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Alice (A Large lon Collider Experiment)

* CERN's ALICE (Large lon Collider Experiment) studies collisions between
protons and heavy ions at LHC energies in order to investigate quark-gluon
plasma (QGP).

* One of the main observables used to study the QGP is the production of
quarkonia (i.e. bound cc and bb states) in Ph-Pb collisions.
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ALICE

Figure: ALICE COLLABORATION, 139 countries, 147

institutions, 1,927 members. Figure: Diagram of the ALICE detectors.a



ALICE3 - MuonliD

MID Absorber RICH - . - -
The main scientific focus is the

study of the Quark-Gluon Plasma
TOF  (QGP), including measurements of
heavy-flavour production, the
thermal emission of dileptons to
determine the initial temperature

of the collisions, and the search

for phenomena such as the

Vertex restoration of chiral symmetry.
detector

ECAL

Magnet

Tracker
Figure: Diagram of the new detector configuration in

ALICES. ﬂ



ALICE3 - MuonliD

ALICE 3 Study, pp Vs = 14 TeV, 18 fb”’
Jhy, ly| <1.44 ]
* Reconstruction of Quarkonia g " E
> .
- Focused on the detection of quarkonia (such as éﬁ 3
the J/y and Y states) via the dimuon decay §10,1 E
channel. This dimuon channel is superior at % 1
high transverse momenta (pT), where the S 3
identification of electrons using TOF (Time-of- U)m% E
Flight) and RICH (Ring Imaging Cherenkov) is —— Jy - utu with MID E
limited (pT < 3 GeV/c at n = 0) —— J/y — e*e” with RICH 3

~ The system is optimised to identify muons down — 4 5 5 0
to low transverse momenta, achieving an
efficiency of almost 100 per cent from pT=1.5
GeV/c at n=0. This allows the reconstruction of
J/p mesons with transverse momenta as low as
zero.

—
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Figure: Signal-to-noise ratio of J/{ in the
dimuon and dielectron channels in pp
collisions.



ALICE3 - MuonliD

* Study of Exotic Hadrons

- The MID’s Ilow-momentum range
allows the formation and dissociation
of exotic hadrons to be investigated
at thermal momentum scales; a key
example is the exotic hadron xc1
(3872).

- The measurement of xc1(3872) —
J/pm+m= in the dimuon channel (using
the MID) yields a signal significance
that is more than ten times greater
than that obtained via the dielectron
channel in proton-proton collisions.

ALICE3 Study, pp Vs = 14 TeV, 18 fb”
%_(3872) > Jy+n'm, Iyl < 1.44, BR = 0.24%
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Figure: Significance for xc1(3872) - J/Y1t+11— In
pp collisions (Lint = 18 fb—1).
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Magnetic Non-Magnetic
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Figure: Experimental setup during the test run.
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Plastic Scintillator Modules

Figure: Schematic diagram of the MID detector.
The 3D drawing shows the steel magnetic
absorber (grey volume) and the two layers of
muon chambers (shown in blue and magenta).

Figure: Schematic diagram of the scintillator array.

Table: MuonID Specifications

Absorber MID layer I MID layer 2

Inner radius (m) 2.20 3.01 3.11
Outer radius (m) 2.90 3.02 3.12
Total length (m) 10 10 10.5
No. of sectors in z 9 10 10
No. of sectors in ¢ | 16 16
Scintillator bar length (cm) - 99.8 123.5
Scintillator bar width (cm) — 5.0 5.0
Scintillator bar thickness (cm) - 1.0 1.0




LpGBT Low Power GigaBit Transceiver

High radiation doses No or small radiation doses
<

LHC: up to 100 Mrad (10'* 1MeV n/cm?)
HL-LHC: up to 1Grad (10'® 1MeV n/cm?)

+ Short distance optical links: 50 to 300 m

<
>
Off-Detector

Commercial Off-The-Shelf (COTS)

Timing & Trigge

b Timing & Trigger

g p DAQ

k’ Slow Control

DAQ

-

On-Detector :
Radiation Hard Electronics |

Electrical links to the frontend
modules. Lengths: cm to few m '.

