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BAO project in radio

Fast acquisition
system
for 3D mapping of
cosmological
matter
distribution in radio
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. Baryonic Acoustic Osclllations
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F \‘j H i + Imprints left by the baryon-photon fluid
Poor AN (before recombination) in the distribution of
o LT ordinary (baryonic) matter
Wb Nt Slight modulation of the distribution of matter,
3 (and galaxies as tracers). Structure formation

T @ w0 s w10 2 being mainly driven by CDM which dominates

Comoving Separation (h-! Mpe)

structure formation

In Radio : Use 21 cm HI emission

3D HI mass distribution measurement through
total 21 cm emission intensity mapping (No
individual galaxy detection)

Hyperfine transition (spin-orbit) of atomic
hydrogen: v =1,420405 GHz —-A=21cm
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Paon IV: nowday Configuration.
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Data processing for off-line beam forming
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Paon IV current analog limitation

}\x SWR effect.

SWR depends of:
1 ¢ long RF cables,
- ¢ adaptation mismatch,
| ¢ wide band acquisition.
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NEBULA

NumEriseur a Bande Large pour
I’Astronomie

Power
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Nebula Design Architecture

ADCO0811020
2X 1GSPS
1x 2GSPS

Eth-1G
Eth-1G

JTAG_conf Eth-10G

PCIE x4
FPGA ctrl/cde

& conf PCIEpress
Sp 4x gen2

12C
Pl |

SSRAM
Pogvse ;g 1T4RL LMK04828 CY7C1470BV25
(CY7C1480BV25)

Daniel Charlet — FSP -- VLSI 2016

1Gb

10Gb

10Gb

PCIExpress
4x




NEBULA FPGA content

ADC
2X 1GSPS
1x 2GSPS [
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White Rabbit

Network topology
10125 MHz
GPS/cesium | 1pPPs WR master backup
reference clock urc ﬁmemﬂe' ::mfgnﬂepﬂfnﬂ‘mum and ﬁrr:::f -.r:lunk
downlink ports
uplink ports e s pae . Extension of Ethernet
WR switch WR switch WR switch # Synchronous mode (Synch-E) — common
downiink poris clock for physical layer in entire network,
‘& (_j & (_J S allowing for precise time transfer.
el # Deterministic routing latency
WR switch WR switch WR node

downlink ports

S .\_/‘ % Technical concept

data-only routes outside # Synchronous Ethernet

EE |  Diedenienod B #Hardware -assisted PTP (IEEE1588) —
Precision Time Protocol

# Packed preemption ans deterministic

protocol
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IN2P3’s old design methodology

FPGA Hardware PCB
Designer Designer Designer

Initial Manual Integration Place and route
Pin assignment M—- with Schematics

nwr oo

Z— >0

Paper/Spreadsheet
e Build Quartus FPGA * Part developer librarian  * PCB design tools
in order to export .pin file * Import .pin file

* Schematic design tools

Manual pin assignment J Place symbols and 0 No swapping possible
0 one FPGA at a time connect them
O Redo pin assignment 0 Redo with each ECO

with every ECO




Overview of FSP :
Three Main Components of FPGA System Planner

Automatic

. . » Placement
Pin Assignment

Connectivity Route Planning

FPGA
System Planner Schematic PCB layout
(FSP)

Comparison Engine

U FPGA system floorplan

O Interface based connectivity
U Device-accurate-rules

Q I/O synthesis engine

U Integrated solution

Cadence FPGA System Planner (FSP)




FSP Flow

Symbols, Schematics

Allegro, OrCAD Allegro, OrCAD

Power and reference -
FPGA System voltage connections for Design

Planner all components Authoring

Decoupling capacitors

Allegro, OrCAD

PCB Layout

FSP engine guides
PCB designer during
pin swapping

FSP complements
FPGA vendor tools




Nebula FSP Project

P @ d | sL @ 9 = My 4 9 (Y| workFow Libraries | Canwvas | Canvas Zoom Preview |% ‘Connectiv

Canvas & X | Design Connectivity Windows [Net View:]
(SN “ 43 £ ] ! v B & @ * - 7 M
Zoom D Zoom Zoom Y Zoom Add Design Select Selection * Align ¥ | Show Hide Net Run Expand ¥ Collapse Filter Find |
Out In Fit Area Notes Area Filter Instances Rats Rats Mavigation Design Level Al
-~ Design &
Status P

[» \group group_name=Data_

[» |[group group_name=CONT

i | group group_name=JTAG

I | group group_name=Data_

4 |interface name=M4 part=pc28

[» |group group_name=Addre

[> /group group_name=Data ¢

[+ | group group_name=CONT

[  group group_name=contrc

4 |interface name=M5 part=pc28

[> |group group_name=Addre

i | group group_name=Data g

[+ | group group_name=CONT

[»  group group_name=contrc

4 |interface name=WR_SFP

> ‘ group group_name=SFP_(C

n

4 |interface name=WR_STCTRL_

[ \group group_name=WR_D

[» group group_name=WR_M

[» |[group group_name=GLUE

I | group group_name=WR_C

Pl | protocol name=M2_M1

[» |group group_name=Config

- [» \group group_name=FPGA_
3 < [
Ready Pin:I0_FPLL_TC CLKOUT1 FPLL_TC CLKOUTn_DIFFIO_TX T66n_DIFFOUT_T66n [H19] MNet: ETH10G_RX1_ P
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FPGA selection
FSP Project

Select Rules Flle (sur pc-caol.lal.in2p3.fr)

=

FFGA Families

-l

[it-_rtip7

- CoolFunner-11

-_Hintes-7F

Hintexs UitraScale

Spartan-3

Bt
[ _Coolfunner ®PLAS
Bt
Bt

[+ _Spartan-&

[ irtes-4
[ _irtex-5

[ irtex-B

Wirtes-F

-_Sipartan-G8
i
i

[ _Zyng FO00

=1 _Adtera

[ _Arria 10

~_rria || G

Arria tf G GT Sk 5T

Arria W G2

~_Cyclone W

[#-_Arria G#
- _Cyelone 1]

