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Journey to high speed DAQ
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DAQ

Context of ALICE Experiment
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ALICE@Run3 and Role of FPGA based CRU

Storage

50 kHz (70 MB/event)
~ 3.3 TB/s

90 GB/s  (peak)

50 kHz (1.8 
MB/event)

Online 
Offline 

(O2)
CRU

Parameter RUN-2
(2014-2018)

RUN-3
(2021-2023)

Luminosity 1027 cm-2 s-1 6 x 1027 cm-2 s-1

Collision rate 8 kHz (PbPb) 50 kHz (PbPb)

Max Readout rate 500 Hz (PbPb) PbPb: 50 kHz
pp & pPb: 200 kHz

ALICE statistics before and after the scheduled upgrade
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Requirement and Features for a Common Readout Unit

 To preserve smart features of the present DAQ system, like:

1. Common interfaces between the various detectors and the common
Online computing farm.

2. Optimizing the system level costs by aggregating the digital data from very high number
of sources to high bandwidth optical data links.

 DDL3 links, higher data throughput requirements of operation in Run3

• Reduce the number of different link technologies presently used

• Read-out the very large number high bandwidth, serial detector side links, and multiplex to
common, even higher bandwidth, server-side links (uplinks, or DDL3).

• Minimize the number of physical links between the different nodes of the system
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CRU  Task: To reduce recorded data volume by online reconstruction.
 Data concentration, reconstruction, multiplexing
 Gets the data from detector electronics and Trigger
 Moves the data to DAQ 

Links:    GBT Link (Radiation Tolerant High Speed Optical Link)

10 Gigabit Passive Optical Network (PON)
DDL3  link ( PCIe Gen 3 x16)

Common Readout Unit (CRU): FPGA based Readout board

PCIe
Interface

DAQ
50KHz
70MB/event

50KHz
1.8 MB/event

90 GB/s
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Choice of Location

 The application specific functionalities, require Common Read-out Units be

implemented as electronics boards with custom designed, programmable

functionality based on up-to-date FPGA technology.

 Two basic versions, depending on the physical location of the CRUs.

 Version A: CRU in Cavern, close to the detectors.

 Version B: CRU in the Control room.
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Located at Cavern

• CRU is placed in the ALICE cavern, mounted on/near the detector structures.

• Subject to radiation, must be custom designed radiation tolerant electronics.

• Detector systems are connected via short electrical/optical cables to CRU.

• Connection to the DAQ via long, high performance links (DDL3)

FEE-1

Detectors

FEE-n

CRU 
Radiation tolerant 

Flash memory based
FPGAs

Cavern Counting room O2 System

FLP

Detector dependent 
short front-end links

(E-links or other) 

DDL3

Implementation version A: CRU as FPGA boards in the cavern.
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Located at Control room

• Located in the control room, CRU doesn’t have to be radiation tolerant.

• Detector systems are connected to the CRU via GBT links and long optical fibers.

• Interfacing with the DAQ online computing is done with short, high performance industrial

standard links (DDL3).

• Option to put the CRU as a PCI Express card in the computers of online system

FEE-1

Detectors

FEE-n

CRU 
High performance

SRAM based
FPGAs

Cavern Counting room O2 System

FLP

GBT Links

DDL3

Implementation version B: CRU as FPGA boards in the control room.
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CRU  in Cavern CRU  in Counting Room
Radiation Tolerant

Flash memory based FPGA

Micro-semi  Smart Fusion 2

Not radiation Tolerant
SRAM based FPGAs

Xilinx Virtex 7 or Intel StratixV GX/Arria-10

11

• Location of CRU-control room would be in the ground level counting room, thus it is
accessible during operation. No additional electronics, cabling, cooling needs to be
installed or maintained on the detector.

• The CRU-control room electronics is not subject to radiation, thus state-of-the art
high performance FPGAs be employed along with COTS components.

• Low impact on cavern infrastructure, ecosystem and legacy support.

Choice of FPGA

CRU  Location          contd..
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Advantages of the Proposed approach over the Conventional approach
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FPGA Selection Parameters

Choice of FPGA
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FPGA family with maximum SerDes Speed
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Readout Scheme
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Readout Scheme

Gigabit Transceiver logic core firmware on FPGA 
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Latency Measurement for GBT 
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1 LHC Clock Cycle = 25 ns

Latency measurement for GBT 

Publication: Shuaib Ahmad Khan, et al. “A potent approach for the development of FPGA based DAQ system for HEP
experiments.” Journal of Instrumentation (2017) doi.org/10.1088/1748-0221/12/10/T10010 Vol. 12
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Data Read
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BER Analysis
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BER measurement for GBT Frame coding and GBT wide-Bus mode

Publication: Shuaib Ahmad Khan, et al. “A potent approach for the development of FPGA based DAQ system for HEP
experiments.” Journal of Instrumentation (2017) doi.org/10.1088/1748-0221/12/10/T10010 Vol. 12
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0

Margin of Receiver Sensitivity: 2.1 dBm
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Eye Diagram Test
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FPGA Test Setup

Eye Diagram Test

Eye Diagram for the GBT Link testing on Altera

Eye Width is 176.8 ps, Eye Height is 373 mV
BER of 5.525x10-12

Publication: Shuaib Ahmad Khan, et al. “A potent approach for the development of FPGA based DAQ system for HEP
experiments.” Journal of Instrumentation (2017) doi.org/10.1088/1748-0221/12/10/T10010 Vol. 12
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Phase alignment Logic

RAPID2021    Jammu University



Auto-initialization alignment logic

Frame Clock
40 MHz

(Out of Phase)
Frame Data

120 bits
Word Clock

120 MHz

Word Data
120 bits

Address
bits

Frame Clock
40 MHz

(In-Phase)

The rising edge of the derived divided clocks
may be aligned to any of the triggering edges
of the multiplied clock.

