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Arrbus Crrsa Arrbus Defence and Space Locatron Tres Cantos : -

Sy

For more than 36 years wrth more than 2000 fllght unrts delrvered Arrbus Crisa has contrlbuted
to most of the European SpaCe Agency (ESA) prdgrams : s o

'Cantos employs about 600 qualrfred employees :

erts Team 12 engrneers (AIRBUS Experts CRJSA Experts and Product Portfolio -

- Mlcroelectromcs Team 30 englneers (> 150 years of accumulated experlence in Space
mrcroelectronrcs) A g ; : :
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Airbus Amber

Challenges |n current FPGAs ver|f|cat|on

> Ver|f|cat|on tasks take > 40% of the FPGA development process'j‘ ! :

> Challenges of the VHDL S|mulatlons

_Generate models for external functrons wrth enough representabr

Syn&Lay&WC

Definition

m Definition
VHDL Coding
VHDL Sim
Hw Verif

B Syn&Lay&WC

VHDL Coding

> I|ty
i » i 'Hrgh effort to cover as many as possrble of the system conflguratrons , i ;
: : > : Very Iong sequences to move FPGA to the operatlonal modes i "
Cr H|gh etfort to get functlonal coverage |n systems Wrth hlgh conf|gurabllrty"ff.' |
> - Few m mlght take mlnutes or | to srmulate (RTAXZOOO) i
»  Fill regressi o Slmulate (RTszooo '

campalgns take

e '_It s, need to speed up S|muIatrons;andi,;,"{’;"’-f i,

./ wbusaoutp_p
. :gpb_aci_pwm_l_p
H :eeprom_addr_p
s:eeprom_ce_n_p

" .eeprom_oe_n_p

go to HW- prototyprng as soon as possrble or
' used FPGA prototyptng PLATFORI\/IS ;
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Sol-ut‘io ns analyzed to improve FPGAs verification

Solut|ons analyzed

: > Reprogrammable FPGAs on Bread Boards o] Engrneerrng Models R

Major advantage is representablllty (99 99%) but
> Low controllabrlrty and observabrllty
> " Difficult to force error conditions - :
> Very difficult to execute random, Iong or stress tests e iy
> Avarlabrlrty in very LATE stages of the FPGAs development e

> Drfferent famrlres of FPGA Development boards

2 E 1 Med|um/H|gh FPGA capabllrty not enough for Systems ‘WIth mode that

 three FPGAs

s > Poor observablllty and controllablllty
--» ‘User has to burlt aII the communrcatron Wlth the vomputer".

¥ EPGA Prototyping sqruuoﬁsl:f,sfie;méﬁ}s?"E’fo:Af,j\/er}b'ge@"’Ern dlation line product .

AIRBUS
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FPGA Prototyplng pIatform proFPGA

Siemens EDA Veloce™ hardware aSS|sted venftcat|on system for mtegrated CII’CUI'[S

> ProFPGA il Slot FPGA
: > XCVU44O FPGA i i
> 30M ASIC gates capacity
: > Internal memory 88, 600 kblts
> 1327freeuserI/O & v S I T
g Observe signals by 1003 Lt G R w}g%xa
> Up to 1.0 Gbps single ended (standard t/O)/ up to 12 5 —
- Gbps (MGT) dlfferentlal e Ot
ot -5M CLB FI|p Flops (~500 X RTAXZOOO)

> HW API and SW APl s e S s
' s Resolved prowdmg USB/PCIe/Ethernetdnvers (Plug
| and Play) - , , T N DR W
> Test pregrams
=, Phyton or. C

> Observablllty and controHablllty v
> Connection to Digital Analyzer (monltor up to 96
‘ internal signals) , ,
»  Connection to external HW |
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FPGA Prototypi ng :)I-atfor.m's ; ?P_r‘oFP-GA

.. allows designer be focus on VHDL to
| ‘prototype and Phyton/C to create test -
"programs

.
DHS Master FPGA

Milstd /
SSB I/F
e [ sSB1/ SECOIAS

Initialization 7 x APR PCBs

ADC

Anabogue Chain EEPROM

: . J ; MEMIF
. USB/ ~..

PCle/

Ethernet”

J i MILBUS-1553 . v . \
= . i ko > . Manage Commands receptlon and telemetry packets
G EEPROM/SRAM :
S A > :» EEPROM: Drivers «configuration
: U . SRAM: Store configuration copy and HDRM samples
> . 'Sequengers, [ *
; ' > Manages ON/OFF sequences o L
= HRDM: (debugglng) 3
S , High Raté Data Module for the ADC, DCDCeand LCLs telemetnes
> . Asynchronous start ang stop(aport) :
; > ' Rate conflguratlon between 100 us and 25.5 ms
i R S Trigger delay wrt last command reception
¢ .» . ''Acquisition
" » . DCDC Communication

Al structure around APB jnternal bus *
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Power System Unrts wrth Multrple FPGAs and ASICs

Data Handllng System (DHS FPGA)
e ',Communrcatron Interfaces with ptatform through MILBUS- 1553
.~ » Control and monrtonng > 200:Latching Current Limitefsas distributions
';_.]'_‘modules by means of 10°ASICs developed in house (CRISA SECOlAs)
.. » Control and monrtorrng >40 DCDC Converters through a Serial link -
. (UART)
R .‘Housekeeprng anaIOg Telemetnes
, % OVandUV Protections '
Hrgh Rate Data Monitoring (HRDM) to capture up to 8 TMs channels
i jfL‘*;',--'\conflgured Data rate until. complete 2Mb|ts of data (125 Ksarnples)
> RTAX2000S per DHS Board @ 40 MHz ,
> LCL Boards: e - '
> Drstnbutlon power functron
P CLs per module
?ﬁ... 24 drivers per LCL module i
e > ’;10 ASICs (CRISA SECOrA) per Board @ 10 l\/IHz
Yellow DHS 1 RTAX2000S i ,,,,’JDCDC Boards: e .

