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I Secrial powering for the CMS IT detector at HL-LHC .
Outline

2 Short introduction of HL-LHC
2 Pills of Serial Powering in CMS Inner Tracker

2 Laboratory tests on Serial Powering

4 )
Report on planar sensor studies in talk

“First test beam results of HPK planar pixel sensors with the CROC readout chip for the CMS Phase 2 Upgrade”
Massimiliano Antonello - 28/02 at 14:25 (link)

Report on plan quad module and 3D spatial resolution studies in talk
“Test beam results of planar pixel quad modules and spatial resolution of 3D pixels for the phase-2 CMS tracker”

Martina Manoni - 28/02 at 15:05 (link)

Report on 3D sensor studies in talk
“Test Beam Results of 3D pixel sensors for the Phase-2 CMS Tracker with the RD53A and CROC readout chips”

\Clara Lasaosa Garcia - 01/03 at 11:10 (link)
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https://indico.cern.ch/event/1223972/contributions/5262022/
https://indico.cern.ch/event/1223972/contributions/5262019/
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I Scrial powering for the CMS IT detector at HL-LHC

CMS Phase-2 tracker @ HL-LHC
LHC /HL-LHC Plan "HiLumi ’

LARGE HADRON COLLIDER

LHC N\ HL-LHC
e | Luminosity = 3000+4000 fb!

e Luminosity = 5+7.5x10% cm s

e <PU> ~ 140+200

13 TeV

Diodes Consolidation
splice consolidation

limi LIU Installation i
7 TeV 8 Tev button collimators Fﬂrtye‘_ar;lncltli[on o ' d Dose & fluence 10X hlgher
—_— R2E project Toglons Civil Eng. P1-PS e 750 kHz L1 rate
ENEDEDEZEDEDES * 125 s L1 latency
7.5 x nominal i
ATLAS - CMS Flo 75 x nomindl Lo
experiment upgrade phase 1 ATLAS - CMS
beam pipes nominal Lum w ALICE - LHCb = 2 % nominal Lumi = HL upgrade
75% nominal Lumi upgrade

i

The present CMS tracker cannot sustain the foreseen radiation levels and data
rates and has to be completely replaced

energy

DEFINITION EXCAVATION BUILDINGS
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I Scrial powering for the CMS IT detector at HL-LHC >
The CMS Inner Tracker for HL-LHC
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I Scrial powering for the CMS IT detectorat HL-LHC

The CMS Inner Tracker for HL-LHC
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I Scrial powering for the CMS IT detector at HL-LHC >
The CMS Inner Tracker for HL-LHC
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I Scrial powering for the CMS IT detector at HL-LHC

The CMS Inner Tracker for HL-LHC
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I Scrial powering for the CMS IT detector at HL-LHC

The CMS Inner Tracker for HL-LHC

(

Electronics main requests and
innovations

r [mm]

e High radiation tolerance:
0 2.3%x10'6 n,,/cm?, fluence
01.2 Grad, TID
e Improve tracks separation:
o High granularity
o High bandwidth (up to 3.5 GHz/cm? occupancy)
o Low material budget
e Stringent space constraints
e Thin n-in-p silicon sensors
e Innovative power scheme

TBPX

\_

~

+— Electrical cable

Readout chips
Pixel sensor

24

High density interconnect

< = Base strips —" 4

e 3900 modules
e 2x10° pixels (124x10° in Phase-1)
® 4.9 m?
e Hybrid modules with 2 (1x2) or
e 1156 modules,
e Occupancy < 0.1%
e Simple mechanics:
o Can be removed for maintenance
o Barrel splits in half atz~ 0
o Disks with planar geometry

Antonio Cassese (INFN Firenze)
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I Scrial powering for the CMS IT detectorat HL-LHC

Power distribution strategies

e Large area + granularity — large number of channels
e Thin sensors — low signal — low thresholds and low noise analog circuits
e High data bandwidth + long L1 latency — high digital activity
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I Scrial powering for the CMS IT detector at HL-LHC

Power distribution strategies

e Large area + granularity — large number of channels
e Thin sensors — low signal — low thresholds and low noise analog circuits
e High data bandwidth + long L1 latency — high digital activity

U

High power budget

More than 3 times the Phase-1 tracker
e Almost same available total cable cross section
e Keep low material budget
e Delivered at~1+1.2V
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I Scrial powering for the CMS IT detector at HL-LHC

Power distribution

strategies

e Large area + granularity — large number of channels
e Thin sensors — low signal — low thresholds and low noise analog circuits

e High data bandwidth + long L1 latency — high digital activity

7

.

