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- Forward arm spectrometer,
focusing on b- and c-hadron
decays

- Studies rely on secondary
vertices identification

- Integrated luminosity 10 fb!
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VELO Systems Comparison _

Feature

operation

Sensors

Distance From Beam
Maximum Fluence
HV Tolerance

ASIC Readout Rate
Total Data Rate
Power Consumption

Operating Temperature

=

old VELO
2010 -2019
R, & strips, semicircular
173,032 strips (~0.2 M)
8.2mm
4.3 x101%1 MeV neqcm?
500V
1 MHz
~150 Gb/sec
~ 0.8 kW

~-8°C

VELO Upgrade |
2021 -2030
pixels, L shaped geometry
41 M pixels
5.1 mm
8 x10 % 1 MeV neqcm™
1000 V
40 MHz
2.8 Tb/sec
~1.6 kW

25 00




VELO Syste

Microchannel
substrate

-----

Bridge piece

Cooling pipe clamp # geometry
pixels
LV foot connector | E 1 m

151 MeV neg cm™

1
Aluminum 000V

ASIC F foot 40 MHz
\ N !
L, i 28 T2j5ee
Power Cons@ ~ 1.6 kW
Operating Temperature ~-25°C
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RF foil

Description

Machined to 500 um

—

Thinned and etched
down to 150 um

Physical barrier for the beam-VELO vacua
Front-end electronics protection from beam charge

Has to withstand 10 mbar pressure variation

= OOF T T T
% 502_ LHCb simulation cooling RF box
§ 40é_ connectors hybrids
: ok ether ASICs
= 20; - Sensors
0F [ o m |
_. Iﬁﬁ_%lum RF foil
0 . { /pz [GeV'lc]3 Total material budget: cooling
T 250 um: 21.3% X, substrate

150 um: 20.9% XQ
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Milling and etching

Video of the milling process


https://www.youtube.com/watch?v=EqG5J7rro6s
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Video of the milling process


https://www.youtube.com/watch?v=EqG5J7rro6s
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RF foil

Installation finished!

* Delayed due Covid-19

e Real-time remote support via zoom
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Microchannels AP .

subcooled liquid  liquid / vapour  vapour only (undesirable)

ldea and manufacture

* Evaporative CO, cooling provides small
temperature drop

e Cooling up to 30 W per module while
keeping the material budget low

 Complex production of high quality
substrates

hamnel '\
120\x 200 pm? -

\ | Re"st'\{iction
60 % 69 Hm?2
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Sensors and ASICs

* Sensors
e 55 x 55 um? pixels
* 4 sensors, thickness 200 um

* VeloPix ASICs based on Timepix3
e 256x256 pixels
e Data driven readout
e Up to 800 Mhits/s/ASIC

r sensor
y N

A
\ 4

~43 mm

~15 mm
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versity of Manchester

Module
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200 um§ Sensor

200 um§

* Sensors
* 55 x55um? pixels
* 4 sensors, thickness 200 um
e VeloPix ASICs based on Timepix3 \
e 256x256 pixels

e Data driven readout
* Up to 800 Mhits/s/ASIC
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Readout

Sensors
* 55 x55um? pixels
* 4 sensors, thickness 200 um

VeloPix ASICs based on Timepix3
e 256x256 pixels

e Data driven readout

* Up to 800 Mhits/s/ASIC

sensor

200 um{ Sensor

200 um§

A

~43 mm

S,

Vacuum
feed-through
board

Optical fibres
length ~300 m)
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VELO module assembly

The LEGO® for physicists!
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Bare module assembly

Microchannel
substrate ™.

Carbon-fiber

Cooling pipe
clamp

Aluminum

.....
Traaa,, .:

B
—————e e




Bare module assembly

Microchannel

240

=220

200

180

200

substrate ™.