Phase mismatch between
theWord clock and
Frame clock of GBT protocol

Distribution Scheme for clocking the Intel FPGA
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State Machine for Phase Calibration

GBT Link MUX

Pattern 
Generator

Pattern 
Checker

Link 
stable

MGT Tx
PLL

Reset

False True
Test data line 

shifted to user line 

Tx

Rx

Clock

Disable

Calibration Logic

Serial 
LoopbackPhase alignment logic

Publication: Shuaib Ahmad Khan, et al . “Development of FPGA based phase alignment logic for the high speed protocol in 
HEP Experiments.”  Computer Physics Communication Volume 259, Feb 2021, doi.org/10.1016/j.cpc.2020.107649

Phase Shift Value 
from Logic for 
Phase calculation

Is Metastability
Seen ?

Assert 
MGT Tx
PLL Reset

In-Phase Yes Yes

Out of Phase Yes Yes

In-Phase No No

Out of Phase No Yes

Logic for Error Detection

25
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Multi-Gigabit Transceiver Optimization technique 
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What is the need!!!!!!

Multiple transceiver parameters
with large span of operating range.
Scan every combination is time
consuming.

27

32 x 63 x 63 x 31 x 15 x 5 x 16 x 8 
~ 3.78x 108 iterations
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Transceiver Optimization Methodology

Publication:  Shuaib Ahmad Khan, et. al, "Optimization of multi-gigabit transceivers for high speed data 
communication links in HEP Experiments."NIMA: (2019) https://doi.org/10.1016/j.nima.2019.02.030 Volume 
927, May 2019, Pages 14-23 28RAPID2021    Jammu University



Transceiver tests and tuning Test Setup

Arria-10 FPGA card inserted in PCIe x16 slot of server. 
The optical signal from the externally pluggable SFP+ is looped back via the fibre equipped 

with the variable optical attenuator (VOA)

29
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Time to achieve BER of 10-12 for the Line rate of GBT, TTC-PON and 10 Gbps optical 
links for different Confidence Level

Solution at N = 0
𝑇 is test time needed, 𝑅 is the line rate

The minimum number of bits required to be tested for the BER 
measurement with a specific associated CL

For the 95% CL, Eq. reduces to n ≃ 3∕(𝐵𝐸𝑅). Hence to achieve the BER of 10−12 at 95% CL, total 3x1012

bits need to be tested, as a thumb rule.
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10 Gigabit

GBT

TTC-PON

19/41

49/54

28/59

63/63

18/43

41/50

Spider plot for 
parameter

comparison of Eye 
Diagram at

PRBS31 for Default and 
the Optimized 

transceiver parameters 
settings

Eye diagram at the Intel-default and at the Optimized settings of 
transceiver deduced using the proposed technique for different line rates
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Multivariate spider plot for Solution space vs the Intel-default

10Gbps GBT Link TTC-PON
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10 Gigabit

GBT 

TTC-PON

Comparison of Optical power(dBm) 
to attain BER of 10-12

Comparison of Optical power for CDR

Publication: Shuaib Ahmad Khan, et. al, "Optimization of multi-gigabit
transceivers for high speed data communication links in HEP Experiments.“ NIMA:
(2019) https://doi.org/10.1016/j.nima.2019.02.030 Volume 927, May
2019,Pages 14-23 33
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Hardware complexities
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CRU Boards: Hardware Complexities

HDI PCB More than 1750 components on the board

LAYER, DRILLS, VIAS 14 layer, laser drilling, blind, buried and stacked 
vias

OPTICAL MINIPODS 48 nos. high speed, 4.8 Gbps

PCI EXPRESS 16 Lane Gen x3 

HIGH POWER REQUIREMENT Supported by mezzanine cards

MATERIAL REQUIREMENTS High TG, Low DK material for high speed, low loss
ISOLA 408 HR, TUC 872 LK

THICKNESS  RESTRICTIONS 1.57 mm +/- 10%

FPGA CHIP with High user 
Inputs/outputs
(ARRIA 10 Device specifications)

1932 pin BGA package (ARRIA 10 Device 
overview) with 768 I/O and 96 Transceivers, 
production grade silicon, 20-nm technology.
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PCB: Thickness Measurement
1.64 mm (14 layer PCB)

Permitted value
1.57 mm +/- 10%

PCIe40 Bare board
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Assembly issues
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The via size of 0.2 mm is exactly the limit where
the capability of the mechanical drill is
restrained. The mechanical drill leads to an open
circuit between the two layers; the microsection
analysis of the board.

(Left) FPGA after solder balling (1932 pins) and (Right) 2D X-Ray image of the BGA package after 
mounting on PCB.

RAPID2021    Jammu University                                                                                         38



Temperature 
profiling

and

the Ramp-Spike 
method
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First CRU card at VECC 

ARRIA-10
FPGA

2 Tx and 2 Rx minipods mounted2 Optical patch cords 
mounted –Syslex (custom)

1. MEZZ15A BOM1 1.03V/1.03V

2. MEZZ15A BOM2 1.8V/2.5V

3. MEZZ15A BOM4 3.3V/3.24V

1
2

3
4

5PLX Chip
SFP+

Mini 
USB

MAX V

4. MEZZ15A BOM3 0.9V/0.9V

5. MEZZ60A   0.9V/0.95V
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