Custom optoelectronics '




LpGBT Low Power GigaBit Transceiver
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¢ Capable of:

= 5.12 or 10.24 Gbps (for uplinks)
—  2.56 Gbps (for downlinks)
Enables the implementation of RadTol links:
-  DAQ
—  Trigger (constant and deterministic latency)
—  Experiment control [slow control]
Implements Control and Monitoring Functions:
—  Three 12C Masters
- 16 — bit General Purpose 1/O port
- Output reset pin
- 10 — bit ADC (8 multiplexed inputs)
- 8 — bit voltage DAC
- 8 — bit current DAC
- Temperature sensor

ﬂ

Package:
BGA
Fine Pitch:
- 0.5mm
Pin count:
— 289 (17x17)

* Size:
— 9mmx9mmx1.243 mm
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* The FE modules / ASICs

— Electrical links (eLinks)

* The Number and Bandwidth of

* eLinks is programmable

FE

Module

Bandwidth [Mb/s] 80 160 320
Maximum number 16 8 4 =
Module
Up-link bandwidth [Gb/s) 5.12 10.24
FEC coding FECS FEC12 FECS
Bandwidth [Mb/s] 160 320 640 160 320 640 320 640 | 1280 | 320 640 | 1280
Maximum number 28 14 7 24 12 6 28 14 7 24 12 6
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Electrical Links (eLinks) are the differential interconnections used to transmit data and clocks
between the IpGBT chip and the front-end electronics

They consist of differential pairs: data outputs (EDOUT), data inputs (EDIN), and clock outputs
(ECLK).

eLinks use the CERN Low Power Signalling (CLPS) protocol
eLinks are organized into groups of four channels (eGroups)

The number of eLinks and their bandwidths are asymmetric, reflecting the different upstream and
downstream link capacities. -

— There are up to 7 groups of uplink inputs (ePortRx, maximum 28 channels).
—  There are up to 4 groups of downlink outputs (ePortTx, maximum 16 channels)

In Transceiver Mode, the EC-port acts as a communications master to control other devices (like
other IpGBTs or GBT-SCA)

In Simplex Transmitter or Receiver Mode, the EC-port acts as a Listener/Talker only for ASIC
configuration/control (e.g., programming internal registers)

ﬂ



Temporoc

Detector Read-Out

SiPM, SiPM array

Number of Channels 64
Signal Polarity Positive
Sensitivity Trigger on first photo-electron
Timing Resolution 20 ps rms (TBC)
Dynamic Range 3000 photo-electrons (10° SIPM gain), Integral Non
Linearity: 1% up to 2000 ph-e
Packaging & Dimension Naked die —4.9 x 11.2mm — 54.9mm?
BGA (20x20mm, 500 balls — TBC)
Power Consumption Power supply: 1.2V
10mW/ch
Inputs 64 voltage inputs with DC adjustment for SiPM HV tuning
Outputs Digital output (dual ADC and dual TDC per channel) —

selectable transmission mode.
1 multiplexed time trigger output
2 ASIC trigger OR outputs (64 channels, 2 levels)
Internal Programmable 64 HV adjustment for SiPM (64x8bits), time trigger
Features threshold adjustment (10bits), charge measurement tuning,
ADC Peak Sensing, 64 trigger masks, internal temperature




Temporoc

Modo

Full ADC & TDC (Default)

Hit Mode (Fast Validation)

High Gain Shaper & High
Threshold TDC

Configuracion (ModeRO)

Longitud Esperada

1042 bits
Incluye HADC, LADC, HTDC, LTDC, HCPT, LCPT

50 bits

530 bits

HEADER Channel 0 Channel N Channel 15 FOOTER
Header | GLOBAL HADC | HTDC | HCPT | LADC | LTDC_ | LceT HADC | HTDC | HCPT oc | LTDC | LCPT Footer
Cluster ab | 1ob Wb | 146 | a6 | 16 | 14 | & S6b x 14 [ T | ab 106 | 14b | ab P
14b 56b 56b
914
Figure 26- Full frame of digital data readout
HEADER HIGH LEVEL LOW LEVEL FOOTER
Header GLOBAL Chn 0 Chn 15 Chn 0 Chn 15 Footer
Cluster 4b 10b 1b 1b 1b 1b ab
14b 16b 16b
50b

Figure 27 - Hit data of digital data readout
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Simulation on IpGBT

r PRBS7 Gen.
IpGBT-FPGA top
Tx J T
cDC =P Scrambler | Encoder Interleaver === Tx Gearbox =—-
DOWNLINK
Ideal SerDes
R
e C[;(C s= Descrambler |« Decoder De-Interleaver |#=== Rx Gearbox
S

UPLINK

Frame aligner

A

SERDES

=p PRBS7 Check.

