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CMSPhase 1 Pixel

A Installedin EYETS 16/17
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A Newestactive Subdetector of CMS A
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” BPix L1

Sensor

Pixel (150x100) € m
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unchanged
compared to
Phase-0
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readout chip token-bit high-density interconnect
u I
80x52 pixels manager flex print
P
250nm CMOS ASIC controls readout of 8/16 ROCs
\ pulse-height readout
N
. \
»  PSl46dig snew digital TBM

» Same architecture as Phase 0 »old: 40MHz analog coding

» Digital readout with double column draining new: 160Mbit/s digital

»  >90% efficient up to 400MHz hit rate smodule out-bound data stream:

» Dedicated for Layer 1
» Dynamic cluster drain
» >90% efficient up to 600MHz hit rate

[all components suited for high integrated & instantaneous Iuminosities}

outside



CMS Schedule
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CMS Long Shutdown 2
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al_LHCtest_no_EYETS
HF opening
Yoke opening
Logistics for Plxel
Pixel TK abd BCM/PLT removal
Pixel Phase 1 Pixel TK revision
Remove Phase1 beampipe
Logistic for HB/endcap mu
Muon critical workstream parts 1-3
DT minicrate maintenance
DT minicrate Phase 2 demo
MB shielding installation all YB's
HCAL barrel Phase1 upgrade
RPC greenhouse gas leak fixing
YE1 Phase 2 cable chains X4-
YE1 Phase 2 cable chains X4+
GE1/1- Installation

GE1/1- commissioning test +
ME1/1- cooling refit part 1

Magnet warm-up
Muon critical workstream part 4

GE1/1- commissioning + ME1/1
cooling refit part 2

Yoke closing system Phase 2
GE1/1+ installation

GE1/1+ commissioning

Logistics for beampipe installation

Phase 2 beamipe installation/
bakeout

Pixel TK + BCM/PLT installation
Yoke and HF closing

Magnet Phase 2 systems incl FWT
Beampipe pumpdown

Magnet recommisisioning w field
LHC test: low intensity beams
Shielding modifications

2018 2019 | ‘ 2020 » 2021
Q4/2018 | Q1/2019 | Q2/2019  Q3/2019 | Q4/2019 Q1/2020 Q2/2020 Q3/2020 Q4/2020 Q1/2021 Q2/2021 | Q3/2021
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Pixel Timeline

Main Objective for LS2:

A New Layer 1
A NewDCDC Converter
A Consolidate FPix G€ooling connection

A HVPowersupplyUpgrade to 800V

October December Early 2021 Cold test May/June
New Layer 1is f==% New DCDC FPix )b Pixel
ready . Warmtest . refurbishment | = ‘ Installation





https://indico.cern.ch/event/895924/contributions/3993232/

Radiation

Dose at 500 1/fb

Absorbed dose
10 oot wh worbredeele b e

For Layer 1
Per fb1 0.34 Mrad/3.4 kGray
7-10'2 particles/cn? (*) S ‘ ° Dbse( Y

e ———— l : : G ) at Z:O
6 (] Pixel | : {1 Dose (Gy) atz=125
10— : : p—— A Layer 1 new Readout

41 Mrad/410 kGray B — 7 chip PROCEOO

0.8310% particles/cn?

A Layer 24 +Disks digital
version of the PSI146(dig)

Dose (Gy)
o

A Pixel Layer tvas needed
for CMSRun3

(*) Particles/cm are usually represented by 0 20 40 60 80 100 120 140
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Almprove with new version for PROC 600
Almprove with new version for TBM (Token Bit Man
ADecorrelateLayer 1 and #ming

AMake sure800V bias voltagss ok




Crosstalk

Plxel Barrel Delector

# ROCs / tot. ROCs
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Preliminary |
Commissioning 2018 _

—— LYR1

LYR2 good ROCs
— LYR2 damaged ROCs
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Threshold electrons

Layer 1 shows a worse crosstalk than expected,
which was mainly due to electronicsosstalk.

The injection capacitor was too close to the trim
lines of the pixel.

ThesourcecouldbeY A G A Il GSR OGAl
but a layout change solved the problem.



Dynamic inefficiency

Column drain architecture

sketch of a double column

hit

—+ | 4— pixel unit cells: 2x80

/

column drain fast double
mechanism > ¢ column OR

—|
Time-stamp buffer
data buffer Depth: 12
Depth: 32 \

marker bits indicate
start of new event

Thehits are storedn the chip periphery:
timestampg in the time-stamp buffer

datac in the data buffer.

Due to a glitch the synchronisation between
time and data was lost.

This coulde solvedin the new PROCG600.

CMS Preliminary 2018 {s=13 TeV
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Hit Efficiency

Pixel Timing

CMS Preliminary 2018 {s=13 TeV
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Time Delay (ns)

ALy

‘ Portcard 2

‘Portcard 1

Beam Pipe

A Sameportcard(delay)for Layer 1 and Layer 2
™M hyS GAYAY3 aKATFO 7

A New TBM will have aadditional delay, that
will allow to shift Layer 1 vs Laye(dhd even

shift each module)
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Token Bit Manager (TBM? P

Dead ROC

ROC

FED .