Outer tracker ® :
100 kW .

e Parallel powering

U

High power budget

More than 3 times the Phase-1 tracker

e Almost same available total cable cross section

Keep low material budget
Delivered at~1 +1.2V

N —

e 6-11V :

e In-situ conversion
e DC/DC converters
o Radiation hard
o Work inside magnetic fields

J
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7

|
Inner tracker @
50 KW

e Serial powering

e Up to 12 modules per chain

e Radiation hard

e Magnetic fields

e Regulators integrated on the FE chip

. J
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I Scrial powering for the CMS IT detector at HL-LHC

Inner tracker serial powering: why?

~1.2V . .
Power Direct powering
Supply 50kW/1.2V ~ 40kA
(20kg or 10%Xo of Copper)
Power —12Y POL to Local (POL) conversion
Supply ~1.2V DCDC converters not enough radiation
hard, heavy and bulky (no space)
Power — Y11 Serial powering!
Supply 40kA/(n~8-12)

e The serial powering is the unique scheme compatible with HL-LHC physics
e |t is a major technological challenge since it has never been used on large scale
e All the elements in a chain see the same current (by construction) while the voltage is equally shared if all elements represent the very

same and constant load
e This is the task of the ShuntLDO, an IP block ofthe CMS ROC (CROC) developed by the RD53 Collaboration: no additional ancillary
components are needed
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I Scrial powering for the CMS IT detectorat HL-LHC

Power distribution scheme

Up to 12 modules connected in one serial chain

A A

AV

module

Av
—
C) £ 2 n x AV

module

=

Av

module
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I Scrial powering for the CMS IT detectorat HL-LHC

Power distribution scheme

Up to 12 modules connected in one serial chain

I I I I
CROC || CROC || CROC || CROC av Current is shared in
I I | | 3 parallel between CROC
module inside the same module

CROC CROC CROC CROC AV
C—) T T 1
v n x AV

module
' n
[ ]
| I | |
croc || croc || croc || croOC AV
I I | |
A 2
module
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I Scrial powering for the CMS IT detectorat HL-LHC

Power distribution scheme

Up to 12 modules connected in one serial chain

E‘]IE’]E‘]IE]EIED]E]IEJ] AV || current is shared in

parallel between CROC
module inside the same module

- 4 B B B B | o

L 2 n x AV

module

n

Each readout chip has an
analog and a digital to be

TR B BE B | | o || eniocon

module
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Power distribution scheme

Up to 12 modules connected in one serial chain

E‘]IE’]E‘]IE]EIED]E]IEJ] AV || current is shared in

parallel between CROC
module inside the same module

O [TPUPIBEE| |o| oo

L 2 n x AV

164 - 4 A chains for2-chips modules
336 - 8 A chains for4-chips modules

module

n

Each readout chip has an
analog and a digital to be

TR B BE B | | o || eniocon

module
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I Scrial powering for the CMS IT detector at HL-LHC

Power distribution scheme

Constant current

High Voltage "
V( Module #1
Up to 12 modules connected in one serial chain (
V| | Module #2
|
[ I I ] 1 ' e( Module #3 [~
[‘:l E’]Eﬂ E’] :‘:‘I:l E’:l [‘:l [';I:l av Current is shared in ®
I I I I ) parallel between CROC :
module inside the same module ( '
V(| Module #n
- |
[ I I ] 1
] LI BIE B Bl | o o
, , T T 500 serial chains power the full IT
v n x AV . .
aul 164 - 4 A chains for2-chips modules
! module 336 - 8 A chains for4-chips modules
N
Each readout c.hllp has an Sensor bias following
I I 1 l analog and a digital to be
EE' I:[:)][ﬁ::l [[:)] :,:l.] [[:):I [.a:l I:[:)] AV powered in parallel
| | | | | | L
module
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Y Low Voltage |
T DC/DC
‘ converter |
WweeT |
Sensor bias
2 HV lines/ SP chain in the barrel

