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cErn) OVERVIEW

 Introduction of Phase Il Upgrade of the tracker ITk of the ATLAS experiment

 Data transmission chain overview

 Quter Barrel data transmission measurements
o Eye diagrams
o Soft error tests
o Electrical tests with silicon pixel module

« QOverview of data merging in the Pixel detector

« Quter Barrel data merging tests

Leyre Flores 05/10/2023



cErn) ATLAs ITk PHASE Il UPGRADE )
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From LHC to HL-LHC

» Proton-proton collisions with up to 14 TeV at higher intensity - Increased particle densities
* Instantaneous nominal luminosity x5-7.5 - Increased pile-up events

* Integrated luminosity x10 - Increased radiation damage (max 2x10*¢ n,,/cm?or 1 Grad)
- DETECTORS UPGRADE REQUIRED

Leyre Flores 05/10/2023



E N ATLAs ITk PHASE Il UPGRADE SCHEDULE 6

<7 ATL

EXPERIMENT

The Phase Il Inner Tracker Upgrade (ITk) has two main components the strips detector and pixel detector
The pixel detector comprises of:

o The Outer System (OS) made up of the Outer Barrel (OB) and two Outer Endcaps (OE)

o The Inner System (IS) which has both a barrel and end-cap component.

ATLAS ITk Layout for HL-LHC ITk Pixel System
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&N DATA TRANSMISSION OVERVIEW OF ITk PIXELS &)
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Active components in the data transmission chain
 FE modules with ITkPixvl readout chips sending data at 1.28 Gbps and receiving commands from FELIX
at 160 Mbps
o It uses the AURORA 64/66 bits communication protocol for high-speed point to point data transmission
« GBCRis a giga bit transceiver ASIC designed to perform equalization and improve data quality
» |pGBT radiation tolerant serializer/deserializer that aggregates up to 6 data links at 1.28 Gbps and sends
them to the FELIX DAQ. It also provides the command to the modules
« VTRX+ electrical/optical transceiver

Passive components in data transmission tests
* Module hybrid, pigtails, PPO PCB, twinaxial cable and optical fibers
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E N OUTER BARREL DATA TRANSMISSION CHAIN 6

<7 ATL

Example of data transmission chain for Outer Barrel
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» Total accepted loss is -20dB for the entire services chain

« All the components have individually been qualified for data transmission and the sum of their accumulated
losses is lower than the maximum accepted value

* Need to perform system tests and verify that the data transmission quality is good in the bigger picture
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N OUTER BARREL DATA TRANSMISSION TESTS &)

N A
EXPERIMENT

In order to verify data transmission at system level three different type of test were performed:

« Eye diagrams in which the signal coming from the module or received by the module is directly probed at
different points in the system (input/output of GBCR, input of ITkPix before/after AC coupling capacitors)

« Soft error tests which acts in the decoded data by looking at the “never changing” bits of the idle frames

that are continuously sent by the front-end electronics in the Aurora protocol
o Cross check that soft error test matches eye-diagram results

« Digital scans in which the data propagates over the full data chain and it is interpreted to generate plots
During these tests many parameters have been adapted and -in cases- optimized among which:

» Level of equalization provided by the GBCR ASIC

» Level of pre-emphasis and amplitude of the output signal in the FE electronics

* IpGBT uplink phase alignment in automatic and static modes
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Measurements by Angelos Zografos

Leyre Flores

05/10/2023

OUTER BARREL EYE DIAGRAMS =

Eye diagram of the uplink/data

Optoboard used v2.1

Flat PPO

Measurement taken at the input of the
GBCR

Before equalization

ITKPix output amplitude 800/1023
Low level two tap pre-emphasis

Eye diagram of the uplink/data

Optoboard used v4

Inclined PPO

Measurement taken at the output of the
GBCR

ITKPix output amplitude 500/1023

No pre-emphasis

Mid — level equalization (6/15)



Measurements by Angelos Zografos
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OUTER BARREL EYE DIAGRAMS =

Eye diagram of the downlink/command
* Optoboard used v2.1
« Flat PPO

« Measured on the module, mm before the
ITkPix

* Mid level GBCR pre-emphasis

Eye diagram of the downlink/command

« Optoboard used v4 (downlink comes

directly from the IpGBT and the GBCR is
bypassed)

