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Vasilije Perovic on behalf of the CMS Collaboration

Serial plowering for

ETH:zurich




LHC plan and CMS upgrade

H
: r
Run 1 | | Run 2 | | Run 3
LS2
- 13 TeV (EYETS 14 TeV LS3 14 TeV
> INJECTOR UPGRADE 5107 X
splice consolidation TDIS absorber cryolimit A nominal
7Tev 8T8V ___ ' bution collimators 11T dipole & collimator interaction  HLAHG luminosity
R2E project Civil Eng. P1-P5 regions installation ——
2012 ‘ 2013 2014 2015 2016 2017 2018 2019 2020 ‘ 2021 ‘ 2022 ‘ 2023 ‘ 2024 ‘ 2025 ‘ 2026 2027 »
- radiation
experiment A“;Ads 2:;?! 1 damage ATLAS - CMS
beam pipes 2 x nom, luminosity upgrade p 2.5 x nominal luminosity 2 upgrade phase 2
11‘2:{:.";,» nominal luminosity v

—

luminosity /__ ALICE - LHCb
upgrade

. . ) ) Tracker Extension Pixel (TEPX)
= |nstantaneous luminosity (design) to increase 7.5x >

= A number of technical novelties are needed
(Talk by S. Orfanelli on CMS Inner Tracker upgrade) Tracker

Barrel
Pixel
(TBPX)

q Tracker Forward
<«——— Pixel (TFPX)
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Some of the challenges
for the Phase 2 Inner Tracker

= High luminosity - Radiation-hard design
= Increased latency and hit rate - High supply current
= Smaller feature size (65nm CMOS) (~2 A /chip, ~30 kA total)
= Increased granularity Serial
Powering
= Good tracking performance - Low mass design

Serial powering has never been attempted before in a HEP experiment.

JINST 12 (2017) no.03, P03004
Nucl.Instrum.Meth. A557 (2006) 445-459
Nucl.Instrum.Meth. A511 (2003) 174-179
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Serial powering

Parallel powering (current detector) Serial powering (Phase 2 detector)
1
LR,
Maodule /_ ‘ ‘ V
[0 —_ ImA FE-Chi FE-C‘h\p FE-C‘hip FE-Chip m
Module
FE-Chip FE-Chip FE-Chip FE-Chip Vm
\\__L_]—_/ v
Module / ‘ ‘
FE-Chip FE-Chip FE-Chip FE-Chip Vm
S \ [ 7
"VO - an :
|
Power loss in parallel powering ~ n2I% R Power loss in serial powering ~ IR
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Serial powering

Constant input current

Different local grounds
—> on-chip reference needed

s

Readout
chip 1

|

Readout
853 chip 2

|
|

Readout
chip n

L —

|
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Serial powering

= Constant input current

= Different local grounds
—> on-chip reference needed

= High Voltage distributed in parallel

= Planar sensors (talk by G.Steinbrueck) can
work with this

= 3D sensors (talk by M.Meschini) require
higher HV granularity

Readout Sensor
chip 1
HV
Readout Sensor
8 chip 2
!
i
HV
chip n
L l
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Serial powering

Possible forward bias with HV off (can be avoided)
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Serial powering

= Constant input current

= Different local grounds
—> on-chip reference needed

= High Voltage distributed in parallel

= Planar sensors (talk by G.Steinbrueck) can
work with this

= 3D sensors (talk by M.Meschini) require
higher HV granularity

= Possible forward bias with HV off
(can be avoided)

Readout Sensor
chip 1
HV
Readout Sensor
8 chip 2
!
i
HV
chip n
L l
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Serial powering

= Constant input current

= Different local grounds
—> on-chip reference needed

= High Voltage distributed in parallel

= Planar sensors (talk by G.Steinbrueck) can
work with this

= 3D sensors (talk by M.Meschini) require
higher HV granularity

= Possible forward bias with HV off
(can be avoided)

= Single failure can compromise the
chain

G

HV

—

HV

Readout Sensor
chip 1

!

|

L —

chip n

l
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Serial powering

= Constant input current

= Different local grounds
—> on-chip reference needed

= High Voltage distributed in parallel

Planar sensors (talk by G.Steinbrueck) can
work with this

3D sensors (talk by M.Meschini) require
higher HV granularity

= Possible forward bias with HV off
(can be avoided)

= Single failure can compromise the
chain

- Modules with parallel-powered chips

G

“104, 12V 4(2) chips per module
HV
A
L1/
I 1
|
7
HV
A
II III
1
Sensor
7
~8 modules per power chain
HV
L1zl
1 1
1
Sensor
v
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Serial powering

= Constant input current

= Different local grounds
—> on-chip reference needed

= High Voltage distributed in parallel

= Planar sensors (talk by G.Steinbrueck) can
work with this

= 3D sensors (talk by M.Meschini) require
higher HV granularity

= Possible forward bias with HV off
(can be avoided)