Cyclone W E

Cyclone W Gs

Pz 10

- Mlaz ||

- Pelas W

-_Stratiz 1l

Stratix | G

Stradi= 111

Stradi= IV E

[ _Stratix v GT

- _Stratix [V G

- _Stratix b Gl GS

- _dtel

- Frosals

e

= RIS

b g 3230 _co256
b g 32a0_on205
e Flend2su_oq256
e rtar32s0_cgSd

e rtERT280_cgB24
e rtan T 2s0_cg205
L rtan72s0_cg256
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Component definition 1 FSP Project

=1 Design
=] Rules Viewer (pc28f00ap30bf) (sur lach.lal.In2p3.fr) X
- = __ —
i ] = i L‘TQE ; i .} LU H & @ L= |
Expand Colapse = = _ i Show/Hide  Reset Clear Export  Import
Al a Fiter Fnd Replce Cut Copr Paste 0o wdth Hohigt = sy 05V
Fin Marne | Fin Number | Fin Tiepoe Syrbol Fin Mame | ioltage Level | 10 Standard Target Fin Function Diff. Type [iff. Fair Fir Serid 10 TARX Fin Clack Grou

E IFf interface_type=Homiallnterface target_family=Ania¥ GX,Max¥ unit=nim pin_size=1.00000 jedec_type=bgabdhf_1000 instance_prefiz=M pdescription=Parrallel’z 200N 0R%: 20Mash’: 20memory part_height=7000000 part_width=7000000 »_offset=-0y_offset=7
" Group group_name=poster group_number=4 group_color=#F0000 gdescription=weeq®20vceps20vee
" groug groug_name=gad group_number=5 group_color=#000000 gdezcription=gnd = 20vss
" group groug_name=Address group_constraint=same_bank group_nurber=6 group_color=#0000FF goescription=lvcmos2 5w 20to% 203 3v

" group group_name=Data group_constraint=same_bank group_number=7 group_color= goescription=lvemos?’ 202 5v%20t0% 203, 3v

Ef groug groug_name=COMTROL group_constraint=same_bank group_nurmber=8 group_calar= goescription=lvemos’: 202 Sy 20t 203 3v
ADD< A Irput ADD<T: LWCrO525 GIO
JBDNN Fii Irgut ADWH LWCHO525 GIO
CLK EE Irgut CLK LWCKO525 GIo
JOEM F& Irput OEM LWCrO525 GIO
.[RESETN Dd Irgut RESETH LWCHO525 GIO
WEN [P Irgut WEN LWCKO525 GIo
JWEMN CE Irput WF N LWCrO525 GIO

B graug group_name=NC group_rumber=9 group_color= goescription=NO%20CONNECT

B groug group_name=control_2 group_number=10 group_color= goescription=COMNTROL _2

1| L

Show Packagemeyl j ('\ *q 'O O O

—— O L S R S T |1 |
L

= /\ B
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Component definition 2 FSP Project

Edit Virtual Interface WR_STCTRL_ARRIA for Device Instance M1 (sur pc-caol.lal.in2p3.fr)

- = E=l = v il L =
#2 w2 = 5 r._:& d" .:a EE| }H & @ li=] = £t |_l| [ A v W =]
Expand Collapse = _ ) - P .I ShowiHide  Reset Clear Refrest Export  Import Add Define Anto Eft  Remove Addl  Add Remove
All Al - 2GR ¥ BT v Columhs  Widih  Highight Cav (1) Group Ck Group Delect Par Grogp  Growp,  Bus 5 Sigral
Port Mame Fin Tipe Reserve Type 10 Standard | Target Fin Function | Liff. Type Liff. Pair Sighal Serial 10 TafRs Signal FPGA Ext. Termination Met Nam
=8 protocol interface_type=VirtualExtinterface
" group group_name=WR_DAC_CTRL use_bank=7& group_tumkber=2
" group group_name=\WR_MEM_I2C group_number=3
=2 group groug_name=GLUE group_number=4
ERT_TRIG Imput LWCMOS525 G0 . EXT_TRIG
LGLE_RST Imput LWCMOS525 COMFIG_C14 ﬂ GLE_RST
COMFIG_M5 -
CJIRC_ARRLA Output LWCMOS525 CONF DONE serie_24 IRCI_ARRl&
. OVERTEMP Qutput LVCMOS25 CAEERRDR OVERTEMP
Hiu CvF_CONFDOME
LJGERl&L_MNUM_TEMF I Cut LWCMOS525 DCLK SERIAL_MUM_TE
DEY _CLA
AEVNCH_LME Output LWCMOS525 DEV OE " SYNCH_LME
DIFFI0_R¥
B graup group_name=WR_CK_20 use_bark=2A graup_number=2 DIFFIO_R¥_DE/0AS
i o o DIFFIO_TA
group group_name=SP1 group_number=8 DIFFOT
B group group_name=LED_ARRIA group_nurmber=9 DIFFOUT_DQ/DES
0a
DES/ICQCEn QKR
DESnitk
Do hiat Connect
High Speed {GXE)
IMIT_DOME
MSELD
{ MSELT o
MSEL2 _—
Mame : IWH_STETHL_AHHIA MSEL3
MSEL4
FLL_FB
FLL_QUT
FR_DOME
FR_ERROR
FR_READY bl
Create From OI Save As.. Save Hide Log Validate (]9 Cancel |
A
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Component definition 3 FSP Project

Edit Virtual Interface WR_STCTRL_ARRIA for Device Instance M1 (sur pc-caol.lal.in2p3.fr)