—lError detected

Line rate: 2.56Gbps
FEC: FEC12

LpGBT
model

Line rate: 10.24 or 5.12Gbps
FEC: FEC12 or FEC5

Figure: Diagram of the IP process in the simulation.




Simulation on IpGBT

p_sys clock
> USRQOK —
1 125 iz ™
Inicializar sefales o
- « clk_mgtser - 0 Instanciar
" Inicializar parémetros axt Transmitir Downlink
Inicio de la simulacion )—— s ocki25 > pabtipgasim | —
FEC y DATARATE SER_TX —» downlinkSerial r
Z - lpgbt rstn s p_serial_clock (FPGA) = Instanciar Pceantanapotly
+ ePorts uplink T MGT_SERCLK o Ipgbt_model_wrapper  ——»  Recibir Downlink > TFEC
TG pbunch dock (BSIC1pGET) «Extraccion de datos | Leer eorts L Construir L Transmitir Uplink » SERRX o uplinkserial
P SO — trama Uplink dat_uplinkserial_o e

ePort 4

Cursor 1 1388005228 ps

Figure: Testbench flowchart (top). View of the baseline simulation
ModelSim software (bottom).

Generareports |
i * Monitorear en Modelsim
o clk_125
clk_mgtser
Chinch clock | fp
e o in de la simulacién
Decodificar Uptink s + uplinkserial
en FPGA » ePorts
« pebt_rdy_s

of the LpGBT IP, carried out using




Uplink simulations

10.24 Gbps / FEC5 (256-bit)

D FEC

Header/Control 224 bits 20 bits

Figure: Data frame sent for use in the uplink simulation.

] Wave - veraut

0000000 oo 00000000

RECOV BIT (EDOUT3)

Figure: Simulation of the Slow Control transmission for LPGBT programming.




Downlink Simulation

input_data.txt

Archivo  Editar ~ Ver E B v

’1160161611111110161110161811111611961910111111161611161610111110110610161111111610111910161111161160161011111110191110161611111B116B161011111119161119161011
111011001010111111101011101010111110110010101111111010111010101111101100101011111110101110101011111011001010111111101011101010111110110010101111111016111010
le11111e11e0161011111110101110161011111011001610111111101011101010111116116010101111111016111010101111161100101011111110101110101011111011001610111111101011
101010111110116010101111111016111010101111161100101011111110161116101011111011061016111111101011161016111110110010161111111010111010161111161160101011111110

= = = 101110101011111011001010111111101011101810111110110010101111111010111010101111101100101811111110101110101011111011001010111111101011101610111110116010101111
A data frame generated by the Temporoc ASIc Chlp! conS|St|“g 01 111010111010101111101100101011111110101110101611111011601016111111101011101010111110110016101111111010111010101111101100101011111116101110101011111011001010
1111111010111010101111101100101611111119101110101011111011001010111111101611181019111110110010101111111818
a header, data per channel and a footer.

output data.txt output_data.txt X =i

‘ . . Archivo  Editar  Ver
Archivo  Editar ;-

| 11100111
10000110
01100111
pooeoese 11111111
00000008 éﬁﬁﬁ:
! 000000 01100110
b s 00000000 01111111
oy LD o | 11100111
g fe /e bunch dock ULy | CEEE 10060110
* Jupink_fle_tb/pgbt rdy s T P P = T [ e | ] e T | e O R e e | | 00000000 01100111
? Jupink_fle_th/lpgbtfpga_upinirdy s P N [ i) (o NSRS | (Ea=poas By | ©0000000 11111111
18 st | cossscee o
y ‘ : 2 B i el e pac gl 06000011 00000000
¢ TXDATABIT ePortt) i S E— | T YT T rrryrrenw— | 11600011 00000000
7 TXVALID MASK (ePort1) 00110011 00000000
00000000
i 11111111 00000000
11110010 00000000
01111110 09060000
b
- RXDATABITS[7:0] (from ePort0) T Y I Y { 01111111 00000000
e e e e— ] L L L je008 08 00N 4001 et  eese
2 g 00000000
| 1leeeolle 00000000
01100111 00000008
| SO cavops00
11100110 00000000
el1lllle 00000000
00000000
elleelle re5605
01111111 00000000
11le0111 00000000
i leeeolle 92000600
01100111 Ln1, Col1 2,898 caracteres.

