLACUO TWV ETUTTWOEWV aKtLvoBo)\Laq ot tsxvo)\ovtsq
ASICs kal FPGAs yLat SLaoTNULKEG EDAPUOYEG : S W




YALKO paOnpatoc

EKAOILEILKAEIAAPIOMOTL

o  WHOIAKH IXEAIASH KAl APXITEKTONIKH ) »,ZZ’féi’Z‘,f’,'?ﬁ,‘f{Z;f,'észv’
YNOAOTIZTQN, EKAOZH ARM® . Sl i

—  Kwdkog BiBAlou otov EVSoo: 86055864

— 'Exboon: 1n/2019

— Suyypadeic: SARAH L. HARRIS, DAVID MONEY HARRIS
— Exkb060elc KAEIAAPIOMOZ ENME

*  Wnduwakn 2xediaon. Evowpatwpeva Zuotipata pe VHDL
— Kwdikdg BiBAlov otov EVdoto: 64314
— 'Exboon: 1" Apepikavikn
— Juyypadéag: P.J. Ashenden
— Ekb060elg NEwv Texvoloywwv 2010




YALKO paOnpatoc

e EmutAéov BBAoypadia
— P.J. Ashenden The Designer's Guide to VHDL,
3rd Edition (2008), Morgan Kaufmann

— V.A. Pedroni, 2xe810.01OC KUKAWUATWY HE TN
VHDL, 1n Ekdoon, Ekdooelc KAeldaplBpog,
2008 (Kwowkoc BiBAlou otov ELb0oEo: 13901)

— ECSS-E-ST-20-40C— ASIC, FPGA and IP Core
Engineering

— ECSS-Q-HB-60-02A — Techniques for radiation
effects mitigation in ASICs and FPGAs
handbook

o AladAavelec

— 270 e-class Tou pabnuatog

THE DESIGNER'S GUIDE TO

IIIIIIIIIIII

EUROPEAN COOPERATION
FOR SPACE STANDARDIZATION

Space engineering
nd IP Core

engineering

Noordwis, The Nethertands

Space product
assurance

Techniques for radiation effects
mitigation in ASICs and FPGAs




YALKO paOnpatoc

* EmumtA€ov BLBAloypadia

IEEE Transactions on Aerospace and Electronic Systems

IEEE Transactions on Computers

IEEE Design & Test of Computers

IEEE Transactions on Computer-Aided Design of Integrated Circuits and Systems

vk wNe

IEEE Transactions on Very Large-Scale Integration (VLSI) Systems

* MNpooBaon peocw touv HEAL-link (evtog Siktvou campus)
— T npooPaon ektoc Campus:
* xpnon VPN http://www.noc.uoa.gr/syndesh-sto-diktyo/eikoniko-idiwtiko-diktyo-vpn.html

* 1) proxy server http://www.noc.uoa.gr/syndesh-sto-diktyo/diakomistis-mesolabhshs-proxy-server.html

e AwadAaveleg Hellenic Academic Libraries Link

— 210 e-class Tou pabnipatog H EAI _ | N K

YOvEeouoC EAANVIKGDV AKASNUAIK®V BIRAIOBNKWYV


http://www.noc.uoa.gr/syndesh-sto-diktyo/eikoniko-idiwtiko-diktyo-vpn.html
http://www.noc.uoa.gr/syndesh-sto-diktyo/diakomistis-mesolabhshs-proxy-server.html

BaBOuoAoyla

* Epyaolec pe KALLakoUpevn SuokoAia
— Awadopetikec avaioya pe to background twv dottntwv

* NMapadeiyparta:

— YAomoinon UART oe VHDL

— YMAormoinon SOBEL edge detection
* QOc embedded SW oto PS tou Zyng-7000
* Q¢ HW accelerator oto PL tou Zyng-7000 oe VHDL
e JUyKpLon amodoong



Ta pndLaka cvotnpoata Bpiokovtal rovtou !