1 HV line/ SP chain in the rings

> Up to 12 planar sensors sharing HV

HV
distributed in
parallel

with single return line

the serial power chains
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I Scrial powering for the CMS IT detector at HL-LHC

Serial power distribution Barrel

4IJ[ __

8 modules/chain
or
10 modules/chain

AWG28 Layer 3 geometry

Top layer Bottom layer
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Serial powering for the CMS IT detector at HL-LHC

Serial power distribution Barrel
;

e g -_-.li\l I'. i 'Ir—lf
— N |
i

)
Bottom layer
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I Scrial powering for the CMS IT detectorat HL-LHC

The Shunt-LDO and the serial powering (1)

Serial powering is supported by the readout chip via the Shunt-LDO IP block
e Integrated on-chip solution
o Low mass, radiation hard and no extra ASICs

1.5/19A
A I
o Y
LDO | Dpigital LDO
e Shunt functionality needed to implement the 12V 12V
serial scheme 1.5V > >
e DO regulation needed to ensure the correct
voltage to the electronics, i.e. ~ 1.2V Array+
e Aiming at AV ~ 1.5V (1.2 V + 0.3 V forLDO Array+ SHUNT
\ g ( ) ) SHUNT Periphery m
v
<
1.5/19A
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I Scrial powering for the CMS IT detector at HL-LHC

The Shunt-LDO and the serial powering (2)

Serial powering is supported by the readout chip via the Shunt-LDO IP block
e Integrated on-chip solution
o Low mass, radiation hard and no extra ASICs

r ) 1
Shunt-LDO Retr| |
e Equivalent to a resistor in series with a voltage source P —
R —2.00-1 —e— VINA P
(AV = f(1)) (Vtsot Max VDDA /_
o Healthy behaviour in parallel applications N ] 175 1 o \l\\\ - R
e Each module has its own local ground 150 eff
o1/0OinAC

o Not trivial bias distribution to sensors
e The chain has to provide enough power for transients:
20-25% current headroom = Intrinsically not efficient
e A brand-new world of failure modes

\ o'

o
~
w

o
w
o

Regulation region |
0.25 4 1 1

0.00 4 T T
0.0 0.5 10

l.IS 2j0 2.5 3.’0
inial Input Current
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I Scrial powering for the CMS IT detector at HL-LHC

The Shunt-LDO and the serial powering (2)

Serial powering is supported by the readout chip via the Shunt-LDO IP block
e Integrated on-chip solution
o Low mass, radiation hard and no extra ASICs

r ) 1
Shunt-LDO Rest| |
e Equivalent to a resistor in series with a voltage source P
(AV = f(I)) (7RI S inalivea
o Healthy behaviour in parallel applications \ ] 175
e Each module has its own local ground 150 -
ol/0OinAC
o Not trivial bias distribution to sensors il
e The chain has to provide enough power for transients: § 1.00
20-25% current headroom = Intrinsically not efficient g 0.75 4
e A brand-new world of failure modes 11 Shuntheadreom Failure
Power burned in _< 0501 i I = =
\_ shunt-LDO Regulation region
Chip max 21 - . :
current Digital current 0.00 4 | | | I |
' Chip current _ Analog curent | | o B inputGurrent
TREDI 2023
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I Scrial powering for the CMS IT detectorat HL-LHC

Laboratory tests
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I Scrial powering for the CMS IT detectorat HL-LHC

Serial power and 3D pixel module

é )
e 4 3D RD53A modules in series
o Peltier based cooling
e Same 3D module tested at the beginning and at the end of the
powering chain
o Beta source
o Look for possible different behaviours (cluster size)
e Same bias voltage at HV power supply
o “Effective” voltage 30V at the beginning of the chain
o “Effective” voltage 36V at the end of the chain
o Comparable leakage current in the two positions

Antonio Cassese (INFN Firenze) Feb, 28t TREDI 2023 13 of 19



I Scrial powering for the CMS IT detector at HL-LHC

Serial power and 3D pixel module

r

e 4 3D RD53A modules in series
o Peltier based cooling

e Same 3D module tested at the beginning and at the end of the

powering chain
o Beta source

o Look for possible different behaviours (cluster size)

e Same bias voltage at HV power supply

o “Effective” voltage 30V at the beginning of the chain
o “Effective” voltage 36V at the end of the chain
o Comparable leakage current in the two positions

