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especially from A. Kluge, K. Wyllie and F. Vasey.




Topics to Cover

The topics | will cover are a bit more limited than the title implies.

| will not cover pixel or MAPs detectors as they have already been
covered by earlier talks.

| also will not discuss tracking chambers associated with muons as
that will be covered in a later talk.

What | will then discuss are the following:

— ALICE: Electronics for the TPC.

— LHCb: Electronics for the UT & the SciFi detectors.
— CMS: Electronics for the Silicon Strip Detector.

— ATLAS: Electronics for the Silicon Strip Detector.

Jorgen Christiansen gave a very comprehensive talk on the upgrade
electronics for all the silicon detectors at last year’s workshop.
— This talk will complement and update what Jorgen presented for the silicon
strip detectors.

ECFA HL-LHC Experiments

Workshop  23-Oct-14 Electronics Requirements for Tracker Upgrades A.A. Grillo 2




ALICE Upgrade Strategy Phase |

LS2
* High precision measurements of rare probes at low p,.

— Cannot be selected with a trigger filter.
— Must have a large sample of events recorded for full analysis.

— Target
* Pb-Pb = >10nb-1 => 8 x 10% events
* p-p (@5.5TeV) = > 6pb-1=>14x10"events

— Allow 50 kHz collision rate.
— Increase statistics by a factor of 100.

« Strategy for TPC: read out all events with online data reduction
(no filtering).
— Continuous sampling at 10 MHz for L =6 x 10 ¢’ cm1s,
— Reconstruction of clusters and tracks online.
— Improve vertexing and tracking at low p,.

« Upgrade of TPC with new GEMSs but without trigger.

— lon backflow mechanism of GEMs allows continuous readout vs.
MWPCs.
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TPC Readout N
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SAMPA ASIC

« Used for TPC & muon chambers (MCH)
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LHCb Upgrade Strategy -
 The LHCD strategy is captured in this figure from Ken Wyllie. LS2
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Ken Wyllie, CERN

* The entire detector will be readout at the 40 MHz beam crossing rate.
* Alow level trigger will provide a final filter prior to shipping data to
the DAQ system reducing the event rate from 40 MHz to 20 kHz.
— Low level trigger uses calorimeter and muon information.
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SALT ASIC in Development for the UT

Specifications from M. Idzik’s TWEPP 2014 talk:

e CMOS 130 nm technology

e 128 channels, Front-end&ADC in each channel

e Pitch ~70-80 um

e Sensor: capacitance 5-20 pF, AC coupled

e Both input signal polarities (p-in-n and n-in-p sensors)
e Input charge range ~ 30ke-

e Noise: ENC ~ 1000e” @10pF + 50e7/pF

¢ Pulse shape: Tpeak ~25 ns, very short tail: ~5% after 2*Tpeak

e Crosstalk < 5%

e ADC: 6-bit resolution (5-bit/polarity), 40MS/s

e DSP functions: pedestal and common mode subtraction, zero-suppression
e Serialization&Data transmission: 320 Mbps e-links to GBT, SLVS I/0

e Slow control: I12C sl
e Power < 6 mW/channel o 000000
000000
) . D§
Radiation hardness ~ 30 MRad M ﬁ
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Electronics for Scintillating Fibers
 Silicon photo multipliers:
— High photon detection efficiency.
— Low cross-talk.
— Meet the required radiation tolerance.
— Small temperature dependence.
— Small dead region.

— Thin entrance window.
— Presently only two vendors meet requirements: Hamamatsu & Ketek.

« PACIFIC readout ASIC:
— Very low input impedance (~ 30 Q). % | ‘g
— Fast tunable shaper. P Shaper { s ]7
— Dual interleaved 25 ns gated integrator.
— 2-bit with40 MSamples/s flash non-linear ADC.
— Power consumption < 8 mW/channel at 1.2 V.
— Serialization at 160 MHz.
— Bandgap references and 12C interface based on CERN design.
— 64 channels/chip to match pitch of SIPMs.
— 130 nm technology.

DIGITAL
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Remaining System Aspects of LHCb Upgrade

« Power for the UT readout will be provided by a new version of
the rad-tolerant linear regulator from ST.

 The SciFi readout will use the FEAST-MP DC-DC converter
developed by CERN.

« Both tracker systems will use the GBT and Versatile link for data
transmission out of the front-end ASICs to be received by
PClexpress cards with FPGASs to process the data prior to
sending it to PC farms.
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CMS Outer Tracker Upgrade Modules e
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CMS Outer Tracker Upgrade Summary

« Consists of two different types of modules:
— “2S” modules of two back-to-back strip sensors at the largest radii..
— “PS” modules of one strip sensor back-to-back with a macro pixel sensor
at intermediate radii.
* Four separate ASICs are required:
— CBC is the front-end for 2S modules (130 nm technology).
— SSA for the strip sensors of PS modules (65 nm technology).
— MPA for pixel sensor of PS modules (65 nm technology).
— CIC concentrator chip for both 2S and PS modules (65 nm technology).