*  KatavaAwTlkeS PndLakeC cuokevEC (consumer electronics)




Ta pndLaka cvotnpoata Bpiokovtal rovtou !

EKNA-ZOE

Adaptive image & video

processing/compression Internet of space

and navigation

servation and
hyperspectral imaging 9




Ta pndLaka cvotnpoata Bpiokovtal rovtou !

* Mepka mapadeiypata amo tnv LaTpLkn

Computed
Tomography

Ultrasound
System

Digital
Radiography




Ta pndLaka cvotnpoata Bpiokovtal rovtou !

* Mepwka mapadeiypoata amno tnv avtokivntoBlounyavia (Al, 1oT)

i Driver Event Data Active
Night Vision Alertness Recorder Cabin Noise Cabin Entertainment
Monitoring Auto-Dimming Suppression Environment System

Windshield
Wiper Control

| Head-Up Mirror Controls

; : Accident Battery

' Display Interior
' Recorder Voice/Data - Management

tghnm Commumc.)bons DS

Aitbag Engine Instrument

Deploymenmt  Control  Parental Cluster Corre(t\on

Con Electronic
T Il Collection

uols
Adaptive From
htir —
@. L 73 - - Drgunl Turn Signals
Adacétrw.; C:um Navigation
on 10/‘ ('Y @ e System
Automatic P Y
Se Syst
Braking \ SUEN S
Active Exhaust
Electric Noise Suppression
Power Steering \ Active Suspension
OBDN o Elect
Electronic Throttle idle Transmission Stat:lj:ym Hill-Hold
Control
Control . Stop/Start acthaa  Romote Control Control
l’lect;omc vibration Keyless S“S P Parking Regenerative
gy Control  Entry Control Tire Braking
Timing Lane System
Cylinder Blindspot Departure Active Pressure
De-activation Detection Warning Yaw Monitoring
Control

11



Ta pndLaka cvotnpoata Bpiokovtal rovtou !
* Mepka mapadeiypota amno tnv Pnolakn Bropnyovia

INDUSTRY 4.0 FRAMEWORK - THE DIGITAL TECHNOLOGIES

=l
L Internet
Of Thinks
Location Smart
Detection sensor Robotics automation and
. machine learning @ industry
& NN~ I
Cloud Advanced
Computing _ Robotics
Industry 4.0 /
e e - — Big Data
Fgl’eality Tl m Analytics . .
Big data analytics and

3D . >
Printing machine learning

@ data centers
12



Ertitayuvtec YAkou: Baokn texvoloyla
vAortoilnonc AMoOOTLKWY CUCTNMUATWY

e Kavovac 90/10

— 2uxva, 10 90% ToU XPOVOU EKTEAEONC KOl TNC EVEPYELAC EVOC
npoypappotoc damavatat oo 1o 10% tou Kwdlka

— MKpad Koppatia pog epappoyng amoteAolyv to bottleneck
NG anodoong

* Adopouv Kupilwc enteéepyaoia SedopEVWV Xwpig TTOAUTIAOKO EAEY)O
(dataflow processing)

* My: emetepyacio KaL cupmnieon skovag kat Bivteo, kpurttoypadia KATT
— O emutayuvTtNC UALKOU UAOTIOLEL TAL ELOLKA KUKAWMOTA YLOL TNV
ETILTAXUVON TOU KPLoLou pHEPOUC TNC EbOPUOYNC
— O enetepyaotic UAOTIOLEL TOL ALYOTEPO KpLoLUa LEPN

Zuotnua (System-On-Chip) : emeéepyaotn + emtayuvtig VALKOU



Napadeiypata System-on-Chip

* Emetepyaotec +
LEyaAoC aplOpoc amo
ETULTOXUVTEC UALKOU

NVIDIA Tegra Xavier
9 billion transistors, TSMC 12nm

2 new high-performance cores
4 new high-efficiency cores

Faster Neural Engine

Apple A15

1
Cornrereee e

15 billion transistors, TSMC 5nm

New display engine
New video encoders
New video decoders

Double system cache

New image signal processor

14



Evac moAumtupnvoc (192-cores)

emeéepyaotnc yia data centers
* Turin: AMD’s Zen 5-based EPYC server processor , 3nm TSMC

Previewing Today at Computex 2024: “Turin”

5th Gen AMD EPYC"

World’s best data center CPU.