AU /7
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~ ClusterSize 0|
Entries 38751
Mean 2.028
Std Dev 1.81

5JII|III|III|III|III|III|III|III|III|III|III

5 10 15
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.125
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NO significant difference in the cluster size L

Cluster Size

Cluster Size 0

Entries 30564
Mean 2051 §
Std Dev 181 B

P I R |
25 30
Cluster Size

TREDI 2023

13 of 19



I Scrial powering for the CMS IT detector at HL-LHC

Serial power and 3D pixel module

7 =] 20000_—_
. . < = Cluster Size 0
e 4 3D RD53A modules in series 18000 — Entries 37578
. . = M 2,072
o Peltier based cooling 16000 — Stzagev 1.825
e Same 3D module tested at the beginning 14000
powering chain o =i
o Beta source wcmE 5 modules in serial chain
o Look for possible different behaviours B NO significant difference in the cluster size
. 8000 —
e Same bias voltage at HV power supply -
“ . ” H . 6000
o “Effective” voltage 30V at the beginnir -
o “Effective” voltage 36V at the end of tl ~ *%®°
o Comparable leakage current in the tw 2000 L
\_ ol S L L ' PR | .
5 = 0 5 10 15 20 25 30
2 E — ] Cluster Size Cluster Size 0
20000 = Entries 38751 Entries 30564
18000 - Mean 2.028 Mean 2.051
- Std Dev 1.81 Std Dev 1.81
16000 —
14000
12000(—
10000 —
8000|—
6000 —
4000—
= ] Result
2000 — L T . . .
= L _ NO significant difference in the cluster size L
“— I I Wi . — S S TS TN N TR T SN S ST S N SO T W 1 P T o = P I | PR T R S S |
0 5 10 15 20 25 5 10 15 25 30
Cluster Size Cluster Size
Antonio Cassese (INFN Firenze) Feb, 28t TREDI 2023 13 of 19



I Scrial powering for the CMS IT detector at HL-LHC

Bare CROC serial powering tests

Scope with
current probes

Multimeter with
Scanner Card

FC7 3 .' 2
=73 = { PsS
4 SCC £ L "
setup
Serial  + A &Y s’
configuration 4 PC DAQ
Data from SCC
( A
e 4 CMS ROC (CROC) Single Chip Card
o FAN cooling

e Multimeter with scanner card for monitoring
e Multimeter and power supply remotely controlled using
a high level C++ library developed forlaboratory
instruments control
o Interacts with Ph2_ACF (DAQ software) via a TCP
socket
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I Scrial powering for the CMS IT detector at HL-LHC
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Bare CROC serial powering tests

VinD
VddD
VrefD

VrextD
Vref OVP
VinA
VddA
VrefA
VrextA
Vofs

IV Fit

Fit Points
IV Fit

Fit Points

Scope with
current probes

Multimeter with
Scanner Card

FCT : L5

TR 4SCC
; setup

WEIENT l

Serial +

configuration  _ 4 PC DAQ

Data from SCC

r

e 4 CMS ROC (CROC) Single Chip Card
o FAN cooling
e Multimeter with scanner card for monitoring
e Multimeter and power supply remotely controlled using
a high level C++ library developed forlaboratory
instruments control
o Interacts with Ph2_ACF (DAQ software) via a TCP
socket
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I Scrial powering for the CMS IT detector at HL-LHC

