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@PN How to transmit data from RDO to DAM? ' I\&j

DAM Firmware: Reuse as much as possible of the “official” FELIX firmware release.
https://qitlab.cern.ch/atlas-tdag-felix/firmware.qit

FELIX Firmware

Protocol FELIX
« FELIX supports different link protocols for data transfer GBT TX: 4.8G, RX: 4.8G

. : : APY FULL TX: 4.8G, RX: 9.6G
The firmware flavour is defined at built time bGBT  TX: 2.56G, RX: 10.24G

IpGBT :

GBT: | | - +  Evolution of GBT

. dProtocol which provides radiation-tolerant transport of . Two FEC codes can be used (FEC5/FEC12)

ata :

« Aggregate multiple lower bandwidth logic links (e- =N Uplink o —
: ) . . . = - -
links) in one high bandwidth data link e - —L

F U L L Header (bits) 2 2+2

. Coded header no no

« Use the GBT protocol for the links towards the FE Code (o) L o

(d own I in k) 16-bit _multipl?city 7.250 145
Remainder bits 4 8
« To receive data from the FE (uplink) implements a R 484 228
light-weight protocol (with a bandwidth of 9.6 Gb/s eLinks bandvidth (Vo) 1603201640 32016401280
. . . . HelLinks
per optical link - 7.68Gb/s with 8b10b encoding). EC bandwidth (VIHz) 80 807160
IC bandwidth (MHz) 80 80/160
Unassigned bits 0 4
25/03/2026 Corrected (bits) 5 2x5
Efficiency 91% 91%



https://gitlab.cern.ch/atlas-tdaq-felix/firmware.git
https://gitlab.cern.ch/atlas-tdaq-felix/firmware.git
https://gitlab.cern.ch/atlas-tdaq-felix/firmware.git
https://gitlab.cern.ch/atlas-tdaq-felix/firmware.git
https://gitlab.cern.ch/atlas-tdaq-felix/firmware.git

@PN How to transmit data from RDO to DAM? ' I\&j

Protocol Bandwidth (Gb/s) Design Assumption:
Protocol FELIX - RDO/DAM BW: at most 6.2Gb/s
GBT TX:4.8G, RX: 4.8G « RDO: Use of VTRx+ Optical Link Module for Data
FULL TX: 4.8G, RX: 9.6G T . /o IbGBT ASIC
IpGBT  TX:2.56G, RX: 10.24G ransmission, wio 1p
FELIX Estimated resource utilization
FULL ) KU115 | VM1802 | VP1552
» Less FPGA resources hungry with respect to IpGBT GBT 24 channel T | [Fedliegen | gelnost | e
. T F .03% 0.94% | 26.13%
 Does not provide radiation-tolerant data transport BRAM | 70.00% | 89.45% | 34.04%
URAM 62.20% | 22.14%
FULL 24 channel LUT 52.59% | 44.35% | 22.75%
|pGBT FECS: FF 38.40% | 3321% | 17.03%
BRAM 40.46% | 20.99% 7.99%
Provides radiation-tolerant transport of data URAM 62.20% | 22.14%
« FECS5 Bandwidth: 10.24Gb/s with 91% efficiency - LPGBT 24 channel o THESTR | BoNER | ey
« Scaling up to 48 IpGBT in FLX-155 could be a BRAM | 68.94% | 79.52% | 30.26%
= L URAM 62.20% | 22.14%
prOblem WIthOUt mOdr_fylng_ the_Stand_ard FELIX FW ) https://atlas-project-felix.web.cern.ch/atlas-project-
» Division of physical-link in virtual-links (e-links) is not felix/user/docs/FELIX_Phase2_firmware_specs.pdf
necessary but standard FELIX FW doesn’t support single [~ FW customization required
e-link configuration _

25/03/2026 INFN Rome 4
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Link protocol