ZE“ Architecture

w192 Cores
w384 Threads

SP5 Socket

2H2024

ZSc IS¢ I5¢ IS¢ IS¢ ISc IS5cI5¢ IS¢ IS¢ Z5¢ IS¢ IS¢ I5¢ 25¢ I5¢ IS¢ ZSc ZSc Z5¢ IS¢ Z5¢ IS¢ I5¢

32MB L3

32MB L3

32MB L3

2S¢ IS¢ 25¢ £5¢ IS¢ IS¢ TSc IS¢  ISc IS¢ IS¢ IS¢ IS¢ IS¢ IS¢ IS¢ IS¢ IS¢ 2S¢ 2S¢ 2S¢ 2S¢ Z5¢ I5¢

Z5¢ 25 Z5¢ I5¢ L5¢ 75¢ T5c IS¢ IS¢ IS¢ IS¢ IS¢ IS¢ IS¢ 2S¢ I5¢ IS¢ 2S¢ Z5¢ IS¢ IS¢ Z5¢ Z5¢ IS¢

32MB L3

32MB L3

32MB L3

Z5¢ 2S¢ Z5¢ IS¢ 2S¢ 7S¢ TSc 2S¢ 25¢ LS¢ ZSc IS¢ IS¢ IS¢ ZSc IS¢ IS¢ 2S¢ TSc ZSc ZS¢ 2S¢ 2S¢ TS¢

Z5¢ IS¢ I5¢ Z5¢ 2S¢ IS¢ IS¢ 2S¢

32MB L3

Z5¢ Z5¢ I5¢ IS¢ I5¢ IS¢ IS¢ IS¢

Z5¢ 2% IS¢ IS¢ IS¢ I5¢ I5¢ IS¢

32MB L3

Z5c Z5¢ 25 Z5¢ IS¢ 2Sc Tss Ts¢

Z5¢ IS¢ Z5¢ I5¢ IS¢ IS¢ I5¢ I5¢

32MB L3

Z5¢ IS¢ Z5¢ Z5¢ I5¢ ISc IS¢ I5¢

IS¢ IS¢ I5¢ IS¢ IS¢ IS¢ I5¢ IS¢

32MB L3

Z5¢ I5¢ I5¢ IS¢ IS¢ I5¢ IS¢ IS¢

Z5¢ 25¢ IS¢ IS¢ I5< 25¢ IS¢ T5¢

32MB L3

25¢ IS¢ Z5¢ IS¢ ISc 75¢ IS¢ IS¢

Z5¢ IS¢ IS¢ IS¢ IS¢ IS¢ IS¢ Isc

32MB L3

Z5¢ IS¢ IS¢ IS¢ I5¢ IS¢ I5¢ I5¢

1.15



Evog moAuTtupnvoc (900000-cores)
eneepyaotnc ya deep learning

Wafer-Scale Engine (WSE) 4 Tpic transistors!!

.

Cerebras WSE-3
4 Trillion Transistors
46,225 mm? Silicon

Chip Size

Cores

On-chip memory
Memory bandwidth

Fabric bandwidth

WSE-3

46,225 mm?
900,000

44 Gigabytes

21 Petabytes/sec

214 Petabits/sec

Source: https://cerebras.ai/product-chip/

Largest GPU
80 BillionTransistors
814 mm?2 Silicon

Nvidia H100

814 mm?