Figure: Simulation of the downlink by injecting a data file with the same structure
as the data sent by the Temporoc chip.




E-links simulation module

L T OO T OO T T T T

|
i

YSTuck 6o [To 0 {STUCK 60 TO 1 YOYN INIT ) DYN RUN JUART REPORT]
R L R R D L D L L R R T TR TR 0109
R T T L L R R D T T T L R R R A A TR T R 00000000

0 [fintegrated_tester_tb/elink_cks
0. fintegrated_tester_th/tester_inst/hs_downlinks_o
0. fintegrated_tester_tb/tester_inst/uplinks_o 0000000 FFFFFFF
B /integrated_tester_tb/tester_inst/downlinks_i FFFE | | | | | [FeFF [FFFF | | | |
0 fintegrated_tester_tb/tester_inst/hs_upiinks_i B 0000000000000000000000000000000000000000000000000000000000  DOFFFFFFFFRFFFFFFFFFFFFFFFFFFFFFFFFRFFFFFFRFAFEFFT ... 0D5555555... DOAAAAAA... |0055555555... OOAAAAAA.|. 0... D00000000O000000000000000000000000000000000000000AN0000000

00000000

00000000 | | FFFFFEFF | }(55555555
0000000

LA Te 8 574/524 524 504 524 524 524 524 524 524 524 524 524 524 52..

000000000000... [ R T R T T T T 0 0o 0 0 L
000000000 1l Il =i I I 1 I 1 I ] ] | T aT

— DIAGNOSTIC REGISTERS
fintegrated_tester_th/tester_inst/d_status_reg . {20} {20} {20} {20} {20} {20} {20} {20} {0} {20} {20} {20} {PO} {20} {40} {40} {40}{{40} {40} {40} {40} {40} {40} ({40} {40}|{40} {40} {40} {40.]
fintegrated_tester_tb/tester_inst/ul_status_reg } {80} {80} {80} {80} {80} {80} {80} {80} {30} {50} {30} {0} {30} {30} {30} {80} {80} B0} {80} {80} {80} {80} {a0} {80} {a0} {40} {40} {40} {40} {40} {40} {40} {40} {40} {40} {40} {40} {40} {40} {40} {40} {40} {40} {40} {40} {40} {40} {... | | {80} {a..
fintegrated_tester_tb/tester_inst/d|_delay_reg {00} {00} {00} {00} {00} {00} {00} {00} {00} {00} {00} {00} {00} {00}
fintegrated_tester_tb/tester_inst/ul_delay_reg 4 {00Y {00} {00} {00} {00 {00} {00 {00 {00 {00 {00% ... J{i6}
fintegrated_tester_tb/tester_inst/d_osdilations_reg {007 {00} {00} {00} {00} {00} {00} {00} {00} {00} {00} {00} {00} {00} {00}
fintegrated_tester_thtester_inst/ul_oscilations_req ¥ {00 {00} {00Y {00% {00% {00% {00% {00% {00% {00% {00% {00} {00} {00} {00} {00F {00F {00} {00} {00 {00} {00} {00} {00} {00% {00% {00} Y20 {20% {20% {20% {20% {20% {203 {20} {20} {20} {200 {20} {20% {20} {20 {20} {20} {20} {20 {20} {204 {20% {... | {{00r {OL.