Scope with
current probes

Multimeter with
Scanner Card

Bare CROC serial powering tests

FC7 s
IV curve IV curve 4 [P
2% mp = 0.606 28 = =
A 0910-993 ) = e
20 4 OVR 203V oo oo - svaane_| ::L&':ggs 2o bR = e R J PS
'H_.,--"' ' 4 8CC > 2 5
oo tE | g 3 e W
H N | t e 8 s veor B d —
ERTY SRR o - S0 S S S § PP ® vinA 21 sbones o vina = =
[ ] VisdA b VA
of ] vref 8 VretA b .
at ' Wit H Wraxth 1
0 ...olollul.c---6--.oi||ooil||{:incul§ A s ...l'l!..'....".-"."'..'.’.--'?.-.'_ vt l
H ' * At Points 4] I ®  Fit Points.
i ! ra i ; N serial . Al M
oo 0.00 0.25 0.50 075 100 1325 1500 1.75 2.00 o0 0.00 0.25 0.50 0.75 1.00 125 150 175 2.00 onnﬁguratinn - 4 pc D"B_Q
Input Current per Channel [A] Input Current per Channel (&) Data from SCC
IV curve IV curve
25 mp=10.625 28
qp =10.954 4 ~\
VP 211V cmmmmmememmmsmeesemesmsesmsesm—e—e e A%, [Ma=0.629 . .
20 e U=0955| o0 e 4 CMS ROC (CROC) Single Chip Card
- o FAN cooling
) o Ve 2 . . . .
; . g ; e Multimeter with scanner card for monitoring
101" B eggsneesessscacesecsnssssssagans | o Unh 10 sssasp| o Wb . )
oy b v e Multimeter and power supply remotely controlled using
LLh 'l.l.li.lloolll‘lll'llll.lll'lll aee m::u 7T h'“:':bl . i
%1 et g e |68 R we a high level C++ library developed forlaboratory
NE a x mes )3 L instruments control
000 0.25 .50 075 109 135 L5 L5 200 000 025 .50 ?]I_t'.l'5““\’\‘"“1.0(1r har}ni? " 1.50 175 00 . i
e e e o Interacts with Ph2_ACF (DAQ software) via a TCP
) ] ) socket
e  Overall expected behaviour in the chain
e  Same fitted V4 (namely gup) in the same SCC \ y

e Slight different g, p between SCCs
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I Scrial powering for the CMS IT detector at HL-LHC

Bare CROC serial powering tests

The channels were tuned to an average threshold ~1250e"
e Threshold distribution in the chain
e Noise distribution in the chain

Scope with
current probes

Multimeter with
Scanner Card

FC7 ] ' e
s | Ps
== 4SCC A
setup
configuration  _ 4 PC DAQ
Data from SCC
4 )
e 4 CMS ROC (CROC) Single Chip Card
o FAN cooling

e Multimeter with scanner card for monitoring
e Multimeter and power supply remotely controlled using
a high level C++ library developed forlaboratory
instruments control
o Interacts with Ph2_ACF (DAQ software) via a TCP
socket
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I Scrial powering for the CMS IT detector at HL-LHC

—

Multimeter with

Bare CROC serial powering tests
E oo2f .
g o Mean 237 FC7 : =
T ok [STD 11.1 J = ‘ =,
014 = = | PS
: T 4 SCC e
[ 1AvCal~5e | setup
?{J’D 150 200 250 300 350 400 450 m%ena?gAL i £ ReRad Data from SCC
;"-025_— §024:
: L JozE r )
b {g‘%ﬂ 20; . ] o [Mean 211 ] « 4 CMS ROC (CROC) Single Chip Card
ek ::: STD 10.6 o FAN cooling
- “_ e Multimeter with scanner card for monitoring
°-';— 0;: e Multimeter and power supply remotely controlled using
sosk- 008 a high level C++ library developed forlaboratory
3 instruments control
T e T e e T T T e T T R e T e s e s e e o Interacts with Ph2_ACF (DAQ software) via a TCP
socket
The channels were tuned to an average threshold ~1250e"
e Threshold distribution in the chain \ /
e Noise distribution in the chain
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I Scrial powering for the CMS IT detector at HL-LHC

—

Multimeter with

Bare CROC serial powering tests
current probes
g |
ge= FC7 | SaC.
2 [Mean 16 ] - . :
0.25 STD 1.7 = = i PS
N 4 SCC -
0z [ 1AvCal~5e | setup
0.15 5
01 = T
0.05 l
Seriall s oA g
% e e e CHRR é ReRad Data from SCC
Deita VCAL
Bos[ ‘gu.s
5 g ( D
E Mean 14 Mean 17 e 4 CMS ROC (CROC) Single Chip Card
osf STD 1.9 04 STD 2.9 o FAN cooling
0sf- 03 e Multimeter with scanner card for monitoring
ME_ o e Multimeter and power supply remotely controlled using
2 a high level C++ library developed forlaboratory
' instruments control
o0 e T e e e e TR T e e e e me R o Interacts with Ph2_ACF (DAQ software) via a TCP
socket
The channels were tuned to an average threshold ~1250e"
e Threshold distribution in the chain \ /
e Noise distribution in the chain
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I Scrial powering for the CMS IT detector at HL-LHC