16,896 FP32 + 528 Tensor
0.05 Gigabytes
0.003 Petabytes/sec

0.0576 Petabits/sec

Cerebras Advantage
57X

52X

880X

7,000X

3,715 X

Cerebras
Wafer-Scale
Engine

Fabrication process
Snm

Silicon area
46,225mm?

Transistors
4 Trillion

Al-optimized cores
900,000

Memory (on-chip)
44GB

Memory bandwidth
21PB/s

Fabric bandwidth
214Pb/s

1.16



System-on-Chips yia smartphones

SoC design : Apple i LPDDR5x RAM interface
SoC manufacturer : TSMC : —

Fab : Fab18 (Tainan city, Taiwan)
Process : 3nm (N3B)

Transistors : 19 billion
+3 billion or +19% than A16 Bionic

Surface : 1cm?
Dimension : 8.18mm x 12,69mm
-8,8% than A16 Bionic

10Gbps
USB3
ill controller

Estimated yield : 50-60%
~ 420 to 500 dies per wafer
-40 to -30% than A16 Bionic

I/0

interfaces

12,69mm

LPDDRS5x RAM interface Neural Engine LPDDR5x RAM interface

@

6-core GF

Desktop-class architecture

ss power usage than A17 Pro 20% faster performance
Larger caches than A18 Dynamic Caching
Next-generation ML accelerators Mesh shading

35 trillion operations per second Advanced r
Faster and more efficient
17% more memory bandwidth

ProMotion display support
Always-On display support
Faster USB 3 speeds
ProRes video recording

Source: https://x.com/Frederic_Orange

1.17



System-on-Chips yia laptops

LPDDR5X 1

Xsdaadi

Apple Silicon
M4

28 billion transistors

N3E TSMC (2n gen. 3nm)
Die zise : 1.28mm x1,21mm

Display
Engine

& Frederic_Orange y A = e e o —LI_.
g T i - ZTTE <3 : | eco5§ | fecob- |l s

CPU Eff.
s i

Source: https://x.com/Frederic_Orange 1.18



Napadeiypata System-on-Chip oto dtaotnua:
Institutional Missions

e GR740: Quad Core LEON4 SPARC V8 Processor

— Rad-hard SoC nou nepthappavel éva quad-core fault-tolerant
LEON4 SPARC V8 processor, SpaceWire router pe 8 BUpeg,
PCl initiator/target interface, MIL-STD-1553B, CAN 2.0, UART,
SPI, 10/100/1000 Mbit Ethernet interfaces

— QML-Q/V qual. tests completed
— QML-Q/V approval Q4 202

* JtoxeULel o SLAOTNMULKES edbappoyEC uPnAn g armodoonc

S |

B

:
"
4
w
a
W
a
@
4
3
i
W
o
W
a2
=

i
=
i
@
=
@
a
@
i
-
-
2
4
-

M= Master interface(s)
S = Slave interface(s)

X = Snoop interface
32-bit APB 32-bit APB
—

IS I > I > Shtistics | FPU |- M S
teona  JIIIIIIE il
RQAMP I smonr | “— A I I AHBIAPS I | SPW RMAP I'__.
Bridge DCL
= LEON4 ;
. ' H H M
Memory = Caches | MMU | Aneane s Debug bus
Scrubber = H Bridge 32-bit AHB
96-bit SDRAM SIM H m
PC100 CTRLw.  |'s Memory bus 2o s H
Cache S M

.= TOCESSOr DUs
SDRAM EDAC 128-bit AHB s s s 128bitAHB "
! ITAG

AHB/APB AHB/AHE: n | AHBTRACE I oL I

Bridges Bridge M Status -

M :

H

H

H

H

s
PROM PROM L AHB Bridge S
© 810 — | M = 1oMmU
1 CTRLw. S Slave 10 bus -
EDAC = 32-bit AHB

32-bit AHB

PCT I
Pl

= M IM M
AHB Timer units Master 1 pa SpW router CAN
Status 1-4 DMA Target P Controller