Carbon-fiber

Cooling pipe
clamp

Aluminum
foot

.......... ~t.,,. Cooling
pipes
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Tiles gluing

e Using glue Stycast with
cat-23LV
* previously cat-9,
discarded due to
humidity related issue

Sensors
& ASICs




The Universit

Tiles gluing

cu Glue thickness
] Sensors
& ASICs

120 3
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100 3

z[um]

80 3

60 4

40 ]

Tile flatness
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Hybrid attachment
and wire-bonding

Front-end
hybrids




Hybrid attachment
and wire-bonding

breaking force [g]

10.0

Wirebond pull-test

0.0
0 10 20 30 40 50 60

inner bond #

NLO

Front-end _
hybrids

d tapes

ronnect

.

.

.
R
.
L )
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Cables attachment

-------
lllllllll

cables

.
.s*
.
Ry
P

LV foot
connector
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current [nA]
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Mechanical performance

103 tles OA —— CERN e Sensors designed
Advacam to perform up to
finished module —— Nikhef _1 |<V bias
102
101
100~ ; : : : ,
—1000 —800 —600 —-400 —200 0

voltage [V]
IV characteristic of single tile
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current [nA]
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100

Mechanical performance

tiles QA —— CERN
Advacam
finished module —— Nikhef
—1000 —800 —600 —400 —200 0
voltage [V]

IV characteristic of single tile

Sensors designed
to perform up to
—1 kV bias

Mechanical
deformation crucial
due to alignment,
components
proximity and
fragility

Modules 10x
thermal cycled

displacement [um]

0

|
]
o

|
B
o

|
)]
o

—— temperature

)

—— sensor 1
sensor 2 ,
- [ ]
® . ® ® ¥ ® O ® .0 o O
AT P A0 45" I 207 297 A0 DT 0" 'D‘CJ‘

time [min]

L L
o [ ]
temperature [ ° C]

|
w
o

Mechanical defor!nation of module duiling cooling

I

I:nteraction
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Mechanical performance

103; tilesQA —— CERN
Advacam
_ finished module —— Nikhef
<
.E. 102
o+
(=
v
8 101,
100 — . . . . :
—1000 —800 -600 —400 —200 0
voltage [V]
IV characteristic of single tile
@ CERNvp3-cso @BUOM VP3-CSO
O 7 @ iNTC : '- O 7 @ iNTC :
;fsi- ® Asic 0 6 @ Asico : 1
- i 1 =5 i 1
< 4b-g s | < abegs s
3 - e ?_ 3 Ic, g ]
2 ! b 2 |
1_ - N 1_
O i L L O 1 L L
0 5 10 15 20 25 0 5 10 15 20 25
Module Power [W] Module Power [W]

Thermal performance of single tile

Sensors designed ol
to perform up to
—1 kV bias

—— temperature

|
]
o

S

Mechanical
deformation crucial
due to alignment,

|
)]
o

L L
o [ ]
temperature [ ° C]

displacement [um]
A
o

—— sensor 1
components -804 sensor2 | -30
5 . » [ |
proximity and S 0 © . O 0 O 0 o O
fragilit O BT \5,_0, LA M e o
giity time [min] '
Modules 10x Mechanical deforfation of module duiing cooling
thermal cycled I I
I

I:nteraction

Power consumption to
increase with irradiation,
good performance still
expected in 10 years
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Communication performance

103 J

# pixels

101 .

100

Summary

0 Trim:
1329 +/- 47

F Trim:
1549 +/- 40

Equalised to:
0 sigma

Target:
1439.6

Predicted:
1439.6 +/- 4.1

Masked: 65

Noise Width:

6.3 +/- 0.8

1100115012001250130013501400 1450 150015501600 1650 17001750

DACThreshold
Equalization process of single ASIC

Row #
200

100

0

0 100

DAC Threshold trim

200 300 400 500 600 700
Column #

Equalization result of single tile

8.0
1.9
7.0
6.5
6.0
2.9
5.0
4.5
4.0
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Communication performance

103 J

# pixels

101 .