= Single failure can compromise the
chain

- Modules with parallel-powered chips

G

~10A, ~12V

HV

4(2) chips per module

HV

HV

~8 modules per power chain

Sensor
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Serial powering

~10A, ~12V
HV

4(2) chips per module

L1/
I 1

= Constant input current

= Different local grounds -
- on-chip reference needed Hy

N

Sensor

= High Voltage distributed in parallel 8

= Planar sensors (talk by G.Steinbrueck) can 7
work with this

= 3D sensors (talk by M.Meschini) require HY
higher HV granularity A

~8 modules per power chain

Sensor

= Possible forward bias with HV off ,
(can be avoided) ]

= Single failure can compromise the
chain

- Modules with parallel-powered chips
= Ohmic load to the supply
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Serial powering — Shunt LDO regulator

= Constant voltage from the constant supply current
=  Shunt + Low Dropout Regulator - ohmic behaviour is seen by the power supply

Excessive current

| Short peaks to
be filtered by

Current margin\ decoupling that will make system fail
Power burned in
shunt-LDO
Chip max current
| Chip current/power
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Serial powering — Shunt LDO regulator

Constant voltage from the constant supply current
Shunt + Low Dropout Regulator - ohmic behaviour is seen by the power supply
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Serial powering

Z104, 12V 4(2) chips per module
HV
L Analog—1 igital
_ _ ISLDO&I‘;lSLDOIDfH Sensor
= Modules = serial powering roc—————
”
=  Chips on modules - parallel powering "
= HV distribution - parallel and referenced to the local L
grounds in the serial chain ISLDO&MIDQ|SLDOI%M Sensor
= Communicationis AC coupled to parallel-powered hou
readout electronics with DC-DC converters. ~8 modules per power chain

HV

A
vl
i

= We will essentially use a mixed powering scheme

Analog Digital Sensor
|SLDO| L |SLDo|f
— [ =T

ROC
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Prototype test chip — RD53A

Chip size: 20.066 x 11.538 mm?
400x192

= Joint ATLAS and CMS effort
=  About ¥z size of the final chip (~1 A current)
= 65 nm CMOS technology

= Three powering modes:

u Shunt LDO 120 pm Il Top pad row (debug)
= LDO (no shunt)
= Direct

9.6 mm

e Analog Chip Bottom (ACB)

Digital Chip Bottom (DCB)

~ 1.5 mm

RD53A SCC
ev 0.2d

P78 15 PR35 TR, T T RN | ADC | ‘ Calibr. | | Bsasml ‘CDR/PLLl | POR | ‘Sensorsl |Ring osc.l
W
< 2

‘ ShLDO_An || ShLDO_Dig H ShLDO_An H ShiDO_Dig | ‘ DrivesfRec | | ShLDO_An H Shi DO_Dig || ShLDO_An H ShLDO. Dig |

J000000AAAOM e~ AOOOOCOOOOOOC

1
0,

um////j,‘/%l/i.ww”m ”mm' _.\-]”””ﬁ' Tmm\\\\\\\" .

~ 270 pm
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Serial Powering — RD53A SLDO regulator
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Serial Powering — RD53A SLDO regulator

== 05A5 in
—»— 05A5_analog
—%— 05A5_digital

1.50 1.75

ANALAANANARRRRARRRRRRRRRRRAR SN

Voffset' =

S T T
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Individual operation

RD53A SLDO operation

VIV]

BERERRE

05A5_analog
05A5 _digital
071_analog

071_digital

0566_analog
0566_digital
0576_analog
0576_digital

VIV]

1.50 1.75

Parallel operation

1.2 1

1.0 1

0.8 1

0.6 1

0.4 1
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RD53A SLDO operation

Individual operation

1.2 1
1.0 1
0.8 A1
— —»— 05A5_analog
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RD53A SLDO operation

= Canfailifinputis ramped - fixedin RD53B (next version)

144~ Vref (on-off)
= = \offs (on-off)
== VDDA (on-off)
124 — vrer
— \offs
1.0 4 —— VDDA
— 0.8 -
=,
>
0.6 -
0.4 1
0.2
0.0 A
0 1 2 3 4
|_in [A]
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RD53A prototype modules

Downstream

power connector
Digital I/0

7 connector
- (ellnk)

P \ Sensor

p +—— RD53A chips
Wire bond
pads

Mechanical support
/ & cooling

@) Vasilije Perovic | 17/12/2019 | 22



RD53A module SLDO operation
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Serially powered RD53A modules

2000 A
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Summary

= High-Luminosity LHC will run at a luminosity increased by a factor of 7.5
compared to the current one

= CMS detector will undergo an upgrade to be able to cope with this increase
= Serial powering is one of the required novelties to meet these requirements

= RD53A prototype readout chip has been developed (joint ATLAS and CMS)

= Serially powered guad modules have been built
= Serial powering is robust w.r.t. noise
= Parallel powering on each module is beneficial for startup
= Hysteresis is beneficial in preventing unwanted oscillations

= A chain of prototype modules has been operated and serial powering scheme
successfully deployed.

= Aot of work ahead!
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