B S ‘Trr
s i) s sfsT

CRES

@
GR?40-PBGALZ2S
GR?40-PBGA-FM
Ve005258110000
vQooS5258
6R 20 42 23H




Napadeiypata System-on-Chip oto dtaotnua:
Institutional Missions

(S P —
Deep sub-micron microprocessor for spAce

Context & Objectives

— H2020 project for “Critical Space Technologies for European

— covers the development of a rad-hard high performance SoC

— Beyond Space applications, the adoption of the ARM processor--

7 partners from 4 countries

Strategic Non-Dependence” (COMPET-1-2016)

with a quad-core architecture based on the state-of-the-art
ARM Cortex-R52 implemented in 28nm FDSOI technology

will enable the convergence with terrestrial appllcatmns.
benefiting from the strong ARM ecosystem.

STMicroelectronics (coordinator) France

— Airbus D&S Germany & France
— Thales Alenia Space ltaly & France

- ISD Greece

— NanoXplore France

1

May, 2017 Multicone promssing challenges and opportunilivs

OPEN

H2020 Schedule

2017: Kick-off
2018: FPGA prototype

Multi-Processor System on Chip

ARM-based Real Time CPU SoC Services _

Cocs &L |
Cortex-R52 Cortex-R52 Cortex-R52 Cortex-R52 WatchDog
CC5D5 08T

Security
Debug & Trace

Scalability On chip Memory | External Memory Interface
eRAM w/ECC DDR w/ECC
Embedded FPGA eROM w/ECC FLASH w/ECC
DMA Controller

Enhanced Internal AXI Interconnect System Bus

Connectivity

GPIO CAN, 5P, 12C H55L GMN55
UART 1553 BC& RT SpW RMAP CCSDS TMI & TC

20



Napadeiypata System-on-Chip oto dtaotnua:
NewSpace/Space 2.0, CubeSats, Nanosatellltes

 NewSpace/Space 2.0: Eyumopevpoatonoinon tou SLaoTiHaToC
— Xprion Commercial-Off-The-Shelf (COTS) components
— YnAn anodoon yia epappoyec on-board payload data processing
— Minimize time-to-market

* Field Programmable Gate Arrays (FPGAs) System-On-Chip (SoC)
— 2Auepa umtapyxouv dtaBeotpa FPGA SoC uPnAnc anddoong Ko XwpnTlkotNToC

— Xpnotpomotlouvtol wg System-0On-Programmable-Chip (SoPC) oAokAnpwvovtacg oAa ta
OUOTOTIKO OTOLYELOL

Processing System Processmg System

] Programmable Logic

Storage & Signal Processing

e Programmable Logic
Thermal Sensor (System Gates, DSP, RAM)

L L Xilinx UltraScale+ MPSoC
Xilinx Zyng-7000 SoC 21




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

RJ45 Gigabit
Ethernet Micro-AB

input / USB 2.0 OTG
| U U
" “v. LB AR YN
A4 A - - J
= i 13y Sae Y
s 155

High Efficiency
Power Supply Low-powel
RAM
PIM Interface Xilinx Zyng
(incl. RSXXX) High Reliability &Sg;f;lash ARSoe
System Controller
Xiphos Q7 Q-Card (Zyng-7020 FPGA SoC) Xiphos Q8 Q-Card (Zynq UltraScale+ XCZU7EG)
ARM dual-core Cortex-A9 MPCore Quad-core ARM Cortex-A53 Application
processors each up to 766 MHz Processing Unit at up to 1.2 GHz