S DCDC Converters 21 RTAX250S o Pkl D Condmonmg funcuon

i /,7 > ' 6 DCDCs converters in each board : :
10 LCL 10 ASICs (CRISA s > < RTAXZSOS FPGAs per Board @ 32 MHz:
SeCOIiAs) ' :
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ProFPGA Emulation enviroment for Data Handling System =~
3 UPto 43 FPGAS/ASICs connected!! .- -« - e

: . gl | A 7 . XiIixVirtexUItraCALE
RTAX2000 | - (5M Flip-Flops and 88.6Mb RAM)

SECOIA ASIC SECOIA ASIC SECOIA ASIC SECOIA ASIC SECOIA ASIC SECOIA ASIC SECOIA ASIC SECOIA ASIC SECOIA ASIC SECOIA ASIC
1D #1 1D #2 ID#3 1D #4 1D #5 ID#6 1D #7 1D #8 1D #9 1D #10

FPGA DHS A (RTAX 2000)

vart_link_0_p vartlink_1_p uart link 2_p uart_link_3_p uart link_4_p

N R S S E— |
400 Kbps 400 Kbps 400 Kbps 400 Kbps

Test Program

3 s b DCDC FPGA DCDC FPGA
(Python) y s s e (RTAX250)

Bus

USB / PCle Profile
100Mbps / 3.2Gbps 4 DCDC FPGA DCDC FPGA DCDC FPGA

(RTAX250) (RTAX250) (RTAX250)

DCDC FPGA DCDC FPGA DCDC FPGA
(RTA (RTAX250) (RTAX250)
[ahsink 0]

uart_link_1_p

SECOIA ASIC SECOIA ASIC SECOIA ASIC SECOIA ASIC SECOIA ASIC SECOIA ASIC SECOIA ASIC SECOIA ASIC SECOIA ASIC SECOIA ASIC
1D #1 1D #2 ID#3 ID#a D #5 ID#6 1D #7 1D #8 1D #9 1D #10

AR R R R T R
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Data Handling System verification development

| DHS Test Bench Definition
DHS Test Bench Coding (VHDL)

DHS Simulation REGRESSION S

—
DHS Emulation Arch Definition _r\

DHS Emulation Coding (phyton] sss——————————————— A
DHS Emulation REGRESSION | A

S ’-An'alys.i,s b’e‘tWeen Verificat'ion; anfdj'E“mu}at‘ibfh'ﬂéffo:r'ts',j

Syn&lLay&WC

> . Both tasks (Slmulatlon and EmuIatlon) develop by Juntors Englneers
> Equwalent numbers of models to be developed AT

. Definition
m Definition

VHDL Coding

VHDL Sim

VHDL Coding AL
m Syn&Lay&WC

: Slmllar t|me needed for setup both enwronments LEE, ,

“Emulation requires 50% less time’ for tests: codlng and o ecutron
- Significant reductlon in regressron tlmes (Slmulatlons takes days vs
~ hours for Emulatlon) i i

AL S

SimUIation is stil,lvrequlired but’i ;

..combined with the EMULATION!!

8
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Emulatron Results for Data Handlrng System

> Evaluatron results

| Points analyzed SIMULATION EMULATION
(VHDL) (proFPGA)

Telecommands sent 7413 250

B Telemetries packet processed 3700@100ms 450@1sec
B (@420x16bits)

8 Nb. of tests implemented 96 14

§ Longest duration test 467 sec 12 hrs.

' 8 Asynchronous commands 110 >1000
| (HDRM)

Regressron time 90 hrs. 1h 30min

o Early problem detectron L GRRA

o DCDC mterconnectron Wrong addressrng when m/ultrple DCDC Irnes send data g
5 ‘Lost of Debug Telemetry HRIl\/I doesn t start properly after abort in DCDC acqursrtron
g Lost of House Keeprng Telemetry HRDM tarls when startrng from HK |n ADC acqursrtron.
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Power Unrt System |n Emulatron envrroment

> Conclusnons

e The use- HW emulatron system for complex FPGAs or system wrth muItrpIe FPGAs
| > antrmpatrng to mtegratron errors, ,' S : L ' ,
- > increasing functional coverage, -
- > speeding up verification, . Loy ¥ ,
> and ensurrng functlonallty, robustness and qualrty of the FPGA and the system

U Nextsteps
e Protd.ty.ping in ip'rbjéctsfwnhl'c.orfh'p'leié FPGAS and .-F"P."G'As'i'n’cIUdif.‘g'milc'rqpmcessors(IP g

> proFPGA Improve bus communlcatron protocols
~» AXI through FPGA o Sl e e T
> Ethernet asAPI . el e
> Use Extensrons boards for SDRAM 'MRMA NOR Flash memones
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Alrbus Crlsa

https Icrisa. alrbus com/en
https //www Imkedm com/company/alrbus crlsa/
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Who we are Join the Team Search Q

i 'AIRBUS  crsa Missions and Technology ~ Solut

8 Airbus Crisa

The experience and technological capability acquired in the space sector throught the years

allow Airbus Crisa to offer state-of-the-art electronic products for most space applications,
satellites, orbital infrastructures and space transportation vehicles.
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