3 = = = - — T
3 —5 v " rl_.‘n:"ﬂ 2 74 == [ & -@ = = =" |_1| L 2 v e
Expand Collapse o it - Past ShowiHide  Reset Clear Refrest Export  Import Add Define Airto = R Ay Ao Remowve
Al Al - : Fin t Cut P Colurntis Width  Highlight C5w C3W Group Ck Group Detect Par E E B S Siggrial
Fort Marne Pir Type Reserve Type 10 Standard I Target Fin Function I Diff. Type Diff. Pair Sighal Serial [0 TaSF R Sighal FPGA Ext. Termination Net Mam
=X pratocal interface_type=VirtualExtinterface
BEH group group_name=WHE_DAC_CTRL use_bank=2& group_number=2
:. group group_name=YWHE_MEM_12C group_number=3
- group group_name=GLUE group_nurmbet=4
LJERT_TRIG It LWCKMOS525 G0 EAT_TRIG
.JGLE_RST Irpaut LWCKMOS525 G0 GLE_RST
LJIRG_ARRILA Qutput |LUCMDSEE |E| G0 serie_24 IRG_ARRIA
.JOWERTEMP Cutput DIFF_..._I_18  aflGIO OWERTEMP
DIFF_...UL_12
.JSERIAL_NUM_TEMP I Chut DIFF S5TLT3G G0 SERIAL_MUM_TE
DIFF_SSTLIS
AFYMCH_LMK Cutput DIFE = L1 | G0 SWMCH_LMK
B groug group_name=MWR_CK_20 use_bank=74 group_number=7 DIFF_S5TL2 |
B groug group_name=SP1 group_nurmber=§ DIFF_S5TL2_1I
DIFF_...L_125
EH group group_name=LED_ARRIA group_rumber=9 DIFF_ 115
DIFF_..._I_15
HCSL
HSTL_I k
HSTL_II
HSTL_II_12
HSTL_II_1&
HSTL_I_12
HSTL_I_15 |-
d HIUL_12 | i
LWVCKMOS12
Marne : IWH_STCTHL_AHHIA LWCKMOS15
LWVCMOS15
LWVCMOS525
LWCrMOS30
LWCMOS33
LWDS_25
LWVDS_E_1R
LWDS_E_3R
Create From QI Save As.. Sawve LWPECL_25 Hide Log Vabdate (0] Cancel
LWTTL il A
&
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Address Bus Optimized and Assigned by FSP
(In Red the Bus Data Isb)

#*Z -
E = . I~ T
Expand ¥ Collapse
L . A1 Fiter Frd Replace
Design (|

Status

E}I device name=M1 part=5AGTMCTGF31

; bank bank_name=Power bank_type=PF0O'
bank bank_name=7& bank_type=5TAMNI
1 bank bank_name=8& bank_type=STANI

I
FH{interface name=J1 part=amc_mtca_10

group group_name=clock target_dewice:

group group_name=System_Managne

group group_name=ipnbk group_constrai

group group_name=JTAG target _device

group group_name=5A45_SATA group_

group group_name=TRIGGER

group group_name=1GE_ETHO_SRIO4 .
group group_name=1GE_ETH1 _SRIOS
group group_name=1Gb_ETH2_SRIO6
“ group group_Pame=P2P_LINK

E—J'| interface hame=rM1_ADC

= group group_name=Dl use_bank=7D,8D

group group_name=Dd use_bank=7E,7C

group group name=DID use_bank=80 81

group group_name=DaD use_bank=7&,i

group group_name=CTRL target_device

S group group name=MCaDC
I
FH{interface name=h1_LMEK
“group group_name=LME_CLK target_d

S group group name=LME_CLEKREF tzrce
E—]‘i interface name=M1_WI559

e’ VAL 11N 1

1 IVAL I

1

[E33 group group_name=CLEZ

£33 group group_name=CLES
I
F{interface name=M1_VIETH10G

“lgrou roup_name=ETHCH
3 == - E 4 mEA
Ve N [ == -I-v'

!

roup group_name:ETHﬂ]lL ABORA :r IR E
DE L‘ACC;L-‘LERATEUR

R E




Decoupling assignment and associated to the
chips

Define Decoupling Capacitors @l
Select decoupling capacitors for power regulators connected to the instances. Select the power regulator and click on "Add"
button to start adding decoupling capacitors.

Ensure that power regulators are defined and mapped in the design before defining decoupling capacitors.
oy Add Delete Modify

Decap Symbol Pin Count Decap Value Decap Count i
passive_fsp:capa:sym_1 10u s
passive_fsp:cpol:sym_1 100u s
- J7 1 100uf 1
- P2V5 1 100uf 1
passive_fsp:capa:sym_1 100N 1

< M1 166 8211uf 216 =
- P2V5 62 1844uf 50
passive_fspcapa:sym_1 10u 8
passive_fspcapa:sym_1 1lu 12
passive_fsp:capa:sym_1 100n 14
passive_fsp:capa:sym_1 22n 16
4 PSS NCCA_GX 4 200 uf 3
passive_fsp:capa:sym_1 1u 1
passive_fsp:capa:sym_1 100n 2
A P2VS_NVCCA_FPLL 6 2162uf 17
passive fsp:capa:sym_1 10u 2
passive fsp:capa:sym_1 470N 3
passive fsp:capa:sym_1 100N 1)
passive_fsp:capa:sym_1 22N 1)
A PIVS_ VCOCH_GX 4 408.8uf 8
passive_fsp:capa:sym_1 2.2u 4
passive_fsp:capa:sym_1 100N 4
4 PIVS_VCCD_FPLL 7 192uf a8
passive_fsp:capa:sym_1 1lu 4
passive_fsp:capa:sym_1 47N 4
4 PIVZ VCCR_GX 10 800uf 20
passive_fspcapa:sym_1 10u 2
passive_fsp:capa:sym_1 1lu 4
passive_fsp:capa:sym_1 100n 1

passive_fsp:capa:sym_1 22n a8 -

’ QK l | Cancel

3
2
=
g
8
&
2
8
3
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Power assignment