Mass 24g, Power 2W, 78mm X 43mm X 9mm Mass 64g, Power 4W, 85.8mm X 80mm X 11.2mm



OBC yia CubeSats

Hardware features:
SoC Xilinx Zynq 7030/7045 Programmable SoC.
Dual ARM Cortex A9 MPCore, clocked up to 800 MHz oock
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: : L i
SpaceWire x3, data link/network layer I L]

e ma L FPGA
USB x1, host/device L] - -~ 7 e

CAN/I2C/SPI/RS422/RS485/PPS L : :g
Fully Configurable I/O R o

sua
|gecka 20 P

FPGA I/O 11 x LVDS pairs, 10 x I/O L = b ds 1
Conditionally Configurable 1/0 J ] &

E——
FPGA 1/O 12 x LVDS pairs (or Spacewire) — ﬂ i

8 X I/O (Or RS-485) 3 daugther board slots
ARM I/O 6 x I/O (or eMMC#2) {Slot A, B and C}

Figure 3.1: NanoMind HP MK3 Block diagram

Credit: Gomspace



OBC yia CubeSats

RJ45 Gigabit

Ethernet Micro-AB

USB 2.0 OTG

RTC
High Efficiency
Power Supply Low-power
RAM

PIM Interface
(incl. RSXXX)

Xilinx Zyng
AP SoC

QSPI Flash
(NOR)

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

24



On-Board Processor SoCs: TexvoAoyLKO Yaouo

[

| iPhone Xs
= >70000 DMIPS
= 10 nm
80000 >
i iPhone 8, 8+, X
70000 = >4 0000 DMIPS
= 10nm
60000
ARMV8 — iPhone 7
= >30000 DMIPS
50000 | ARM11—iPhone | ARMV7 —iPhone 4 ARMv8 —iPhone6 " 14/16nm
= 512DMIPS - 1600 DMIPS = >10000 DMIPS

= = 90nm '+ 45nm ‘ = 20nm
o
S 40000
(=]

30000

20000 //

10000 A

— ~
— — /
0 e o= — E— — N
2006 2008 2010 2012 2014 2016 2018 2020 2022
Years
Credit: ABDS
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EpyoAeia AoyLopikov

https://www.xilinx.com/support/download.html

Implementation Complete

[m]

Timing Analysis

VIVADO™

ML Editions

X

NX.

afe . e, .
* Xilinx Vivado ML + Vitis
14 4
* WebPACK (Awpeav ekdoon
¢ project_1
File Edit Flow Tools Repots Window Layout View Help \* Quick Access
® b B H OO BT
Flow Navigator S B IMPLEMENTED DESIGN - constrs_2 | xc7k70tfog676-2
v PROJECT MANAGER o
s Netlis x 2R EIRES
£+ Settings
= A &
Add Sources
top 2N
Language Templates 5 Nets (4400
> Leaf Cells (2
Vv SIMULATION > clkgen (cloc!

Run Simulation

v NETLIST ANALYSIS
> Open Synthesized Design

v IMPLEMENTATION

» RunIimplementation

v Open Implemented Design
Constraints Wizard
Edit Timing Constraints
Report Timing Summary
Report Clock Networks

Report Clock Interaction

Report Methodology
Report DRC

Report Noise
Report Utilization
& Report Power

*1 Schematic V)

v cpuEngine (0

> Nets (2870
> Leaf Cells (23
>[I cpu_dbg_dat_i (FifoBuffer_89
~ [E] cpu_dbg_dat_o (Fifo
> Nets (68
v [T buffer_fifo (as
> Nets (209
> Leaf Cells (142
> [ cpu_dwb_dat_i (FifoBuffer_83
> [I] cpu_dwb_dat_o (FifoB
v cpu_iwb_adr_o

Q=[N E oo
Reading placer database...
Reading XDEF routing.

Read XDEF File: Time (s): cpu
| CPU:
Finished XDEF File Restore: Time (s):
Netlist sorting complete. Time (s):
HEn-
<

B

Restored from archive
cpu
cpu =

[Praiact 1-1111 Tinisim Tranafarmatinn Snmmarue

00:00:03

0
; elapsed
elapsed =

i

Memory (MB): peak =
MB |

03 .

.010 .