Single CROC Overvoltage Protection state

IV curve
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I Scrial powering for the CMS IT detector at HL-LHC

Single CROC Overvoltage Protection state

IV curve
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I Scrial powering for the CMS IT detector at HL-LHC

Single CROC Overvoltage Protection state

IV curve
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I Scrial powering for the CMS IT detector at HL-LHC

Single CROC Overvoltage Protection state

IV curve
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I Scrial powering for the CMS IT detector at HL-LHC

Single CROC Overvoltage Protectlon state
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I Scrial powering for the CMS IT detectorat HL-LHC

CROC SLDO irradiation studies

IV curv IV curw
2_5-_[ Fresh ] curve : 2,5-_[ 1 Grad ] curve :
i i
I ] -1
I - .=z
| em L OVP: 2,10 V - m e e e b A AR Z B
2.0 4 OVP: 2.00V rmmm ek L i ) 2.0 _g= BT
-N" - 1
- 1 - ]
- I = o !
ns. i . g :
Y Sad i o VinD o |
= 1.5 o 1 VddD = 1.5 _z=%F7 |
2 -8 i o VrefD = JUISt o i
& ,—”"- H o VrextD & _==g="tﬁ' 8s |
£ " L) 1 Vref OVP i) =% i
g | o VinA 2 @ . - a ald o
= 1.0 & o oo o 9o o oo o v @ oo 9 = 1.0 & "BE BR B | 2 8 6 & 0 6 9 00 ¢ o9
i 5 VddA =1 [ ] \
LN I i Vrefa i
| VrextA B : ° !
BMERERNEEEENEEREERENEN. Vofs o |®0 0 000000 0§00
0.5 4 3 1 & = } & 4 & 4 -T i § ——— IV Fit 0.5 4 . @ ] ] ] 8 s 1 ] 2 JI @
® ! X Fit Points 8 ® !
I === IVFit 1
! X Fit Points H
0.0 - - . : - - — : 0.0 : - - - - : — :
0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00 0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00
Input Current per Channel [A] Input Current per Channel [A]

VinD
VddD
VrefD
VrextD
vref_OVP
VinA
VddA
VrefA
VrextA
Vofs

IV Fit

Fit Points
IV Fit

Fit Points

e Small shift of V4 towards higher values with the irradiation
e V4o shift towards higher values with irradiation (lead to the choice of default Vyp,a to be 1.2V)
e OVP shift towards higher values
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I Scrial powering for the CMS IT detectorat HL-LHC

Summary

2 The upgraded CMS Tracker is an extremely challenging project

2 Innovative powering schemes that represent a technological challenge due to:
v Low material budget
v/ Mechanical constraints
v/ High level of radiation
v/ High segmentation of detector
v/ High power requests

2 Advanced status of serial powering studies
2 Some other system studies are foreseen
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I Scrial powering for the CMS IT detectorat HL-LHC

Backup
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I Scrial powering for the CMS IT detector at HL-LHC

Serial power distribution TFPX

R4: 8 modules/chain

R2: 8 modules/chain

R3: 6 modules/chain

R1: 5 modules/chain E""‘. \
Ui
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I Scrial powering for the CMS IT detectorat HL-LHC

R4: 11 modules/chain
R2: 7 modules/chain

Serial power distribution TEPX

Ring ﬁing 1

Dummy modules /

\d 2 . { R5: 12 modules/chain

N\ /4> | R1: 5modules/chain

“ : A R3: 9 modules/chain = ,

\_ TEPX pgbtoty;igr‘-hipdules '

i T L ¥ i L B | e v et

= |
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I Scrial powering for the CMS IT detector at HL-LHC

CMS Read Out Chip (C-ROC)

CLOLLOOLOLOLOLOLU LV

(V)

5

CMS chip size (16.8x21.6 mm?, 336x432 cells)

65 nm CMOS technology

Dead time <1% @3.2 GHz/cm?