* Inclined PPO
« Measured on the module, mm before the

ITkPix

* Max IpGBT pre-emphasis



@) OUTER BARREL SOFT ERROR TESTS &9

N g

EXPERIMENT

« Soft error tests check that the data transmitted is being received without bit flips in an expected 18 bits pattern
* These tests where perform for different amplitudes of the signal sent by the FE electronics, for different pre-
emphasis values and for different equalization levels
 The LPGBT phase alignment was set to manual
« Main goal of these tests:
o Cross-check of the eye-diagram measurements - Open eye means no soft errors
o Understand the operation window
o Move the settings to mid values of their whole operation range to have margin of correction once the
detector has been operating under the high radiation levels expected in the ITK

0  Inclined PPO 0 _ « Flat PPO
* ITKPix output * ITKPix output
3 amplitude 3 _ amplitude
6 500/1023 6 D s00/1023
* No pre-emphasis _ « Two tap mid level
9 . 9 .
 Mid - level pre-emphasis
12 equalization (6/15) 12 _ « No equalization
15 15 Nodataflow
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cErn) OUTER BARREL DIGITAL SCAN )

7 L

» Once stablished that the eye-diagram is open and that there is a wide operation range for the different settings
the final check is to make sure that there is data flow and that it can be reconstructed

« Example of digital scan outcome for ITkPixv1.1
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cErn) DATA TRANSMISSION CONCLUSIONS )

~7 ATL

Eye diagram tests for the uplink show an open eye before and after the GBCR equalizer
o The link quality is good for Aurora 64/66 encoded data at 1.28 Gbps

« Eye diagram tests for the downlink show as well an open eye
o Optimization of parameters have been achieved with new coupling capacitors and bypassing the GBCR

» Soft error tests cross-checked that for the same configurations shown in the eye-diagrams measurements and
choosing statically the [pGBT phase there is a wide window of operation in which the link is free of errors

» Under these described conditions electrical tests with the pixel module can be performed and the data is
correctly decoded

Leyre Flores 05/10/2023
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E N OUTER BARREL DATA MERGING OVERVIEW 6
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EXPERIMENT

* Due to the mechanical constraints of the outer barrel not every FE of the module can be connected electrically
individually
» Uplink sharing for all layers to reduce material (320 MHZz)

Control link 160 Mbps

Data link 320 Mops e T Each FE can receive up to 4 data links at
> | Data link 320/640/1280 Mbps :

e —— - . 320 Mbps and send out 4 links at a
> (RD538/C) Data link 320/640/1280 Mbps

programmable speed according to the
Aurora protocol (1.28 Gbps for ITK)

Data link 320 Mbps

_—

Data link 320 Mbps

Data link 320/640/1280 Mbps

« Two type of data merging foreseen for the Outer Barrel layer according to the expected link occupancy

' 2 FE on a single link = 0.5/FE

=) E]

Used in Outer Barrel layer2 | &% &

' 4 FE on a single link = 0.25/FE

Leyre Flores 05/10/2023 13

Used in Outer Barrel Layers 3 & 4

2 FE on a single link = 0.5/FE ‘



E N OUTER BARREL DATA MERGING TESTS 6

NS

« ITkPixv1.1 had a know issue and depending of the phase between data and clock during data merging mode

there will be no data flow

Trombone delay: Correct frames for data merging

Percentage of correct read registers

. ' . ' "
1000 15 2500 3000

Delay introduced by the trombone [ps]

Test in which two Single Chip Cards (SCC) of ITkPixvl.1 are
connected together. One sends data to the other and it is read
merged in the second SCC. With the help of a trombone device
the phase from clock to data is delayed in steps of 10 ps for the
full period. There are a few regions where data merging fails.
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OUTER BARREL DATA MERGING TESTS AT

Workaround to solve data merging issue in ITkPix v1.1

&)

EXPERIMENT

o Changing powering of individual FE in order to change the phase of data with respect to clock
o Developed TRIM scan - TrimA and TrimD values of global configuration are swept from 0-15 and each
pixel is injected digitally several times. They directly affect VDDD and VDDA value.
o Itallows to choose values for which data merging will work
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@) DATA MERGING CONCLUSIONS &9

EXPERIMENT

« |ITkPixv1l.1 have a well understood issue for some phases between clock and data when running in data
merging mode

« A workaround was developed that allows to reconstruct data in electrical tests with the silicon module
o Trim scan

» System tests can be performed with the solution presented

Leyre Flores 05/10/2023
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cErn) SUMMARY AND NEXT STEPS )

Summary

« Data transmission tests have shown that the Outer Barrel services are in the right path and good
communication is possible

« Data merging tests introduced and working after workaround solution
» OQOuter barrel services chain working using unirradiated components
Next Steps

* Repeat the testing for components after irradiation

« Build the chain with the final FE readout chip ITkPixv2

« Check that the data merging phase issue is fixed in ITkPixv2 and the chip
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