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To meet new TDAQ buffering requirements and withstand the Front-End e ‘
high expected radiation doses at the HL- LHC, the ATLAS LAr Phase- e,
: : : Upgrade L
Calorimeter readout electronics will be upgraded. T F
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LAr Timing System (LATS)

7| TTC FPGA o . TIca < FELIX

Phase-ll Upgrade
Front-End Board (FEB2)

EAM-IE-!T.\&NST CALORIMETER READOUT ELECTRONICS FOR THE HL-LHC o Uivensiyot Tona t i
Pre-Amplifier & Shaper Eront-End
Liquid Argon Upgrade Read Out Chip (LAUROC) Phase-II
« Single-ended pre-amplifier with two-gain shaper with Upgrade

differential outputs to ADC
 Meets the requirements: La Caloimster Cels

« Dynamic range: 10 mAfor 25 Q channels,
2 mA for 50 Q channels
«  Preamplifier noise: 350 nA for 10 mA channels,
120 nA for 2 mA channels
* INL < 0.2%; sum of four channels sent to Level-0 Trigger

*Not retained because ALFE has a better performance

P> Global Event
Processor

Analog-to-Digital Converter (ADC)

COLUTA

« Design ASIC for FEB2

* Baseline option

* Eight channel, 15-bit ADC

* Multiplying DAC + 12-bit pipeline SAR

« Performance measured by injecting a sine wave at different carrier frequencies .
« Achieve precision of 11.7 and 11.3 bits at 1 & 8 MHz .
« DNL < %1.0 15-bit LSB, no missing codes

 |INL < 0.03% .

« Digital Data Processing Unit (DDPU) block computes ADC codes and outputs
data to optical links at 640 MHz

Meets design requirements:

Digitize both gains of 4
calorimeter channels per ADC
ASIC (ie. 8 ADC/ASIC)
Digitize at 40 MSPS

14-bit dynamic range, > 11-bit
precision

Radiation hardness
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= ront-End ye——— — Back-End | LATS TTC distribution, configuration and
Phase-|| e = Phase-ll monitoring of FEBs and calibration
Upgrade J T . Upgrade boards

N
data buffers fragment o
Illull ™ builder Array FELIX

LAr Calorimeter Cells
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LAr Digital Processing System (LDPS) e LATO U R N ETT
G [ pfusie] PP g  Central FPGA (Cyclone 10 GX): connections to FELIX,
| [ e — DCS/Run Control
g g T T | —— o= « Matrix FPGAs (Cyclone 10 GX): connections to FE
o pee] T Clj electronics
« System on Module: Embeds OPC UA, Linux distribution
— i j S— - IPMC: read critical sensors
Front-End Board 2 Slice Testboard e LASP
« Can contain pre-prototype versions of | - Apply digital filtering to data from FEB2 (512
preamplifier-shaper and ADC, layer channels)

« Digital filtering, buffer and output data to TDAQ at
25 Gbps

« Testboard design is complete

« Firmware development (Intel Stratix 10) in progress

sum boards, radiation-tolerant power
distribution, optical links for data and
control

« 32-channel readout

« Full readout chain working

References:
ATLAS-TDR-027
ATL-COM-LARG-2020-001
AT2-AL-CD-0001 v.1.1
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