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|[pGBT Coming in ALICE...

= During the LS2 upgrade a brand new DAQ and trigger system
had been developed for ALICE for Run 3 and Run 4

= The upgrading sub-detectors are now connected to the DAQ

and Trigger systems with rad-hard GBT links through the CRU

= This enables the delivery of timing & control with deterministic

latency and taking of data through a single fiber connection

High radiation doses No or small radiation doses
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During the coming LS3 upgrades, the new FE systems (e.g. ITS3, FoCal)
will (have to) use IpGBT links to connect to the CRUs

= The GBTx ASIC is not available any more and the new IpGBT

supersedes it for new developments or system additions

Main features of the present GBT links
= 4.8 Gb/s downlink

= 4.8 Gb/s uplink

= Front-end components:

The IpGBT links have to be integrated into the existing CRU FW while
keeping the compatibility with the existing 02, TRIGGER, and DCS systems

Main features of the new IpGBT with VTRX+
= 2.56 Gb/s downlink,
= 5.12/10.24 Gb/s uplink
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VS. = Front-end components:
= GBTxASIC = [pGBT ASIC
= external slow-control (12C, SPI, etc.) controller ASIC = internal slow-control controllers (12C, SPI, GPIO, ADC, etc.)
(SCA) (and optional external SCA)
= Versatile Link (VL) optical components = VL+ optical components
-
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Project Goal

The goal of this IpGBT in CRU project is a feasibility study with the
following consecutive steps:

sLL

1. Implementing the IpGBT-FPGA IP developed by the CERN EP-ESE
team in the CRU Arrial0 GX FPGA in a single-link standalone design g
and test the functionality at the lowest level (links only with pattern -
generators / checkers)

1]

2. Integrating the IpGBT-FPGA IP in the common CRU FW by removing
the GBT interfaces and

SLL

= adding 1 IpGBT interface with full clock & trigger integration g

HESH

= adding 12 IpGBT interface (2 TRX banks) with full clock & trigger integration

= optional: adding 24 IpGBT interface with full clock, trigger, and data integration

= The aim is not a production firmware, but to study and demonstrate that the replacement of the
GBT links with IpGBT links in the CRU is possible while keeping the compatibility with the
connected systems (02, TTS, DCS)

ALICE

-
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Test Setup (simplified)

The setup is the same at Wigner RCP and
in the CERN CRU-TRIG integration lab

FLP server HLICE

IpGBT optical link 106 PON obtical link
IK(;BJ VTRX+ Minipods CRU ONU optical lin oLT LTU

SCOPEA

CLK_OUT (SMA)

ECLKO_P (SMA)

coaxial cables

The aim of the tests is to verify v l v
the clock and data integrity
IN2 IN1 EXT TRIG

= from LTU to FEE (VLDB+) and

Oscilloscopes
= from FEE to CRU

Test are based on scope measurements

Keysight DSO8000X and built in data generators and checkers
downlink: glitches and phase jumps detection (Tektronix TDS744A, HP Infinilum 548544)
downlink and uplink: data sanity checking - frequency and delay measurements

« glitches and phase jumps detections
» waveform and timing statistics
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GBT / |pGBT Differences

DOWNLINK P 4.8 Gbls (120 bits @ 40 MHz) R
GBT downlink T 4b 2b  2b 80b 32b

Header, internal and external control channels, (CRU ->FEE) T ﬂ LI C E

data channel, forward error correction frames: | Header | IC |[ EC User Data FEC

differences:

= 64-bit @ 40 MHz vs 120-bit @ 40 MHz 2.56 Gbls (64 bits @ 40 MHz)
I = 32-bit payload vs 80-bit payload I IpGBT downlink TS 26 2b 32b 24b o
(CRU -> FEE) IpGBT
= 2.56 Gb/s vs 4.8 Gb/s frames: Header IC || EC User Data FEC
I = TX parallel clock 320 MHz vs 240 MHz I
P 4.8 Gb/s (120 bits @ 40 MHz) o
UPLINK GBT uplink " 4p 2b  2b 80b 32b
) (FEE -> CRU) TEC
Header, internal and external control channels, GBT | Header || ic || EC User Data IDATA
data channel, optional forward error correction frames:
differences:
= 128/256-bit @ 40 MHz vs 120-bit @ 40 MHz P 5.12 Gb/s (128 bits @ 40 MHz) L
l »  96/112/192/224-bit payload vs 80/112-bit payload | '{;‘égl“@',;rbk) b 2b 2b 96/112b 5/12b
IpGBT
«  5.12 Gbis or 10.24 Gb/s vs 4.8 Gb/s ames. | Header || 1c [ EC User Data FEC
= RXparallel clock 320 MHz vs 240 MHz
P 10.24 Gbls (256 bits @ 40 MHz) =
IpGBT uplink " 2p b 2b 192 / 224b 5/12b'
(FEE -> CRU)
IPGBT | Header IC EC User Data FEC
frames:

-
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ALICE Common Read-out Unit (CRU)

ALICE

Intel / Altera
Arria 10
GX 1150
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un )

_PCled0 board, courtesy from CNRS/IN2P3/CPPM

LT PR (i

2 SFP+
PCle gen 3 16 lanes

for PON @ 10Gb/s

The Common Read-out Units (CRU) are PCle add-on cards installed in the First Level Processor (FLP) nodes
of the ALICE DAQ system. Main tasks of the CRU:

= Deliver the trigger, timing and read-out control information to the Front-End Electronics

= Deliver detector data to the O2 (FLP Servers) with and/or without processing in the CRU FPGA
= Transport detector control information between the DCS and the FEE

= Take part of the Busy / Drop / Throttle mechanism of the detectors read-out

-
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CRU Firmware — Main Data Paths

ALICE

i :
H H x1
i i PON96
:
H Sl ' Gbps
5 Control DDG TTC : LTU
5 5
: :
: :
: :
| i i |
: T BSP ; )
5 | GBT mux | trigger
: :
: : = (gta
: :
: :
E 24 link | 3
! 12 link e !
H Datapath Wrapper 1 > 1 .#
:
: :
:
E x24 GBT E
. X :
x24 1 :
FEE GBT48 | :
0..23 Gbps ' . " H
©.23) P H x24 GBT 24 link 24 link User Logic Readout A\ée;lson E
ﬁ: RX (detector specific) Control Arbiter E > FLP
5 5
: :
: ‘ :
: :
: :
: :
: :
: :
: 12 link :
E ﬁm Datapath Wrapper 0 > P((?Jle '#
E 12 x 128-bit x 40 MHz 256-bit x 250 MHz PCle x8
H =61.44 Gbps =64 Gbps Gen3
:
:
: 2x 2x 2x J
O
-
II"E"El- 30ct 2023 TWEPP 2023 E. David Integrating IpGBT links into the ALICE CRU 7



CRU - Clock and Trigger (GBT version)

TRX BANK_0_REFCLK
—— 40 MHz

2 R ———— e ——— ¢ (|OSC|)
. . jocal
1 4X 240 MHz (to bank 0..3) R BANK 3 RemeLk Jitkr 240 MHz m— clock ﬂ L I C E
GBT 240 MHz 1 RXBANK_3. Cledt. S _
1 PLL ; trigger
1 1
TRX_BANK_4_REFCLK
: — 40 MHz : 1 .
External
1 4X 240 MHz (to banks not used) Jitt 1
l| TRX_BANK_7_REFCLK Cl;aﬁ:ﬂ 4& 1 PO N 240 M H y4
1 R S ——
TRX_BANK_b_REFCLK FABRIC_240_MHz 11
240 Hz 1 i1
................................ 11
1 :
! I == '
1 1:6 data valid 10G PON ;
: 1 192-bit data RX ;
:
FEE ; : : LTU
E Pattern I E
! 1 Player !
' fPLY 1 '
H < 1 H
i ! e :
I 2400 MHz 53 1 1
: 1 = : :
1 I = '
: I 84-bit E I :
: GBT- :
! | FPGA 1 5
' 1 X 1 :
: 1 :
GBT ! i
1 GB 1
4.8 Gbfs E Transr:-itter ,--"------------------"-I ----------------------- . E
1 I} ) 1
| 1 5 3 |
! 1 TXCLK (240 MHz) [ . ! 1
; S ; User Logic ; ;
: ! ! :
1 1 ! 1
: e 1] :
: :