— UART OUT

#  fntegrated_tester_tbjuart_send
B fintegrated_tester_tbjuart_data

{16} {16} {16} {16} {16} {16} {16} {16} {16} {16} {16} {16} {16} {16} {16} {16} {16} {16} {16} {ic} {16} {16} {16} {16} {16} {i6} {16}

Figure: Simulation of signals for downlink and uplink testing




E-links simulation module

File  Edit  View File  Edit  View

1402462.5 ns 90000000 1408737.5 ns 55555555
1402487.5 ns 90000000 1408762.5 ns 55555555 File  Edit  View Fle Edit  View

. 1408787.5 ns 55555555
iﬁgiggz :z gggggggg 1408812.5 :z 55555555 ﬁgigﬂz :: 1409037.5 ns OBAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
1402562.5 ns 90000000 1408837.5 ns 55555555 i igggggg.g ns AnA
1402587.5 ns 90000000 1408862.5 ns 55555555 1402562.5 ns 1409112.5 = ARAAAA, AAAAAAA
1402612.5 ns FFFFFFFF 14@8887.5 ns 55555555 1402587.5 ns Tt :z ki L &
1402637.5 ns FFFFFFFF 1408912.5 ns 55555555 14026125 ns Bl i
1402662.5 ns FFFFFFFF 1408937.5 ns 55555555 1402637.5 ns G o
1402687.5 ns FFFFFFFF 1408962.5 ns 55555555 1402662.5 ns e faiiis e
1402712.5 ns FFFFFFFF 1408987.5 ns 55555555 1402687.5 ns 1409237.5
1402737.5 ns FFFFFFFF 1409012.5 ns 55555555 1402712.5 ns 1409262.5 ns GOAAAAAAAAAAAAAAAAAAL AMAAAAAAAAAAAAAAMAAAAAAAAA
1402762.5 ns FFFFFFFF 1409037.5 ns 55555555 1402737.5 ns 1409287.5 ne AAAA
1402787.5 ns FFFFFFFF 1409062.5 ns 55555555 1402762.5 ns 1409312.5
1402812.5 ns FFFFFFFF 1409087.5 ns 55555555 1402787.5 ns 1409337.5
1402837.5 ns FFFFEEFF 1409112.5 ns 55555555 1402812.5 ns @0OFOFOFOFOFOFOFOFOFOFOFOFOF0FOFOF OFOF AFOFOFOFOFOFOFOFOFOF 1409362.5
14028625 ne FFFFEEFF 1409137.5 ns 55555555 ijg;gé;; nz gg FFFFFFFF 1409387.5
14638875 ns FFFEFFFF 1409162.5 ns 55555555 .5 ns @OFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF 1409412.5
14029125 ne FEFEFFEF 1409187.5 ns 55555555 1402887.5 ns @ FFFFFFFFFFFFFF 1409437.5
14029375 ns FFFEFFEF 1409212.5 ns 55555555 Qo2 oins EEEEREY 1409462.5
R o (e 149237.5 ns 55555555 laihe L 14094875

.5 ns = 14029625 ns 00 1409512.5
1402987.5 ns FFFFFFFF 1489262.5 ns 55555555 R irre g

. F 1409537.5

1403012.5 ns FFFFFFFF 1409287.5 ns 55555555 1403012.5 ns FFFFFFF 1409562.5
1403037.5 ns FFFFFFFF 1489312.5 ns 55555555 1403037.5 ns 00 1409587.5
1403062.5 ns FFFFFFFF 1409337.5 ns 55555555 1403062.5 ns 00 EFEFFEF sy
1403087.5 ns FFFFFFFF 1489362.5 ns 55555555 1403087.5 ns OOFFFFFFFFFF FFFFF FFFFFFF 1409637.5
1403112.5 ns FFFFFFFF 1409387.5 ns 55555555 1403112.5 ns @OFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF 1409662.5 ns BAB
1403137.5 ns FFFFFFFF 1409412.5 ns 55555555 1403137.5 ns @OFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFR 1409687.5 ns 0@55555555555555555 5555555555 555
1403162.5 ns FFFFFFFF 1409437.5 ns 55555555 1483162.5 ns OOFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF 1409712.5 ns @@55555555555555555555555555555555555555555555555555555555
1403187.5 ns FFFFFFFF 1489462.5 ns 55555555 1403187.5 ns 00F FF FF Ff FFFFF 1409737.5 ns 0855555555555555555555555555555555555555555555555555555555
1403212.5 ns FFEEFEFF 1409487.5 ns 55555555 1403212.5 ns @OFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF 1409762.5 ns 0055 5555555555 55555555555555555555555555
1403237.5 ns FFFFEFFF 1489512.5 ns 55555555 1403237.5 ns @OFFFFF FFFFFFF 1409787.5 ns 00@55555555555555555 5555555555 555
1403262.5 ns FFFFFFEF 1489537.5 ns 55555555 1403262.5 ns 00 FFFFFFF 1409812.5 ns B@55555555555555555555555555555555555555555555555555555555
1403287.5 ns FFFFFFFF 1409562.5 ns 55555555 1403287.5 ns FFFFFFF 1409837.5 ns @@55555555555555555555555555555555555555555555555555555555