AN N4 RDO "prepares" data reduction
. iSi A " n :
DISCLAIMER NOTICE: all thisis VERY W&-\'\@ homf-zfﬁ;\saﬂe DAM does data reductlon
AWORD
o 50 49 48 47 46 | 45 39 38 30 (29 27 |26 24 |23 22 |21 9|8 0
(] KCODE | FEBID | TDCID Coarse Fine Col. ID | PixellID |TDCID Coarse (leading) | Fine
o FLAG (trailing) (trailing) (trailing) (leading) (leading)
§ Protocol over optical link:
(@) DF3 | DF2 | DF1 | DF0 | DCS (free) | AWORD AWORD AWORD AWORD FULL (256 bits/clk)
Is FULL | 255 | 254 | 253 | 252 | 251 204 | 203 163 | 152 102 | 101 51 50 0 |pGBT (224 bits/clk with FEC5)
S_ [pGBT | 223 | 222 | 221 | 220 | 219 204 | 203 1563 | 152 102 | 101 51 | 50 0 Data Flag
Aé Space for DCS bus
= link protocol operated at 39.4 MHz CLK (2/5 of EIC clock, close to LHC clock)
o
o
@]

DAM

AURORA/FULL are our current baseline choices!

» extracts BC from bits 21-11
» extracts geographic position from RDOID (DAM is link-aware) + FEBID (49-48) + AlcorCh (29-24): geo info
—> data pattern
* NN decision is reached, the DAM must add to the 51-bit word the 11 bits of the RDOID = 62-bit word
« 2 bits added - PCI 64-bit words > dRWORDS (dRICH words)

25/03/2026

|* dRWORDS out in timeframes to StreamingReadOut computing

INFN Rome
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< DAM prototype on FLX182 =

Firmware

» Loading Felix official firmware onto the board failed due to a DRAM check error.

* In current Felix FW versions the PS performs just ancillary functions (BIST,...), while all the design core
functionalities are implemented in the PL.

» We forced Versal Platform Management Controller (PMC) to ignore DRAM status check at start up.

FELIX phase 2 Firmware architecture

Clock and reset

FW loaded and |
LTITTC Housekeeping
board detected! @g Gl decegnent m

[locicero@apestation® ~]$ lspci -vvvvvv | grep CERN - Internal

; ; : . emulator
34:00.0 Network controller: JECP/EDU Device 0428 ' RAM based
emulator
generates

Sl CRToHost
AXI4 Stream to

Subsystem: /ECP/EDU Device 0038
35:00.0 Network controller: JECP/EDU Device 0427
Subsystem: /ECP/EDU Device 0038

lonardo@apestation0 x86_64-el9-gcc13-opt]$ bin/flx-init
2025-05-14 18:06:05 Opening card 0 (device 0)...
2025-05-14 18:06:05 Card type: FLX-182

2025-05-14 18:06:05 Firmware : FULL

2025-05-14 18:06:05 Clock : Local

ePIC general meeting — Francesca Lo Cicero 6
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the host memory.

FEUX [-Snk Conligurator @ apestationd
filXdevce: 1 (182, FuLL) * | Read Clg | T Fanos M _fanOut T mecut Clock Sream Os v Advanced
e Oper Save [
Unk 0 -~ GBT & FULLmode POBT  Rapicate Mepi 2 AN Use link EMU to configure Emulator  GenerateUplosd
TYC-to-Hest (600) Sefect TTC Clock
Lgroup 0: Erable: Ox10000 Mode: OxIiIS1111 SN 04040004000 group 8: Enable G008 Mode SxI1IL1111 SBEL 9+0+040+0+0
f ] tgrowp 0  Egroup tyep? Epowp)d foopd
o0 o \ Jplosd Cantig and Oata - o £c (28)
Link v A2 ks v Oevessger |
g e 29
to farmmare Sie |
® o fiXdevice 1+ FLXIEIFULL-2R2CH 25111 3-1003-GIT rn- 5. 4287 |
|
Link Configuration (FULL MOOE) |
LS8 femt W sl ‘
Emwlator Data (FULL MODE) !
v Chunk size 0 T Duta patieen | Incx * ket 0
G | \
[u-ua Mandom  StresmiD Uplcad
[ —r §
AMBUSY  OmiSeC  OmefeC  ORC emer T
coe |
-kv—oo
1 1 1
002 oo 012 ol | o022 Egroup 1
| (growp 2
'710"4' Teen2 | ,""'f' | foatn 2 | 'ctU'\-' J Loroep )
001 oo o11 o1y | on Sgrop &
| |
Tponn 3 Spaen 3 taonl | tpanl | sl | Raphican
Ragpd 2 A
oo oos o010 | o | o2 Lol
Disable - - - - - Owable
Enable Loath O Tpaen © f3uth 0 tpath0 | Epen0 Enedie
ToHost Link 0 E-mode * DMA index  DMA mask FromHost Link 0
FELI X va103 225602025 ttag febn 050108}  RM-S Que