-
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Problem and Concept

GBT CRU

TX Parallel clock (240 MHz)

to I—-l GBT Data Write Enable
GBT (1 : 6 tick, 40 MHz rate)

X |

ISRSR SRS
direct connection is
possible, no problem

DATA, Downlink data

PON RX clock (240 MHz)
PON Data Valid
(1: 6 tick, 40 MHz rate) |_—| I_L

Downlink data | DATA, |

ALICE

from
10G PON
RX module
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Problem and Concept

GBT CRU

TX Parallel clock (240 MHz) PON RX clock (240 MHz)
to ceec from
H GBT Data Write Enable direct connection is PON Data Valid 10G PON
GBT (116 tick, 40 MHz rate) possible, no problem (1: 6 tick, 40 MHz rate) |_—| RX module
™ | DATA, Downlink data Downlink data | DATA, |
IpGBT CRU
TX Parallel clock (320 MHz) —> PON RX clock (240 MHz)
o 4:3 clock ratio! from
IpGBT Data Write Enable 2 PON Data Valid 10G PON
IpGBT I_] (1: 8 tick, 40 MHz rate) You have to divide clock (1: 6 tick, 40 MHz rate) |_—| I_L RX module
™ | DATA, | Downlink data = phase uncertainty ! Downlink data | DATA, |
-
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Problem and Concept

GBT CRU

TX Parallel clock (240 MHz) PON RX clock (240 MHz)
to I e from
GBT Data Write Enable i i ; i
' Da direct connection is PON Data Valid 10G PON
GBT (1: 6 tick, 40 MHz rate) possible, no problem (1: 6 tick, 40 MHz rate) |_—| RX module
IR | DATA, Downlink data Downlink data | DATA, |
IpGBT CRU
TX Parallel clock (320 MHz) —> PON RX clock (240 MHz)
o 4:3 clock ratio! from
IpGBT Data Write Enable 2 PON Data Valid 10G PON
IpGBT I_] (1: 8 tick, 40 MHz rate) You have to divide clock (1: 6 tick, 40 MHz rate) |_—| I_L RX module
I | DATA, | Downlink data - phase uncertainty ! Downlink data | DATA, |
solution (concept)
We have to go down to the common 40 MHz clock domain and align data at both sides to the common 40 MHz clock!
P,
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Problem and Concept

GBT CRU

JUyUuuuUuL

TX Parallel clock (240 MHz)

PON RX clock (240 MHz)

ALICE

to ceec from
GBT Data Write Enable direct connection is PON Data Valid 1 PON
GBT I_-l (1: 6 tick, 40 MHz rate) - (1: 6 tick, 40 MHz rate) |_—| 0G PO
% possible, no problem RX module
| DATA, Downlink data Downlink data | DATA, |
TX Parallel clock (320 MHz) —> PON RX clock (240 MHz)
o 4:3 clock ratio! from
I—-I IpGBT Data Write Enable ? PON Data Valid 10G PON
1:8tick, 40 MH . - 6 ti
IpGBT (18 tick, 40 MHz rate) You have to divide clock (1+6 tick, 40 MHz rate) H L RX module
™ | DATA, | Downlink data = phase uncertainty ! Downlink data | DATA, |
solution (concept)
We have to go down to the common 40 MHz clock domain and align data at both sides to the common 40 MHz clock!
W TX REF 320 MHz 320 MHz
l
PARALLEL CLOCK 320 MHz 40 MHz (LHC) IOPLL 240 MHz (LHC)
IpGBT A y v 10G PO
™ WRITE ENABLE P DATA VALID (1:6 tick) RX
D | DATA phase aligner DATA phase aligner h DATA

Quisner
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Aligning the 40 MHz Clock to Data Valid

=  The PON module recovers the 240 MHz reference clock and
a data valid bit with deterministic constant delay to the 40
MHz LHC clock rising edge.

