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Motivation

Demonstrate a full DAQ chain with final system like components for

LHCDb tracker upgrade in LS4 (2033-34)
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L]

“‘.- -....
-
-

Fiber

FPGA === ==---ex====-=-=-==a-

MightyPix

Versatile Link Demo Board (VLDB+

FMC Protection Switches : Check Vadj is <1.3v and
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Available Hardware
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(10/100/1000 Mb/s Tri-Speed Ethernet PHY)
XCVR SMAS s
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Micro SD Card Slot
(Backside of Board) * = = = *

User Clock Input SMAs

USB-UART Connector
USB-JTAG Connector

User GPIO SMAs

RJ45

(1x GTH to 4x SMAs)

2X SFP+Cages e
(2x GTHs)

= = =Service Hybrid

Frontend

eLink

MightyPix

KCU105 Evaluation Board

HDMI Dual Quad-SPI
Video Output  Flash Memory (HPC, 8x GTHs)

FMC1

GTH Reference PCle Edge Connector
Clock Input SMAs Gen3 x8 (8x GTHs)

FMC2

(LPC, 1x GTH)

JTAG Header

XCKU040-2FFVA1156E

Chosen because of firmware
support and availability, other
options were: vc707, vcu108,

Pmod Header Male

Pmod Header Female

PMBus Header

DDR4 64-bit

vcu118
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Hardware Setup
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Firmware Block

PRBS7 Gen.
IpGBT-FPGA top
Tx Y
CDC e Scrambler |wpp Encoder == |nterleaver ===  Tx Gearbox
DOWNLINK
MGT
R
CDXC == Descrambler |<4===  Decoder 4= De-Interleaver == Rx Gearbox
S
A
Frame aligner
UPLINK SERDES
PRBS7 Check. ‘l
Error detected
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Line rate: 2.56Gbps
FEC: FEC12

LpGBT

Line rate: 10.24 or 5.12Gbps
FEC: FEC12 or FEC5
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IpGBT test features

Internal Eye Opening Monitor

IpGBT architecture

Down
Link
Pattern

Gen.

v
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eLinks output[15:0]
* Pattern
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Interface clocks +
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eLinks clocks
——
<
eLinks input[27:0]
| Li.ne l— < SER |« h
Driver
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Internal Pattern Generators and Pattern Checkers
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Downlink signal quality

Phase - Shifter
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Uplink signal quality

Down
Link
Pattern
Gen.

Eq CDR ¢*»| DES [—*| bown — —&— [ePortTx
Link
Data eLinks output[15:0]
Path
—_— s Pattern
High Checker
FPGA VTRx+ Speed

Interface clocks -»

—

S elinks clocks
A Up eLinks input[27:0]
Line — | SER |« | Link 0—‘» +«——— [ePortRx|+— )

Driver . Data
- path PRES7
« , S.er. «—[ Up
v Palx-tTekrn Link
Gen. Pattern l Generate PRBS7

\4

320 Check Pattern il ePortRx: 7 links at 1.28 Gbps

No error for 32M bits checked (per link)

o 32 bit checker, for 10 cycles
O Need some firmware development to properly measure BERT
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Uplink Optical Eye: Setup

Loopback e

Pattern
Gen.

Eq CDR (¢»| DES |—*| Down — —&— [ePortTx
Link

Data eLinks output[15:0]
Path

Pattern
Checker
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FPGA VTRx+ Speed

Interface

clocks -+
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|: eLinks clocks
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Up ‘eLinks input[27:0]

Line <« Link | B
Driver [ SER |+ Data | - ePortRxj+—]

VTRx+ MT pigtail _

e
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MPO to LC fanout (40 cm)
+
LC to FC (30 m) Pattern Generator

Link
Pattern
Gen.