25/03/2026

~~ DAQ back-end FLX182 FULL flavour tests

« Exercised the full software/firmware stack using internal data generators to trigger DMA transactions to

[lonardo@apestation0 ~]$ fdag -d 0 -t 15-e movesi
Consume FLX-device data while checking the data (blockheader and trailers),
counts errors including chunk truncation, halts when the memory buffer is near overflowing.
Also counts chunk CRC errors.
Opened FLX-device 0, FLX182-FULL-2x2CH-251113-1003-GIT:rm-5.4/287, trailer=32bit ChunkHeaders, buffer=1024MB, DMA=0
*START[emulator)* using DMA #0 polling
Secs | Recwd[MB/g] | File[MB/s] | Total[[M)B] | Rec[(M)E] | Buf[26] | Wraps
R e I
1 241.4 0.0 241.4 o 0 0
2 241.3 0.0 482.6 o 0 0

15 241.3 0.0 3613.8 o 0o 3
*STOP*
-» Data checked: Blocks 3533027, Errors: header=0 trailer=0
Exiting..

[lonardo@apestation0 ~]$ hexdump movesi-251121-122848-1.dat | head -16

0000000 0000 cOcf 0008 6000 00aa 0000 bb00 10aa 0000010 0008 6000 00aa 0100 bb00 10aa 0008 6000
0000020 00aa 0200 bb00 10aa 0008 6000 00aa 0300 0000030 bb00 10aa 0008 6000 00aa 0400 bb00 10aa
0000040 0008 6000 00aa 0500 bb00 10aa 0008 6000 0000050 00aa 0600 bb00 10aa 0008 6000 00aa 0700
0000060 bb00 10aa 0008 6000 00aa 0800 bb00 10aa 0000070 0008 6000 00aa 0900 bb00 10aa 0008 6000
0000080 00aa 0a00 bb00 10aa 0008 6000 00aa 0b00 0000090 bb00 10aa 0008 6000 00aa 0c00 bb00 10aa
00000a0 0008 6000 00aa 0d00 bb00 10aa 0008 6000 00000b0 00aa 0e00 bb00 10aa 0008 6000 00aa Of00
00000c0 bb00 10aa 0008 6000 00aa 1000 bb00 10aa 00000d0 0008 6000 00aa 1100 bb00 10aa 0008 6000
00000e0 00aa 1200 bb00 10aa 0008 6000 00aa 1300 00000f0 bb00 10aa 0008 6000 00aa 1400 bb00 10aa

INFN Rome
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FELIX Firmware — GBT flavour

Synthesis results for 4 chals

{\

4 ch GBT:
4TX-4RX

Fa
Name Registers CLB LUTs  LUT as Logic  LUT as Memory  LOOKAHEADE SLICE CLB Registers  Block RAM  URAM  Bonded IOB  GTYES QUAD E[?Ilzi: 1
(1799680) (899840) (899840) (449920) (112480) (112480) (1799680) Tile (967)  (463) (692) (11) (4)
™ felin_top 16.99% 24.43% 23.69% 1.48% 2.14% 41.38% 16.99% 24.46% 43.63% 28.32% 24.55% 20.00%

25/03/2026 INFN Rome 8



{\

< FELIX Firmware - IpGBT flavour
Synthesis results

@" FLX182_LPGBT_12CH_LTICLK_GIT_phase2-master_rm-5.4_204_250925_1327

* FLX182_LPGBT_16CH_LTICLK_GIT_phase2-release-5.3 rm-5.3_762_250531_1331
o Can't program FPGA, missing prj file (can't disable DDR calibration)