=  The IOPLL recovers the 40 MHz dividing the 240 MHz with
six. At the output of the IOPLL the two clocks can randomly
have six different phase relations.

= |f the 40 MHz rising edge is not aligned with the data valid
bit then the Control FSM resets the IOPLL.

=  Within a reasonable time (practically within a few tries) the
data valid bit and the 40 MHz clock will be aligned.

PON RX clock (240 MHz)

PON Data Valid bit
(1 :6 tic, 40 MHz rate)

40 MHz clock (IOPLL)
not aligned

40 MHz clock (IOPLL)
aligned

1240 MHz
320 MHz
— P rst
-
IOPLL
40 MHz locked
- :
Control
PON data ESM
Val'd—> aligned
DFF >
> or not

ALICE
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Aligning IpGBT Data Write Enable to the 40 MHz Clock

= The IpGBT data write enable bit is generated in the 320 MHz
clock domain with a 40 MHz rate.

=  We sample this bit with our 40 MHz clock which is in sync
with the 320 MHz clock.

= Ifitis not aligned with the 40 MHz clock then the Control FSM
shifts the write enable bit (bit slip).

= In a maximum of eight steps the write enable bit will be
aligned with the 40 MHz clock.

40 MHz clock
(IOPLL output)

320 MHz TX ref. clock
(IOPLL output)

320 MHz TX parallel clock

(TRX output, skewed, constrained) _ﬂ.

IpGBT Data Write Enable
(1 : 8 tick, 40 MHz rate)

not aligned

IpGBT Data Write Enable
(1 : 8 tick, 40 MHz rate)

H

o

.~ ALICE

vy
ARy

aligned
IpGBT Data Write Enable 40

< MHz

DEF aligned >
. > or not
Write Control
320 :\IMI-IZf 1ock Enable bit . ESM
parallel if. clock | ¢erarator <t
P,
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Clock and Trigger Integration / Jitter Cleaning

e R R R R R R R S S R R R R R R R
1 TRX BANK_0_REFCLK 40 MHz 1 s
& al L
2- '-------%---4'2'210111&- T M dnal i (local)
I (to bank 0..3) 3 c Jitter I mmmm clock
IpGBT 320 MHz i TRX_BANK 3 REFCLK  Cllner
I : Pl s g 320 2 e e s trigger
I 7
1 1
1
: I 40 MHz 1.
External
1 : Jitter 240 MHz PON 240 MHZ
1 i Cleaner ¢—————————
Rl
TRX_BANK_§ REFCLK I EABRIC 240 M_uz—— 5 - /
320 MHz (deaned) I —240_Mp 1
_______________________________ S | WSS | I,
| FPGA 1 1 1 I :
H 1
E : 1 | 240 MHz (cleaned) ! | E
E - 1 Y data valid 1
: - 1 10G PON '
FEE E 1 L. rst RX : =
: I L™ opLL  |€— 192-bit datat i
' Pattern H
! 1 320 MHz 40 MHg | 4OMHz Player :
! fPLY -=f phase 1
E I I detector < E
_ i
| 5120 MHz ¢| 1 g '
: 1 [ s E
1 =
E : 36-bit |1 coc 2 5
! 1 IpGBT- 1 Gear- H
L FPGA !
\ 1 TX enable : box E
IpGBT | 1 1 :
A\ 4 !
2.56 Gbps | . InGEJr 1 I EEVVTTVITVIVTLLTTEN S50, 45, [, !
: ransmytter H : : :
: I A : = E
| 1 TXCLK (320 MHz) o IpGBT ' User Logic 1 !
1 > Write H ] 1
' Aligner 3 SR Ey— i E
5 :

-
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First Test Results (Downlink Clock and Trigger Delay Stability L)

LHC clock & trigger delivery measurements:
Delay and stability from LTU to FEE (VLDB+)

IN1 (yellow): DATA VALID (1:6 tick): PON link output (CRU CLK-OUT SMA conn.)
IN2 (green): VLDB+ 40 MHz: IpGBT link output (VLDB+ EOCLK_P SMA conn.)