: 1403312.5 ns 00 FFFFFFF 1409862.5 ns 0055 55555555! 555555555555555 555
1403312.5 ns FFFFFFFF 1489587.5 ns 55555555 e n e o :
1403337.5 ns FFEFFFEF 1489612.5 ns 55555555 . Lo 1409887.5 ns 0@55555555555555555 5555555555

7 1409637.5 ns 55555555 1403362.5 ns FFFFFFF 1409912.5 ns @@55555555555555555555555555555555555555555555555555555555
L300364. 9805 HERRELEL : 1403387.5 ns FFFFFFF 1409937.5 ns 005555555555555555555555! 555555555555555 555

1489662.5 ns 55555555 3 =4 (B
1403387.5 ns FFFFFFFF 1403412.5 ns @OFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFR 1489962.5 ns
1403412.5 ns FFFFFFFF 1489687.5 ns 55555555 1403437.5 ns @OFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF 1409987.5 ns
1403437.5 ns FFFFFEFF 1409712.5 ns 55555555 1403462.5 ns 0 St
1403462.5 ns FFFFFFFF 1409737.5 ns 55555355 14934875 ns 00F FFFFFFFFFFF FF FF FFFFF 1410037.5 ns
1403487.5 ns FFFFFFFF 1409762.5 ns 55555555 1403512.5 ns @OFFFFFFF 1410062.5 ns
1403512.5 ns FFFFFFFF 1409787.5 ns 00000000 1403537.5 ns QOFFFFFFFFFFFFFFFFF 1410087.5 ns
1403537.5 ns FFFFFFFF ANERIE. 5 as GGG 1403562.5 ns 00 1410112.5 ns
1403562.5 ns FFFFFFFF 1409837.5 ns 00000000 1403587.5 ns FFFFFFF 1410137.5 ns
1403587.5 ns FFFFFFFF 1409862.5 ns 00000000 1403612.5 ns 00 FFFFFFF 1410162.5 ns
1403612.5 ns FFFFFFFF 1409887.5 ns 00000000 1403637.5 ns 1410187.5 ns
1409912.5 ns 00000000 1403662.5 ns 00 1410212.5 ns

1403637.5 ns FFFFFFFF 1127 A7
1403662.5 ns FFEEEEEF 1489937.5 ns 00000000 1403687.5 ns FF 1410237.5 ns

g 1409962.5 ns 00000000 1403712.5 ns 00 FFFFFFF 1410262.5 ns
1403687.5 ns FFFFFFFF
el g AR 1409987.5 ns 00000000 1403737.5 ns @OFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF 1410287.5 ns

. ns 53
e 14100125 ne 0000000 1403762.5 ns @OFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF 1410312.5 ns

= R AT o tn1,Col1 41,5 Plain text Ln160,Col1  1of4

Ln1,Col1 13,956 characters Plain text to ol L2 E e il bl

Figure: Screenshot of the downlink output file. Figure: Screenshot of the Uplink output file.




Optical link

Testing board

L ed

ESEEEEEEEEEEEE | IIHH’EII‘?\--MIH
voro7
|

= —

PMBus XADC Header

User SMA Clock User SMA FPGA Prog
I

GPIO Push Button Usar LEDs

SD Card
SFPISFP+ Interface

GTX SMA RefClock

Powae Switch
(asnae)

USBJTAG User DIP Switch

Interface

USB 2.0 ULP! Transcanver

Status LEDs USB Mn-8 Connector

GTX SMARX
10/100/1000 MHz
Ethernat PHY

HDMI Vidao Conne
HDMI Contre

|
DDR3 SODIMM
Momory (1GB)

LCD Character
Dizplay

Usar Rotary Switch
cated under LCD)

GTX SMATX

PCl Expross Config Mode/Upper Linear Flash
Conneclor Address DIP Switch

Figure: VC707 FPGA alongside the evaluation board.