Instance Module Total LUTs Logic LUTs LUTRAMs SRLs FFs RAMB 36 RAMB18 URAM DSP Blocks
felix_top (top) 525065 512813 9156 3096 657519 400 776 294 0
xcvm1802 899840 1799680 612 1224 368 1968
% used 58,3509291 36,5353285 65,3594771 63,3986928 79,8913043 0

¥
Q * FLX182_LPGBT_24CH_LTICLK_GIT_phase2-master_rm-5.4_204_250925_1327

LY~ [
e Place Design (2 errors
a DRC
v La Floorplan (1 =
e Pblock {1 =
@ DRC UTLZ-1] Resource utilzation: RAMB18 and RAMB36/FIFO aver-utilzed in Top Level Design (This design requires more RAMBL S8 and RAMB36/FIFO cells than are available in the target device. This design requires 1956 of such cell types but only 1934 compatible sites are available in the target device. Please

analyze your synthesis results and constraints to ensure the design is mapped to Xilinx primitives as expected. If so, please consider targeting a larger device.)

@ [Vivado_Tcl 4-23] Error(s) found during DRC, Placer not run

25/03/2026 INFN Rome
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FELIX Firmware - IpGBT flavour
Synthesis results for 12 channels

¥4

MBY4"n_[X4Y4

X8Y2 X9y

Tile: CBRK_TOP_TILE_X91Y48
Row: 362
Column: 456
Clock region: X7Y1

Utilization

LUT -
LUTRAM 1
FF
BRAM
URAM
10

MMCM

PCle

Post-Synthesis

43%

27%
66%
| 55%
28%
33%
50%

{\

| Post-lmplementation

Graph | Table

INFN Rome

25 50 75
Utilization (%)
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FELIX Firmware — FULL flavour
Synthesis results for 24 channels

SFFTFTTIT &
0806 & & o o4
e cecsssse oo

Nomae Registers CLBLUTs LUT aslogic LUT as Memory LOOKAHEADS SUCE CLB Registers Block RAM  URAM Bonded IOB GTYES_QUAD
(1799680) (899840) (899840) (449920) (112480) (112480) (1799680) Tile (967)  (463) (692) (11)

felix_top 28.72% 38.39% 37.02% 2.74% 4.249% 67.93% 28.72% 66.70% 78.19% 28.32% 100.00%

25/03/2026 INFN Rome 11

{\



@?” VLDB+ oI

IpGBT: Highly configurable ASIC

Number of eLINK

o Mode of operation (TX/RX/TX-RX) ] ]

o Uplinkdata rate ‘ 11 pins and 320 registers need to be
o FEC option taken care of

O

O

VLDB+: board designed by CERN’s EP-ESE group to provide an evaluation kit for the new Versatile Link ecosystem.

VTRx+ module
thse * On board: MT connector r
; o IpGBT
o configuraton and  monitoring  through
the RaspberryPi 4 and piGBT web application.
o VTRX+
o only one Tx link is connected to the VTRx+
o Rad-tol DC/AC regulators
o FMC connectors for prototyping with FEB or FPGA
development kit

25/03/2026 INFN Rome MPO connection 2
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Testbed (I) @Rome =

: board designed by CERN’s EP-ESE group to provide an
evaluation kit for the new Versatile Link ecosystem.
e On board:
o IpGBT,
o VTRx+ connector
o Rad-tol DC/AC regulators
o FMC connectors for prototyping with FEB or FPGA dev kit

» IpGBT configuration through RaspberryPi 4 and piGBT web app.

LC-MTP cassette

MTP 12 to LC

VLDB+

Configuration & monitoring

o To get familiar with IpGBT !

25/03/2026 INFN Rome 13



DAM/RDO emulator system

FMC Adaptor card for DAM Emulation (FADE) module

Designed for the ePIC detector test data readout and the incremental DAQ software
development.

GTU_QSFP

RDO_SFP

RDO_QSFP

AXAU15
« AMD Artix UltraScale+ FPGA development board in PCle card format developed by ALINX.

FADE card plugged into the ALINX board

25/03/2026 INFN Rome
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CE DAM/RDO emulator system

Emulator system operational mode:

ePIg]

« Slave mode: Emulator system receives System clock and sends the ‘DAM’ status via the GTU_QSFP connector

from/to a GTU. It performs as a DAM emulator.