TRIGGER: external, LTU 40 MHz output (SCOPEA conn.)

] £ E 180
T Trig'd r&
i

1 ) a—

Visualizing the 40 MHz LHC clock, DATA VALID, and IpGBT

TX WRITE_ENABLE flags via the clock chain (1 or 12 links being
implemented) with infinite persistence for a few hours while challenging the
stability with: optical link disconnections, power cycling, and PLL
forced initializations

= DATA_VALID (1 link, 12 links) = stable with the same delay
(no glitches, phase jumps observed, continuous 10*2 clock cycle)

=  TX Write_Enable (1 link, 12 links) - stable with the same delay
(no glitches, phase jumps observed, continuous 10*2 clock cycle)

*= VLDB+ ECLKO (1 link, 12 link, internal feeding) - stable with the same delay
(no glitches, phase jumps observed, continuous 10*2 clock cycle)

2
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First Test Results (Downlink Clock and Trigger Delay Stability IL.)

Two options for the clock integration (external/internal) has been tested for delay stability and with simple jitter measurements. (1 link only.) ﬂ LIC E
[

Auto

L TU 40 MHz fHLTU 40 MHz

e RPN TNV (I S N A FHVLOE+ 40 MHz

IpGBT TX_REF: externally distributed to the IpGBT transceiver banks IpGBT TX_REF: internally distributed to the IpGBT transceiver banks
through one of the CRU’s two on-board jitter cleaner PLL. (The other (“Only” the incoming 240 MHz PON RX_CLK is cleaned with one of the
filters the incoming 240 MHz PON RX_CLK.) CRU’s two on-board jitter cleaner PLLs.)

No instabilities or significant difference in jitter has been observed. Further jitter analysis may follow.

-
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Uplink Testing

GBT Mode Loopback G i Datapath  Datapath X freq TX freq S5Status Sys
Tx/Rx tus (MHz) (MHz) power (uW) 1ID

[ax]

Streaming En L DOWN 0.0
Streaming En . 3. DOWN 0.0
Streaming En . : DOWN 0.0
Streaming i 320.02 . DOWN 0.0
Streaming En . DOWN 0.0

S = . 3 up
SLiediL Iy U LEU 3 .03 Luwn
Streaming En 298. 3 DOWN
Streaming nabled . 8¢ 3. € DOWN
Streaming - 2 i

1
2
3
4
6
7
o

= o

Test results:
= The x12 link IpGBT module is recognized by the O2 software (link status, TX/RX frequency, etc.)
= The IpGBT ASIC "Loopback Downlink Group Data Source" mode was used with built in checkers in the IpGBT module

* The links were tested one-by-one with a single VLDB+ for 1 hour / link (104 bits) = no errors

= Integration with the Datapath wrapper is ongoing

-
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Summary and Further Work

Summary: ALICE

= x12 link IpGBT module (with 10.24 Gbps / FEC12 uplink mode) implemented inside the CRU-FW
» No visible phase jumps in the VLDB+ 40 MHz clock (1012 clock cycle)
» Stable data loopback through the IpGBT ASIC ("Loopback Downlink Group Data Source" mode) (104 bits per link)

Further work:

= Connect the IpGBT module with the DMA and Slow Control modules
= Improve stability between rebuilt: floor planning and design lock

= Characterize skew between links

= Clock and trigger analysis

= Test with detector specific user logic at full 10.24 Gbps speed

-
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ALICE

Thank You for Your Attention!
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ALICE