1 Grad TID (Total lonizing Dose) resistant
Strongly protected against SEU effects

—_
=
S

53,
o]
L5
~ |

v

Q
=i
o

Xo)

m

o

y

50%x50 pum? cell M
Linear analog FE b =W s, %S 30 -
| ° &?@ox A D A A A

Low threshold (< 1000 e’)

High hit and trigger rate (up to 4x1.28 Gb/s output links)
Serial powering capabilities

First wafer level test of the new chip has been performed
Irradiation campaigns and full C-ROC characterization ongoing
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I Scrial powering for the CMS IT detectorat HL-LHC

RD53: the inner tracker readout chip

4 )

RD53 collaboration is developing an ROC with:
e Dead time <1% @3.2 GHz/cm?
e 0.5 Grad TID resistant
e 65 nm technology
® 50x50 um? cell
e low threshold (< 1000 e°)
e High hit and trigger rate (up to 4x1.28 Gb/s
output links)
e Serial powering capabilities
e CMS chip size (16.8x21.6 mm?, 336x432 cells) )

L
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I Scrial powering for the CMS IT detector at HL-LHC

RD53: the inner tracker

e ' total size (50x50 um? cell, 65 nm technology)

e Used forR&D

e Radiation hard up to 0.5 Grad

e Low threshold and high hit and rate capabilities
(160 Mbps input and 1.28 Gbps output links)

\ v

4 )

readout chip

...;i!!Iauﬂ!l_mll;l,m!ﬂ . fu

e u:‘.. g .!-;il'

J'l' m "[’” :‘Ef‘!fl}‘:‘?-{l’;umw.ﬂ"

Occupancy (Z = 2182400)

0 100.0
o : . 88.9
RD53 collaboration is developing an ROC with: 78
e Dead time <1% @3.2 GHz/cm? 50 :
e 0.5 Grad TID resistant 067 o
e 65 nm technology 3 100 3.6 <
2 o 1 44.4 ©
e 50x50 um= cell $
e low threshold (< 1000 e°) ‘ 33.3
e High hit and trigger rate (up to 4x1.28 Gb/s 150 ‘ 22.2
output links) Dy Y 11.1
. . - . . ' 0.0
* Serial p(.)we.rlng capabilties 9 0 50 100 150 200 250 300 350 400
L ° CMS chip size (16.8x21.6 mm?#, 336x432 cells) ) Column
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I Scrial powering for the CMS IT detector at HL-LHC »
R&D and tests

( y

Active R&D ongoing in ATLAS, CMS and RD53 with tests and simulations
e First failure mitigation in CMS: the Inner Tracker can be accessed and any part replaced by design
e Current sharing investigations
e Turn on procedure studies
e Failure modes investigations are currently under study (shunt failure, regulator failure, serial chain failure, ...)
e HV distribution in parallel to modules within the same serial chain
o ...
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I Scrial powering for the CMS IT detector at HL-LHC

R&D and tests

IV curves for 16x1: Ramp up and ramp down

Y N ¢
Serial Powering concept established > -
e Serial chains with up to 16 RD53A chips were successfully
operated in lab o = z 7
CROC will be final CMS ROC . / .
e Further tests undergoing in collaboration of RD53, Atlas and " o2 o4 o5 o8 1 12 14 o o2 o4 os os 2 e
Total chain current [A) Total chain current [A]
g CMS | ,
Ramp up Ramp down
IV curves for 4x4
N
pros a—

08 16 4 32

Total chain current

— — e 10010/d

* Measured two VIN per four chips on same level in chain
= Reached PS voltage limitation (6V) at 4A
= Small differences between VINs on the same level:

o

- Combination of current sharing variations and current path impedance mismatches
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I Scrial powering for the CMS IT detectorat HL-LHC

HV distribution in parallel vs Serial power for LV

HV on / LV off state forbidden
e When LV off, the path for the sensor leakage currents might not
be established to the readout chip, resulting in a damage
e For operation LV has to be switched on first and then the HV
e HV off / LV on status is also potentially dangerous
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I Scrial powering for the CMS IT detectorat HL-LHC

HV distribution in parallel vs Serial power for LV

HV power supply off modes
e High/low ohmic mode
e Important forleakage current path
e Different local ground for each module
o HV off not necessarily means 0 V on sensors (LV on)
o Biased sensor and leakage current in off mode possible

HV on / LV off state forbidden
e When LV off, the path for the sensor leakage currents might not
be established to the readout chip, resulting in a damage
e For operation LV has to be switched on first and then the HV
e HV off / LV on status is also potentially dangerous