« Master mode: Emulator system sends the System clock and receives the ‘DAM’ status via the GTU_QSFP

connector to/from a DAM.

EQSFP

GTU_QSFP

RDO emulator
W @ E—
RDO_QSFP i
e =
ALINX simulated data

25/03/2026 INFN Rome

FADE implements some
GTU functionality

Test RDO/DAM
connection

15
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Testbed (Il) @Rome =

Alinx preliminary FW - Aurora reference design

Data
Generator

Data
Checker

Aurora

=) RDO TX

64b66b f=== RDO RX

A

Loopback
mode

Reset

VIO

Starting from Aurora Reference Design

Useful to validate the data transmission

NEXT STEP:

Transceiver loopback mode

Link Near-End Test Structures Link Far-End Test Structures

Test Logic

Traffic

Checker |

Near-End GTH Far-End GTH

Traffic
Generator|

o1 e

ILA Status:

Idle

Test with Transceiver loopback mode=2

4 GTUxOy4_example_top_inst/link_down_|latched_out

Data received with NO ERROR

Connect Alinx to Felix board evaluating the overall link quality (IBERT) - Loopback mode 3,4

25/03/2026

INFN Rome
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Testbed (Il) @Rome

N\

Alinx preliminary FW - Register access via PCI

Thanks to William Gu (JLab)

VIO

12C

RDO data
simulator

)

Aurora
64b66b

Registers

)

MODxdma I

GTUTX
GTU RX

PCleTx
PCleRx

LAV AL SR e g
{lociceroRapepyci? “18 cd Epic_Felix/FRIE_APE/dwa_ip_drivers/XDHA/limo-kernel /tools
{lociceroRapepyc02 tools]$ sudo ./rea_rw Adev/xdna0_user 0x100 w 0x00000FFF

device: /dev/xdnaO_user, address: Ox100 (0x0+0x100), access wite,

access width: word (32-bits)

character device /dev/xdnal_user opensd,

Henory 00 napped at address 0x7F6120730000,

brite 22-bits value Ox00000FFF to Ox100 (Ox0x7§6120730100)

Waveform - hw_ila 3
Q <+ e » » B 3 Q

ILA Status: Idle

Name Value
e m_axil_awvalid

» ¥ m_axil_awaddr{]2:0)

"Reset" register writing

» Useful for learning how to access (read/write) registers via PCI in order to configure the firmware (e.g.
operational mode)

« NEXT STEPS:

25/03/2026

o Define data simulator format
o Connect Alinx to Felix board
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Testbed @Rome

= W y |/ | FLX-182:2 MTP TX/RX
g / | 24 channels ports

FLX-182

N\

-

B o

2 x cassette MTP
to 24 LC port

Wl Alinx FPGA + -

b

25/03/2026 INFN Rome 18
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~ dRICH data reduction integrated in the DAM " ™=

Q
Qoo Q10 Q20 Qs Q|4,0 Q4’SGTHTrigger o DAM

&

N\

A A 4 A 4 A 4 L A 4

TP Communication IP

Neural network distributed over 31 Felix-155

5

4

uojayo3 ol

)

