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0 The need for a phase-1 upgraded pixel
detector

o The desigh of the new pixel detector

a The italian consortium for the
production of the third layer of the
detector
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Why we will need a new pixel

INFN

detector in 20177 -

0 Radiation damage:

o We will reach by that date the radiation fluence of 1.2 x 10°
neq/cm?in the first layer when the detector will deteriorate
its position resolution by a factor 2

o Keeping the pace of the LHC new performances

o Present tracker was designed for 1 x 1034 Hz/cm? (25 ns
bunch crossing) luminosity

o Future performances after LS2 will be 2 x 1034 Hz/cm? (25
ns or 50 ns bunch crossing) luminosity

o At the target luminosity pileup will reach a value of 50 (or
even 100 for 50 ns b.c.) an increase in efficiency and a
reduction of fake rates is needed
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A
Data loss performance comparison* s

Detector  Radius % Data loss for (cm2s~! @ ns)
(m) 1x10*@25 2x10%@25 2x10* @50

Current detector

BPIX1 4.4 4.0 16.0 50.0
BPIX2 7.3 1.5 5.8 18.2
BPIX3 10.2 0.7 3.0 9.3
FPIX1 and 2 0.7 3.0 9.3

Upgrade detector

BPIX1 3.0 1.19 2.38 4.76
BPIX2 6.8 0.23 0.46 0.93
BPIX3 10.2 0.09 0.18 0.36
BPIX4 16.0 0.04 0.08 0.17
FPIX1-3 0.09 0.18 0.36
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Tracking efficiency and fake rate i« s
o (definitions)

Number of truth tracks matched to reconstructed tracks

Number of truth tracks
Number of reconstructed tracks not matched to truth tracks

Number of reconstructed tracks

Tracking efficiency =

Track fake rate =




Tracking efficiency and fake rate ...

di Fisica Nucleare

o, = T T
o a)| & [ I i b)
H T . [ : :
E ; L= g [ | Curtent Detector
5 - D5 =
8 oaf S e i
o o e | =
g | 8
k] [ 0.4
0
- -3
- . 0.3
o4 =t—f S o i ]
R 0.2
e o Fileup M':':' —
L | —— 1E34 o' (25nz) L v
L | —— 2E34 oot (25nz) i = |
[ | —— =E3scm?s oz F A e T )
o I A A A A A B v R b
25 -2 45 1 05 0 @5 1 15 2 25 25 -2 145 -1 5% 0 05 1 15 2 25
n n
= S ET T T T 101711
w c) w [N o d)
= Ry =
> T TR 2 Ubg}anjde Nebedtor
[ 05
c O S
o e - = g
] =T T =
= E - -]
b e o 0.4
oE
04
@ L
- 0.2 =
R ey 7y 5 o ] L
- 1E34 =" (25ns) [ ] L |
| | —— 2E34 o= (25nz) o iy
——— 2E3d om’s" (SO o -+
I . e b |
plondun ool odonloulonb bl o T B L s el T
45 245 105 0 A5 1 15 2 25 45 2 45 41 05 0 65 1 15 2 25
l n




Tracking efficiency and fake rate
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Structure of the new detector (Fpix).....
and Bpix) e

End disk volume Barmel volume
X disks per side 4 layers

Barrel supply tube Banel end flange Cruter rings Inner rings
Barmel cabling & lubing
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Bpix structure and modularity &gz
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layer radius | facets | modules
4 160 mm 64 512
3 109 mm 44 352
2 68 mm 28 224
1 30 mm 12 96
(1*) | (39 mm) (16) (128)

1184

b Uparade
e 4 bamel layers

Currant
e 3 barrel layers
v
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New and old beam pipe and first layer”

CMS Centrnl beam pipe o
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g Detector+ FE modules e
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a0 16.2 x 64.8 mm? lateral dimensions 285+5 pm
thickness

a Pixel size: 100 x 150 ym? (66560 pixels)

a Substrate: Diffusion oxigenated float zone (n-doped)
3.7 k€lcm resistivity (fully depleted at 55 V)
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The digital ROC

a No modification in the technology (250 nm)
a Few modifications in the analog part
a Main modifications in the digital part

28 double column data buffer

Dol Pulse Halght Pixel Address
token analog 15 it digltal
|
. readout buffer
8 bhit SAR- _
| ADC .
23 bit

L J
L
token control ML 4 hit serializer —= :-:~

ROC Control Interface Block data bus
80 MHz 160 MHz

40 MHz PLL

token control - sequencer lock distribution

T

Token In Token Cut 40 MHz Clock




Performance comparison between
the old analog and the new digital

ROC

PSI46V2

PSI46DIG

ROC size

Pixel size

Smallest radius
Settable DACs / registers
Power Up condition
pixel charge readout
Readout speed

Time stamp Bulffer size
Data Buffer size
Output Buffer FIFO
Double column Speed

Metal layers

Leakage current compensation
in-time threshold

PLL

Data loss at max Operating flux

7.9 mm x 9.8 mm
100 pm x 150 pm
4.3cm

26 /2

not defined
analog

40 MHz

12

32

no

20 MHz

5

yes
3500 e
no

~3.8% at 120 MHz/cm?

7.9 mm x 10.2 mm
100 pm x 150 pm
2.9cm

19/ 2

default values
digitized, 8bit

160 Mbit/s

24

80

yES

20 MHz

(40 MHz)

6

no

< 2000 e

}?ES

1.6% at 150 MHz/ cm?
(~3% at 580 MHz /cm?)
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8  phase-1 upgraded pixel detector ~
a New TBM

a New CO, cooling system
o New power distribution system
a New optohybrid

Additional new features of the ~_
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The production schedule
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h 2012 2013 | 2014 2015 2016 h 2017 i
LHC Machine T TeV 13 TeV 13 TeV 13 Te¥
CRAS Openings II

central Beampipe Oild MNew

Prasent detacior maintenance Filot blade installad wiltrl1 |FF M

Upgraded pixel installation tests at PS

02 cooling plants construction

ROC production and tast

DC-DC convertar production

Crptobvy brid production

Sensor production

Module production

service tubes production

Modules integration onto mechanical support

Systemn assembly and systern tests

FED firmware, software, hardware preduction/test

Pizel installation, commissioning, operation
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z,_-] The italian consortium (0 et

Sezione di Perugia

Pisa

Perugia (Padova)

Perugia/Pis
a
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R Activities in Pisa e
o Pixel sensor on wafer test.

o Diced sensors and test bare module electrical test

o Shear and pull test of Bump Bonded chip
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2 Activities in Padova
o Electrical test of ROC
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Activities in Catania (o s
Quality test of "bare” HDI
TBM bonding on HDI
Cable assembly of HDI
Final electrical test of HDI
Production of transportation boxes
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p»:i Acivities in Bari (N e
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o Assembly of HDI with bare module
o Preliminar test

Sensor module to HDI gluing

Glue applicator

Vacuum chuck

Module to HDI under-fill
Handles
Prototype of assembly station

-optical survey

- = —_
-Jig aligner
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. Activities in Perugia (preliminar test
= and thermal cycling) e
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calibration)

ctivities in Perugia (X-ray 7
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Final goal: being ready for early 2017 sz
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Spare slides
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Layout of layer 1 [ g
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Structure extra O
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Cables:
signal&power
HDI print

Si sensor

16 ROCs

Base strips:
SigNy
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Analog part of the digital ROC &+ s
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