Allegro 4 FPGA System Planner Option - D:/In2P3_CDN_LIVE/nebula/Nebula/Nebula/Nebula_FSP_Cadence/nebula/nebula_l.fsp

File Library Component Design Tocls Generate Custom Projects Window Help

L & 3 | L @ 9 s My & ) (Y | workFlow Libraries Canvas Canvas Zoom Preview Design Connectivity Window | Power Connections | Properties Die View Messages Pin Legen

Powier Connections

%] i 2] i “~ v
Add ~ Delete Auto Map Reset and Reset To Check
Req. Reg. Add Reg. Missing Reg.  Map Reg. Default Voltages  Power Connections
Regulator Nam& Violtage | J1 [amc_mtca_10] J7 [jtag_altera] M1 [SAGTMC7GF31]
P2v5 25 VREF VCCIOBD,VCCPD4A VCCIO3D\VCCIO4A VCCIO4B VCCIO4C VCCPDTBCDVCCIOAD VCCPD3,VCCPD4BCD VCCPGM NV CCPDE VCCPDTA V..
GND i} GND GND GND i
PV12 12 12
P1ve 1.8 WVCCIOT7B !
P3v3 3.3 !
P2V5_VCCA_GX 2.5 WVCCA_GXBL1 VCCA_GXBLO\VCCA_GXBR1,VCCA_GXBRO
P2V5_WCCA_FPLL 25 WCCA_FPLLVCC_AUX
P1V5_VCCH_GX 15 WVCCH_GXBR1VCCH_GXBROVCCH_GXBL1,VCCH_GXBLO
P1V5_VCCD_FPLL 15 WVCCD_FPLLVCCBAT
P1V2_VCCR_GX 1.2 WCCR_GXBLVCCR_GXBR
P1V1 11 VCC
P1V1P 11 VCCP
P1V2_VCCT_GX 1.2 WCCT_GXBLOVCCT_GXBLLVCCT_GXBRONMCCT_GXBR1
P2V5_VREFIO 2.5
P1V2 WCCL_GX 1.2 WVCCL_GXBRONCCL_GXBR1VCCL_GXBLO,VCCL_GXBL1
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Automatic Schematic Generation

Generate Allegro DE-HDL Schematics = @

Placement
v | Skip Unused Symbol Splits

Exclude symbol splits that have no net connections. By default, unconnected symbol splits are not placed in order to minimize the number
of generated schematic sheets.

v | Do Not Mix Symbols and Hierarchical Blocks

Place only one FPGA or connector hierarchical block per page. This helps to avoid overlaps with other components if the number of
connections to the block increases.

+'| Do Not Mix Symbols of Different Instances

Use a unique schematic pages for each instance. Checking this option will prevent symbols of different instances from being intermixed
within a single page.

General
Preserve Schematics

Generate schematics in preserve mode. Use this option to preserve any manual changes made to schematic placement or to preserve the
placement of symbols on specific schematic pages.

Display Net Name as Instance Pin Name

Use the net name connected to the pin instead of the symbol pin name for FPGA components. MNote that this is a purely textual overlay in
the generated schematic and the symbols are not modified.

v | Propagate FSP Net Groups
Propagate FSP-defined net groups into Constraint Manager. These net groups are used to create default bundles in Allegro.
Hierarchy
Use Actual Port Type For Hierarchical Ports

Use the port's direction to determine which hierarchical port symbol to use. If this option is unchecked, FSP uses an 'inout' port symbol for
all hierarchical ports.

Flatten Hierarchical Termination Blocks

For terminations defined using hierarchical blocks, remove the hierarchy and place the underlying discrete components directly into the
schematic.

V| Generate Hierarchical Blocks for FPGAs

Hierarchical Block Block Location
MLEAGTMCT7GE..  nebula_lib:hl_Sagtmc7gf3l
nebula_lib:h141_5m2210zf256
nebula_lib:h298_mlvds200_rule

LEDE

nebula_lib:h313_mlvds200_rule

Adwvanced Settings ... [ OK l | Cancel t t C

Daniel Charlet — FSP -- VLSI 2016 CINE AT R E



Output result from Generate design

w Allegro Design Entry HDL XL : Allegro Design Entry HDL - [NEBULASCH.1.1]
ﬁ File Edit View Component Wire Text Block Group Variants Display AMS Simulator RF-PCB Tools Window Help

iLPbd@e R Qigidtem aB (P ow id&$0 B ARQQ i-+-o - @

i -
2 Hierarchy Viewer T 3
B page7(6) - § = = é
B paged () B = = = =
0 pagesle) (] : = = z
10(9 | ; = — =
™ E?Ef-m E1Jm V o = —
ﬁ File Edit View Component Wire Text Block Group Variants Display AMS Simulator RF-PCB Tools Window Help = —— —
EEEEEE F R QiRidtem a9 e icdo RQQQ vy = =
| - — E
+ Hierarchy Viewer . x| e % = g
-dfw nebula <pagel2_i » = — =]
B pagel(12) oy ] ] : I I z = =
) page2(13) 5 — =
B page3(14) ‘:‘ v = == =
B page4 (15 | : = — — -
D 28395%5% £ MARARARARSRNRY = — = g
0 pages() || - Giikivai i =t - = = ¢
= T = = = =
0 pocr a3 A = = _
Ef page8 (19) . = E+ _ = — ——
B 9 F b — =t LR S SR S Y R SR SR ST I T ) = — —
page3 (20) ti— =i = — —
o i Lt L Lo Lot Lo e Lo L0 L o™ e s s Sl - Sl = = — =
B pagel0(21) = 4 TTOTT ST AT T ST A A e e e —— o = — =
abc ¢ — ==$ L I e e I T B
0 pagell(22) ~ = e — =
< b Q e a— =7 ih
o= =T —_——
I _— oy — rut +
+ Global Navigation . x f% = — 4
@  Eam=— =4
4 b
@ o]
Hierarchical Mame: S e R EEE
l vl stessssssssss s

24 Daniel Charlet — FSP -- VLSI 2016



Automatic FPGA Pin Placement Constraint file for
Quartus/Altera..