Key Features & Benefits

® 40Gb/s Connectivity platform for high-bandwidth and
high-performance applications using Virtex 7 VX485T
FPGAs

* Hardware, design tools, IP, and pre-verified reference
designs

* Supports embedded processing with MicroBlaze, soft

32bit RISC

* Enabling serial connectivity with PCle Gen2x8, SFP+ and
SMA Pairs, UART, IIC

e Advanced memory interface with 1GB DDR3 SODIM
Memory up to 800MHz / 1600Mbps

* Develop networking applications with 10-100-1000
Mbps Ethernet (GMII, RGMII and SGMII)

* Expand I/0 with the FPGA Mezzanine Card (FMC)
interface

VC707 firmware

Featured AMD Devices

Featuring the ROHS compliant kit including
the XC7VX485T-2FFG1761 FPGA

Logic Cells 485,760

Memory (Kb) 37,080

DSP Slices 2,800

GTX 12.5 GB/s Transceivers |56

1/0 Pins 700

EMCI

. =N

IpGBT-FPGA

Optical

eLinks

Uplinks

Downlinks

Clocks




Elink Test Module

shift Reg 230-bit 28x Uplinks
(320 Mbps Tx)

External Hardware Domain FPGA VC707 Boundary (Virtex-7 XC7VX485T)
Off-Chi =
( P) Synchronous Clock Network | Communication & Control
External SMA Generator 320 MHz Diff BUFG 320 MHz 320 MHz Uplink Clk ( UART Ctrl & Cmd Issuer
125/126 System (Uplink Tx) (115200 baud / RX-TX)
(320 Mhiz RefClk) IBUFDS_GTE2 —> Rl L
BUFG 80 MHz 80 MHz SysClk l Start Pilsa
— (System Clk) IpGBT Reg Interface
PC Control / GUI UART RX/TX ‘ (AXI IIC IP @ 0x70)
(Python App) [ N 7
MGT Quad 114 1/O Buffers (DIFF_SSTL12_DCl @ 1.2V, I0B=true)
I Optical Link ( GTX Transceiver |pGBT-FPGA Core
g 4 4x MRCC IBUFDS 16x Downlink IBUFDS 28x Uplink OBUFDS
SFP+ Module & Optical 1024 Gbps (10.24 Gbps Serial) (FEC / Scrambler / Gearbox) (ECLKO, 5, 23, 25) (EDOUT) p(EmN)
(10.24 Gbps) \ A
L _J 1 r
|
12€ Config ( EDIN_P/N
r —
e Y (siscu/sison eLink Tester Module (eLink_data_test.vhd) 48 Bybes Rusults
Test PCB Mezzanine v2 ] fol )
ECLK_P/N
(Jumpers W6/W4 @ 1.2V) | »|  CDC Crossing (Clock Domain) eLinks Test FSM
“|__EDOUTP/N | | \
Data Sync 2.Go-To-0 3.GoTo-d | | 4 \wait Half-Full| | 5. Oscillation 6. Report UART
BLinks & Clodks 16x Asynchronous FIFOs @ 80 MHz 1.IDLE A (Stuck-at-0/ [} 2 s
J (Stuck-at-1) Delay) (CDC Cushion) |~ | (249 Cycles @ 0x55) (488 Burst)
EMCI Board = — e ==
(IpGBT ASIC) 224-bit Data

System architecture of the VC707 FPGA platform for IpGBT communication and
elLink testing, including clock generation, high-speed serial communication,
differential I/O, control interfaces, and the eLink test module.




RTL Schematic on VC707

Elaborated RTL Schematic of the vc707_top Architecture in Vivado, showing the IpGBT-FPGA Core, Clock
Management (MMCMEZ2/IBUFDS_GTE?2), the elink_data_test Diagnostic Engine, and the 28-Channel

1. Clock Management & MGT Refclk
MMCMEZ_BASE + IBUFDS_GTE2 (40/80/120/320 MHz)

Differential Output Buffer Array (OBUFDS for FMC Uplink eLinks).