Powercycle

IIIII|IIII||III|II IIIIIIIIIIIIIIlIIIIllIII

(TBMcollects datfromall .
Readoutchips if a L1 trigger Is ot sho— ot ot
_received. )

_ SEU rate during 2018: ~ 3/100pb
AThe TBM can get stuck in one state A New TBM for Layer 1 fixes this issue

A Reset of the TBM possible in new
ALosedata from one core version (for Layer 1)
ANo way to reset except tpowercyle
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DCDC

How do DCDCs break?:
If the DCDC isradiated anddisabled-> acurrent can be
amplified andbreakthe DCDC

Mar. 2017 5th Oct. 2017 Dec.2017

Phasel upgrade; don. : 1st DCDC Converte 5% conve_rters
Started data taking wi Broke not working,
95.6% active detecto 11% detector not activ

A We ran 2018 withoutising the DCDC converters to cut the povee
the modules
A Powercycling needed for the stu@iiBs
A Reduced thesupplyvoltage to 9V
A Use powersupplies tpowercyclebetween beam
A Theturn on current of the modules is very high
A We did have to disable a few DCDCs in order to turn on the
detector/powercycle the powersupplies> none broke in 2018

YETS 2017/2018

Detector Extracted, Replaced all DGDC

with bigger fuseproblem not
yet understood

May 2018

Problem reproduced i
the lab (IRADay),
reason understood

Layer 1 1536 96.4
Layer 2 3584 224 93.7
Layer 3 5632 88 98.4
Layer 4 8192 48 99.4

Ring 1 4224 290 93.1

14 Ring 2 6528 88 98.7



Pixelactive fractiorend 2017

Work in Progress

Work in Progress
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YETS 2017/2018

December 23th
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SignedLadderCoord

SignedLadderCoord
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Pixelactive fractiorend 2018

New Damaged modules
Work in Progress Work in Progress modules from 2017
. = 2w - 250 =
£ o g 15 o
S 9 2
. % 200 & 10 200 &
5 ° g S
8 150 % 150
-(.%: 0 C% ‘_
g oo 100
-0 50
= - " SighedMioBuieCabrd b 3 2 - 0 SiardDiskCoord 0 _ Siq2edDiskCoord
H IgnedbiskL.oor IgneabiskL.oor
BPIX EPix Work in Progress
Cc7 Cé C5 C4 C3 c2 C1 Cco
3 LR : :
Reason for DCDC failure discovered in May/June S EPIXRING;:
Active channel fraction at end of 2018 : 94.5% o Pk '
Layer 1 HV breakdown of 2 modules at >400V Rl s S e .
Layer 3/4 connection LV problems c¢ 0 ClO Cn  cl2  Clw C4  CI5
No modules lost in FPix Damages due to HV on and LV off
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HV problems

Problem:
The edge of the L1 HDI was not covering

the sensor enough, so a KHyark to pad
groundcould damage the module.

Solution:
For the new L1 the HDI boarder was

Increasedo cover the guard rings
completely

18

2019 HDI (7.1)
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(other) HV problems

On testing the new HDIs &i00V
(800Vmaximum in the detector
originally designed fo800V) a short

occurred

Insulator should hold 3kV—____~ A 1

v

PO OOOOOOOOOOOOO0 Eh

~ MatNr

Stk. Baustein Dicke  Kasch. Cu-End. Mat. Bezeichnung

H 1 HFotolack H0.010 ————NPRso green HHL10018]

{:HCwW H0012]12 H4 H Dupont AC121200EM H B100820|
Adhesive H0.013 —| Dupont LF1500 H B100853]

[T HCwPCu 0012 Ho—1—{{Duont aPreriem [B700830]

{:HCWNW Homg——————4mmmumwwmm5 H B101230]

Stapel-Dicke: | (0.104 | Sell LP-Dicke:| 0.100 +/-20 um

Further test showed that you can break any HDI if you try.
Humidity probably has an effect (or opening the test box)

A New HDwithout a ground grid around the Hine
A Noproblems observed for long testing at 1100V




(and one more) HV Problem

ANew modulecables showed HV problems:
Alnsulator was stripped to far back

APEEK insulation was too susceptible for
mechanical damage

ANew thicker PEEK insulation solved both
ISSues






FPixcooling

A Fixed nut directly welded to 120 pm thick pipe

A Minimal mechanical torque needed to break off
the nut

A Glue was meant to reduce the mechanical stress.

Solution:
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FPix Cooling

<
ey

Add a strain relieve to the end flange (for nott”
broken pipes)
OR
’ ’ SWAGELOK compression fitting
Add a Iarger 1/8 OO0 CDIMQe o the 1/8" VCR gland Reduction 1/8” to 2 (machined to 2.4)
2.4mm tube

Tube to endflange

Connection done with a (custom) VCR fitting 1/8” OD TN U,
< (2.4 mm OD ?)

Which solution will be used on how many
pipes will be decided during thepair works

Tube insert to compensate thin wall

Orbital welding 0.4mm min required

1/8” VCR rotating
Male nut

23



FPIx HV granularity

Problem:

A We know that HV without LV damages th8IC preamplifier (leakage current)
A HV granularity is onpowergroupat the moment

Solution: _
A We have 8 HV lines per cable, that can be switched with jumpers in the power supplie;
M bSSR 02 02yySOG UKS dzydzaSR Ol 6f Sa

CAEN Wires, 1m
A4603 6-7 converters [pc.pc || | Vou = 2.4V Increase
PSU 1 Vana I vy, _~10v 222 ranulari
MS cable " 1-4 modules Granularity
(v | il boa . per converter
d Vv, 3.
30-40m ~5m 0.5m 67 converters Inc-oc || [ERE
{="v viqv IS8 .

PSU 2 dig[[— PCBs in BIC_4 modules

LVo — per converter

LV1 il
[Avo ) Vbias0 L
[HVT]

Vbias1
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