Export Design Constraints = @

Available Device Instances Device Instance M1 Settings
V| M1 [SAGTMCYGF31] Constraints File Bus Notation: | <=
M2 [5m221021256] | Export All Constraints
M22 [mhivds200_rule]
M23 [mivds200_rule] Constraint File Path output/constraints/M1/M0611}tcl Export Negative Signals
Export Partial Constraints
3 Add Delete
Export Instance Names Banks Constraint File Path Negative =
check Al | | uncheck Al
| Export ‘ | Save | | Cancel ‘

LA RATOIRE
DE L'ACCELERATEUR
N
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Automatic FPGA Pin Placement Constraint file for

Quartus/Altera.

26

File Edit Options Buffers Tools Tcl Help

LAdnZp3Lfr (sur laocoZdal.in2p3.fr)

£ 9 X O B S o o TE Gy <P X P

B

set_instance_assigrnment -—name
aset_instance_assignment —name
sekt_instance assigrnment —-name
aet instamce assigrment —name
set instamce_ assigrment —name
set instance_assigrnment —name
set instance aaa:.g:n:menr. =L 3T
5et instance  assigrment —name
aet instamce assigrment —name
aet instamce assigrment —name

FHRARRREFEESY LOCATION - NET

set_ location assignment PIMN_ AHEI3 —to

set_location assigrment PIN RI
set_location_assigrment PIN D1
set_location_assigrnment PIN_AE
set_location_assigrment PIN_AA
set_location_assigrnment PIN_ AC
Bet location_ assigrment PIN_ AZ
set location assignment PIN_JZ2
set__location_ assigrment PIN_F1
set_location_assigrment PIN_FZ
set_location_assigrment PIN_D2
set_location_assigrnment PIN_ D2
set_location assigrment PIN G2
set_location assigrment PIN a2
set_location_assigrment PIN_ a2
set_location_assigrment PIN_ D1
set_location_assignment PIN_ D2
set_location_assigrnment PIN_ G2
set_location assigrment PIN EB1
set_location assigrment PIN B2
set_location_assigrnment PIN_J2
set_location_ _assignment PIMN_AL
set —location_ aaa:.g:n:nenr. PIN_E1
set_location_assigrnment PIN_F&
set_location assigrment PIN E1
set_location assigrment PIN _ET
set_location_assigrnment PIN_D2
set_location_ _assignment PIN_AZ
set_location _assigrment PIN_ A3
set_location_assigrnment PIN_AG
set_location assigrment PIN At
set_location assigrment PIN_ cl
set_location_assigrnment PIN_CS
set_location_ _assignment PIN_AT
set —location_ aaalgnment PIN_C1
set_location assigrment PIN Al
set_location assigrment PIN EB1
set_location_ assigrment PIN &l

I0_STANDARD “2. 5 W"
I0_STAMNDARD “2 5 W
I0_STAMDARD “2. 5 "
I0_STaMNDaRD =2 5 "
I0_STaMNDaRD =2 5 "
I0_STAMNDARD “2Z. 5 W"
I0_STANDARD “2. 5 W©
I0_STAMNDARD “2 5 W
I0_STAMNDARD =2 5 "
IT0_STAMNDARD “L¥Ds"

HESZRELLRRRREESERLERN

ADnD[0O]
—to CLEl P
—to CLE20_WCED
o2 —to CPERSTN
22 —to CPRSHNTN
25 —to CWAEER
1 —to OCLE_P
=) —to nID_F[0]
o —to DID_PF[1]
2 —to DInD_P[2]
<1 —-to DIo_p[3]
E —to nIn_ e [4]
7 —to nIn_p[5]
= —to nDID_P[&]
= —to nDID_P[7]
8 —to DI_P[0]
2 —to DI_P[1]
0 —to DI P[Z2]
= —to DI_P[2]
= —to DI_P[4]
0 —to DI_P[S5]
o —to DI_P[6]
=] -to nDI_p[7]
—to nob_B[0])
—to non_p[1]
—to Dao_B [2]
—to Dao_P [ 3]
—to Dao_Pp [4]
—to Dao_P([5]
—to non_P (6]
—to nan_B [T]
1 —to oa_PB[0]
—to Da_P[1]
—to Da_pP[2]
o -to oo P[2]
1 —to oo P[a]
3 —to oo _P[5]
4 —to Do _P[6]

—commernt
—commernt
—comment
—comment
—Ccommernt
—commernt
—commernt
—commernt
—comment
—comment
—Ccommernt
—commernt
—commernt
—commernt
—comment
—comment
—Ccommernt
—commernt
—commernt
—commernt
—comment
—comment
—Ccommernt
—commernt
—commernt
—comment
—comment
—comment
—Ccomment
—commernt
—commernt
—comment
—comment
—comment
—Ccommernt
—commernt
—commernt
—comment