* The three front-end chips include an analogue front-end,
comparator and digital back-end — but the CBC and MPA also
Include stub finding logic.

— Track stubs formed by hits in top and bottom sensors are identified and
only those with p, above programmable threshold in the 4T field are kept.
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Readout Architecture

nearest neighbour signals C BC2 a rCh IteCtu re

FE amp comp. 4] 4L 11]t1 pipeline  shift reg.

254'3)?‘>\w é 3é - > 256 Il;)ng = g‘zz_i: x;zg::ﬁ.clock
c o) Ipeline ¢« fast rese . - -r-
D,\T>m>1> o T N e W b e Strip signals are amplified
g| |o =i = and discriminated into
TLwiE= s E— > : -
I ; i hit/no-hit signals. |
1%>;{>§ M=k >Ii: Then passed to cluster logic.
test g ) % %\ = trig'd data out
pulse = » trigger O/P

slow contro| [«— 12C

4| 4

nearest neighbour signals

254 channels: 127 from each sensor layer

channel mask: block noisy channels from trigger logic

CWD logic: exclude wide clusters >3

correlation logic: for each cluster in lower layer look for cluster in upper layer window
trigger output: 1 bit per BX indicates correlation logic found one (or more) stubs

triggered data out: unsparsified binary data frame in response to L1 trigger With one GBT link per module’ the
7 -
lower power option of the future LP-
GBT will be required.
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ECFA HL-LHC Experiments
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ATLAS ITk — Strips Sub-detector .

Both barrel and end-cap modules use the same chip set. LS3

— ABC front-end ASIC (130 nm technology).
« 10 ABCs per hybrid for barrel, up to 12 for end-cap hybrids.

— HCC: hybrid controller chip (130 nm technology).

Original architecture responded to two types of trigger signals:
— L1: transmit entire event from all modules.

— LO-ROI: temporarily hold data upon receipt of LO.
* Transmit data from specific modules if ROI signal is received.
* ROI limited to 10% of all modules.

— Data from ROI modules to be supplied to TDAQ in time for track data to be
used in L1 decision.

» Philosophy: track fitting off-detector can make best use of data.

Prototype ABC130 fabricated; HCC in fab now.

With the change in LO rate to 1 MHz, architecture has changed.
— L0 Mode: transmit data from all modules upon receipt of L0 (<1 MHz).
— L1/L0-ROI Mode: retain original architecture as second option.
Redesign work will start shortly.

— Effects on module mechanics & assembly process negligible.

— Using original architecture ASICs to finalize module, stave, petal assembly
processes will allow schedule to be maintained.
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ITk Strips Readout Architecture
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Technology Table

IBM TSMC | TSMC | Techno de | Techno de ST Several
130 nm | 130 nm | 65 nm | On-Semi | On-Semi Promising
350 nm 350 nm
ALICE GBT SAMPA
Phase |
LHCb GBT SALT Linear Reg
Phase | PACIFIC FEAST-MP
DC-DC
CMS CBC SSA FEAST2
Phase Il DC-DC
MPA
CIC
LP-GBT
ATLAS ABC LP-GBT FEAST2 HV Switch
Phase Il DC-DC
HCC
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Radiation Tolerance Requirements

ASICS Total lonizing Dose Total Fluence

ALICE SAMPA, GBT ~ 20 Gy ~4 X 1011neqcm'2
Phase |
LHCb SALT, GBT, Linear Reg. ~ 150 kGy ~2x10%n,,cm™
e | PACIFIC, GBT, DC-DC ~30 Gy ~ 6 x 1011n, cm2
CMS SSA, MPA, CIC, ~ 1.0 MGy ~1.5x10% neqcm'2
Phase Il LP-GBT, DC-DC

CBC, CIC, LP-GBT, DC-DC ~ 100 kGy ~ 6 X 1014neqcm'2
ATLAS ABC, HCC, LP-GBT, ~ 317 kGy ~8.1x 1014neqcm‘2
Phase Il DC-DC, HV Switch

Note that the radiation levels for pixels in LHCb, CDS and ATLAS are significantly
higher than these values for their outer trackers.
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Summary

* There is development work in several different technologies
— Necessitated by the difficult requirements placed on the four experiments.

* There are many opportunities for common development, shared
work and progressive upgrades to the electronics as needed.

— Frame contracts between CERN and IC foundries.
« Common access to technologies and design tools.

— Common goals of radiation qualification with work shared by CERN
Microelectronics Group and the Experiments.

— Important components provided by CERN Microelectronics Group for
use by many or all experiments.
 GBT+Versatile Link 2 LB-GBT+Versatile Link.
« FEAST-MP DC-DC = FEAST2 DC-DC.
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