100

Summary

0 Trim:
1329 +/- 47

F Trim:
1549 +/- 40

Equalised to:
0 sigma

Target:
1439.6

Predicted:
1439.6 +/- 4.1

Masked: 65

Noise Width:
6.3 +/-0.8

1100115012001250130013501400 1450 150015501600 1650 17001750

DACThreshold
Equalization process of single ASIC

Row #
100 200

0

0 100

200 300 400 500 600
Column #

Equalization result of single tile

DAC Threshold trim

700

8.0
1.9
7.0
6.5
6.0
2.9
5.0
4.5
4.0
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1012 BN tested

PRBS tests bit error rate to check 14w TTH T
data integrity -
- 20 readout links, more linkss | .
per ASIC closer the to
interaction point
40 MHz readout

104

ICHEP 2020, Prague

102

10°

- Maximum 800 o
Mhits/ASIC/s

- Occupancy ~6 =N |
hits/ASIC/crossing ° e

Link test of a whole module

Interaction
point

Peter Svihra (peter.svinra@cern.ch)

Simulated
» ASIC data rate

(Gbps)
”
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Collahoration

UErtex_LOcator (VELD)
Localisateur de Uertex

= TR
L ,!J,m
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Installing the VELO

Installation du VILO

ing damaged during statulization
10 retract t0 a distance of 15 mm.
ally in owards it 10 begin their
s are so delicate that  falling pin would be

sure, fo VELO pout s'écarter jasqu'd 35 mm de
3 seulement 5 mm. Cette mar
ation du fascras du LHC. Les

ropean Organ
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Summary

 VELO upgrade in progress

* Impact of Covid-19, module production
being resumed

e Production sites recommissioned

* Produced modules performing as
expected

e Extensive quality assurance
e Database tracking of all tests and status

e Preparations for commissioning and
VELO assembly
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Module grading

Bare module Tile gluing

Glue Thickness
Grades (mean * 2-stdev)

Substrate Flatness
Grades (withinn,. &n.,)

A (50 pm) A (-40 pm, +120 pum)
(£75 pm) (-30 pm, +150 pm)
(£100 pm) (-20 um, +180 pm)

F (outside) F (outside)

Tile Flatness
Grades (mean * 2-stdev)
A (220 pm)
(x40 pm)
(£60 pm)
F (outside)

Tile placement
Grades (Ax, Ay)
A (<30 um)
(< 45 pum)
(< 60 pm)

F (outside)

Mechanical
performance

IV scan
Grades (result interpretation
— 1V behaviour)
A (all OK)
(minor issues)
F (major issues)

Thermal performance scan
Grades (AT of ASICs)
A (all < 5 °Q)
(all near beam < 5 °C)
(one near beam <7 °Q)
F (any > 7 °C)

Displacement measurement
Grades (max displacement)
A (<100 pm)
(< 150 pm)
(< 200 pm)
F (outside)

\_

Communication

performance

Equalization scan
Grades (result interpretation
—noise, pattern and mask)
A (all OK)
(minor issues)
F (major issues)

PRBS test
Grades (BER per link)
A (all < 10%?)
(any, different tape > 102?)
(any, same tape> 107?)
F (any > 107%°)

1824
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Module assembly timescale

storage

bare module jig
turnplate
wire-bond jig
survey frame

flatness

tiles metrology

hybrids metrology

pull-test back

pull-test front

mechanical tests
thermal cycles
communication
tests
pull-test

ready for transport

daya

daya

day 2

day 2

day 3

m2

day 3

day 4
m3

m
m?2
mi

day 4

day s

m3, M4 M4, M5

m5
m2

m2

days

day 6

m3
m2
m1

m3

m2

m2

day 6

day 7
ml"l m5[
m6
m6
m3

m3

day 8

dayg

ms5, m6  ms5, m6

Mg
m3
m?2

Mg

m3

m3

my7
M4

m

day 10
m6, m7
m5
m4
m3

m5

m

M4

m# — module number
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Readout chain
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