T
—to EO0O_1E5EM P

"Eank : 3D"
"Eank : B1R"
"EBank : Ta"
"Bank : 32D"
" Bandc 3n"
"EBank : 3A"
"Eank : SD"
"Eank : S8D"
"EBambl : D"
"Bank : 2D"
" Band aa"
"EBank : SA"
"Eank : Sa"
"Eank : Sa"
"Eank : Sa"
"Bank : D"
" Band gD
"EBank : SD"
"Eank : TFD"
"Eank : SD"
"EBank : SD"
"Bank : D"
" Bamnd Fov
"EBank : TB"
"EBank : Ta"
"Eank : TB"
"EBank : TB"
"Bank : TA"
"Bank : TA"
"EBank : TA"
"EBank : Ta"
"Eank : TB"
"EBank : TB"
"Bank : TB"
"Bank : TB"
"EBank : TB"
"EBank : TC"
"EBank : TC"
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PCB design in development

Soldaask
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Bundle pin swap optimization
Scheduling and bus S“de

IIIlI ﬁ-m % E @
TP

"2 M1_COMFIG_DATA_A"

dépasser les frontiéres '
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Allegro PCB connected to FSP database

Automatic feedback when PCB is written

% Allegro PCB Designer (was Performance L): Nebula_XTCA.brd Project. D.../nebulaxtca/physical

File Edit View Add Display Setup Shape Logic | Place| FlowPlan Route Analyze Manufacture Tools Help

iyEdid DX ? % i[ﬁ‘gaﬂiﬂf--- OCRDE N EHER (
: uickplace..
ﬂDU@@[ Autoplace 4

- R FIEIE A

Interactive

ﬁ]ﬂ ’ LJ FPGA S
E ystem Planner Load Database...
fur} | Swap | Auto Pinswap..
. Autoswap... 4 Manual Pinswap...
Via Arrays 4 Synchronize...

Update Symbols...
Replace SQ Temporary

¥ FSP Load Database

FSF Database Path

Current: |N0ne

Ok I Cancel Help
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Allegro PCB connected to FSP database
real time pin swapping.
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PCB swapping back annotation Compare master
FSP design to changes made in PCB

Allegro 4 FPGA System Planner Optlon - fexp/elec/chariet/LHCb/SpecsPCIEVZ/stp/specsv2aS/spacsv2aS_copy.fsp (sur lao2.lal.in2p3.fr)

Deslgn Comparlis (s ETe al.inZp3.1r)
Dasigr 1 IWHGCMHMQPCIEU?PAMWG_HHSD — I a IDesign 2 |.l'n:-cpl’uIe-e.l'v:harlal.fl_HChiSpauPCIEmlphpueaﬂasrapacw%_wpr_fep '___i E Moy Comnpars Iﬁnmcli\ity (4]
me)y  wiczee) | omac | omemy | oo |owio | ovs | oo | owao | D Mergn A8 instanses To Lett | ) Merge M instances To Right | £ Net ¥iew 1= Bin View
C - # A3 5 B e © @ @ o o Difference Count
- Sort Sort ‘GhowiHide Move  Move e Ghow Show Oniy
Espand  Colapse  ren Descan T0FF T “oopmns TSR oigt Left  Mext DY Prewvious Dt Dift L iy 299
g Fin Number [ PiniFort IName Fin Humiber 2| FFort Hame
| device Instance_nama=M1 SH device psteece_name=1

K|

TueressIULLp cheched all medels Lor DAcCh . =]
Toading part £lash cont com. ..

sucpeszfullyp checked all models for pack .

mwizslng atbridbubs growp_color Lor groug grovpld, Sstting it to defanlt wvalus F0CI00,

Toading part nleds200_yule. ..

walidating dewice model...

Walldating pin locations of device. ..

Walidating pin logioal information for comnectoss...

Fuscessfully checked device model,
Completed loading pacts from cache.
Boading protonsl betwsen instances
Eeading protocel betwesn instances
Deading protocol between instances
Feading protocol between instances
Eeading protocel Detassn instancss
Toading protocsl between instances
Foading protocel betwesn instances
Feading protocol Detwssn Lnstances
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Improvements seen by using FSP

v'Board development before FPGA firmware development

v'Easy upgrade of FPGA during design

v'Exchange physical/logical during development

v'Easy swapping in place and route phase with back annotation
v'Easy decoupling definition

v'Easy power supply assignment

v'Save 50% time of previous manual method

v'Concurrent engineering between software architecture and PCB
v’ Automatic schematic generation

v’ Automatic FPGA pin placement constraint file for Quartus/Altera..

L Cirs

AAAAAAAAAAA
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~ 300m

Paon IV: future Configuration.

puting room
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IN2P3 FPGA System Planner

NEBULA DESIGN

AL

, .  Stationde

(81fe) astronomie
IN2P3 25 gE/?_LZR(/Z7!EIEJER \— de Nangay
Les deux infinis L I E AI RE
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This is the agenda of my presentation
First | wil introduce the CNRS and IN2P3



Trouver la définition des BAO

Le lien avec les ondes gravitationnelles

Surtout lié a la recherche de matier/energie noire
L'ampleur de la collaboration

Le temps depuis



Trouver la définition des BAO

Le lien avec les ondes gravitationnelles

Surtout lié a la recherche de matier/energie noire
L'ampleur de la collaboration

Le temps depuis



The PAON IV demonstrator has a Classic structure

for radio astronomy acquisition system
Dishes antenna equipped with low noise

amplifier at the top and a long cable to the digitizer
system

The Data transfer is performed by optical fiber to the
computing room

PAON IV comprises 8 channels ,2 polarity by
antenna

The bandwidth of the analog chain is 250MHz
between 1.25Ghz and 1.5Ghz

The digitalization is performed at 500Mhz with 8bits
of dynamics

The dish diameter is 5m with a beam antenna
around 3°



After digitalization a fast Fourier transformation of
2048 point is made on-line by an FPGA. The FPGA
format and send data to the computing room by
optical fibers at 5Gb/s using home made protocol.

In the computing room, by PC farm, computation of
the cross correlation at each frequency

Data accumulated and disk storage

Off line processing data to clean data and to
performed maps at differents frequency .