2191.301 ; gain =

Memory (MB): peak = 2191.301 ; gain =
Memory (MB): peak = 2191.301 ; gain

WAR E




Avarmtuén ene€epyaotn RISC «oto omity

* Kootoc Aoylopikou: 0€ WebPACK (Awpeav €kdoon)

* Kootoc avamtuélakng kaptoc: 69€
e  Xilinx Spartan 7 XC7550 FPGA

P TR TProc 3L
UART I
!

G

IS
: Gith
b l,i
el Bl 3
[ | ava |
[BTN2] aTns ] fRos1)




ESA Proba-3 Mission Overview

* ESA Proba-3 mission consists of two
S/C, the Coronagraph and the
Occulter, flying in close proximity
(about 150m, accuracy few mm)

 Agiant coronagraph is implemented
by one satellite occulting the sun
and the other satellite flying a
telescope

e Mission Duration
— Launch: 2024
— Lifetime: >3-4 years

dzesa

European Space Ageney  NLLRS://Www.youtube.com/watch?v=AjalXGJJ ww&t=50s

28


https://www.youtube.com/watch?v=Aja1XGJJ_ww&t=50s

ESA Proba-3 Mission Overview

Mission Orbit

600 x 60 530 km, 59° incl.

Formation Flying maneuvers and
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April 2020: CCB EM July 2021: CCB PFM
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NKUA @ ESA Proba-3 Mission™

eSa

European Space Agency

October 21
COB FM EMC test
completed

November 21
Calibration of the instrument
at INAF Turin

October 21

TVAC test of CCB PFM
connected to COB FM and
CEB PFM

https://www.youtube.com/watch?v=AjalXGJJ] ww
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European Space Agency
May 2023 N

S

Completed integration of
ESA #PROBA3 mission in
Redwire (former QinetiQ
Space) cleanroom in
Belgium

Spacecraft left our Redwire
to go to IABG Germany for
further testing
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NKUA @ ESA Proba-3 Mission

e June 23

» Stacked Proba-3
satellites being
surrounded by
microphones in
preparation for
acoustic testing at
IABG, simulating the
noise of a launcher
take-off
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eSa

European Space Agency

e July 2023: Vibration tests
passed successfully!

* Checked that the satellites
can withstand the
vibration and acoustic
environment seen during
the launch

e Checked the behaviour of
the mechanisms deploying
the solar panel in the CSC
or separing the stack at the
beginning of the mission.
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European Space Agency

e August 2023: Thermal vacuum testing completed
successfully!

 PROBA-3 satellites spent two weeks in IABG 3m-TVAC
chamber to test the functionality of the fully integrated,
separated spacecrafts under space thermal conditions at
the IABG Space Test Center

* Instandard operations, the satellites will be facing the sun
with a high internal dissipation from the sensors and
payloads. But they have also to survive long eclipse phases
in a dark and cold environment with a limited number of
essential units powered-on.

* Testing completed successfully; PROBA-3 one step closer to
launch.
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NKUA @ ESA Proba-3 Mission

The road to launch

Proba-3 Satellites
successfully stacked
ahead of hydrazine
fueling

Proba-3 spacecraft are loaded on to the Proba-3 Arrives in India
airplane for their flight to India.

37
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NKUA @ ESA Proba-3 Mission
Proba-3 mission lifted off on its PSLV-XL —___-ﬂ .-
rocket from Satish Dhawan Space Centre | “ie

in Sriharikota, India, on Thursday, 5
December 2024, at 11:34 CET

https://www.youtube.com/watch?v=U5EUgITvy3Y

Proba-3 blog  https://blogs.esa.int/proba-3
News and updates on ESA’s precision
formation flying mission
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NKUA @ ESA Proba-3 Mission

Coronagraph Spacecraft (CSC) imaged by the Occulter Spacecraft (OSC)

Two spacecrafts
=4.5 km apart

Two spacecrafts
=1.2 km apart
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