BACK-UP

s
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CRU clocking scheme

Clock Tree PCle40V2 FW clocking H L I C E

Pre-programmed

with 40 —s 240 MHz —_—
o e A10_REFCLK_GBT_P(3.0) S —— Al0_REFCLE_TFC_P
d ° Filtered 2 v
- g 2 240 MHz - Si5345 " si5344
P sisus g : Osc L - s b PLL 534
B0 P
b q 40MHz 1 s 12 bus(s)
q Si53340 ] 12C buss (3)
Clock filtering for constant phgse d FANOQUT, |aw0_sis3a40 2 cuk_aop e —
duplication of TFC over GBT g
. . TRC_CLK N || 5 |Lremeru o iz A10_REFCLK_GET_P{7.4)
e-programme A10_SI5345_2_JTTER_CLOCK_P 2 344 FANOUT CLK
with 40 — 240 MHz oo 11 22 33 44 5 paiS et ] Si5345 LK e A10_REFCLK_10G(7..0)
| L TPLL ALD_SI5345_2_CLK_240_P
Clock input g : Filtered Si53344
- Eg o FANOUT
g 12¢ b
—»b seus § 7| 240 MHz A SN A S A SR & S A S A j v 16 B AL0_REFCLK_2_TFC_P
> PLL From SMA PX2 |, —
a GBT‘ GBT ‘ GBT ‘ GBT‘ GBT‘ GBT ot used in ALICE
O
g FPGA
5 100 iz TTC wrapper
N ONU Globalza0gen
ﬁﬂ - AOMH A0_REFCLK_TFC_P T
£ 240MHz | i oo e | 290MHE
§ 4 40MHz 40 MH; - .
e I e 40MHZ o \10_S(5345,_3_JITTER, CLOCK P
8 2 - rria - aefouio) ot
Hz N
H 40MHz | o - u/e:::;
> e e
-
b
240 MAZ ClbcH from] TFC B A0 5155 2. LK 2400 | | exraan
Pre-programmed Eor tdst A  qhaen
with 40 —» 240 MHzZ ortg TEC/
. >
Bh s | clmdsamm i ™| peje | PCle | PCle | PCle| GBT | GBT
3440 oy 4 A5
PLL (| i -
g GBT wrapper(s)
T P g ATX_PLL GBT_BANK(s)
| 100MHz Al0_REFCLK_GBT_P(7.0) BT refckz
88 77 68 O {GBT_rofalkl.
- " GBT_LINK(
d PO e iy SELLINKES)
1
g 2 L GET_refelki
g 3 Extemnal vaion b fPLL
—r
—:J 5153344 4 ¢custom Fanout GBT and TFC data stream
B0 Fanout g 5 bock i =45 Gbisis GBT._refolk
g SVA1067A PCle = dual PCle GEN 3x
= Select by generic (exclusive) et or_banding TGk
1DDMHZ¢ + ATX _PLL for wrapper walon b

+ fPLL for each ban,
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CRU System Connections

- I............................................................................... HLICE
. FLP Server ®
n - CRU : .
. H " Common CRU FW/SW
- - TTS interface . Components provided
: - : . by the CRU team
n . H . .
.............................. = : RAM . Extensible by the Detector
. - : . - teams
[ H . .
a - — q Detector Data Frames . - Developed by the
- . [ ]
) n . User H n Detector and DCS teams
— n H i H
® L X 1) GBT eoe Logic . Detector : | d by th
2 . links DMA === Control . - Developed by the
=4 CE- (detector + : [E . Detector and O2 teams
n = specific) PCle : .
n H . -
. i inter- H -
o t t face CPU .
= : FLP . to EPN
= FEE control, GBT control > : DAQ - Servers
| | - 1 ’ :
= and CRU control : Software -
. : FLP DCS . 0 DS
B et Software Servers
.
| |
| |
| |
-
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Clock and Trigger Integration / Jitter Cleaning (Option B, alternative)