A snapshot of the cyg A galaxy whit the arm of our
own galaxy realize by the PAON |V detector



Due to bandwidth and also of the sensitivity of the
sys tem we encounter SWR problem . This has the
effect of modification of signal.

The extend of the signhal modification is proportional
of the mismatch adaptation, the bandwidth , the
cable length.

Classically on radio astronomy there is a narrow
bandwidth and there are not affected by this issue.

SWR Standing wave ratio



| will present you the NEBULA project and how we
have designed it using FSP



The NEBULA board is base on the xTCA for physics
standard but

It can also work in stand alone mode , only 12v power
supply and optical link are mandatory to the board.

The earth of the system is an FPGA ARRIAV GX

The board integer one double channel ADC at 1G simple
on 8bits with the possibility to configure in one channel at
2G samples

For configuration synchronization and time tagge we have
Implemented the white-rabbit protocol developed by the
CERN

that permit to synchronize a distributed system whit an
accuracy under 20ps

The data rate transfer could reach 20Gb/s using 2 x 10Gb
Fthernet link or one 4x Gen? exiternal PCIEpnress link



NEBULA FPGA content

ADC
2x 1GSPS
1x 2GSPS [ &
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& Common clock for the entire network

All network nodes use the same physical layer clock,

generated by the System Timing Master

Clock is encoded in the Ethernet carrier and recovered by

the PLL in the PHY.

& PTP IEEE1558

@ Synchronizes local clock with the master clock by measuring
& and compensating the delay introduced by the link.



For electronic development the institute use cadence product since 25
years.
| will described the classical methodology used for a board study
incorporating FPGA
First stage generation of FPGA pin assignment using EDA
products in my case it's ALTERA and QUARTUS
Generation of the component with part developer to integrate in
the schematics entry
You do manually your design whit CONCEPT schematic
Finally Placing and Layout with ALLEGRO

This classic methodology are further inconvenient:

Time consuming

Numerous possible human error at different stage mainly due to
the iterative process.

At the first stage when we fix the FPGA pin assignment we have
only a rough idea of the relative chips placement on the board, and
no idea how the net will be routed.

To swap pin he is necessary to do an iterative process

12



The FSP Methodology
The main feature is it 's interface base connectivity
(you define bus function like address, data, ctrl...)

It's a system floor-plan, the inter-connexion are guided
by the relative placement of the components, the designer
can also early define placement

The system has a accuracy component pin rules like
llogic standard, functions

The resulting data base is linked to PCB designer tools
(allegro, orcad)

FSP provide FPGA libraries and additional components
like memories , connectors, ....

Designer can define it's own components

The design interconnection is under the control of the
designer 13



The FSP flow

Generation of interconnection between components according to the
relative components placement and I/O rules

Generation of powers and reference voltage for all components

Decoupling capacitor definition

Generation by FSP of a database compatible with ALLEGRO

Generation by FSP PCB design placement and HDL schematics .

Generation by FSP of FPGA pin file assignment

Import of the FSP schematic in top design

Import of the FSP allegro database In allegro

Layout of the design with pin swap capability under control of FSP engine

Export to FSP of the modify data-base for more accuracy check and
validation by the designer

Export to FPGA tools the new pin file assignment

During all different stage no manually enter potentially source of error

14



The numerical part of the board have been designed
using FSP.

To achieve this FSP project | have use FPGA
libraries delivered by Cadence, and also some
others like connectors but we have to define nearly
all the others

A snapshot of FSP board canvas with all the
Interconnection realize by FSP in dependence of
the relative placement of the components and by
taking into account of the pins rules.

To succeed to properly interconnect all the net it's
necessary to schedule the interface routing and fix
the routing of some nets

Canvas toile



FPGA selection
FSP Project

Select Rules

FPGA Families

AT,
) Funner-IT

IFunner XL
intex-

intex UtraSeal

[ t5Ra2a_Ge25E
- rt3x32su_roz08
rtsx32su_t256
- rtsx32su_roBd
rtsR72su_egb2d
- rtsx72su_rq208

Daniel Charlet — FSP -- VLSI 2016




Component definition 1 FSP Project

=] Design
] Rules Viewer (pc28f00ap30bf) (sur laob.lal.In2p3.fr) x
SO0V W enw O K & ¢ B
Al ummmmwmwmcnmmmw””csvcsv
Pir Mame: Pin Number Pin Type Symibol Pin Mame: Voltagge Level 10 Standard Target Pin Function Diff. Type: Diff. Pair Pin Seril 10 TXRX Pin Clock Grou
B
roup roup_name=power group T )_color=#10000 20w cepX20vec
roup group_r ) 1 )_color=#000000 4%20vs3.
roup group_name=Address group_constraint=same_bank group_umber=6 group_toior=#O000FF gtiescrip tior=lvemos2.5u% 2000%203.3v
grolp group_name =Data group_cons traint=same_bank group_umer=7 group_color=1 01100 gdescription=lvemos 202 5v20t035203.3v
oraup group_name=CONTROL group_constraint=same_bank or oup_numker=8 group_color= gescription=lvemos’:202 5v%20t0% 203.3v
. ADD<1» Input
. ADVN F& Input LVCMOS2S GID
© CLK E6 Input LVCMOS2S GID
. DEN F8 Input LVCMOE2S G0
.. RESETN D4 Input LvCMOz2s Gl
. WEN GE Input LvCmog2s GIo
L ‘WPN 6 Input LWCMOS25 GID
‘van ‘group_name=NC group_number=3 oroup_color= geleseription=NO%20CONMECT
Group group_name=control 2 group_nurnber=10 group_color=:001700 gaescription=CONTROL 2
|
Show Fackage View