GTU To TP

100 GbE

| —
TP To TP >

100 GbE

E——

To TP
100 GbE

Q2::>

To TP
700 GbE g To TP |

Q F—— b
To TP 0,1,2,3,4| Communication IP ChrsuD
100 GbE

” Flush o
Q - E.
Echelon-

= 0 Switch

From PDU
(0))
o8
o
=
L H ‘ ”U )
|
YoHMs 0

Trigger to
DAMs

uonenjeas 419661

—-— o . -
A 4

\ 4
—

Aggregated Sector Features

Sector
5

25/03/2026 INFN Rome 19



< NN deployment model and DAMs

6 dRICH sectors — 5 DAMs/sectors

Te vn w» - To

v
'_',"OW L . v

5 DAM NN

=] C s [ o o e o o o o ) o ) ol o i I= S e o M) ol ) o ) o ) P e o ) ot il ot e === ===
"l—'i w ;_,‘ 1 "‘l b = t o | 4 [ - [ | = [’v_n__‘ . 0_ - l__ 41'. [ l o — 4 e -4 o . J__ = L ‘_ 1 A= ] ] R - t
—,".7] —.:LT —'{T' 4'—_ (—*‘;‘.— C ;, =] [ ;,‘.A‘ ;. TT_{;___ —4—. —:'_— e "—J —'.f:-:'— h ——‘L* s .,T '——.*L;,,—. '..—"%: ~ ‘;,_ ;, - — J — x —- — _IFT‘XT ] — ‘ — ;.,:. cne—]
Eege o=l s s S e e e e s e Sl s e S s S S S Sl s S el S
[- f.- ' ! ' = 'f__,, fom l’ neslcne—coe Bt ","-l f =11 [' =1t ‘f —lzoc . f.-.|;. ' ~T ' o ‘_ = ‘ e — f,_|. : =1+
"—l o — - R r_ . "--i - [ _3_ i"‘L- 1t §— - '-'l o e - - ) [ Sy e —4— . - [ I__ !__ 1 4 “r_ ‘ — l - 0*1
B = 3 - :._;._‘..:7 R _‘.:: NS . —g
- 4‘ ~ ’I - - ‘I

{\

== | TP NN

25/03/2026 INFN Rome

" The 6 dRICH sector-NNs and final TP NN

are deployed on 315t dRICH FLX-155
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INFN . ePI%S
C Conclusion %

DAM

 FLX182 board procured and installed in the APE Lab Rome test-bed.

« Study and test of the FELIX firmware and software stack, covering FULL, GBT and IpGBT flavours to drive
the DAQ design and development.

Ongoing Activities
« DAM Tests
» Study of the IpGBT protocol using the VLDB+ board
« UseAlinx + FADE to
« emulate the GTU module for clock and run-control distribution to DAM
* Prototype the RDO-DAM communication
* Procurement of 2 pre-production FLX-155 (expected delivery by the end of 2026)
The procurement process proceeding in four stages and is handled by the CERN Procurement Office:
* Purchase of all the FPGAs
= 2 AMD XCVP1552-2MSEVSVA3340 FPGAs
« Purchase of the optical transceivers,
* Purchase of the PCB,
« Payment of the assembly.

25/03/2026 INFN Rome 21



<5

Backup



<5

2 pre-production FLX-155 card procurement (end of 2026)

The procurement process will proceed in four stages separated in time and handled by the CERN
Procurement Office:

3

® Purchase of a" the FPGAS Table 1: Breakdown of FLX-155 configurations.
= 2 AMD XCVP1552-2MSEVSVA3340 FPGAs _ EirsEly Optical Transostvers
. . FLX-155 Configuration B04 Y12 R24
= The lead time is between 17 and 20 weeks. Quantity | Gb/s | Quantity | Gb/s | Quantity | Gbrs
» Purchase of the optical transceivers, ; : i: ; ;z -
 Purchase of the PCB, C L | 1 16| 1 | 16
« Payment of the assembly. D 1 [ 4 |16
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< dRICH output bandwidth €

Net payload BW < %4 Max < Net payload BW < 1/2Max < Net payload BW < 3/4 Max < Net payload BW < Max *  Without data reduction with a

100 kHz DCR we are close

== No Data Reduction == Data Reduction Factor 5 (e.g. 2ns shutter) : - . L.
25000 [ SIEMS ] 320k to DAM bandwidth limit
— 200,00 ° i
z [ 200 ] 1248 A data reduction factor
o, 5 allows us to stay
g 15000 ] safe up to the 300 kHz
L limit
= 100,00 [ DAM ] ~ 30
=3
O . .
% 50,00 1 100 GbE x 30  Data reducfuon fac_tor five
//// . can be achieved via
ePIC processing .
0.00 [ and storage system ] shutter or provided by NN
50 100 150 200 250 300 or eXt trigger or a
SIPM DCR [KHz) combination of them.