3. eLink Diagnostic Engine
elink_data_test & 16x COC FIFOs (DuakClock)

4. Reset Sequencer FSM & Timing

p_startup seq: Auto-start, Settling & Status Montoring

! 2. IpGBT-FPGA Core Datapath

Codec Pipeline: RS EncoderDecoder, Gearbox, Scrambler




Simulation on VIVADO

( ors a 2 3 7 N g
FPGA Xilinx Virtex-7 VC707 | | Optical Transceiver Link | | IPGBT ASIC (Front-End) / SVP Model
(xc7vx485tffg1761-2) f (SFP+/QSFP) i
| I
hRTLl FPGA Design h i E
vo707_top.shd Mo | oo |0 e FPGA—IpGBT communication and
=il IpGBT-FPGA IP ! & (FEC12) (IpGBT.svp / Wrapper) " - i ‘
ks o S verification architecture, showing

—_—

|
i Uplink

elink_data_test.vhd serdesriund/  DEMISEN Uuphy MY PRLC B F PR ERE ePorts and its interaction with the
| Machine (eTx / eRx) . .
i areead & eClocks behavioral IpGBT model in

ModelSim.

eLinks Electrical / VLDB+

|
|
! the VC707 RTL implementation
|
|
|

[Py

VIVADO / VC707 FPGA

-Uplink Serial VC707 SerDes
IpGBT — FPGA Xilinx GTX
SFP+ Interface

IpGBT-FPGA RTL

Downlink: Scrambler — RS eLink Diagnostic Engine
FEC — Interleaver Test FSM at 80 MHz

Uplink: Frame Aligner — RS
Decoder — Descrambler

MODELSIM SIMULATION

16 CDC FIFOs

‘ Clock and Reset Link Startup

v 320 MHz Reference Clock W Reset Sequencer |
Downlink Serial ) MMCM: 40 /80 / 320 MHz PLL Lock Detection
FPGA — IpGBT Ideal SerDes Model "’Gcg,'fﬁ';?é?’:,',m:fe' Reset Generation Link Ready

PLL / Encoding / Decoding

10.24 Gb/s J ePort / eLink Behavior

DC / AC Tests

Latency and Status
[ Diagnostic Report | [ PC / UART ’

Simulation Testbench_

Clock ar}lgelslzecs:; = Status + Latency + 48-byte Test Report
UART Monitoring Oscillation Data I PASS / FAIL




Simulations

Wave - Default
53

-

| 309

— RESETS & CLOCKS
“ [integrated_tester_tb/clk_40mhz
* [integrated_tester_tb/clk_80mhz
“ [integrated_tester_tb/rst_i
# [integrated_tester_tb/asic_rstn_s

4 i bt

/ d_tester_tb/ 1 i
“ [integrated_tester_tb/Ipgbtfpga_uplinkrst

— LINK STATUS (READY)
“ [integrated_tester_tb/asic_rdy_s
> i d_tester_tb/Ipgbtfpga_t inkrdy
“ [integrated_tester_tb/Ipgbtfpga_uplinkr

— TESTER CONTROL

“ [integrated_tester_tb/start i

* [integrated_tester_tb/ready_o

“ [integrated_tester_tb/success_o
— TESTER STATE

“ [integrated_tester_tb/tester_inst/state
B [integrated_tester_tb/tester_inst/test_timer

ST IDLE

[ST[TEST OSC WATT HALF| ...

|ST TEST 0SC RUN

J[ST_TRANSMIT REPORT

00000000

— ESTIMULOS DE CONTROL Y ALIMENTACIAN ASI
£ REFCLKP (320MHz)
£ PORDIS (POR Disable)
£ RSTB (Reset low-active)
“. IpGBT READY

— ELINK TESTER VHDL (VC707)
? Tester FSM State
< Start Command Pulse
s Tester Global Success.

ST IDLE

[ST[TEST OSC WAIT HALF] ...

[ST TEST OSC RUN

J[ST TRANSMIT REPORT

I IsT TEST G... [ST TEST GOTO 1
fl

— BUSES ELINKS INTERCONECTADOS (FPGA <-> A
B8 Downlinks (ASIC Tx -> FPGA Rx)
& Uplinks (FPGA Tx -> ASIC Rx)

“ ECLKO MRCC Sample Clock

FFFE

0000000

— TELEMETRIA UART DE SALIDA
2 UART Data Byte

e

0000000
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