—
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Coipee Stowiide Fewt  Cexr s D Ao st | Pemove
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Port Hame [ Pnmee | mesrenme OStrdwd | TwgetPnFncton | Diff.lme Oiff, P il | Senl 10 T/ Sgnal FPGA Ext Terminaton et |
= pratocel nterface_type-VirtualExtinterface
group group_anne-WR_ DAC_CTRL use_ank=7A group_rumber=2
arouR grouR_ane=WR_MEM_I2C groun_rumber-3
aroup group_pae=GLUE group_nunb
L ERTIAIG nput LVCHOs25 G ; EXTIAIG
et rput LVEHDs25 CONFIG_D14 e BLe_RsT
CONFIE DTS
- Ra_aRRIA utout LVCHO525 CONF Bone 24 IREARFIA
CRCERRDR
[overRTEM? Output LVEHES25 R e UERTENF
| |SERIALNUM_TEMP InOut LVCHO525 oeLk SERIAL_NUN_TE
[vnEH Lk output VOS2 BEvEE SVHCH_ LM
DIFFID_RK
aroun group_reme=WR_CK_20 use_bank<TA group_number=7 g -
GroUR group_rae=SP group b3 DIFFIDCTX
aroup roup_nesLED_ARRIA goup_pumber=9 DIFFOLT_D@/DAS
DAYCQCOVaNn
Dasnak
03 ngt Canrect
Figh Speed (GAB)
INIT_DONE
MSELD
q WSELT
MSEL2 —
ame - [WR_STCTAL _ARFIA MSELS
MSEL
FLL_FB
PLLZOUT
PR_DONE
FR_ERROR
FR_AEADY
Save s Save telog | vechte 0% |
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Component definition 3 FSP Project

= -
oo — L e Bz i |les
-~ . - Fieset Export  Import Add Define e Ardd
A a der Fnd fephee Cut Copy Fesle Cogunne widin Hgeont " csv Cav B < | signa
Fort Kame Finlype | Reserve Type 0Sended | TwoetPinFuncton | DitType | Dit. Far signal Serial 10 THIRX Sigral FPGA Ext. Termimation Mot Hamy

- protocol interface_type=VirtualExtinterface
aroup group_name=WR_DAC_CTRL use_bank=7A oroup_umber=2
group groun_name=WR_MEM_12C group_number=3
roup grous_name=GLUE oroun_numbser=a
L ERT_TRIG nput LVEMO525 G0 EXT_TRIG
L6LB_RaT Input LvCMOs2s G0 GLE_RST
. IRE_AFRIA Output [ovewoszs =)o@ serte 24 TRO_AFRIA
_lovERTEMP Output OVERTEMF
| SERIAL_NUM_TEMP InDut SERIAL_NUM_TE

DIFF_S5TLIS

L BYNCH_LME utout DIFFSSTLIS gl SYNCH_LMK
roup grous_name=WR_CK_ 20 use_bark=7A group_number=7 LTI
aroup grous_name=SPI cpoup_number=8 AL EN
roun groun_name=LED_ARRIA group_number=3

4] |

nae : [WR_STCTRL_ARFIA

Create From O save 40 Save Hide Log vabdate oK Cancel

4
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A zoom of the connectivity where we can see the
capability of the system to manage a daisy
interconnection between 4 components

On the left side the net view windows thats allows to
check the realize connectivity order by
components



One of the very interesting feature is decoupling
capacitor. You can define for each components and
each power supply the decoupling capacitor .

Advantageously, In ALLEGRO when you place the
capacitor there are grouped by component and by
power supply .

In old development methodology you have to attach
manually capacitor to component



Other functionality, the power assignment.
For each component yo can define power supply.

For big FPGA , up to 2 thousand pins, you have a
huge numbers of powers pins (further hundred), as
the system has the exact knowledge of all powers
pins there is no risk to forgot any power pins.



The schematic generation.

Related to the design connectivity, FSP can
generate HDL schematics. The main contribution of
this sate is the automatic generation of HDL
component as well as the writing of net interconnect.

As there is no human intervention no error possible at
this stage. The HDL schematic is the exact replica of
the interface interconnect define by the designer

Furthermore it automatically add the capacitor on
the schematics

This schematics can be easily imported in the top
design.



A view of the resulting schematic This one could be
modified by users and be preserved at each new
iteration.



The other main contribution is the generation of the pin
constrain for the FPGA. It can be made for all the
FPGA of the project and at any stage of design.



A view of the generated files with 1/O standard
definition and the pin assignment



An Allegro view of the current board



As FSP is base on interface base connectivity, this
concept is passed to ALLEGRO by the ability to
define and use bundle. Each interface define at
FSP level became a bundle in ALLEGRO.

The bundle shape can be modifies to take into
account the layout possibility



During iterative process you need to synchronize
FSP to ALLEGRO, this can be done easily in
allegro using a set of command.



During the routing with ALLEGRO the system
highlight the authorize pins and assign color code
for the different interfaces. This pin swap capability
IS under control of FSP data base.

During this stage it's not mandatory to refer to this pin
planner of the EDA tools to check if is it possible to
swap those pins



At the end of the swap modification it's mandatory
that the designer validate the modification with a full
synchronize ALLEGRO to FSP data-base. At this
level the system perform an extensive verification.

A new schematics generation and import in the top
design is necessary to keep the synchronism
everywhere.

Last step a new FPGA pins constraints need to be
generate.



My conclusion
Main feature of fsp
Improvement on somme points

My design save time
Changemnent
Easy design reuse



‘ A Stationde
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The future acquisition system

It's Distribute acquisition system where digitalization is
performed the most closer as possible of the LNA to
decrease the cable length to limits the SWR effect

The new issue of this architecture is the synchronization
of a distributed system.

With this architecture there is no limitation of distance
between antennas

This architecture has been made possible by using new
FPGA family ARRIA V. there are fast and low cost and
Integrate further transceivers up to 10Gb/s
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