24



Uplink — FEC 5

Dual data rate:

- 2Gbs 5.12 Gbls 10.24 Gbls
~ 1024Gb/s loption 7 7
Frame: |Frame (bits) 128 2 x 128
— Header: . Header (bits) 2 242
©o2/4-bits Coded header no no
" 2'b10 (high) & 2’b01 (low) [User field (bits) 116 =
- [Cfield: Code (bits) 10 20
) ;0_ raltt) s 16-bit multiplicity 7.250 14.5
—  ECfield: Remainder pits 4 8
. 2—bit User Bandwidth (GHz) 4.64 9.28
«  80Mb/s # eLinks groups (16 bit) 7 7
_ Data field: eLinks bandwidth (MHz) 160/320/640 320/640/1280
« 112/ 224 -bit #eLinks 28/14/7 28/14/7
*  4.48/8.96 Gb/s EC bandwidth (MHZ) 80 80/160
~  FECfield: IC banawidth (MHz) 80 80/160
« 10/ 20-bit Unassigned !DllS 0 4
Error correction: Corrected (bits) S 2x5
—  FEC: Efficiency 91% 91%

Interleaving:1/ 2
Symbol width: 5 — bit

Number of wrong symbols: 1 (x 1/ x 2)

Up to 5/ 10 consecutive bits
Efficiency: 91%
eLinks:

— Data
« 28elinks @ 160/ 320 Mb/s
* 14elinks @ 320/ 640 Mb/s
«  7elinks @ 640 / 1280 Mb/s
- EC
. lelink @ 80 Mb/s




Example: 5.12 Gbps FEC5 Uplink Frame

[

2 bits 2 bits

2 bits

112 bits 10 bits

H[1:0)
=2'b10

IC[1:0]

EC[1:0] D[111:96]

D[63:48] D[47:32] D[31:16] D[15:0] FEC[9:0]

Frame Function 1/0 Group
FRMUP[9:0] FEC[9:0]
FRMUP[25:10] Data[15:0] 0
FRMUP[41:26] Data[31:16] 1
FRMUP[57:42] Data[47:32] 2
FRMUP[73:58] Data[63:48] 3
FRMUP[89:74] Data([79:64] 4
FRMUP[105:90] |Data[95:80] 5
FRMUP[121:106] |Data[111:96] 6
FRMUP[123:122] |[EC[1:0] EC
FRMUP[125:124] [IC[1:0]
FRMUP[127:126] |H[1:0] = 2'b10 HHFI-I[I:O] =2'b10

7 groups of 4 input e-Ports
Number of data ports:
* 28elinks @ 160 Mbps

* 14 elinks @ 320 Mbps
* 7elinks @ 640 Mbps

Note: This is how you will see the uplink frame
after it has been processed by the I[pGBT-FPGA

receiver but not how it is actually transmitted by
the IpGBT ...




Uplink — FEC 12

Dual data rate:

— 5.12Gb/s 5.12 Gb/s 10.24 Gb/s
—  10.24 Gb/s [option 28 28
Frame: |Frame (bits) 128 2x128
—  Header: Header (bits) 2 2+2
e 2/4-bits Coded header no no
* 10 (high) & 01 (low) |User field (bits) 102 204
- IC field: Code (bits) 24 48
. 2 - bit 16-bit multiplicity 6.375 12.75
* 80Mb/s Remainder bits 6 12
—  ECfield: User Bandwidth (GHz) 4.08 8.16
. 2 - bit # eLinks groups (16 bit) 6 6
* 80Mb/s leLinks bandwidth (MHz) 160/320/640 320/640/1280
—  Data field: #elinks 24/12/6 24/12/6
* 96/192-bit |EC bandwidth (MHz) 80 80/160
* 3.84/ 7.68Gb/s IC bandwidth (MHz) 80 80/160
- FECfield: [Unassigned bits 2 8
*  24/48-bit Corrected (bits) 12 2x12
Error correction: |Efficiency 80% 80%

FEC:

* Interleaving:3/6
*  Symbol width: 4 - bit
*  Number of wrong symbols: 1 (x 3/ x 6)
—  Upto 12/ 24 consecutive bits
—  Efficiency: 78% (if accounting for the unassigned bits)
eLinks:
— Data
. 24 elinks @ 160/ 320 Mb/s
e 12 elinks @ 320/ 640 Mb/s
. 6 eLinks @ 640 / 1280 Mb/s
- EC
. lelLink @ 80 Mb/s
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