? IIN 2 1IN
_—
— —
Module #1 ) Vin Module #1 ) Vi
# I
s o “1 Module #2 ) Vi — ERRE | Module #2 ) Vi
High Ohmic ow Ohmic |
off mode \ ._.__I_ off mode .
Module #3 | ) v,, Module #3 | ) v,,
| |
/,"_ Module #4 ) Vi —+1 Module #4 ) Vin
Forward bias! I I
@ 3
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I Scrial powering for the CMS IT detector at HL-LHC

HV distribution in parallel vs Serial power for LV

HV on / LV off state forbidden

e When LV off, the path for the sensor leakage currents might not
be established to the readout chip, resulting in a damage

e For operation LV has to be switched (

e HV off/ LV on status is also potentiall

HV power supply off modes
e High/low ohmic mode

e Important forleakage current path

High Ohmic
off mode

+2.0V

HV PS

@

\

Antonio Cassese (INFN Firenze)

ol
Forward bias!

Experimental example using 4 modules

for each module
rily means 0 V on sensors (LV on)
leakage current in off mode possible
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—
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i
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I Scrial powering for the CMS IT detector at HL-LHC

HV distribution in parallel vs Serial power for LV

HV on / LV off state forbidden

e When LV off, the path for the sensor leakage currents might not
be established to the readout chip, resulting in a damage
e For operation LV has to be switched (

HV power supply off modes
e High/low ohmic mode

e Important forleakage current path
for each module
rily means 0 V on sensors (LV on)

@
High Ohmic
off mode
HV PS
+2.0V \

HV off/LV tatus is al tentiall i i
eHVo on status is also potentiall Experimental example using 4 modules leakage current in off mode possible
2
IIN ¢ IIN
ﬁ - ﬁ
Low Ohmic 101uA
€7|p|£n off made Module #1 l;# IR LED
Solutions under investigation include:
0.04uA
e Diode in parallel to HV regulator Module #2 ) 1.5V
e Crowbar circuitry ensuring low impedance to ground when
HV is off ) st
; Module #3 ) 1.5V
— <
93uA ~“0uA
P Module #4 I) 1.5V “—1 Module #4 ) 1.5V
Forward bias! I |
@ 3
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I Scrial powering for the CMS IT detector at HL-LHC

Test setup

2 Single power supply channel for both Analog and Digital

2 | tuned such that Vg =0.50 £ 0.01 V

2 Reading of MONITOR header through Scanner card:
B Vion Vaaa Viexear Veerar Vors —~ GNDA
u VinD' VddD' VrextDl VrefD' Vref_ovp - GNDD

2 The tested CROCs are mounted on Bonn SCC

2 SCC local ground configuration modified for serial powering chain:

v/ Remove:R_GND_BDAQ, R_VDDD_SNS, R_GND_SNS, R_SCAN
v/ Open PMTM on DEBUG jumper

Antonio Cassese (INFN Firenze) Feb, 28t TREDI 2023
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I Scrial powering for the CMS IT detectorat HL-LHC
Current sharing

2 Bench commercial standard PS (ramps not configurable)
2 Single power channel for both analog and digital domain
2 Current probe to verify proper current sharing

4 ¥

2. Sk 3. §EI

1.000v | 1.00u |
2.200a | 0.100a| 0.10a

b Vel 2000V

Fange:IONIEA | RangeiTOM/EA  |Range!S.SW/3A

- Sligh .

_Curt probes e

Limal

e . & -

T e e :

o INOTE 55 g - ' !

) OCCHIO I
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I Scrial powering for the CMS IT detector at HL-LHC

IV Curve Strategy

2 Assume 50/50 current sharing
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I Scrial powering for the CMS IT detector at HL-LHC

Ramp-down: 4 — 0 A

e Overall expected behaviour in the chain
IV ‘ urve Chip configured e Same fitted V_ (namely q, ) in the same SCC
i " . %
(Trimmed VDDD/A) Slight different q, , between SCCs
IV curve IV curve
25 25
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I Scrial powering for the CMS IT detector at HL-LHC »
Avoid HV on LV off

\

readout
electronics

gnd Point A to virtual GND only when FE is powered.

bump—bond
In Serial Powering GND here is just a “local” GND

Se€nsor
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