< 40 MHz osc
External (local)
Jitter 240 MHz mmmm clock
Cleaner
PLL trigger
1
40 MHz
External
Jitter 240 MHz
Cleaner
PLL
FABRIC_240_MHz 2
e Y H
1 FPGA 1
! | 240 MHz (cleaned) E
E M data valid !
; 10G PON '
: rst RX E
FEE 5 OPLL  |€— oat 192-bit datat 5 LTU
1 attern
' 40 MH 40MHz !
E L 320 MHz 0 & phase Player E
! detector < E
H — 1
: ¢ 5120 MHz 9 !
' < '
: = 1
! 36-bit cDC E} :
i IpGBT- G i
< ear- «l
#I h FPGA box E
H TX enable |
! I 1
IpGBT '
2 5p6 Gbps E per 11 — A D E
' H Transmitter H ] ;
: \4 b : '
1 |
E TXCLK (320 MHz) o IpGBT 1 User Logic 1 E
! » write : : '
1 Enable ' . !
H Aligner b e e e ) !
: :
H 1

-
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Uplink Integration

TRX BANK_0_REFCLK
— & oMz osc
S External (local)
4X 240 MHz (to bank 0..3) o 320 Mz — clock
TRX_BANK_3_REFCLK  Cloaner <
— .
PLL trigger
1
s (ata
TRX_BANK_4_REFCLK
— 40 MHz
External
4X 240 MHz (to banks not used) Jitter 240 MHz
TRX_BANK_7_REFCLK  jaaner
PLL
TRX_BANK_0_REFCLK >
= —— FABRIC_240_MH
320 MHz =4tz LU
e
: 240 MHz (LHC i
! FPGA (LHO) :
! P 240 MHz valid E
: < 10G PON :
E t 192-bit datat RX |
Isi -bit data '
FEE E IOPLL < E
: 40MHz ;
: CDR 4% 40 MHi phase E
E 1 detector |
H 1 3\
H 1
H 1
| v |
: v ;
: ) :
' IpGBT- 192b/224b cbe 80/112-bit PCle !
H ﬁ FPGA — # Gear- ﬁ Datapath Wrapper 0 » 0 ﬁ.
i)
I e Pox PCle x8 E
E * Gen3 > FLP
IpGBT ! :
10.24 Gbps | IpGBT # Pattern E
1 IREEEnET Checker Ty ;
: i
1 1 1 '
1 192b/224b | ; :
: ! .
! RXCLK (320 MHz) t: User Logic 5 |
H > 1 I
1 1 1 '
1 1 1 :
H 1
: i

-
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Uplink Testing

ALICE

For the uplinks testing we have the following options:

= Use the built-in pattern generators in the IpGBT ASIC and check the received payload in the IpDGBT module.

= Use the CRU firmware's Datapath Wrapper which is able to record the incoming raw data. Currently it supports
normal GBT (80-bit) and wide bus mode (112-bit) mode, so it can check
only part of the IpGBT data

= Later: write a dedicated user logic to process the full IpGBT payload and creates the standard ALICE data
packets (SAP) and sends them to the PCle DMA (through the Datapath Wrapper).

For our uplinks testing we have used the built in pattern generators and checkers with x12 lane 10.24 Gbps
(FEC12) links. Test results so far:
= We have tested 1 standalone link for a few hours = no errors

= We have tested a 12-link implementation, the links one-by-one with a single VLDB+
for 1 hour /link = no errors

= Integration with the Datapath wrapper is ongoing (may evolve till the conference)
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Testing the IpGBT Control Channels

= ThelpGBT ASIC supports both EC and IC 2-bit control channels:
= EC channel is backward compatible. It can connected to an GBT SCA on the FEE cards

= |IC channel requires upgrade to a newer GBT-SC firmware module provided by CERN Electronics group

GBT-SC wrapper

IC/EC (2+2 bit)

IpGBT Downlink |«

GBT-SC <P | NVANBUS | gup PCle0

Arbiter

IC/EC (2+2 bit
IpGBT Uplink { ) P>

= For control channel testing we can use the low level IC and EC field tester Python scripts used during
the original CRU FW development. We can read and write the ASICs registers with them in the same way.

= To do this we have started to update the CRU FW with the new slow control module (GBT-SC IP) of
the EP_ESE team and modify our software scripts to support the new IpGBT ASIC control registers (IC).

= Theaim is to test reading out a few registers only as a demonstration.

ALICE

PCle BAR2
Rd/Wr access

G
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