33 GHz Scope
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Uplink Optical Eye

Down
Link
Pattern
Gen.
Eq CDR (¢»| DES |—&*| pown —— —&— [ePortTx
Link
Data eLinks output[15:0]
Path
e »| Pattern
High > Checker
FPGA VTRx+ Speed g '
Interface clocks +
—
. eLinks clocks
S Up eLinks input[27:0]
Line 1 4— | SER |« —] Link | « ePortRx|«—
Driver Data «— PrRBS7
Y:Voltage Height1: Eye Diagram | Path Gen
«— S'er. —J[ Up
- Lt't”k Link
Z emn Pattern
en. Gen.
; 1.28 GHz clock pattern
Eye: All Bits :
O4mY L Oftset0,00072809 :
Uls:6000: 23639, Total:87278:425503 ULSerTestPattern[3:0] Name Description
-300ps  -200ps  -100ps Os 100ps 200ps 300ps 4'd0 DATA Normal mode of operation
4'd1 PRBS7 PRBS7 test pattern (x7 + x6 + 1)
4'd2 PRBS15 PRBS15 test pattern (x15 + x14 + 1)
4'd3 PRBS23 PRBS23 test pattern (x23 + x18 + 1)
4'd4 PRBS31 PRBS31 test pattern (x31 + x28 + 1)
2 56 GH I k tt 4'd5 CLK5G12 5.12 GHz clock pattern (in 5Gbps mode it will produce
- = Z Cloc pa ern only 2.56 GHz)
Eyex4ll Bits : : ’ . x :
0.4my |- Offset™0:00072775 : : > : : P 4'd6 CLK2G56 2.56 GHz clock pattern
Uls:8000:48406, Total:994437:6680039 : :
4'd7 CLK1G28 1.28 GHz clock pattern
-200ps -150ps -100ps  -50ps Os 100ps 150ps
4'd8 CLK40M 40 MHz clock pattern
) ) 4'd9 DLFRAME_10G24 Loop back, downlink frame repeated 4 times
. Y:Voltage Height1: Eye Diagram
Uy : : : : : : : : : 4'd10 DLFRAME_5G12 Loop back, downlink frame repeated 2 times, each bit
1my L . s : : _ repeated 2 times
0 B : ; : . ; : 4'd11 DLFRAME_2G56 Loop back, downlink frame repeated 1 times, each bit
0.8m' . .
: : : : : : : : repeated 4 times
: : : : : 5.12 GHz clock pattern h
0.6mY RN Ry . . : 4d12 CONST PATTERN 8 x DPDataPattern[31:0]
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LHCb miniDAQ

PCle40 Card

. m_m|u|||||m|||||u||||||||m|u|||mmu5ﬁimlo v © PCle40/PCle400 based DAQ card will be used in the

| backend for the upgraded detector

@ Developing a LHCb-like miniDAQ system using
PCle40: provides 48+48 bidirectional fibre
connection

@ |pGBT-FPGA core is under development
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DAQ Chain with FE attached

o Add MightyPix1 (our FE sensor) on the front-end to have a complete readout chain
0 This setup can also serve as a test bench for eLink (flat-flex) development, and

off-chip component testing

Electronics Testing Setup

()]

=
KCU105 b= MightyPix

\__’/'-‘\
FPGA Q > vipB+ | E Adcaa"r’;er w1
Dev Board Optical InGBT E carrier
Connection DisplayPort
Connection

X
N\

eLink clock, data in/out, i2c signals available on the VLDB+ FMC

Presently | am checking if the FE data-lines are compatible with |[pGBT input
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Final DAQ chain

g Full system level DAQ chain

Electronics Testing Setup

()]
c
KCU105 b= MightyPix
\_/-‘\
FPGA Q > VLDB+ E A‘c’:z?;er I
Dev Board Optical InGBT E carrier
Connection DisplayPort
Connection

v Replace this with proper flat flex

Replace this with proper service hybrid

This is an example service
card being designed for
LHCDb tracker (using
I[pGBT, VTRx+, bPOL)

\4

Replace this with LHCb style
miniDAQ with PCle40
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Thank You
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